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Preface

Research and biostatistics form the backbone of evidence-based medical
practice and scientific advancement. In the field of Unani Medicine, a sound
understanding of research methodology is essential for evaluating traditional
knowledge, generating scientific evidence, and contributing to the continued
growth and global recognition of the discipline. As healthcare increasingly
emphasizes evidence-based approaches, the ability to critically appraise
scientific literature and conduct meaningful research has become an
indispensable skill for every medical student and practitioner. This textbook,
Essentials of Unani Medical Research and Biostatistics, has been written
primarily for students of BUMS, MD, and MS in accordance with the latest
curriculum prescribed by the National Commission for Indian System of
Medicine (NCISM). The objective of this book is to present the principles of
research methodology and biostatistics in a clear, concise, and student-
friendly manner while maintaining academic rigor and relevance to
contemporary medical education. The book covers the core concepts of
medical research, including research design, literature review, formulation of
research questions and hypotheses, sampling techniques, data collection
methods, research ethics, scientific writing, and basic statistical methods.
Particular emphasis has been placed on practical understanding and
application, enabling students to undertake research projects, dissertations,
thesis work, and scholarly publications with confidence and competence.
Wherever possible, concepts have been explained in a simple and systematic
manner to facilitate better comprehension and long-term retention. This book
is intended not only to assist students in their academic and examination
requirements but also to develop a scientific temperament and research-
oriented mindset. We believe that strengthening research skills among
students and scholars will contribute significantly to the advancement of
Unani Medicine and promote its integration with modern standards of
scientific inquiry. We sincerely hope that this book will serve as a useful
resource for students, teachers, researchers, and healthcare professionals, and
will help foster a culture of scientific inquiry and evidence-based practice
within the Unani system of medicine. We express our heartfelt gratitude to
our teachers, mentors, colleagues, and students for their constant
encouragement, guidance, and support throughout the preparation of this
work. We shall warmly welcome constructive suggestions and valuable
feedback from readers for the improvement of future editions.

Dr. Mohammad Shamsul Huda

Dr. Saiyeda Zainab Fatima
v



FOREWORD

Prof. Arshad Ali
Director Dr. Abdul Ali Tibbia College Lucknow

It gives me great pleasure to write the Foreword for Essentials of Unani
Medical Research and Biostatistics authored by Dr. Mohammad Shamsul
Huda and Dr. Saiyeda Zainab Fatima. In recent years, the importance of
research and evidence-based practice in healthcare has increased
tremendously. The progress and credibility of any medical system depend
largely upon its ability to generate scientific evidence through well-designed
research and appropriate statistical analysis. For students, teachers, and
researchers of Unani Medicine, a sound understanding of research
methodology and biostatistics is therefore indispensable. This book is a
timely and valuable contribution to the academic literature of Unani
Medicine. Prepared in accordance with the latest NCISM curriculum, it
provides a comprehensive yet easily understandable account of the
fundamental principles of medical research and biostatistics. The authors
have successfully presented complex concepts in a clear, systematic, and
student-friendly manner, making the subject accessible to learners at both
undergraduate and postgraduate levels. A noteworthy feature of this book is
its practical orientation. In addition to explaining theoretical concepts, it
encourages students to develop analytical thinking, research aptitude, and the
skills necessary for conducting quality research, preparing dissertations, and
interpreting scientific data. Such competencies are essential for
strengthening the evidence base of Unani Medicine and enhancing its
contribution to contemporary healthcare. I am confident that this book will
prove to be a valuable resource for BUMS, MD, and MS students, as well as
for teachers and researchers engaged in academic and scientific pursuits. It
will undoubtedly contribute to the promotion of scientific inquiry and
evidence-based practice within the Unani system of medicine. I congratulate
the authors for their sincere efforts and scholarly contribution. I am sure that
this work will be widely appreciated by the academic community and will
serve as a useful guide for aspiring researchers and healthcare professionals.
I extend my best wishes for the success of this publication and for the
continued academic endeavors of its authors.



Dr. Ziaul Haq Siddiqui
Deputy Director
Regional Research Institute of Unani Medicine (RRIUM), New Delhi

The Unani Medicine (Tibb-e-Unani), with its profound roots in classical
philosophy and holistic healing, has served humanity for centuries by
emphasizing prevention, health maintenance, and natural equilibrium.
However, as contemporary healthcare shifts globally toward evidence-based
practice, the systematic modernization, scientific validation, and
standardization of traditional medical systems have become imperative. To
bridge classical Unani tenets with modern clinical expectations, researchers,
postgraduate scholars, and clinicians must be equipped with strong
foundational tools in methodology and data analysis. It is within this crucial
evolutionary phase of AYUSH research that Essentials of Unani Medical
Research and Biostatistics emerges as a highly commendable and timely
treatise.

This book provides a practical roadmap through the entire medical research
process, covering evidence-based medicine, research designs, ethics,
regulatory frameworks, intellectual property, scientific communication,
research critique, reporting guidelines, and modern research databases. A
key strength is its comprehensive yet accessible coverage of biostatistics,
simplifying concepts such as descriptive statistics, hypothesis testing,
regression, and parametric/non-parametric analyses through clinical
examples. By bridging theory and practice, the book equips researchers with
the skills to convert clinical observations into reliable, evidence-based
scientific findings.

I highly recommend this book to postgraduate scholars, academicians, and
institutional researchers across the AYUSH fraternity. I believe it will serve
as an essential companion, inspiring high-impact documentation and
fostering a deeply rooted culture of rigorous inquiry. I congratulate Dr.
Mohammad Shamsul Huda & Dr. Saiyeda Zainab Fatima for their visionary
effort and dedication to elevating the scientific standards of Unani medical
research.
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SECTION A
RESEARCH METHODOLOGY




Introciﬁtion to

Research and
Evidence-Based Medicine




1.1 MEANING AND DEFINITION OF RESEARCH

Research is the foundation of scientific advancement and the systematic pursuit of
knowledge. In the field of Unani medicine, research plays a crucial role in validating
traditional concepts, evaluating therapeutic interventions, improving healthcare
practices, and generating evidence that supports clinical decision-making. The growth
of Evidence-Based Medicine (EBM) has further emphasized the importance of
scientific inquiry in all healthcare systems, including Unani medicine. Therefore, a
clear understanding of the meaning and definition of research is essential for BUMS
and MD/MS scholars.

The term research is derived from the French word recherche, which means “to
search again” or “to investigate thoroughly.” It implies a careful, systematic, and
critical examination of a problem or phenomenon to discover new facts, verify
existing knowledge, or establish relationships between variables. Research is not
merely the collection of information; rather, it is a structured process of inquiry that
follows scientific principles to generate reliable and valid knowledge.

Research can be broadly understood as a systematic investigation aimed at increasing
the stock of knowledge and understanding. It involves the collection, organization,
analysis, and interpretation of data to answer specific questions or solve identified
problems. Scientific research is characterized by objectivity, logical reasoning,
empirical observation, and reproducibility of findings. These characteristics
distinguish research from ordinary observation, intuition, or personal opinion.

Several scholars have defined research from different perspectives. According to John
W. Creswell, research is “a process of steps used to collect and analyze information to
increase our understanding of a topic or issue.” This definition highlights the
procedural and systematic nature of research. Similarly, Earl Babbie defines research
as “a systematic inquiry to describe, explain, predict, and control the observed
phenomenon.” These definitions emphasize that research is not only concerned with
discovering facts but also with explaining relationships and generating predictive
knowledge.

The World of scientific investigation views research as a methodical process that uses
scientific methods to generate new knowledge, answer questions, or improve existing
systems.

In healthcare and medical sciences, research seeks to understand diseases, evaluate
treatments, improve patient outcomes, and enhance public health. Medical research
encompasses both basic and clinical investigations aimed at advancing knowledge
related to human health and disease.

Research is fundamentally based on the scientific method. The scientific method
involves observation, identification of a problem, formulation of hypotheses,
collection of data, analysis of evidence, and drawing conclusions. Through this
systematic approach, researchers minimize bias and maximize the reliability of their




findings. The process is cyclical because new findings often generate additional
questions that require further investigation.

An important feature of research is its empirical nature. Empirical research relies on
observation, experience, experimentation, and measurable evidence. Data collected
through empirical methods may be quantitative, involving numerical measurements
and statistical analysis, or qualitative, involving descriptions, experiences, and
interpretations. Both approaches contribute significantly to the generation of
knowledge in health sciences.

Research may be conducted for various purposes. One major purpose is the discovery
of new knowledge. Researchers investigate unknown phenomena, develop theories,
and expand the boundaries of scientific understanding. Another purpose is the
verification of existing knowledge. Scientific findings must be tested repeatedly under
different conditions to establish their validity and reliability. Research is also
undertaken to solve practical problems, improve healthcare interventions, and support
evidence-based policy formulation.

In the context of Unani medicine, research serves multiple functions. It helps validate
classical concepts described in Unani literature, assess the efficacy and safety of
herbal formulations, standardize drugs, and evaluate therapeutic procedures through
modern scientific methodologies. Research also facilitates integration of Unani
medicine with contemporary healthcare systems by providing evidence that supports
clinical applications. Thus, research acts as a bridge between traditional wisdom and
modern scientific standards.

The concept of Evidence-Based Medicine (EBM) has significantly influenced
healthcare research. EBM is defined as the conscientious, explicit, and judicious use
of current best evidence in making decisions regarding patient care. It integrates
clinical expertise, patient preferences, and the best available research evidence. High-
quality research forms the backbone of EBM because clinical decisions and
healthcare policies increasingly depend upon scientifically generated evidence.

Research is often confused with related terms such as “research methods” and
“research methodology.” Research methods refer to the specific techniques used for
data collection and analysis, such as surveys, interviews, experiments, or
observations. Research methodology, on the other hand, refers to the overall
framework and rationale guiding the selection and application of these methods.
Understanding this distinction is important for designing scientifically sound studies.

The importance of research extends beyond academic pursuits. It contributes to
scientific progress, improves healthcare quality, informs policymaking, enhances
professional competence, and supports innovation.

In medical sciences, research findings influence diagnostic approaches, treatment
protocols, preventive strategies, and public health interventions. Without research,
healthcare practices would rely solely on tradition, experience, or assumptions rather
than scientifically validated evidence.




In conclusion, research is a systematic, objective, and scientific process of inquiry
aimed at generating, verifying, and expanding knowledge. It involves careful
observation, data collection, analysis, and interpretation to answer questions or solve
problems. In Unani medicine, research is indispensable for validating traditional
knowledge, improving therapeutic practices, and contributing to evidence-based
healthcare. A thorough understanding of the meaning and definition of research
provides the conceptual foundation upon which all subsequent research activities are
built.

1.2 OBJECTIVES AND SCOPE OF RESEARCH

Research is a systematic and scientific process undertaken to generate new
knowledge, validate existing knowledge, solve problems, and improve professional
practice. In the field of Unani medicine, research serves as an essential tool for
evaluating classical principles, validating therapeutic interventions, improving
healthcare delivery, and integrating traditional wisdom with contemporary scientific
evidence. The success of any research endeavor depends largely on clearly defined
objectives and a well-established scope. Research objectives determine what the
investigator intends to achieve, whereas the scope defines the boundaries within
which the investigation will be conducted. Together, they provide direction, focus,
and feasibility to the research process.

1.2.1 Objectives of Research

The objectives of research refer to the specific goals or purposes that a researcher
aims to accomplish through a study. They act as a roadmap that guides the selection
of methodology, data collection techniques, analysis procedures, and interpretation of
findings. Well-defined objectives ensure that the study remains focused and yields
meaningful outcomes. Research objectives should be clear, specific, measurable,
achievable, relevant, and time-bound.

The major objectives of research include:

1. Discovery of New Knowledge

One of the primary objectives of research is to generate new information and expand
the existing body of knowledge. Scientific inquiry enables researchers to uncover
previously unknown facts, relationships, and phenomena. In Unani medicine, this
may involve identifying novel pharmacological properties of medicinal plants or
exploring new therapeutic applications of traditional formulations.

2. Verification and Validation of Existing Knowledge

Research also aims to test and validate existing theories, principles, and practices.
Many classical Unani concepts, such as Mizaj (temperament), Akhlat (humors), and
Asbab-e-Sitta Zarooriya (six essential factors), require scientific evaluation to
establish their relevance in modern healthcare settings. Validation studies help
strengthen the credibility of traditional medical systems.




3. Problem Solving

A significant objective of research is to provide solutions to practical problems.
Healthcare researchers investigate the causes, prevention, diagnosis, and treatment of
diseases to improve patient outcomes. Research findings support evidence-based
decision-making and contribute to the development of effective healthcare
interventions.

4. Description of Phenomena

Descriptive research seeks to accurately describe characteristics, behaviors, or
conditions within a population. For example, researchers may study the prevalence of
lifestyle disorders among different communities or document patterns of herbal
medicine use. Such studies provide valuable baseline information for future
investigations.

5. Exploration of New Areas

Exploratory research is conducted when little information exists about a particular
topic. It helps researchers gain insights, identify variables, and formulate hypotheses
for future studies. This objective is particularly important in emerging fields of
integrative medicine and public health.

6. Establishment of Relationships

Research often aims to identify relationships between variables and determine cause-
and-effect associations. For instance, investigators may examine the relationship
between dietary habits and chronic diseases or evaluate the effectiveness of a specific
Unani formulation in managing a health condition.

7. Contribution to Evidence-Based Medicine

Modern healthcare emphasizes evidence-based medicine (EBM), which integrates the
best available research evidence, clinical expertise, and patient values in decision-
making. Research contributes to EBM by generating reliable evidence that guides
clinical practice, policy formulation, and healthcare planning.

8. Advancement of Professional Practice

Research promotes continuous improvement in healthcare practices by introducing
innovative diagnostic methods, therapeutic approaches, and preventive strategies. It
helps healthcare professionals update their knowledge and maintain scientific
standards in patient care.

1.2.2 Scope of Research

The scope of research refers to the extent, boundaries, and limitations of a study. It
defines what aspects of a problem will be investigated and what will be excluded.
Establishing a clear scope is essential because it prevents the study from becoming
excessively broad or unfocused. A well-defined scope ensures efficient utilization of
time, resources, and effort while maintaining scientific rigor.




The scope of research generally encompasses the following dimensions:

1. Subject Matter Scope

This refers to the specific topic or area being studied. In medical research, the scope
may range from clinical trials and epidemiological studies to pharmacological
investigations and healthcare management research.

2. Geographical Scope

Research may be limited to a particular geographical region, community, institution,
or country. Defining geographical boundaries helps ensure that data collection
remains manageable and relevant to the study objectives.

3. Population Scope

The scope specifies the target population included in the study, such as patients,
healthcare professionals, students, or community members. Clear identification of the
study population enhances the validity and applicability of findings.

4. Temporal Scope

Research is often conducted within a defined time frame. The temporal scope
determines whether the study examines current conditions, historical trends, or future
projections.

5. Methodological Scope

The scope also includes the research methods and techniques employed in the
investigation. Researchers may use quantitative, qualitative, or mixed-method
approaches depending on the nature of the research question and objectives.

1.2.3 Scope of Research in Unani Medicine

The scope of research in Unani medicine has expanded considerably in recent
decades. Contemporary research encompasses basic sciences, clinical trials,
pharmacognosy, pharmacology, toxicology, public health, and healthcare
management. Researchers investigate the efficacy and safety of Unani drugs,
standardize formulations, develop quality control measures, and explore the
integration of Unani principles with modern medical science. Such studies contribute
to the scientific validation and global acceptance of the Unani system of medicine.
Furthermore, research supports policy development, educational advancement, and
evidence-based clinical practice within the Unani healthcare framework.

In conclusion, the objectives and scope of research are fundamental components of
scientific inquiry. Clearly defined objectives provide direction and purpose, while an
appropriate scope establishes the boundaries necessary for systematic investigation.
In the context of Unani medicine, research objectives and scope facilitate the
generation of evidence, validation of traditional knowledge, and advancement of
healthcare practices, thereby strengthening the role of Unani medicine in
contemporary healthcare systems.




1.3 HISTORICAL DEVELOPMENT OF CONTEMPORARY RESEARCH

The historical development of contemporary research represents a long intellectual
journey from observation-based knowledge to systematic, evidence-driven scientific
inquiry. Modern research methodologies used in medicine, public health, and Unani
medical sciences are the result of centuries of advancement in philosophy,
experimentation, statistics, epidemiology, and clinical investigation. Understanding
this historical evolution is essential for appreciating the foundations of evidence-
based medicine (EBM) and contemporary biomedical research.

1.3.1 Early Origins of Scientific Inquiry

The roots of research can be traced to ancient civilizations such as Egypt,
Mesopotamia, Greece, India, and China, where scholars attempted to understand
natural phenomena through observation and reasoning. Ancient physicians including
Hippocrates emphasized careful clinical observation and documentation of disease
patterns. Similarly, classical Unani scholars such as Hippocrates (Bugqrat), Galen
(Jalinoos), and Ibn Sina (Avicenna) promoted systematic observation and rational
analysis as fundamental approaches to medical knowledge.

During the medieval Islamic Golden Age (8th—14th centuries), scholars significantly
contributed to the development of scientific methodology. Physicians and scientists
emphasized empirical observation, experimentation, and critical evaluation of
existing knowledge. Ibn Sina's Al-Qanun fi al-Tibb (The Canon of Medicine)
introduced principles of observation, clinical testing, and logical reasoning that
influenced medical research for centuries. The growing emphasis on experimentation
and verification during this period laid important foundations for the modern
scientific method.

1.3.2 Emergence of the Scientific Method

The Renaissance and Scientific Revolution (15th—17th centuries) marked a turning
point in research development. Thinkers such as Francis Bacon advocated inductive
reasoning, emphasizing observation and experimentation as the basis of knowledge.
René Descartes promoted deductive reasoning and systematic skepticism. Together,
these philosophical developments shaped the modern scientific method.

The scientific method introduced a structured approach involving observation,
hypothesis formulation, experimentation, data collection, analysis, and conclusion.
This systematic process transformed research from speculative philosophy into a
disciplined scientific activity. By the seventeenth century, experimentation had
become a central component of scientific investigation, enabling researchers to test
hypotheses objectively and reproduce findings.

1.3.3 Development of Clinical Research

The evolution of clinical research is closely linked to the advancement of medicine.
One of the earliest recorded controlled experiments is attributed to James Lind, a
Scottish naval surgeon who conducted a comparative study on scurvy in 1747.




His work demonstrated the effectiveness of citrus fruits in preventing the disease and
is widely regarded as a precursor to modern clinical trials.

During the nineteenth century, medicine increasingly adopted quantitative methods.
The introduction of statistics enabled researchers to analyze health outcomes
systematically and evaluate treatment effectiveness. The growth of epidemiology
further strengthened scientific medicine by investigating disease patterns within
populations. Researchers began to recognize the importance of collecting reliable
data, reducing bias, and applying mathematical principles to medical investigations.

1.3.4 Rise of Experimental Medicine and Biostatistics

The nineteenth and early twentieth centuries witnessed rapid advances in laboratory
sciences, microbiology, pathology, and physiology. Scientists such as Louis Pasteur
and Robert Koch established experimental approaches that demonstrated causal
relationships between microorganisms and diseases. Their work reinforced the
importance of controlled experimentation and reproducibility.

Simultaneously, biostatistics emerged as an indispensable tool for research. Statistical
methods provided researchers with techniques to measure variability, assess
significance, and draw valid conclusions from data. The integration of statistical
reasoning into medical research improved the reliability and objectivity of scientific
findings. Modern concepts such as sampling, probability, confidence intervals, and
hypothesis testing evolved during this period and became fundamental components of
contemporary research methodology.

1.3.5 Emergence of Randomized Controlled Trials

A major milestone in contemporary research occurred during the twentieth century
with the development of randomized controlled trials (RCTs). Randomization, control
groups, and blinding techniques helped minimize bias and improve the validity of
research findings. The landmark streptomycin trial conducted by the British Medical
Research Council in 1948 is often regarded as one of the first properly randomized
clinical trials.

RCTs soon became the gold standard for evaluating therapeutic interventions because
they provide robust evidence regarding treatment efficacy and safety. Their adoption
transformed clinical research and established rigorous standards for drug
development, therapeutic evaluation, and healthcare decision-making,

1.3.6 Birth of Evidence-Based Medicine

The latter half of the twentieth century witnessed the emergence of evidence-based
medicine (EBM), which fundamentally reshaped healthcare research and practice.
The movement gained momentum through the work of clinical epidemiologists at
McMaster University, particularly David Sackett and Gordon Guyatt. The term
"evidence-based medicine"” was formally introduced in 1991 and emphasized the
integration of the best available research evidence, clinical expertise, and patient
values in healthcare decision-making.




EBM encouraged healthcare professionals to critically appraise scientific literature,
utilize systematic reviews, and rely on high-quality evidence when making clinical
decisions. Organizations such as the Cochrane Collaboration further strengthened this
movement by promoting systematic reviews and meta-analyses as reliable sources of
evidence.

1.3.7 Contemporary Research in the Twenty-First Century

In the twenty-first century, research has become increasingly interdisciplinary,
technology-driven, and data-intensive. Advances in information technology,
genomics, artificial intelligence, bioinformatics, and electronic health records have
transformed the research landscape. Researchers can now analyze vast datasets,
conduct multicenter international studies, and generate evidence more efficiently than
ever before.

Modern research also emphasizes ethical principles, transparency, reproducibility,
and patient-centered outcomes. Evidence-based medicine continues to evolve by
incorporating real-world evidence, precision medicine, and artificial intelligence-
assisted analytics. Contemporary healthcare research increasingly recognizes the
importance of integrating scientific evidence with individual patient characteristics
and preferences.

1.3.8 Relevance to Unani Medical Research

For Unani medicine, understanding the historical development of contemporary
research is particularly important. Traditional knowledge systems, while rich in
clinical wisdom, must increasingly be evaluated through modern research
methodologies to establish safety, efficacy, and scientific validity. Contemporary
research tools such as clinical trials, observational studies, epidemiological
investigations, and biostatistical analyses provide opportunities to generate evidence
supporting Unani therapeutic interventions. Consequently, the integration of classical
Unani principles with modern research approaches contributes to the advancement of
evidence-based Unani medicine.

1.4 RESEARCH IN CLASSICAL UNANI LITERATURE

Research has always been an integral component of the Unani system of medicine.
Although the term “research” in its modern scientific sense emerged much later,
classical Unani scholars employed systematic observation, clinical reasoning,
experimentation (Tajriba, Qiyas), comparison and documentation of medical findings
to develop and refine medical knowledge. The vast corpus of classical Unani
literature represents centuries of scholarly inquiry and evidence accumulation,
making it one of the richest traditions in the history of medicine.

The foundations of research in Unani medicine can be traced to ancient Greek
physicians such as Hippocrates (Bugrat) and Galen (Jalinoos), whose observations on
disease causation, diagnosis, and treatment formed the theoretical basis of the Unani
system. These principles were subsequently preserved, expanded, and critically
evaluated by Arab and Persian scholars during the Islamic Golden Age.
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Rather than merely translating earlier knowledge, these scholars tested, modified, and
enriched medical concepts through continuous clinical practice and empirical
observation.

Classical Unani literature demonstrates a strong tradition of observational research.
Physicians meticulously recorded symptoms, disease progression, therapeutic
interventions, and treatment outcomes. Such documentation served as an early form
of clinical case study methodology. The accumulated observations enabled scholars to
identify patterns of disease, formulate diagnostic criteria, and establish therapeutic
guidelines. This systematic approach helped transform medicine from a collection of
empirical remedies into a structured scientific discipline.

One of the most important methodological concepts in Unani research is Tajriba
(experimentation and experience). Classical physicians regarded repeated clinical
experience as a reliable means of verifying the efficacy and safety of medicinal
substances. Drugs were evaluated through careful observation of their effects on
patients, and conclusions were drawn only after repeated and consistent outcomes
were observed. Alongside Tajriba, Qiyas (analogical reasoning) was employed to
extend therapeutic knowledge from known conditions to similar clinical situations.
These principles provided a rational framework for medical investigation and
decision-making.

Among the most influential contributors to classical Unani research was Ibn Sina
(Avicenna), whose monumental work A/-Qanun fi al-Tibb (The Canon of Medicine)
represents a landmark in medical scholarship. The Canon systematically organized
medical knowledge into five volumes covering general principles, materia medica,
diseases, therapeutics, and compound formulations. Ibn Sina emphasized observation,
logical analysis, and experimental verification in medical practice. His work remained
a standard medical reference in Asia, the Middle East, and Europe for several
centuries, demonstrating its scientific rigor and practical utility.

Another eminent scholar, Abu Bakr Muhammad ibn Zakariya al-Razi (Rhazes),
made substantial contributions to clinical research. His encyclopedic work Kitab al-
Hawi fi al-Tibb compiled extensive clinical observations gathered from his own
practice and earlier authorities. Al-Razi is particularly noted for emphasizing
evidence derived from direct patient observation and for distinguishing between
diseases with similar manifestations. His clinical descriptions of infectious diseases,
including smallpox and measles, reflect a research-oriented approach based on careful
observation and documentation.

Similarly, Ali ibn Abbas al-Majusi authored Kamil al-Sina’ah al-Tibbiyyah (The
Complete Book of the Medical Art), which integrated theoretical and practical aspects
of medicine. This work contributed significantly to medical education and the
advancement of clinical knowledge within the Unani tradition. Other scholars such as
Ibn Rushd (Averroes), Ibn al-Quff, and numerous physicians working in medieval
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hospitals (Bimaristans) further enriched medical literature through specialized studies
on surgery, preventive medicine, pharmacology, and disease management.

Research in classical Unani literature was not confined to disease treatment alone.
Considerable attention was devoted to pharmacological investigations. Classical texts
contain detailed descriptions of medicinal plants, minerals, and animal-derived
substances, including their temperament (Mizaj), actions, indications,
contraindications, and methods of preparation. Scholars evaluated drugs through
empirical testing and documented their therapeutic properties. These pharmacological
studies laid the foundation for contemporary research on Unani drugs and herbal
medicines.

The preservation and transmission of medical knowledge also represent a significant
research achievement of classical Unani scholars. Through translation movements
and scholarly commentaries, medical knowledge from Greek, Persian, Indian, and
Arab traditions was critically examined and integrated into a coherent medical
system. This process involved comparison, validation, and refinement of existing
knowledge, resembling modern literature review and knowledge synthesis
methodologies.

From the perspective of Evidence-Based Medicine (EBM), classical Unani literature
may be regarded as a repository of historical clinical evidence. Although the
methodologies differed from contemporary randomized controlled trials, the emphasis
on observation, experience, reproducibility, and rational interpretation reflects
important scientific principles. Modern researchers increasingly explore classical
texts to identify therapeutic hypotheses, validate traditional formulations, and develop
integrative healthcare approaches. The digitization, translation, and critical analysis of
classical manuscripts continue to facilitate the incorporation of traditional knowledge
into contemporary research frameworks.

Research in classical Unani literature represents a long-standing tradition of
systematic  inquiry, clinical observation, experimentation, and scholarly
documentation. The contributions of scholars such as Ibn Sina, Al-Razi, and Al-
Majusi established a robust foundation for medical knowledge that continues to
influence modern Unani research. Understanding these classical research traditions is
essential for appreciating the evolution of medical science and for promoting
evidence-based advancement of the Unani system of medicine.

1.5 EVIDENCE-BASED MEDICINE (EBM)

Evidence-Based Medicine (EBM) is a systematic approach to healthcare decision-
making that integrates the best available scientific evidence with clinical expertise
and patient values. Over the past three decades, EBM has transformed medical
practice by encouraging healthcare professionals to base clinical decisions on reliable
research findings rather than solely on personal experience, tradition, or expert
opinion. In contemporary healthcare systems, EBM serves as the foundation for
clinical guidelines, health policy formulation, and quality improvement initiatives.
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The concept of EBM gained prominence in the early 1990s through the work of
researchers at McMaster University, particularly David Sackett and colleagues.
Sackett defined EBM as “the conscientious, explicit, and judicious use of current best
evidence in making decisions about the care of individual patients.” This definition
emphasizes the integration of three essential components: best research evidence,
clinical expertise, and patient preferences. EBM does not replace clinical judgment;
rather, it enhances decision-making by ensuring that healthcare interventions are
supported by scientifically validated evidence.

In Unani medicine, the principles of EBM have become increasingly relevant due to
the growing demand for scientifically validated traditional healthcare practices. The
integration of EBM into Unani research helps establish the safety, efficacy, and
quality of Unani therapies through systematic investigation. It also facilitates the
acceptance of Unani medicine within mainstream healthcare systems and contributes
to the development of evidence-based clinical guidelines.

1.5.1 Components of Evidence-Based Medicine
Evidence-Based Medicine is built upon three interconnected pillars:

1. Best Available Evidence: Scientific findings obtained from well-designed research
studies, including randomized controlled trials, systematic reviews, and meta-
analyses.

2. Clinical Expertise: The skills, experience, and judgment of healthcare
practitioners in diagnosing and managing patients.

3. Patient Values and Preferences: Individual beliefs, cultural backgrounds,
expectations, and treatment choices that influence healthcare decisions.

The successful application of EBM requires balancing these three components to
provide patient-centered care.

1.5.2 Steps of Evidence-Based Medicine
The practice of EBM generally follows a structured five-step process:

1. Formulating an Answerable Clinical Question: Clinical problems are translated
into focused questions, often using the PICO framework (Patient/Problem,
Intervention, Comparison, Outcome).

2. Searching for the Best Evidence: Relevant scientific literature is identified
through databases such as PubMed, Cochrane Library, and Google Scholar.

3. Critical Appraisal of Evidence: The quality, validity, reliability, and applicability
of research findings are evaluated.

4. Applying Evidence to Clinical Practice: Research findings are integrated with
clinical expertise and patient preferences.

5. Evaluating Outcomes: The effectiveness of the intervention and the decision-
making process is assessed for continuous improvement.
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1.5.3 Hierarchy of Evidence

A fundamental principle of EBM is the recognition that not all evidence possesses
equal scientific strength. The hierarchy of evidence ranks research designs according
to their reliability and susceptibility to bias. Generally, the evidence pyramid is
structured as follows:

. Systematic Reviews and Meta-Analyses
. Randomized Controlled Trials (RCTs)
. Cohort Studies

1

2

3

4. Case-Control Studies
5. Cross-Sectional Studies

6. Case Reports and Case Series

7. Expert Opinion and Laboratory Studies

Evidence situated at the top of the hierarchy is considered more reliable because it
minimizes bias and provides stronger support for clinical decision-making.
Systematic reviews and meta-analyses synthesize findings from multiple studies and
therefore offer the highest level of evidence in many clinical situations.

1.5.4 Importance of EBM in Unani Medicine

The application of EBM in Unani medicine offers several advantages:
e Promotes scientific validation of traditional therapies.

¢ Enhances the credibility and global acceptance of Unani healthcare.

¢ Supports the development of standardized treatment protocols.

e Improves patient safety through evidence-based therapeutic decisions.
o Facilitates integration with modern healthcare systems.

e Encourages high-quality clinical research and innovation.

Research studies evaluating Unani formulations for conditions such as arthritis,
diabetes mellitus, bronchial asthma, and dermatological disorders contribute to the
evidence base necessary for informed clinical practice. By adopting EBM principles,
Unani scholars and practitioners can systematically evaluate traditional knowledge
and strengthen its scientific foundation.

1.5.5 Challenges in Implementing EBM
Despite its benefits, the implementation of EBM faces several challenges, particularly
in traditional systems of medicine:

e Limited availability of high-quality clinical trials.

¢ Inadequate research infrastructure and funding.
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e Variability in treatment protocols and formulations.

¢ Difficulty in standardizing individualized therapies.

¢ Limited access to scientific databases and research training.

¢ Resistance to change among practitioners accustomed to traditional approaches.

These challenges highlight the need for rigorous research methodologies, capacity
building, and interdisciplinary collaboration to strengthen the evidence base of Unani
medicine.

1.5.6 EBM and Clinical Decision-Making

Evidence-Based Medicine is not merely a research methodology; it is a framework
for clinical reasoning. Effective clinical decisions emerge from the integration of
scientific evidence, practitioner expertise, and patient circumstances. In Unani
medicine, this approach ensures that treatment recommendations are both
scientifically justified and culturally appropriate. Consequently, EBM contributes to
improved healthcare outcomes, rational therapeutic choices, and enhanced patient
satisfaction.

Evidence-Based Medicine represents a paradigm shift from opinion-based practice to
scientifically informed healthcare. By integrating research evidence, clinical
expertise, and patient values, EBM promotes rational and effective clinical decision-
making. For Unani medicine, EBM provides an essential framework for validating
traditional knowledge, improving treatment quality, and strengthening its position
within contemporary healthcare. As research methodologies continue to evolve, the
incorporation of EBM principles will remain indispensable for advancing Unani
medical education, research, and clinical practice.

1.6 OVERVIEW OF RESEARCH PROCESS AND EVIDENCE-BASED
MEDICINE

Research is a systematic, scientific, and logical process undertaken to generate new
knowledge, validate existing knowledge, and solve problems in healthcare and
medicine. In the field of Unani medicine, research plays a crucial role in evaluating
the efficacy, safety, and scientific basis of traditional therapeutic approaches. The
advancement of healthcare depends upon the continuous generation of reliable
evidence through well-planned research studies. Evidence-Based Medicine (EBM)
complements this process by integrating the best available research evidence with
clinical expertise and patient values to support informed healthcare decisions.

1.6.1 The Research Process

The research process consists of a series of structured and interconnected steps
designed to ensure the validity and reliability of findings. Although the exact
sequence may vary depending on the nature of the study, the following stages are
generally recognized:
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1. Identification of the Research Problem

The first step in research is identifying a problem or question that requires
investigation. A research problem should be relevant, feasible, and significant to the
field of study. In Unani medicine, research questions may arise from clinical
observations, traditional therapeutic claims, public health concerns, or gaps in
existing scientific knowledge.

2. Review of Literature

After identifying the problem, an extensive review of existing literature is conducted.
This involves examining published books, research articles, theses, systematic
reviews, and other scholarly resources. Literature review helps researchers understand
the current state of knowledge, identify gaps, avoid duplication, and refine research
objectives.

3. Formulation of Objectives and Hypotheses

Research objectives define what the study intends to achieve. In analytical and
experimental studies, researchers often formulate hypotheses, which are tentative
statements predicting relationships between variables. Hypotheses provide direction
and focus to the investigation.

4. Research Design and Methodology

Research design refers to the overall plan or blueprint of the study. It specifies the
type of research (descriptive, analytical, experimental, observational, qualitative, or
quantitative), sampling methods, data collection procedures, and statistical
techniques. A well-designed methodology minimizes bias and enhances the
credibility of findings.

5. Data Collection

Data collection involves gathering information relevant to the research objectives.
Data may be collected through clinical examinations, laboratory investigations,
surveys, questionnaires, interviews, observations, or experimental procedures.
Researchers must ensure accuracy, consistency, and ethical conduct during this phase.

6. Data Analysis and Interpretation

Collected data are organized, processed, and analyzed using appropriate statistical
methods. Analysis transforms raw information into meaningful findings.
Interpretation involves explaining the significance of results in relation to the research
objectives and existing scientific evidence.

7. Drawing Conclusions

Based on the analyzed data, conclusions are drawn regarding the research question or
hypothesis. Conclusions should be evidence-based, objective, and supported by study
findings. Researchers may also identify limitations and suggest areas for future
investigation.

8. Dissemination of Findings
The final stage involves communicating the results through research papers,
conference presentations, dissertations, books, or policy reports.
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Dissemination ensures that newly generated knowledge contributes to scientific
advancement and clinical practice.

1.6.2 Concept of Evidence-Based Medicine

Evidence-Based Medicine emerged in the late twentieth century as a scientific
approach to clinical decision-making. It is commonly defined as the conscientious,
explicit, and judicious use of current best evidence in making decisions about the care
of individual patients. EBM combines three essential components:

1. Best available research evidence
2. Clinical expertise of healthcare professionals
3. Values, preferences, and circumstances of patients

The objective of EBM is not merely to rely on published research but to integrate
scientific evidence with professional judgment and patient-centered care. This
approach ensures that healthcare interventions are effective, safe, and appropriate for
individual patients.

1.6.3 Importance of Evidence-Based Medicine
The adoption of EBM offers several advantages in healthcare practice:

e Promotes rational and scientifically sound clinical decisions.

e Improves patient outcomes and quality of care.

¢ Reduces reliance on anecdotal experiences and unverified practices.
e Encourages critical evaluation of medical literature.

¢ Enhances accountability and transparency in healthcare.

e Supports the development of clinical guidelines and health policies.

For Unani practitioners, EBM provides an opportunity to validate traditional
therapeutic interventions through rigorous scientific investigation and facilitate their
integration into modern healthcare systems.

1.6.4 Steps of Evidence-Based Medicine
The practice of EBM generally follows a five-step process:

1. Ask
Formulate a clear and focused clinical question. The PICO framework is frequently
used:

e P — Patient or Problem
e I - Intervention
e C - Comparison

¢ O — Outcome
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This framework helps define the clinical issue precisely and guides evidence
searching.

2. Acquire
Search for the best available evidence from reliable sources such as peer-reviewed
journals, systematic reviews, clinical trials, and evidence-based databases.

3. Appraise

Critically evaluate the validity, reliability, relevance, and applicability of the
identified evidence. Not all studies provide the same level of scientific strength;
therefore, critical appraisal is essential.

4. Apply
Integrate the evidence with clinical expertise and patient preferences to make
appropriate healthcare decisions.

5. Assess
Evaluate the outcomes of the decision and the effectiveness of the entire process.
Continuous assessment helps improve future clinical practice.

1.6.5 Relationship between Research and Evidence-Based Medicine

Research and EBM are closely interconnected. Research generates new scientific
evidence, while EBM utilizes that evidence to guide clinical decision-making.
Without research, evidence would be unavailable; without EBM, research findings
might not be translated effectively into practice. Thus, both serve as pillars of modern
healthcare and contribute to continuous improvement in patient care.

In Unani medicine, systematic research and evidence-based approaches are essential
for strengthening the scientific foundation of traditional therapies, ensuring quality
healthcare delivery, and enhancing global acceptance of the Unani system of
medicine.

1.7. RESEARCH METHODS IN UNANI MEDICINE

Research is the cornerstone of scientific advancement and plays a crucial role in
validating the principles and therapeutic practices of Unani Medicine. As healthcare
systems worldwide increasingly emphasize evidence-based practice, Unani medicine
must employ rigorous research methodologies to establish the safety, efficacy, and
quality of its treatments. Research in Unani medicine aims not only to evaluate
traditional formulations and regimens but also to explore the theoretical foundations
of the system, including concepts such as Mizaj (temperament), Akhlat (humors), and
Tabiat (medicatrix naturae). The integration of traditional wisdom with modern
scientific methods is essential for the global acceptance and advancement of Unani
medicine.

Research methods in Unani medicine are diverse and encompass basic, applied,
clinical, epidemiological, and translational approaches. These methods are designed
to generate reliable evidence while respecting the holistic philosophy and
individualized treatment principles of the Unani system.
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Unlike conventional biomedical research, which often focuses on isolated
interventions, Unani research frequently investigates complex therapeutic packages
involving diet, lifestyle modification, pharmacotherapy, and regimental therapies.
Therefore, the selection of appropriate research designs is critical to accurately
evaluate Unani interventions.

1. Experimental and Laboratory Research

Experimental research forms the foundation for understanding the pharmacological
properties of Unani drugs. Laboratory studies include phytochemical analysis,
pharmacognostic evaluation, toxicity studies, and pharmacological screening of
medicinal plants and compound formulations. These investigations help identify
bioactive constituents, mechanisms of action, and safety profiles of traditional
remedies.

Modern laboratory techniques such as chromatography, spectroscopy, molecular
biology, and cell culture studies are increasingly employed to validate the therapeutic
claims mentioned in classical Unani texts. Drug standardization and quality control
studies are also essential to ensure consistency, purity, and efficacy of Unani
medicines. Such investigations contribute significantly to evidence generation and
regulatory acceptance.

2. Clinical Research

Clinical research is one of the most important methods for establishing the therapeutic
effectiveness of Unani medicine. Clinical studies evaluate the safety and efficacy of
Unani interventions in human subjects under controlled conditions. Different types of
clinical research include observational studies, case reports, case series, cohort
studies, and randomized controlled trials (RCTs).

Randomized controlled trials are considered the gold standard in evidence-based
medicine because they minimize bias and provide high-quality evidence. Several
recent studies have demonstrated the effectiveness of Unani formulations in
conditions such as dermatological disorders, anxiety, depression, and post-viral
recovery through structured clinical trials. Clinical research also enables comparison
between Unani therapies and conventional treatments, thereby facilitating integrative
healthcare approaches.

3. Observational and Epidemiological Research

Observational studies are particularly valuable in Unani medicine because many
treatments are individualized according to a patient's temperament and clinical
condition. These studies observe outcomes without manipulating treatment allocation
and include cross-sectional studies, cohort studies, and case-control studies.

Epidemiological research examines disease patterns, healthcare utilization, treatment
outcomes, and public acceptance of Unani medicine. Such studies provide
information regarding the prevalence of diseases, health-seeking behavior, and the
effectiveness of Unani interventions in real-world settings.
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They also help policymakers understand the role of Unani medicine within public
healthcare systems and guide resource allocation.

4. Pharmacological and Drug Research

Drug research in Unani medicine focuses on the scientific evaluation of single drugs
(Mufradat) and compound formulations (Murakkabat). Research activities include
drug discovery, pharmacodynamics, pharmacokinetics, toxicity assessment, and
dosage standardization. Reverse pharmacology has emerged as an important research
strategy in traditional medicine, where observations from clinical practice are used as
a starting point for scientific investigation.

This approach is particularly suitable for Unani medicine because many formulations
have been used safely for centuries. Reverse pharmacology helps bridge traditional
knowledge and modern biomedical research by validating historical therapeutic
experiences through systematic scientific studies.

5. Whole-System Research

Whole-system research is a relatively recent methodology developed to evaluate
traditional medical systems holistically. Since Unani treatment often combines dietary
regulation, lifestyle modification, regimental therapy (Ilaj-bil-Tadbeer), and
pharmacotherapy, studying individual components separately may not reflect actual
clinical practice.

Whole-system research assesses the effectiveness of the complete therapeutic package
as delivered in routine healthcare settings. This methodology is increasingly
recognized as an appropriate approach for evaluating complementary and traditional
medical systems while preserving their theoretical integrity.

6. Systematic Reviews and Evidence Synthesis

Systematic reviews and meta-analyses represent the highest level of evidence in
modern research hierarchies. These methods involve comprehensive literature
searches, critical appraisal of studies, and synthesis of findings to generate robust
conclusions regarding treatment effectiveness and safety.

In recent years, systematic reviews have been conducted to evaluate the evidence
supporting various Unani interventions, including therapies for neurological
disorders, infectious diseases, and chronic illnesses. Evidence synthesis helps identify
research gaps, establish clinical guidelines, and inform evidence-based decision-
making in Unani healthcare.

1.7.1 Challenges and Future Directions

Despite significant progress, research in Unani medicine faces several challenges,
including lack of standardization, limited funding, small sample sizes, methodological
heterogeneity, and difficulties in evaluating individualized treatments using
conventional biomedical models. To overcome these barriers, interdisciplinary
collaboration among Unani scholars, clinicians, pharmacologists, biostatisticians, and
biomedical researchers is essential.
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Future research should emphasize multicentric clinical trials, drug standardization,
advanced laboratory investigations, pharmacovigilance, and integration of modern
technologies such as bioinformatics, systems biology, and artificial intelligence.
Strengthening research infrastructure and promoting evidence-based approaches will
enhance the credibility and global acceptance of Unani medicine.

Research methods in Unani medicine encompass a wide range of scientific
approaches aimed at validating traditional knowledge and improving healthcare
outcomes. The integration of classical principles with contemporary research
methodologies provides a pathway for evidence generation, quality assurance, and
wider acceptance of Unani medicine in modern healthcare systems.

1.8 INTEGRATIVE MEDICINE AND CURRENT TRENDS IN UNANI
RESEARCH

Integrative Medicine is a patient-centered approach that combines conventional
biomedical care with scientifically validated traditional, complementary, and
alternative medical systems. The objective of integrative medicine is not to replace
modern medicine but to utilize the strengths of different healthcare systems in a
coordinated manner to improve patient outcomes, safety, quality of life, and overall
well-being. In recent decades, the global healthcare community has shown increasing
interest in integrating traditional systems such as Unani medicine into mainstream
healthcare frameworks. The World Health Organization (WHO) recognizes the
importance of traditional, complementary, and integrative medicine (TCIM) and
advocates its evidence-based incorporation into national health systems. Traditional
medicine emphasizes holistic, personalized, and nature-based approaches that aim to
restore balance among the body, mind, and environment.

Unani medicine, with its rich heritage derived from Greco-Arabic medical traditions,
offers a comprehensive approach to health promotion, disease prevention, and
treatment. Fundamental concepts such as Mizaj (temperament), Tabiyat (self-
preservative power of the body), and Asbab-e-Sitta Zarooriya (six essential factors of
life) emphasize individualized care and holistic health management. These principles
align closely with contemporary concepts of personalized and preventive medicine,
making Unani medicine highly relevant in the era of integrative healthcare.

The integration of Unani medicine into modern healthcare has gained momentum due
to the growing burden of chronic diseases, lifestyle disorders, mental health problems,
and aging populations. Conditions such as diabetes mellitus, hypertension, obesity,
arthritis, and metabolic syndrome often require long-term management strategies.
Modern medicine provides effective disease control, while Unani medicine
contributes lifestyle modification, dietary management (llaj bil Ghiza),
pharmacotherapy ({/laj bil Dawa), and regimental therapies (/laj bil Tadbeer), thereby
complementing conventional treatment approaches. This synergy offers a more
comprehensive and patient-centered healthcare model.
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One of the most significant current trends in Unani research is the increasing
emphasis on evidence-based medicine (EBM). Researchers are conducting preclinical
studies, clinical trials, systematic reviews, and observational studies to evaluate the
safety, efficacy, and mechanisms of action of Unani drugs and therapeutic
procedures. The objective is to generate high-quality scientific evidence that can
support the integration of Unani practices into mainstream healthcare. Institutions
such as the Central Council for Research in Unani Medicine (CCRUM) and the
National Institute of Unani Medicine (NIUM) have played a crucial role in promoting
scientific research and validation of traditional knowledge.

Another important trend is the standardization and quality control of Unani
formulations. Traditional medicines often face challenges related to consistency,
purity, and reproducibility. Modern analytical techniques such as chromatography,
spectroscopy, metabolomics, and molecular characterization are increasingly being
used to establish pharmacognostic standards and ensure the quality and safety of
herbal formulations. Such standardization is essential for regulatory approval,
international acceptance, and wider clinical application of Unani medicines.

Advancements in biotechnology, genomics, proteomics, and metabolomics have also
opened new avenues for Unani research. Scientists are attempting to correlate
traditional concepts such as temperament (Mizaj) with genetic and metabolic profiles.
These investigations aim to provide scientific explanations for individualized
treatment approaches advocated in Unani medicine. Such studies contribute to the
emerging field of precision medicine, where treatments are tailored according to an
individual's biological characteristics.

The application of Unani medicine in the management of infectious and post-
infectious diseases has also attracted considerable attention. During and after the
COVID-19 pandemic, researchers explored the potential role of Unani interventions
in enhancing immunity, reducing symptom severity, and managing post-COVID
complications. Studies have investigated various medicinal plants used in Unani
medicine, including Nigella sativa, Withania somnifera, Tinospora cordifolia, and
Ziziphus jujuba, for their immunomodulatory, anti-inflammatory, and restorative
properties. These investigations have strengthened interest in integrative approaches
to public health and rehabilitation.

Digitalization and health informatics represent another emerging trend in Unani
research. The development of electronic health records, digital repositories of
classical literature, and databases of medicinal formulations facilitates systematic
documentation and analysis of clinical outcomes. India's Traditional Knowledge
Digital Library (TKDL) has documented thousands of Unani formulations, protecting
traditional knowledge from biopiracy and supporting research and innovation.

Despite significant progress, several challenges remain in the integration of Unani
medicine. These include methodological limitations in clinical research, inadequate
funding, lack of standardized protocols, and difficulties in translating traditional
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concepts into modern scientific terminology. Researchers have emphasized the need
for epistemologically sensitive research methodologies that respect the philosophical
foundations of Unani medicine while maintaining scientific rigor. Appropriate study
designs that accommodate individualized treatment approaches are essential for
generating meaningful evidence.

Integrative medicine represents a promising paradigm for future healthcare,
combining the strengths of conventional and traditional medical systems. Unani
medicine possesses substantial potential to contribute to preventive, promotive, and
therapeutic healthcare through its holistic and personalized approach. Current trends
in Unani research—including evidence generation, standardization of formulations,
molecular validation of traditional concepts, digitalization, and integrative clinical
applications—are helping bridge the gap between traditional wisdom and modern
science. Continued interdisciplinary collaboration, robust research methodologies,
and supportive health policies will further enhance the role of Unani medicine within
evidence-based integrative healthcare systems.

1.9 RESEARCH PROCESS IN HEALTHCARE SCIENCES

Research in healthcare sciences is a systematic, scientific, and ethical process
undertaken to generate new knowledge, validate existing practices, and improve
patient care outcomes. In the context of Unani medicine and modern healthcare
systems, research serves as the foundation for evidence-based practice by providing
reliable data regarding the efficacy, safety, and effectiveness of therapeutic
interventions. The research process follows a structured sequence of steps that enable
researchers to identify problems, formulate hypotheses, collect and analyze data, and
disseminate findings for the advancement of healthcare knowledge.

Healthcare research differs from routine clinical observation because it employs
rigorous scientific methods to answer specific questions and generate reproducible
evidence. The ultimate aim is to improve patient outcomes, healthcare delivery, and
public health policies through systematic inquiry. Evidence-Based Medicine (EBM)
relies heavily on well-conducted research, integrating the best available scientific
evidence with clinical expertise and patient values.

1. Identification of the Research Problem

The first step in the research process is identifying a relevant and significant research
problem. A research problem arises from gaps in existing knowledge, clinical
uncertainties, emerging health issues, or observed challenges in healthcare practice. In
Unani medicine, for example, researchers may investigate the effectiveness of a
specific herbal formulation for diabetes management or evaluate traditional
therapeutic procedures for chronic diseases.

A well-defined problem should be clear, feasible, relevant, and capable of scientific
investigation. The quality of the entire research project largely depends on the
appropriate selection and formulation of the research problem.
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2. Review of Literature

Once the research problem is identified, a comprehensive review of existing literature
is conducted. Literature review involves the systematic examination of published
books, research articles, clinical guidelines, dissertations, conference proceedings,
and electronic databases related to the topic.

The objectives of literature review include:
e Understanding current knowledge on the subject.

o Identifying research gaps.

e Avoiding duplication of previous studies.

¢ Refining research questions and objectives.

¢ Developing a theoretical or conceptual framework.

In evidence-based healthcare, literature reviews help researchers identify the highest
levels of available evidence, such as systematic reviews and randomized controlled
trials.

3. Formulation of Research Question and Objectives

After reviewing the literature, researchers formulate a precise research question. The
question should be specific, measurable, and clinically relevant. In healthcare
sciences, the PICO framework is commonly used:

e P — Patient/Population/Problem
e I - Intervention

¢ C - Comparison

e O —Outcome

For example: “Does a Unani herbal formulation reduce fasting blood glucose levels
more effectively than standard dietary management in patients with Type 2 Diabetes
Mellitus?”

Research objectives are then developed to define what the study intends to achieve.
These objectives guide the study design and methodology.

4. Formulation of Hypothesis
A hypothesis is a tentative statement predicting the relationship between variables. It
provides direction for data collection and analysis.

Common types include:
e Null Hypothesis (Ho): Assumes no relationship or difference exists.

o Alternative Hypothesis (Hi): Suggests a significant relationship or difference
exists.
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For example:
e Ho: A Unani herbal intervention has no effect on blood glucose levels.

e Hi: A Unani herbal intervention significantly reduces blood glucose levels.

Not all studies require hypotheses; exploratory and qualitative studies may instead
focus on research questions.

5. Selection of Research Design
Research design refers to the overall plan or blueprint of the study. It determines how
data will be collected, measured, and analyzed.

Common healthcare research designs include:
e Experimental studies (Randomized Controlled Trials)

e Quasi-experimental studies
e Observational studies

o Cohort studies

o Case-control studies

o Cross-sectional studies

e Qualitative studies

e Mixed-methods studies

The choice of design depends on the research question, available resources, ethical
considerations, and feasibility. Randomized Controlled Trials are generally
considered the gold standard for evaluating treatment effectiveness.

6. Sampling and Participant Selection

Sampling involves selecting a representative group from the target population.
Appropriate sampling ensures that study findings can be generalized to the broader
population.

Common sampling methods include:
¢ Simple random sampling

¢ Systematic sampling

¢ Stratified sampling

e Cluster sampling

¢ Convenience sampling
¢ Purposive sampling

Researchers must determine an adequate sample size to ensure statistical validity and
reliability of results.
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7. Data Collection
Data collection is a critical stage in healthcare research. Accurate and reliable data are
essential for valid conclusions.

Common methods include:
e Surveys and questionnaires

e Interviews

¢ Clinical examinations

e Laboratory investigations
e Observation techniques

e Medical record reviews

e Focus group discussions

Both quantitative and qualitative approaches may be employed depending on study
objectives. Quantitative methods generate numerical data, while qualitative methods
provide in-depth understanding of experiences, perceptions, and behaviors.

8. Data Analysis and Interpretation
After data collection, researchers organize, process, and analyze the data using
statistical or qualitative analytical techniques.

Quantitative analysis may involve:
e Descriptive statistics

o Inferential statistics
¢ Hypothesis testing
e Correlation and regression analysis

Qualitative analysis may involve:
e Thematic analysis

¢ Content analysis
e Narrative analysis

Interpretation involves explaining the significance of findings in relation to research
objectives, existing literature, and healthcare practice.

9. Drawing Conclusions and Recommendations

Based on the analyzed data, researchers draw conclusions regarding the research
question or hypothesis. Conclusions should be evidence-based and directly supported
by study findings.

Recommendations may include:
¢ Clinical practice improvements
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e Further research directions
¢ Policy modifications
e FEducational interventions

The conclusions contribute to the growing body of scientific evidence that supports
evidence-based healthcare decision-making.

10. Dissemination of Research Findings
The final stage of the research process involves communicating findings to the
scientific community and stakeholders. Dissemination methods include:

e Research articles

e Conference presentations
¢ Books and monographs

¢ Clinical guidelines

e Policy reports

¢ Digital repositories

Effective dissemination ensures that research findings are translated into clinical
practice and healthcare policy, thereby bridging the gap between research and patient
care.

The research process in healthcare sciences is a systematic sequence of
interconnected activities designed to generate reliable and valid evidence for
improving health outcomes. Beginning with problem identification and ending with
dissemination of findings, each stage contributes to the development of scientific
knowledge and evidence-based healthcare practices. For scholars of Unani medicine,
understanding the research process is essential for evaluating traditional therapies
scientifically, contributing to the evidence base of Unani medicine, and promoting its
integration into contemporary healthcare systems. Through rigorous research
methodology, healthcare professionals can ensure that clinical decisions are informed
by the best available evidence, ultimately enhancing patient care and public health.
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2.1 BASIC, APPLIED AND TRANSLATIONAL RESEARCH

Research is a systematic process of generating, validating, and applying knowledge to
enhance understanding and solve problems. Depending on its purpose and intended
outcome, research can be broadly classified into basic research, applied research,
and translational research. These categories represent different stages in the
continuum of scientific inquiry and collectively contribute to the advancement of
healthcare, including Unani medicine. Understanding these types of research is
essential for scholars because they guide the selection of research questions,
methodologies, and expected outcomes.

2.1.1 Basic Research

Basic research, also known as fundamental or pure research, is conducted to
expand scientific knowledge and improve understanding of natural phenomena
without an immediate practical application in mind. Its primary objective is to
discover new facts, principles, mechanisms, or theories that contribute to the existing
body of knowledge. Basic research seeks answers to fundamental questions such as
“how” and “why” a phenomenon occurs. It provides the foundation upon which
further scientific investigations and innovations are built.

In biomedical sciences, basic research often involves laboratory experiments, cellular
and molecular studies, animal models, and investigations of physiological
mechanisms. Such studies help researchers understand disease pathogenesis,
pharmacological actions of drugs, and biological processes at the molecular level. For
example, investigating the anti-inflammatory mechanisms of a Unani medicinal plant
at the cellular level constitutes basic research. Although the findings may not
immediately influence patient care, they generate knowledge that may later support
the development of therapeutic interventions.

Characteristics of basic research include:
¢ Focus on theory generation and knowledge expansion.

¢ Conducted primarily in laboratories or controlled environments.
e Not directed toward immediate practical use.
e Forms the scientific foundation for applied and translational research.

2.1.2 Applied Research

Applied research is designed to solve specific practical problems by utilizing the
knowledge generated through basic research. Unlike basic research, which focuses on
understanding phenomena, applied research emphasizes the application of scientific
knowledge to address real-world issues. It seeks to develop solutions, interventions,
technologies, policies, or procedures that improve outcomes in healthcare, education,
agriculture, and other fields.

In medical sciences, applied research may involve testing the efficacy and safety of
therapeutic interventions, evaluating healthcare programs, or assessing clinical
practices.
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Within the field of Unani medicine, examples include evaluating the clinical
effectiveness of a herbal formulation for osteoarthritis, assessing patient satisfaction
with Unani healthcare services, or developing standardized dosage forms of
traditional medicines.

Applied research plays a crucial role in bridging scientific knowledge and societal
needs. The findings of applied studies often have direct implications for clinical
practice, healthcare management, and public health policies. Because of its practical
orientation, applied research generally involves human participants, community
settings, or healthcare institutions.

Characteristics of applied research include:
e Problem-oriented and solution-focused.

e Uses existing scientific knowledge to address practical issues.
¢ Produces outcomes with immediate applicability.
e Frequently conducted in clinical, community, or field settings.

2.1.3Translational Research

Translational research is a relatively recent concept that aims to bridge the gap
between scientific discoveries and their practical application in healthcare. Often
described as the “bench-to-bedside” approach, translational research facilitates the
conversion of findings from laboratory studies into clinical interventions, healthcare
practices, and public health improvements.

The emergence of translational research was driven by concerns that many scientific
discoveries remained confined to laboratories and took years to benefit patients.
Translational research seeks to accelerate this process by integrating basic science,
clinical research, and community-based implementation. The ultimate goal is to
improve health outcomes by ensuring that scientific innovations are effectively
translated into practice.

The translational research spectrum is commonly divided into several stages:

e TI1 (Translation to Humans): Converts laboratory discoveries into early clinical
studies and proof-of-concept investigations.

e T2 (Translation to Patients): Evaluates interventions through clinical trials and
develops evidence-based treatments.

e T3 (Translation to Practice): Promotes the integration of research findings into
routine clinical practice.

e T4 (Translation to Population Health): Assesses the impact of interventions on
communities and public health outcomes.

In the context of Unani medicine, translational research may involve identifying
bioactive compounds from traditional formulations, validating their pharmacological
actions through laboratory studies, conducting clinical trials to establish efficacy and
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safety, and subsequently integrating evidence-based formulations into healthcare
systems. Such research strengthens the scientific credibility and wider acceptance of
traditional medical systems.

Characteristics of translational research include:
o Integrates laboratory, clinical, and community-based research.

o Accelerates the application of scientific discoveries.
¢ Encourages multidisciplinary collaboration.
e Focuses on improving patient and population health outcomes.

2.1.4 Relationship among Basic, Applied, and Translational Research

Basic, applied, and translational research should not be viewed as separate entities but
rather as interconnected components of a continuous research pathway. Basic
research generates new knowledge; applied research uses this knowledge to solve
practical problems; and translational research ensures that discoveries are transformed
into effective healthcare practices and public health interventions. Together, they
contribute to evidence generation, innovation, and the advancement of medical
science.

For Unani scholars and researchers, understanding these research types is essential for
designing meaningful studies that not only enhance theoretical knowledge but also
contribute to evidence-based clinical practice and improved healthcare delivery.

2.2 QUALITATIVE, QUANTITATIVE AND MIXED RESEARCH

Research methodology encompasses various approaches for generating scientific
evidence. The selection of a research approach depends on the nature of the research
problem, objectives of the study, type of data required, and the intended use of
findings. Broadly, research can be classified into qualitative research, quantitative
research, and mixed methods research. Each approach has distinct philosophical
foundations, methods of data collection, analytical techniques, strengths, and
limitations. In medical and health sciences, including Unani medicine, these
approaches play complementary roles in understanding health phenomena, evaluating
interventions, and improving healthcare delivery.

2.2.1 Qualitative Research

Qualitative research is an exploratory approach that seeks to understand human
experiences, perceptions, beliefs, attitudes, and social phenomena in their natural
settings. Rather than focusing on numerical measurements, qualitative research
emphasizes the interpretation of meanings and the understanding of complex realities
from the participants’ perspectives. It is particularly useful when little is known about
a phenomenon or when researchers aim to explore the “how” and “why” aspects of a
problem.

Common methods used in qualitative research include:
e In-depth interviews
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e Focus group discussions

e Participant observation

o (Case studies

o Ethnographic studies

¢ Document and content analysis

The data generated are usually non-numerical and consist of narratives, transcripts,
field notes, images, or observations. Analysis involves identifying themes, patterns,
and meanings through systematic interpretation. Unlike quantitative research,
qualitative studies generally employ smaller sample sizes selected purposively rather
than randomly.

In Unani medical research, qualitative methods may be used to explore patients’
experiences with Unani therapies, physicians’ perceptions regarding treatment
efficacy, or cultural beliefs influencing healthcare-seeking behavior. Such studies
provide valuable contextual information that may not be captured through numerical
measurements alone.

Advantages of Qualitative Research
e Provides rich and detailed information.

o Facilitates understanding of complex social and cultural factors.
e Generates new hypotheses and theories.
e Useful for studying subjective experiences and behaviors.

Limitations of Qualitative Research
¢ Findings may have limited generalizability.

e Data collection and analysis can be time-consuming.
o Interpretation may be influenced by researcher bias.
e Replication is often difficult.

2.2.2 Quantitative Research

Quantitative research is a systematic and objective approach that focuses on the
collection and analysis of numerical data. It aims to measure variables, test
hypotheses, establish relationships among variables, and generate findings that can be
generalized to larger populations. Quantitative research is strongly associated with the
scientific method and is widely used in biomedical and clinical investigations.

Data in quantitative studies are collected through structured instruments such
as:
¢ Questionnaires and surveys

¢ Clinical measurements
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e Laboratory investigations
o Experimental observations
o Standardized assessment scales

The collected data are analyzed using statistical techniques ranging from descriptive
statistics to advanced inferential methods. Quantitative research typically employs
larger sample sizes and probability sampling methods to enhance representativeness
and external validity.

Examples of quantitative research in Unani medicine include clinical trials evaluating
the efficacy of a Unani formulation, epidemiological studies assessing disease
prevalence, and comparative studies measuring treatment outcomes among patient
groups.

Advantages of Quantitative Research
e Produces objective and measurable data.

o Allows statistical analysis and hypothesis testing.
o Facilitates generalization of findings.
e Enhances reliability and reproducibility.

Limitations of Quantitative Research
e May overlook contextual and experiential factors.

¢ Restricted by predefined variables and instruments.
o Less effective in exploring complex human behaviors.
e Numerical data alone may not explain underlying reasons for observed outcomes.

2.2.3 Mixed Methods Research

Mixed methods research combines qualitative and quantitative approaches within a
single study or research program. This approach recognizes that neither qualitative
nor quantitative methods alone are sufficient to comprehensively address many
research questions. By integrating numerical data with contextual and experiential
information, mixed methods research provides a more complete understanding of
complex health-related issues.

According to Creswell, mixed methods research involves the systematic collection,
analysis, and integration of both quantitative and qualitative data to draw more robust
conclusions. The rationale for using mixed methods includes triangulation,
complementarity, development of research instruments, explanation of findings, and
expansion of knowledge.

Major mixed methods designs include:

1. Convergent Parallel Design — Qualitative and quantitative data are collected
simultaneously and then integrated during interpretation.
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2. Explanatory Sequential Design — Quantitative data are collected and analyzed
first, followed by qualitative inquiry to explain the quantitative findings.

3. Exploratory Sequential Design — Qualitative exploration is conducted initially,
and the findings are subsequently tested through quantitative methods.

In Unani medical research, a mixed methods study might evaluate the clinical
effectiveness of a treatment quantitatively while simultaneously exploring patient
satisfaction and treatment experiences qualitatively. Such integration enriches the
interpretation of outcomes and supports evidence-based decision-making.

Advantages of Mixed Methods Research
e Provides comprehensive understanding of research problems.

e Compensates for the weaknesses of individual approaches.
e Enhances validity through triangulation.
o Facilitates deeper interpretation of findings.

Limitations of Mixed Methods Research
e Requires expertise in both qualitative and quantitative methodologies.

e More time-consuming and resource-intensive.
e Data integration can be methodologically challenging.
e Requires careful planning and execution.

Comparison of Research Approaches

Characteristic Qualitative Quantitative Mixed Methods
Research Research Research
Nature of Data | Non-numerical | Numerical Both numerical and
non-numerical
Primary Exploration and | Measurement and | Comprehensive
Purpose understanding hypothesis testing understanding
Sample Size Usually small Usually large Variable
Data Interviews, Surveys, Combination of
Collection observations experiments, both
measurements
Data Analysis Thematic and Statistical Integrated analysis
interpretive
Outcome Rich descriptions | Generalizable Holistic conclusions
findings

Qualitative, quantitative, and mixed methods research represent three fundamental
approaches to scientific inquiry. Each serves distinct purposes and contributes
uniquely to the advancement of knowledge. In Unani medical research, the
appropriate selection of these approaches enables researchers to generate reliable
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evidence, understand patient experiences, evaluate therapeutic interventions, and
strengthen the scientific foundation of Unani medicine.

2.3 OBSERVATIONAL AND INTERVENTIONAL RESEARCH

Research in medical sciences can broadly be classified into observational research
and interventional research based on the role of the investigator in relation to the
study participants. These two approaches are fundamental to evidence generation in
healthcare and play a vital role in evaluating disease patterns, risk factors, diagnostic
procedures, preventive strategies, and therapeutic interventions. The selection of an
appropriate research design depends on the research question, ethical considerations,
feasibility, and available resources.

2.3.1 Observational Research

Observational research is a type of study in which the investigator does not
manipulate or assign any intervention to the participants. Instead, the researcher
observes and records exposures, characteristics, or outcomes as they naturally occur.
The purpose is to identify associations between exposures and health outcomes
without influencing the course of events.

In observational studies, participants may already be exposed to a particular factor,
treatment, or environmental condition as part of routine life or standard medical care.
The researcher merely collects and analyzes data to understand patterns, trends, and
possible relationships.

Characteristics of Observational Research
1. No active intervention by the investigator.

2. Observation of naturally occurring events.

3. Useful for studying risk factors, disease prevalence, and prognosis.

4. Generally, less expensive and easier to conduct than experimental studies.
5. Suitable when intervention is unethical or impractical.

Types of Observational Studies

Observational studies are commonly categorized into:

1. Descriptive Studies
e Case reports

e C(Case series
e Cross-sectional studies

These studies describe the occurrence of diseases or health-related conditions in a
population and often generate research hypotheses.

2. Analytical Studies
e Cohort studies
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e Case-control studies
¢ Analytical cross-sectional studies

These designs examine associations between exposures and outcomes and help test
hypotheses.

Advantages of Observational Research
¢ Ethical when experimental manipulation is not possible.

o Useful for studying rare exposures and long-term outcomes.
o Reflects real-world clinical settings.
e Can involve large populations at relatively lower cost.

Limitations of Observational Research
e Susceptible to bias and confounding.

e Cannot establish causality with the same certainty as experimental studies.
¢ Results may be influenced by uncontrolled variables.
¢ Selection and information biases may affect validity.

Example in Unani Medicine

A researcher may observe patients suffering from Ziabetus Shakri (Diabetes
Mellitus) who are already using a particular Unani formulation and compare their
glycaemic control with patients not using the formulation, without assigning
treatment. Such a study would be observational in nature.

2.3.2 Interventional Research

Interventional research, also known as experimental research, involves the active
participation of the investigator in assigning an intervention to study participants and
evaluating its effects on specific outcomes. The intervention may include a drug,
surgical procedure, lifestyle modification, dietary regimen, educational programme,
or any therapeutic measure.

According to the National Institutes of Health (NIH), an interventional study is a
research study in which participants are prospectively assigned to one or more
interventions to evaluate their effects on health-related outcomes.

Interventional studies are considered the most rigorous method for establishing causal
relationships because the researcher controls the exposure and can compare outcomes
between intervention and control groups.

Characteristics of Interventional Research
1. Active manipulation of an exposure or treatment.

2. Presence of intervention and comparison groups.

3. Prospective collection of data.
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4. Ability to assess cause-and-effect relationships.
5. Often conducted under controlled conditions.
Types of Interventional Studies

1. Randomized Controlled Trials (RCTs)

Participants are randomly allocated to intervention and control groups.
Randomization minimizes bias and confounding, making RCTs the gold standard for
evaluating therapeutic efficacy.

2. Non-Randomized Controlled Trials
Participants receive interventions, but allocation is not random.

3. Community Trials
Interventions are applied to entire communities or population groups rather than
individuals.

4. Field Trials
Conducted among healthy individuals to evaluate preventive measures such as
vaccines or health education programmes.

Advantages of Interventional Research
e Provides strong evidence for causality.

e Minimizes confounding through randomization and control.
o Facilitates direct assessment of efficacy and safety.
¢ Produces high-quality evidence for clinical decision-making.

Limitations of Interventional Research
¢ Expensive and time-consuming.

e Requires extensive ethical approval and monitoring.
e May not always reflect routine clinical practice.
¢ Certain interventions may be unethical to assign experimentally.

Example in Unani Medicine

A clinical trial evaluating the efficacy of a newly formulated Unani herbal
preparation for the management of osteoarthritis, where eligible patients are
randomly assigned to receive either the test formulation or a standard treatment, is an
example of interventional research.

Comparison between Observational and Interventional Research

Feature Observational Interventional Research
Research
Researcher's role Observes only Assigns intervention
Manipulation of No Yes
exposure
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Objective Identify associations Establish causality
Control over Limited Greater control
variables
Risk of bias Higher Lower
Cost and Lower Higher
complexity
Ethical concerns Generally fewer More extensive
Examples Cohort, case-control, Randomized controlled trials,
cross-sectional studies field trials, community trials

2.3.3 Relevance in Unani Medical Research

Both observational and interventional studies are essential in Unani medicine.
Observational studies help identify disease patterns, treatment utilization, safety
profiles, and prognostic factors in real-world settings. Interventional studies provide
scientific evidence regarding the efficacy and safety of Unani drugs, regimens, and
therapeutic procedures. Together, these research approaches contribute to evidence-
based Unani practice and support the integration of traditional medicine into modern
healthcare systems.

2.4 DESCRIPTIVE AND ANALYTICAL RESEARCH

Research studies are broadly classified into descriptive and analytical research based
on their objectives and the nature of inquiry. Both approaches play a crucial role in
medical and health sciences research, including Unani medicine, by contributing to
the generation of scientific evidence and the understanding of health-related
phenomena. While descriptive research focuses on observing and documenting
characteristics of a population or condition, analytical research seeks to investigate
relationships, associations, and possible causal factors between variables.

2.4.1 Descriptive Research

Descriptive research is a type of research designed to systematically describe the
characteristics, frequency, distribution, or occurrence of a phenomenon, disease,
population, or event. It answers questions such as what, who, where, and when, but
generally does not explain why a phenomenon occurs. The primary objective is to
provide an accurate representation of the existing situation without manipulating
variables or testing causal hypotheses. Descriptive studies are often considered the
foundation of scientific investigation because they generate baseline information and
help formulate hypotheses for future research.

In medical and epidemiological research, descriptive studies commonly examine the
distribution of diseases according to person, place, and time. Such studies help
identify patterns of illness, risk groups, and emerging health problems within
communities. Descriptive research is particularly useful in public health surveillance,
disease registries, hospital record analysis, and demographic studies.

The major characteristics of descriptive research include:
1. Observation and documentation of phenomena as they naturally occur.
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2. Absence of intervention or manipulation by the researcher.

3. Collection of quantitative or qualitative data to describe conditions.

4. Generation of hypotheses rather than testing them.

5. Provision of baseline information for analytical and experimental studies.
Common forms of descriptive research include:

e Case Reports: Detailed descriptions of a single patient or unusual clinical
condition.

e Case Series: Descriptions of multiple patients with similar clinical characteristics.

e Cross-sectional Surveys: Studies measuring the prevalence of diseases, behaviors,
or characteristics at a specific point in time.

e Ecological Studies: Investigations using population-level data to describe disease
patterns and trends.

In Unani medicine, descriptive research may involve documenting the prevalence of a
particular disease, assessing health-seeking behavior among patients attending Unani
hospitals, or recording the therapeutic outcomes of traditional treatment practices.
Such studies contribute valuable information regarding disease burden, healthcare
utilization, and treatment patterns.

2.4.2 Analytical Research

Analytical research goes beyond mere description and attempts to examine
relationships between variables. It aims to identify determinants, causes, risk factors,
or associations that explain why a particular phenomenon occurs. Analytical studies
test hypotheses and evaluate whether an exposure is related to a specific outcome.
Therefore, analytical research addresses questions such as why and how.

The central feature of analytical research is the comparison between groups.
Researchers compare individuals who have experienced an outcome with those who
have not, or compare exposed and unexposed groups, to determine whether a
statistically significant association exists. Analytical studies employ inferential
statistical methods to assess the strength and significance of relationships between
variables.

Key characteristics of analytical research include:
1. Testing of predefined hypotheses.

2. Examination of associations between exposure and outcome variables.
3. Use of comparison groups.

4. Application of statistical analysis to determine significance.

5

. Contribution to understanding causation and disease determinants.
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The major types of analytical research include:

e Case-Control Studies: Comparison of individuals with a disease (cases) and those
without the disease (controls) to identify previous exposures.

o Cohort Studies: Follow-up of exposed and unexposed groups over time to
determine the occurrence of outcomes.

o Analytical Cross-sectional Studies: Assessment of associations between
exposures and outcomes at a single point in time.

e Observational Analytical Studies: Studies designed to evaluate potential risk
factors and determinants without intervention.

In the context of Unani medicine, analytical research may investigate whether
specific dietary habits increase the risk of metabolic disorders, whether a particular
Unani regimen improves disease outcomes compared to standard care, or whether
environmental factors influence the prevalence of chronic diseases. Such studies
provide evidence regarding the effectiveness of interventions and the factors
contributing to disease occurrence.

2.4.3 Differences between Descriptive and Analytical Research

Descriptive and analytical research differ primarily in their objectives and
methodological approaches. Descriptive research focuses on describing the
occurrence and distribution of health events, whereas analytical research seeks to
explain the reasons behind those events. Descriptive studies generate hypotheses,
while analytical studies test hypotheses. Descriptive research generally does not
involve comparison groups, whereas analytical research relies heavily on
comparisons to identify associations. Furthermore, analytical studies use advanced
statistical techniques to evaluate relationships and infer causation.

Both types of research are complementary rather than competitive. Descriptive
studies often provide the initial observations that lead to analytical investigations. For
example, a descriptive survey may reveal a high prevalence of diabetes in a
community, prompting analytical studies to explore the dietary, genetic, or lifestyle
factors responsible for the observed pattern.

Descriptive and analytical research constitute two fundamental approaches in health
and medical research. Descriptive research provides a systematic account of health
events, disease patterns, and population characteristics, while analytical research
investigates the underlying factors responsible for these observations. Together, they
form the basis of evidence generation in modern medicine and Unani medical
research, enabling researchers to understand health problems, formulate hypotheses,
test associations, and develop effective preventive and therapeutic strategies.

2.5 DESCRIPTIVE AND OBSERVATIONAL STUDY DESIGNS

Research design provides the framework through which scientific investigations are
conducted systematically and objectively. In health sciences, including Unani
medicine, descriptive and observational study designs play a vital role in
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understanding disease patterns, health behaviors, treatment outcomes, and population
characteristics. These designs are particularly useful when experimental studies are
impractical, unethical, or expensive. Observational studies enable researchers to
examine associations between exposures and outcomes without manipulating
variables, while descriptive studies primarily focus on describing the occurrence and
distribution of health-related events.

2.5.1 Descriptive Studies

Descriptive studies are the simplest form of epidemiological research and are
primarily concerned with describing the distribution of diseases, health conditions, or
other characteristics within a population. They answer questions related to who,
what, when, and where rather than explaining why a phenomenon occurs. These
studies are often the first step in the research process and help generate hypotheses for
further analytical investigations.

The main objectives of descriptive studies are:
1. To determine the frequency and distribution of diseases.

2. To identify health-related characteristics of a population.

3. To generate hypotheses regarding possible causes or risk factors.

4. To provide baseline information for healthcare planning and policy development.
Common types of descriptive studies include:

1. Case Report: A detailed description of a single patient with a unique disease,
unusual presentation, or novel therapeutic response.

2. Case Series: A collection of similar case reports involving multiple patients with a
particular condition or treatment outcome.

3. Cross-Sectional (Prevalence) Studies: These studies collect information from a
population at a single point in time, providing a “snapshot” of the health status of
the population. They are useful for estimating disease prevalence and identifying
associations between variables. However, because exposure and outcome are
measured simultaneously, establishing causality is difficult.

In Unani medicine, descriptive studies may be used to assess the prevalence of
lifestyle disorders such as obesity, diabetes, or hypertension among specific
populations and to document patterns of use of Unani therapies.

2.5.2 Observational Studies

Observational studies are research designs in which investigators observe and record
information about participants without intervening or assigning treatments. The
researcher does not manipulate the exposure or treatment variable but merely
observes naturally occurring situations. These studies are widely used in medical and
public health research because they allow investigation of factors that cannot ethically
or practically be assigned experimentally.
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Observational studies can be broadly classified into:
1. Cross-sectional studies

2. Case-control studies
3. Cohort studies

1. Cross-Sectional Studies

A cross-sectional study examines both exposure and outcome simultaneously in a
defined population at a particular point in time. It is often referred to as a prevalence
study because it measures the prevalence of diseases or health-related conditions.
These studies are relatively quick, economical, and useful for public health surveys.

Advantages:
e Fast and inexpensive.

e Useful for estimating disease prevalence.
e Can study multiple variables simultaneously.

Limitations:
e Cannot establish temporal relationships.

e Limited ability to infer causality.
e Susceptible to prevalence-incidence bias.

2. Case-Control Studies

Case-control studies are analytical observational studies in which participants are
selected based on the presence (cases) or absence (controls) of a particular disease or
outcome. Researchers then look backward to determine previous exposures or risk
factors associated with the disease. These studies are particularly useful for
investigating rare diseases or conditions with long latency periods.

Advantages:
e Suitable for rare diseases.

e Require less time and resources.
¢ Useful for studying multiple exposures.

Limitations:
¢ Prone to recall bias and selection bias.

e Temporal relationships may be difficult to establish.
¢ Cannot directly calculate disease incidence.

For example, a researcher may compare patients with chronic liver disease (cases)
and healthy individuals (controls) to investigate previous dietary habits or exposure to
specific risk factors.
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3. Cohort Studies

Cohort studies involve selecting participants based on their exposure status and
following them over time to observe the occurrence of outcomes. Participants are
divided into exposed and non-exposed groups, and disease incidence is compared
between these groups. Cohort studies may be prospective (forward-looking) or
retrospective (using existing records).

Advantages:
e Establishes temporal sequence between exposure and outcome.

¢ Allows calculation of incidence and relative risk.
e Can study multiple outcomes from a single exposure.

Limitations:
e Time-consuming and costly.

¢ Not ideal for rare diseases.
o Susceptible to loss to follow-up and selection bias.

In Unani medical research, a cohort study may follow individuals practicing a specific
regimen (Ilaj-bil-Tadbeer) and compare their health outcomes with those not
following the regimen over several years.

Comparison of Major Observational Study Designs

Feature Cross- Case- Cohort
Sectional Control
Time Direction Present Retrospective | Prospective/Retrospective
Selection Based On Population Disease Exposure Status
Status
Main Measure Prevalence Odds Ratio Incidence, Relative Risk
Suitable for Rare No Yes Limited
Diseases
Time Required Short Moderate Long
Establish Temporal No Limited Yes
Relationship

Observational and descriptive study designs constitute the foundation of clinical and
epidemiological research. They provide valuable insights into disease occurrence, risk
factors, and treatment outcomes, especially in situations where experimental studies
are not feasible. In Unani medicine, these designs are essential for documenting
traditional practices, evaluating therapeutic effectiveness, and generating evidence for
evidence-based healthcare.

2.6 CASE REPORTS AND CASE SERIES
Case reports and case series are among the oldest forms of medical research and have
played a crucial role in the advancement of healthcare knowledge.
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In Unani medicine, where individualized treatment approaches and unique clinical
observations are highly valued, these descriptive research designs provide an
important means of documenting therapeutic outcomes, rare diseases, novel
interventions, and unusual clinical presentations. Although they occupy a lower
position in the hierarchy of evidence compared to analytical and experimental studies,
case reports and case series remain valuable sources of clinical information and
hypothesis generation.

2.6.1 Definition of Case Report

A case report is a detailed scientific description of a single patient, focusing on
clinical presentation, diagnosis, treatment, follow-up, and outcomes. It usually
highlights an unusual disease, unexpected therapeutic response, rare adverse effect, or
novel clinical observation. The purpose of a case report is not to establish causality
but to share important clinical experiences that may contribute to medical knowledge.

In Unani medical practice, a case report may describe the successful management of a
chronic disease using a specific regimen of Ilaj-bil-Tadbeer, Ilaj-bil-Ghiza, or Unani
pharmacotherapy, thereby providing preliminary evidence for future systematic
investigations.

2.6.2 Definition of Case Series

A case series is an extension of a case report and involves a collection of patients with
similar clinical characteristics, diagnoses, treatments, or outcomes. Unlike a single
case report, a case series examines multiple cases and summarizes their common
features. It is generally an uncontrolled observational study without a comparison
group.

For example, a researcher may document the outcomes of ten patients with
rheumatoid arthritis treated with a particular Unani formulation over six months. Such
a report would constitute a case series.

Characteristics of Case Reports and Case Series
The major characteristics of case reports and case series include:

1. Descriptive nature — They describe clinical observations rather than testing
hypotheses.

2. Absence of control groups — There is usually no comparison with untreated or
differently treated patients.

3. Small sample size — A case report involves one patient, whereas a case series
includes a small group of patients.

4. Observational design — Researchers observe and document events without
intervention allocation.

5. Hypothesis-generating role — Findings often stimulate further analytical or
experimental research.
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Structure of a Case Report
A well-prepared case report generally contains the following components:

e Title

e Abstract

¢ Introduction

¢ Patient information

¢ Clinical findings

¢ Diagnostic assessment

o Therapeutic intervention
¢ Follow-up and outcomes
¢ Discussion

e Conclusion

e References

Patient confidentiality and informed consent must always be maintained while
preparing case reports.

Applications in Unani Medical Research
Case reports and case series have significant applications in Unani medicine,
including:

e Documentation of rare diseases and unusual presentations.

e Reporting novel therapeutic uses of Unani drugs.

¢ Evaluation of traditional treatment regimens.

¢ Detection of adverse reactions to herbal formulations.

¢ Recording outcomes of regimental therapies (Ilaj-bil-Tadbeer).
e Providing preliminary evidence for future clinical trials.

Many traditional Unani therapies initially gain scientific attention through carefully
documented case reports before undergoing rigorous clinical evaluation.

Advantages of Case Reports and Case Series
Case reports and case series offer several important advantages:

1. Identification of Novel Phenomena

They are particularly useful for reporting new diseases, unusual manifestations,
unexpected treatment responses, or previously unknown adverse drug reactions.
Historically, many important medical discoveries originated from individual case
observations.
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2. Hypothesis Generation
Clinical observations documented in case reports often serve as the basis for future
observational studies and randomized controlled trials.

3. Educational Value
They provide valuable learning opportunities for students, clinicians, and researchers
by illustrating real-world clinical scenarios.

4. Feasibility and Low Cost

Compared with large-scale clinical studies, case reports and case series require fewer
resources, less time, and smaller budgets. This makes them particularly suitable for
postgraduate scholars and early-career researchers.

5. Contribution to Rare Disease Research

Rare diseases often cannot be studied through large clinical trials due to limited
patient availability. In such situations, case reports and case series become valuable
sources of evidence.

Limitations of Case Reports and Case Series
Despite their usefulness, these designs possess several methodological limitations.

1. Lack of Control Group
Without a comparison group, it is difficult to determine whether the observed
outcome is truly due to the intervention or other factors.

2. Inability to Establish Causality
Case reports can suggest associations but cannot prove cause-and-effect relationships
because confounding variables are not adequately controlled.

3. Limited Generalizability
Findings based on one or a few patients may not be applicable to larger populations.

4. High Risk of Bias
Selection bias, reporting bias, and observer bias can influence the findings and
interpretation of results.

5. Low Level of Evidence

In evidence-based medicine, case reports and case series are generally considered
among the lowest levels of scientific evidence because they lack randomization and
controls.

Quality Considerations

To improve scientific credibility, authors should ensure:
e Accurate and complete patient documentation.

e Clear description of diagnostic procedures.
e Detailed treatment information.

¢ Adequate follow-up.
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e Discussion of alternative explanations.
o Compliance with ethical standards and informed consent requirements.

Case reports and case series are fundamental descriptive research designs that
continue to contribute significantly to medical and Unani research. They facilitate the
recognition of novel clinical phenomena, generate research hypotheses, and provide
valuable educational experiences. Although their methodological limitations prevent
them from establishing definitive causal relationships, they remain indispensable
tools for documenting clinical observations and advancing evidence generation in
Unani medicine. Properly conducted and ethically reported case studies can serve as
the foundation for future observational studies and controlled clinical trials.

2.7 CROSS-SECTIONAL, COHORT AND CASE-CONTROL STUDIES
Observational studies constitute an important component of medical and health
research, particularly when experimental studies are impractical, unethical, or costly.
In observational research, investigators observe and analyze naturally occurring
exposures and outcomes without assigning interventions. Among the most widely
used observational research designs are cross-sectional studies, cohort studies, and
case-control studies. These designs play a crucial role in epidemiology, public
health, and Unani medical research by helping researchers understand disease
patterns, risk factors, prognosis, and healthcare outcomes.

2.7.1 Cross-Sectional Studies

A cross-sectional study is an observational study in which data on exposure and
outcome are collected simultaneously at a single point in time or during a short
period. It provides a “snapshot” of the health status of a population and is primarily
used to estimate the prevalence of diseases, health conditions, or risk factors.

In this design, participants are selected according to predefined inclusion and
exclusion criteria rather than based on exposure or disease status. Researchers assess
both the outcome and potential risk factors at the same time, making it difficult to
establish a temporal relationship between cause and effect.

Example: A survey conducted among patients attending a Unani hospital to
determine the prevalence of obesity and its association with dietary habits.

Advantages of Cross-Sectional Studies
e Relatively quick and inexpensive.

e Useful for estimating disease prevalence.
¢ Can study multiple outcomes and exposures simultaneously.
¢ Helpful in health planning and resource allocation.

Limitations of Cross-Sectional Studies
e Cannot establish causality or temporal sequence.

¢ Unsuitable for studying rare diseases.
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e Vulnerable to selection and information biases.
e May not distinguish whether exposure preceded disease.
2.7.2 Cohort Studies

A cohort study is an observational analytical study in which a group of individuals
sharing a common characteristic (cohort) is followed over time to determine the
occurrence of specific outcomes. Participants are classified according to their
exposure status and monitored to assess the development of disease or other health
outcomes.

Cohort studies may be:

1. Prospective Cohort Studies — Participants are enrolled before the outcome occurs
and followed into the future.

2. Retrospective Cohort Studies — Historical records are used to identify exposure
and outcome status that have already occurred.

Because cohort studies observe events in chronological order, they are particularly
valuable for examining incidence, natural history, prognosis, and potential causal
relationships.

Example: Following a group of individuals who regularly consume a specific Unani
formulation and another group who do not, to determine the incidence of metabolic
disorders over five years.

Advantages of Cohort Studies
o Establish temporal relationship between exposure and outcome.

e Measure incidence directly.
¢ Allow study of multiple outcomes from a single exposure.
o Particularly useful for investigating rare exposures.

Limitations of Cohort Studies
e Require substantial time and financial resources.

Loss to follow-up may affect validity.

Inefficient for studying rare diseases.

Potential influence of confounding variables.
2.7.3 Case-Control Studies

A case-control study is an observational analytical design in which participants are
selected based on the presence (cases) or absence (controls) of a disease or outcome.
Researchers then look backward in time to determine previous exposure to suspected
risk factors.
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The primary objective is to compare the frequency of exposure between cases and

controls. If exposure is more common among cases than controls, an association

between the exposure and disease may be inferred. The measure of association most
commonly used is the odds ratio (OR).

Example: Comparing patients diagnosed with chronic liver disease (cases) and
healthy individuals (controls) to evaluate prior exposure to dietary or lifestyle risk

factors.

Advantages of Case-Control Studies
¢ Efficient for studying rare diseases.

e Require less time and cost than cohort studies.

e Useful for investigating diseases with long latency periods.

e Allow evaluation of multiple exposures related to a single disease.

Limitations of Case-Control Studies
e Cannot directly calculate incidence.

e Prone to recall bias and selection bias.

o Temporal relationship between exposure and disease may be difficult to establish.

e Generally, provide weaker evidence for causation compared with cohort studies.

Comparative Overview
The choice among cross-sectional, cohort, and case-control designs depends on the
research question, available resources, disease frequency, and study objectives. Cross-
sectional studies are most appropriate for determining prevalence, cohort studies for
assessing incidence and prognosis, and case-control studies for investigating rare
diseases and potential risk factors.

Feature

Cross-Sectional Study

Cohort Study

Case-Control
Study

Direction of

Exposure and outcome

Exposure —

Outcome —

Inquiry measured simultaneously Outcome Previous Exposure
Time Dimension Single point in time Longitudinal Usually
retrospective
Main Measure Prevalence Incidence, QOdds Ratio
Relative Risk
Suitable for Rare No Limited Yes
Diseases
Suitable for Rare No Yes Limited
Exposures
Cost and Low High Moderate
Duration
Establishes No Yes Limited
Temporality
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In Unani medical research, these observational designs are particularly useful for
evaluating disease prevalence, identifying lifestyle and environmental determinants of
health, assessing treatment outcomes in real-world settings, and generating
hypotheses for future experimental studies. Proper selection and execution of these
study designs contribute significantly to evidence-based Unani healthcare and public
health research.

2.8 BIAS AND WAYS TO ELIMINATE BIAS

Bias is one of the most important threats to the validity and reliability of research
findings. In scientific research, including Unani medical research, bias refers to a
systematic error that leads to an incorrect estimation of the true relationship between
variables. Unlike random error, which occurs by chance, bias consistently distorts
results in a particular direction, resulting in overestimation or underestimation of the
actual effect. Bias can occur at any stage of research, including study design,
participant selection, data collection, analysis, interpretation, and reporting.
Therefore, identifying and minimizing bias is essential for producing credible and
scientifically valid evidence.

Research bias compromises both internal validity (the extent to which the results are
true for the study participants) and external validity (the generalizability of findings to
a broader population). In medical and health sciences research, biased findings may
lead to incorrect clinical decisions, ineffective interventions, and misleading
conclusions. Consequently, researchers must adopt appropriate methodological
safeguards to minimize bias throughout the research process.

2.8.1 Types of Bias in Research

Several forms of bias can affect research studies. The most common types include
selection bias, information bias, confounding bias, observer bias, recall bias, and
publication bias.

1. Selection Bias

Selection bias occurs when the participants included in a study are not representative
of the target population. This may arise from inappropriate sampling methods, non-
response, volunteer participation, or differential loss to follow-up. As a result, the
observed association between exposure and outcome may differ from the true
association in the population. For example, studying the effectiveness of a Unani
intervention only among patients attending a specialized urban clinic may not
accurately represent patients in rural settings.

2. Information Bias

Information bias results from systematic errors in measuring or recording information
related to exposure, outcome, or other study variables. It occurs when data are
collected differently across comparison groups. Misclassification of disease status,
inaccurate medical records, or poorly designed questionnaires can lead to information
bias.
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3. Recall Bias

Recall bias is a subtype of information bias commonly observed in case-control
studies. Participants may not accurately remember past events, exposures, or
treatments. Individuals affected by a disease often recall previous exposures more
thoroughly than healthy individuals, leading to distorted associations.

4. Observer Bias

Observer bias occurs when researchers’ expectations or beliefs influence the
assessment or recording of outcomes. This type of bias is particularly relevant in
clinical research when investigators are aware of participants’ treatment status.

5. Confounding Bias

Confounding occurs when a third variable is associated with both the exposure and
the outcome, thereby creating a misleading relationship between them. For instance,
in a study examining the relationship between a dietary regimen and disease
outcomes, age may act as a confounding factor if it is related to both dietary habits
and disease occurrence. Confounding can mask a true association or create a false
one.

6. Publication Bias

Publication bias arises when studies with positive or statistically significant findings
are more likely to be published than studies reporting negative or inconclusive results.
This leads to an inaccurate representation of available evidence and may affect
systematic reviews and meta-analyses.

2.8.2 Ways to Eliminate or Minimize Bias
Although it may be impossible to eliminate bias completely, researchers can employ
several strategies to reduce its occurrence and impact.

1. Proper Study Design

Careful planning of research methodology is the first step in minimizing bias. Clearly
defined objectives, standardized procedures, and appropriate research designs
enhance study validity. Randomized controlled trials (RCTs) are considered the gold
standard for minimizing many forms of bias because random allocation distributes
known and unknown confounding factors evenly between groups.

2. Random Sampling

Using probability-based sampling methods ensures that every individual in the target
population has an equal chance of being selected. Random sampling improves
representativeness and reduces selection bias.

3. Randomization

Random assignment of participants to intervention and control groups minimizes
confounding and selection bias. It balances both measured and unmeasured variables
across study groups, thereby improving internal validity.
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4. Blinding (Masking)
Blinding refers to concealing treatment allocation from participants, investigators, or
outcome assessors. Single-blind, double-blind, and triple-blind designs reduce
observer bias and participant-related biases by preventing expectations from
influencing outcomes.

5. Standardized Data Collection

The use of validated questionnaires, calibrated instruments, detailed protocols, and
trained data collectors reduces measurement errors and information bias. Consistent
data collection procedures ensure uniformity across study participants.

6. Matching and Restriction

Matching participants on important variables such as age, sex, or socioeconomic
status can control confounding. Restriction involves limiting study participants to a
specific category of a confounding variable, thereby reducing its influence.

7. Statistical Adjustment

Advanced statistical methods such as stratification, multivariable regression analysis,
and propensity score techniques can adjust for confounding factors during data
analysis. These methods improve the accuracy of estimated associations.

8. Complete and Transparent Reporting

Researchers should report study methods, limitations, and findings honestly and
transparently, regardless of whether results are positive or negative. Adherence to
reporting guidelines such as CONSORT, STROBE, and PRISMA helps reduce
reporting and publication bias.

Bias is a systematic error that can substantially affect the validity and credibility of
research findings. Common forms include selection bias, information bias, recall bias,
observer bias, confounding bias, and publication bias. In Unani medical research,
where evidence generation is crucial for the scientific validation of traditional
therapies, minimizing bias is essential. Through appropriate study design,
randomization, blinding, standardized data collection, statistical control of
confounding factors, and transparent reporting, researchers can improve the accuracy,
reliability, and applicability of their findings.

2.9 RANDOMIZED CONTROLLED TRIALS (RCTS)

Randomized Controlled Trials (RCTs) are considered the most rigorous and reliable
experimental research design for evaluating the efficacy, effectiveness, and safety of
healthcare interventions. In clinical and medical research, including Unani medicine,
RCTs provide the highest level of evidence for establishing causal relationships
between an intervention and its outcomes. The distinguishing feature of an RCT is the
random allocation of participants into different study groups, thereby minimizing bias
and confounding factors and enhancing the validity of the results.

An RCT is a prospective, comparative study in which eligible participants are
randomly assigned to either an experimental group receiving the intervention under
investigation or a control group receiving standard treatment, placebo, or no
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intervention. The outcomes of both groups are then compared after a predetermined
follow-up period. Randomization ensures that each participant has an equal chance of
being assigned to any study group, reducing selection bias and balancing known and
unknown confounding variables between groups.

2.9.1 Characteristics of Randomized Controlled Trials
The essential characteristics of an RCT include:

1. Randomization: Participants are assigned randomly to intervention and control
groups.

2. Control Group: A comparison group is maintained to assess the true effect of the
intervention.

3. Prospective Design: Data are collected forward in time from enrollment to
outcome assessment.

4. Blinding: Participants, investigators, or outcome assessors may be blinded to
treatment allocation to minimize bias.

5. Defined Outcomes: Primary and secondary outcomes are specified before the trial
begins.

6. Standardized Protocol: Uniform procedures are followed for recruitment,
intervention delivery, and outcome measurement.

2.9.2 Components of an RCT
A well-designed RCT generally consists of the following stages:

1. Formulation of Research Question
The study begins with a clearly defined hypothesis or research question regarding the
effectiveness of an intervention.

2. Selection of Participants
Eligibility criteria are established to identify suitable participants. Inclusion and
exclusion criteria help ensure a homogeneous study population.

3. Random Allocation

Participants are assigned randomly to study groups using methods such as simple
randomization, block randomization, stratified randomization, or computerized
random number generation.

4. Intervention and Follow-up

The experimental group receives the treatment under investigation, while the control
group receives placebo, standard care, or another comparator. Participants are
followed for a specified period to assess outcomes.

5. Outcome Assessment
Clinical, laboratory, or patient-reported outcomes are measured using standardized
instruments.
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6. Statistical Analysis
Data are analyzed to determine whether observed differences between groups are
statistically significant and clinically meaningful.

2.9.3 Types of Randomized Controlled Trials
RCTs may be classified into several categories:

1. Parallel Group Trial
Participants remain in their assigned groups throughout the study period. This is the
most commonly used RCT design.

2. Crossover Trial
Participants receive both interventions sequentially, separated by a washout period,
allowing each participant to serve as their own control.

3. Cluster Randomized Trial
Groups or clusters (e.g., hospitals, villages, or schools) rather than individuals are
randomized.

4. Factorial Trial
Two or more interventions are evaluated simultaneously in the same study
population.

5. Pragmatic Trial
Conducted under real-world clinical conditions to assess effectiveness in routine
practice.

2.9.4 Blinding in RCTs
Blinding is an important methodological feature used to reduce bias.

o Single-blind: Participants are unaware of their group assignment.

e Double-blind: Both participants and investigators are unaware of treatment
allocation.

e Triple-blind: Participants, investigators, and data analysts remain blinded until
completion of analysis.

Blinding minimizes performance bias, observer bias, and placebo effects, thereby
improving the credibility of study findings.

Advantages of Randomized Controlled Trials
RCTs offer several advantages:

e Highest level of evidence for evaluating interventions.

e Minimize selection bias and confounding.

o Facilitate causal inference between intervention and outcome.
e Allow accurate comparison between treatment groups.

¢ Enhance internal validity and scientific reliability.
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¢ Support evidence-based clinical decision-making.

Limitations of Randomized Controlled Trials
Despite their strengths, RCTs also have limitations:

¢ Expensive and time-consuming to conduct.

o FEthical concerns may arise when withholding effective treatment.
o Strict eligibility criteria may limit generalizability.

o Participant dropouts can affect study validity.

e Some interventions cannot be blinded effectively.

o Large sample sizes are often required.

2.9.5 Importance of RCTs in Unani Research

In contemporary Unani medicine, RCTs play a crucial role in generating scientific
evidence regarding the efficacy and safety of traditional therapies. They help validate
classical Unani formulations and regimens through systematic evaluation and
facilitate their integration into evidence-based healthcare systems. For example, an
RCT may compare a Unani formulation with a standard modern treatment or placebo
in patients suffering from conditions such as arthritis, diabetes mellitus, bronchial
asthma, or gastrointestinal disorders. Such studies contribute to the acceptance of
Unani medicine at national and international levels and support policy decisions
regarding healthcare integration.

2.9.6 Reporting Standards for RCTs

To improve transparency and quality of reporting, researchers are encouraged to
follow the Consolidated Standards of Reporting Trials (CONSORT) guidelines. The
CONSORT framework provides a checklist and participant flow diagram that assist
authors in reporting trial design, randomization procedures, participant flow,
statistical analysis, and outcomes comprehensively. Proper adherence to CONSORT
enhances the reproducibility, critical appraisal, and interpretation of trial findings.

In summary, Randomized Controlled Trials represent the gold standard of clinical
research and constitute a cornerstone of evidence-based medicine. Through
randomization, control groups, and rigorous methodology, RCTs provide robust
evidence regarding the effectiveness and safety of therapeutic interventions. Their
application in Unani medical research is essential for strengthening scientific
credibility, promoting evidence-based practice, and advancing the global recognition
of the Unani system of medicine.

2.10 PRECLINICAL STUDIES: IN VITRO, IN VIVO, IN SILICO AND IN
SITU

Preclinical studies constitute a fundamental phase of biomedical and pharmaceutical

research conducted before the initiation of clinical trials in human subjects. These

studies aim to evaluate the safety, efficacy, pharmacological activity, and toxicity of

therapeutic agents, medical devices, herbal formulations, and other interventions.
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In Unani medical research, preclinical investigations provide scientific evidence
regarding the therapeutic potential and safety of classical and novel formulations.
Modern preclinical research employs several complementary approaches, namely in
vitro, in vivo, in silico, and in situ studies, each contributing unique information
toward understanding biological processes and therapeutic outcomes.

2.10.1 In Vitro Studies

The term in vitro is derived from Latin, meaning “within the glass.” It refers to
experiments conducted outside a living organism under controlled laboratory
conditions, typically using isolated cells, tissues, enzymes, microorganisms, or
biological molecules. Common laboratory equipment used in in vitro studies includes
test tubes, Petri dishes, culture flasks, and microtiter plates.

In vitro studies are widely used in pharmacological and toxicological research to
evaluate cellular responses, antimicrobial activity, antioxidant potential, cytotoxicity,
enzyme inhibition, and mechanisms of drug action. For example, Unani formulations
may be tested against microbial cultures to determine their antimicrobial efficacy or
assessed on cultured cell lines to study anti-inflammatory and anticancer activities.

Advantages of In Vitro Studies:
e Relatively inexpensive and rapid.

e Allow strict control of experimental variables.
e Facilitate detailed mechanistic investigations.
¢ Reduce the need for animal experimentation.

Limitations of In Vitro Studies:
e Lack the complexity of whole-organism interactions.

e May not accurately predict responses in living systems.

e Cannot fully represent absorption, metabolism, distribution, and excretion
processes.

Despite these limitations, in vitro studies serve as an essential initial screening tool in
the drug development process.

2.10.2 In Vivo Studies

The term in vivo means “within the living.” These studies are conducted in whole
living organisms, including laboratory animals such as mice, rats, rabbits, zebrafish,
and other experimental models. In vivo investigations provide valuable information
regarding the biological effects of a substance within a complex physiological
environment.

In vivo studies are commonly used to assess pharmacodynamic effects,
pharmacokinetics, toxicity profiles, therapeutic efficacy, and disease mechanisms.
Before a new drug or herbal formulation can proceed to human clinical trials, its
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safety and efficacy must generally be demonstrated through appropriate animal
studies.

In Unani research, animal models may be employed to evaluate anti-inflammatory,
hepatoprotective, antidiabetic, cardioprotective, or neuroprotective activities of
medicinal preparations.

Advantages of In Vivo Studies:
¢ Provide information on whole-body responses.

¢ Enable assessment of systemic effects and organ interactions.
o Offer more realistic predictions of therapeutic outcomes.

Limitations of In Vivo Studies:
e Higher cost and longer duration.

o FEthical concerns regarding animal welfare.
e Species differences may limit direct extrapolation to humans.

Modern biomedical research emphasizes the principles of the 3Rs—Replacement,
Reduction, and Refinement—to ensure ethical use of animals in scientific
investigations.

2.10.3 In Silico Studies

The term in silico refers to experiments performed using computer-based models,
simulations, and computational tools. The phrase was coined by analogy with in vitro
and in vivo and has become increasingly important in contemporary biomedical
research.

In silico methods utilize bioinformatics, molecular modeling, artificial intelligence,
machine learning, and statistical algorithms to predict biological behavior and
therapeutic outcomes. Common applications include:

e Molecular docking studies.

e Drug-target interaction analysis.

¢ Quantitative structure—activity relationship (QSAR) modeling.
e Pharmacokinetic and toxicological prediction.

e Virtual screening of potential drug candidates.

In Unani medicine, computational approaches can be employed to identify bioactive
compounds present in herbal drugs and predict their interactions with disease-related
molecular targets.

Advantages of In Silico Studies:
o Cost-effective and time-saving.

¢ Reduce reliance on animal experimentation.

57




o Facilitate screening of thousands of compounds rapidly.
o Assist in hypothesis generation and drug design.

Limitations of In Silico Studies:
¢ Depend on the quality of existing biological data.

¢ Predictions require experimental validation.
e Complex biological systems cannot always be accurately simulated.

With advances in computational biology and artificial intelligence, in silico
methodologies are becoming increasingly integrated into drug discovery and
personalized medicine.

2.10.4 In Situ Studies

The term in situ means “in its original place.” In situ studies are conducted directly
within the natural location of cells, tissues, or biological structures without removing
them from their normal environment. These studies bridge the gap between in vitro
and in vivo approaches by preserving the structural and functional relationships within
tissues.

Examples of in situ techniques include:
o Histopathological examination of tissues.

e In situ hybridization.

e Immunohistochemistry.

e Localization of gene expression within tissues.

¢ Observation of cellular processes within intact organs.

In Unani pharmacological research, in situ methods may be employed to investigate
tissue-specific effects of herbal drugs, examine pathological changes, and identify
molecular targets within affected organs.

Advantages of In Situ Studies:
e Preserve tissue architecture and cellular interactions.

e Provide precise localization of biological events.
¢ Offer valuable information regarding disease pathology.

Limitations of In Situ Studies:
e Technically demanding.

¢ Require specialized equipment and expertise.
e Limited ability to assess systemic physiological responses.

2.10.5 Comparative Significance of Preclinical Study Approaches
Modern biomedical research increasingly employs an integrated approach combining
in vitro, in vivo, in silico, and in situ methodologies.
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In vitro studies provide initial mechanistic insights; in silico methods facilitate
computational prediction and drug design; in vivo studies confirm biological activity
and safety in whole organisms; and in situ techniques help localize molecular and
cellular events within tissues. Together, these approaches strengthen the scientific
validity of preclinical findings and support evidence-based development of
therapeutic interventions, including Unani medicines.

2.11 SYSTEMATIC REVIEW AND META-ANALYSIS

Systematic review and meta-analysis are among the highest levels of scientific
evidence in healthcare and medical research. They play a crucial role in evidence-
based medicine by synthesizing findings from multiple studies to provide reliable
conclusions regarding the effectiveness, safety, diagnosis, prognosis, or epidemiology
of health-related interventions and conditions. Unlike traditional narrative reviews,
systematic reviews follow a predefined, transparent, and reproducible methodology to
minimize bias and ensure comprehensive coverage of available evidence.

A systematic review is a structured method of identifying, appraising, and
synthesizing all relevant research studies that address a specific research question. It
employs explicit eligibility criteria, comprehensive literature searches, and
standardized methods for study selection and critical appraisal. The primary objective
is to provide an unbiased summary of existing evidence and assist clinicians,
researchers, and policymakers in informed decision-making.

A meta-analysis is a statistical technique often incorporated within a systematic
review. It quantitatively combines the results of two or more independent studies
addressing the same research question to generate a pooled estimate of effect size.
Meta-analysis increases statistical power, improves precision, and helps resolve
inconsistencies among individual studies. However, not all systematic reviews
include a meta-analysis; a meta-analysis is conducted only when studies are
sufficiently similar in terms of design, participants, interventions, and outcomes.

2.11.1 Characteristics of a Systematic Review
The essential features of a systematic review include:

1. Clearly defined research question based on a specific clinical or scientific
problem.

Predefined inclusion and exclusion criteria for selecting studies.
Comprehensive literature search across multiple databases and sources.
Systematic screening and selection of studies.

Critical appraisal of methodological quality and risk of bias.

Data extraction and synthesis using standardized procedures.

A A A o

Transparent reporting of methods and findings.
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2.11.2 Steps in Conducting a Systematic Review
The process of conducting a systematic review generally involves the following steps:

1. Formulation of Research Question
The review begins with a focused and answerable research question, often framed
using the PICO format (Population, Intervention, Comparison, Outcome).

2. Development of a Protocol

A detailed protocol is prepared outlining objectives, eligibility criteria, search
strategies, and methods of analysis. Registration of protocols in databases such as
PROSPERO enhances transparency.

3. Literature Search

A comprehensive search is performed in electronic databases such as PubMed,
Scopus, Web of Science, Embase, and Cochrane Library. Grey literature may also be
searched to reduce publication bias.

4. Study Selection
Retrieved studies are screened through titles, abstracts, and full-text assessment
according to predefined criteria.

5. Quality Assessment
The methodological quality and risk of bias of included studies are evaluated using
standardized tools.

6. Data Extraction
Relevant information including study characteristics, sample size, interventions,
outcomes, and results is extracted systematically.

7. Data Synthesis
The findings are synthesized either narratively or quantitatively through meta-analysis
when appropriate.

8. Reporting and Interpretation
Results are presented with clear explanations, limitations, and implications for
practice and future research.

2.11.3 Meta-analysis: Principles and Process
Meta-analysis combines numerical data from multiple studies to calculate a summary
measure of effect.

The pooled estimate may represent relative risk (RR), odds ratio (OR), hazard ratio
(HR), mean difference (MD), or standardized mean difference (SMD), depending on
the type of outcome measured.

The basic steps in meta-analysis include:
e Selection of comparable studies.

¢ Extraction of quantitative outcome data.

e (Calculation of effect sizes.
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e Weighting studies according to sample size and variance.
e Computation of pooled effect estimates.

e Assessment of heterogeneity among studies.

e Evaluation of publication bias.

2.11.4 Heterogeneity in Meta-analysis

Heterogeneity refers to variability among study results. Differences may arise from
variations in study populations, interventions, methodologies, or outcome measures.
Statistical heterogeneity is commonly assessed using the Chi-square (Q) test and the
I2 statistic.

e I>=0-25%: Low heterogeneity

e I>=25-50%: Moderate heterogeneity
e I>=150-75%: Substantial heterogeneity
e I>>75%: Considerable heterogeneity

When heterogeneity is high, subgroup analysis or random-effects models may be
used.

2.11.5 Reporting Guidelines

To improve transparency and quality, systematic reviews and meta-analyses should
follow the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines. PRISMA 2020 provides a 27-item checklist and flow
diagram that guide authors in reporting the rationale, methods, results, and
interpretation of reviews. These guidelines have become the international standard for
reporting systematic reviews.

Advantages of Systematic Reviews and Meta-analyses
e Provide the highest level of evidence for clinical decision-making.

¢ Increase statistical power through pooled analysis.

e Improve precision of effect estimates.

o Identify gaps in existing knowledge.

e Resolve discrepancies among individual studies.

e Support development of clinical guidelines and healthcare policies.

Limitations
Despite their strengths, systematic reviews and meta-analyses have certain
limitations:

e Dependence on the quality of included studies.
¢ Risk of publication bias.
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e Heterogeneity among studies.
e Potential methodological errors during study selection or data extraction.
¢ Time-consuming and resource-intensive process.

2.11.6 Relevance in Unani Medical Research

In Unani medicine, systematic reviews and meta-analyses can provide robust
evidence regarding the efficacy and safety of classical formulations, regimental
therapies (Ilaj-bit-Tadbeer), and preventive approaches. By integrating findings from
multiple clinical studies, these methods contribute to the scientific validation of
traditional knowledge and support the incorporation of evidence-based practices into
Unani healthcare. They also help identify research gaps and guide future clinical
investigations.

2.12 EMERGING AND INNOVATIVE STUDY DESIGNS

The rapid advancement of medical science, epidemiology, data analytics, and
precision medicine has led to the development of several innovative research designs
that complement traditional observational and experimental studies. These emerging
study designs aim to improve research efficiency, reduce costs, enhance ethical
acceptability, and generate robust evidence in real-world healthcare settings. In Unani
medicine research, where individualized treatment approaches and complex
interventions are common, innovative study designs offer valuable opportunities for
evaluating effectiveness and safety under diverse clinical conditions.

2.12.1 Adaptive Study Designs

Adaptive study designs allow pre-planned modifications to certain aspects of a study
based on interim analyses without compromising its scientific validity. Adjustments
may include changes in sample size, treatment allocation ratios, dosage levels, or
study duration. Such designs improve efficiency by enabling researchers to respond to
accumulating evidence during the trial. Adaptive designs are increasingly used in
clinical research because they can reduce resource utilization and accelerate decision-
making while maintaining methodological rigor. These designs require careful
planning and predefined adaptation rules to avoid introducing bias (Advarra, 2026;
Cordes, 2024).

Pragmatic Clinical Trials

Pragmatic clinical trials (PCTs) are designed to evaluate the effectiveness of
interventions under routine healthcare conditions rather than highly controlled
experimental settings. Unlike explanatory trials, which focus on efficacy under ideal
circumstances, pragmatic trials emphasize real-world applicability and
generalizability. They often involve diverse patient populations, flexible treatment
protocols, and outcomes that are meaningful to healthcare providers and patients.
Such trials are particularly relevant for traditional systems of medicine, including
Unani medicine, where treatment practices may vary according to individual patient
characteristics.
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Stepped-Wedge Cluster Randomized Trials

The stepped-wedge cluster randomized trial (SW-CRT) is an innovative design in
which clusters (e.g., hospitals, clinics, or communities) sequentially transition from
control conditions to intervention conditions over predefined time periods until all
clusters receive the intervention. This design is especially useful when withholding a
potentially beneficial intervention from participants raises ethical concerns. SW-
CRTs allow researchers to evaluate intervention effects while ensuring eventual
access for all study groups. They are widely employed in public health, healthcare
delivery research, and implementation science. However, their analysis requires
consideration of temporal trends and intra-cluster correlations (Li, 2022; Turner,
2023).

Platform Trials

Platform trials represent a flexible and efficient approach in which multiple
interventions are evaluated simultaneously within a single master protocol. New
treatment arms can be added, and ineffective interventions can be removed as
evidence accumulates. This design reduces duplication of resources and allows
continuous evaluation of therapeutic options. Platform trials gained significant
prominence during the COVID-19 pandemic, where multiple treatment strategies
were assessed rapidly within a unified framework. Their adaptive nature makes them
particularly suitable for rapidly evolving clinical questions.

Basket Trials

Basket trials evaluate the effectiveness of a single intervention across multiple
diseases or patient groups that share a common biological characteristic. Originally
developed in oncology, basket trials focus on a specific molecular target rather than
the traditional disease-based approach. Patients with different clinical conditions but
similar biomarkers are enrolled into a common study framework. This design
supports personalized medicine by identifying treatments that may benefit
biologically similar patient populations across different disease categories.

Umbrella Trials

Umbrella trials investigate multiple interventions within a single disease population.
Participants are categorized according to specific biological, genetic, or clinical
characteristics and then assigned to different treatment arms tailored to those
characteristics. This design facilitates the evaluation of personalized therapeutic
approaches and enhances understanding of treatment heterogeneity.

Umbrella trials have become increasingly important in precision medicine and may
offer future applications in individualized Unani treatment strategies.

Decentralized and Digital Clinical Trials

Technological advancements have facilitated decentralized clinical trials (DCTs),
which utilize telemedicine, wearable devices, mobile applications, and electronic
health records for participant recruitment, monitoring, and data collection. These
trials reduce geographical barriers, improve participant convenience, and enhance
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study accessibility. Digital health technologies enable continuous real-time data
collection, improving both the quantity and quality of research data. Such approaches
became particularly important during the COVID-19 pandemic and continue to
influence contemporary research methodologies.

SMART Designs (Sequential Multiple Assignment Randomized Trials)

SMART designs are innovative methodologies used to develop and evaluate adaptive
interventions. Participants may be re-randomized at different stages of the study
depending on their response to initial treatment. This approach allows researchers to
identify optimal treatment sequences and personalized care pathways. SMART
designs are particularly useful in chronic disease management, behavioral
interventions, and individualized treatment systems where patient responses vary
considerably over time.

Target Trial Emulation

Target trial emulation is a modern analytical framework that uses observational data
to mimic the structure of a hypothetical randomized controlled trial. Researchers
explicitly define eligibility criteria, interventions, outcomes, and follow-up
procedures before analyzing existing datasets. This approach improves causal
inference and reduces biases commonly associated with observational studies. The
increasing availability of electronic health records and large healthcare databases has
expanded the use of target trial emulation in health research.

Relevance to Unani Medical Research

Emerging study designs provide new opportunities for advancing evidence-based
Unani medicine. Pragmatic trials can evaluate interventions in routine clinical
practice, adaptive designs can optimize treatment strategies, and digital technologies
can facilitate large-scale outcome monitoring. These innovative methodologies
support the integration of traditional medical knowledge with modern scientific
standards, thereby enhancing the quality, credibility, and global acceptance of Unani
research.

2.13 DRUG RESEARCH AND LITERARY RESEARCH

Research in Unani medicine encompasses a wide range of scientific activities aimed
at validating, preserving, and advancing traditional medical knowledge. Among the
various domains of research, drug research and literary research occupy a central
position because they contribute directly to the development of evidence-based Unani
practice and the preservation of classical medical heritage.

Drug research focuses on the scientific evaluation of medicinal substances and
formulations, whereas literary research is concerned with the systematic study and
interpretation of classical and contemporary texts. Both forms of research are
complementary and essential for the growth of Unani medicine in the modern era.

2.13.1 Drug Research
Drug research refers to the systematic scientific investigation of medicinal substances
to determine their identity, quality, safety, efficacy, mechanism of action, and
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therapeutic utility. In Unani medicine, drug research is primarily concerned with the
study of single drugs (Mufrad Advia) and compound formulations (Murakkab Advia)
derived from plant, animal, and mineral sources. The ultimate objective is to establish
scientific evidence for traditional claims and facilitate the integration of Unani
medicines into contemporary healthcare systems.

Historically, Unani drug discovery has been based on the principles of Qiyas
(hypothesis) and Tajriba (experimentation). Classical physicians such as
Hippocrates, Galen, and Ibn Sina emphasized observation, experimentation, and
clinical experience in evaluating medicinal substances. These principles continue to
influence contemporary Unani drug research.

Drug research in Unani medicine generally includes the following components:

1. Pharmacognostic Studies: These involve the identification, authentication, and
characterization of medicinal raw materials. Morphological, microscopic, and
physicochemical analyses are conducted to ensure drug quality and prevent
adulteration.

2. Phytochemical and Chemical Studies: These studies identify bioactive
constituents present in medicinal plants and formulations. Knowledge of chemical
constituents helps in understanding therapeutic actions and establishing quality
standards.

3. Drug Standardization: Standardization ensures uniformity, purity, potency, and
reproducibility of medicinal products. It includes the development of
pharmacopoeial standards, standard operating procedures (SOPs), and quality
control parameters for Unani drugs.

4. Pharmacological Research: Experimental studies are conducted to evaluate
biological activities such as anti-inflammatory, antimicrobial, antioxidant,
hepatoprotective, antidiabetic,c and immunomodulatory effects. These
investigations provide scientific evidence supporting traditional therapeutic
claims.

5. Toxicological Studies: Safety evaluation is an essential aspect of drug research.
Acute, subacute, and chronic toxicity studies are performed to determine the safety
profile of medicinal substances and formulations before their clinical use.

6. Clinical Research: Clinical trials assess the effectiveness and safety of Unani
drugs in human subjects. Such studies generate evidence regarding therapeutic
outcomes, dosage, adverse effects, and comparative efficacy.

Modern approaches such as reverse pharmacology, pharmacovigilance,
metabolomics, and pharmacokinetic studies are increasingly being employed to
validate traditional Unani medicines. These methodologies facilitate the translation of
empirical knowledge into scientifically acceptable evidence.
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Drug research is therefore indispensable for ensuring the quality, safety, efficacy, and
global acceptance of Unani medicine.

2.13.2 Literary Research

Literary research, also known as documentary or bibliographic research, involves the
systematic collection, examination, interpretation, and critical analysis of written
materials related to a specific topic. In Unani medicine, literary research plays a
crucial role because a vast amount of medical knowledge is preserved in classical
manuscripts, books, treatises, pharmacopoeias, and historical documents.

The primary aim of literary research is to explore existing knowledge, identify
research gaps, understand historical developments, and generate new insights from
documented evidence. Unani literature represents centuries of accumulated clinical
observations and therapeutic experiences recorded by renowned scholars such as
Hippocrates, Galen, Al-Razi, and Ibn Sina.

Literary research in Unani medicine may involve:

1. Study of Classical Texts: Examination of foundational works such as Al-Qanun fi
al-Tibb (Canon of Medicine), Kitab al-Hawi, and other authoritative texts to
understand theoretical concepts and therapeutic principles.

2. Manuscript Research: Collection, translation, editing, preservation, and critical
appraisal of unpublished manuscripts containing valuable medical knowledge.

3. Historical Research: Investigation of the historical evolution of medical concepts,
therapeutic practices, and contributions of eminent Unani scholars.

4. Comparative Literature Studies: Comparison of concepts described in Unani
literature with modern biomedical knowledge or other traditional systems of
medicine.

5. Systematic Literature Reviews: Compilation and critical evaluation of published
studies related to a particular disease, drug, or therapeutic intervention to
summarize available evidence.

The major sources used in literary research include books, journals, manuscripts,
theses, dissertations, government reports, pharmacopoeias, electronic databases, and
archival records. Researchers analyze these materials using qualitative methods such
as content analysis, textual criticism, thematic analysis, and historical interpretation.

Literary research serves several important functions. It helps preserve traditional
knowledge, provides a theoretical foundation for experimental studies, identifies
unexplored areas for future research, and contributes to evidence generation through
systematic reviews. Furthermore, many hypotheses for drug research originate from
observations recorded in classical literature. Thus, literary research often acts as the
starting point for laboratory and clinical investigations.

In contemporary Unani research, literary and drug research are closely
interconnected. Information derived from classical texts guides the selection of drugs
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for pharmacological and clinical evaluation, while findings from scientific studies
help validate and reinterpret traditional concepts. Together, they contribute to the
development of a robust evidence base for Unani medicine and facilitate its
integration into modern healthcare systems.

2.14 DEVELOPMENT OF TOOLS AND ASSESSMENT TOOLS

In research, particularly in health sciences and Unani medicine, the quality of data
largely depends upon the quality of the instruments used for data collection and
assessment. Research tools are standardized instruments developed to gather,
measure, and analyze information related to specific variables or phenomena.
Assessment tools are specialized instruments used to evaluate knowledge, attitudes,
behaviors, clinical outcomes, health status, skills, or other measurable characteristics.
The development of valid and reliable tools is an essential component of scientific
research because inaccurate instruments may lead to erroneous conclusions and
compromise the credibility of findings. Reliable and valid assessment tools are
therefore considered fundamental prerequisites for high-quality research.

2.14.1 Concept of Research Tools

A research tool refers to any instrument used to collect data systematically from study
participants or research settings. Common examples include questionnaires, interview
schedules, observation checklists, rating scales, inventories, clinical examination
forms, and laboratory assessment sheets. In medical and health research, tools may
also include diagnostic criteria, symptom assessment scales, quality-of-life measures,
and outcome evaluation instruments. The selection or development of an appropriate
tool depends on the objectives, study design, target population, and variables under
investigation.

2.14.2 Need for Tool Development

Although numerous standardized instruments are available, researchers may
encounter situations where no suitable tool exists for the specific research problem,
cultural context, language, or patient population. In such circumstances, developing a
new instrument becomes necessary. Tool development ensures that the instrument
accurately reflects the construct being measured and remains relevant to the
objectives of the study. In Unani medical research, for example, researchers may need
to develop disease-specific symptom scales, temperament (Mizaj) assessment
questionnaires, patient satisfaction measures, or treatment outcome evaluation tools
tailored to the principles of Unani medicine.

2.14.3 Steps in the Development of Research and Assessment Tools
The process of tool development follows a systematic and scientific approach:

1. Identification of the Construct

The first step involves clearly defining the concept or construct to be measured.
Examples include quality of life, disease severity, patient satisfaction, therapeutic
response, or health-related behaviors. A precise conceptual definition helps determine
the dimensions and domains that should be included in the instrument.
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2. Literature Review

An extensive review of published literature is conducted to understand existing
instruments, theoretical frameworks, and previously identified domains. This helps
avoid duplication and provides guidance for item generation.

3. Item Generation

Based on literature review, expert opinion, clinical experience, and theoretical
considerations, a pool of potential items or questions is developed. The items should
adequately represent all dimensions of the construct being measured. At this stage,
more items are usually generated than required for the final version.

4. Expert Evaluation and Content Validation

The draft instrument is reviewed by subject experts to assess relevance, clarity,
comprehensiveness, and appropriateness of each item. Experts determine whether the
items adequately represent the intended construct. This process contributes to content
validity, which reflects the extent to which an instrument covers all aspects of the
phenomenon being studied.

5. Pilot Testing

The preliminary version of the tool is administered to a small sample representative of
the target population. Pilot testing helps identify ambiguous questions, administrative
difficulties, language issues, and respondent burden. Necessary modifications are
made based on feedback.

6. Reliability Testing

Reliability refers to the consistency and stability of an instrument in measuring a
particular attribute. A reliable tool produces similar results under consistent
conditions. Major methods of assessing reliability include:

e Test-Retest Reliability: Measures stability over time by administering the tool on
two occasions.

o Inter-Rater Reliability: Evaluates agreement between different observers or raters.

e Parallel-Form Reliability: Assesses consistency between equivalent versions of
an instrument.

o Internal Consistency Reliability: Examines the consistency among items within
the same scale, commonly measured using Cronbach’s alpha coefficient.

7. Validity Assessment
Validity indicates the extent to which an instrument measures what it is intended to
measure. Various forms of validity include:

o Face Validity: The instrument appears appropriate and relevant at first glance.
e Content Validity: The items adequately cover the domain of interest.

e Construct Validity: The instrument accurately measures the theoretical construct.
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o Criterion Validity: The instrument correlates with a recognized standard or
criterion measure.

8. Finalization and Standardization
Following reliability and validity testing, unsuitable items are removed or revised.
The finalized instrument is standardized with clear instructions for administration,
scoring, interpretation, and reporting.

2.14.4 Characteristics of a Good Assessment Tool
A scientifically sound assessment tool should possess the following characteristics:

1. Validity — accurately measures the intended construct.
. Reliability — produces consistent results.
. Objectivity — minimizes examiner bias.

2

3

4. Sensitivity — detects meaningful differences or changes.

5. Specificity — measures the intended variable without interference from unrelated
factors.

6. Practicability — casy to administer, score, and interpret.
7. Acceptability — understandable and culturally appropriate for respondents.

2.14.5 Application of Assessment Tools in Unani Medical Research

Assessment tools have wide applications in Unani medicine. They are used for
evaluating Mizaj (temperament), disease severity, quality of life, treatment efficacy,
patient-reported outcomes, lifestyle factors, and clinical symptoms. Properly
developed and validated instruments enhance the scientific rigor of clinical trials,
observational studies, epidemiological investigations, and educational research in
Unani medicine. They facilitate objective evaluation and improve the comparability
and reproducibility of research findings.

Development of research and assessment tools is a systematic process aimed at
ensuring accurate, reliable, and valid measurement of research variables. The quality
of a study is directly influenced by the quality of the instruments employed. Through
careful planning, expert validation, pilot testing, and psychometric evaluation,
researchers can develop robust assessment tools that contribute to evidence-based
practice and high-quality research in Unani medicine and allied health sciences.
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3.1 PUBLICATION GUIDELINES

Publication of scientific research is the final and one of the most important stages of
the research process. It enables dissemination of new knowledge, promotes evidence-
based practice, and contributes to the advancement of medical sciences, including
Unani medicine. Publication guidelines are a set of ethical, technical, and procedural
standards that ensure the integrity, transparency, accuracy, and credibility of scholarly
communication. Researchers, authors, editors, reviewers, and publishers must adhere
to these guidelines to maintain trust in scientific literature.

The International Committee of Medical Journal Editors (ICMJE) and the Committee
on Publication Ethics (COPE) are among the most widely recognized organizations
that provide guidance on ethical publication practices in biomedical research. The
ICMIJE Recommendations serve as a global framework for the conduct, reporting,
editing, and publication of scholarly work in medical journals.

3.1.1 Importance of Publication Guidelines
Publication guidelines help to:

1. Ensure the authenticity and reliability of research findings.

2. Promote transparency and accountability among researchers.

3. Prevent scientific misconduct such as plagiarism, fabrication, and falsification.

4. Protect the rights of authors, participants, and publishers.

5. Facilitate the dissemination of high-quality scientific evidence for healthcare
decision-making.

Adherence to publication standards is particularly important in medical research
because inaccurate or unethical reporting can adversely affect patient care and public
health.

3.1.2 Authorship Criteria

Authorship should be based on substantial intellectual contributions to the research.
According to ICMJE recommendations, an author should satisfy the following
criteria:

1. Significant contribution to the conception, design, data acquisition, analysis, or
interpretation of the study.

2. Participation in drafting or critically revising the manuscript.
3. Approval of the final version before publication.
4. Agreement to be accountable for all aspects of the work.

Individuals who contribute to the study but do not meet all authorship criteria should
be acknowledged rather than listed as authors. Practices such as guest authorship,
honorary authorship, and ghost authorship are considered unethical.
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Originality and Avoidance of Plagiarism

Authors must submit original work that has not been copied from previously
published sources without proper attribution. Plagiarism includes direct copying,
paraphrasing without citation, and presenting another person's ideas as one's own.
Self-plagiarism or text recycling, where authors reuse substantial portions of their
own published work without disclosure, is also discouraged.

Most journals employ plagiarism-detection software to identify unethical overlap.
Manuscripts found to contain plagiarism may be rejected, corrected, or retracted
depending on the severity of the violation.

Duplicate and Redundant Publication
Duplicate publication refers to publishing the same or substantially similar research
findings in more than one journal without proper disclosure and permission. Such
practices distort scientific evidence, may lead to double counting of data in systematic
reviews, and waste editorial resources.

Authors should not submit the same manuscript simultaneously to multiple journals.
If overlap with previous publications exists, full disclosure must be made to the
editor. Journals may reject or retract articles found to be duplicate publications.

Conflict of Interest Disclosure

A conflict of interest (COI) exists when personal, financial, academic, or professional
relationships may influence the interpretation or presentation of research findings.
Authors are required to disclose all potential conflicts of interest at the time of
manuscript submission.

Examples include research funding from pharmaceutical companies, consultancy
fees, stock ownership, or personal relationships that could affect objectivity.
Transparency in COI disclosure helps readers assess the credibility of research
findings and minimizes potential bias.

Ethical Approval and Informed Consent

Research involving human participants must obtain approval from an Institutional
Ethics Committee (IEC) or Institutional Review Board (IRB). Manuscripts should
clearly state the ethics approval number and confirm that informed consent was
obtained from participants.

Similarly, animal studies should comply with national and institutional guidelines for
animal welfare. Ethical oversight ensures protection of participants' rights, dignity,
and safety throughout the research process.

Reporting Standards

Researchers should report their methods and findings accurately, completely, and
transparently. Selective reporting, manipulation of results, or omission of unfavorable
data constitutes scientific misconduct. Standard reporting guidelines such as
CONSORT for clinical trials, STROBE for observational studies, and PRISMA for
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systematic reviews help improve the quality and reproducibility of published
research.

Accurate reporting enables peer reviewers and readers to critically evaluate the
validity and applicability of research findings.

Peer Review Process

Peer review is a critical quality-control mechanism in scientific publishing.
Independent experts evaluate submitted manuscripts for originality, methodological
rigor, ethical compliance, and scientific significance. Authors should respond
honestly and constructively to reviewer comments and make necessary revisions
before publication.

Reviewers and editors are also expected to maintain confidentiality, impartiality, and
integrity throughout the review process.

Corrections, Retractions, and Scientific Misconduct

When errors are identified after publication, journals may issue corrections (errata or
corrigenda). In cases involving serious misconduct such as data fabrication,
falsification, plagiarism, or unethical research practices, journals may retract the
article to protect the scientific record.

COPE and ICMIJE provide guidance for handling allegations of misconduct and
maintaining publication integrity. Retractions, expressions of concern, and editorial
notices serve as mechanisms to alert readers about unreliable research.

Publication guidelines form the foundation of ethical scientific communication. They
ensure that research findings are reported honestly, transparently, and responsibly.
For scholars of Unani medicine, adherence to publication standards enhances the
credibility of research, promotes evidence-based practice, and contributes to the
global recognition of the Unani system of medicine. Understanding and following
publication guidelines is therefore an essential responsibility of every researcher and
academic professional.

3.2 BASICS OF ETHICS AND ETHICS GUIDELINES

Ethics is a branch of philosophy concerned with moral values, principles, and
standards that guide human behavior and decision-making. In the context of medical
and health research, ethics refers to the application of moral principles to ensure that
research involving human participants, animals, biological materials, and health data
is conducted responsibly, safely, and with respect for human dignity. Research ethics
aims to protect the rights, welfare, and well-being of research participants while
promoting scientific integrity and social benefit. Ethical conduct is particularly
important in medical research because participants may be exposed to physical,
psychological, social, or economic risks during the course of a study. Ethical
guidelines provide a framework for researchers to balance scientific advancement
with the protection of individual rights and societal interests.
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The evolution of research ethics has been influenced by several historical events,
including unethical human experimentation conducted during the Second World War
and later studies such as the Tuskegee Syphilis Study in the United States. These
incidents highlighted the need for internationally accepted ethical standards and
oversight mechanisms to prevent exploitation and harm. As a result, several ethical
codes and guidelines were developed to regulate biomedical and health-related
research.

One of the most influential ethical frameworks in research is the Belmont Report,
published in 1979. The report established three fundamental ethical principles that
continue to guide research involving human participants: Respect for Persons,
Beneficence, and Justice. Respect for Persons recognizes the autonomy and dignity
of individuals and requires researchers to obtain voluntary informed consent before
participation. Individuals with diminished autonomy, such as children, cognitively
impaired persons, or vulnerable populations, require additional protection.
Beneficence requires researchers to maximize potential benefits and minimize
possible harms associated with research. Justice refers to fairness in the selection and
treatment of research participants, ensuring that the burdens and benefits of research
are distributed equitably.

Informed consent is one of the most important applications of ethical principles in
research. It is a process through which participants voluntarily agree to take part in a
study after receiving adequate information regarding the objectives, procedures, risks,
benefits, confidentiality measures, and their right to withdraw at any stage without
penalty. Consent must be obtained without coercion, undue influence, or deception.
Researchers are responsible for ensuring that participants understand the information
provided and make an independent decision regarding participation.

Another fundamental ethical requirement is the assessment of risks and benefits.
Ethical research should have a favorable risk-benefit ratio, meaning that the
anticipated benefits to participants or society should outweigh potential risks.
Researchers must identify foreseeable risks, implement appropriate safeguards, and
continuously monitor participant safety throughout the study. Ethical review
committees evaluate research proposals to ensure that risks are minimized and
justified by potential benefits.

Confidentiality and privacy are essential components of ethical research.
Participants often provide sensitive personal, medical, or genetic information during
studies. Researchers have an obligation to protect this information from unauthorized
access, disclosure, or misuse. Data should be collected, stored, analyzed, and shared
in a manner that preserves participant confidentiality and complies with applicable
legal and ethical standards.

Several international ethical guidelines provide detailed standards for conducting
health-related research. Among them, the Declaration of Helsinki, developed by the
World Medical Association (WMA) in 1964 and subsequently revised multiple times,
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is regarded as a cornerstone document in medical research ethics. The Declaration
emphasizes respect for participants, scientific validity, independent ethical review,
informed consent, protection of vulnerable groups, and the primacy of participant
welfare over the interests of science and society. It also requires that research
protocols undergo review by an independent ethics committee before implementation.

The Council for International Organizations of Medical Sciences (CIOMS)
Guidelines, developed in collaboration with the World Health Organization (WHO),
complement the Declaration of Helsinki by addressing ethical challenges encountered
in different social, cultural, and economic settings, particularly in low-resource
countries. CIOMS guidelines provide guidance on informed consent, community
engagement, vulnerability, equitable participant selection, compensation, privacy
protection, and ethical conduct of international collaborative research. These
guidelines are particularly relevant for public health and clinical research conducted
across diverse populations.

Ethical conduct in research also includes maintaining scientific integrity.
Researchers must ensure honesty, transparency, objectivity, and accountability
throughout the research process. Scientific misconduct, including fabrication,
falsification, and plagiarism, undermines the credibility of research and may cause
harm to participants and society. Ethical guidelines therefore emphasize accurate data
collection, proper record keeping, responsible publication practices, and appropriate
acknowledgment of contributions. Researchers must disclose conflicts of interest that
could influence the design, conduct, or reporting of research findings.

In Unani medical research, adherence to ethical principles is particularly important
because studies often involve human participants, traditional formulations, medicinal
plants, and community-based interventions. Researchers must ensure that studies are
scientifically justified, culturally sensitive, and conducted in accordance with
established ethical guidelines and regulatory requirements. Ethical compliance not
only protects participants but also enhances the credibility, acceptability, and
scientific value of research outcomes.

Research ethics serves as the foundation of responsible scientific inquiry. Ethical
guidelines such as the Belmont Report, Declaration of Helsinki, and CIOMS
Guidelines provide essential principles for protecting research participants and
ensuring the integrity of scientific research. Understanding and applying these
principles is indispensable for BUMS and MD/MS scholars engaged in Unani
medical research.

3.3 IMPORTANCE OF ETHICS IN RESEARCH

Ethics forms the foundation of all scientific research and is essential for ensuring that
investigations are conducted responsibly, honestly, and with respect for human
dignity. Research ethics refers to the moral principles and standards that guide
researchers in planning, conducting, analyzing, and reporting research. In health
sciences, including Unani medicine, ethical considerations are particularly important
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because research often involves human participants, biological materials, patient data,
and interventions that may affect health and well-being. Ethical research safeguards
participants' rights, promotes scientific integrity, and enhances public trust in research
outcomes.

The importance of research ethics emerged from historical instances of unethical
experimentation that caused significant harm to participants. Events such as the Nazi
medical experiments during World War II and the Tuskegee Syphilis Study
highlighted the need for internationally accepted ethical standards. Consequently,
several ethical frameworks and guidelines were developed, including the Nuremberg
Code (1947), the Declaration of Helsinki (1964, revised periodically), and the
Belmont Report (1979), which continue to guide biomedical and health-related
research worldwide. The Declaration of Helsinki emphasizes that the welfare, rights,
and interests of research participants must always take precedence over the interests
of science and society.

One of the primary reasons ethics is important in research is the protection of human
participants. Ethical principles ensure that participants are treated with dignity,
respect, and fairness throughout the research process. Researchers must obtain
voluntary informed consent before enrolling participants in a study. Informed consent
requires that participants receive adequate information regarding the purpose,
procedures, benefits, risks, and potential consequences of the research and that they
voluntarily agree to participate without coercion. Ethical guidelines also recognize the
need for additional protection of vulnerable populations such as children, elderly
individuals, economically disadvantaged groups, and persons with impaired decision-
making capacity.

Another significant function of research ethics is minimizing harm and maximizing
benefits. The ethical principle of beneficence requires researchers to design studies
that offer potential benefits while reducing possible risks to participants. Before
initiating a study, researchers must conduct a careful risk-benefit assessment to ensure
that anticipated benefits justify any potential harm. Physical, psychological, social,
economic, and cultural risks should all be considered during study planning. Ethical
review committees evaluate research proposals to ensure that participant safety
remains a priority.

Research ethics also promotes justice and fairness in the selection and treatment of
research participants. The principle of justice requires equitable distribution of the
benefits and burdens of research. No group should be unfairly burdened by
participation, nor should any group be denied access to the benefits arising from
scientific advances. Historically, disadvantaged populations were often exploited in
research without receiving corresponding benefits. Ethical regulations now emphasize
fair participant selection and equal respect for all individuals regardless of
socioeconomic status, gender, ethnicity, religion, or educational background.
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Scientific integrity is another crucial aspect supported by research ethics. Ethical
research demands honesty, accuracy, transparency, and accountability in all stages of
investigation. Researchers are expected to collect, analyze, interpret, and report data
truthfully. Practices such as fabrication, falsification, plagiarism, selective reporting,
and manipulation of data violate ethical standards and undermine scientific
credibility. Ethical conduct ensures that research findings are reliable, reproducible,
and useful for advancing knowledge and improving healthcare practices. Maintaining
integrity is particularly important in evidence-based medicine, where -clinical
decisions may depend upon published research findings.

Ethics also strengthens public confidence in scientific research. Patients and
communities are more likely to participate in research when they trust that
investigators will respect their rights and protect their welfare. Ethical compliance
demonstrates the commitment of researchers and institutions to responsible scientific
conduct. Public trust is especially important in clinical trials, epidemiological studies,
and traditional medicine research, where community participation is essential for
generating meaningful evidence. Ethical violations can damage institutional
reputation and reduce public willingness to engage in future research activities.

Confidentiality and privacy protection constitute another important ethical
responsibility. Health research often involves sensitive personal information, medical
records, and biological samples. Researchers must ensure that participant information
is stored securely and used only for approved purposes. Unauthorized disclosure of
personal data can lead to social stigma, discrimination, or psychological harm. Ethical
guidelines therefore require measures such as anonymization, coded identification
systems, restricted access to data, and secure data management practices.

In contemporary research, ethics extends beyond human participants to include
responsible use of animals, environmental protection, and proper management of
intellectual property. Researchers must adhere to established ethical principles when
conducting animal experimentation and should employ alternatives whenever
possible. Ethical research also promotes respect for authorship, copyright, patents,
and academic contributions. Proper acknowledgment of the work of others prevents
plagiarism and encourages innovation and scholarly collaboration.

Within Unani medical research, ethical considerations hold special significance
because studies frequently involve traditional therapeutic interventions, herbal
formulations, and patient-centered clinical investigations. Researchers must ensure
that scientific inquiry aligns with both modern ethical standards and the principles of
patient welfare emphasized in Unani medicine. Ethical conduct facilitates the
generation of credible evidence regarding the safety and efficacy of Unani therapies,
thereby supporting their integration into contemporary healthcare systems.

Ethics is indispensable in research because it protects participants, promotes scientific
integrity, ensures justice, safeguards privacy, and enhances public trust. Ethical
principles serve as the moral framework that guides responsible scientific inquiry and
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ensures that research contributes positively to society while respecting human rights
and dignity. Adherence to ethical standards is therefore not merely a regulatory
requirement but a fundamental obligation of every researcher.

3.4 INSTITUTIONAL ETHICS COMMITTEE (IEC) AND INSTITUTIONAL
ANIMAL ETHICS COMMITTEE (JAEC)

Ethics forms the cornerstone of biomedical and health research. Any research
involving human participants or laboratory animals must be conducted in accordance
with established ethical principles to ensure the protection of rights, safety, dignity,
and welfare. In India, ethical oversight of research is primarily ensured through the
Institutional Ethics Committee (IEC) for studies involving human participants and
the Institutional Animal Ethics Committee (IAEC) for studies involving
experimental animals. These committees function as independent review bodies that
evaluate research proposals before their initiation and monitor compliance throughout
the study period.

3.4.1 Institutional Ethics Committee (IEC)

An Institutional Ethics Committee (IEC) is an independent body constituted within a
medical college, university, research institute, or healthcare organization to review,
approve, and monitor biomedical and health research involving human participants.
The primary objective of an IEC is to safeguard the rights, safety, well-being, and
dignity of research participants while promoting ethical and scientifically sound
research practices. The functioning of IECs in India is guided by the Indian Council
of Medical Research (ICMR) National Ethical Guidelines for Biomedical and
Health Research Involving Human Participants (2017) and other relevant
regulatory requirements.

The IEC reviews research protocols before commencement of the study. During the
review process, the committee evaluates the scientific validity of the proposal, risk-
benefit ratio, participant selection criteria, informed consent procedures, privacy and
confidentiality measures, compensation for research-related injury, and compliance
with ethical standards. Studies cannot commence until ethical approval has been
granted by the [EC.

3.4.2 Composition of IEC
According to ICMR guidelines, an IEC should be multidisciplinary and multisectoral
in composition. It generally includes:

e Chairperson (external to the institution)
¢ Member Secretary

¢ Basic medical scientist

¢ Clinician(s)

o [egal expert

e Social scientist or representative of a non-governmental organization
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o Philosopher, ethicist, or theologian
o Lay person/community representative

The diversity of membership ensures independent, balanced, and unbiased ethical
review of research proposals.

3.4.3 Functions of IEC
The major functions of an [EC include:

Reviewing research proposals involving human participants.

Assessing scientific and ethical acceptability of studies.

Evaluating informed consent documents and participant information sheets.
Ensuring protection of vulnerable populations.

Monitoring ongoing research through periodic reports.

Reviewing protocol amendments and serious adverse events.

Ensuring confidentiality and data protection.

ol A ol o

Promoting ethical conduct and responsible research practices.

Through these functions, the IEC helps maintain public trust in biomedical research
and ensures adherence to national and international ethical standards.

3.4.4 Institutional Animal Ethics Committee (IAEC)

Research in pharmacology, toxicology, physiology, and other biomedical sciences
often requires the use of experimental animals. To ensure humane treatment of
animals used in research and education, institutions conducting animal experiments
must establish an Institutional Animal Ethics Committee (IAEC). In India, IAECs
function under the supervision of the Committee for Control and Supervision of
Experiments on Animals (CCSEA), a statutory body constituted under the
Prevention of Cruelty to Animals Act, 1960.

The TAEC is responsible for reviewing and approving all research proposals involving
animals before the experiments are conducted. Its primary objective is to ensure that
animals are not subjected to unnecessary pain, suffering, or distress and that
experiments are scientifically justified.

3.4.5 Composition of IAEC
As per CCSEA guidelines, the IAEC generally consists of:

¢ Biological scientists
e Veterinarian involved in animal care
e Scientist from another discipline

e Scientist from outside the institution
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e Socially aware member
e Member Secretary
e Nominee(s) of CCSEA

This multidisciplinary composition ensures independent assessment of scientific merit
as well as animal welfare considerations.

3.4.6 Functions of IAEC
The principal functions of IAEC include:

Reviewing and approving animal research protocols.

Evaluating the scientific necessity of animal use.

Ensuring compliance with CPCSEA/CCSEA regulations.
Monitoring animal housing, feeding, and veterinary care facilities.
Assessing procedures for anesthesia, analgesia, and euthanasia.

Promoting the principles of Replacement, Reduction, and Refinement (3Rs).

A S o

Monitoring ongoing animal studies and maintaining records.
8. Reporting activities to CCSEA and ensuring regulatory compliance.

3.4.7 The principle of 3Rs
Fundamental ethical principle governing animal research is the concept of the 3Rs:

e Replacement: Use alternatives to animals whenever possible.

e Reduction: Use the minimum number of animals necessary to achieve scientific
objectives.

e Refinement: Modify procedures to minimize pain, suffering, and distress.

The IAEC ensures that every research proposal adequately incorporates these
principles before granting approval.

3.4.8 Importance of IEC and IAEC in Unani Medical Research

In Unani medical research, studies may involve clinical trials on human participants,
evaluation of traditional formulations, observational studies, pharmacological
investigations, and experimental animal studies. Ethical review by IEC and IAEC is
therefore essential to ensure participant safety, scientific validity, legal compliance,
and credibility of research findings. Approval from these committees is often
mandatory for publication, funding, academic dissertation submission, and regulatory
acceptance of research outcomes.

Thus, [EC and IAEC serve as critical safeguards that uphold ethical standards, protect
human and animal welfare, and promote responsible conduct of research in Unani
medicine and allied health sciences.
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3.5 AYUSH-GCP AND ETHICAL GUIDELINES

Ethics forms the cornerstone of biomedical and health research. Any research
involving human participants or laboratory animals must be conducted in accordance
with established ethical principles to ensure the protection of rights, safety, dignity,
and welfare. In India, ethical oversight of research is primarily ensured through the
Institutional Ethics Committee (IEC) for studies involving human participants and
the Institutional Animal Ethics Committee (IAEC) for studies involving
experimental animals. These committees function as independent review bodies that
evaluate research proposals before their initiation and monitor compliance throughout
the study period.

3.5.1 Institutional Ethics Committee (IEC)

An Institutional Ethics Committee (IEC) is an independent body constituted within a
medical college, university, research institute, or healthcare organization to review,
approve, and monitor biomedical and health research involving human participants.
The primary objective of an IEC is to safeguard the rights, safety, well-being, and
dignity of research participants while promoting ethical and scientifically sound
research practices. The functioning of IECs in India is guided by the Indian Council
of Medical Research (ICMR) National Ethical Guidelines for Biomedical and
Health Research Involving Human Participants (2017) and other relevant
regulatory requirements.

The IEC reviews research protocols before commencement of the study. During the
review process, the committee evaluates the scientific validity of the proposal, risk-
benefit ratio, participant selection criteria, informed consent procedures, privacy and
confidentiality measures, compensation for research-related injury, and compliance
with ethical standards. Studies cannot commence until ethical approval has been
granted by the [EC.

3.5.2 Composition of IEC
According to ICMR guidelines, an IEC should be multidisciplinary and multisectoral
in composition. It generally includes:

e Chairperson (external to the institution)

¢ Member Secretary

¢ Basic medical scientist

¢ Clinician(s)

o Legal expert

¢ Social scientist or representative of a non-governmental organization
e Philosopher, ethicist, or theologian

¢ Lay person/community representative
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The diversity of membership ensures independent, balanced, and unbiased ethical
review of research proposals.

3.5.3 Functions of IEC
The major functions of an IEC include:

Reviewing research proposals involving human participants.

Assessing scientific and ethical acceptability of studies.

Evaluating informed consent documents and participant information sheets.
Ensuring protection of vulnerable populations.

Monitoring ongoing research through periodic reports.

Reviewing protocol amendments and serious adverse events.

Ensuring confidentiality and data protection.
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Promoting ethical conduct and responsible research practices.

Through these functions, the IEC helps maintain public trust in biomedical research
and ensures adherence to national and international ethical standards.

3.5.4 Institutional Animal Ethics Committee (IAEC)

Research in pharmacology, toxicology, physiology, and other biomedical sciences
often requires the use of experimental animals. To ensure humane treatment of
animals used in research and education, institutions conducting animal experiments
must establish an Institutional Animal Ethics Committee (IAEC). In India, IAECs
function under the supervision of the Committee for Control and Supervision of
Experiments on Animals (CCSEA), a statutory body constituted under the
Prevention of Cruelty to Animals Act, 1960.

The IAEC is responsible for reviewing and approving all research proposals involving
animals before the experiments are conducted. Its primary objective is to ensure that
animals are not subjected to unnecessary pain, suffering, or distress and that
experiments are scientifically justified.

3.5.5 Composition of IAEC
As per CCSEA guidelines, the IAEC generally consists of:

¢ Biological scientists

e Veterinarian involved in animal care
¢ Scientist from another discipline

e Scientist from outside the institution
e Socially aware member

e Member Secretary
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e Nominee(s) of CCSEA

This multidisciplinary composition ensures independent assessment of scientific merit
as well as animal welfare considerations.

3.5.6 Functions of IAEC
The principal functions of IAEC include:

Reviewing and approving animal research protocols.

Evaluating the scientific necessity of animal use.

Ensuring compliance with CPCSEA/CCSEA regulations.
Monitoring animal housing, feeding, and veterinary care facilities.
Assessing procedures for anesthesia, analgesia, and euthanasia.

Promoting the principles of Replacement, Reduction, and Refinement (3Rs).
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Monitoring ongoing animal studies and maintaining records.
8. Reporting activities to CCSEA and ensuring regulatory compliance.

3.5.7 The principle of 3Rs
Fundamental ethical principle governing animal research is the concept of the 3Rs:

¢ Replacement: Use alternatives to animals whenever possible.

e Reduction: Use the minimum number of animals necessary to achieve scientific
objectives.

¢ Refinement: Modify procedures to minimize pain, suffering, and distress.

The TAEC ensures that every research proposal adequately incorporates these
principles before granting approval.

3.5.8 Importance of IEC and TAEC in Unani Medical Research

In Unani medical research, studies may involve clinical trials on human participants,
evaluation of traditional formulations, observational studies, pharmacological
investigations, and experimental animal studies. Ethical review by IEC and IAEC is
therefore essential to ensure participant safety, scientific validity, legal compliance,
and credibility of research findings. Approval from these committees is often
mandatory for publication, funding, academic dissertation submission, and regulatory
acceptance of research outcomes.

Thus, [EC and IAEC serve as critical safeguards that uphold ethical standards, protect
human and animal welfare, and promote responsible conduct of research in Unani
medicine and allied health sciences.

3.6 REGULATORY BODIES: CDSCO, ICMR, CCSEA AND ICH
The conduct of biomedical and health research requires adherence to ethical,
scientific, and regulatory standards to ensure the safety, rights, and welfare of
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research participants. In India, several regulatory organizations oversee different
aspects of research involving humans and animals. Among the most important are the
Central Drugs Standard Control Organization (CDSCO), the Indian Council of
Medical Research (ICMR), the Committee for Control and Supervision of
Experiments on Animals (CCSEA), and the International Council for Harmonisation
(ICH). These bodies establish guidelines and regulations that promote ethical research
practices, ensure data reliability, and facilitate international acceptance of research
findings.

3.6.1 Central Drugs Standard Control Organization (CDSCQO)

The Central Drugs Standard Control Organization (CDSCO) is the national regulatory
authority for pharmaceuticals and medical devices in India. It functions under the
Directorate General of Health Services, Ministry of Health and Family Welfare,
Government of India. CDSCO is headed by the Drug Controller General of India
(DCGI), who is responsible for approving new drugs, clinical trials, vaccines,
biological products, and medical devices.

One of the primary responsibilities of CDSCO is the regulation and monitoring of
clinical trials conducted in India. Before initiating a clinical trial involving a new drug
or investigational product, researchers must obtain approval from CDSCO and a
registered Ethics Committee. The organization ensures that clinical research complies
with the provisions of the New Drugs and Clinical Trials Rules, 2019, which
emphasize participant safety, informed consent, compensation for trial-related
injuries, and transparency in research conduct.

CDSCO also maintains a system for the registration of Ethics Committees. According
to regulatory requirements, Ethics Committees reviewing clinical trials must be
registered with CDSCO and periodically renewed. This process enhances
accountability and strengthens ethical oversight in biomedical research.

For researchers in Unani medicine, CDSCO approval may be necessary when
conducting clinical investigations involving new formulations, herbal products, or
interventions intended for therapeutic use. Thus, CDSCO plays a crucial role in
ensuring that clinical research meets national regulatory standards.

3.6.2 Indian Council of Medical Research (ICMR)

The Indian Council of Medical Research (ICMR) is India's premier organization for
the formulation, coordination, and promotion of biomedical and health research.
Established in 1911, it operates under the Department of Health Research, Ministry of
Health and Family Welfare. ICMR is widely recognized for developing ethical
guidelines that govern biomedical and health research involving human participants.

ICMR published the National Ethical Guidelines for Biomedical and Health Research
Involving Human Participants, which provide comprehensive principles for
conducting ethical research. These guidelines emphasize respect for persons,
beneficence, non-maleficence, justice, privacy, confidentiality, and informed consent.
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The primary objective is to safeguard the dignity, rights, safety, and well-being of
research participants.

The guidelines also define the composition and functions of Institutional Ethics
Committees (IECs), which are responsible for reviewing research protocols before
study initiation. Researchers must obtain IEC approval for studies involving human
participants, biological samples, or personal health information.

ICMR has additionally developed specific guidance on vulnerable populations,
community-based research, public health research, biobanking, genetic studies, and
emerging technologies. These guidelines serve as the ethical foundation for medical
research in India and are applicable to all systems of medicine, including Unani,
Ayurveda, Siddha, and Homeopathy.

3.6.3 Committee for Control and Supervision of Experiments on Animals
(CCSEA)

The Committee for Control and Supervision of Experiments on Animals (CCSEA) is

a statutory body functioning under the Ministry of Fisheries, Animal Husbandry and

Dairying, Government of India. It was established under the Prevention of Cruelty to

Animals Act, 1960, to regulate the use of animals in scientific research and

experimentation.

The primary objective of CCSEA is to ensure humane treatment of laboratory animals
and to prevent unnecessary suffering during research activities. The committee
formulates guidelines for animal housing, breeding, transportation, care, and
experimental procedures. Institutions intending to conduct animal experiments must
obtain registration from CCSEA and establish an Institutional Animal Ethics
Committee (IAEC).

CCSEA promotes the internationally accepted principles of the “3Rs”:
1. Replacement — Use alternatives to animals whenever possible.

2. Reduction — Use the minimum number of animals necessary to achieve scientific
objectives.

3. Refinement — Modify procedures to minimize pain, distress, and suffering.

Animal studies are often required before human clinical trials to evaluate the safety
and efficacy of new drugs, herbal formulations, and therapeutic interventions.
Therefore, researchers in Unani medicine conducting preclinical studies must comply
with CCSEA regulations and ethical standards.

3.6.4 International Council for Harmonisation (ICH)

The International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use (ICH) is a global initiative that brings together
regulatory authorities and the pharmaceutical industry to develop harmonized
guidelines for drug development and registration.
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ICH was established in 1990 with the aim of reducing duplication in research and
ensuring that pharmaceutical products meet consistent standards of quality, safety,
efficacy, and ethical conduct worldwide. Its guidelines are categorized into four major
areas:

e Quality (Q)

o Safety (S)

o Efficacy (E)

e Multidisciplinary (M)

Among the most influential documents is the ICH-GCP (Good Clinical Practice)
Guideline, which provides an international ethical and scientific standard for
designing, conducting, recording, and reporting clinical trials. The guideline ensures
protection of trial participants while guaranteeing the credibility and integrity of
clinical data.

Indian clinical trial regulations and Good Clinical Practice guidelines have been
progressively aligned with ICH standards. This harmonization facilitates international
collaboration, enhances the acceptance of Indian research data globally, and promotes
high-quality clinical research.

CDSCO, ICMR, CCSEA, and ICH collectively form the regulatory and ethical
framework governing biomedical research. CDSCO regulates clinical trials and drug
approvals, ICMR provides ethical guidance for human research, CCSEA oversees
animal experimentation, and ICH establishes internationally harmonized standards for
clinical research. Knowledge of these regulatory bodies is essential for BUMS and
MD/MS scholars to conduct scientifically valid, ethically sound, and legally
compliant research.

3.7 NATIONAL PHARMACOVIGILANCE PROGRAM FOR UNANI
MEDICINE

Pharmacovigilance is the science and set of activities related to the detection,
assessment, understanding, and prevention of adverse effects or any other medicine-
related problems. Although Unani medicines have been used for centuries and are
generally considered safe when prescribed appropriately, increasing utilization,
commercialization, polyherbal formulations, self-medication, and concurrent use with
modern medicines have highlighted the need for systematic safety monitoring. In this
context, the Government of India has incorporated Unani medicine into the national
Pharmacovigilance Program for Ayurveda, Siddha, Unani, and Homoeopathy
(ASU&H) drugs under the Ministry of Ayush. The program aims to ensure patient
safety, improve public confidence, and generate scientific evidence regarding the safe
use of Unani medicines.

The concept of pharmacovigilance gained global importance following the
recognition that all medicines, including traditional and herbal products, may produce
adverse drug reactions (ADRs) under certain circumstances.
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The World Health Organization (WHO) defines pharmacovigilance as the science and
activities concerned with the detection, assessment, understanding, and prevention of
adverse effects or any other drug-related problems. This definition is equally
applicable to Unani medicine, where the safety of formulations, compound
preparations, and regimental therapies requires continuous monitoring.

The National Pharmacovigilance Program for ASU&H drugs was initiated by the
Ministry of AYUSH to establish a structured mechanism for monitoring the safety of
traditional medicines. The program was formally launched in 2008 and has
subsequently evolved into a comprehensive national initiative. Its primary objective is
to collect, collate, analyze, and interpret data related to adverse drug reactions
associated with Ayurveda, Siddha, Unani, and Homoeopathy medicines and to
provide evidence-based recommendations for regulatory action and patient safety.

For Unani medicine, the pharmacovigilance program serves several important
purposes. It helps identify previously unrecognized adverse reactions, detects
medication errors, monitors herb-drug interactions, evaluates the safety of long-term
use of formulations, and promotes rational prescribing practices. The program also
contributes to the development of a scientific database that can support policy
decisions, research activities, and international acceptance of Unani medicine.

The Ministry of Ayush has established a three-tier organizational structure for the
implementation of the Pharmacovigilance Program. At the apex level is the National
Pharmacovigilance Coordination Centre (NPvCC), currently functioning at the All
India Institute of Ayurveda (AIIA), New Delhi. The NPvCC coordinates all
pharmacovigilance activities, compiles national data, analyzes reports, and
recommends appropriate regulatory interventions.

The second tier consists of Intermediary Pharmacovigilance Centres (IPvCs), which
function as regional coordinating centers. For the Unani system, the National Institute
of Unani Medicine (NIUM), Bengaluru, serves as one of the designated Intermediary
Pharmacovigilance Centres. These centers receive reports from peripheral centers,
verify data quality, conduct causality assessments, and forward validated reports to
the National Pharmacovigilance Coordination Centre.

The third tier comprises Peripheral Pharmacovigilance Centres (PPvCs) located in
teaching institutions, research centers, hospitals, and other healthcare facilities. These
centers are responsible for identifying, documenting, and reporting suspected adverse
drug reactions associated with Unani medicines. Healthcare professionals, including
physicians, pharmacists, researchers, and students, play a vital role in reporting ADRs
to these centers.

The major objectives of the National Pharmacovigilance Program for Unani Medicine
include:

1. To promote a culture of ADR reporting among healthcare professionals and
consumers.
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2. To establish a comprehensive database of adverse drug reactions related to Unani
medicines.

3. To evaluate the safety profile of single and compound Unani formulations.
4. To generate scientific evidence for improving clinical safety.

5. To facilitate regulatory decisions and corrective actions when safety concerns
arise.

6. To monitor misleading advertisements and inappropriate promotional claims
related to ASU&H drugs.

The ADR reporting process generally begins when a healthcare professional or
patient observes a suspected adverse reaction associated with a Unani medicine.
Relevant information, including patient demographics, details of the medicine,
dosage, duration of use, description of the adverse event, and outcome, is documented
in a prescribed reporting format. The report is submitted to the nearest Peripheral
Pharmacovigilance Centre, where preliminary evaluation is conducted. Subsequently,
the report is forwarded through the intermediary level to the NPvCC for detailed
assessment and inclusion in the national database.

In recent years, digital initiatives have strengthened pharmacovigilance activities. The
Ministry of Ayush has introduced the Ayush Suraksha portal, which facilitates online
reporting of adverse drug reactions and misleading advertisements related to ASU&H
medicines. The portal enables centralized data collection, real-time monitoring, and
improved communication among stakeholders.

Pharmacovigilance has significant implications for Unani medical education and
research. BUMS and MD/MS scholars are encouraged to participate in ADR
monitoring, pharmacovigilance studies, and drug safety research. Such involvement
enhances clinical competence, promotes evidence-based practice, and contributes to
the scientific validation of Unani therapeutics. Moreover, pharmacovigilance findings
can guide revisions in treatment protocols, formulation standards, and regulatory
policies.

The National Pharmacovigilance Program for Unani Medicine represents an
important step toward ensuring the safe and rational use of Unani drugs. Through
systematic monitoring, documentation, and analysis of adverse drug reactions, the
program strengthens patient safety, enhances the credibility of Unani medicine, and
supports its integration into evidence-based healthcare systems. Continued
participation by healthcare professionals, researchers, institutions, and patients is
essential for the success of this initiative.

3.8 PUBLICATION ETHICS AND SCIENTIFIC INTEGRITY

Publication ethics and scientific integrity constitute the foundation of credible and
trustworthy research. They ensure that scientific findings are communicated honestly,
accurately, and transparently, thereby promoting public trust in science and evidence-
based healthcare.
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In the field of Unani medicine, where research findings contribute to the validation,
standardization, and advancement of traditional knowledge systems, adherence to
publication ethics is essential for maintaining academic quality and global acceptance.

Publication ethics refers to a set of principles and standards governing the conduct of
authors, reviewers, editors, and publishers during the process of scholarly
communication. Scientific integrity, on the other hand, encompasses honesty,
transparency, objectivity, accountability, and responsibility in the planning, conduct,
reporting, and publication of research. Together, these principles safeguard the
reliability of the scientific record and ensure that published research contributes
meaningfully to knowledge development (ICMIJE, 2023).

3.8.1 Importance of Publication Ethics
Ethical publication practices are essential for several reasons:

1. To ensure the accuracy and reliability of scientific literature.

2. To protect the rights and contributions of researchers.

3. To prevent research misconduct and academic fraud.

4. To promote transparency and accountability in research.

5. To maintain public confidence in scientific findings.

6. To facilitate evidence-based clinical decision-making and policy formulation.

In health sciences and medical research, unethical publication practices can lead to
misinformation, inappropriate clinical decisions, and wastage of research resources.
Therefore, publication ethics is considered an integral component of responsible
research conduct.

3.8.2 Principles of Scientific Integrity
Scientific integrity is based on the following core principles:

1. Honesty: Researchers must present data, methods, results, and interpretations
truthfully without fabrication, falsification, or selective reporting.

2. Transparency: All research procedures, funding sources, conflicts of interest, and
methodological limitations should be clearly disclosed.

3. Objectivity: Research conclusions should be based on evidence rather than
personal beliefs, financial interests, or external pressures.

4. Accountability: Researchers are responsible for the accuracy and authenticity of
their work and must be prepared to justify their findings.

5. Fairness and Respect: Proper acknowledgment should be given to all
contributors, collaborators, and previous researchers whose work has informed the
study.
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3.8.3 Major Forms of Publication Misconduct
Publication misconduct refers to unethical practices that compromise the integrity of
scientific research. The most common forms include:

1. Fabrication

Fabrication involves creating or inventing data, results, or observations that never
existed. Such false information may mislead readers and adversely affect future
research.

2. Falsification
Falsification refers to manipulating research materials, methods, images, or data to
produce desired outcomes. This includes selective omission or alteration of results.

3. Plagiarism

Plagiarism is the use of another person's ideas, words, data, or intellectual work
without proper acknowledgment. It is considered a serious ethical violation and may
result in manuscript rejection, retraction, or disciplinary action.

4. Self-Plagiarism
Self-plagiarism occurs when authors reuse substantial portions of their previously
published work without appropriate citation or disclosure.

5. Duplicate and Redundant Publication

Duplicate publication involves publishing the same or substantially similar research
findings in more than one journal without proper disclosure. Such practices distort
scientific evidence and may result in double counting of data in systematic reviews
and meta-analyses.

6. Gift or Guest Authorship

Guest authorship refers to including individuals as authors despite their lack of
significant contribution to the research. Conversely, omission of deserving
contributors is termed ghost authorship.

7. Undisclosed Conflict of Interest

Researchers must disclose financial, professional, or personal relationships that may
influence the interpretation or reporting of research findings. Failure to do so may
compromise research credibility.

3.8.4 Authorship Ethics

Authorship carries both credit and responsibility. According to the International
Committee of Medical Journal Editors (ICMIJE), authors should make substantial
contributions to the conception, design, data collection, analysis, interpretation,
manuscript preparation, and final approval of the published work. All authors share
responsibility for the integrity and accuracy of the study.

Individuals who contribute in a limited capacity should be acknowledged
appropriately rather than listed as authors.
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Role of Peer Review in Scientific Integrity

Peer review serves as an important quality-control mechanism in scientific
publishing. Independent experts evaluate manuscripts for originality, methodological
rigor, ethical compliance, and scientific significance before publication.

Ethical responsibilities of reviewers include:
¢ Maintaining confidentiality.

¢ Providing objective and constructive feedback.
¢ Declaring conflicts of interest.
¢ Avoiding misuse of unpublished information.

Similarly, editors must ensure impartial decision-making, transparency, and
adherence to ethical publishing standards.

Retractions, Corrections, and Expressions of Concern

When significant errors or misconduct are identified after publication, journals may
issue corrections, retractions, or expressions of concern. Retractions are used when
findings are unreliable due to misconduct or major errors. Corrections address minor
inaccuracies, while expressions of concern alert readers to potential problems pending
investigation. These mechanisms help preserve the integrity of the scientific record.

3.8.5 International Organizations Promoting Publication Ethics
Several organizations provide guidance on publication ethics and research integrity:

o Committee on Publication Ethics (COPE): Develops ethical guidelines,
flowcharts, and best practices for editors and publishers.

o International Committee of Medical Journal Editors (ICMJE): Provides
recommendations on authorship, conflicts of interest, and manuscript preparation.

o World Association of Medical Editors (WAME): Promotes editorial independence
and ethical publishing practices.

These organizations support journals, researchers, and institutions in maintaining high
ethical standards in scholarly communication.

3.8.6 Relevance to Unani Medical Research

For researchers in Unani medicine, adherence to publication ethics is particularly
important because scientific evidence generated through ethical research contributes
to the validation and integration of traditional medical knowledge into contemporary
healthcare systems. Ethical publication practices enhance the credibility, visibility,
and acceptance of Unani research at national and international levels.

Publication ethics and scientific integrity are indispensable elements of responsible
research. By adhering to principles of honesty, transparency, accountability, and
fairness, researchers contribute to the advancement of reliable scientific knowledge
and uphold the reputation of their discipline.

91




Ethical publishing not only protects the scientific record but also strengthens public
confidence in research and healthcare innovations.

3.9 INTELLECTUAL PROPERTY RIGHTS (IPR), PATENTS AND TKDL
Intellectual Property Rights (IPR) play a crucial role in protecting innovations,
inventions, and creative works generated through scientific research. In medical
sciences, including Unani medicine, IPR encourages researchers to develop new
drugs, formulations, diagnostic methods, and healthcare technologies by providing
legal protection against unauthorized use. The increasing integration of traditional
knowledge with modern scientific research has further highlighted the importance of
understanding IPR, patents, and mechanisms for safeguarding indigenous knowledge
systems.

3.9.1 Intellectual Property Rights (IPR)

Intellectual Property (IP) refers to creations of the human mind, such as inventions,
literary works, artistic creations, designs, symbols, names, and innovations used in
commerce. Intellectual Property Rights are the legal rights granted to creators and
inventors over their intellectual creations for a specified period. These rights enable
creators to control the use of their work and derive economic benefits from it.
Internationally, IPR is governed through agreements administered by the World
Intellectual Property Organization (WIPO) and the Trade-Related Aspects of
Intellectual Property Rights (TRIPS) Agreement under the World Trade Organization
(WTO). India is a signatory to both frameworks and has established comprehensive
laws for IP protection.

The major forms of IPR include:
1. Patents — Protection for inventions and technological innovations.
. Copyrights — Protection for literary, artistic, and scientific works.

2
3. Trademarks — Protection for distinctive names, logos, and symbols.
4. Industrial Designs — Protection for aesthetic aspects of products.

5

. Geographical Indications (GI) — Protection for products associated with a specific
geographical origin.

6. Trade Secrets — Protection for confidential business information.

In the field of Unani medicine, IPR is particularly important for protecting novel
herbal formulations, extraction techniques, pharmaceutical processes, and research-
based innovations while ensuring ethical utilization of traditional knowledge.

3.9.2 Patents

A patent is an exclusive legal right granted by a government to an inventor for a new
invention. It provides the patent holder with the right to prevent others from making,
using, selling, or importing the invention without permission for a specified period,
generally twenty years from the date of filing.
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To qualify for patent protection, an invention must satisfy three essential criteria:
1. Novelty — The invention must be new and not previously disclosed.

2. Inventive Step (Non-obviousness) — It must involve innovation that is not obvious
to a person skilled in the field.

3. Industrial Applicability — The invention must be capable of practical use or
industrial application.

In medical and pharmaceutical research, patents may be granted for new drugs,
pharmaceutical compositions, manufacturing processes, medical devices, and
biotechnology-based products. However, many traditional medicinal formulations
documented in classical Unani texts cannot be patented because they already exist in
the public domain and therefore lack novelty.

Researchers working in Unani medicine may seek patent protection for:
¢ Novel herbal combinations with proven therapeutic efficacy.

e Innovative drug delivery systems.
¢ Standardized extraction and processing methods.

e New pharmaceutical formulations derived from traditional knowledge through
substantial scientific modification.

Patents encourage investment in research and development by providing inventors
with a temporary monopoly over their inventions. However, inappropriate patenting
of traditional medicinal knowledge can lead to ethical and legal controversies, often
referred to as biopiracy.

3.9.3 Biopiracy and Traditional Knowledge

Biopiracy refers to the unauthorized appropriation or patenting of biological resources
and traditional knowledge without adequate recognition, consent, or benefit-sharing
with indigenous communities. Several instances have demonstrated attempts to obtain
patents on medicinal uses of plants and remedies that were already known in
traditional systems of medicine such as Ayurveda, Unani, and Siddha. The famous
cases involving turmeric, neem, and basmati rice highlighted the vulnerability of
traditional knowledge to misappropriation. These incidents emphasized the need for
systematic documentation and protection of traditional medical knowledge.

3.9.4 Traditional Knowledge Digital Library (TKDL)

The Traditional Knowledge Digital Library (TKDL) is a pioneering initiative of the
Government of India established in 2001 through collaboration between the Council
of Scientific and Industrial Research (CSIR) and the Ministry of AYUSH. The
primary objective of TKDL is to prevent the misappropriation and wrongful patenting
of India's traditional medical knowledge.

TKDL is a digital repository containing documented information from traditional
Indian systems of medicine, including Ayurveda, Unani, Siddha, Yoga, and Sowa-

93




Rigpa. The database converts knowledge available in ancient texts into formats
understandable to international patent examiners and translates the information into
multiple international languages.

Key features of TKDL include:
o Digitization of traditional medicinal formulations and practices.

e Translation of classical texts into major international languages.

o C(lassification of traditional knowledge using internationally compatible systems.
¢ Provision of prior-art evidence to patent offices worldwide.

e Prevention of erroneous patent grants based on existing traditional knowledge.

For Unani medicine, TKDL serves as a valuable repository containing a vast number
of documented formulations and therapeutic practices derived from classical Unani
literature. The database helps patent examiners determine whether a claimed
invention is genuinely novel or merely a rediscovery of existing traditional
knowledge.

Significance of TKDL in Unani Research

TKDL has immense significance for researchers and practitioners of Unani medicine.
It protects centuries-old medical knowledge from exploitation while simultaneously
promoting scientific validation and innovation. The database acts as a bridge between
traditional medical literature and modern intellectual property systems. It also
facilitates evidence-based research by making traditional knowledge accessible in a
structured and searchable format.

Furthermore, TKDL has successfully assisted in challenging and preventing
numerous patent applications worldwide that attempted to claim ownership over pre-
existing traditional medicinal knowledge. Its effectiveness has been internationally
recognized as a model for protecting traditional knowledge against biopiracy.

Understanding IPR, patents, and TKDL is essential for contemporary Unani
researchers. While patents encourage innovation and commercialization of research
outcomes, they must be balanced with ethical protection of traditional knowledge.
TKDL represents a landmark initiative that safeguards India's rich Unani heritage,
prevents biopiracy, and promotes responsible utilization of traditional medicinal
knowledge for future scientific advancement.

3.10 IMPORTANCE OF INTELLECTUAL PROPERTY RIGHTS (IPR) IN
HEALTHCARE RESEARCH
Intellectual Property Rights (IPR) play a pivotal role in healthcare research by
protecting innovations, encouraging scientific creativity, facilitating technology
transfer, and promoting economic growth. Healthcare research involves substantial
investments of time, expertise, infrastructure, and financial resources. The outcomes
of such research, including new drugs, vaccines, diagnostic techniques, medical
devices, software applications, treatment protocols, and educational materials,
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constitute valuable intellectual assets. IPR provides legal protection to these creations,
ensuring that innovators receive recognition and economic benefits from their
contributions.

Healthcare research is characterized by a high degree of uncertainty and risk.
Developing a new pharmaceutical product or medical technology often requires years
of laboratory investigations, preclinical studies, clinical trials, regulatory approvals,
and post-marketing surveillance. The cost of bringing a new drug to the market can be
enormous. In such circumstances, IPR serves as an incentive mechanism by granting
inventors exclusive rights over their inventions for a limited period. This exclusivity
enables researchers, academic institutions, and pharmaceutical companies to recover
their investments and generate revenue that can be reinvested in further research and
development activities.

One of the most significant forms of IPR in healthcare research is the patent system.
Patents protect novel, non-obvious, and industrially applicable inventions such as
pharmaceuticals, medical devices, diagnostic tools, biotechnology products, and
innovative treatment methods. Patent protection encourages researchers to disclose
their inventions publicly while preventing unauthorized commercial exploitation by
others. This balance between disclosure and protection promotes scientific
advancement by making technical knowledge available to the broader research
community.

In addition to patents, copyright protection is highly relevant in healthcare research.
Research articles, textbooks, clinical guidelines, databases, software programs,
educational modules, electronic health records, and telemedicine applications are
protected under copyright laws. Copyright ensures that authors and creators retain
control over the reproduction, distribution, and utilization of their original works.
Such protection promotes the dissemination of reliable scientific information while
safeguarding academic integrity and preventing plagiarism.

IPR also contributes significantly to fostering innovation and technological
advancement in healthcare. Researchers and organizations are more likely to invest in
innovative projects when they are assured that their intellectual efforts will be legally
protected. Strong intellectual property systems stimulate competition among
researchers and industries, leading to the development of safer, more effective, and
more affordable healthcare solutions.

The rapid progress observed in biotechnology, genomics, artificial intelligence-based
diagnostics, and precision medicine has been supported, in part, by robust intellectual
property frameworks.

Another important contribution of IPR is facilitating collaboration between academia,
industry, and healthcare institutions. Universities and research organizations often
license patented technologies to pharmaceutical and biotechnology companies for
commercial development. Such partnerships accelerate the translation of laboratory
discoveries into practical healthcare products that benefit society.
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Intellectual property protection provides a legal foundation for these collaborations by
clearly defining ownership rights and responsibilities among stakeholders.

IPR is also essential for attracting investments in healthcare research. Venture capital
firms, government agencies, and private investors are more willing to fund research
projects when intellectual property protection exists. Patents and other forms of
intellectual property often serve as valuable assets that enhance the commercial
potential of research outcomes. Consequently, a strong [PR framework contributes to
the growth of pharmaceutical industries, biotechnology enterprises, and healthcare
innovation ecosystems.

In the context of traditional and indigenous medical systems such as Unani medicine,
IPR assumes additional significance. Traditional knowledge regarding medicinal
plants, herbal formulations, and therapeutic practices represents a valuable cultural
and scientific resource. Appropriate intellectual property mechanisms can help protect
such knowledge from misappropriation and unauthorized commercialization,
commonly referred to as "biopiracy." International initiatives increasingly recognize
the need to safeguard genetic resources and associated traditional knowledge while
ensuring equitable sharing of benefits arising from their utilization.

Despite its advantages, IPR in healthcare research must be balanced with public
health considerations. Excessive protection may limit access to essential medicines
and healthcare technologies, particularly in low- and middle-income countries.
Therefore, international agreements such as the Agreement on Trade-Related Aspects
of Intellectual Property Rights (TRIPS) provide certain flexibilities, including
compulsory licensing and provisions for public health emergencies. The challenge
lies in maintaining a balance between rewarding innovation and ensuring equitable
access to healthcare products.

Furthermore, intellectual property protection enhances the credibility and reputation
of researchers and institutions. Recognition of ownership encourages ethical research
practices, proper attribution of contributions, and adherence to academic standards. It
also helps prevent scientific misconduct, plagiarism, and unauthorized use of research
findings. Thus, IPR serves not only as a legal and economic instrument but also as an
important component of research ethics and professional responsibility.

Intellectual Property Rights are fundamental to healthcare research because they
promote innovation, protect scientific achievements, facilitate commercialization,
encourage investment, support technology transfer, and safeguard traditional
knowledge. At the same time, effective IPR policies must ensure that the benefits of
healthcare innovations remain accessible to society. A comprehensive understanding
of IPR is therefore essential for healthcare professionals, researchers, and scholars
engaged in modern medical research, including those working in the field of Unani
medicine.
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4.1 CONCEPT OF RESEARCH CRITIQUE

Research is the foundation of scientific advancement and evidence-based healthcare.
However, the mere publication of a research study does not guarantee its quality,
validity, or applicability. Every research report must be critically evaluated before its
findings are accepted and utilized in clinical practice, education, or policy
formulation. This systematic evaluation process is known as research critique.
Research critique is an essential component of research methodology and enables
scholars, practitioners, and students to assess the strengths, weaknesses, credibility,
and relevance of a research study. In Unani medicine, where traditional knowledge is
increasingly being integrated with modern scientific research, the ability to critically
appraise research evidence is indispensable for promoting evidence-based Unani
practice.

A research critique may be defined as a systematic, objective, and comprehensive
evaluation of a research study to determine its scientific merit, methodological rigor,
validity, reliability, and practical usefulness. Burns and Grove described research
critique as a systematic and unbiased examination of all aspects of a study to judge its
strengths, limitations, meaning, and significance. Similarly, Leininger viewed critique
as a critical appraisal of a research work using predetermined criteria to evaluate its
favorable and unfavorable aspects.

Research critique should not be confused with criticism. Criticism generally focuses
on identifying faults and shortcomings, whereas critique involves a balanced
evaluation of both strengths and limitations. The primary objective of critique is not
to reject a study but to determine the trustworthiness and applicability of its findings.
An effective critique is constructive, objective, and evidence-based rather than
personal or judgmental.

The concept of research critique is rooted in the scientific principle of scrutiny and
verification. Scientific knowledge advances through continuous examination and re-
examination of research findings. Through critique, researchers can identify
methodological flaws, biases, inconsistencies, and areas requiring further
investigation. Consequently, research critique contributes significantly to the
development of reliable scientific evidence and the advancement of healthcare
disciplines.

In medical and health sciences, including Unani medicine, research findings often
influence patient care decisions. Therefore, practitioners must possess the ability to
distinguish high-quality evidence from poorly designed studies. A study may report
impressive results; however, if the methodology is weak, the conclusions may be
misleading.

Research critique helps readers evaluate whether the study design, sampling methods,
data collection procedures, statistical analyses, and interpretations are appropriate and
scientifically sound.
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Research critique involves examining multiple components of a research report.
These include the title, abstract, introduction, statement of the problem, review of
literature, theoretical framework, objectives or hypotheses, research design, sampling
technique, data collection instruments, ethical considerations, data analysis, results,
discussion, conclusion, and references. Each component is assessed to determine
whether it contributes effectively to the overall quality and credibility of the study.

A fundamental characteristic of research critique is critical thinking. Critical
thinking refers to the intellectual process of analyzing, interpreting, evaluating, and
drawing reasoned conclusions based on evidence. While critiquing a study, the
reviewer must ask important questions such as: Was the research problem clearly
stated? Were appropriate methods used? Was the sample adequate? Were ethical
principles followed? Are the conclusions supported by the results? Such questions
help determine the validity and reliability of the research findings.

Research critique serves several important purposes. First, it helps readers understand
the quality and scientific rigor of a study. Second, it promotes evidence-based
practice by enabling healthcare professionals to apply only trustworthy findings in
clinical settings. Third, it assists researchers in identifying gaps in existing knowledge
and improving future investigations. Fourth, it enhances students’ understanding of
research methodology and develops their analytical skills. Finally, critique contributes
to the advancement of scientific knowledge by encouraging continuous improvement
in research standards.

In the context of Unani medical research, research critique assumes special
importance. Contemporary Unani scholars increasingly conduct clinical trials,
pharmacological studies, observational research, and systematic reviews to validate
traditional concepts and therapies. Critical appraisal enables researchers and
practitioners to determine whether such studies provide reliable evidence for clinical
application. It also facilitates the integration of traditional wisdom with modern
scientific methodology, thereby strengthening the evidence base of Unani medicine.

An effective research critique follows certain principles. It should be objective,
systematic, constructive, comprehensive, and evidence-based. The reviewer must
avoid personal bias and focus exclusively on the quality of the research work.
Constructive suggestions for improvement should accompany the identification of
limitations. Moreover, critique should be conducted using established criteria and
methodological standards to ensure consistency and fairness.

In summary, research critique is a systematic and objective process of evaluating a
research study to assess its strengths, limitations, validity, and applicability. It is a
vital skill for researchers, clinicians, educators, and postgraduate scholars. Through
critical appraisal, healthcare professionals can make informed decisions, improve
research quality, and contribute to evidence-based practice.
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For BUMS and MD/MS scholars, mastery of research critique is essential for
understanding scientific literature, conducting high-quality research, and advancing
the field of Unani medicine.

4.2 RESEARCH CRITIQUE

Research critique is a systematic, objective, and analytical evaluation of a research
study to determine its scientific merit, strengths, weaknesses, validity, reliability, and
applicability. It is an essential component of research methodology because it enables
researchers, practitioners, and students to assess the quality of evidence before
applying research findings in practice. In the field of Unani medicine and health
sciences, research critique helps scholars evaluate published evidence, identify
methodological flaws, and improve future research endeavors.

According to Leininger, a research critique is a critical and objective appraisal of a
research study based on a thorough analytical examination of its various components.
The primary purpose of a critique is not merely to identify faults but to enhance the
quality of research and contribute to scientific advancement.

4.2.1 Concept of Research Critique

Research critique involves careful examination of all aspects of a study, including the
research problem, literature review, methodology, data collection procedures,
statistical analysis, interpretation of results, and conclusions. It requires critical
thinking skills and the ability to judge whether the study findings are trustworthy,
meaningful, and applicable to a specific context. A good critique evaluates both the
strengths and limitations of a study and provides constructive suggestions for
improvement.

Critiquing research differs from simply summarizing an article. While a summary
describes what the researcher has done, a critique evaluates how well the study was
conducted and whether the conclusions are justified by the evidence. Thus, research
critique serves as a bridge between research production and evidence-based practice.

Importance of Research Critique
Research critique is important for several reasons:

1. Assessment of Research Quality: 1t helps determine whether a study has been
conducted using sound scientific methods.

2. Evidence-Based Practice: Healthcare professionals rely on critically appraised
evidence to make informed clinical decisions.

3. Identification of Strengths and Weaknesses: Critique highlights methodological
strengths and limitations that may affect the validity of findings.

4. Development of Research Skills: Students and researchers improve their
analytical and methodological understanding through the critique process.

5. Advancement of Knowledge: Constructive criticism contributes to the refinement
of theories, methodologies, and future investigations.
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Objectives of Research Critique
The major objectives of research critique include:

o Evaluating the significance and relevance of the research problem.

e Assessing the appropriateness of the research design and methodology.
o Examining the reliability and validity of data collection instruments.

o Determining the adequacy of statistical analyses.

o Judging the credibility and applicability of the findings.

o Identifying ethical considerations and adherence to research standards.
¢ Providing recommendations for future research.

Principles of Effective Research Critique
A research critique should be guided by certain fundamental principles:

1. Objectivity: Evaluation should be based on evidence rather than personal opinions
or biases.

2. Constructiveness: Criticism should aim to improve research quality rather than
merely identify shortcomings.

3. Balance: Both strengths and weaknesses of the study should be recognized.

4. Accuracy: Judgments should be supported by factual analysis and methodological
standards.

5. Scholarly Integrity: The critique should be ethical, fair, and respectful toward the
researcher.

Components of Research Critique
A comprehensive research critique generally examines the following elements:

1. Title and Abstract

The title should clearly reflect the study's content and purpose. The abstract should
provide a concise summary of the research problem, methods, results, and
conclusions. A well-written abstract enables readers to determine the relevance of the
study.

2. Research Problem and Objectives

The research problem should be clearly stated, significant, and relevant to the
discipline. The objectives or hypotheses should logically arise from the problem
statement and be clearly defined.

3. Literature Review

The literature review should demonstrate adequate knowledge of existing research,
identify gaps in knowledge, and justify the need for the study. It should include recent
and relevant references from credible sources.

101




4. Research Design and Methodology

The critique should evaluate whether the chosen research design is appropriate for
addressing the research question. Important considerations include sampling methods,
sample size, inclusion and exclusion criteria, and data collection procedures.

5. Data Analysis

Statistical methods should be appropriate for the type of data collected and the study
objectives. The critique should assess whether statistical tests were correctly applied
and interpreted.

6. Results and Findings

Results should be presented clearly and logically. Tables, figures, and statistical
outputs should support the findings. The reviewer should determine whether the
conclusions are supported by the data.

7. Discussion and Conclusion

The discussion should interpret findings in relation to previous research and
theoretical frameworks. Conclusions should be justified and not exceed the scope of
the results.

8. Ethical Considerations

A critical appraisal should assess whether ethical approval was obtained, informed
consent was secured, confidentiality was maintained, and participant rights were
protected.

4.2.2 Critical Appraisal Tools

Several standardized tools have been developed to facilitate research critique.
Examples include the Critical Appraisal Skills Programme (CASP), Joanna Briggs
Institute (JBI) checklists, Cochrane Risk of Bias Tool, and other quality assessment
frameworks. These instruments provide structured criteria for evaluating
methodological quality and risk of bias in research studies.

Research critique is a vital skill for students, clinicians, and researchers. It promotes
evidence-based practice by ensuring that research findings are carefully evaluated
before application. Through systematic examination of study design, methodology,
analysis, and conclusions, research critique helps identify reliable evidence, improve
research quality, and advance scientific knowledge. For scholars of Unani medicine,
mastering the art of research critique is essential for conducting high-quality research
and contributing meaningfully to the development of the discipline.

4.3 PROCESS OF CRITICAL EVALUATION OF A RESEARCH ARTICLE
Critical evaluation, also known as critical appraisal or research critique, is a
systematic process of examining a research article to determine its validity, reliability,
significance, and applicability. In health sciences, including Unani medicine, critical
evaluation helps researchers, practitioners, and students identify high-quality
evidence and distinguish it from studies with methodological weaknesses. It is an
essential component of evidence-based practice, enabling informed clinical and
academic decision-making.
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The process of critical evaluation involves a structured assessment of various
components of a research article, from the title and abstract to the methodology,
results, discussion, and conclusions. The objective is not merely to identify flaws but
also to understand the strengths, limitations, and practical implications of the study.

1. Assessing the Relevance of the Research Question

The first step in evaluating a research article is determining whether the research
question is clear, focused, and relevant. A good research question should address an
important problem, define the study population, and specify the variables or
interventions being investigated. The reviewer should consider whether the study
contributes new knowledge to the existing literature and whether the topic is relevant
to current healthcare or Unani medical practice.

Questions to consider include:
e Is the research question clearly stated?

e Does the study address a significant health or scientific issue?
¢ Is the objective of the study clearly defined?

2. Evaluating the Literature Review

The literature review provides the theoretical foundation for the study. During critical
evaluation, the reviewer should assess whether the authors have adequately reviewed
previous research and identified existing knowledge gaps. The cited literature should
be current, relevant, and derived from credible sources.

A comprehensive literature review demonstrates the need for the study and helps
justify the research objectives. Inadequate literature support may weaken the rationale
for conducting the research.

3. Examining the Study Design

The appropriateness of the study design is a key determinant of research quality.
Different research questions require different designs, such as experimental,
observational, cross-sectional, cohort, case-control, qualitative, or mixed-method
studies.

The evaluator should determine whether the chosen design is suitable for answering
the research question and whether potential sources of bias have been minimized. A
mismatch between the research objective and study design can compromise the
validity of the findings.

Key considerations include:
e Is the study design appropriate?

¢ Does the design allow valid conclusions?

e Are controls or comparison groups adequately described?
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4. Assessing Sampling and Participants

The quality of a study depends significantly on how participants are selected. Critical
evaluation involves examining the sampling method, sample size, inclusion and
exclusion criteria, and representativeness of the study population.

A sample that is too small or improperly selected may lead to biased results and limit
the generalizability of findings. Researchers should provide clear justification for the
sample size and explain how participants were recruited.

Questions include:
e Is the sample representative of the target population?

e Was the sample size adequate?
e Were inclusion and exclusion criteria clearly defined?

5. Evaluating Data Collection Methods

The next step is to assess how data were collected. The instruments, questionnaires,
laboratory tests, or clinical measurements used in the study should be reliable, valid,
and appropriate for the research objectives.

The reviewer should evaluate whether data collection procedures were standardized
and whether measurement errors or observer bias were minimized. Ethical
considerations, such as informed consent and confidentiality, should also be
examined.

6. Assessing Statistical Analysis

Statistical analysis is crucial for interpreting research findings. During critical
evaluation, the reviewer should determine whether appropriate statistical tests were
used and whether the data analysis methods align with the study design and
objectives.

The presentation of results should include measures such as p-values, confidence
intervals, means, standard deviations, or effect sizes where appropriate. Incorrect
statistical methods can lead to misleading conclusions.

Important questions include:
e Were statistical tests appropriate?

e Were assumptions of statistical tests satisfied?
e Are results presented clearly and accurately?

7. Interpreting the Results

The results section should present findings objectively without interpretation or bias.
Critical evaluation involves determining whether the results are clearly reported,
logically organized, and directly related to the research objectives.

The reviewer should assess both statistical significance and clinical significance. A
statistically significant finding may not always have practical importance in
healthcare settings.

104




8. Evaluating the Discussion and Conclusion

The discussion section explains the meaning of the findings and relates them to
existing literature. A critical reviewer should assess whether the authors'
interpretations are supported by the data and whether alternative explanations have
been considered.

The conclusion should be consistent with the study results and should not make
exaggerated claims. Overgeneralization of findings beyond the study population or
design limitations should be viewed cautiously.

9. Identifying Biases and Limitations

Every research study has limitations. A critical evaluator should identify potential
sources of bias, including selection bias, measurement bias, observer bias, publication
bias, and confounding variables.

The presence of limitations does not necessarily invalidate a study; however, authors
should acknowledge these limitations and discuss their potential impact on the
findings.

10. Assessing Applicability and Relevance

The final stage of critical evaluation is determining whether the findings can be
applied to a particular clinical, educational, or research setting. In Unani medicine,
the evaluator should consider whether the evidence is relevant to the patient
population, treatment principles, and healthcare environment.

A study may be methodologically sound but have limited applicability if the
population, intervention, or setting differs significantly from the intended context.

Critical evaluation of a research article is a systematic and objective process that
examines the relevance, validity, reliability, and applicability of research findings. By
evaluating the research question, literature review, methodology, sampling, data
collection, statistical analysis, results, conclusions, and limitations, researchers can
determine the quality and usefulness of evidence. For students and scholars of Unani
medicine, mastering the process of critical evaluation is essential for evidence-based
practice, academic excellence, and the advancement of scientific research.

4.4 BIBLIOMETRICS (IMPACT FACTOR, I-10 INDEX, H-INDEX, CITE
SCORE)

Bibliometrics refers to the application of quantitative and statistical methods to

analyze scholarly publications, citations, and research performance.

It is an important component of research evaluation and is widely used to assess the
influence of authors, journals, institutions, and research disciplines. Bibliometric
indicators provide objective measures of scientific productivity and impact by
examining patterns of publication and citation. In contemporary medical and health
sciences research, including Unani medicine, bibliometric indicators assist
researchers in selecting journals, evaluating research quality, and monitoring
academic performance.
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Citation-based metrics are among the most commonly used bibliometric tools. They
help quantify the visibility and influence of scholarly work by measuring how often
publications are cited by other researchers. However, no single metric can completely
represent the quality or significance of research, and therefore multiple indicators are
often used together for evaluation.

4.4.1 Impact Factor (IF)

The Journal Impact Factor (JIF) is one of the oldest and most widely recognized
journal-level metrics. Developed by Eugene Garfield, it is published annually in the
Journal Citation Reports (JCR) based on data from the Web of Science database. The
Impact Factor reflects the average number of citations received in a particular year by
articles published in a journal during the preceding two years.

The formula for calculating Impact Factor is:

Citations received in current vear to articles published in previous two vears

Impact Factor = § . . ' §
Total citable articles published in previous two vears

For example, if a journal published 100 citable articles during 2023 and 2024, and
these articles received 300 citations in 2025, the Impact Factor for 2025 would be:

IF—300—30
100

A higher Impact Factor generally indicates greater journal visibility and influence
within a field. Researchers often consider Impact Factor when selecting journals for
manuscript submission.

Advantages of Impact Factor
e Easy to understand and widely recognized.

e Helps compare journals within the same discipline.
e Reflects citation performance and journal visibility.

Limitations of Impact Factor
o Evaluates journals rather than individual articles or authors.

o Citation practices vary across disciplines.
e Can be influenced by self-citations and editorial policies.
¢ Does not necessarily reflect the quality of every published article.

4.4.2 h-Index

The h-index was proposed by physicist Jorge E. Hirsch in 2005 as a measure of both
research productivity and citation impact. It is an author-level metric that combines
the number of publications with the number of citations received. A researcher has an
h-index of # when /4 of their publications has each received at least / citations.

For example, if a researcher has published 20 papers and 10 of those papers have
received at least 10 citations each, then the h-index is 10.
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Example

Paper | Citations
1 45
2 40
3 30
4 25
5 20
6 15
7 12
8 10
9 8
10 5

In this case, the eighth paper has received at least 8 citations, but the ninth paper has
fewer than 9 citations. Therefore, the h-index equals 8.

Advantages of h-Index
e Measures both productivity and impact simultaneously.

¢ Reduces the influence of a few extremely cited publications.
e Widely available through Scopus, Web of Science, and Google Scholar.

Limitations of h-Index
e Favours senior researchers with longer careers.

e Varies depending on the database used.

Does not account for author position or contribution.

Can be influenced by self-citations.

4.4.3 i10-Index

The i10-index is a simple bibliometric indicator introduced by Google Scholar. It
represents the number of publications authored by a researcher that have received at
least ten citations each.

The formula is:
i10-index = Number of publications with > 10 citations

For example, if a researcher has published 25 papers and 12 of them have received at
least ten citations, the 110-index is 12.

Advantages of i10-Index
¢ Simple and easy to calculate.

o Useful for assessing research productivity.

o Particularly helpful for early-career researchers.
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Limitations of i10-Index
¢ Auvailable primarily through Google Scholar.

¢ Does not distinguish between papers with 10 citations and those with hundreds of
citations.

e Less comprehensive than the h-index.

4.4.4 CiteScore

CiteScore is a journal-level metric developed by Elsevier and calculated using the
Scopus database. It was introduced to provide a transparent and comprehensive
measure of journal citation impact. CiteScore is conceptually similar to the Impact
Factor but differs in its calculation methodology and database coverage.s

The CiteScore formula is:

Citations received in a given year

CiteScore =
Documents published in the previous four years
Unlike the traditional Impact Factor, CiteScore uses a broader range of document
types and is calculated from the extensive Scopus database, which indexes a larger
number of journals.

Advantages of CiteScore
e Based on a larger journal database (Scopus).

e Transparent calculation methodology.
e Freely accessible for researchers.

Limitations of CiteScore
e May differ substantially from Impact Factor rankings.

¢ Citation behaviour varies across disciplines.
¢ Should not be used as the sole indicator of journal quality.

4.4.5 Importance of Bibliometric Indicators in Medical Research

Bibliometric measures are increasingly used in academic promotions, grant
evaluations, journal selection, and institutional rankings. For BUMS and MD/MS
scholars, understanding these indicators is essential for identifying reputable journals,
evaluating research influence, and planning publication strategies. Nevertheless,
bibliometric indicators should be interpreted cautiously and complemented with
qualitative assessment of research quality, originality, and societal relevance.
Responsible use of bibliometrics promotes fair and meaningful evaluation of
scientific contributions.

4.5 DIFFERENT TYPES OF REFERENCE FORMATS

Referencing is an essential component of scientific writing and research reporting. It
enables researchers to acknowledge the intellectual contributions of other authors,
avoid plagiarism, and provide readers with a pathway to verify and access original
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sources. In medical and health sciences research, including Unani medicine, proper
referencing enhances the credibility, transparency, and reproducibility of scholarly
work. Various reference formats have been developed by academic organizations,
professional associations, and publishers to standardize citation practices across
disciplines. The choice of reference format depends on the subject area, journal
requirements, institutional guidelines, and publication standards. APA, Vancouver,
Harvard, MLA, Chicago, and IEEE are among the most commonly used reference
styles worldwide.

1. Vancouver Reference Style

The Vancouver style is the most widely used referencing format in medical,
biomedical, and health sciences literature. It was developed by the International
Committee of Medical Journal Editors (ICMJE) and employs a numerical citation
system. References are numbered consecutively according to the order in which they
appear in the text. The corresponding numbers are placed in brackets or superscript
format.

Example of in-text citation:
Recent studies have demonstrated the effectiveness of herbal interventions in chronic
diseases (1).

Example of reference list entry:
1. Sharma RK, Dash B. Charaka Samhita. Varanasi: Chowkhamba Sanskrit Series
Office; 2018.

Advantages:
e Concise and easy to read.

e Preferred by most medical journals.
o Suitable for manuscripts with numerous references.

For Unani medical research and clinical studies, Vancouver style is generally
recommended because it aligns with biomedical publication standards.

2. APA (American Psychological Association) Style

APA style is commonly used in psychology, public health, social sciences, education,
and behavioral sciences. It follows the author—date citation system, where the author's
surname and publication year are cited within the text.

Example of in-text citation:
Research indicates that traditional medicine contributes significantly to community
health (Ahmed, 2021).

Example of reference list entry:
Ahmed, M. A. (2021). Traditional medicine and public health. Journal of Integrative
Healthcare, 15(2), 45-52.

Characteristics:
e Emphasizes publication year.
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e Useful when the timeliness of research is important.
e Widely accepted in public health and healthcare management studies.

3. Harvard Referencing Style

Harvard style is another author—date referencing system extensively used in
universities and research institutions. Unlike APA, Harvard does not have a single
universally accepted manual; therefore, minor variations may exist among
institutions.

Example of in-text citation:
The role of herbal medicine in disease prevention has gained increasing attention
(Khan, 2020).

Example of reference list entry:
Khan, A. (2020) Principles of Herbal Therapeutics. New Delhi: Academic Press.

Advantages:
e Simple and easy to understand.

o Facilitates identification of recent literature.
e Commonly used in multidisciplinary research.

4. MLA (Modern Language Association) Style

MLA style is predominantly used in humanities, literature, language studies, and
cultural research. Instead of author—date citations, MLA employs an author—page
number format within the text.

Example of in-text citation:
Traditional healing systems have remained influential across civilizations (Rahman
56).

Example of reference list entry:
Rahman, S. History of Traditional Medicine. Oxford University Press, 2019.

Characteristics:
e Focuses on page numbers.

e Commonly used for textual and historical analysis.
e Less frequently used in medical sciences.

5. Chicago Style

Chicago style is widely used in history, humanities, and interdisciplinary studies. It
offers two citation systems:

1. Notes and Bibliography System

2. Author-Date System

The Notes and Bibliography format uses footnotes or endnotes, whereas the Author—
Date system resembles Harvard referencing.
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Example of footnote citation:
' Ahmed Ali, History of Unani Medicine (New Delhi: Health Publications, 2020), 45.

Example of bibliography entry:
Ali, Ahmed. History of Unani Medicine. New Delhi: Health Publications, 2020.

Advantages:
e Provides detailed source information.

e Useful for historical and qualitative research.
o Allows extensive explanatory notes.

6. IEEE Referencing Style

The Institute of Electrical and Electronics Engineers (IEEE) style is primarily used in
engineering, information technology, and computer sciences. Similar to Vancouver
style, it follows a numerical citation system with references arranged according to
citation order.

Example of in-text citation:
Artificial intelligence applications in healthcare are expanding rapidly [1].

Example of reference list entry:
[1] A. Kumar, “Artificial Intelligence in Healthcare,” International Journal of Health
Informatics, vol. 12, no. 3, pp. 45-52, 2022.

Although rarely used in Unani medicine research, IEEE style may be applicable in
studies involving medical informatics and health technology.

Comparison of Major Reference Formats

Style Citation Method Common Disciplines
Vancouver Numerical Medicine, Health Sciences
APA Author—Date Psychology, Public Health
Harvard Author—Date Multidisciplinary Research
MLA Author—Page Humanities, Literature
Chicago Footnotes/Author—Date | History, Social Sciences
IEEE Numerical Engineering, Technology

The selection of a reference style should always comply with institutional guidelines,
journal instructions, and disciplinary conventions. Consistency throughout the
manuscript is more important than the choice of a particular style. Researchers should
carefully follow the prescribed format to ensure accuracy and professionalism in
scholarly communication.

4.6 PREDATORY AND QUALITY JOURNALS

Scientific journals play a crucial role in disseminating research findings, advancing
knowledge, and maintaining the integrity of academic scholarship. However, the
rapid expansion of scholarly publishing, particularly in the open-access environment,
has led to the emergence of both high-quality journals and predatory journals.
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Researchers, especially students and early-career scholars, must understand the
distinction between these two categories to ensure that their research reaches credible
academic audiences and contributes meaningfully to scientific knowledge.

4.6.1 Predatory Journals: Concept and Definition

Predatory journals are deceptive publishing outlets that prioritize financial gain over
scholarly integrity. These journals typically charge publication fees from authors
without providing legitimate editorial services, rigorous peer review, or ethical
publishing standards. The term “predatory publishing” refers to exploitative practices
in which publishers mislead authors regarding the quality, indexing status, peer-
review process, and academic impact of their journals. Predatory publishers often
exploit the pressure faced by researchers to publish academic work for career
advancement and degree requirements.

A widely accepted characterization describes predatory journals as entities that
prioritize self-interest at the expense of scholarship and are marked by misleading
information, lack of transparency, deviation from accepted editorial standards, and
aggressive solicitation of manuscripts.

Characteristics of Predatory Journals
Predatory journals exhibit several warning signs that distinguish them from legitimate
scholarly publications:

1. Absence of Genuine Peer Review: Manuscripts are accepted rapidly, often within
a few days, without meaningful reviewer comments or revisions.

2. Aggressive Email Solicitation: Researchers frequently receive unsolicited
invitations encouraging manuscript submission, editorial board membership, or
conference participation.

3. Misleading Metrics and Indexing Claims: Many predatory journals advertise fake
impact factors, fabricated indexing databases, or unverifiable citation metrics.

4. Poor Website Quality: Journal websites often contain grammatical errors, broken
links, vague policies, and inadequate contact information.

5. Lack of Editorial Transparency: Editorial board members may be fictitious,
unqualified, or listed without their consent.

6. Unclear Publication Charges: Publication fees may be hidden until after
manuscript acceptance or may be accompanied by excessive withdrawal charges.

7. Extremely Broad Scope: Predatory journals often publish articles from unrelated
disciplines to maximize submissions and revenue.

Consequences of Publishing in Predatory Journals

Publishing in predatory journals can have serious consequences for researchers and
the scientific community. Articles published in such journals often receive limited
visibility, reduced citations, and little academic recognition.
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Studies indicate that a substantial proportion of articles published in predatory
journals remain uncited and have minimal scientific impact.

Furthermore, predatory publishing undermines the credibility of research, damages
the reputation of authors and institutions, and contributes to the dissemination of low-
quality or unreliable scientific information. In health sciences, including Unani
medicine, publication in predatory journals may lead to the circulation of unverified
findings that can adversely influence clinical practice and policy decisions.

4.6.2 Quality Journals: Definition and Features

Quality journals are scholarly publications that adhere to established standards of
research integrity, transparency, peer review, and ethical publishing. These journals
provide a reliable platform for disseminating scientific knowledge and ensure that
published articles undergo rigorous evaluation before acceptance.

The major characteristics of quality journals include:

1. Robust Peer-Review System: Manuscripts are evaluated by qualified experts who
assess methodological quality, originality, validity, and significance.

2. Transparent Editorial Policies: Information regarding editorial processes,
publication ethics, conflict-of-interest policies, and author guidelines is clearly
stated.

3. Recognized Editorial Board: Editorial members are established scholars with
verifiable affiliations and expertise.

4. Indexing in Reputable Databases: Quality journals are commonly indexed in
recognized databases such as Scopus, Web of Science, PubMed, MEDLINE, and
the Directory of Open Access Journals (DOAJ).

5. Ethical Publishing Standards: They follow international guidelines issued by
organizations such as the Committee on Publication Ethics (COPE), Open Access
Scholarly Publishing Association (OASPA), and DOAJ.

6. Long-Term Archiving and Preservation: Published content remains accessible
through reliable archiving systems and digital repositories.

How to Identify a Quality Journal
Before submitting a manuscript, researchers should critically evaluate the journal
using the following checklist:

e Verify whether the journal is indexed in recognized databases.
e Examine the authenticity of the editorial board.

¢ Review previously published articles for quality and relevance.
¢ Check the journal’s peer-review and publication policies.

e Confirm ISSN registration and publisher information.
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e Assess whether publication fees are transparent.

¢ Use internationally recognized tools such as the “Think. Check. Submit.” initiative
for journal assessment.

Researchers should also verify whether open-access journals are listed in the
Directory of Open Access Journals (DOAJ), which maintains quality standards for
indexed journals.

4.6.3 Relevance for Unani Medical Research

In the field of Unani medicine, publication in reputable journals is essential for
generating evidence-based knowledge, enhancing global visibility, and supporting the
scientific validation of traditional healthcare practices. Scholars pursuing BUMS, MD
(Unani), and MS (Unani) programs must exercise caution when selecting journals for
publication. Choosing quality journals ensures that research findings undergo
rigorous scrutiny, contribute to scientific advancement, and strengthen the credibility
of Unani medical science.

The distinction between predatory and quality journals is fundamental to responsible
research publication. Predatory journals compromise scientific integrity through
deceptive practices and inadequate peer review, whereas quality journals uphold
transparency, ethical standards, and scholarly excellence. Researchers must critically
evaluate journals before submission and prioritize publication in reputable, indexed,
and peer-reviewed journals to ensure the dissemination of credible and impactful
scientific knowledge.
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5.1 RESEARCH PROTOCOL WRITING

A research protocol is a comprehensive written document that describes the rationale,
objectives, methodology, ethical considerations, and operational procedures of a
research study. It serves as a blueprint or roadmap for conducting research in a
systematic, scientific, and ethical manner. In medical and health sciences, including
Unani medicine, a well-designed research protocol is essential for ensuring the
validity, reliability, and reproducibility of research findings. It provides clear
guidance to investigators, ethics committees, funding agencies, and other stakeholders
regarding how the study will be conducted (World Health Organization [WHO],
2023).

Research protocol writing is a fundamental skill for BUMS and MD/MS scholars
because every research project, dissertation, clinical trial, or observational study
begins with a protocol. Before initiating data collection, the protocol must usually
receive approval from Institutional Ethics Committees (IEC), Institutional Research
Committees, and, where applicable, regulatory authorities. A scientifically sound
protocol minimizes bias, ensures participant safety, and enhances the quality of
evidence generated through research.

Importance of a Research Protocol
A research protocol serves several important purposes:

1. Provides a clear research plan: It outlines the study objectives, methodology, and
procedures in a structured format.

2. Ensures scientific validity: A well-designed protocol helps answer the research
question accurately and effectively.

3. Facilitates ethical review: Ethics committees evaluate participant safety and
ethical compliance based on the protocol.

4. Promotes standardization: 1t ensures that all researchers involved in the study
follow uniform procedures.

5. Assists in resource planning: The protocol helps estimate budget, manpower,
timelines, and logistics.

6. Enhances transparency and reproducibility: Other researchers can understand
and replicate the study if required.

According to WHO guidelines, the protocol acts as the principal document guiding
the conduct of research and maintaining scientific integrity throughout the study
(WHO, 2023).ss

Characteristics of a Good Research Protocol
An effective research protocol should possess the following characteristics:

e Clear and concise language

¢ Scientific accuracy
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o Logical organization

o Feasibility and practicality

¢ Ethical compliance

e Relevance to the research problem
¢ Adequate methodological detail

e Appropriate statistical planning

The protocol should answer fundamental questions such as: What is being studied?
Why is it important? How will the study be conducted? Who will participate? How
will data be analyzed? (Al-Jundi & Sakka, 2016).

Components of a Research Protocol
Although formats may vary among institutions, most research protocols include the
following sections:

1. Title of the Study
The title should be brief, specific, informative, and reflective of the study design and
objectives. It should clearly indicate the subject matter and target population.

2. Introduction and Background

This section presents the research problem, current knowledge, literature review, and
justification for the study. It explains the significance of the problem and identifies
gaps in existing knowledge that necessitate further investigation.

3. Rationale of the Study
The rationale explains why the study is being conducted and how its findings may
contribute to knowledge, clinical practice, public health, or policy development.

4. Aim and Objectives

The aim represents the overall purpose of the study, whereas objectives are specific,
measurable statements describing what the study intends to achieve. Objectives may
be classified as primary and secondary objectives.

5. Research Question and Hypothesis

A research question identifies the issue under investigation. For analytical studies,
hypotheses are formulated to predict relationships between variables. Hypotheses
may be null or alternative.

6. Methodology
The methodology section is considered the core of the protocol and includes:

e Study design (cross-sectional, case-control, cohort, clinical trial, etc.)
o Study setting
e Study population

e Inclusion and exclusion criteria
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e Sampling technique

e Sample size calculation

e Variables under study

e Data collection methods and tools

e Intervention details (if applicable)

¢ Outcome measures

Detailed methodology ensures reproducibility and scientific rigor.

7. Ethical Considerations
Ethical aspects are essential in all health research. This section should describe:

¢ Informed consent procedures

¢ Confidentiality and privacy measures

¢ Risk-benefit assessment

e Protection of vulnerable populations

¢ Institutional Ethics Committee approval

Ethical compliance safeguards participants' rights and welfare throughout the study.

8. Data Management and Statistical Analysis

This section explains how data will be collected, coded, stored, and analyzed.
Appropriate statistical tests should be selected based on study objectives and data
type. The statistical software to be used may also be mentioned.

9. Expected Outcomes
Researchers should describe anticipated findings and their potential implications for
Unani medicine, healthcare delivery, education, or policy.

10. Work Plan and Timeline
A timeline provides a schedule of activities such as literature review, protocol
approval, data collection, analysis, report writing, and dissemination.

11. Budget (if applicable)
Research costs related to equipment, laboratory investigations, travel, printing, data
management, and other resources may be included.

12. References
All sources cited in the protocol should be listed according to a recognized
referencing style such as Vancouver or APA.

Steps in Writing a Research Protocol
The process of protocol development generally involves the following steps:

1. Identification of a research problem.
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Extensive review of literature.

Formulation of research question and objectives.
Selection of appropriate study design.
Development of methodology.

Preparation of data collection instruments.
Consideration of ethical requirements.

Statistical planning.

A S A L o

Drafting and revision of the protocol.
10.Submission for scientific and ethical approval.

Each step requires careful planning to ensure the protocol adequately addresses the
research objectives and complies with scientific and ethical standards.

5.1.1 Relevance in Unani Medical Research

In Unani medicine, research protocols play a crucial role in evaluating the efficacy,
safety, and quality of Unani drugs, regimens, and therapeutic interventions.
Standardized protocols facilitate evidence-based validation of traditional knowledge
and support the integration of Unani medicine within modern healthcare systems.
Furthermore, protocol-driven research improves methodological quality and enhances
acceptance of Unani research at national and international levels.

Research protocol writing is an indispensable component of scientific investigation. A
well-structured protocol ensures methodological rigor, ethical compliance, efficient
resource utilization, and reliable outcomes. For Unani scholars and researchers,
mastery of protocol writing is essential for conducting high-quality research that
contributes meaningfully to the advancement of Unani medicine and healthcare
sciences.

5.2 DISSERTATION CONTENTS AND STRUCTURE
A dissertation is a formal scholarly document that presents the findings of an original
research study conducted by a student under academic supervision.

In Unani medical education, particularly at the BUMS and MD/MS levels, the
dissertation serves as evidence of the scholar’s ability to identify a research problem,
apply scientific methods, analyze data, and communicate findings systematically. A
well-structured dissertation not only fulfills academic requirements but also
contributes to the advancement of evidence-based Unani medicine.

The organization of a dissertation follows a logical sequence that enables readers to
understand the research problem, methodology, results, and implications of the study.
Most health science and medical dissertations are broadly based on the IMRAD
framework (Introduction, Methods, Results, and Discussion), supplemented with
preliminary and supplementary sections.
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This structure enhances clarity, transparency, and scientific communication (Sollaci
& Pereira, 2004; Cuschieri, 2018).

5.2.1 Preliminary Pages (Front Matter)
The preliminary section contains essential information that introduces the
dissertation. It generally includes:

a. Title Page

The title page contains the title of the dissertation, name of the researcher, degree for
which the dissertation is submitted, name of the institution, department, supervisor,
and year of submission.

b. Certificate and Declaration
These pages certify that the research work has been carried out under proper
supervision and that the work is original and has not been submitted elsewhere.

c. Acknowledgements

This section provides an opportunity for the researcher to express gratitude to
supervisors, faculty members, funding agencies, institutions, and participants who
contributed to the completion of the study.

d. Abstract

The abstract is a concise summary of the entire dissertation, usually ranging from
250-500 words. It includes the background, objectives, methodology, major findings,
and conclusions of the study.

e. Table of Contents
The table of contents lists chapters, sections, and page numbers to facilitate easy
navigation.

f- List of Tables, Figures, and Abbreviations
These lists help readers locate visual data presentations and understand abbreviated
terms used throughout the dissertation.

5.2.2 Main Body of the Dissertation
The main body constitutes the core scientific content of the dissertation.

Chapter 1: Introduction

The introduction provides background information on the research topic and
establishes its significance. It identifies the research problem, discusses the rationale
of the study, and highlights existing knowledge gaps. The chapter concludes with the
objectives, research questions, and hypotheses, where applicable. A well-written
introduction guides readers toward understanding why the study was undertaken.

Chapter 2: Review of Literature

This chapter critically examines previously published studies relevant to the research
topic. It summarizes existing evidence, identifies strengths and limitations of prior
research, and establishes the need for the present investigation.
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In Unani medical research, literature review may include classical Unani texts,
contemporary scientific studies, systematic reviews, and evidence from allied health
sciences.

Chapter 3: Materials and Methods

The methodology chapter describes how the research was conducted. It should
provide sufficient detail to enable replication of the study by other researchers. Key
components include:

e Study design

o Study setting

e Population and sample size

e Sampling technique

¢ Inclusion and exclusion criteria

e Data collection tools and procedures

¢ Intervention protocol (if applicable)

o FEthical considerations

o Statistical methods used for data analysis

Transparency in methodology enhances the validity and reliability of research
findings.

Chapter 4: Results

The results chapter presents the findings of the study objectively without
interpretation. Data are usually organized through tables, graphs, charts, and figures.
Statistical analyses, significance values, and descriptive summaries are reported
clearly and systematically. This section answers the research questions formulated at
the beginning of the study.

Chapter 5: Discussion

The discussion interprets the results in relation to the objectives and existing
literature. It explains the significance of findings, compares them with previous
studies, and explores possible reasons for similarities or differences.

The discussion also addresses strengths, limitations, and implications of the study for
clinical practice, education, or future research.

Chapter 6: Summary, Conclusion, and Recommendations

This chapter provides a concise summary of the study and its major findings.
Conclusions are drawn based on the evidence generated by the research.
Recommendations for clinical practice, policy development, and future investigations
are also included. In Unani medicine, recommendations may focus on therapeutic
applications, standardization of formulations, or further validation through
multicentric studies.
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5.2.3 End Matter (Back Matter)
The concluding portion of the dissertation contains supplementary information that
supports the main text.

a. References

All sources cited within the dissertation must be listed according to a recognized
citation style such as Vancouver, APA, or Harvard format. Accurate referencing
demonstrates academic integrity and enables readers to locate original sources.

b. Appendices

Appendices include materials that are important but too lengthy for inclusion in the
main text. Examples include questionnaires, informed consent forms, ethical approval
letters, patient information sheets, raw data tables, and case report forms.

c. Glossary (Optional)
A glossary may be included to explain specialized Unani terminologies and technical
terms used in the dissertation.

5.2.4 Importance of Proper Dissertation Structure

A systematic dissertation structure improves readability, ensures logical presentation
of information, and facilitates scientific evaluation. The IMRAD-based organization
has become the standard format in medical and health science research because it
reflects the natural progression of scientific inquiry—from identifying a problem to
presenting evidence and drawing conclusions. Proper structuring also enhances the
possibility of converting dissertation findings into publishable journal articles and
contributes to the dissemination of research knowledge.

5.3 PROTOCOL, SYNOPSIS AND DISSERTATION WRITING

Research communication is a critical component of scientific inquiry, as it enables
researchers to systematically present their ideas, methodologies, findings, and
interpretations to the academic community. In Unani medical research, the
preparation of a protocol, synopsis, and dissertation forms the foundation of scholarly
investigation and is an essential requirement for BUMS, MD (Unani), and MS
(Unani) scholars. These documents ensure scientific rigor, ethical compliance, and
effective dissemination of research outcomes.

5.3.1 Research Protocol

A research protocol is a detailed written plan that describes the rationale, objectives,
methodology, ethical considerations, and statistical procedures of a proposed study. It
serves as a blueprint for conducting research and ensures uniformity, transparency,
and reproducibility of the study. A well-developed protocol facilitates scientific
review, ethical approval, and efficient execution of research activities. According to
the World Health Organization (WHO), a research protocol should clearly describe
the background, objectives, study design, methodology, data management, statistical
analysis, ethical issues, and expected outcomes of the study.
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The major components of a research protocol include:
1. Title of the Study — concise, informative, and reflective of the research problem.

2. Background and Rationale — explanation of the problem and justification for
conducting the study.

3. Review of Literature — summary of previous work related to the topic.

4. Research Question and Hypothesis — statement of the problem and expected
relationship between variables.

5. Objectives of the Study — primary and secondary objectives.

6. Methodology — study design, study setting, sample size, sampling technique,
inclusion and exclusion criteria, interventions, and outcome measures.

7. Data Collection and Analysis Plan — methods of data recording, coding, and
statistical analysis.

8. Ethical Considerations — informed consent, confidentiality, and institutional
ethics committee approval.

9. Timeline and Budget — schedule and estimated expenses.
10. References — sources cited in the protocol.

A scientifically sound protocol minimizes errors, prevents deviations during the
study, and enhances the credibility of research findings.

5.3.2 Research Synopsis

A synopsis is a concise summary of the proposed research project prepared before
commencing the study. It provides reviewers, supervisors, and ethics committees with
a brief overview of the research plan. While a protocol presents detailed information,
a synopsis is comparatively shorter and focuses on essential elements of the study.
Many universities require submission of a synopsis for approval of dissertation work
before data collection begins.

A standard synopsis generally contains the following sections:
o Title of the study

¢ Introduction and background

¢ Statement of the problem

e Need and significance of the study

e Review of literature

e Aim and objectives

e Research hypothesis (where applicable)

e Materials and methods
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o Statistical analysis plan
o FEthical considerations
e Expected outcomes

e References

The synopsis should be clear, concise, and logically organized. It should enable
reviewers to understand the study objectives, methodology, and feasibility at a glance.
An effective synopsis demonstrates the researcher’s understanding of the subject and
the scientific validity of the proposed investigation.

5.3.3 Dissertation Writing

A dissertation is a comprehensive scholarly document prepared after completion of
the research study. It presents the entire research process, including the problem
statement, methodology, results, discussion, conclusions, and recommendations.
Dissertation writing is an important academic requirement for postgraduate medical
education and serves as evidence of a scholar’s ability to conduct independent
scientific research.

The primary objectives of dissertation writing are:
e To contribute new knowledge to the field.

e To demonstrate research competence.

e To develop critical thinking and analytical skills.

e To communicate research findings effectively.

A typical dissertation consists of the following chapters:

Preliminary Pages
o Title page

o Certificate

e Declaration

e Acknowledgements

e Table of contents

e List of tables and figures
e Abbreviations

Chapter 1: Introduction
This chapter introduces the research problem, explains its significance, and presents
the aims and objectives of the study.
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Chapter 2: Review of Literature

A systematic and critical review of previous studies relevant to the research topic is
presented. This chapter identifies knowledge gaps and establishes the rationale for the
study.

Chapter 3: Materials and Methods

This chapter describes the study design, setting, participants, sampling procedures,
interventions, instruments, data collection methods, and statistical techniques used in
the study.

Chapter 4: Results
Research findings are presented objectively through tables, graphs, and statistical
summaries without interpretation.

Chapter 5: Discussion
The findings are interpreted and compared with previous studies. Possible
explanations, strengths, limitations, and implications of the results are discussed.

Chapter 6: Summary and Conclusion
The major findings are summarized, conclusions are drawn, and recommendations for
future research are provided.

References and Appendices

All cited sources are listed according to the prescribed referencing style, and
supplementary materials such as questionnaires, consent forms, and ethical approval
letters are included.

5.3.4 Principles of Good Dissertation Writing

Effective dissertation writing should be characterized by clarity, accuracy, objectivity,
coherence, and scientific integrity. Researchers should use simple and precise
language, avoid plagiarism, maintain consistency in formatting, and follow the
prescribed university guidelines. Proper citation and referencing are essential to
acknowledge previous work and uphold academic ethics. Regular consultation with
supervisors and careful revision of drafts improve the overall quality of the
dissertation.

In Unani medical education, mastery of protocol preparation, synopsis writing, and
dissertation writing equips scholars with the necessary skills to conduct evidence-
based research and contribute meaningfully to the advancement of Unani medicine.

5.4 TYPES AND STRUCTURE OF JOURNAL ARTICLES

Scientific journals serve as the primary medium for communicating research findings,
scholarly opinions, and evidence-based knowledge. In health sciences, including
Unani medicine, journal articles play a crucial role in disseminating new discoveries,
validating traditional knowledge through scientific methods, and promoting evidence-
based clinical practice. Different types of journal articles serve different purposes,
ranging from reporting original research to summarizing existing evidence and
presenting clinical observations.
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Understanding the types and structure of journal articles is essential for students,
researchers, and academicians engaged in scholarly communication.

5.4.1 Types of Journal Articles
Journal articles can be classified into several categories based on their objectives,
methodology, and content.

1. Original Research Articles

Original research articles present novel findings derived from scientific
investigations. These articles report the results of experimental, observational,
clinical, laboratory, or epidemiological studies conducted by the authors. Original
research papers contribute directly to the advancement of knowledge and form the
foundation of scientific literature. Most biomedical and health science journals
prioritize the publication of original research because it provides new evidence and
insights. These articles generally follow the IMRAD structure (Introduction,
Methods, Results, and Discussion).

2. Review Articles

Review articles synthesize and critically evaluate previously published research on a
particular topic. They do not usually present new experimental data but provide an
overview of current knowledge, identify research gaps, and suggest future directions.
Review articles are particularly useful for students and researchers seeking
comprehensive information on a subject.

Review articles may be classified as:
e Narrative Reviews

e Systematic Reviews
¢ Scoping Reviews
e Meta-Analyses

Systematic reviews and meta-analyses are considered high levels of evidence in
evidence-based medicine because they use rigorous methodologies to summarize
findings from multiple studies.

3. Case Reports and Case Series

Case reports describe unique or unusual clinical cases encountered in practice. They
may highlight rare diseases, unexpected treatment outcomes, adverse drug reactions,
or innovative therapeutic approaches.

A case series involves a collection of similar cases. In Unani medicine, case reports
can provide valuable documentation of traditional therapeutic interventions and their
clinical outcomes.

4. Short Communications

Short communications, also known as brief reports, present preliminary findings,
novel observations, or pilot study results in a concise format. These articles are
shorter than full research papers but contain scientifically significant information.
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5. Editorials

Editorials are opinion-based articles written by editors or invited experts. They
discuss current issues, recent developments, policy matters, or important articles
published in the same journal. Editorials help guide scientific discussion within a
discipline.

6. Letters to the Editor

Letters to the editor provide comments, critiques, or additional insights regarding
previously published articles. They promote academic dialogue and post-publication
review of scientific literature.

7. Commentary and Perspective Articles

These articles provide expert interpretations, viewpoints, or analyses of contemporary
issues in research, healthcare, education, or policy. They encourage scholarly debate
and critical thinking.

5.4.2 Structure of Journal Articles

Although article formats may vary according to journal requirements and article type,
original research articles generally follow a standardized structure known as the
IMRAD format: Introduction, Methods, Results, and Discussion. This structure is
widely accepted in biomedical and scientific publishing because it promotes clarity,
transparency, and reproducibility.

1. Title

The title is the first element reader’s encounter. It should be concise, informative, and
accurately reflect the content of the study. A well-crafted title improves
discoverability in bibliographic databases and search engines.

2. Author Information

This section includes the names of authors, institutional affiliations, contact details of
the corresponding author, and sometimes unique researcher identifiers such as
ORCID IDs.

3. Abstract

The abstract provides a concise summary of the entire study. It generally includes the
background, objectives, methods, results, and conclusions. Many biomedical journals
require structured abstracts with predefined headings to improve readability and
information retrieval.

4. Keywords
Keywords are important indexing terms that facilitate article retrieval through
electronic databases. Authors usually provide three to six keywords relevant to the
study topic.

5. Introduction
The introduction establishes the context and significance of the research problem. It
reviews relevant literature, identifies knowledge gaps, and clearly states the research
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objectives or hypotheses. The introduction answers the question: “Why was this study
conducted?”

6. Materials and Methods

The methods section describes how the study was conducted. It includes details
regarding study design, study setting, participants, interventions, data collection
procedures, instruments used, ethical considerations, and statistical analysis.
Sufficient detail should be provided to allow replication of the study by other
researchers.

7. Results

The results section presents the findings objectively without interpretation. Data are
often displayed using tables, graphs, figures, and charts to improve understanding.
The findings should directly address the study objectives and research questions.

8. Discussion

The discussion interprets the findings and explains their significance. Authors
compare their results with previous studies, discuss strengths and limitations, and
explore the implications of their findings. This section answers the question: “What
do the results mean?”

9. Conclusion
The conclusion summarizes the major findings and highlights their practical, clinical,
or research implications. Recommendations for future research may also be included.

10. Acknowledgements
Authors acknowledge individuals, institutions, or funding agencies that contributed to
the study but do not meet authorship criteria.

11. References

The reference section lists all sources cited in the manuscript according to the citation
style prescribed by the journal. Accurate referencing is essential for academic
integrity and scholarly credibility.

5.4.2 Importance of Standardized Article Structure

A standardized structure enhances the readability, transparency, and quality of
scientific communication. It enables readers, reviewers, and editors to locate
information efficiently and assess the validity and reliability of research findings. The
IMRAD format has become the international standard for reporting original research
in medical and health sciences because it reflects the logical sequence of scientific
inquiry and facilitates evidence dissemination.

5.5 REFERENCING AND CITATION STYLES

Referencing and citation are fundamental components of scientific writing and
research communication. They provide acknowledgment to original authors, support
the credibility of research findings, enable readers to trace information sources, and
help prevent plagiarism. In medical and health sciences research, including Unani
medicine, accurate citation practices are essential for maintaining academic integrity
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and ensuring transparency in scholarly communication. Citation refers to the brief
acknowledgment of a source within the text, whereas referencing involves providing
complete bibliographic details of all cited sources in a reference list at the end of the
manuscript. Proper referencing allows readers to locate and verify the original sources
of information.

5.5.1 Importance of Referencing in Research
Referencing serves several important functions in academic writing:

1. Acknowledges intellectual contributions of previous researchers.

2. Prevents plagiarism by giving proper credit to original authors.

3. Supports scientific arguments through evidence-based sources.

4. Enhances credibility and reliability of research findings.

5. Facilitates verification and further reading by readers.

6. Demonstrates the depth of literature review conducted by the researcher.

In biomedical and health sciences research, appropriate citation practices are
considered an essential aspect of research ethics and publication standards.

5.5.2 Components of a Citation
A standard citation generally contains the following elements:

e Author(s) name(s)

o Title of the worka

e Year of publication

e Journal or book title

¢ Volume and issue number (for journals)

e Page numbers

e Publisher information

¢ DOI (Digital Object Identifier), if available

The exact format depends upon the citation style being used.

5.5.3 Major Citation Styles Used in Academic Research
Various academic disciplines use different referencing styles. The choice of style
depends on institutional requirements, journal guidelines, and subject area.

1. Vancouver Style

The Vancouver style is the most widely used citation system in medicine, biomedical
sciences, pharmacy, nursing, and health-related disciplines. It was developed by the
International Committee of Medical Journal Editors (ICMJE) and is recommended by
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many medical journals worldwide. References are numbered consecutively according
to their first appearance in the text.

In-text citation example:
Unani medicine emphasizes holistic patient care.!

or
Unani medicine emphasizes holistic patient care (1).

Reference list example:
1. Khan MA. Fundamentals of Unani Medicine. New Delhi: CCRUM; 2020.

Characteristics of Vancouver Style
e Numeric citation system.

e References arranged in order of appearance.
e Commonly used in medical and health sciences.
e Suitable for manuscripts with numerous references.

Since most biomedical journals follow ICMJE recommendations, Vancouver style is
highly relevant for BUMS, MD (Unani), and MS scholars.

2. APA (American Psychological Association) Style
APA style is commonly used in psychology, education, nursing, social sciences, and
some healthcare disciplines. It follows the author-date citation system.

In-text citation example:
Traditional medicine plays an important role in primary healthcare (Ahmed, 2023).

Reference list example:
Ahmed, S. (2023). Research Methods in Healthcare. New Delhi: Academic Press.

Characteristics of APA Style
e Uses author-date citations.

o References arranged alphabetically.
e Emphasizes publication year.
¢ Suitable for disciplines where recent evidence is important.

3. AMA (American Medical Association) Style

AMA style is another citation system frequently used in clinical medicine and
healthcare publications. Similar to Vancouver style, it employs numerical citations
but follows specific formatting guidelines established by the American Medical
Association.

In-text citation example:
Several studies have demonstrated the effectiveness of herbal therapies.?
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Reference example:
2. Ahmad A, Khan M. Herbal interventions in chronic diseases. J Integr Med.
2024;18(2):101-108.

Characteristics
e Numerical citation system.

¢ Frequently used in clinical and medical journals.
e Provides standardized formatting for medical publications.

4. Harvard Referencing Style

Harvard style follows an author-date citation format and is widely used in universities
across various disciplines. Unlike Vancouver style, references are listed
alphabetically according to the author's surname.

In-text citation example:
Research methodology is essential for evidence-based medicine (Sharma, 2022).

Reference example:
Sharma, R. 2022. Research Methodology in Health Sciences. Delhi: Academic
Publishers.

In-text Citation versus Reference List
A citation style generally consists of two interconnected components:

In-text Citation
Appears within the main body of the text whenever a source is quoted, paraphrased,
or summarized.

Example (Vancouver):
Research ethics are essential in clinical investigations (3).

Example (APA):
Research ethics are essential in clinical investigations (Verma, 2022).
Reference List

Appears at the end of the manuscript and contains complete details of all cited
sources.

Every source cited in the text must appear in the reference list, and every source in the
reference list should be cited within the text.

Common Sources and Their Citation Formats (Vancouver Style)

Journal Article
Author(s). Title of article. Journal Abbreviation. Year;Volume(Issue):Page numbers.

Example:
Rahman A, Ali S. Role of Unani medicine in lifestyle disorders. J Res Unani Med.
2023;15(2):45-52.
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Book
Author(s). Title of Book. Edition. Place of publication: Publisher; Year.

Example:
Kabiruddin M. Kulliyat-e-Qanoon. New Delhi: CCRUM; 2018.

Website
Author/Organization. Title of webpage [Internet]. Place of publication: Publisher;
Year [cited Year Month Date]. Available from: URL.

5.5.4 Reference Management Software
Modern researchers frequently use reference management tools to organize citations
and generate bibliographies automatically. Popular software includes:

e Zotero
e Mendeley
e EndNote

These tools reduce formatting errors and facilitate manuscript preparation according
to journal-specific citation styles.

Referencing and citation are indispensable elements of scientific communication.
They uphold academic honesty, strengthen scholarly arguments, and facilitate
knowledge dissemination. For researchers in Unani medicine, familiarity with citation
styles—particularly Vancouver style, which predominates in biomedical research—is
essential for preparing theses, dissertations, journal articles, and research reports.
Accurate referencing not only enhances the quality of scientific writing but also
reflects the professionalism and ethical responsibility of the researcher.

5.6 SCIENTOMETRICS AND BIBLIOMETRICS

Scientific research is meaningful only when it is effectively communicated,
disseminated, and utilized by the academic community. In the modern era of research
communication, quantitative methods are increasingly employed to evaluate the
growth, impact, and dissemination of scientific knowledge. Two important disciplines
that facilitate such evaluation are Scientometrics and Bibliometrics. These fields
provide systematic approaches for assessing research productivity, scholarly
communication, citation impact, and the development of scientific disciplines.

Introduction

The rapid expansion of scientific literature has made it difficult for researchers,
institutions, and policymakers to assess the quality and impact of research solely
through qualitative methods. Consequently, quantitative techniques have been
developed to analyze publications, citations, authorship patterns, collaboration
networks, and research trends. Scientometrics and bibliometrics serve as valuable
tools for understanding the structure and dynamics of scientific communication and
for evaluating research performance.
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Bibliometrics

Bibliometrics refers to the application of mathematical and statistical methods to the
analysis of books, articles, and other published documents. The term was introduced
by Alan Pritchard in 1969 to describe the quantitative study of recorded knowledge
and scholarly literature. Bibliometric analysis focuses primarily on publications and
their bibliographic characteristics, such as authorship, citations, keywords, journals,
and publication trends.

Bibliometrics is widely used in library and information science, research evaluation,
and academic publishing. It helps identify influential authors, highly cited articles,
productive institutions, and emerging research areas. Through bibliometric studies,
researchers can map the intellectual structure of a discipline and understand the
evolution of scientific knowledge.

Common bibliometric indicators include:

1. Publication Count — Measures the number of publications produced by an author,
institution, or country.

2. Citation Count — Indicates how often a publication has been cited by other
researchers.

3. Impact Factor (IF) — Reflects the average number of citations received by articles
published in a journal.

4. h-index — Combines productivity and citation impact by measuring the number of
publications that have received at least an equal number of citations.

5. Co-authorship Analysis — Examines collaboration patterns among researchers.
6. Keyword Analysis — Identifies research themes and emerging topics.

Scientometrics

Scientometrics is the quantitative study of science, scientific communication, and
science policy. It extends beyond the analysis of publications to examine broader
aspects of scientific activity, including research productivity, collaboration networks,
innovation systems, and the social impact of science. Scientometrics seeks to
understand how scientific knowledge is generated, disseminated, and utilized within
society.

The term “scientometrics” was introduced by Nalimov and Mulchenko in the late
1960s and gained prominence with the establishment of the journal Scienfometrics in
1978. Scientometric studies utilize publication and citation data to develop indicators
that support research management, funding decisions, and science policy formulation.

Major objectives of scientometrics include:
e Measuring scientific productivity.

¢ FEvaluating research impact and quality.

o Assessing national and institutional research performance.
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e Mapping scientific collaboration networks.
o Identifying emerging research frontiers.
e Supporting evidence-based science policy and research management.

Relationship between Scientometrics and Bibliometrics

Although the terms are often used interchangeably, bibliometrics and scientometrics
differ in scope. Bibliometrics primarily focuses on the quantitative analysis of
publications and bibliographic records, whereas scientometrics encompasses the
broader study of scientific activities, research systems, and science policy. In essence,
bibliometrics can be considered a subset or methodological component of
scientometrics. Both disciplines rely heavily on publication and citation data and
contribute significantly to research evaluation and knowledge mapping.

5.6.1 Applications in Medical and Unani Research

Scientometric and bibliometric techniques have become increasingly important in
health sciences and traditional medicine research. In the field of Unani medicine,
these methods can be used to:

¢ Analyze publication trends in Unani research.

o Identify highly productive researchers and institutions.

¢ Assess national and international collaboration.

o Evaluate the impact of journals publishing Unani studies.

e Detect emerging areas such as pharmacological validation, clinical trials, and
evidence-based traditional medicine.

¢ Guide funding agencies and policymakers in prioritizing research areas.

Such analyses help strengthen the scientific foundation of Unani medicine and
promote its integration into mainstream healthcare research.

Sources of Bibliometric and Scientometric Data
Several databases provide data for bibliometric and scientometric studies:

e Scopus

o Web of Science
e PubMed

¢ Google Scholar
e Dimensions

e CrossRef

These databases offer information on publications, citations, authors, affiliations, and
research collaborations, enabling comprehensive research evaluation.
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Limitations
Despite their usefulness, scientometric and bibliometric indicators have several
limitations:

1.

Citation counts may not always reflect research quality.

2. Citation practices vary across disciplines.

3. Self-citations can inflate impact measures.

4. Quantitative indicators may overlook societal and clinical significance.
5

reduce research quality.

. Excessive dependence on metrics may encourage “publish or perish” behavior and

Therefore, quantitative indicators should be interpreted alongside qualitative
assessment methods such as peer review and expert evaluation.

Scientometrics and bibliometrics are essential components of modern research
communication. They provide objective methods for assessing research productivity,
impact, collaboration, and knowledge dissemination. While bibliometrics focuses on
the quantitative analysis of publications, scientometrics evaluates the broader
scientific enterprise and its influence on society. For students and researchers in
Unani medicine, understanding these disciplines is important for evaluating scientific
literature, monitoring research trends, and contributing effectively to evidence-based
healthcare research.

135



RESearch Process

v
g IDENTIFY 0
THE PROBLEM
CONCLUSIONS &
RECOMMENDATIONS
REPommc &

REVIEW
LITERATURE
. k.
COMMUNICATION

';

RESEARCH )\ i
0 . PROCESS
INTERPRETATION k

QUESTIONS

' OR HYPOTHESES

OF RESULTS ’/ o
e : : RESEARCH
DESIGN

DATA ANALYSIS

DATA COLLECTION

o Quatt 25e0r ¢
Xe X Q \ik R A
Steps Y

the Topie
Jnoose
m@ (;Lo ew the Likerokure
evi
o Define the
o Colet 13

136



6.1 PROCESS FOR SELECTION OF TOPIC

The selection of a research topic is the first and one of the most critical steps in the
research process. A well-chosen topic serves as the foundation of a successful
research study, while an inappropriate topic may lead to difficulties in data collection,
analysis, interpretation, and completion of the study. In Unani medical research, topic
selection should be guided by scientific relevance, clinical importance, feasibility,
ethical considerations, and the potential contribution to existing knowledge. The
selection of an appropriate research topic enables researchers to address
contemporary healthcare challenges, validate traditional Unani concepts, and
contribute to evidence-based medicine.

Research begins with the identification of a problem, observation, or area of interest
that requires systematic investigation. The researcher should select a topic that aligns
with personal interests, academic goals, and societal needs. A topic that genuinely
interests the researcher enhances motivation, commitment, and perseverance
throughout the study period. Furthermore, the topic should be relevant to the
discipline and should address existing gaps in knowledge or unresolved questions
within the field. Studies have shown that successful topic selection often emerges
from a combination of personal interest, current scientific relevance, stakeholder
needs, and identification of research gaps.

6.1.1 Sources of Research Topics
Research topics may arise from various sources, including:

1. Clinical observations and practice — Unusual disease patterns, treatment
outcomes, or unresolved clinical issues encountered during patient care.

2. Review of literature — ldentification of gaps, inconsistencies, or unexplored arecas
in published research.

3. Traditional Unani literature — Investigation of classical concepts, formulations,
and therapeutic approaches described in Unani texts.

4. Public health problems — Diseases and health conditions of significant community
concern.

5. Government and institutional priorities — Research areas identified by health
agencies and academic institutions.

6. Technological and scientific advancements — Emerging diagnostic tools,
laboratory methods, and interdisciplinary approaches.

These sources provide opportunities to generate meaningful and innovative research
questions that contribute to the advancement of Unani medicine.

Steps in Topic Selection
The process of selecting a research topic generally involves several systematic steps:
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1. Identification of Broad Area of Interest

The researcher should first identify a broad subject area based on academic
specialization, professional experience, or personal interest. Examples may include
Ilaj-bit-Tadbeer (Regimental Therapy), Ilmul Advia (Pharmacology), preventive
medicine, chronic diseases, or lifestyle disorders.

2. Preliminary Literature Review

A comprehensive review of existing literature helps researchers understand the
current state of knowledge. Literature review assists in identifying previously
conducted studies, methodological approaches, research gaps, and areas requiring
further investigation. Reviewing scientific journals, dissertations, conference
proceedings, and classical Unani texts help refine the research idea.

3. Identification of Research Gap

A research gap refers to an area where existing knowledge is insufficient,
contradictory, or absent. Identifying such gaps ensures that the proposed study
contributes new knowledge rather than duplicating previous work. Research gaps may
emerge from inconsistent findings, methodological limitations, underexplored
populations, or newly emerging health concerns.

4. Formulation of a Research Problem

After identifying the gap, the researcher formulates a clear and specific research
problem. The problem statement should define what needs to be studied, why it is
important, and how the findings may contribute to the field. A well-defined research
problem provides direction for the entire investigation.

5. Assessment of Feasibility
Before finalizing the topic, feasibility should be carefully evaluated. Important
considerations include:

e Availability of participants or study subjects
e Access to research materials and facilities

e Availability of time and financial resources
e Researcher's expertise and skills

o Institutional support and infrastructure

A topic may be scientifically important but impractical if resources are inadequate.
Therefore, feasibility assessment is essential.

6. Evaluation of Significance and Relevance

The selected topic should possess academic, clinical, or societal significance. In
Unani medical research, preference should be given to topics that improve patient
care, validate traditional therapies, promote public health, or contribute to evidence-
based practice.
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7. Ethical Considerations

The researcher must ensure that the proposed study adheres to ethical principles.
Research involving human participants, animals, or biological materials requires
ethical approval and compliance with institutional and national guidelines. Ethical
acceptability is a fundamental criterion during topic selection.

8. Consultation with Experts and Supervisors

Discussion with supervisors, faculty members, clinicians, and subject experts
provides valuable guidance regarding the relevance, originality, and feasibility of the
proposed topic. Expert consultation often helps refine the research question and avoid
potential methodological challenges.

9. Finalization of Topic

After considering all relevant factors, the researcher finalizes a focused and
researchable topic. Broad topics should be narrowed into specific, manageable
research questions. For example, instead of studying “Diabetes Mellitus,” a more
focused topic could be “Evaluation of the Efficacy of a Unani Formulation in the

Management of Type 2 Diabetes Mellitus.”

Characteristics of a Good Research Topic
A good research topic should possess the following characteristics:

o Relevant to the discipline and current healthcare needs.

o Interesting and motivating for the researcher.

¢ Novel and capable of generating new knowledge.

e Specific and clearly defined.

¢ Feasible within available resources and time.

¢ Ethical and socially acceptable.

e Researchable through scientific methods.

e Capable of producing meaningful and measurable outcomes.

Some authors recommend evaluating a proposed topic based on criteria such as
relevance, innovation, practicality, contemporary significance, and measurable
outcomes before final selection.

Topic selection is a systematic and thoughtful process that determines the quality and
success of research. It involves identifying an area of interest, reviewing existing
literature, recognizing research gaps, assessing feasibility, and ensuring scientific and
ethical relevance. In Unani medicine, careful topic selection promotes the generation
of evidence-based knowledge, supports validation of traditional concepts, and
contributes to the advancement of healthcare.

Therefore, researchers should devote adequate time and effort to selecting a
meaningful, feasible, and scientifically valuable research topic.
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6.2 LITERATURE SEARCH AND CRITICAL APPRAISAL OF
LITERATURE

A literature search is a systematic process of identifying, retrieving, and reviewing
published and unpublished information relevant to a specific research question. It
forms the foundation of scientific research by enabling investigators to understand
existing knowledge, identify research gaps, avoid duplication, and develop
appropriate study designs. In Unani medical research, literature searching helps
scholars explore classical Unani texts, contemporary scientific publications, clinical
trials, and evidence-based studies related to Unani principles and therapeutics. A
well-conducted literature search contributes significantly to the quality, validity, and
originality of a research project.

6.2.1 Importance of Literature Search
Before initiating a research study, investigators must understand what has already
been studied on the topic. Literature searching serves several purposes:

1. Identifies existing evidence and knowledge gaps.

2. Helps refine research questions and objectives.

3. Prevents duplication of research efforts.

4. Assists in selecting suitable methodology and statistical techniques.
5. Provides theoretical and conceptual foundations for the study.

6. Supports interpretation and discussion of research findings.

For postgraduate scholars and researchers in Unani medicine, a thorough literature
review also facilitates the integration of classical concepts with contemporary
biomedical evidence.

Sources of Literature
Research literature can be obtained from various sources, broadly classified as:

1. Primary Sources
¢ Original research articles

Clinical trial reports

Thesis and dissertations

Conference proceedings

2. Secondary Sources
e Review articles

Systematic reviews

Meta-analyses

Indexing and abstracting databases
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. Tertiary Sources
e Textbooks

¢ Encyclopedias
¢ Clinical guidelines
¢ Reference manuals

In Unani medicine, classical literature such as A/-Qanun fi al-Tibb of Ibn Sina, Al-
Hawi of Al-Razi, and standard pharmacopoeias also constitute valuable sources of
information.

Steps in Conducting a Literature Searchs
A systematic literature search generally follows the following steps:

1. Define the Research Question

A clearly framed research question guides the search strategy. Frameworks such as
PICO (Population, Intervention, Comparison, Outcome) are commonly used in health
sciences to formulate focused questions and develop search terms.

2. Identify Keywords and Search Terms
Researchers should identify:

e Main concepts of the topic

e Synonyms and related terms

e Scientific and common names

e Controlled vocabulary terms (e.g., MeSH terms)

For example, a study on the efficacy of Nigella sativa in diabetes may use keywords
such as:

e Nigella sativa

e Black seed

o Kalonji

e Diabetes mellitus
e Hyperglycemia

3. Select Appropriate Databases
Commonly used databases include:

e PubMed
e MEDLINE
e Scopus

e Web of Science
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e Google Scholar
e Cochrane Library

4. Apply Search Strategies
Boolean operators improve search precision:

e AND: narrows results (Diabetes AND Nigella sativa)
e OR: broadens results (Diabetes OR Hyperglycemia)
e NOT: excludes unwanted terms

Filters such as publication year, study type, language, and population characteristics
may also be applied.

5. Screen and Select Relevant Studies
Titles and abstracts are reviewed to determine relevance. Selected studies are then
examined in full text for inclusion in the review.

6.2.2 Literature Review

After collecting relevant articles, researchers conduct a literature review. A literature
review is a structured summary, analysis, and synthesis of existing knowledge related
to a research topic. It identifies trends, strengths, limitations, controversies, and
research gaps. Rather than merely listing studies, a good literature review critically
evaluates and integrates evidence to establish the rationale for the proposed research.

Critical Appraisal of Literature

Critical appraisal is the systematic evaluation of research evidence to determine its
validity, reliability, relevance, and applicability. It is an essential component of
evidence-based healthcare and research methodology. Critical appraisal enables
researchers to distinguish high-quality evidence from poorly conducted studies and
make informed decisions regarding the use of research findings.

Objectives of Critical Appraisal
The major objectives are:

e To assess the scientific quality of research.

e To identify potential sources of bias.

e To evaluate the reliability of study findings.

e To determine the applicability of results to clinical practice.
e To support evidence-based decision-making.

Key Components of Critical Appraisal

1. Validity
Validity refers to the extent to which study results accurately reflect reality.
Researchers assess:
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e Appropriateness of study design
¢ Sampling methods

¢ Randomization procedures

e Control of confounding factors
e Measurement accuracy

2. Reliability
Reliability indicates consistency and reproducibility of results. A reliable study
produces similar findings when repeated under comparable conditions.

3. Bias Assessment
Bias is a systematic error that can affect study outcomes. Common forms include:

e Selection bias
e Information bias
e Observer bias
e Publication bias

4. Statistical Evaluation
Critical appraisal involves examining:

e Sample size adequacy
e Statistical tests used

e Confidence intervals
e P-values

e Effect size estimates

5. Applicability and Generalizability
Researchers evaluate whether findings can be applied to other populations, settings,
or clinical situations. This aspect is particularly important in translating research
evidence into Unani clinical practice.

Critical Appraisal Tools
Several standardized tools are available for appraising research studies:

e CASP (Critical Appraisal Skills Programme) checklists
e CONSORT guidelines for randomized controlled trials
e STROBE guidelines for observational studies

¢ PRISMA guidelines for systematic reviews

e Cochrane Risk of Bias Tool
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These instruments provide structured criteria for assessing methodological quality and
reporting standards.

6.2.3 Significance in Unani Medical Research

The growing emphasis on evidence-based healthcare necessitates rigorous appraisal
of both traditional and contemporary literature. Unani researchers must critically
evaluate available evidence regarding efficacy, safety, standardization, and
mechanisms of action of Unani interventions. Through systematic literature searching
and critical appraisal, scholars can generate high-quality evidence that strengthens the
scientific credibility and global acceptance of Unani medicine.

6.3 LITERATURE SEARCH IN MEDICAL DATABASES

Literature search is a fundamental step in the research process and serves as the
foundation of evidence-based medical research. Before initiating any research study,
investigators must review existing scientific literature to understand current
knowledge, identify research gaps, avoid duplication, and formulate relevant research
questions. In medical sciences, including Unani medicine, a systematic and
comprehensive literature search enables researchers to gather evidence from
previously published studies, clinical trials, reviews, and scholarly reports. Effective
literature searching improves the quality, validity, and relevance of research
outcomes.

Medical databases are organized collections of scientific literature that allow
researchers to retrieve scholarly publications efficiently. These databases index
journal articles, conference proceedings, systematic reviews, clinical guidelines, and
other research materials using structured search systems. Unlike general internet
search engines, medical databases provide access to peer-reviewed and scientifically
validated information, making them essential tools for academic and clinical research.

The primary objectives of conducting a literature search are:
1. To identify existing evidence related to the research topic.

2. To understand theoretical and methodological approaches used by previous
researchers.

3. To identify gaps in knowledge requiring further investigation.
4. To refine research questions and hypotheses.
5. To support evidence-based clinical practice and policymaking.

Several medical databases are commonly used by researchers worldwide. Among
these, PubMed is the most widely utilized database in biomedical research.
Developed by the U.S. National Library of Medicine (NLM), PubMed provides
access to more than 40 million citations from biomedical journals, books, and life
science literature. It includes records from MEDLINE and other scientific resources,
making it a valuable source for medical and health-related research.
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MEDLINE (Medical Literature Analysis and Retrieval System Online) is the premier
bibliographic database maintained by the National Library of Medicine. It contains
millions of references covering medicine, nursing, pharmacy, dentistry, public health,
and related biomedical sciences. MEDLINE uses a controlled vocabulary known as
Medical Subject Headings (MeSH), which facilitates precise and standardized
searching.

Other important databases include:

e Embase: A comprehensive biomedical and pharmacological database with
extensive coverage of drug-related research.

e Cochrane Library: A major source of systematic reviews and evidence-based
healthcare information.

e Scopus: A multidisciplinary database indexing journals, books, and conference
proceedings.

o Web of Science: A citation database useful for tracking research impact and
scholarly communication.

o CINAHL (Cumulative Index to Nursing and Allied Health Literature): Focused
on nursing and allied health disciplines.

e PsycINFO: Specialized in psychology and behavioral sciences.
A systematic literature search follows several essential steps:

1. Defining the Research Question

The researcher should clearly define the research problem before beginning the search
process. Frameworks such as PICO (Population, Intervention, Comparison, Outcome)
are often used in clinical research to formulate focused research questions.

2. Identifying Keywords

Keywords are the main concepts representing the research topic. Researchers should
identify primary terms, synonyms, alternative spellings, and related concepts. For
example, a study on diabetes may include keywords such as “diabetes mellitus,”
“hyperglycemia,” and “blood glucose.”

3. Using Controlled Vocabulary

Many databases employ controlled vocabularies for indexing articles. PubMed uses
MeSH (Medical Subject Headings), which standardizes terminology and improves
search precision. Searching with MeSH terms often retrieves more relevant literature
than simple keyword searching.

4. Applying Boolean Operators
Boolean operators help combine search terms effectively:

e AND narrows the search by retrieving records containing all specified terms.
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e OR broadens the search by including records containing any of the specified
terms.

e NOT excludes unwanted terms from search results.

For example:
“Unani Medicine AND Diabetes” retrieves articles containing both concepts.

5. Applying Filters and Limits

Researchers may refine searches using filters such as publication date, language,
article type, age group, study design, and availability of full text. Such filters help in
obtaining relevant and manageable results.

6. Screening and Selecting Articles

Retrieved articles should be screened based on titles, abstracts, and full texts.
Inclusion and exclusion criteria should be applied systematically to ensure selection
of relevant studies.

7. Managing References

Reference management software such as EndNote, Zotero, Mendeley, and RefWorks
assists researchers in organizing citations, generating bibliographies, and avoiding
duplication.

For comprehensive reviews and systematic reviews, reliance on a single database is
generally insufficient. Studies have shown that important articles may be indexed in
one database but absent from another. Therefore, searching multiple databases
enhances the completeness and reliability of literature retrieval. Databases such as
PubMed, Embase, Web of Science, and Google Scholar collectively provide broader
coverage of biomedical literature.

In recent years, advances in artificial intelligence and semantic search technologies
have improved literature retrieval. Modern search tools can identify related articles,
suggest keywords, and retrieve information based on conceptual meaning rather than
exact keywords. These innovations help researchers locate relevant evidence more
efficiently.

In Unani medical research, literature searches should encompass both conventional
biomedical databases and specialized sources related to traditional medicine.
Researchers should critically evaluate the quality, relevance, and credibility of
retrieved studies before incorporating them into their research. A well-conducted
literature search strengthens the scientific basis of research, supports evidence
synthesis, and contributes to the advancement of Unani medicine.

6.4 SYSTEMATIC LITERATURE REVIEW

A Systematic Literature Review (SLR) is a structured, transparent, and
reproducible method of identifying, evaluating, and synthesizing existing research
evidence related to a specific research question. Unlike traditional narrative reviews,
which may be influenced by the author's subjective selection of studies, systematic
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reviews follow predefined protocols and rigorous methodologies to minimize bias and
provide reliable evidence for decision-making in healthcare and medical research. In
Unani medicine, SLRs play an important role in evaluating the efficacy, safety, and
clinical applications of traditional therapies and integrating evidence-based practices
into healthcare.

The increasing volume of biomedical and health sciences literature has made it
difficult for researchers to stay updated with all available evidence. A systematic
literature review addresses this challenge by comprehensively searching relevant
databases, selecting studies according to predetermined criteria, critically appraising
their quality, and synthesizing findings in a systematic manner. Such reviews form
the foundation of evidence-based medicine and often serve as the basis for clinical
guidelines and policy decisions.

A systematic literature review may be defined as a scientific process that identifies,
appraises, and synthesizes all available evidence relevant to a focused research
question using explicit and reproducible methods. The objective is to provide a
complete and unbiased summary of existing knowledge on a particular topic.

Characteristics of a Systematic Literature Review
The distinguishing features of an SLR include:

1. Clearly Defined Research Question: The review begins with a specific and
focused research question.

2. Comprehensive Search Strategy: Multiple databases and sources are searched
systematically.

3. Explicit Inclusion and Exclusion Criteria: Predetermined criteria guide study
selection.

4. Critical Appraisal: Included studies are assessed for methodological quality and
risk of bias.

5. Systematic Data Extraction: Relevant information is collected using standardized
procedures.

6. Evidence Synthesis: Findings are combined through narrative synthesis or meta-
analysis.

7. Transparency and Reproducibility: Every step is documented to allow replication
by other researchers.

Steps in Conducting a Systematic Literature Review
The process of conducting an SLR involves several sequential steps:

1. Formulation of the Research Question

The first step is to develop a clear and focused research question. Frameworks such as
PICO (Population, Intervention, Comparison, Outcome) are commonly used in
healthcare research to formulate answerable questions.
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Example:
"Does Unani regimenal therapy improve the quality of life in patients with
osteoarthritis compared with conventional treatment?"

2. Development of a Review Protocol

A review protocol outlines the methodology to be followed during the review. It
includes objectives, search strategies, inclusion and exclusion criteria, data extraction
methods, and plans for data synthesis. Developing a protocol before initiating the
review helps reduce bias and improves transparency.

3. Literature Search
A comprehensive search is conducted across relevant electronic databases such as:

e PubMed

e Scopus

e Web of Science

e Cochrane Library

e Google Scholar

e AYUSH Research Portal

Search terms, keywords, Boolean operators (AND, OR, NOT), and Medical Subject
Headings (MeSH) are used to identify relevant studies.

4. Screening and Selection of Studies
The retrieved records are screened in two stages:

o Title and Abstract Screening
o Full-Text Screening

Studies meeting the predefined eligibility criteria are included, while irrelevant
studies are excluded. Reasons for exclusion should be documented.

5. Quality Assessment

The methodological quality of included studies is critically evaluated using
established appraisal tools. This step helps determine the reliability and validity of the
evidence.

Common assessment tools include:
e Cochrane Risk of Bias Tool

¢ Newcastle-Ottawa Scale
e CASP (Critical Appraisal Skills Programme)

6. Data Extraction
Relevant information from selected studies is extracted systematically using
standardized forms. Information commonly collected includes:

148




e Author and year

o Study design

o Sample size

¢ Intervention details
¢ Outcome measures
o Key findings

7. Data Synthesis
The extracted data are synthesized to answer the research question. Synthesis may be:

e Narrative Synthesis: Qualitative summary of findings.
e Meta-analysis: Statistical pooling of results from comparable studies.

Meta-analysis provides a quantitative estimate of the overall effect and increases
statistical power when sufficient homogeneous studies are available.

8. Reporting the Review

The final review is prepared according to accepted reporting standards. The most
widely used guideline is the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) statement, which promotes transparent and complete
reporting of systematic reviews. PRISMA includes a checklist and a flow diagram
describing study identification, screening, eligibility assessment, and inclusion.

6.4.1 PRISMA Framework
The PRISMA framework consists of four major phases:

1. Identification — Searching databases and identifying records.

2. Screening — Removing duplicates and screening titles and abstracts.
3. Eligibility — Assessing full-text articles for inclusion.

4. Inclusion — Selecting studies for final synthesis.

The PRISMA flow diagram visually presents the study selection process and
enhances transparency.

6.4.2 Advantages of Systematic Literature Reviews
e Provide comprehensive and reliable evidence.

¢ Minimize selection bias.

e Support evidence-based clinical decision-making.

o Identify knowledge gaps and future research directions.
e Improve the quality of healthcare recommendations.

¢ Facilitate development of clinical practice guidelines.
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Limitations of Systematic Literature Reviews
¢ Time-consuming and resource-intensive.

¢ Depend on the quality of available studies.

e Publication bias may influence findings.

e Heterogeneity among studies may limit meta-analysis.

¢ Require expertise in literature searching and critical appraisal.

6.4.3 Relevance in Unani Medical Research

In Unani medicine, systematic literature reviews are increasingly important for
evaluating traditional formulations, regimenal therapies, and preventive health
measures. By synthesizing evidence from clinical trials and observational studies,
SLRs help establish scientific credibility, identify research gaps, and promote the
integration of Unani medicine into evidence-based healthcare systems. They also
support policymakers, clinicians, and researchers in making informed decisions
regarding the effectiveness and safety of Unani interventions.

6.5 IDENTIFICATION OF RESEARCH PROBLEM

The identification of a research problem is the most fundamental and crucial step in
the research process. Every scientific investigation begins with the recognition of a
problem, gap, inconsistency, or unanswered question that requires systematic inquiry.
A research problem provides direction to the study and serves as the foundation upon
which research objectives, hypotheses, methodology, data collection, and analysis are
built. Without a clearly identified problem, research may become unfocused,
irrelevant, or unmanageable. A well-defined research problem enables the researcher
to contribute meaningful knowledge to a discipline and address practical or
theoretical concerns.

In health sciences, including Unani medicine, the identification of research problems
is particularly important because research aims to improve patient care, validate
traditional knowledge, evaluate therapeutic interventions, and strengthen evidence-
based practice.

Researchers must therefore identify problems that are relevant, feasible, and
significant for advancing knowledge and improving healthcare outcomes.

6.5.1 Meaning of a Research Problem

A research problem can be defined as a difficulty, gap in knowledge, contradiction in
existing evidence, or practical issue that requires systematic investigation. It may
arise from theoretical uncertainties, clinical observations, social needs, or deficiencies
in existing literature. The research problem identifies what is not adequately known
and what needs to be explored through scientific inquiry.

A good research problem should be:
¢ Clear and specific

e Researchable through scientific methods
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e Relevant to the field of study

¢ Feasible within available resources

¢ Significant enough to contribute new knowledge
o Ethical and socially beneficial

Importance of Identifying a Research Problem
The identification of a research problem is important for several reasons:

. It provides focus and direction to the study.

. It helps formulate research objectives and questions.

1
2
3. It guides the selection of appropriate research methodology.
4. It prevents duplication of existing research.

5

. It ensures efficient utilization of time, resources, and effort.
6. It contributes to the advancement of scientific knowledge and healthcare practices.

A poorly identified problem may result in vague objectives, inappropriate
methodology, and inconclusive findings.

Sources of Research Problems
Research problems may emerge from various sources. Common sources include:

1. Clinical Practice and Observation

Daily clinical experiences often reveal unanswered questions or challenges requiring
investigation. For example, a Unani physician may observe variations in patient
response to a particular regimen and seek scientific explanation.

2. Literature Review

Reviewing scientific literature helps identify gaps, inconsistencies, limitations, or
areas requiring further exploration. A comprehensive literature review is one of the
most reliable methods for identifying research problems.

3. Previous Research Studies
Recommendations provided in the conclusion sections of published studies frequently
suggest areas for future research. These recommendations often become valuable
sources of research problems.

4. Social and Public Health Needs
Community health issues, emerging diseases, lifestyle disorders, and healthcare
disparities may generate important research questions requiring investigation.

5. Theoretical Developments
New concepts, theories, or models may reveal inconsistencies or unanswered
questions that stimulate further research.
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6. Personal Interest and Professional Experience

Researchers often identify problems based on their academic interests, professional
expertise, or practical experiences. However, personal interest alone should not
determine research significance.

Steps in Identifying a Research Problem
The process of identifying a research problem generally involves the following steps:

Step 1: Selection of a Broad Area of Interest

The researcher first selects a broad subject area related to academic interest or
professional specialization. For example, a Unani scholar may choose areas such as
Ilaj-bit-Tadbeer, pharmacology, preventive medicine, or epidemiology.

Step 2: Preliminary Literature Review
The researcher examines books, journals, theses, conference proceedings, and
electronic databases to understand the current state of knowledge and identify gaps.

Step 3: Identification of Knowledge Gaps
After reviewing available literature, the researcher identifies areas where information
is inadequate, contradictory, outdated, or lacking scientific evidence.

Step 4: Evaluation of Feasibility
The potential research problem should be assessed in terms of:

e Availability of participants
e Accessibility of data

e Time constraints

¢ Financial resources

e Technical expertise

¢ Ethical considerations

Step 5: Formulation of the Problem Statement

The selected problem is then expressed in a clear, concise, and researchable form.
The problem statement should precisely describe the issue to be investigated and its
significance.

Characteristics of a Good Research Problem
An ideal research problem should possess the following characteristics:

Characteristic Description
Clarity Clearly stated and understandable
Relevance Important to the discipline and society
Originality Contributes new knowledge
Feasibility Achievable within available resources
Researchability Can be investigated scientifically
Ethical Acceptability | Does not violate ethical principles
Significance Has theoretical or practical value
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A problem lacking these characteristics may not yield meaningful research outcomes.

Research Problem Identification in Unani Medicine

In Unani medical research, problems may arise from clinical practice, traditional
concepts requiring scientific validation, comparative effectiveness studies,
pharmacological evaluation of medicinal plants, public health concerns, or integration
of traditional and modern healthcare systems. Examples include evaluating the
efficacy of a Unani formulation in managing diabetes mellitus, assessing preventive
healthcare approaches described in classical texts, or investigating lifestyle
modifications based on Unani principles.

The growing emphasis on evidence-based traditional medicine has increased the need
for carefully identified research problems that can generate scientifically valid
evidence while preserving the philosophical foundations of Unani medicine.

The identification of a research problem is the cornerstone of scientific inquiry. It
determines the direction, quality, and significance of the entire research project. A
well-defined problem emerges through observation, critical thinking, literature
review, and awareness of societal needs. In Unani medicine, identifying relevant
research problems is essential for validating traditional knowledge, improving clinical
practice, and contributing to the global body of healthcare research. Therefore,
researchers must devote adequate time and effort to selecting and defining a
meaningful, feasible, and scientifically relevant research problem.

6.6 FORMULATION OF RESEARCH QUESTION AND HYPOTHESIS

The formulation of a research question and hypothesis is one of the most critical
stages in the research process. These components provide direction, focus, and
scientific rigor to a study. A well-formulated research question identifies the specific
problem to be investigated, while a hypothesis offers a tentative explanation or
prediction that can be tested through empirical observation and analysis.

In medical and health sciences research, including Unani medicine, the quality of the
research question and hypothesis largely determines the relevance, feasibility, and
validity of the study findings.

6.6.1 Research Question

A research question (RQ) is a clear, focused, and answerable inquiry that guides the
entire research process. It defines the central issue that the researcher intends to
investigate and serves as the foundation for selecting the research design,
methodology, data collection techniques, and statistical analysis. Research questions
arise from gaps in existing knowledge, clinical observations, theoretical concerns, or
practical healthcare problems.

A good research question should possess the following characteristics:
1. Clarity — The question should be stated in simple and unambiguous language.

2. Specificity — It should focus on a particular issue rather than a broad topic.
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3. Feasibility — The question should be answerable within available resources, time,
and expertise.

4. Relevance — It should address an important problem in the field and contribute to
scientific knowledge.

5. Researchability — The question must be capable of being investigated through
systematic data collection and analysis.

6. Ethical Acceptability — The proposed investigation should comply with ethical
standards.

For example, a broad topic such as “Unani management of diabetes mellitus” may be
refined into a research question:

“Does the Unani formulation Qurs Tabasheer improve glycemic control among
patients with Type 2 Diabetes Mellitus compared to standard care?”

This refined question is focused, measurable, and suitable for scientific investigation.

Frameworks for Developing Research Questions

Several frameworks have been developed to assist researchers in constructing
effective research questions. Among health sciences researchers, the PICO framework
is widely used:

e P — Population or Patient

e I - Intervention

e C - Comparison or Control
e O —Outcome

Using the PICO model, a researcher may formulate the following question:
"Among patients with osteoarthritis (P), does a Unani regimen therapy (I) compared
with conventional treatment (C) reduce pain and improve joint mobility (O)?"

Another useful criterion is the FINER approach, which suggests that a research
question should be:

e Feasible

¢ Interesting

e Novel

e Ethical

e Relevant

These criteria help ensure that the study has scientific and practical value.

Types of Research Questions
Research questions can be classified according to the purpose of the study:
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1. Descriptive Questions — Describe the characteristics or prevalence of a
phenomenon.

o Example: What is the prevalence of obesity among urban adolescents?
2. Analytical Questions — Explore relationships between variables.

o Example: Is there an association between dietary habits and obesity among
adolescents?

3. Comparative Questions — Compare two or more interventions or groups.

o Example: Which is more effective, Unani therapy or standard treatment for
migraine?

4. Exploratory Questions — Investigate poorly understood phenomena.

o Example: How do patients perceive the effectiveness of Unani treatment in
chronic diseases?

6.6.2 Hypothesis

A hypothesis is a tentative statement predicting the relationship between two or more
variables. It is considered a proposed answer to the research question and serves as
the basis for statistical testing. Hypotheses are generally formulated in quantitative
research and are derived from theoretical knowledge, previous studies, or clinical
observations.

A scientific hypothesis should be:
e Clear and precise

e Testable and measurable

e Consistent with existing knowledge

¢ Based on logical reasoning

¢ Capable of being supported or refuted by evidence
For example:

Research Question:
Does a Unani herbal formulation reduce blood glucose levels in patients with Type 2
Diabetes Mellitus?

Hypothesis:
Patients receiving the Unani herbal formulation will show a significant reduction in
blood glucose levels compared with patients receiving standard treatment alone.

Types of Hypotheses

1. Null Hypothesis (Ho)
The null hypothesis states that no relationship or difference exists between variables.
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Example:
There is no significant difference in blood glucose levels between patients receiving
the Unani formulation and those receiving standard treatment.

2. Alternative Hypothesis (H: or Ha)
The alternative hypothesis states that a relationship or difference exists.

Example:
Patients receiving the Unani formulation have significantly lower blood glucose
levels than those receiving standard treatment.

3. Directional Hypothesis
It specifies the expected direction of the relationship.

Example:
Unani therapy significantly decreases systolic blood pressure among hypertensive
patients.

4. Non-directional Hypothesis
It predicts a relationship without specifying the direction.

Example:
There is a significant difference in blood pressure between patients receiving Unani
therapy and those receiving standard treatment.

5. Simple and Complex Hypotheses
e Simple Hypothesis: Involves one independent and one dependent variable.
o Complex Hypothesis: Involves multiple independent or dependent variables.

Relationship between Research Question and Hypothesis

The research question and hypothesis are closely interconnected. The research
question identifies what the researcher seeks to know, whereas the hypothesis predicts
the likely answer. In quantitative studies, hypotheses are often directly derived from
research questions.

Together, they establish the conceptual framework of the study and guide
methodological decisions, including sampling, data collection, and statistical analysis.

6.6.3 Significance in Unani Medical Research

In Unani medical research, precise formulation of research questions and hypotheses
is essential for evaluating the efficacy, safety, and mechanisms of traditional
therapies. Well-constructed questions help researchers investigate classical Unani
concepts using modern scientific methods and contribute to evidence-based
integration of Unani medicine into contemporary healthcare systems. By ensuring
clarity and testability, researchers can generate reliable evidence that supports clinical
practice, policy development, and future scientific advancements.
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6.7 AIMS AND OBJECTIVES OF RESEARCH

The formulation of clear aims and objectives is one of the most important steps in the
research process. Every scientific investigation begins with a problem that requires
systematic inquiry, and the researcher must define precisely what the study intends to
achieve. Research aims and objectives provide direction, establish boundaries, and
guide all subsequent stages of research, including study design, data collection,
analysis, interpretation, and reporting. In health sciences, including Unani medicine,
well-defined aims and objectives ensure that research is focused, scientifically valid,
and capable of generating meaningful evidence for clinical practice and policy
development.

A research aim is a broad statement that describes the overall purpose or intended
outcome of a study. It represents the general direction of the research and answers the
question, “What does the researcher want to accomplish?” A research aim is usually
singular and provides a comprehensive overview of the study. In contrast, research
objectives are specific, measurable, and achievable statements that break down the
research aim into smaller components. They define the exact steps that the researcher
will undertake to achieve the aim of the study. Thus, while the aim represents the
destination, the objectives serve as the roadmap for reaching that destination.

For example, a researcher may have the aim: “To evaluate the efficacy of a Unani
formulation in the management of osteoarthritis.” To achieve this aim, the objectives
may include: (i) assessing changes in pain scores before and after treatment, (ii)
evaluating improvement in joint mobility, and (iii) documenting any adverse effects
associated with the formulation. These objectives collectively contribute to achieving
the broader aim of the study.

Research aims and objectives perform several essential functions. First, they provide
clarity and focus by defining the scope of the study and preventing unnecessary
deviation from the research problem. Second, they guide the selection of appropriate
research methods, sampling techniques, and analytical procedures. Third, they
facilitate communication among researchers, supervisors, funding agencies, and
readers by clearly stating the intended outcomes of the research.

Finally, they serve as criteria for evaluating whether the study has successfully
achieved its intended purpose.

A good research aim should possess certain characteristics. It should be clear,
concise, relevant to the research problem, and aligned with the overall purpose of the
investigation. The aim should neither be too broad nor too narrow. An excessively
broad aim may make the study unmanageable, whereas a very narrow aim may limit
the significance and applicability of the findings. The aim should reflect the central
issue being investigated and should contribute to the existing body of knowledge.

Similarly, research objectives should be carefully formulated to ensure scientific
rigor. Well-written objectives are generally based on the SMART principle, which
states that objectives should be:
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e Specific — clearly define what is to be studied.

e Measurable — allow assessment of achievement through observable outcomes.
o Achievable — be feasible within available resources and time.

e Relevant — directly address the research problem and aim.

o Time-bound — indicate a defined period for accomplishment.

For example, instead of stating, “To study diabetes,” a SMART objective would be:
“To assess the effect of a Unani herbal formulation on fasting blood glucose levels
among patients with Type 2 diabetes over a period of 12 weeks.” This objective is
specific, measurable, feasible, relevant, and time-bound.

Research objectives may be categorized into different types depending on the nature
of the study. Descriptive objectives aim to describe characteristics, patterns, or
distributions of a phenomenon. Exploratory objectives seek to investigate new or
poorly understood issues and generate insights for future research. Explanatory
objectives focus on identifying relationships, causes, or factors influencing a
phenomenon. Evaluative objectives assess the effectiveness of interventions,
programs, or treatments. These categories are commonly used in medical and health
research, including studies related to Unani medicine.

The development of aims and objectives usually follows a logical sequence. After
identifying the research problem and reviewing the literature, the researcher
formulates a broad aim reflecting the overall purpose of the study. This is followed by
the development of specific objectives that address various aspects of the research
problem. Each objective should contribute directly to the achievement of the overall
aim and should be stated using action verbs such as “to assess,” “to determine,” “to
compare,” “to evaluate,” “to investigate,” or “to analyze.” Such verbs indicate

measurable actions and facilitate the selection of appropriate research methods.

In Unani medical research, clearly defined aims and objectives are particularly
important because studies often involve the evaluation of traditional therapies, herbal
formulations, regimental therapies (Ilaj-bit-Tadbeer), and preventive health measures.
Precise objectives help ensure that clinical outcomes, safety parameters, and
therapeutic benefits are assessed systematically and scientifically. They also enhance
the credibility and reproducibility of research findings, thereby strengthening the
evidence base of Unani medicine.

Aims and objectives form the foundation of a research study. The aim provides the
overall purpose of the investigation, while objectives specify the steps necessary to
achieve that purpose. Well-formulated aims and SMART objectives improve the
quality, focus, and effectiveness of research and contribute significantly to the
generation of reliable scientific evidence. Therefore, every researcher must devote
careful attention to the formulation of research aims and objectives before
commencing a study.
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6.8 MATERIALS AND METHODOLOGY

The Materials and Methodology section is one of the most important components of
any research study. It describes in detail the procedures, techniques, tools, and
materials used by the researcher to conduct the investigation. This section provides
transparency and scientific rigor by enabling other researchers to understand,
evaluate, and replicate the study. In medical and health sciences research, including
Unani medicine, a well-structured methodology ensures the validity, reliability, and
reproducibility of findings. The materials and methods section serve as a bridge
between the research objectives and the results obtained from the study. It explains
how the research question was addressed through systematic scientific procedures.

The primary purpose of this section is to provide a clear description of the research
process. It should contain sufficient detail to allow another investigator to repeat the
study under similar conditions. A comprehensive methodology not only strengthens
the credibility of the research but also facilitates peer review and critical appraisal.
Scientific research requires that methods be described accurately and objectively so
that the findings can be verified independently.

The materials and methodology section generally begins with a description of the
study design. The research design represents the overall plan or blueprint of the
investigation. Depending on the research objectives, the study may be observational,
experimental, cross-sectional, case-control, cohort, randomized controlled trial,
qualitative, quantitative, or mixed-method in nature. The choice of design should be
justified based on the research question and the type of evidence required. An
appropriate study design minimizes bias and enhances the validity of the findings.

Another essential component is the study setting and study population. The
researcher should clearly mention where the study was conducted, such as a hospital,
Unani medical college, research institute, community setting, or laboratory. The
target population from which the study participants were selected must also be
described. Information regarding demographic characteristics, inclusion criteria, and
exclusion criteria should be specified to ensure clarity about the subjects under
investigation. Such details help readers assess the applicability and generalizability of
the results.

The sampling method and sample size are equally important elements of
methodology. Sampling refers to the process of selecting study participants from the
target population. Common sampling techniques include simple random sampling,
systematic sampling, stratified sampling, cluster sampling, convenience sampling,
and purposive sampling. The selected sampling method should be appropriate for the
research objectives and study design. Researchers must also explain how the sample
size was determined, often using statistical formulas based on prevalence, confidence
level, power, and expected effect size. Adequate sample size ensures sufficient
statistical power to detect meaningful differences or associations.

159




The section should then describe the materials used in the study. In clinical and
laboratory research, materials may include drugs, herbal formulations, diagnostic
instruments, laboratory reagents, questionnaires, interview schedules, scales,
software, or medical devices. For research in Unani medicine, details regarding the
formulation, source, identification, authentication, dosage, and preparation of Unani
drugs should be provided. Standardization procedures should also be mentioned
wherever applicable to ensure consistency and quality control.

The data collection methods form another critical aspect of methodology. Data may
be collected through observation, interviews, questionnaires, clinical examinations,
laboratory investigations, focus group discussions, or review of medical records. The
researcher should clearly explain how data were obtained, who collected the data, and
what procedures were followed to maintain accuracy and consistency. In quantitative
studies, standardized instruments and validated questionnaires are preferred to
improve reliability. In qualitative research, methods such as in-depth interviews and
participant observation may be employed to explore experiences and perceptions.

An important methodological consideration is the identification and measurement of
research variables. Independent variables, dependent variables, and confounding
variables should be clearly defined. Operational definitions must be provided to
explain how each variable was measured. Accurate measurement reduces errors and
improves the scientific quality of the study. Researchers should also mention any
procedures adopted to ensure reliability and validity of measurements.

The methodology section should further include details regarding ethical
considerations. Ethical approval from an Institutional Ethics Committee (IEC) or
Institutional Review Board (IRB) is mandatory for studies involving human
participants. Researchers must obtain informed consent from participants before data
collection. Confidentiality, privacy, voluntary participation, and protection from harm
should be maintained throughout the research process. Ethical compliance reflects
adherence to professional and scientific standards.

Another key component is the data management and statistical analysis plan.
Researchers should describe how collected data were coded, entered, processed, and
analyzed. Statistical software such as SPSS, R, Stata, or Microsoft Excel may be used
for data analysis. Descriptive statistics, including mean, median, standard deviation,
frequency, and percentage, are commonly employed to summarize data. Inferential
statistical tests such as the chi-square test, t-test, analysis of variance (ANOVA), and
regression analysis may be applied depending on the nature of the data and study
objectives. Qualitative data are often analyzed through thematic or content analysis.
The statistical significance level and confidence intervals should also be specified
where relevant.

The materials and methodology section constitutes the scientific foundation of a
research study. It describes the study design, population, sampling techniques,
materials, data collection procedures, ethical safeguards, and analytical methods

160




employed by the researcher. A well-written methodology enhances the credibility,
transparency, and reproducibility of research findings and enables readers to evaluate
the quality and validity of the study. In Unani medical research, adherence to sound
methodological principles is essential for generating reliable evidence and promoting
the integration of traditional knowledge with modern scientific standards.

6.9 ERROR, BIAS AND CONFOUNDING

The validity and reliability of research findings depend upon the extent to which
errors are minimized during the research process. In epidemiological and clinical
research, observed associations between an exposure and an outcome may not always
represent the true relationship. Such distortions can arise from error, bias, and
confounding, which are important threats to the internal and external validity of a
study. Understanding these concepts is essential for researchers in Unani medicine
and other health sciences to critically evaluate scientific evidence and design
methodologically sound studies.

6.9.1 Error in Research

An error refers to the difference between the observed value and the true value. Errors
can occur at any stage of research, including study design, data collection,
measurement, analysis, and interpretation. Errors are broadly classified into random
error and systematic error.

Random Error (Chance Error): Random error results from natural variability in
measurements or sampling fluctuations. It occurs unpredictably and affects the
precision of study findings. For example, variations in blood pressure readings due to
instrument sensitivity or biological fluctuations among participants may introduce
random error. Increasing sample size, standardizing procedures, and improving
measurement techniques can reduce random error.

Systematic Error (Bias): Systematic error occurs when measurements consistently
deviate from the true value in a particular direction. Unlike random error, systematic
error affects the validity of a study and cannot usually be corrected by increasing the
sample size. Systematic errors are commonly referred to as bias.

Bias Bias is defined as a systematic error in the design, conduct, measurement,
analysis, or reporting of a study that leads to an incorrect estimate of the relationship
between exposure and outcome. Bias may either exaggerate or underestimate the true
association and is one of the major threats to research validity.

Bias can occur during various stages of research and is broadly categorized into the
following types:

1. Selection Bias

Selection bias arises when the participants selected for a study are not representative
of the target population, or when the method of participant recruitment differs
between comparison groups. This may lead to distorted estimates of the association
being studied. Examples include non-response bias, volunteer bias, and loss to
follow-up in cohort studies.
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Example:

A study evaluating the effectiveness of a Unani regimen for diabetes that recruits
participants only from a specialized urban clinic may not represent diabetic patients in
rural settings.

2. Information (Measurement) Bias

Information bias occurs when there are systematic differences in the measurement,
recording, or classification of exposure or outcome variables among study groups. It
may arise from faulty instruments, inaccurate records, or observer-related factors.

Common forms include:

e Recall Bias: Participants may remember past exposures differently depending on
their disease status.

e Observer Bias: Researchers’ expectations influence observations or assessments.

e Misclassification Bias: Participants are incorrectly categorized with respect to
exposure or outcome status.

Prevention of Bias
Several strategies can help minimize bias:

e Careful study design and protocol development.
e Random sampling and randomization.

¢ Blinding of participants and investigators.

e Standardized data collection procedures.

¢ Use of validated instruments and questionnaires.
e Adequate follow-up and participant retention.

6.9.2 Confounding
Confounding is a distortion of the apparent relationship between an exposure and an
outcome caused by the presence of a third variable known as a confounder.

A confounder is associated with both the exposure and the outcome but does not lie
on the causal pathway between them. Confounding may create a false association or
mask a true association.

For a variable to be considered a confounder, it must satisfy three conditions:
1. It is associated with the exposure.

2. It is independently associated with the outcome.

3. It is not an intermediate variable in the causal pathway between exposure and
outcome.

Example:
Suppose a study finds that coffee consumption is associated with heart disease.
Smoking may act as a confounder because smokers tend to consume more coffee and
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smoking itself increases the risk of heart disease. If smoking is not controlled, the
observed association between coffee and heart disease may be misleading.

In Unani clinical research, age, gender, socioeconomic status, dietary habits, and
lifestyle factors often act as potential confounding variables.

Methods to Control Confounding
Confounding can be controlled during both the design and analysis stages of research.

A. Design Stage Methods

1. Randomization: Random allocation distributes confounding variables equally
among study groups.

2. Restriction: Limiting study participants to a specific category of a confounding
factor.

3. Matching: Selecting comparison groups with similar characteristics regarding
potential confounders.

B. Analysis Stage Methods

1. Stratification: Analyzing data separately within levels of the confounding
variable.

2. Multivariable Statistical Analysis: Techniques such as regression analysis adjust
for multiple confounders simultaneously.

Distinction between Error, Bias, and Confounding
Although often discussed together, these concepts differ fundamentally:

Aspect Error Bias Confounding
Nature Random or Systematic error | Distortion caused by a
systematic in study design | third variable

deviation from or conduct
truth
Effect | Reduces precision | Affects validity | Produces misleading
or accuracy of findings associations
Control Larger sample Proper study Randomization, matching,
size, better design and restriction, statistical
measurement execution adjustment
Example Instrument Recall bias Smoking confounding the
variability relationship between
coffee and heart disease

Error, bias, and confounding are critical methodological issues that influence the
quality and credibility of research findings. Random errors affect precision, bias
compromises validity, and confounding distorts the interpretation of associations.
Researchers in Unani medicine must recognize these threats and employ appropriate
preventive and analytical strategies to ensure that study results accurately reflect
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reality. Careful attention to these concepts enhances the scientific rigor of research
and contributes to the generation of reliable evidence for clinical practice and policy-
making.

6.10 ANALYSIS AND INTERPRETATION OF RESULTS

Analysis and interpretation of results constitute one of the most critical stages of the
research process. After data collection, the researcher must organize, analyze, and
interpret the findings to answer the research questions and test the proposed
hypotheses. In health sciences, including Unani medicine, the validity and usefulness
of research largely depend upon the accuracy of data analysis and the appropriateness
of interpretation. Mere collection of data does not generate knowledge; meaningful
conclusions emerge only through systematic analysis and careful interpretation of the
findings. Data analysis involves the application of statistical and logical techniques to
summarize, organize, and evaluate data, whereas interpretation refers to explaining
the meaning and implications of the analyzed results in the context of the study
objectives, existing literature, and theoretical framework.

6.10.1 Meaning of Data Analysis

Data analysis is the process of inspecting, cleaning, coding, transforming, and
organizing collected data to discover useful information, identify patterns, test
hypotheses, and support decision-making. It helps researchers convert raw data into
meaningful information that can answer the research problem. Analysis may be
quantitative, qualitative, or mixed-method depending upon the nature of the study.
Quantitative analysis employs statistical methods, while qualitative analysis focuses
on identifying themes, categories, and patterns from textual or observational data.

Objectives of Data Analysis
The major objectives of data analysis are:

1. To summarize and describe the characteristics of collected data.
2. To identify relationships, trends, and patterns among variables.
3. To test research hypotheses.

4. To determine the significance of observed findings.

5. To generate evidence for decision-making and future research.
6. To answer the research questions systematically and objectively.

Steps in Data Analysis
The process of data analysis generally involves the following steps:

1. Data Editing
The collected data are examined for completeness, consistency, and accuracy. Errors,
omissions, and inconsistencies are identified and corrected before further processing.
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2. Coding
Coding involves assigning numerical or symbolic values to responses so that they can
be easily entered into statistical software and analyzed systematically.

3. Classification and Tabulation

Data are grouped into meaningful categories and presented in tables, charts, and
graphs. Classification simplifies large volumes of information and facilitates
interpretation.

4. Statistical Analysis
Appropriate statistical methods are selected according to the study design, objectives,
and nature of variables. Statistical analysis may be descriptive or inferential.

Descriptive Analysis
Descriptive statistics summarize and describe the characteristics of the study
population. Common descriptive measures include:

e Frequency and percentage
¢ Mean

e Median

e Mode

e Range

e Variance

¢ Standard deviation

For example, in a clinical study evaluating a Unani formulation for arthritis,
descriptive statistics may summarize the age distribution, gender, duration of illness,
and symptom severity among participants. These measures provide a clear overview
of the collected data before further inferential analysis.

Inferential Analysis

Inferential statistics are used to draw conclusions about a population based on sample
data. They help determine whether observed differences or relationships are
statistically significant and not due to chance alone.

Common inferential statistical tests include:
e Student's t-test

¢ Chi-square test

¢ Analysis of Variance (ANOVA)
e Correlation analysis

e Regression analysis

¢ Non-parametric tests
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The selection of the statistical test depends on the type of data, sample size, and
research objectives. Inferential analysis enables researchers to generalize findings
beyond the study sample and evaluate research hypotheses scientifically.

Qualitative Data Analysis

Qualitative analysis is employed when data are collected through interviews, focus
group discussions, observations, or open-ended questionnaires. Unlike quantitative
analysis, qualitative analysis emphasizes understanding experiences, perceptions,
attitudes, and behaviors.

The common steps include:
e Transcription of data

¢ Reading and familiarization

e Coding of text

o Identification of themes

e Categorization of findings

e Development of interpretations

For example, a study exploring patients' perceptions of Unani treatment may identify
themes such as treatment satisfaction, accessibility, affordability, and perceived
effectiveness. Qualitative analysis helps provide deeper insights into human
experiences that may not be measurable numerically.

6.10.2 Interpretation of Results

Interpretation is the process of explaining the meaning and significance of research
findings. It involves linking the analyzed data with the study objectives, research
questions, hypotheses, and existing scientific knowledge. Interpretation transforms
statistical outputs into meaningful conclusions that can contribute to evidence-based
practice and policy-making.

The researcher should consider the following during interpretation:
. Whether the findings support or reject the hypothesis.

1

2. The clinical or practical significance of the results.
3. Consistency of findings with previous studies.

4. Possible explanations for unexpected results.

5. Limitations that may influence interpretation.

6. Implications for future research and practice.

For example, if a Unani drug demonstrates a statistically significant reduction in
symptom scores compared with a control group, the researcher must determine
whether the improvement is also clinically meaningful and relevant to patient care.
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Statistical significance alone does not always indicate practical importance. Effect
size and confidence intervals should also be considered during interpretation.

Precautions in Interpretation
To ensure valid interpretation, researchers should:

e Avoid personal bias and preconceived opinions.

o Interpret findings objectively.

e Consider study limitations.

¢ Avoid overgeneralization beyond the study population.
o Distinguish between association and causation.

e Support conclusions with evidence from the data.

Incorrect interpretation may lead to misleading conclusions even when the statistical
analysis is accurate. Therefore, interpretation requires scientific judgment, logical
reasoning, and thorough understanding of the research context.

Analysis and interpretation of results are indispensable components of the research
process. Data analysis organizes and summarizes collected information through
appropriate statistical and qualitative techniques, while interpretation explains the
significance and implications of the findings. Together, they enable researchers to
draw valid conclusions, test hypotheses, generate evidence, and contribute to the
advancement of scientific knowledge. In Unani medical research, proper analysis and
interpretation are essential for establishing the efficacy, safety, and scientific validity
of therapeutic interventions and healthcare practices.

6.11 RESEARCH CONCLUSION AND REPORT WRITING

Research is a systematic process of generating new knowledge, testing hypotheses,
and solving scientific problems. However, the value of research is realized only when
its findings are properly interpreted, concluded, and communicated. Therefore,
research conclusion and report writing constitute the final and most important stages
of the research process. In Unani medical research, the conclusions drawn from a
study provide evidence for clinical practice, policy formulation, and future
investigations, while research reports ensure that scientific findings are disseminated
effectively to scholars, practitioners, and policymakers.

6.11.1 Research Conclusion

A research conclusion is the final section of a study that summarizes the major
findings, interprets their significance, and highlights their implications. It serves as a
bridge between the results obtained and the practical application of those results. The
conclusion should directly address the research objectives, research questions, or
hypotheses formulated at the beginning of the study. An effective conclusion helps
readers understand the contribution of the research to existing knowledge and the
relevance of the findings in a broader context.
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Research conclusions should not introduce new data or evidence; instead, they
synthesize and interpret information already presented in the study.

Purpose of Research Conclusion
The major purposes of a research conclusion are:

1. To summarize the key findings of the study.

2. To answer the research questions or verify the hypotheses.

3. To explain the significance and implications of the findings.

4. To establish the contribution of the study to scientific knowledge.
5. To identify limitations of the study.

6. To suggest directions for future research.

A well-written conclusion provides closure to the research and leaves a lasting
impression on the reader regarding the importance of the investigation.

Characteristics of a Good Research Conclusion
An effective research conclusion should possess the following characteristics:

¢ Clarity and precision.

e Logical connection with the objectives and findings.
e Conciseness without unnecessary repetition.

¢ Scientific interpretation of results.

e Practical relevance and applicability.

¢ Recommendations based on evidence.

¢ Recognition of study limitations.

In Unani medical research, conclusions should clearly indicate the effectiveness,
safety, or therapeutic value of interventions while remaining objective and evidence-
based.

Components of a Research Conclusion
A comprehensive conclusion generally includes:

1. Restatement of Research Problem
The researcher briefly revisits the problem addressed by the study and reminds
readers of its significance.

2. Summary of Major Findings

Important results are synthesized rather than repeated verbatim. The focus is on
findings that directly answer the research questions.
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3. Interpretation of Findings
The researcher explains what the findings mean and how they relate to previous
studies or theoretical concepts.

4. Implications of the Study
The practical, clinical, educational, or policy-related significance of the findings is
discussed.

5. Limitations
Acknowledging limitations enhances the credibility of the study and guides
interpretation of results.

6. Recommendations and Future Research
Suggestions for further investigation help advance knowledge in the field and address
unresolved issues.

6.11.2Research Report Writing

Research report writing is the systematic presentation of the entire research process
and its findings in a structured written form. It represents the culmination of the
research effort and serves as a permanent record of scientific investigation. The
primary objective of report writing is to communicate research findings accurately,
clearly, and effectively to the intended audience.

In health sciences and Unani medicine, research reports facilitate the dissemination of
evidence-based knowledge, encourage scholarly discussion, and contribute to the
advancement of healthcare practices.

Objectives of Research Report Writing
The major objectives include:

¢ Communicating research findings to the scientific community.

¢ Providing evidence for clinical and public health decision-making.
¢ Facilitating replication and verification of research.

¢ Contributing to the existing body of knowledge.

¢ Serving as a reference for future studies.

Importance of Research Report Writing
A well-prepared research report:

¢ Enhances scientific communication.

e Promotes transparency and reproducibility.

e Supports evidence-based healthcare.

¢ Enables peer review and academic evaluation.

e Preserves research outcomes for future reference.
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Structure of a Research Report

Although formats may vary according to institutions and journals, a standard research
report generally follows the IMRAD pattern (Introduction, Methods, Results, and
Discussion).

The major sections are:

1. Title Page
o Title of the study

e Name of researcher(s)
o Institutional affiliation
e Date

2. Abstract
A concise summary of the study including objectives, methodology, results, and
conclusions.

3. Introduction
Provides background information, rationale, objectives, and research questions.

4. Review of Literature
Discusses previous studies and identifies research gaps.

5. Materials and Methods
Describes research design, study population, sampling, data collection methods, and
statistical analysis.

6. Results
Presents findings using tables, graphs, and descriptive statistics.

7. Discussion
Interprets findings and compares them with existing literature.

8. Conclusion and Recommendations
Summarizes outcomes and proposes practical implications.

9. References
Lists all cited sources according to a specified citation style.

10. Appendices
Includes questionnaires, consent forms, additional tables, and supporting documents.

Principles of Good Report Writing
The following principles should guide report preparation:

e Accuracy and objectivity.
¢ Simplicity and clarity of language.

¢ Logical organization.
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¢ Consistency in formatting.

e Proper citation and referencing.
o FEthical reporting of data.

e Avoidance of plagiarism.

Researchers must ensure that findings are reported honestly without fabrication,
falsification, or selective presentation of data. Ethical reporting strengthens scientific
integrity and public trust in research.

Research conclusion and report writing are the final stages of the research process
that transform collected data into meaningful scientific knowledge. The conclusion
synthesizes findings and highlights their significance, whereas the research report
systematically documents the entire investigation for dissemination and future use. In
Unani medical research, effective conclusions and well-structured reports enhance the
credibility, applicability, and impact of scientific studies, thereby contributing to the
advancement of evidence-based Unani medicine.

6.12 STEPS OF REPORTING OF RESEARCH

Research reporting is the final and one of the most crucial stages of the research
process. The value of any scientific investigation depends not only on the quality of
the research conducted but also on how effectively the findings are communicated to
the scientific community, healthcare professionals, policymakers, and the public. In
Unani medical research, accurate reporting ensures that research findings contribute
to the advancement of evidence-based Unani medicine and facilitate the
dissemination of new knowledge. Research reports provide a systematic account of
the objectives, methodology, findings, interpretations, and implications of a study.
Well-prepared reports enable other researchers to evaluate, replicate, and build upon
the work conducted.

6.12.1Meaning of Research Reporting

Research reporting refers to the systematic presentation of the entire research process
and its outcomes in a written document. It serves as a medium through which the
researcher communicates the purpose, methods, results, conclusions, and
recommendations of the study. Scientific reporting follows internationally accepted
formats that ensure clarity, transparency, and reproducibility of research findings. The
most widely accepted structure for scientific reporting is the IMRAD format,
consisting of Introduction, Methods, Results, and Discussion sections.

Objectives of Research Reporting
The major objectives of research reporting are:

1. To communicate research findings effectively.
2. To contribute to existing scientific knowledge.

3. To facilitate replication and validation of the study.
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4. To provide evidence for clinical and public health decision-making.
5. To serve as a permanent record of scientific work.
6. To promote the utilization of research findings in practice and policy formulation.

Steps in Reporting Research
The process of reporting research involves several systematic steps, which are
discussed below.

1. Planning the Research Report

Before writing begins, the researcher should develop a clear plan for the report. The
purpose, target audience, format, and publication requirements should be identified.
For example, a thesis, dissertation, journal article, conference paper, or project report
may require different reporting styles. Proper planning helps maintain logical flow
and coherence throughout the report.

2. Organizing the Research Material

The researcher should compile and organize all relevant materials, including research
notes, data collection forms, statistical analyses, tables, graphs, references, and
supporting documents. Data should be arranged systematically according to research
objectives and hypotheses to facilitate accurate presentation.

3. Preparation of the Title Page
The title page provides essential information regarding the study. It generally
includes:

o Title of the research

e Name of the researcher

o Institutional affiliation

o Degree or course requirement

e Name of the supervisor or guide

o Date of submission

The title should be concise, informative, and reflective of the study objectives.

4. Writing the Abstract
The abstract is a concise summary of the entire study. It usually contains:

¢ Background of the study
e Objectives

e Methodology

e Key findings

e Conclusions
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An abstract enables readers to understand the essence of the study quickly and decide
whether to read the complete report.

5. Writing the Introduction

The introduction provides background information about the research problem. It
explains the significance of the study, reviews relevant literature, identifies
knowledge gaps, and states the research objectives or hypotheses. The introduction
should clearly answer the question: "Why was this study conducted?"

6. Reporting Materials and Methods

The materials and methods section describes how the research was conducted. It
should provide sufficient detail to allow replication by other researchers. Common
components include:

e Research design

o Study setting

e Study population and sample
e Sampling techniques

e Data collection methods

e Research instruments

¢ FEthical considerations

o Statistical methods

Transparency in reporting methodology enhances the credibility and reproducibility
of the research.

7. Presenting the Results

The results section presents the findings objectively without interpretation. Data
should be organized logically and presented using tables, charts, graphs, and figures
whenever appropriate. Statistical findings should be reported clearly, including
measures of central tendency, variability, significance tests, confidence intervals, and
p-values where applicable. The presentation should directly address the research
objectives and hypotheses.

8. Discussion of Findings

The discussion section interprets the results and explains their significance. The
researcher compares findings with previous studies, identifies similarities and
differences, and discusses possible explanations. Limitations of the study should also
be acknowledged. The discussion helps readers understand the implications of the
findings within the broader context of existing knowledge.
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9. Drawing Conclusions

Conclusions summarize the major findings and indicate whether the research
objectives have been achieved. Conclusions should be based strictly on the evidence
generated by the study and should avoid unsupported generalizations.

10. Providing Recommendations

Recommendations suggest practical applications of the findings and directions for
future research. In Unani medical research, recommendations may relate to clinical
practice, drug standardization, public health interventions, educational reforms, or
further scientific investigations.

11. Acknowledging Contributions

The acknowledgement section recognizes individuals, institutions, funding agencies,
and organizations that contributed to the successful completion of the study. Ethical
research practice requires proper recognition of all forms of support.

12. Citation and Referencing

All sources consulted during the research process must be cited appropriately.
Accurate referencing prevents plagiarism and allows readers to verify information.
Common citation styles include Vancouver, APA, Harvard, and MLA. Medical and
health science journals generally prefer the Vancouver style.

13. Editing and Proofreading
The completed report should undergo careful revision to ensure:

e Accuracy of data

e Consistency of presentation
e Logical organization

e Grammatical correctness

¢ Clarity and readability

Proofreading helps eliminate typographical errors and improves the overall quality of
the document.

14. Submission and Dissemination

The final step involves submitting the report to the concerned institution, journal,
conference, or funding agency. Dissemination of findings through publications,
presentations, seminars, and digital repositories increases the visibility and impact of
the research.

Characteristics of a Good Research Report
A good research report should possess the following qualities:

¢ Clarity and simplicity
e Objectivity and accuracy

¢ [Logical organization
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e Scientific validity

e Completeness

o Conciseness

e Proper documentation
o FEthical integrity

Research reporting is the culmination of the research process and serves as the bridge
between knowledge generation and knowledge utilization. A systematically prepared
report enhances the credibility, transparency, and applicability of research findings. In
Unani medicine, effective reporting promotes scientific validation of traditional
practices and facilitates integration with contemporary healthcare systems. By
following standardized reporting procedures, researchers can ensure that their work
contributes meaningfully to the advancement of medical science and evidence-based
healthcare.
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CHAPTER 7

Research Databases, Portals and
Reporting Guidelines

RESEARCH DATABASES, PORTALS
AND REPORTING GUIDELINES
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7.1 DHARA AND AYUSH RESEARCH PORTAL

The growth of evidence-based medicine has emphasized the importance of systematic
documentation, indexing, and dissemination of research findings. In the field of
AYUSH systems, including Unani medicine, access to reliable scientific literature is
essential for researchers, academicians, clinicians, and policymakers. To facilitate the
retrieval and utilization of research evidence, several specialized databases and
research portals have been developed in India. Among these, the Digital Helpline for
Ayurveda Research Articles (DHARA) and the AYUSH Research Portal (ARP)
occupy a prominent place. These platforms serve as valuable repositories of scientific
information and contribute significantly to strengthening research culture in
traditional systems of medicine.

7.1.1 DHARA (Digital Helpline for Ayurveda Research Articles)

DHARA is a specialized electronic database designed to provide comprehensive
access to research literature related to Ayurveda. It was developed and maintained by
the AVP Research Foundation (formerly AVT Institute for Advanced Research),
Coimbatore, with financial support from the Central Council for Research in
Ayurvedic Sciences (CCRAS), Ministry of AYUSH, Government of India. The
database was established to address the challenges faced by researchers in locating
dispersed Ayurvedic research publications across multiple journals and databases.

DHARA functions as an indexing service that compiles articles related to Ayurveda
published in both national and international journals. It covers peer-reviewed research
papers, review articles, clinical studies, pharmacological investigations, drug
standardization studies, and interdisciplinary research involving Ayurveda. Unlike
general biomedical databases, DHARA focuses specifically on Ayurvedic literature,
thereby enabling researchers to access specialized information efficiently.

One of the major strengths of DHARA is its extensive indexing coverage. The
database includes articles from journals devoted to Ayurveda, complementary and
alternative medicine, and mainstream biomedical sciences. Advanced search facilities
allow users to retrieve articles using keywords, author names, journal titles, disease
conditions, and therapeutic interventions. Many records also provide links to abstracts
and full-text articles whenever available.

The significance of DHARA in research methodology is multifaceted:

1. Literature Review Support: Researchers can identify previous studies related to
their topic and avoid duplication of work.

2. Evidence Synthesis: The database facilitates systematic reviews and meta-
analyses by providing access to a large body of published evidence.

3. Research Gap Identification: Scholars can identify unexplored areas requiring
further investigation.

177




4. Academic Resource: Students pursuing BUMS, MD/MS (Unani), and other
AYUSH programs can use DHARA for dissertations, theses, and seminar
presentations.

5. Promotion of Scientific Validation: The database encourages scientific evaluation
of traditional medical knowledge through documented research findings.

Although DHARA was originally developed for Ayurvedic literature, it serves as an
important model for indexing traditional medicine research and highlights the need
for similar databases across all AYUSH disciplines, including Unani medicine.

7.1.2 AYUSH Research Portal (ARP)

The AYUSH Research Portal is an initiative of the Ministry of AYUSH, Government
of India, developed to provide a centralized repository of research evidence generated
in AYUSH systems. The portal was established to enhance accessibility, visibility,
and dissemination of scientific research related to Ayurveda, Yoga and Naturopathy,
Unani, Siddha, Homoeopathy, and Sowa-Rigpa.

The portal serves as a comprehensive digital platform that indexes evidence-based
research publications from diverse AYUSH disciplines. It includes clinical research,
preclinical studies, drug research, fundamental research, epidemiological
investigations, and public health studies. By integrating information from multiple
sources, the portal provides a unified access point for AYUSH research literature.

A notable feature of the AYUSH Research Portal is its categorization of research
according to medical systems, disease conditions, body systems, and research
domains. Users can perform advanced searches using keywords and filters to locate
relevant studies efficiently. The portal also incorporates disease classification systems
and evidence grading criteria to assist researchers in evaluating the quality of
available evidence.

For Unani researchers, the AYUSH Research Portal is particularly valuable because it
provides access to studies conducted across various institutions under the Ministry of
AYUSH, universities, research councils, and independent research organizations. The
portal includes publications related to Unani pharmacology, clinical trials, drug
standardization, preventive medicine, and public health interventions.

The objectives of the AYUSH Research Portal include:
e Promoting evidence-based practice in AYUSH systems.

e Enhancing visibility of research outputs.

e Supporting academic and clinical decision-making.
¢ Facilitating interdisciplinary collaboration.

¢ Encouraging high-quality research and innovation.

¢ Providing policymakers with scientific evidence for healthcare planning.
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The portal also plays a crucial role in strengthening research transparency and
accessibility. Researchers can identify ongoing trends, emerging therapeutic areas,
and priority research domains. Furthermore, the availability of categorized evidence
assists clinicians in integrating research findings into practice while maintaining the
principles of traditional medicine.

Importance of DHARA and AYUSH Research Portal in Unani Research

In modern research environments, effective literature searching is a fundamental
component of scientific inquiry. Both DHARA and the AYUSH Research Portal
facilitate systematic literature review, evidence appraisal, and research planning. For
students and scholars of Unani medicine, these resources provide access to scientific
evidence that supports the validation, standardization, and global recognition of
traditional medical practices.

These databases contribute to the development of evidence-based Unani medicine by
enabling researchers to examine previous studies, formulate research hypotheses,
design scientifically sound methodologies, and interpret findings within the context of
existing knowledge. Consequently, they play an essential role in improving the
quality, credibility, and international acceptance of AYUSH research.

7.2 UGC-CARE, PUBMED AND SCOPUS

The quality of research largely depends on the credibility of the sources used for
literature review and the quality of journals selected for publication. In modern
research, databases and indexing systems play a crucial role in identifying authentic
scholarly literature, tracking citations, and ensuring research visibility. Among the
most widely recognized platforms for health sciences and medical research are UGC-
CARE, PubMed, and Scopus. These databases assist researchers in locating reliable
scientific information, evaluating journal quality, and disseminating research findings
to a wider academic audience. For scholars in Unani medicine, familiarity with these
resources is essential for conducting evidence-based research and publishing in
reputable journals.

7.2.1 UGC-CARE

The Consortium for Academic and Research Ethics (CARE) was established by
the University Grants Commission (UGC), India, to promote research integrity and
discourage publication in predatory journals. The UGC-CARE initiative was
introduced in 2019 as a replacement for the earlier UGC-approved journal list after
concerns were raised regarding the inclusion of low-quality and predatory
publications. Its primary objective was to provide researchers with a reference list of
credible journals that follow ethical publishing practices and rigorous peer-review
standards.

The UGC-CARE system classified journals into categories based on quality
assessment and recognized indexing services. Journals included in the list were
evaluated on parameters such as editorial quality, peer-review practices, transparency,
publication ethics, and regularity of publication.
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The initiative aimed to improve the standard of academic publishing in India and
guide researchers toward reliable publication avenues.

For postgraduate and doctoral scholars, publication in UGC-CARE-listed journals
became important for academic assessment, promotions, and research recognition.
The system also encouraged institutions to emphasize quality research output and
discourage publication in dubious journals. Although UGC announced changes to the
maintenance of the UGC-CARE journal list in 2025, the principles of journal quality
assessment and publication ethics promoted through CARE continue to remain highly
relevant for researchers.

Advantages of UGC-CARE
. Promotes publication in quality journals.

1
2. Helps researchers avoid predatory journals.

3. Encourages ethical research and publication practices.

4. Facilitates academic evaluation and career advancement.
5. Improves the overall quality of scholarly communication.
7.2.2 PubMed

PubMed is a free biomedical database maintained by the United States National
Library of Medicine (NLM) under the National Institutes of Health (NIH). It is
one of the most important resources for researchers in medicine, public health,
pharmacology, nursing, and allied health sciences. PubMed primarily provides access
to MEDLINE, which contains references and abstracts from thousands of biomedical
journals worldwide.

Since its launch in 1996, PubMed has become the most widely used database for
searching biomedical literature. It contains millions of citations covering various
disciplines such as clinical medicine, epidemiology, pharmacology, molecular
biology, traditional medicine, and public health. Researchers can access abstracts,
bibliographic details, and, in many cases, links to full-text articles through PubMed
Central and publisher websites.

PubMed offers advanced search features that enable users to search by author name,
title, keyword, journal name, publication date, and Medical Subject Headings
(MeSH). MeSH is a controlled vocabulary system that improves the accuracy and
efficiency of literature searches. For Unani scholars, PubMed provides access to
studies related to herbal medicines, complementary and alternative medicine, clinical
trials, epidemiology, and evidence-based healthcare.

Advantages of PubMed
1. Free and open access to biomedical literature.

2. Comprehensive coverage of medical and health sciences.

3. Availability of advanced search tools and MeSH indexing.
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4. Regularly updated database with current research findings.
5. Access to evidence-based information for clinical and academic research.
7.2.3 Scopus

Scopus is one of the largest abstract and citation databases of peer-reviewed
literature. Developed by Elsevier, it indexes journals, conference proceedings, books,
and other scholarly publications across diverse disciplines, including medicine, life
sciences, social sciences, engineering, and humanities. Scopus is widely recognized
as a reliable source for research evaluation and bibliometric analysis.

Unlike PubMed, which mainly focuses on biomedical literature, Scopus covers a
broader range of academic disciplines. It provides citation tracking tools that allow
researchers to assess the impact of articles, authors, and journals. Metrics such as
CiteScore, h-index, and citation counts help evaluate research productivity and
influence. These indicators are frequently used by universities, funding agencies, and
accreditation bodies to assess research performance.

Scopus employs a rigorous journal selection process conducted by the Content
Selection and Advisory Board (CSAB). Only journals meeting established quality
criteria are indexed. As a result, publication in a Scopus-indexed journal is often
regarded as a mark of academic quality and international visibility. For researchers in
Unani medicine, Scopus provides opportunities to access multidisciplinary research
and publish findings in internationally recognized journals.

Advantages of Scopus
. Extensive multidisciplinary coverage.

. Citation analysis and research impact assessment.

1

2

3. Identification of high-quality journals and authors.

4. International visibility and discoverability of research.
5

. Useful for systematic reviews, bibliometric studies, and research evaluation.

Comparison of UGC-CARE, PubMed and Scopus

Feature UGC-CARE PubMed Scopus
Primary Journal quality Biomedical Citation and abstract
Purpose assessment literature database
database
Coverage | Academic journals Medicine and Multidisciplinary
recognized by UGC | health sciences
Access Reference list of Free access Subscription-based
journals

Citation Limited Limited Extensive
Analysis
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Main Indian researchers Medical and Researchers across all
Users and academicians health disciplines
researchers
Focus Publication quality Literature Research visibility and
and ethics retrieval impact assessment

UGC-CARE, PubMed, and Scopus serve distinct yet complementary functions in the
research ecosystem. UGC-CARE emphasizes publication quality and ethics, PubMed
provides comprehensive access to biomedical literature, and Scopus offers extensive
citation tracking and multidisciplinary research coverage. Knowledge and effective
utilization of these resources enhance literature review, evidence generation,
publication quality, and overall research excellence in Unani medicine and allied
health sciences.

7.3 NAMASTE AND A-HMIS

The rapid digitalization of healthcare has transformed the collection, management,
and utilization of health information worldwide. In the AYUSH sector, including
Unani medicine, the Ministry of AYUSH has introduced several digital initiatives to
improve healthcare delivery, documentation, research, and evidence generation.
Among these initiatives, the National AYUSH Morbidity and Standardized
Terminologies Electronic Portal (NAMASTE) and the AYUSH Hospital
Management Information System (A-HMIS) are two landmark platforms designed
to strengthen healthcare data management, standardize clinical terminology, and
facilitate research activities in Ayurveda, Unani, Siddha, and other AYUSH systems.
These digital platforms form an integral part of the broader Ayush Grid, which
serves as the information technology backbone of the AYUSH ecosystem.

7.3.1 National AYUSH Morbidity and Standardized Terminologies Electronic
Portal NAMASTE)

The National AYUSH Morbidity and Standardized Terminologies Electronic Portal
(NAMASTE) was developed by the Ministry of AYUSH to establish a standardized
framework for disease classification and medical terminology within AYUSH
systems. Historically, one of the major challenges in Ayurveda, Unani, and Siddha
medicine was the lack of uniform terminology and disease coding systems. Different
institutions and practitioners often used varying diagnostic terms for similar clinical
conditions, making data aggregation, research analysis, and healthcare reporting
difficult.

NAMASTE was conceived to address this challenge by creating a comprehensive
repository of standardized terminologies and morbidity codes for AYUSH systems.
The portal provides a uniform nomenclature for diseases, clinical conditions, and
therapeutic concepts used in Ayurveda, Siddha, and Unani medicine.

It also establishes links between AYUSH disease classifications and internationally
accepted disease coding systems such as the International Classification of Diseases
(ICD-10 and ICD-11).
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This dual coding mechanism allows AYUSH diagnoses to be mapped with
conventional biomedical classifications, thereby improving interoperability between
traditional and modern healthcare systems.

The primary objectives of NAMASTE include:
1. Standardization of AYUSH medical terminologies.

. Development of uniform morbidity codes for AYUSH diseases.

2

3. Facilitation of disease surveillance and healthcare reporting.

4. Support for evidence-based research through standardized data collection.
5

. Integration of AYUSH healthcare records with national and international health
information systems.

For researchers in Unani medicine, NAMASTE provides a valuable resource for
ensuring consistency in disease classification across studies. Standardized
terminology improves the quality of epidemiological investigations, multicentric
clinical trials, health surveys, and hospital-based research. It also enables researchers
to compare findings across different institutions and geographical regions more
effectively.

The portal further contributes to public health planning by generating reliable
morbidity statistics. Real-time disease data collected through NAMASTE can be
utilized for monitoring disease trends, identifying public health priorities, and
developing healthcare policies specific to AYUSH systems. The availability of
standardized disease codes also facilitates insurance integration, reimbursement
mechanisms, and national health reporting initiatives.

7.3.2 AYUSH Hospital Management Information System (A-HMIS)

The AYUSH Hospital Management Information System (A-HMIS) is a
comprehensive digital platform developed by the Ministry of AYUSH to manage
healthcare delivery and administrative functions within AYUSH hospitals and
healthcare institutions. It evolved from the THERAN software originally developed
by the Central Council for Research in Siddha and was subsequently customized to
accommodate all AYUSH systems, including Unani medicine.

A-HMIS serves as an integrated electronic health record (EHR) system designed to
streamline patient care, hospital administration, clinical documentation, and
healthcare analytics. The platform digitizes various operational processes, thereby
reducing dependence on paper-based records and improving efficiency in healthcare
delivery.

The major objectives of A-HMIS are:
e Improvement of patient care through electronic health records.

o Efficient management of hospital operations.

e Standardized clinical documentation.
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e Collection and analysis of morbidity and treatment data.
o Facilitation of research and evidence generation.
o Integration of healthcare services across AYUSH institutions.

A-HMIS consists of multiple modules catering to different AYUSH systems. For
Unani medicine, dedicated workflows support registration, outpatient services,
inpatient management, prescription generation, laboratory investigations, pharmacy
management, and follow-up care. The system assigns a unique patient identification
number, enabling longitudinal tracking of patient records and treatment outcomes.

Key functional components of A-HMIS include:
o Patient registration and appointment scheduling.

e Electronic medical records.

e Outpatient and inpatient management.
e Pharmacy and inventory control.

e Laboratory information management.
¢ Financial and administrative reporting.
e Healthcare analytics and dashboards.

One of the most significant contributions of A-HMIS to research is the creation of a
centralized clinical database. Researchers can access large volumes of anonymized
patient data for observational studies, disease pattern analysis, treatment outcome
assessments, and health services research. The system supports real-time data
collection and minimizes documentation errors commonly associated with manual
record-keeping.

7.3.3 Significance of NAMASTE and A-HMIS in Unani Research

The integration of NAMASTE and A-HMIS has substantially strengthened research
infrastructure within the AYUSH sector. While NAMASTE provides standardized
terminology and disease coding, A-HMIS facilitates systematic data capture and
storage. Together, they create a robust framework for evidence generation,
epidemiological surveillance, and healthcare analytics.

For Unani scholars and researchers, these platforms offer several advantages:
e Availability of standardized diagnostic terminology.

e Improved quality and reliability of clinical data.
¢ Enhanced opportunities for multicentric research.
¢ Better documentation of treatment outcomes.

o Facilitation of evidence-based practice.

o Support for health policy development and disease surveillance.
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As AYUSH systems increasingly embrace digital health technologies, NAMASTE
and A-HMIS are expected to play a pivotal role in integrating traditional medicine
with modern health informatics. Their continued implementation will contribute
significantly to the scientific validation, standardization, and global recognition of
Unani medicine and other AYUSH disciplines.

7.4 RESEARCH REPORTING GUIDELINES

Research reporting guidelines are structured tools developed to improve the
transparency, completeness, accuracy, and reproducibility of scientific publications.
They provide authors with standardized checklists and recommendations that ensure
all essential components of a study are adequately reported. The use of reporting
guidelines has become an integral part of modern health research, including medical,
pharmaceutical, epidemiological, and Unani medical research. Proper reporting
allows readers, reviewers, policymakers, and healthcare professionals to critically
evaluate research findings and apply evidence appropriately in clinical practice.

Incomplete or poor reporting of research can lead to misinterpretation of results,
difficulty in reproducing studies, research waste, and reduced credibility of scientific
evidence. To address these issues, international initiatives have developed reporting
standards tailored to different study designs. The most prominent organization
promoting reporting standards is the EQUATOR (Enhancing the QUAlity and
Transparency Of Health Research) Network, which serves as a comprehensive
repository of reporting guidelines for health-related research. The EQUATOR
Network provides access to hundreds of reporting guidelines covering various study
designs and disciplines.

7.4.1 Importance of Research Reporting Guidelines
Research reporting guidelines serve several important purposes:

1. Enhance Transparency: They ensure that all relevant methodological details are
clearly presented.

2. Improve Reproducibility: Other researchers can replicate studies based on
complete descriptions.

3. Facilitate Peer Review: Reviewers can systematically assess manuscript quality.
4. Reduce Reporting Bias: Essential findings are less likely to be omitted.

5. Support Evidence Synthesis: Accurate reporting facilitates systematic reviews and
meta-analyses.

6. Increase Publication Quality: Many journals require adherence to specific
reporting guidelines before manuscript submission.

7.4.2 Major Reporting Guidelines in Health Research
Different study designs require different reporting standards. Researchers should
select the guideline most appropriate for their methodology.
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1. CONSORT (Consolidated Standards of Reporting Trials)

CONSORT is the internationally accepted guideline for reporting randomized
controlled trials (RCTs). It provides a checklist and flow diagram to ensure
comprehensive reporting of trial design, participant recruitment, interventions,
outcomes, randomization procedures, statistical analysis, and results. The updated
CONSORT statement remains the gold standard for reporting clinical trials.

Key Components:
o Title and abstract

o Trial design

e Participant eligibility

e Randomization procedures

¢ Intervention details

¢ QOutcome measures

e Statistical methods

o Participant flow diagram

e Adverse events and limitations

For Unani clinical trials evaluating the efficacy of therapies, formulations, or
regimens, adherence to CONSORT is highly recommended.

2. STROBE (Strengthening the Reporting of Observational Studies in
Epidemiology)

STROBE is designed for observational studies, including cohort, case-control, and

cross-sectional studies. It consists of a checklist that guides researchers in reporting

study setting, participant selection, variables, bias, statistical methods, and results.

Key Components:
¢ Study design

e Participants and sampling

e Variables and measurements
e Sources of bias

o Statistical analysis

¢ Results and interpretation

Many epidemiological and public health studies in Unani medicine utilize
observational designs, making STROBE particularly relevant.
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3. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
PRISMA provides guidelines for reporting systematic reviews and meta-analyses.
The PRISMA 2020 statement includes a checklist and flow diagram that improve
transparency in literature search, study selection, data extraction, and synthesis.

Key Components:
¢ Review objectives

o Eligibility criteria

e Search strategy

e Study selection process

¢ Data collection methods
¢ Risk of bias assessment
o Synthesis of findings

PRISMA is essential for scholars conducting evidence-based reviews of Unani
interventions and therapies.

4. CARE (Case Report Guidelines)

CARE guidelines are intended for clinical case reports. They provide a framework for
reporting patient information, clinical findings, diagnostic assessments, therapeutic
interventions, follow-up, and outcomes.

Key Components:
e Patient demographics

¢ Clinical history

¢ Diagnostic procedures

o Treatment intervention

¢ Outcomes and follow-up

o Patient perspective (where applicable)

Case reports remain an important source of preliminary evidence in Unani medicine
and traditional healthcare systems.

5. COREQ (Consolidated Criteria for Reporting Qualitative Research)
COREQ is a 32-item checklist specifically developed for qualitative studies involving
interviews and focus groups. It helps ensure rigorous reporting of research team
characteristics, study design, data collection, analysis, and interpretation.

Key Components:
e Research team and reflexivity

e Study design
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e Participant selection

¢ Data collection methods
o Data analysis procedures
e Reporting of findings

Qualitative research exploring patient experiences, traditional knowledge, and
practitioner perspectives in Unani medicine benefits greatly from COREQ
compliance.

6. Other Important Reporting Guidelines
Several additional reporting guidelines are available for specialized research designs:

e SPIRIT - Protocols for clinical trials.

e STARD - Diagnostic accuracy studies.

e TRIPOD - Prediction model studies.

¢ ARRIVE — Animal research reporting.

¢ SRQR - Standards for Reporting Qualitative Research.
¢ AGREE and RIGHT - Clinical practice guidelines.

¢ MOOSE — Meta-analyses of observational studies.

7.4.3 Role of Reporting Guidelines in Unani Research

The growing emphasis on evidence-based traditional medicine requires high-quality
research reporting. Researchers in Unani medicine often conduct clinical trials,
observational studies, case reports, systematic reviews, and qualitative investigations.
Adoption of appropriate reporting guidelines enhances scientific rigor, improves
manuscript acceptance rates, and facilitates integration of Unani evidence into
mainstream healthcare literature.

Regulatory bodies, funding agencies, and indexed journals increasingly require
adherence to reporting standards during manuscript submission. Therefore, familiarity
with reporting guidelines is an essential competency for BUMS and MD/MS scholars
engaged in research.

Research reporting guidelines are indispensable tools for ensuring transparency,
accuracy, and completeness in scientific communication. By following appropriate
guidelines such as CONSORT, STROBE, PRISMA, CARE, and COREQ, researchers
can improve the quality and credibility of their work. In the field of Unani medicine,
adherence to these standards strengthens evidence generation, promotes scholarly
excellence, and contributes to the advancement of evidence-based traditional
healthcare.
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7.5 CARE, PRISMA, ARRIVE, CONSORT and STROBE Statements

The quality, transparency, and reproducibility of scientific research depend not only
on sound methodology but also on comprehensive reporting of study findings.
Incomplete or inconsistent reporting can lead to misinterpretation of results, difficulty
in replication, and reduced utility of research evidence. To address these concerns,
several internationally recognized reporting guidelines have been developed. These
guidelines provide structured checklists and recommendations to ensure that
researchers report their studies in a clear, transparent, and standardized manner. The
most widely used reporting statements in health sciences include CARE, PRISMA,
ARRIVE, CONSORT, and STROBE. These guidelines are supported and
disseminated through the EQUATOR Network, an international initiative dedicated to
improving the reliability and value of health research publications.

7.5.1 Importance of Reporting Guidelines

Reporting guidelines are structured tools, usually presented as checklists, flow
diagrams, or explanatory documents, designed to assist authors in reporting specific
study designs comprehensively and transparently. They help improve the quality of
manuscripts, facilitate peer review, enhance reproducibility, and support evidence
synthesis. Many high-impact journals require authors to submit completed reporting
checklists along with manuscripts.

CARE Statement (Case Report Guidelines)

CARE (CAse REport) guidelines were developed to improve the completeness and
transparency of clinical case reports. Case reports have historically contributed
significantly to medical knowledge by identifying new diseases, unusual
presentations, adverse drug reactions, and innovative therapeutic approaches.
However, variations in reporting quality often limited their scientific value.

The CARE Statement provides a standardized framework for reporting clinical cases.
Key components include:

Title and keywords.

Abstract summarizing the case.
Patient information.

Clinical findings.

Diagnostic assessment.
Therapeutic interventions.
Follow-up and outcomes.

Patient perspective, when applicable.

A AU o A S

Informed consent.

By following CARE guidelines, researchers and clinicians can ensure that case
reports contribute valuable and reliable information to the medical literature.
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CARE is particularly relevant in Unani medicine, where unique case experiences and
individualized treatments are frequently documented.

PRISMA Statement (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses)

PRISMA is an internationally accepted guideline developed for reporting systematic
reviews and meta-analyses. Systematic reviews synthesize evidence from multiple
studies and are considered among the highest levels of scientific evidence.

The updated PRISMA 2020 Statement consists of a comprehensive checklist and flow
diagram designed to improve transparency in literature review methodology and
reporting. Key reporting domains include:

e Title and abstract.

¢ Rationale and objectives.

o Eligibility criteria.

¢ Information sources and search strategy.
e Study selection process.

e Data extraction methods.

e Risk of bias assessment.

o Synthesis of results.

e Discussion and conclusions.

The PRISMA flow diagram visually represents the identification, screening,
eligibility assessment, and inclusion of studies. This allows readers to understand how
studies were selected and excluded throughout the review process. PRISMA enhances
methodological rigor, reduces reporting bias, and facilitates critical appraisal of
systematic reviews.

ARRIVE Statement (Animal Research: Reporting of In Vivo Experiments)
ARRIVE guidelines were developed to improve the reporting quality of animal
research. Poorly reported animal studies can lead to unnecessary duplication of
experiments, ethical concerns, and difficulties in translating findings into clinical
practice.

ARRIVE 2.0 provides detailed recommendations covering:
o Study design.

e Experimental procedures.
e Animal characteristics.
¢ Housing and husbandry conditions.

e Sample size determination.
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e Randomization procedures.
¢ Blinding methods.

e Statistical analysis.

e Experimental outcomes.

The guidelines emphasize transparency and adherence to ethical principles, including
the "3Rs" concept—Replacement, Reduction, and Refinement of animal use. Proper
implementation of ARRIVE enhances reproducibility and scientific validity in
preclinical research.

CONSORT Statement (Consolidated Standards of Reporting Trials)

CONSORT is the most widely recognized reporting guideline for randomized
controlled trials (RCTs). Randomized trials represent the gold standard for evaluating
therapeutic interventions; however, inadequate reporting may compromise
interpretation and validity.

The CONSORT Statement includes a checklist and participant flow diagram. Major
checklist domains include:

e Trial design.

¢ Participant recruitment.

¢ Randomization methods.

¢ Allocation concealment.

¢ Blinding procedures.

o Statistical analysis.

e Participant flow.

e Outcomes and adverse events.
o Interpretation of results.

The CONSORT flow diagram tracks participant progress through enrollment,
allocation, follow-up, and analysis phases. This transparency helps readers assess
potential sources of bias and attrition. Numerous CONSORT extensions have been
developed for specialized trial designs such as cluster randomized trials, non-
inferiority trials, and adaptive clinical trials.

STROBE Statement (Strengthening the Reporting of Observational Studies in
Epidemiology)

STROBE was developed for observational studies, including cohort, case-control, and
cross-sectional designs. Observational studies are widely used in epidemiology and
public health research, including many investigations in traditional medicine and
community health.
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The STROBE checklist contains recommendations for reporting:
e Study design and setting.

o Participant selection.

e Variables and measurements.
¢ Data sources.

e Bias assessment.

e Sample size.

e Statistical methods.

¢ Results and interpretation.

STROBE promotes transparent reporting of study methods and findings, enabling
readers to evaluate the strengths and limitations of observational research. Because
many Unani medical studies utilize observational designs, adherence to STROBE can
substantially improve publication quality and credibility.

7.5.2 Relevance in Unani Medical Research

Researchers in Unani medicine increasingly publish case reports, observational
studies, clinical trials, systematic reviews, and experimental studies. Adherence to
CARE, PRISMA, ARRIVE, CONSORT, and STROBE guidelines ensures
methodological transparency, improves manuscript quality, and enhances acceptance
in indexed journals. These reporting standards facilitate evidence-based practice and
strengthen the scientific foundation of Unani medicine. Furthermore, they promote
international recognition and integration of traditional medical research into global
healthcare literature.

7.6 ASSESSMENT TOOLS AND STANDARD TERMINOLOGIES

Assessment tools and standard terminologies are essential components of modern
health research. They facilitate the systematic collection, measurement, classification,
and interpretation of research data. In medical and Unani research, the use of
validated assessment tools and standardized terminologies improves the reliability,
validity, reproducibility, and comparability of research findings across different
studies and populations. Standardized instruments also help researchers communicate
findings effectively and ensure compliance with national and international research
standards.

7.6.1 Concept of Assessment Tools

Assessment tools are structured instruments used to evaluate various aspects of
health, disease, treatment outcomes, quality of life, patient satisfaction, and research
processes. These tools may include questionnaires, rating scales, checklists,
inventories, diagnostic criteria, and observational instruments. Their primary purpose
is to transform subjective observations into measurable and analyzable data.
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A good assessment tool should possess the following characteristics:
. Validity — measures what it is intended to measure.
. Reliability — produces consistent results when applied repeatedly.

. Sensitivity — detects changes over time.

1
2
3
4. Specificity — accurately identifies the condition being studied.
5. Feasibility — easy to administer and interpret.

6

. Standardization — applicable uniformly across different settings.

In clinical and epidemiological studies, validated assessment tools enhance the
scientific rigor of research and reduce measurement bias.

Types of Assessment Tools Used in Health Research

1. Clinical Assessment Tools

These instruments evaluate disease severity, symptoms, and treatment outcomes.
Examples include pain scales, symptom severity scores, and disease-specific rating
scales. In Unani medicine, symptom assessment scales may be developed based on
Mizaj (temperament), Akhlat (humors), and clinical manifestations described in
classical literature.

2. Quality of Life Instruments

Quality of life (QoL) assessment is increasingly important in healthcare research.
Tools such as the WHOQOL and SF-36 measure physical, psychological, social, and
environmental dimensions of health. These instruments help determine the overall
impact of disease and therapeutic interventions on patients’ lives.

3. Psychological Assessment Scales

Research involving mental health frequently employs standardized scales to assess
anxiety, depression, stress, and behavioral disorders. Such tools provide objective
measurements for conditions that are otherwise subjective.

4. Functional Assessment Tools

These evaluate physical functioning, disability status, and activities of daily living.
Functional assessments are particularly useful in rehabilitation, chronic disease
management, and geriatric research.

5. Risk Assessment Tools

Risk assessment instruments help identify the probability of disease occurrence or
adverse outcomes. Examples include cardiovascular risk scores, nutritional
assessment tools, and screening questionnaires used in public health research.

7.6.2 Importance of Standard Terminologies
Standard terminologies refer to universally accepted vocabularies, classifications, and
coding systems used to describe diseases, symptoms, interventions, adverse events,
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and research outcomes. They ensure that researchers, clinicians, regulators, and
policymakers interpret information consistently across institutions and countries.

Without standardized terminology, the same clinical condition may be described
differently by different researchers, leading to confusion, data inconsistency, and
difficulties in evidence synthesis.

Major Standard Terminologies Used in Medical Research

1. Medical Subject Headings (MeSH)

MeSH is a controlled vocabulary developed by the U.S. National Library of Medicine
for indexing and searching biomedical literature. It facilitates accurate retrieval of
scientific publications in databases such as PubMed. MeSH terms standardize
concepts and reduce ambiguity in literature searches.

2. International Classification of Diseases (ICD)

The ICD, developed by the World Health Organization, provides a standardized
system for coding diseases, health conditions, and causes of death. ICD codes are
widely used in epidemiological studies, health statistics, and healthcare management.

3. SNOMED CT

Systematized Nomenclature of Medicine—Clinical Terms (SNOMED CT) is a
comprehensive clinical terminology that supports electronic health records and
healthcare data interoperability. It provides detailed descriptions of diseases,
procedures, findings, and clinical observations.

4. Medical Dictionary for Regulatory Activities (MedDRA)
MedDRA is an internationally accepted standardized medical terminology used for
coding adverse events, medical history, indications, and safety information in clinical
research and pharmacovigilance. It enables consistent reporting, aggregation, and
analysis of safety data across studies and regulatory systems.

5. Common Terminology Criteria for Adverse Events (CTCAE)

CTCAE is a standardized system for classifying and grading adverse events in
clinical trials. It provides uniform criteria for assessing the severity of treatment-
related toxicities and adverse reactions. CTCAE has become a major standard for
safety reporting in clinical research.

7.6.3 Assessment Tools in Unani Research

The growing emphasis on evidence-based Unani medicine has created a need for
scientifically validated assessment instruments. Researchers increasingly employ
standardized symptom scoring systems, quality-of-life questionnaires, patient-
reported outcome measures, and laboratory-based evaluation tools.

Efforts are also being made to develop disease-specific and temperament-based
assessment scales consistent with Unani principles. Such instruments facilitate
objective evaluation of therapeutic efficacy while maintaining the conceptual
framework of Unani medicine.
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7.6.4 Role in Research Reporting

Assessment tools and standard terminologies contribute significantly to research
transparency and reproducibility. Reporting guidelines available through the
EQUATOR Network emphasize the use of validated instruments and standardized
definitions when presenting research findings. Consistent terminology enables
comparison among studies, supports meta-analyses, and enhances the quality of
scientific evidence.

Challenges
Despite their advantages, several challenges exist:

o Lack of validated assessment tools for certain traditional medicine concepts.
e Cultural and linguistic differences affecting tool adaptation.

e Need for regular updates in terminologies and coding systems.

o Training requirements for researchers and healthcare professionals.

e Difficulties in integrating traditional medical concepts with contemporary
classification systems.

Addressing these challenges through validation studies, standardization initiatives,
and interdisciplinary collaboration will strengthen the scientific foundation of Unani
research.

Assessment tools and standard terminologies are indispensable for conducting high-
quality health research. They improve the accuracy, consistency, and comparability of
data while facilitating effective communication among researchers and healthcare
professionals. In Unani medical research, the adoption of validated assessment
instruments and internationally recognized terminologies enhances scientific
credibility and promotes integration with contemporary evidence-based healthcare
systems. Their systematic application ultimately contributes to better research
outcomes, improved patient care, and advancement of medical knowledge.
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8.1 INTRODUCTION TO MEDICAL STATISTICS AND BIOSTATISTICS
Statistics has become an indispensable component of modern medical science,
healthcare research, and evidence-based clinical practice. The rapid growth of
biomedical research, public health programs, epidemiological investigations, and
healthcare management has generated vast amounts of data that require systematic
collection, organization, analysis, and interpretation. Medical Statistics and
Biostatistics provide the scientific tools necessary for transforming raw observations
into meaningful information that can guide clinical decisions, public health policies,
and research conclusions.

8.1.1 Concept of Statistics

Statistics is the science concerned with the collection, classification, presentation,
analysis, and interpretation of numerical data. It provides methods for understanding
variability, identifying patterns, and drawing valid conclusions from observed
information. In scientific research, statistics helps researchers summarize complex
data and make objective decisions based on evidence rather than personal opinion or
intuition. Medical sciences frequently deal with uncertainty, and statistical methods
help quantify this uncertainty and evaluate the reliability of findings.

Medical Statistics

Medical Statistics is a specialized branch of statistics that focuses on the application
of statistical principles and methods to medicine, healthcare, and clinical research. It
involves the design of medical studies, collection of patient data, analysis of disease
patterns, evaluation of therapeutic interventions, and interpretation of research
findings. Medical statistics assists healthcare professionals in determining whether
observed differences in treatment outcomes are genuine or merely due to chance. It
forms the foundation of evidence-based medicine by providing scientific methods for
testing hypotheses and assessing clinical effectiveness.

In clinical medicine, statistical methods are used to evaluate new drugs, compare
treatment modalities, assess diagnostic tests, estimate disease risk, and monitor
healthcare outcomes. Without statistical analysis, it would be difficult to establish the
efficacy and safety of medical interventions or to develop reliable healthcare
guidelines.

Biostatistics

Biostatistics, also known as Biometry, is the branch of statistics that applies statistical
methods to biological, medical, and health-related sciences. It deals with the
collection, organization, analysis, and interpretation of data related to living
organisms and biological processes. Biostatistics is widely used in medicine,
epidemiology, genetics, pharmacology, nutrition, environmental health, and public
health research.

Biostatistics may be defined as the application of mathematical and statistical
techniques to solve problems in biological and health sciences. It enables researchers
to draw valid conclusions from sample data and make inferences about larger
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populations. The discipline plays a critical role in designing experiments, conducting
clinical trials, analyzing health surveys, and evaluating public health interventions.

8.1.2 Relationship between Medical Statistics and Biostatistics

Although the terms "Medical Statistics" and "Biostatistics" are often used
interchangeably, there is a subtle distinction between them. Medical Statistics
primarily focuses on statistical applications in medicine and healthcare, whereas
Biostatistics encompasses a broader range of biological sciences, including medicine,
agriculture, genetics, ecology, and public health. Medical statistics may therefore be
considered a specialized component of the broader field of biostatistics.

Both disciplines share common objectives:
. Collection of reliable data.

1
2. Organization and presentation of information.
3. Analysis of variability and trends.
4. Drawing scientific conclusions.

5. Supporting decision-making in healthcare and research.

8.1.3 Historical Development of Biostatistics

The roots of biostatistics can be traced to the development of probability theory and
demographic studies in the seventeenth and eighteenth centuries. During the
nineteenth century, scientists such as Francis Galton and Karl Pearson introduced
statistical techniques including correlation and regression analysis, which laid the
foundation for modern biostatistical methods. Over time, the increasing complexity of
biomedical research led to the emergence of biostatistics as a distinct scientific
discipline. Today, biostatistics is an integral part of clinical research, epidemiology,
and public health practice worldwide.

8.1.4 Importance of Biostatistics in Medical Research

Biostatistics plays a vital role throughout the research process. It assists researchers in
formulating research questions, selecting appropriate study designs, determining
sample size, collecting data, analyzing results, and interpreting findings. Statistical
methods help ensure that research conclusions are scientifically valid and
reproducible.

Some important contributions of biostatistics in medical research include:
e Designing clinical and experimental studies.

e Determining sample size requirements.

¢ FEvaluating efficacy and safety of treatments.

¢ Comparing different therapeutic interventions.
e Assessing diagnostic and screening tests.

o Identifying disease risk factors.
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e Measuring disease incidence and prevalence.
e Supporting evidence-based healthcare decisions.

Applications of Biostatistics
Biostatistics has extensive applications in various fields of health sciences:

1. Clinical Medicine
Biostatistical methods are used to evaluate treatment outcomes, assess prognostic
factors, and conduct clinical trials for new drugs and therapies.

2. Epidemiology
Biostatistics helps measure disease frequency, investigate outbreaks, identify risk
factors, and study patterns of disease occurrence within populations.

3. Public Health
Public health programs rely on statistical data to monitor community health, evaluate
interventions, and formulate health policies.

4. Pharmacology and Clinical Trials
Drug development and regulatory approval processes depend heavily on statistical
evaluation of efficacy and safety data obtained from clinical trials.

5. Genetics and Genomics
Biostatistics assists in analyzing genetic variations, identifying disease-associated
genes, and interpreting complex genomic data.

8.1.5 Relevance to Unani Medicine

In contemporary Unani medical research, biostatistics is essential for evaluating the
efficacy of Unani drugs, validating traditional therapeutic approaches, conducting
clinical studies, and generating scientific evidence for healthcare decision-making.
Statistical methods help bridge traditional knowledge and modern scientific research
by ensuring objectivity, accuracy, and reproducibility of findings. Consequently,
every Unani scholar and researcher must possess a sound understanding of
biostatistical principles to conduct high-quality research and contribute effectively to
evidence-based Unani medicine.

Medical Statistics and Biostatistics constitute the scientific foundation of modern
health research. They provide systematic methods for collecting, analyzing, and
interpreting health-related data, thereby facilitating evidence-based clinical practice
and public health decision-making. For students and researchers of Unani medicine,
knowledge of biostatistics is indispensable for conducting rigorous research,
evaluating therapeutic outcomes, and advancing the scientific credibility of Unani
healthcare systems.

8.2 OBJECTIVE, SCOPE AND RELEVANCE OF STATISTICS IN UNANI
MEDICINE

Statistics is the science of collecting, organizing, analyzing, interpreting, and

presenting data to facilitate decision-making and scientific inquiry.

200




In healthcare systems, including Unani medicine, statistics serves as a fundamental
tool for evaluating therapeutic outcomes, understanding disease patterns, validating
traditional knowledge, and conducting evidence-based research. The increasing
emphasis on scientific validation of traditional systems of medicine has enhanced the
importance of statistical methods in Unani research and clinical practice. Biostatistics,
a specialized branch of statistics applied to biological and health sciences, provides
researchers with techniques to transform raw observations into meaningful scientific
conclusions.

The integration of statistical principles into Unani medicine is essential for generating
reliable evidence regarding the efficacy, safety, and quality of Unani interventions.
Statistical analysis enables researchers to objectively assess clinical outcomes,
compare treatments, and establish scientific credibility for traditional therapeutic
approaches.

8.2.1 Objectives of Statistics in Unani Medicine
The primary objectives of statistics in Unani medicine are as follows:

1. Collection and Organization of Health Data

Statistics facilitates the systematic collection, classification, and presentation of
health-related information obtained from patients, hospitals, clinics, and research
studies. Proper organization of data allows researchers to identify trends and patterns
that may otherwise remain unnoticed.

2. Description of Disease Patterns
Statistical methods help in describing the frequency, distribution, and characteristics
of diseases in populations. In Unani medicine, this information assists in
understanding the prevalence of various disorders, Mizaj (temperament) patterns, and
environmental influences on health.

3. Evaluation of Therapeutic Effectiveness

One of the major objectives of biostatistics is to assess the efficacy of Unani
treatments through clinical studies. Statistical tools determine whether observed
improvements in patients are due to treatment effects or merely occur by chance.

4. Hypothesis Testing

Statistics provides scientific methods for testing research hypotheses. In Unani
research, investigators may test hypotheses regarding the effectiveness of a particular
formulation, regimen therapy, or preventive intervention. Statistical testing helps in
drawing valid conclusions from collected data.

5. Evidence-Based Decision Making

Statistical analysis supports evidence-based medicine by enabling healthcare
professionals and researchers to make informed decisions based on objective data
rather than assumptions or anecdotal observations.
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6. Prediction and Forecasting

Statistical techniques assist in predicting disease occurrence, treatment outcomes, and
healthcare needs. Such predictions help healthcare administrators and policymakers in
planning public health interventions related to Unani healthcare services.

8.2.2 Scope of Statistics in Unani Medicine
The scope of statistics in Unani medicine is broad and continuously expanding due to
advancements in biomedical research, epidemiology, and healthcare informatics.

1. Clinical Research

Statistics plays a central role in designing, conducting, and analyzing clinical trials
involving Unani drugs and therapies. It helps determine sample size, randomization
procedures, outcome measures, and interpretation of results.

2. Drug Standardization and Quality Control

Statistical methods are used in the standardization of Unani formulations by
evaluating consistency in physicochemical properties, pharmacological activity, and
manufacturing processes. This contributes to quality assurance and regulatory
compliance.

3. Epidemiological Studies

Epidemiology relies heavily on statistical methods for studying disease distribution
and determinants within populations. In Unani medicine, epidemiological research
helps identify environmental, dietary, and lifestyle factors affecting health according
to Unani principles.

4. Public Health and Preventive Medicine

Unani medicine emphasizes preventive healthcare. Statistics assists in evaluating
preventive strategies, health promotion programs, and community-based
interventions. It also supports disease surveillance and health policy formulation.

5. Hospital Administration and Health Services Research

Healthcare institutions utilize statistics for patient record management, resource
allocation, performance evaluation, and quality improvement. Statistical indicators
help administrators assess service efficiency and patient satisfaction.

6. Academic and Educational Research

Statistics is an essential component of postgraduate dissertations, research projects,
and scholarly publications in Unani medicine. It enables researchers to present
scientific findings accurately and convincingly.

7. Integration with Modern Research Technologies
Modern healthcare research increasingly involves large datasets, bioinformatics,
genomics, and machine learning.

Biostatistics provides the methodological framework necessary for integrating Unani
medicine with contemporary scientific research approaches.
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8.2.3 Relevance of Statistics in Unani Medicine

The relevance of statistics in Unani medicine has grown substantially in recent years
due to the global demand for evidence-based validation of traditional healthcare
systems.

Scientific Validation of Unani Concepts

Many principles of Unani medicine are based on centuries of empirical observations.
Statistical analysis helps validate these principles scientifically by examining clinical
outcomes and research findings objectively.

Promotion of Evidence-Based Unani Practice

Evidence-based practice requires reliable data and scientific evaluation. Statistical
methods enable Unani practitioners to assess treatment effectiveness, compare
therapeutic options, and adopt interventions supported by evidence.

Enhancing Research Quality

Appropriate statistical planning improves the validity, reliability, and reproducibility
of research findings. It minimizes bias, controls confounding factors, and ensures
accurate interpretation of results.

Regulatory and Policy Requirements

National and international regulatory bodies increasingly require scientific evidence
regarding safety and efficacy before approving healthcare products and interventions.
Statistical analysis provides the necessary evidence for such evaluations.

Contribution to Global Healthcare

By generating robust scientific evidence through statistical methods, Unani medicine
can contribute more effectively to global healthcare systems and gain wider
acceptance among researchers, clinicians, and policymakers.

Statistics is an indispensable component of modern Unani medicine. It provides
scientific methods for data collection, analysis, interpretation, and evidence
generation. The objectives of statistics include organizing health information,
evaluating treatment outcomes, testing hypotheses, and supporting evidence-based
decisions. Its scope extends across clinical research, epidemiology, drug
standardization, public health, hospital management, and academic research. The
growing relevance of statistics in Unani medicine reflects the need for scientific
validation, quality assurance, and integration with contemporary healthcare research.
Therefore, a sound understanding of statistical principles is essential for every Unani
scholar, researcher, and healthcare professional.

8.3 CONCEPT AND SOURCES OF DATA

Data constitute the foundation of scientific research and biostatistical analysis. In
medical and health sciences, including Unani medicine, data are essential for
understanding disease patterns, evaluating therapeutic interventions, measuring health
outcomes, and generating evidence-based conclusions. The quality of research
findings largely depends upon the accuracy, reliability, and appropriateness of the
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data collected. Therefore, a clear understanding of the concept and sources of data is
fundamental for every researcher.

8.3.1 Concept of Data

The term data refers to a collection of facts, observations, measurements, or
information gathered for analysis and interpretation. In research methodology, data
are the raw materials from which meaningful information and knowledge are derived.
Data may be obtained through observation, experimentation, interviews, surveys,
clinical examinations, laboratory investigations, or existing records. After collection,
data are organized, processed, analyzed, and interpreted to answer research questions
and test hypotheses.

In biostatistics, data represent the values of variables measured in individuals, groups,
or populations. For example, age, blood pressure, body weight, pulse rate, laboratory
parameters, and disease status are common forms of data encountered in medical
research. Accurate data collection is crucial because errors at this stage can
significantly affect the validity and reliability of study results.

Importance of Data in Research
Data serve several important functions in scientific investigation:

1. They provide evidence for testing research hypotheses.

2. They help in describing health conditions and disease patterns.

3. They facilitate comparison between treatment groups.

4. They support decision-making in clinical and public health settings.

5. They contribute to the development of scientific theories and healthcare policies.

In Unani medical research, data enable researchers to evaluate the efficacy and safety
of therapeutic interventions, assess epidemiological trends, and document traditional
knowledge scientifically.

Classification of Data According to Source
Based on their origin, data are broadly classified into:

1. Primary Data
2. Secondary Data

Primary Data

Primary data are original data collected directly by the researcher for a specific
research purpose. These data are obtained firsthand from study participants,
observations, experiments, or measurements. Since they are collected specifically to
address the objectives of a particular study, primary data are generally considered
more relevant and reliable.

Characteristics of Primary Data
¢ Original and firsthand information.
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e Collected for a specific research objective.

e QGreater control over quality and accuracy.

e Usually more expensive and time-consuming to collect.
o Highly relevant to the research problem.

Sources and Methods of Primary Data Collection

1. Observation

Observation involves systematically watching and recording events, behaviors, or
phenomena. It may be direct or indirect, participant or non-participant. In clinical
research, observation is frequently used to assess patient symptoms and treatment
outcomes.

2. Interviews

An interview is a method in which information is obtained directly from respondents
through verbal communication. Interviews may be structured, semi-structured, or
unstructured. They are widely used in community health and qualitative research.

3. Questionnaires and Surveys

Questionnaires consist of a set of predetermined questions administered to
respondents. Surveys are commonly employed to collect data regarding health
behaviors, disease prevalence, patient satisfaction, and healthcare utilization.

4. Experiments and Clinical Trials

Experimental studies generate primary data by manipulating one or more variables
under controlled conditions. Clinical trials evaluating the effectiveness of Unani
formulations are examples of experimental data collection.

5. Measurements and Laboratory Investigations
Clinical measurements such as blood pressure, body mass index, hemoglobin levels,
and biochemical parameters constitute important sources of primary quantitative data.

Advantages of Primary Data
¢ High specificity to research objectives.

e Better accuracy and reliability.
e Updated and current information.
e Greater flexibility in data collection.

Limitations of Primary Data
e Costly and time-intensive.

e Requires trained personnel.

e May encounter non-response or participant bias.
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Secondary Data

Secondary data refer to information that has already been collected, processed, and
recorded by another individual, organization, or institution for purposes other than the
current study. Researchers use these existing data sources to answer new research
questions or supplement primary data collection.

Characteristics of Secondary Data
e Previously collected by others.

o Easily accessible and economical.

e Saves time and resources.

e May not perfectly match current research objectives.
Sources of Secondary Data

1. Government Publications
National health surveys, census reports, disease surveillance records, and
demographic statistics provide valuable data for epidemiological research.

2. Hospital and Health Records
Medical records, outpatient registers, inpatient records, and electronic health
databases are important sources of secondary data in healthcare research.

3. Research Articles and Journals
Published scientific studies provide data that may be utilized for systematic reviews,
meta-analyses, and literature reviews.

4. Books, Reports, and Monographs
Academic textbooks, research reports, and institutional publications often contain
summarized data and research findings.

5. Online Databases
Databases such as PubMed, Scopus, Web of Science, and government health portals
offer extensive secondary data resources for researchers.

6. International Health Organizations

Organizations such as the World Health Organization, United Nations, and other
public health agencies publish statistical reports and health indicators that are widely
used in research.

Advantages of Secondary Data
e Economical and time-saving.

¢ Easily available from multiple sources.
o Useful for large-scale and historical analyses.

¢ Facilitates comparison across populations and time periods.
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Limitations of Secondary Data
e May be outdated.

o Data quality cannot always be verified.
o Information may not align precisely with research objectives.
¢ Incomplete or missing data may affect analysis.

Qualitative and Quantitative Data Sources
Both primary and secondary data may be qualitative or quantitative.

Qualitative data describe characteristics, experiences, perceptions, and opinions.
Examples include patient narratives, interview responses, and focus group
discussions.

Quantitative data are numerical and measurable, such as age, weight, blood
pressure, and laboratory values. These data are particularly important in biostatistical
analysis.

Data are the cornerstone of biostatistical analysis and medical research. The selection
of appropriate data sources directly influences the validity and reliability of research
findings. Primary data provide firsthand, specific, and highly relevant information,
whereas secondary data offer economical and readily available resources for research.
Understanding the nature, advantages, limitations, and applications of different data
sources enables Unani researchers to design scientifically sound studies and generate
reliable evidence for clinical and public health practice.

8.4 TYPES OF DATA: QUALITATIVE, QUANTITATIVE, DISCRETE,
CONTINUOUS, DISCONTINUOUS, AND OPEN-END

Data constitute the foundation of scientific research and statistical analysis. In Unani
medical research, data are collected from patients, clinical observations, laboratory
investigations, surveys, and experimental studies. The nature of data determines the
methods of presentation, analysis, and interpretation. Therefore, understanding the
different types of data is essential for selecting appropriate statistical techniques and
drawing valid conclusions. Broadly, data are classified into qualitative and
quantitative types, with further subdivisions into discrete (discontinuous) and
continuous forms. Open-ended data represent another important category commonly
encountered in health and social science research.

8.4.1 Qualitative Data

Qualitative data, also known as categorical data, describe attributes, characteristics, or
qualities that cannot be measured numerically. These data classify individuals or
observations into distinct categories. Qualitative variables are useful in understanding
patterns, perceptions, behaviors, and classifications within a population.

Qualitative data are generally divided into:

1. Nominal Data — Categories without any natural order.
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2. Ordinal Data — Categories having a meaningful order or ranking.

Examples in Unani Research:
¢ Gender (Male/Female)

¢ Blood group (A, B, AB, O)
e Mizaj (Damvi, Balghami, Safravi, Saudavi)
e Severity of symptoms classified as mild, moderate, or severe

Nominal data merely identify categories, whereas ordinal data indicate a sequence or
ranking but do not quantify the difference between categories.

8.4.2 Quantitative Data

Quantitative data are numerical in nature and express measurable quantities. These
data answer questions such as “how many,” “how much,” or “how often.”
Quantitative variables permit mathematical calculations and statistical analyses such
as averages, standard deviations, correlations, and regression models.

Examples include:
o Age of patients

e Body weight

¢ Blood pressure

e Pulse rate

e Duration of illness

e Number of hospital visits

Quantitative data are broadly classified into discrete (discontinuous) and continuous
data.

8.4.3 Discrete Data

Discrete data consist of distinct and countable values. These values usually occur as
whole numbers and cannot be subdivided meaningfully into fractions or decimals.
Discrete variables arise from counting rather than measuring.

Characteristics of Discrete Data
¢ Finite or countable values

¢ Obtained through counting
e Usually represented by whole numbers
¢ No intermediate values between consecutive observations

Examples in Medical Research
e Number of patients admitted to a hospital

e Number of children in a family
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e Number of episodes of disease recurrence
e Number of tablets consumed per day
e Number of clinical visits during treatment

For instance, a patient may have visited the clinic 2, 3, or 4 times, but not 3.5 times.
Hence, the variable is discrete.

8.4.4 Continuous Data

Continuous data are measurable quantities that can assume any value within a
specified range. Unlike discrete data, continuous variables can be expressed in
fractions or decimals depending on the precision of measurement. Continuous data
arise from measurement rather than counting.

Characteristics of Continuous Data
o Infinite possible values within a range

Obtained through measurement

Can include decimal values

Suitable for advanced statistical analyses

Examples in Medical Research
e Height of patients

e Body weight

e Serum glucose level
¢ Blood pressure

e Body temperature

e Duration of treatment

For example, body weight may be recorded as 65 kg, 65.5 kg, or 65.75 kg. Therefore,
weight is a continuous variable because numerous intermediate values are possible.

8.4.5 Discontinuous Data

The term discontinuous data is often used interchangeably with discrete data. These
data possess gaps between permissible values, meaning intermediate values do not
exist. Since observations occur only at specific points, discontinuous variables are
countable rather than measurable.

Examples
e Number of patients in a ward

e Number of pregnancies
e Number of herbal formulations prescribed

o Number of adverse events observed during a clinical trial
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In biostatistics, discontinuous and discrete data are generally treated similarly because
both represent countable observations.

8.4.6 Open-End Data

Open-end data originate from open-ended questions that allow respondents to answer
freely in their own words rather than selecting from predetermined options. Such data
are frequently used in qualitative research, patient satisfaction studies, community
surveys, and health behavior investigations. Open-ended responses provide detailed
information regarding opinions, beliefs, experiences, and attitudes.

Examples
e “What do you think about the effectiveness of Unani treatment?”

e “Describe any difficulties experienced during treatment.”
e “What suggestions would you give to improve hospital services?”

Advantages of Open-End Data
e Provides rich and detailed information

e Captures respondents’ true perceptions
o Helps generate new hypotheses
e Useful in exploratory research

Limitations
e Difficult to code and analyze statistically

e Time-consuming to interpret
¢ Subjective responses may vary widely

Researchers often categorize open-ended responses into themes or groups before
statistical summarization. Such thematic analysis enhances understanding of patient
experiences and healthcare outcomes.

8.4.7 Importance of Data Classification in Biostatistics

Correct classification of data is crucial because statistical methods depend on the type
of variable being analyzed. Qualitative data are commonly summarized using
frequencies and percentages, whereas quantitative data are described using measures
such as mean, median, variance, and standard deviation. Similarly, discrete and
continuous variables require different graphical presentations and analytical
techniques. Accurate identification of data types ensures appropriate statistical testing
and improves the validity of research findings.

Data in biostatistics are broadly classified into qualitative and quantitative forms.
Qualitative data describe categories and attributes, while quantitative data measure
numerical characteristics. Quantitative variables may be discrete (discontinuous) or
continuous depending on whether they are obtained by counting or measuring. Open-
end data provide descriptive information through unrestricted responses and are

210




particularly valuable in exploratory and behavioral research. Understanding these
classifications is fundamental for designing studies, selecting statistical methods, and
interpreting research outcomes in Unani medicine and health sciences.

8.5 DEPENDENT AND INDEPENDENT VARIABLES AND ATTRIBUTES

In biostatistics and medical research, variables and attributes constitute the foundation
of data collection, analysis, and interpretation. Every scientific investigation seeks to
examine relationships among different factors, conditions, or characteristics. These
factors are represented as variables and attributes. Understanding dependent variables,
independent variables, and attributes is essential for designing research studies,
formulating hypotheses, selecting statistical tests, and interpreting research findings
accurately. In Unani medical research, these concepts are frequently applied when
evaluating the efficacy of therapies, identifying risk factors of diseases, and assessing
health outcomes.

8.5.1 Concept of Variables

A variable is any characteristic, trait, or property that can assume different values
among individuals, groups, or observations. Unlike constants, variables are capable of
variation and can be measured, observed, or categorized. Examples include age, blood
pressure, body mass index (BMI), pulse rate, hemoglobin level, duration of illness,
and quality-of-life scores. Variables form the basis of statistical analysis because they
allow researchers to quantify differences and relationships among study subjects.

Variables may be broadly classified into independent variables and dependent
variables based on their role in a research study.

Independent Variable

An independent variable (IV) is the factor that is manipulated, controlled, observed,
or selected by the researcher to determine its effect on another variable. It is often
referred to as the explanatory variable, predictor variable, or exposure variable
because it is presumed to influence the outcome of interest. The independent variable
is considered the “cause” or influencing factor in a research relationship.

In experimental studies, researchers actively manipulate the independent variable. For
example, in a clinical trial assessing the effectiveness of a Unani formulation for
hypertension, the treatment administered represents the independent variable.
Different doses or treatment regimens may constitute different levels of the
independent variable.

Examples of independent variables include:
¢ Administration of a Unani drug

e Type of dietary intervention
¢ Smoking status
¢ Physical activity level

e Duration of treatment
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e Exposure to environmental factors

The independent variable is generally represented on the horizontal (X) axis in graphs
and statistical models.

Dependent Variable

A dependent variable (DV) is the outcome or response variable that is measured to
assess the effect of the independent variable. Its value is expected to change as a
result of variations in the independent variable. Therefore, the dependent variable is
considered the “effect” in a cause-and-effect relationship.

In the example of a clinical trial evaluating a Unani antihypertensive formulation,
blood pressure reduction serves as the dependent variable because it is the outcome
being measured after administering the treatment.

Examples of dependent variables include:
e Blood pressure level

¢ Blood glucose concentration
¢ Pain score

¢ Recovery rate

e Quality-of-life index

e Mortality rate

The dependent variable is commonly represented on the vertical (Y) axis in graphs
and statistical analyses.

8.5.2 Relationship between Independent and Dependent Variables

The primary objective of many research studies is to determine whether changes in
the independent variable lead to changes in the dependent variable. This relationship
forms the basis of hypothesis testing and statistical inference.

For example:

Research Question Independent Dependent
Variable Variable
Does a Unani herbal formulation | Herbal treatment | Blood glucose level
reduce blood glucose levels?

Does exercise improve body weight Exercise Body weight
management? regimen

Does smoking increase the risk of | Smoking status Incidence of
respiratory disease? respiratory disease
Does dietary modification improve Diet type Serum cholesterol
lipid profile? level
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In each example, the independent variable is presumed to influence the dependent
variable. Establishing this relationship helps researchers identify causal or associative
factors affecting health outcomes.

8.5.3 Attributes in Research

An attribute is a qualitative characteristic or quality possessed by an individual,
object, or phenomenon. Unlike quantitative variables that can be measured
numerically, attributes describe qualities that are classified into categories. Attributes
are often non-numeric and represent the presence or absence of a characteristic.

Examples of attributes include:
e Gender (male/female)

e Religion

e Marital status

¢ Blood group

¢ Smoking habit (smoker/non-smoker)
¢ Disease status (present/absent)

Attributes play an important role in epidemiological and clinical research because
many health-related characteristics are categorical in nature. Researchers often
convert attributes into numerical codes to facilitate statistical analysis.

For example:

Attribute Categories
Gender Male, Female
Smoking Status Smoker, non-smoker
Disease Status Diseased, non-diseased

Blood Group A, B, AB, O

8.5.4 Difference between Variables and Attributes
Although the terms are closely related, variables and attributes differ in important
ways.

Variable Attribute
Can take different measurable | Represents a quality or characteristic
values
Often quantitative Usually qualitative
Can be measured numerically Usually categorized
Examples: age, weight, blood | Examples: sex, religion, blood group
pressure
Suitable for arithmetic operations Suitable for classification and
categorization
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An attribute may be viewed as a specific category or value within a variable. For
example, “blood group” is a variable, whereas “A positive” is an attribute of that
variable.

8.5.5 Importance in Unani Medical Research

Understanding independent variables, dependent variables, and attributes 1is
fundamental in Unani medical research. Proper identification of these elements
enables researchers to:

. Formulate clear research hypotheses.
. Design appropriate experimental and observational studies.

. Select suitable methods of data collection.

1

2

3

4. Apply correct statistical techniques.
5. Interpret study findings accurately.
6

. Establish relationships between therapeutic interventions and health outcomes.

For instance, when evaluating the efficacy of a Unani formulation in managing
diabetes mellitus, the treatment serves as the independent variable, blood glucose
level becomes the dependent variable, and attributes such as gender, smoking status,
and family history may be recorded to understand their influence on treatment
outcomes.

Dependent variables, independent variables, and attributes are essential concepts in
biostatistics and research methodology. Independent variables represent the factors
that influence outcomes, whereas dependent variables represent the outcomes being
measured. Attributes describe qualitative characteristics that classify study subjects
into categories. Accurate identification and measurement of these elements ensure
scientific rigor, enhance the validity of research findings, and contribute to evidence-
based practice in Unani medicine and healthcare research.

8.6 TYPES OF SCALES: NOMINAL, ORDINAL, INTERVAL AND RATIO
Measurement is a fundamental aspect of biostatistics and research methodology. In
medical and health sciences research, data are collected in different forms, and the
nature of these data determines the statistical methods that can be applied. A
measurement scale refers to the system used to classify and quantify variables. The
concept of measurement scales was introduced by psychologist Stanley S. Stevens,
who categorized data into four levels of measurement: nominal, ordinal, interval,
and ratio scales. These scales differ in terms of the information they provide and the
mathematical operations that can be performed on them. Understanding the level of
measurement is essential for selecting appropriate statistical tests, summarizing data
correctly, and drawing valid conclusions from research findings.

8.6.1 Importance of Measurement Scales in Research
The choice of measurement scale influences:
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e Data collection methods

e Presentation and classification of variables
e Selection of descriptive statistics

e Choice of inferential statistical tests

o Interpretation of research findings

In Unani medical research, variables such as gender, disease severity, pulse rate, body
temperature, and laboratory values may be measured using different scales.
Therefore, researchers must identify the correct scale before statistical analysis.

1. Nominal Scale

The nominal scale is the simplest level of measurement. It classifies data into distinct
categories or groups without any inherent order or ranking. The categories are
mutually exclusive and exhaustive, meaning that each observation belongs to only
one category.

Characteristics
e Used for qualitative or categorical data.

e Categories have no natural order.
e Numbers assigned to categories serve only as labels.
e Arithmetic operations cannot be performed.

Examples in Medical Research
¢ Gender (Male/Female)

¢ Blood group (A, B, AB, O)

e Marital status

e Type of disease

e Treatment group (Drug A, Drug B)

For example, assigning numbers such as Male = 1 and Female = 2 does not imply that
females are greater than males; the numbers merely represent categories. The most
appropriate measure of central tendency for nominal data is the mode, while
percentages and frequencies are commonly used for data presentation.

2. Ordinal Scale

The ordinal scale classifies data into categories that possess a meaningful order or
ranking. However, the exact difference between categories is not known or may not
be equal.

Characteristics
o (Categories can be ranked.
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e Relative position is meaningful.
¢ Distances between ranks are unequal or unknown.
e Arithmetic operations are generally inappropriate.

Examples in Medical Research
e Severity of disease (Mild, Moderate, Severe)

¢ Pain assessment scales

e Socioeconomic status (Low, Middle, High)
o Patient satisfaction ratings

e Stages of cancer

For instance, a patient with severe pain experiences more discomfort than one with
moderate pain, but the difference between mild and moderate pain may not be equal
to the difference between moderate and severe pain. Therefore, while ranking is
possible, precise numerical comparisons are not. The median and percentiles are
commonly used measures for ordinal data.

3. Interval Scale

The interval scale is a quantitative scale in which the differences between values are
meaningful and equal. However, it lacks a true or absolute zero point.

Characteristics
e Data are ordered.

e Equal intervals exist between values.

e Addition and subtraction are meaningful.
e No true zero exists.

e Ratios are not meaningful.

Examples in Medical Research
¢ Temperature measured in Celsius or Fahrenheit

¢ Intelligence Quotient (IQ) scores
¢ Calendar years

For example, the difference between 20°C and 30°C is the same as the difference
between 30°C and 40°C. However, 40°C is not twice as hot as 20°C because the zero
point on the Celsius scale is arbitrary and does not indicate the absence of
temperature.

Therefore, ratio statements cannot be made with interval-scale data. Measures such as
the mean, variance, and standard deviation can be calculated for interval data.
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4. Ratio Scale

The ratio scale is the highest level of measurement and possesses all the
characteristics of the interval scale along with a true zero point. Because of this
absolute zero, meaningful ratio comparisons can be made.

Characteristics
e Ordered data.

e Equal intervals between values.

e True zero point exists.

o All arithmetic operations are meaningful.
e Ratios can be interpreted.

Examples in Medical Research
o Age

e Height

e Weight

o Pulse rate

e Respiratory rate

¢ Blood glucose level

e Serum cholesterol concentration

For example, a patient weighing 80 kg is twice as heavy as a patient weighing 40 kg.
Similarly, a pulse rate of 100 beats per minute is twice that of 50 beats per minute.
Since ratio-scale data contain maximum information, they allow the use of the widest
range of statistical analyses.

8.6.2 Comparison of Measurement Scales

Feature Nominal Ordinal Interval Ratio
Classification Yes Yes Yes Yes
Ranking No Yes Yes Yes
Equal Intervals No No Yes Yes
True Zero No No No Yes
Addition/Subtraction No No Yes Yes
Multiplication/Division No No No Yes
Examples Gender, Disease Temperature Age,
Blood Severity, (°O) Weight,
Group Pain Scale Height
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8.6.3 Relevance in Unani Medical Research

In Unani medicine, researchers frequently encounter all four measurement scales. For
example, Mizaj (temperament) categories may be analyzed as nominal variables,
clinical severity grades as ordinal variables, body temperature as interval data, and
anthropometric measurements such as weight and height as ratio data. Accurate
identification of the scale of measurement ensures the proper selection of statistical
procedures and enhances the scientific validity of research findings.

Measurement scales form the foundation of data analysis in biostatistics. The four
levels—nominal, ordinal, interval, and ratio—represent increasing levels of
measurement precision and statistical utility. Nominal and ordinal scales are generally
used for qualitative data, whereas interval and ratio scales are used for quantitative
data. Understanding these scales enables researchers to choose appropriate statistical
methods, interpret results correctly, and maintain the methodological rigor required in
Unani medical research and evidence-based healthcare.

8.7 COLLECTION OF DATA: PRIMARY METHODS, SECONDARY
METHODS, OBSERVATION, SURVEY, FOCUS GROUP AND
INTERVIEW

Data collection is a fundamental component of the research process and serves as the
foundation for scientific inquiry. The validity, reliability, and generalizability of
research findings largely depend upon the quality of data collected. In medical and
health research, including Unani medical research, systematic and accurate data
collection is essential for generating evidence, evaluating interventions, and
formulating health policies. Data collection refers to the systematic process of
gathering, measuring, and recording information relevant to a research problem or
hypothesis. Data may be collected directly from participants or obtained from existing
records and databases. Broadly, data collection methods are classified into primary
methods and secondary methods.

8.7.1 Primary Data Collection Methods

Primary data are original data collected firsthand by the researcher specifically for the
purpose of a particular study. Such data are obtained directly from the source and are
highly relevant to the research objectives. Primary data are generally more accurate
and reliable because the researcher has control over the collection process; however,
they require more time, effort, and resources. Common primary data collection
methods include observation, surveys, interviews, focus group discussions, and
experiments.

Advantages of Primary Data
1. Specific to the research objectives.

2. Greater accuracy and authenticity.
3. Up-to-date and current information.

4. Better control over data quality and collection procedures.
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Limitations of Primary Data
1. Time-consuming.

2. Expensive to collect.
3. Requires trained personnel and resources.
4. Ethical and logistical challenges may arise during collection.

8.7.2 Secondary Data Collection Methods

Secondary data are data that have already been collected by another researcher,
institution, or organization for a different purpose and are subsequently used for a
new study. Sources of secondary data include books, journals, government reports,
census records, hospital records, electronic databases, and published research articles.
Secondary data are useful for background information, trend analysis, and
comparative studies.

Sources of Secondary Data
o Published literature and textbooks

e Research journals and articles

¢ Government publications and census reports
e Hospital and institutional records

e National and international health databases
e Websites and electronic repositories

Advantages of Secondary Data
1. Economical and time-saving.

2. Easily accessible.
3. Useful for large-scale and historical analyses.

Limitations of Secondary Data
1. May not exactly fit research objectives.

2. Quality and reliability may vary.
3. Possibility of outdated or incomplete information.

8.7.3 Observation Method

Observation is one of the oldest and most widely used methods of primary data
collection. It involves systematically watching, recording, and interpreting behaviors,
events, or phenomena as they occur naturally. Observation may be conducted in
clinical settings, hospitals, communities, or laboratories. In Unani research,
observation is often used to assess patient behavior, treatment outcomes, lifestyle
practices, and environmental factors affecting health.
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Types of Observation

1. Participant Observation — The researcher actively participates in the activities
being observed.

2. Non-participant Observation — The researcher observes without becoming
involved.

3. Structured Observation — Conducted according to a predetermined plan.
4. Unstructured Observation — Flexible and exploratory in nature.

Advantages
¢ Provides direct and real-time information.

e Useful when participants are unable to communicate effectively.
o Helps in studying actual behavior rather than reported behavior.

Limitations
¢ Observer bias may occur.

¢ Time-intensive process.
e Presence of observer may influence participants' behavior.

8.7.4 Survey Method

A survey is a systematic method of collecting information from a defined population
through questionnaires or schedules. Surveys are extensively used in epidemiological
studies, community health assessments, and healthcare research. They can be
conducted through face-to-face interaction, telephone, mail, or online platforms.
Surveys are particularly useful when information is needed from a large number of
individuals.

Types of Surveys
1. Cross-sectional surveys

2. Longitudinal surveys
3. Household surveys
4. Online surveys

Advantages
e Covers large populations efficiently.

e Cost-effective for large-scale studies.
o Facilitates quantitative analysis.

Limitations
¢ Possibility of low response rates.

¢ Respondent bias may affect accuracy.
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e Limited depth of information.

8.7.5 Focus Group Discussion (FGD)

A focus group discussion is a qualitative research technique involving a small group
of carefully selected participants who discuss a specific topic under the guidance of a
moderator. Usually consisting of 6—12 participants, focus groups help researchers
explore attitudes, perceptions, beliefs, and experiences related to a particular issue. In
Unani healthcare research, FGDs may be used to understand patient perceptions
regarding traditional therapies, healthcare utilization, and community health practices.

Characteristics of Focus Groups
¢ Small homogeneous group.

e Guided by a trained moderator.
e Interactive discussion among participants.
e Generates rich qualitative data.

Advantages
e Provides in-depth understanding of perceptions and experiences.

e Encourages interaction and generation of new ideas.
e Useful for exploratory research.

Limitations
¢ Findings cannot be generalized to larger populations.

e Dominant participants may influence discussion.
e Requires skilled moderation and analysis.

8.7.6 Interview Method

An interview is a direct verbal communication between the researcher and the
respondent for obtaining information. It is one of the most flexible and effective
methods of collecting detailed data. Interviews may be conducted face-to-face,
telephonically, or through virtual platforms. They are particularly valuable in medical
and social science research where detailed personal information is required.

Types of Interviews
1. Structured Interview — Uses predetermined questions in a fixed order.

2. Semi-structured Interview — Combines structured questions with flexibility for
probing.

3. Unstructured Interview — Open-ended and conversational.
4. In-depth Interview — Explores issues extensively and comprehensively.

Advantages
o Allows detailed exploration of responses.
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o High response rate.
e Clarification of doubts is possible.

Limitations
¢ Time-consuming and costly.

o Interviewer bias may affect responses.
¢ Requires trained interviewers.

Selection of an appropriate data collection method is a crucial step in research design.
Primary methods such as observation, surveys, interviews, and focus group
discussions provide firsthand information and are highly relevant to specific research
objectives, whereas secondary methods offer readily available information that saves
time and resources. In Unani medical research, the choice of data collection method
depends upon the research question, study design, available resources, and desired
level of accuracy. Proper application of these methods ensures the generation of valid,
reliable, and meaningful scientific evidence.

8.8 PRESENTATION OF DATA: TEXTUAL, TABULAR AND GRAPHICAL
The presentation of data is an essential component of biostatistics and research
methodology. After data collection, classification, and analysis, the findings must be
presented in a clear, systematic, and meaningful manner so that readers can easily
understand and interpret the results. Effective presentation transforms raw data into
useful information and facilitates scientific communication, decision-making, and
evidence-based conclusions. In medical and health research, including Unani
medicine, proper data presentation helps researchers communicate study outcomes
accurately and efficiently. Data can be presented in three principal forms: textual
presentation, tabular presentation, and graphical presentation. Each method has
specific advantages and is selected according to the nature and volume of data.

8.8.1 Objectives of Data Presentation
The main objectives of presenting data are:

. To simplify complex information.
. To facilitate understanding and interpretation.

. To highlight important findings and trends.

. To support statistical analysis and decision-making.

1

2

3

4. To enable comparison between variables or groups.

5

6. To communicate research results effectively to readers and stakeholders.
1

Textual Presentation of Data
Textual presentation refers to the description of data in words, sentences, and
paragraphs. In this method, numerical findings are incorporated into a narrative form.
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It is the simplest and most commonly used method when the dataset is small and the
information to be conveyed is limited.

Characteristics
e Data are explained through written statements.

¢ Suitable for small amounts of data.
e Provides context and interpretation along with figures.

e Frequently used in abstracts, summaries, and discussion sections of research
reports.

Example

A researcher studying the prevalence of obesity among 100 adults may report:
"Among the 100 participants, 35% were classified as obese, 45% had normal body
weight, and 20% were underweight. The prevalence of obesity was higher among
females than males."

Advantages
e FEasy to prepare and understand.

o Useful for presenting simple findings.
e Provides explanatory details and context.

Limitations
e Not suitable for large datasets.

¢ Difficult to compare multiple variables.
e Important trends may remain unnoticed.

2. Tabular Presentation of Data

Tabular presentation involves arranging data systematically into rows and columns. A
table provides a concise and organized method for presenting both qualitative and
quantitative information. It is one of the most widely used methods in scientific
research because it allows large volumes of data to be summarized effectively.

Components of a Statistical Table
A standard statistical table generally contains:

1. Table Number — Identification of the table.

Title — Brief description of the contents.

Headnote — Additional explanatory information, if required.
Column Headings (Captions) — Describe data arranged vertically.
Row Headings (Stubs) — Describe data arranged horizontally.

A

Body — Contains the actual data.
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7. Footnotes — Explanatory remarks.

8. Source Note — Indicates the source of data.

Example
Table 8.1 Distribution of Patients According to Gender
Gender | Number of Patients
Male 60
Female 40
Total 100
Types of Tables
a) Simple Table

Contains information regarding only one characteristic.

b) Two-Way Table
Shows information relating to two variables simultaneously.

¢) Three-Way Table
Presents data on three characteristics.

d) Multiple Table
Contains information on more than three variables.

Advantages
e Organizes large quantities of data efficiently.

e Facilitates comparison between groups.
e Forms the basis for further statistical analysis.
e Accurate and precise representation.

Limitations
e May appear complicated to non-technical readers.

e Trends and patterns are not always immediately visible.
e Large tables can become cumbersome.

3. Graphical Presentation of Data

Graphical presentation represents data visually using diagrams, charts, and graphs.
Visual displays allow readers to identify patterns, relationships, and trends rapidly. In
epidemiological and clinical research, graphical presentation is often preferred
because it communicates findings more effectively than lengthy text or complex
tables.

Characteristics
e Converts numerical data into visual form.

¢ Facilitates quick understanding.
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o Highlights trends, distributions, and comparisons.
e Useful for presentations, publications, and reports.
Common Types of Graphs

1. Bar Diagram
A bar diagram consists of rectangular bars whose lengths are proportional to the
values represented.

Uses:
e Comparison of categorical data.

e Comparison between groups.
Example: Number of patients suffering from different diseases.

2. Pie Chart
A pie chart represents data as sectors of a circle, where each sector corresponds to a
proportion of the total.

Uses:
¢ Displaying percentages and proportions.

¢ Showing composition of a whole.
Example: Distribution of patients according to blood groups.

3. Line Graph
A line graph displays changes in a variable over time by connecting data points with
straight lines.

Uses:
e Time-series data.

e Monitoring trends and growth patterns.
Example: Monthly incidence of influenza cases.

4. Histogram
A histogram consists of adjoining rectangles representing frequency distributions of
continuous data.

Uses:
e Studying data distribution.

e Identifying skewness and variability.
Example: Distribution of body mass index (BMI) among patients.

5. Frequency Polygon
Constructed by joining the midpoints of histogram bars.
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Uses:
e Comparing multiple frequency distributions.

6. Scatter Diagram
A scatter plot displays the relationship between two quantitative variables.

Uses:
e Assessing correlation.

o Identifying trends and outliers.
Example: Relationship between age and blood pressure.

Advantages
e Attractive and easy to interpret.

o Facilitates rapid understanding.
¢ Reveals trends, patterns, and relationships.
o Useful for presentations and publications.

Limitations
e May oversimplify complex information.

e Less precise than tables.
e Improper scaling can mislead interpretation.

8.8.2 Comparison of Methods of Data Presentation

Feature Textual Tabular Graphical
Nature Narrative Rows and Visual
description columns representation
Suitable for Small datasets Large datasets Trends and
comparisons
Precision Moderate High Moderate
Ease of Good Moderate Excellent
Understanding
Trend Identification Limited Moderate Excellent
Statistical Analysis Limited Excellent Supportive

Presentation of data is a crucial stage in biostatistical analysis and medical research.
The choice between textual, tabular, and graphical presentation depends on the
purpose of communication, nature of data, and target audience. Textual presentation
provides descriptive explanations, tabular presentation offers systematic organization
of data, and graphical presentation enables rapid visualization of patterns and trends.
A skilled researcher often combines all three methods to achieve clarity, accuracy,
and effective dissemination of research findings.

Proper data presentation enhances the scientific value of research and contributes
significantly to evidence-based healthcare and Unani medical research.
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9.1 POPULATION AND SAMPLE

Population and sample are fundamental concepts in biostatistics and medical research.
Every research study aims to investigate a particular group of individuals, events, or
observations. However, it is often impractical, expensive, and time-consuming to
collect data from every individual in a large group. Therefore, researchers usually
study a smaller representative group and use the findings to draw conclusions about
the larger group. Understanding the concepts of population and sample is essential for
conducting valid research and interpreting statistical results accurately.

9.1.1Concept of Population

In statistics, a population refers to the complete collection of individuals, objects,
events, or observations that possess a common characteristic and about which the
researcher wishes to draw conclusions. The population is the entire universe of
interest in a research study. It may consist of patients, healthy individuals, laboratory
specimens, hospitals, communities, or even records and documents depending on the
research objectives.

For example:
o All patients suffering from diabetes mellitus in India.

o All pregnant women attending antenatal clinics in a particular state.
e All BUMS students enrolled in Unani medical colleges across the country.

The population does not always refer to people. In biomedical and epidemiological
research, populations may include microorganisms, blood samples, medical records,
or health events. A population can be finite (limited number of units) or infinite
(unlimited or theoretically endless observations).

Types of Population

1. Target Population
The target population is the entire group to which the researcher intends to generalize
the study findings. It represents the broader population of interest.

Example: All patients with rheumatoid arthritis in India.

2. Study Population
The study population is the accessible portion of the target population from which
participants can actually be selected.

Example: Patients with theumatoid arthritis attending selected hospitals in Delhi.

3. Source Population
The source population is the population from which the sample is directly drawn and
on which the research is practically conducted.

Example: Registered rheumatoid arthritis patients available in hospital records during
the study period.
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Characteristics of a Population
A well-defined population should possess the following characteristics:

1. Clearly specified inclusion and exclusion criteria.

2. Common characteristics relevant to the study objective.

3. Definite geographical, demographic, and temporal boundaries.

4. Ability to provide meaningful information for research conclusions.

A poorly defined population may introduce bias and reduce the validity of study
findings.

9.1.2 Concept of Sample

A sample is a subset of the population selected for observation, measurement, or
analysis. Since studying every member of a population is often impossible,
researchers collect data from a sample and use statistical methods to infer
characteristics of the entire population.

For example:
e Out of 10,000 diabetic patients in a city, a researcher may select 500 patients for a
study.

e Among all BUMS students in India, 300 students may be surveyed regarding
research methodology knowledge.

The sample should accurately represent the characteristics of the population. A
representative sample enables researchers to make valid generalizations from the
sample to the population.

Importance of Sampling
Sampling is necessary because:

1. Studying the entire population is often expensive.

2. Data collection from every individual may be time-consuming.

3. Some populations are geographically dispersed and difficult to access.
4. Results can be obtained more quickly.

5. Statistical analysis becomes more manageable.

Sampling allows researchers to obtain reliable information while conserving
resources.

Characteristics of a Good Sample
A good sample should possess the following features:

e Representativeness: It should reflect the characteristics of the population.
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o Adequate Size: The sample must be sufficiently large to provide reliable
estimates.

e Random Selection: Every member of the population should have a fair chance of
selection whenever possible.

o Freedom from Bias: Selection procedures should minimize systematic errors.
Failure to meet these criteria may result in sampling bias and inaccurate conclusions.

9.1.3 Population Parameter and Sample Statistic
An important distinction exists between a population and a sample.

A parameter is a numerical characteristic describing a population, whereas a
statistic is a numerical characteristic calculated from a sample. Researchers use
sample statistics to estimate population parameters.

Examples include:

Population Measure Sample Measure
Population Mean (p) Sample Mean (X)
Population Variance (c?) Sample Variance (s%)
Population Standard Deviation (6) | Sample Standard Deviation (s)
Population Proportion (P) Sample Proportion (p)

For instance, the average blood pressure of all hypertensive patients in a city
represents a population parameter, while the average blood pressure calculated from
200 selected patients represents a sample statistic.

9.1.4 Relationship between Population and Sample

The primary purpose of statistical research is to draw conclusions about a population
based on observations obtained from a sample. This process is known as statistical
inference. The accuracy of inference depends largely on the representativeness and
size of the sample. Larger and properly selected samples generally provide estimates
that are closer to the true population values.

For example, if a study of 500 patients reveals that 60% respond positively to a Unani
treatment, researchers may infer that a similar response rate exists in the wider
population, provided the sample was selected appropriately.

9.1.5 Population and Sample in Unani Medical Research

In Unani medical research, understanding population and sample is crucial for clinical
trials, epidemiological surveys, pharmacological investigations, and health-services
research.

Examples include:
e Evaluating the efficacy of a Unani formulation among patients with osteoarthritis.

e Surveying the prevalence of lifestyle disorders among BUMS students.

e Assessing patient satisfaction in Unani hospitals.
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In each case, researchers study a sample and use statistical techniques to generalize
findings to the broader population.

Population and sample form the foundation of biostatistical research. The population
represents the complete group of interest, while the sample is a selected subset used
for investigation. Since it is rarely feasible to study an entire population, researchers
rely on representative samples to obtain reliable information and make valid
inferences. Proper definition of the population and careful selection of samples are
essential for ensuring the scientific validity, accuracy, and generalizability of research
findings in Unani medicine and other health sciences.

9.2 MEASURES OF CENTRAL TENDENCY: MEAN, MEDIAN AND MODE
Measures of central tendency are statistical tools used to identify a single value that
best represents the center or typical value of a dataset. In medical and health research,
large volumes of data are often collected from patients, communities, or clinical
observations. To summarize such data effectively, researchers use measures of central
tendency. These measures provide a concise description of the distribution of
observations and facilitate comparison between groups. The three most commonly
used measures of central tendency are the mean, median, and mode. Each measure
provides unique information about the dataset and is appropriate under specific
circumstances.

9.2.1 Importance of Measures of Central Tendency in Unani Medical Research
In Unani medical research, investigators frequently collect data related to age, body
mass index, pulse rate, laboratory values, treatment outcomes, and disease prevalence.
Reporting every individual observation is impractical; therefore, a representative
value is required. Measures of central tendency help researchers:

¢ Summarize large datasets into a single meaningful value.

e Compare different study populations.

¢ Understand the general pattern of observations.

o Support further statistical analysis and interpretation.

e Assist in clinical decision-making and evidence-based practice.
Arithmetic Mean

The arithmetic mean, commonly referred to as the mean or average, is obtained by
dividing the sum of all observations by the total number of observations. It is the most
widely used measure of central tendency in biostatistics.

The formula for the arithmetic mean is:

yX

n

>

Where:
e X= Arithmetic mean
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e Y X= Sum of all observations
e n= Number of observations

Example:
Suppose the systolic blood pressure readings of five patients are:

120, 130, 125, 135, 140 mmHg

Mean = (120 + 130 + 125+ 135 + 140) / 5

=650/5

=130 mmHg

Thus, the average systolic blood pressure is 130 mmHg.

Merits of Mean
1. Easy to calculate and understand.

2. Based on all observations in the dataset.
3. Suitable for further statistical computations.
4. Provides a stable measure in normally distributed data.

Demerits of Mean
1. Highly affected by extreme values (outliers).

2. Not suitable for highly skewed distributions.
3. Cannot be accurately calculated for open-ended class intervals.
Median

The median is the middle value of a dataset when observations are arranged in
ascending or descending order. It divides the dataset into two equal halves, with 50%
of observations lying above it and 50% below it. The median is particularly useful
when data are skewed or contain extreme values.

Calculation of Median
For an odd number of observations:

Median = Value of the (n + 1)/2th observation

For an even number of observations:
Median = Average of the two middle observations.

Example (Odd Number of Observations):
Age of patients:

22,25,27,30,35
Median = 27 years
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Example (Even Number of Observations):
Age of patients:

20, 22, 24, 26, 28, 30
Median = (24 + 26)/2
=25 years

Merits of Median
1. Not affected by extreme values.

2. Suitable for skewed distributions.
3. Useful for ordinal data.
4. Simple to determine and interpret.

Demerits of Median
1. Does not use all observations.

2. Less suitable for advanced mathematical analysis.
3. May vary considerably from sample to sample.

In health research, the median is often preferred when analyzing variables such as
hospital stay duration, treatment costs, or income-related health indicators because
these data are frequently skewed.

Mode

The mode is the value that occurs most frequently in a dataset. It represents the most
common observation and is the only measure of central tendency applicable to
nominal or categorical data.

Example:
Number of clinic visits by patients:

2,3,4,4,4,5,6

Mode =4

Since the value 4 appears most frequently, it is the modal value.
A dataset may have:

¢ Unimodal: One mode

e Bimodal: Two modes

e Multimodal: More than two modes

e No mode: When all values occur with equal frequency.

Merits of Mode
1. Easy to identify.
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2. Applicable to nominal and qualitative data.
3. Unaffected by extreme observations.
4. Useful in determining the most common characteristic in a population.

Demerits of Mode
1. May not be unique.

2. Not based on all observations.
3. Less stable than mean and median.
4. Limited use in advanced statistical analysis.

Comparison of Mean, Median and Mode

Characteristic Mean Median Mode
Definition Arithmetic Middle Most frequent
average value value
Uses all observations Yes No No
Affected by outliers Yes No No
Suitable for nominal No No Yes
data
Suitable for skewed Limited Yes Yes
data
Mathematical treatment Excellent Limited Limited

Mean, median, and mode are fundamental measures of central tendency that
summarize data and provide insight into the central location of observations. The
mean is preferred for normally distributed quantitative data, the median is suitable for
skewed distributions and ordinal data, while the mode is useful for identifying the
most frequently occurring category or value. In Unani medical research and
biostatistics, the appropriate selection of these measures ensures accurate
interpretation of health data and strengthens the validity of research findings.

9.3 PERCENTILES AND QUARTILES

Percentiles and quartiles are important positional measures in descriptive statistics
that help researchers understand the distribution and relative standing of observations
within a dataset. Unlike measures of central tendency, which summarize the center of
a distribution, percentiles and quartiles provide information about the location of
individual observations and the spread of data. These measures are particularly useful
in medical and health sciences, including Unani medical research, where investigators
often need to compare patient characteristics, laboratory values, anthropometric
measurements, and clinical outcomes across different populations.

9.3.1 Concept of Percentiles
A percentile is a value below which a specified percentage of observations in a
dataset falls. Percentiles divide an ordered dataset into 100 equal parts.
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The kth percentile (Pk) represents the value below which k percent of the
observations lie. For example, the 90th percentile indicates that 90% of the
observations are below that value and only 10% are above it.

Percentiles are widely used in medicine and public health. Growth charts for children,
blood pressure reference ranges, and examination scores are often expressed in terms
of percentiles. For instance, a child whose weight falls at the 75th percentile weighs
more than 75% of children of the same age and sex.

Calculation of Percentiles
To calculate a percentile:

1. Arrange the observations in ascending order.

2. Determine the position of the required percentile using the formula:
k(N+1)
k=" 100
Where:
e P,=position of the kth percentile
e k= desired percentile

e N=total number of observations

If the calculated position is not a whole number, interpolation is used between the two
adjacent observations.

Example
Consider the ordered dataset:

12, 15, 18, 20, 22, 25, 28, 30, 35, 40

To find the 25th percentile:

Positi _25(10+1)_2'75
osition = 100 = 2.

Thus, the 25th percentile lies between the second and third observations and can be
estimated through interpolation.

9.3.2 Concept of Quartiles

Quartiles are special types of percentiles that divide an ordered dataset into four equal
parts. Three quartiles divide the data into four sections containing approximately
equal numbers of observations. Quartiles are denoted as Q1, Q2, and Q3.

The quartiles are:

e First Quartile (Q1): 25th percentile

e Second Quartile (Q2): 50th percentile (Median)
e Third Quartile (Q3): 75th percentile
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Thus:
e QI separates the lowest 25% of observations from the remaining 75%.

e Q2 divides the dataset into two equal halves.

¢ Q3 separates the highest 25% from the lower 75% of observations.
The relationship between quartiles and percentiles can be summarized as:
e Q1=P25

e Q2 =P50 (Median)

e Q3=P75

Calculation of Quartiles
For ungrouped data, quartile positions can be calculated using:

_ (N+1) _2(N+1) _3(N+1)
1— 4 1 &2 — 4 » €3 — 4
Where Nis the total number of observations.

Example
Consider the dataset:

5,8,10,12, 15, 18, 20, 22, 25
Number of observations (N) =9

Position of Q1:

21 25
4
Q1 lies halfway between the 2nd and 3rd observations:
01 = 8 -I—2 10 _g
Position of Q2:
2(10)
7 °
Q2=15
Position of Q3:
3(10)
2 = 7.5
Q3 lies midway between the 7th and 8th observations:
03 = 20 ;— 22 _ 91
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Therefore:

e Q1=9
e Q2=15
e Q3=21

9.3.3 Interquartile Range (IQR)

One of the most important applications of quartiles is the calculation of the
Interquartile Range (IQR), which measures the spread of the middle 50% of the
observations. It is calculated as:

IQR = Q3 — Q4

The IQR is less affected by extreme values and outliers than the overall range,
making it a robust measure of variability. In biomedical research, IQR is frequently
reported alongside the median for skewed data distributions.

9.3.4 APPLICATIONS IN UNANI MEDICAL RESEARCH
Percentiles and quartiles have several applications in Unani and clinical research:

1. Assessment of Growth and Nutrition: Growth charts often use percentile rankings
to evaluate children's height, weight, and body mass index.

2. Clinical Reference Values: Laboratory test results can be interpreted using
percentile distributions.

3. Identification of Outliers: Quartiles and IQR help identify unusual observations
that may require further investigation.

4. Comparison of Patient Groups: Researchers can compare distributions of clinical
variables between treatment groups.

5. Presentation of Skewed Data: Median and IQR are preferred over mean and
standard deviation when data are not normally distributed.

Advantages of Percentiles and Quartiles
¢ FEasy to understand and interpret.

¢ Useful for ranking observations.

e Applicable to skewed distributions.

e Less influenced by extreme values than the mean.

e Facilitate comparison among individuals and groups.

Limitations
e Calculation methods may vary slightly among statistical software packages.

e Less informative about the exact shape of the distribution.

¢ Interpolation may introduce minor differences in computed values.
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o Interpretation can be difficult in very small datasets.

Percentiles and quartiles are valuable descriptive statistical measures that provide
insight into the relative position and distribution of data. Quartiles divide data into
four equal parts, while percentiles divide data into one hundred equal parts. These
measures are extensively used in medical, epidemiological, and Unani research for
data summarization, comparison, and interpretation. Their ability to describe data
distribution and identify variability makes them indispensable tools in biostatistical
analysis.

9.4 MEASURES OF DISPERSION AND VARIABILITY

Measures of dispersion, also known as measures of variability, are statistical tools
used to describe the extent to which observations in a dataset differ from one another
and from a central value such as the mean or median. While measures of central
tendency provide information about the average value of a dataset, they do not reveal
how widely the observations are scattered. Two datasets may have the same mean but
differ considerably in their spread. Therefore, measures of dispersion are essential for
understanding the consistency, reliability, and heterogeneity of data in medical and
health research.

In Unani medical research and biostatistics, measures of dispersion help researchers
assess variations in clinical parameters, treatment outcomes, laboratory findings, and
epidemiological data. They are crucial for comparing groups, interpreting research
findings, and evaluating the precision of statistical estimates.

9.4.1 Importance of Measures of Dispersion
The study of variability is important because:

1. It indicates the degree of homogeneity or heterogeneity within a dataset.
2. It helps in comparing different groups or populations.

3. It provides information about the reliability of the mean.

4

. It forms the basis for advanced statistical analyses such as hypothesis testing,
correlation, regression, and analysis of variance.

5. It assists researchers in understanding the consistency of treatment effects and
biological measurements.

Measures of dispersion are broadly classified into absolute measures and relative
measures.

9.4.2 Absolute Measures of Dispersion

Absolute measures express variability in the same units as the original data. Common
absolute measures include range, quartile deviation, mean deviation, variance, and
standard deviation.
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1. Range
Range is the simplest measure of dispersion. It is defined as the difference between
the largest and smallest observations in a dataset.

Formula:
Range=L—-S
Where:

e L=Largest value
e S= Smallest value

Example:
If the systolic blood pressure values are 110, 120, 130, 140, and 150 mmHg;:

Range = 150 — 110 = 40
A larger range indicates greater variability. However, range is influenced by extreme

values and does not consider all observations.

2. Quartile Deviation (Semi-Interquartile Range)
Quartile deviation measures the spread of the middle 50% of observations and is less
affected by extreme values.

Formula:

_Q3—-0Q4
b ="

Where:

e Q= First quartile

e Q3= Third quartile

Quartile deviation is particularly useful when data are skewed or contain outliers.

3. Mean Deviation
Mean deviation is the average of the absolute differences between individual
observations and a measure of central tendency (usually the mean or median).

Formula:
YIX-X]|
MD=——
N
Where:
¢ X= Individual observation
e X=Mean

e N=Number of observations

Although it uses all observations, mean deviation is less frequently used in modern
statistical analysis than standard deviation.
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4. Variance
Variance measures the average squared deviation of observations from the mean. It is
one of the most important measures of variability.

For a population:

2 S’
N
For a sample:
2
SZ — Z(X - X)
n-1

Where:

e = Population mean
e X= Sample mean

e N=Population size
e n= Sample size

Variance incorporates all observations and provides a comprehensive measure of
spread. However, its units are squared, making interpretation difficult.

5. Standard Deviation
Standard deviation (SD) is the positive square root of variance and is the most widely
used measure of dispersion in medical research.

SD =+Variance

Standard deviation represents the average distance of observations from the mean. A
small SD indicates that values are clustered closely around the mean, whereas a large
SD indicates greater variability.

Advantages of Standard Deviation:
e Uses all observations.

e Amenable to algebraic manipulation.
e Forms the basis for many inferential statistical techniques.
e Provides a reliable measure of variability in biological and medical data.

For these reasons, standard deviation is considered the most useful measure of
dispersion in biostatistics.

9.4.3 Relative Measures of Dispersion

Relative measures express variability as ratios or percentages and are useful when
comparing datasets measured in different units. These measures are dimensionless
and facilitate comparison between populations.
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1. Coefficient of Range
L-S
Coefficient of R =—
oefficient of Range 1S

This measure allows comparison of variability between datasets with different
magnitudes.

2. Coefficient of Quartile Deviation
Coefficient of QD = %-0
Q3 + Q4

It is useful for comparing the variability of skewed distributions.

3. Coefficient of Variation (CV)
The coefficient of variation is one of the most important relative measures of
dispersion.

cv x 100

" Mean

The CV expresses variability as a percentage of the mean. Lower CV values indicate
greater consistency and stability, whereas higher CV values indicate greater variation.
It is widely used in biomedical and pharmaceutical research to compare variability
among different measurements.

9.4.4 Applications in Unani Medical Research
Measures of dispersion have numerous applications in Unani medicine and health
sciences:

e Assessing variation in pulse rate, blood pressure, and biochemical parameters.
e Comparing treatment outcomes among different patient groups.

o Evaluating consistency of herbal formulations and clinical interventions.

e Determining the reliability and precision of research findings.

¢ Identifying outliers and unusual observations in datasets.

Understanding variability enables researchers to make more accurate interpretations
and enhances the scientific validity of clinical studies.

Measures of dispersion are indispensable components of descriptive statistics. They
complement measures of central tendency by quantifying the spread of observations
within a dataset. Range, quartile deviation, mean deviation, variance, and standard
deviation provide absolute measures of variability, while coefficients of dispersion
and variation offer relative comparisons. In Unani medical research, these measures
facilitate accurate data interpretation, assessment of treatment outcomes, and
evidence-based decision-making. Among all measures, standard deviation and
coefficient of variation are particularly valuable because of their broad applicability
and interpretative usefulness in biomedical investigations.
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9.5 RANGE AND QUARTILE DEVIATION

Measures of variability or dispersion are essential components of descriptive
statistics. While measures of central tendency such as mean, median, and mode
provide information about the central value of a dataset, measures of dispersion
indicate how widely the observations are scattered around the central value. Among
the simplest and most commonly used measures of dispersion are the Range and
Quartile Deviation. These measures help researchers assess the consistency,
homogeneity, and variability of data obtained in medical, biological, and
epidemiological studies. In Unani medical research, understanding the spread of
clinical observations, laboratory findings, and survey data is crucial for accurate
interpretation and decision-making.

9.5.1 Range

The Range is the simplest measure of dispersion. It is defined as the difference
between the largest and the smallest value in a dataset. It provides a quick estimate of
the spread of observations and indicates the extent of variability present in the data.

Formula

Range=L—-S§
Where:
e L= Largest observation

e S= Smallest observation

Example
Consider the systolic blood pressure readings (mmHg) of five patients:

110, 118, 122, 130, 140

Here:
e Largest value = 140

e Smallest value =110
Therefore,

Range = 140 — 110 = 30
Thus, the range of the blood pressure readings is 30 mmHg.

Coefficient of Range
Since the range is expressed in the original unit of measurement, comparison between
different datasets may be difficult. Therefore, a relative measure known as the
Coefficient of Range is used.

L-S

Coefficient of R = —
oefficient of Range = ;——

This coefficient is dimensionless and facilitates comparison between different
datasets.
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Merits of Range
1. Simple to understand and calculate.

2. Requires only the highest and lowest values.
3. Useful for preliminary analysis and quality control.
4. Provides a quick indication of variability.

Demerits of Range
1. Based only on two extreme observations.

2. Highly affected by outliers.
3. Does not reflect the distribution of all observations.
4. Unsuitable for open-ended frequency distributions.

9.5.2 Applications in Unani Medical Research

Range is frequently used in clinical studies to describe variations in age, blood
pressure, body mass index, laboratory values, and duration of illness among patients.
It offers a rapid overview of the extent of variability within the study population.

9.5.3 Quartile Deviation

Although the range is easy to calculate, it is greatly influenced by extreme values. To
overcome this limitation, statisticians use measures based on quartiles. One such
measure is the Quartile Deviation (QD), also known as the Semi-Interquartile
Range. Quartile deviation measures the spread of the middle 50% of observations and
is less affected by extreme values.

Quartiles
Quartiles divide an ordered dataset into four equal parts:

e First Quartile (Q1): 25% of observations lie below this value.
¢ Second Quartile (Q:): Median of the dataset.
e Third Quartile (Qs): 75% of observations lie below this value.

The difference between the third and first quartiles is called the Interquartile Range
(IQR).

IQR=0Q3-0Q;
The Quartile Deviation is half of the Interquartile Range.
Formula
Quartile Deviation (QD) = @
Where:

e (= First Quartile
e (3= Third Quartile
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Example
Consider the dataset representing fasting blood glucose levels (mg/dL):

70, 75, 80, 85, 90, 95, 100, 105, 110

Step 1: Arrange the data in ascending order (already arranged).
Step 2: Determine the quartiles.

e Median (Q2) =90

e Lower half= 70, 75, 80, 85

o Upper half=95, 100, 105, 110

75 + 80
Q=——— =775
2
100 + 105
3=——py— =102.5

Step 3: Calculate Quartile Deviation.
~102=5-77.5
B 2
25
QD = 7 =12.5

Therefore, the Quartile Deviation is 12.5 mg/dL.

Coefficient of Quartile Deviation
To compare variability between different datasets, the coefficient of quartile deviation
is used.

Q3 — Q1
Coefficient of QD = ————
Q3 + Q1

This relative measure is independent of the units of measurement.

Merits of Quartile Deviation
1. Less affected by extreme values than the range.

Suitable for skewed distributions.
Easy to understand and compute.

Useful when median is the preferred measure of central tendency.

A

Applicable in open-ended distributions.

Demerits of Quartile Deviation
1. Ignores 50% of observations.

2. Not based on all values in the dataset.
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3. Less stable than standard deviation.
4. Limited use in advanced statistical analyses.

9.5.4 Importance in Unani Medical Research

Quartile deviation is particularly useful in clinical and epidemiological studies where
data are skewed or contain extreme observations. Variables such as duration of
disease, hospital stay, treatment response times, and healthcare expenditure often
exhibit skewed distributions. In such situations, quartile deviation provides a more
reliable measure of variability than the range. It helps researchers understand the
spread of the central portion of data while minimizing the influence of unusually high
or low observations.

9.5.4 Comparison between Range and Quartile Deviation

Feature Range Quartile Deviation

Basis Largest and | First and third quartiles
smallest values

Sensitivity ~ to | High Low

outliers

Data used Only two | Middle 50% observations
observations

Simplicity Very simple Moderately simple

Reliability Less reliable More reliable

Suitability  for | Poor Better

skewed data

Range and Quartile Deviation are important measures of dispersion used in
descriptive statistics. The range provides a rapid estimate of the total spread of
observations but is highly sensitive to extreme values. Quartile deviation, on the other
hand, focuses on the middle 50% of data and provides a more robust measure of
variability, particularly for skewed distributions. In Unani medical research, both
measures serve useful purposes in summarizing and interpreting clinical and
epidemiological data, thereby enhancing the quality and reliability of research
findings.

9.6 MEAN DEVIATION AND STANDARD DEVIATION

Measures of central tendency such as mean, median, and mode describe the central
position of a dataset; however, they do not reveal the extent to which observations are
scattered around the center. In medical and health research, including Unani medical
studies, understanding the variability of data is essential for interpreting clinical
outcomes, comparing treatment groups, and assessing the reliability of observations.
Mean Deviation (MD) and Standard Deviation (SD) are two important measures of
dispersion that quantify the spread of data around a central value.
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9.6.1 Mean Deviation

Mean Deviation, also known as Average Absolute Deviation, is the arithmetic mean
of the absolute deviations of observations from a measure of central tendency, usually
the mean or median. Since positive and negative deviations cancel each other when
summed directly, absolute values are used to obtain a meaningful measure of
dispersion.

Definition

Mean Deviation is defined as the average of the absolute differences between each
observation and the arithmetic mean of the dataset. It provides an estimate of the
average distance of observations from the central value.

Formula

For ungrouped data:
_Xlx—xl
B n

MD
Where:
e MD= Mean Deviation
e x;=Individual observation
e Xx= Arithmetic mean
e n= Number of observations

Steps for Calculation
1. Calculate the arithmetic mean of the observations.

Find the deviation of each observation from the mean.
Ignore the signs and take absolute values.

Sum all absolute deviations.

A

Divide the total by the number of observations.

Example
Consider the observations:

10, 12, 14, 16, 18

Mean:
_ 10+12+14+16+18
X = c =14
Absolute deviations:
Observation | Deviation from Mean | Absolute Deviation
10 -4 4
12 -2 2
14 0 0
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16 2 2
18 4 4
Sum of absolute deviations = 12
12
MD = = =24

Thus, the mean deviation is 2.4.

Merits of Mean Deviation
¢ Easy to understand and calculate.

o Uses all observations in the dataset.
e Provides a direct measure of average deviation from the mean.
e Less affected by extreme values than variance-based measures.

Limitations of Mean Deviation
¢ Mathematical treatment is difficult because absolute values are used.

o Less useful in advanced statistical analyses.
¢ Not commonly employed in inferential statistics and hypothesis testing.

9.6.2 Standard Deviation

Standard Deviation (SD) is the most widely used measure of variability in
biostatistics and medical research. It measures the average spread of observations
around the arithmetic mean and is expressed in the same units as the original data,
making interpretation easier.

Standard deviation is derived from variance, which is the average of squared
deviations from the mean. Because variance is expressed in squared units, its square
root is taken to obtain the standard deviation.

Definition

Standard deviation is the positive square root of the mean of the squared deviations of
observations from their arithmetic mean. It indicates the extent to which individual
values differ from the average value of the dataset.

Formula

For a population:

For a sample:
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x~—0.01,;s%2 ~ 1.934

xbar=-0.01s"2 ~ 1.934

Where:
e o= Population standard deviation

s= Sample standard deviation
¢ x;= Individual observation

e u=Population mean

e Xx= Sample mean

e N=Population size

e n= Sample size

Steps for Calculation
1. Calculate the arithmetic mean.

Subtract the mean from each observation.
Square each deviation.

Sum all squared deviations.

A

Divide by N(population) or n — 1(sample).
6. Take the square root of the result.

Example
Consider the observations:

10, 12, 14, 16, 18

Mean = 14
Observation | Deviation | Squared Deviation
10 -4 16
12 -2 4
14 0 0
16 2 4
18 4 16
Sum of squared deviations = 40
Variance:
40 8
5 =

Standard deviation:

SD =+/8 =2.83
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Thus, the standard deviation is approximately 2.83.

Interpretation of Standard Deviation
e A small SD indicates that observations are closely clustered around the mean.

e A large SD indicates greater variability and wider dispersion.
¢ An SD of zero indicates no variation, meaning all observations are identical.

In clinical research, standard deviation helps assess the consistency of measurements
such as blood pressure, pulse rate, body mass index, and laboratory values among
study participants.

Importance in Unani Medical Research
Standard deviation is extensively used in Unani research for:

e Comparing treatment outcomes between groups.

o Evaluating variability in clinical observations.

o Assessing precision and reliability of measurements.

e Calculating confidence intervals and conducting hypothesis testing.
¢ Determining sample size for clinical studies.

Merits of Standard Deviation
e Based on all observations.

o Highly useful in advanced statistical analyses.
e Expressed in the same units as the original data.
o Essential for inferential statistics and biomedical research.

Limitations of Standard Deviation
¢ Sensitive to extreme values and outliers.

¢ Calculation is relatively more complex.
o Interpretation may be difficult in highly skewed distributions.

Mean Deviation and Standard Deviation are important measures of variability that
complement measures of central tendency. While Mean Deviation provides the
average absolute distance of observations from the mean, Standard Deviation offers a
mathematically robust measure of dispersion and is the preferred statistic in medical
and biostatistical research.

In Unani medical research, these measures help researchers understand data
consistency, evaluate treatment effectiveness, and make scientifically valid
conclusions regarding health outcomes.
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9.7 VARIANCE AND COEFFICIENT OF VARIATION

Measures of central tendency such as the mean provide information about the average
value of a dataset, whereas measures of dispersion describe the extent to which
observations differ from one another. In medical and biostatistical research,
understanding variability is essential because two datasets may have the same mean
but differ considerably in their spread. Among the most important measures of
dispersion are Variance and the Coefficient of Variation (CV). Variance quantifies
the average squared deviation of observations from the mean, while the coefficient of
variation expresses variability relative to the mean and facilitates comparisons
between datasets measured in different units. These measures are widely used in
biomedical, epidemiological, and Unani medical research for assessing data
consistency, reliability, and precision of observations (Pagano & Gauvreau, 2000;
Daniel & Cross, 2018).

9.7.1 Variance

Variance is a fundamental statistical measure that describes the degree of spread or
dispersion in a dataset. It is calculated as the average of the squared deviations of
individual observations from the arithmetic mean. Since deviations are squared,
negative and positive deviations do not cancel each other out, allowing an accurate
assessment of variability.

Definition

Variance is defined as the mean of the squared differences between each observation
and the arithmetic mean of the dataset. A larger variance indicates greater variability,
whereas a smaller variance indicates that observations are clustered closely around
the mean (Rosner, 2015).

Formula for Variance

For a population:

2 X —w?
g = ——
N
For a sample:
, _ B0 - %)
n—-1

X~ —0.01,;s% ~1.934
xbar=-0.01s"2 ~ 1.934

Where:
e 0?=Population variance

e s?=Sample variance
e x;= Individual observation

e u= Population mean
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e X= Sample mean
e N=Population size
e n=Sample size

Steps for Calculating Variance
. Calculate the arithmetic mean of the observations.

1

2. Determine the deviation of each observation from the mean.

3. Square each deviation.

4. Sum all squared deviations.

5. Divide the total by Nfor population data or n — 1for sample data.

Example
Suppose the systolic blood pressure readings of five patients are:

110, 120, 130, 140, 150
Step 1: Calculate the Mean

110 +120 + 130 + 140 + 150
: =
Step 2: Calculate Deviations and Squared Deviations

130

X =

Observation | Deviation | Squared Deviation
110 -20 400
120 -10 100
130 0 0
140 10 100
150 20 400

Sum of squared deviations = 1000
Step 3: Calculate Variance

Population Variance:

Therefore, the variance of the blood pressure readings is 200 mmHg?,
Interpretation of Variance

e A small variance indicates that observations are closely clustered around the
mean.

e A large variance suggests considerable variation among observations.

e Variance equal to zero indicates that all observations are identical.
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Because variance is expressed in squared units, it is often difficult to interpret
directly. Therefore, the square root of variance, known as the standard deviation, is
commonly used for practical interpretation (Daniel & Cross, 2018).

Applications of Variance in Unani Medical Research
Variance is useful in:

o Assessing variability in clinical and laboratory measurements.

e Comparing treatment outcomes among patient groups.

e Determining consistency of diagnostic findings.

o Conducting inferential statistical tests such as Analysis of Variance (ANOVA).
o Estimating sampling errors and confidence intervals.

For example, researchers evaluating the efficacy of a Unani formulation for
hypertension may calculate variance to determine whether patients respond uniformly
or exhibit considerable differences in therapeutic outcomes.

Advantages of Variance
o Ultilizes all observations in the dataset.

e Provides a mathematically rigorous measure of variability.
o Forms the basis for advanced statistical procedures.
¢ Essential in hypothesis testing and regression analysis.

Limitations of Variance
e Expressed in squared units, making interpretation difficult.

o Highly sensitive to extreme values and outliers.
e Less intuitive than standard deviation.

9.7.2 Coefficient of Variation (CV)

The coefficient of variation is a relative measure of dispersion that expresses the
standard deviation as a percentage of the mean. Unlike variance and standard
deviation, which are absolute measures, the coefficient of wvariation allows
comparison of variability between datasets with different units or different
magnitudes of measurement (Kirkwood & Sterne, 2010).

The coefficient of variation is the ratio of the standard deviation to the arithmetic
mean, expressed as a percentage.

Formula
SD
cV = ? x 100

Where:
e CV = Coefficient of Variation
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e SD = Standard Deviation
e Xx= Arithmetic Mean

Example
Suppose a study measures fasting blood glucose levels in a group of patients:

Mean blood glucose level = 100 mg/dL
Standard deviation = 15 mg/dL
Then:

15
CcV = 100 x 100
CV =15%
Thus, the coefficient of variation is 15%.

Interpretation of Coefficient of Variation
The coefficient of variation indicates the relative variability of data.

CV (%) Interpretation
Less than 10% | Very low variability

10-20% Low variability
20-30% Moderate variability

Greater than 30% High variability

In biomedical studies, a lower CV generally indicates more precise and consistent
measurements.

Importance of Coefficient of Variation
The coefficient of variation is particularly useful when:

Comparing datasets with different units.
Comparing variability among variables with different means.
Assessing precision of laboratory tests.

Evaluating reproducibility of clinical measurements.

A e

Comparing therapeutic responses in different patient populations.

For example, researchers comparing variability in pulse rate and blood glucose
measurements cannot directly compare standard deviations because the variables have
different units. The coefficient of variation provides a standardized measure for
meaningful comparison.

9.7.3 Applications in Unani Medical Research
In Unani medicine, the coefficient of variation is employed to:

e Compare consistency of clinical outcomes among treatment groups.
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o Assess reliability of laboratory investigations.

¢ Evaluate repeatability of diagnostic procedures.

e Determine homogeneity of study populations.

e Monitor quality control in pharmaceutical preparations.

For instance, when evaluating the efficacy of a Unani herbal preparation across
multiple hospitals, researchers may calculate the coefficient of variation to assess
whether treatment responses are consistent across different centers.

Advantages of Coefficient of Variation
o Unit-free measure of variability.

o Facilitates comparison between different datasets.
e Useful for evaluating precision and reliability.
e Widely applied in clinical and laboratory research.

Limitations of Coefficient of Variation
¢ Not suitable when the mean is zero or very close to zero.

e May be misleading for highly skewed distributions.
o Applicable primarily to ratio-scale data.

Variance and the coefficient of variation are essential measures of dispersion in
biostatistics. Variance quantifies the average squared deviation of observations from
the mean and forms the basis for many advanced statistical methods. The coefficient
of variation, on the other hand, provides a relative measure of variability and allows
comparison between datasets with different scales and units. In Unani medical
research, these measures are valuable for assessing consistency, reliability, and
precision of clinical observations, laboratory findings, and therapeutic outcomes. A
thorough understanding of variance and coefficient of variation enables researchers to
interpret biomedical data accurately and draw scientifically valid conclusions.

9.8 STANDARD ERROR AND CONFIDENCE INTERVAL

In medical and health research, investigators rarely study an entire population because
of practical limitations such as time, cost, and accessibility. Instead, they collect data
from a sample and use statistical methods to draw conclusions about the larger
population. However, sample estimates are subject to random variation. Two
important statistical concepts used to quantify this uncertainty are Standard Error
(SE) and Confidence Interval (CI). These measures help researchers assess the
reliability, precision, and generalizability of their findings and are widely applied in
biostatistics, epidemiology, and clinical research.

9.8.1 Standard Error

The Standard Error (SE) is the standard deviation of the sampling distribution of a
statistic, most commonly the sample mean. It measures the extent to which a sample
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statistic is expected to vary from one sample to another if repeated samples are drawn
from the same population. A smaller standard error indicates greater precision of the
estimate, whereas a larger standard error suggests greater variability and less
precision.

The standard error of the mean (SEM) is calculated as:
SD
SE =—
Vn
Where:
¢ SE = Standard Error of the mean

e SD = Standard Deviation of the sample
e n = Sample size

This formula demonstrates that the standard error decreases as the sample size
increases. Therefore, larger samples generally provide more precise estimates of
population parameters.

Interpretation of Standard Error

The standard error reflects the precision of a sample estimate rather than the
variability of individual observations. While standard deviation describes the spread
of observations around the sample mean, standard error describes the spread of
sample means around the population mean.

For example, suppose a study measures systolic blood pressure in 100 individuals and
finds:
e Mean systolic blood pressure = 130 mmHg

e Standard deviation =20 mmHg

Then:
_ 20 _ 20 _5
- yioo 10

The standard error is 2 mmHg, indicating that repeated samples of 100 individuals
would produce sample means that typically vary by about 2 mmHg from the true
population mean.

Importance of Standard Error in Medical Research
Standard error plays a crucial role in:

1. Assessing the precision of sample estimates.
2. Constructing confidence intervals.
3. Hypothesis testing and significance testing.

4. Comparing treatment effects in clinical trials.
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5. Evaluating the reliability of epidemiological studies.

Researchers should avoid confusing standard deviation with standard error because
they serve different purposes in data interpretation.

9.8.2 Confidence Interval

A Confidence Interval (CI) is a range of values within which the true population
parameter is expected to lie with a specified level of confidence. Instead of presenting
a single estimate, confidence intervals provide an interval estimate that reflects the
uncertainty associated with sampling. Confidence intervals are considered more
informative than point estimates because they indicate both the estimate and its
precision.

A confidence interval consists of:
e Point estimate (e.g., sample mean)

e Margin of error
e Confidence level (usually 90%, 95%, or 99%)

The most commonly used confidence level in biomedical research is 95%. A 95%
confidence interval implies that if the same study were repeated many times,
approximately 95% of the calculated intervals would contain the true population
parameter.

Formula for Confidence Interval of the Mean
When the sample size is sufficiently large:

Cl=X+ZXSE

Where:
e X=Sample mean

e Z=Critical value corresponding to the confidence level

e SE= Standard Error

For a 95% confidence interval, the Z-value is approximately 1.96.
Example of Confidence Interval Calculation

Suppose a study reports:
e Sample mean = 130 mmHg

¢ Standard error = 2 mmHg
For a 95% confidence interval:

€I =130+ (1.96 x 2)
CI =130 + 3.92
CI = 126.08 to 133.92
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Thus, the 95% confidence interval for the population mean systolic blood pressure is
approximately 126.1 to 133.9 mmHg. This interval provides a plausible range for the
true population mean.

Factors Affecting Confidence Intervals
Several factors influence the width of a confidence interval:

1. Sample Size: Larger samples produce narrower confidence intervals.
2. Variability of Data: Greater variability results in wider intervals.

3. Confidence Level: Higher confidence levels (e.g., 99%) produce wider intervals
than lower levels (e.g., 90%).

4. Standard Error: Smaller standard errors generate narrower confidence intervals.

Interpretation of Confidence Intervals
Confidence intervals help researchers determine both statistical and clinical
significance.

¢ A narrow confidence interval indicates a precise estimate.
¢ A wide confidence interval suggests uncertainty and the need for additional data.

e Confidence intervals are preferred over p-values alone because they provide
information about the magnitude and precision of an effect.

In clinical trials, confidence intervals are commonly used to evaluate treatment
efficacy, risk ratios, odds ratios, and prevalence estimates. They enable healthcare
professionals to make evidence-based decisions while considering the uncertainty
inherent in sample data.

9.8.3 Relationship between Standard Error and Confidence Interval

Standard error and confidence interval are closely related. The confidence interval is
constructed using the standard error. As the standard error decreases, the confidence
interval becomes narrower, indicating a more precise estimate. Consequently,
increasing the sample size improves the precision of estimates and strengthens the
reliability of research conclusions.

Standard Error and Confidence Interval are fundamental tools in biostatistics that
quantify the uncertainty associated with sample estimates.

Standard error measures the precision of a statistic, while confidence intervals
provide a range within which the true population parameter is likely to lie. Together,
they facilitate accurate interpretation of research findings, improve scientific
decision-making, and enhance the validity of conclusions in Unani medical research
and other health sciences. Their appropriate application is essential for evidence-
based healthcare and high-quality biomedical investigations.
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10.1 CONCEPT AND LAWS OF PROBABILITY

Probability is a fundamental branch of mathematics and statistics that deals with
uncertainty and the likelihood of occurrence of events. In medical research, including
Unani medicine research, probability provides the foundation for statistical inference,
hypothesis testing, epidemiological investigations, and evidence-based decision-
making. Researchers often encounter situations where outcomes cannot be predicted
with complete certainty. Probability offers a scientific method for quantifying
uncertainty and assessing the chances of various outcomes.

The term probability refers to the numerical measure of the likelihood that a particular
event will occur. It is expressed as a value ranging from 0 to 1, where 0 indicates an
impossible event and 1 indicates a certain event. Values between 0 and 1 represent
varying degrees of likelihood. For example, the probability of obtaining a head when
a fair coin is tossed is 0.5, indicating an equal chance of occurrence and non-
occurrence. Probability theory forms the mathematical basis of biostatistics and is
extensively applied in clinical trials, diagnostic testing, disease surveillance, and
public health research.

10.1.1 Historical Background

The systematic study of probability originated from investigations of games of chance
during the seventeenth century. Mathematicians such as Blaise Pascal, Pierre de
Fermat, Jacob Bernoulli, and Pierre-Simon Laplace made significant contributions to
the development of probability theory. The classical interpretation of probability,
particularly associated with Laplace, defines probability as the ratio of favorable
outcomes to the total number of equally likely outcomes.

10.1.2 Basic Terminology in Probability
To understand probability, several fundamental concepts must be defined:

Experiment: A process that generates outcomes. For example, measuring blood
pressure in a patient or tossing a coin.

Random Experiment: An experiment whose outcome cannot be predicted with
certainty before it is performed.

Outcome: A possible result of a random experiment.

Sample Space (S): The set of all possible outcomes of an experiment. For example,
when a coin is tossed, the sample space is S = {Head, Tail}.

Event (E): A subset of the sample space. An event may consist of one or more
outcomes.

Definition of Probability
For an event E in a sample space S, the probability of occurrence of E is represented
as:

P(E)=n(S)/n(E)

This classical definition is applicable when all outcomes are equally likely.
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For example, when a fair six-sided die is rolled, the probability of obtaining the
number 4 is:

P(4)=1/6
because there is one favorable outcome and six possible outcomes.

Characteristics of Probability
The following properties characterize probability:

1. Probability values always lie between 0 and 1.
0<PE)=<1

2. The probability of an impossible event is 0.

3. The probability of a certain event is 1.

4. The sum of probabilities of all mutually exclusive outcomes in a sample space
equals 1.

These properties provide the basis for probability calculations used in statistical
analyses.

10.1.3 Fundamental Laws of Probability
The laws of probability are mathematical rules that govern the calculation of
probabilities in different situations.

1. Addition Law of Probability
The addition law is used to calculate the probability that at least one of two events
occurs.

For two mutually exclusive events A and B:
P(A\cup B)=P(A)+P(B)
Mutually exclusive events cannot occur simultaneously.

Example:
When a die is rolled, the probability of obtaining either 2 or 5 is:

PQor5=1/6+1/6=2/6=1/3
For events that are not mutually exclusive:
This formula subtracts the overlap between the two events to avoid double counting.

2. Multiplication Law of Probability
The multiplication law determines the probability that two events occur together.

For independent events A and B:

Example:
If a coin is tossed twice, the probability of obtaining heads both times is:
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PHH)=1/2x1/2=1/4
When events are dependent, conditional probability must be considered:

where P(B|A) represents the probability of event B occurring given that event A has
already occurred.

3. Complementary Law of Probability
The complement of an event A, denoted by A’, represents the event that A does not
occur.

The probability of the complement is:
P(A")=1-P(A)

Example:
If the probability of developing a particular disease is 0.15, then the probability of not
developing the disease is:

P(A")=1-0.15=0.85
The complementary law is particularly useful in medical and epidemiological studies.

4. Conditional Probability
Conditional probability measures the likelihood of an event occurring given that
another event has already occurred.

It is expressed as:
P(B|A)=\frac{P(A\cap B)}{P(A)}

Conditional probability is widely used in diagnostic testing, risk assessment, and
clinical decision-making.

10.1.3 Application of Probability in Unani Medical Research
Probability concepts are indispensable in modern Unani research. They assist
researchers in:

e Designing clinical trials.

e Selecting representative samples.

o Estimating disease prevalence.

e Assessing treatment efficacy.

e Evaluating diagnostic accuracy.

e Conducting hypothesis testing.

e Making evidence-based conclusions.

For instance, when evaluating the effectiveness of a Unani formulation in patients
with arthritis, probability helps determine whether observed improvements are due to
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the treatment or merely random variation. Similarly, in epidemiological studies,
probability models help estimate disease risk and identify associated factors.

Probability is a mathematical framework for quantifying uncertainty and predicting
the likelihood of events. Understanding its fundamental concepts and laws—
including addition, multiplication, complement, and conditional probability—is
essential for interpreting statistical analyses and conducting scientific research. In
Unani medical research, probability serves as the cornerstone of biostatistics,
enabling researchers to draw valid conclusions, evaluate therapeutic interventions,
and contribute to evidence-based healthcare practices.

10.2 NORMAL PROBABILITY CURVE AND DISTRIBUTION

The Normal Probability Curve (NPC) and the Normal Distribution are among the
most important concepts in biostatistics and medical research. Many biological and
health-related variables such as height, weight, blood pressure, haemoglobin level,
intelligence quotient (IQ), and measurement errors tend to follow a normal
distribution. Understanding the normal probability curve is essential for statistical
inference, hypothesis testing, confidence intervals, and interpretation of medical
research findings.

10.2.2 Definition of Normal Distribution

A normal distribution, also known as the Gaussian distribution, is a continuous
probability distribution characterized by a symmetrical, bell-shaped curve. It
describes how values of a variable are distributed around a central value called the
mean. Most observations cluster near the mean, while fewer observations occur as the
distance from the mean increases.

The mathematical expression for the normal probability density function is:

1 _G-w?
fa)=——=e 27
oV2r
sigma
mu
Where:

e p (mu) = Mean of the distribution

e o (sigma) = Standard deviation

e 2= Variance

e 7 = Mathematical constant (3.1416)

e e = Base of natural logarithm
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This equation defines the shape and spread of the normal distribution. The mean
determines the location of the curve, while the standard deviation determines its width
and dispersion.

Normal Probability Curve

The graphical representation of the normal distribution is called the Normal
Probability Curve (NPC). It is a smooth, bell-shaped curve that represents the
distribution of continuous data. The curve is based on probability principles and
serves as a model for many naturally occurring phenomena.

In medical research, the NPC helps investigators understand the distribution of
clinical measurements and determine whether statistical methods based on normality
assumptions can be applied.

Characteristics of the Normal Probability Curve
The normal probability curve possesses several distinctive properties:

1. Bell-Shaped and Symmetrical

The curve is perfectly symmetrical about the mean. The left half is a mirror image of
the right half. Consequently, observations above and below the mean occur with
equal frequency.

2. Mean, Median, and Mode are Equal
In a perfectly normal distribution, the measures of central tendency coincide at the
center of the curve.

Mean = Median = Mode
This point represents the highest frequency and the peak of the distribution.

3. Unimodal Distribution
The curve has only one peak or mode, indicating a single concentration of
observations around the central value.

4. Total Area under the Curve Equals One

The entire area under the normal curve represents total probability and is equal to 1
(or 100%). Therefore, probability can be interpreted as the proportion of area under
the curve.

5. Asymptotic Nature
The tails of the curve extend indefinitely in both directions and approach the
horizontal axis but never actually touch it.

6. Defined by Two Parameters
A normal distribution is completely determined by:

e Mean ()
e Standard Deviation (o)

Any change in these parameters alters the shape or location of the curve.
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Standard Normal Distribution
A special form of normal distribution is the Standard Normal Distribution, which
has:

e Mean (n)=0
¢ Standard Deviation (c) =1

Values from any normal distribution can be converted into standard normal values
called Z-scores using the formula:

®d(z) =~ 88.5%
Where:
e X =Observed value
e p=Mean
¢ ¢ = Standard deviation

The Z-score indicates how many standard deviations a value lies above or below the
mean.

Empirical Rule (68-95-99.7 Rule)

One of the most useful properties of the normal distribution is the empirical rule. It
describes the proportion of observations lying within specific standard deviation
limits around the mean:

Range Percentage of Observations
Mean = 1 SD 68.27%
Mean £+ 2 SD 95.45%
Mean + 3 SD 99.73%

This rule indicates that nearly all observations in a normal distribution fall within
three standard deviations of the mean.

10.2.3 Applications in Medical and Unani Research
The normal distribution has extensive applications in health sciences and Unani
medical research:

1. Analysis of Clinical Data: Variables such as blood pressure, pulse rate, and
laboratory measurements often approximate normality.

2. Hypothesis Testing: Parametric tests such as the t-test, z-test, and ANOVA
assume normal distribution of data.
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3. Estimation of Reference Values: Normal distribution helps establish normal
ranges for physiological parameters.

4. Quality Control: Used in monitoring pharmaceutical preparations and laboratory
procedures.

5. Sampling Theory: Many sampling distributions become approximately normal
due to the Central Limit Theorem.

6. Prediction and Risk Assessment: Used in epidemiological and clinical studies for
probability estimation.

Limitations of Normal Distribution

Although widely applicable, not all biological data follow a normal distribution.
Variables may exhibit skewness, kurtosis, or multiple peaks. In such cases, data
transformation or non-parametric statistical methods may be required. Researchers
should therefore assess normality before applying statistical tests that assume normal
distribution.

The normal probability curve and normal distribution form the foundation of modern
biostatistics. Their mathematical properties enable researchers to summarize data,
estimate probabilities, conduct hypothesis testing, and make scientific inferences.
Because many biological and medical variables approximate a normal distribution,
knowledge of the normal curve is indispensable for BUMS and MD/MS scholars
engaged in clinical and research activities.

10.3 BINOMIAL AND POISSON DISTRIBUTION

Probability distributions are fundamental tools in biostatistics for describing the
behavior of random variables. In medical and health research, many outcomes are
discrete in nature, such as the number of patients responding to treatment, the number
of adverse drug reactions, or the occurrence of disease cases within a population.
Among the discrete probability distributions, the Binomial Distribution and Poisson
Distribution are widely used for statistical inference, hypothesis testing,
epidemiological investigations, and clinical research. Understanding these
distributions helps researchers select appropriate statistical methods and interpret
research findings accurately.

10.3.1 Binomial Distribution

The binomial distribution is a discrete probability distribution that describes the
probability of obtaining a specific number of successes in a fixed number of
independent trials, where each trial has only two possible outcomes: success or
failure. The probability of success remains constant throughout all trials.

Conditions for Binomial Distribution
A random variable follows a binomial distribution when the following conditions are
satisfied:

1. The number of trials (n) is fixed.
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2. Each trial has only two mutually exclusive outcomes (success or failure).
3. The trials are independent of one another.

4. The probability of success (p) remains constant for every trial.
Examples in Unani medical and health research include:

o Number of patients cured after a specific treatment.

e Number of individuals testing positive for a disease.

e Success or failure of a therapeutic intervention.

If X represents the number of successes in n independent trials, then the probability of
obtaining exactly k successes is given by:

P =k) = () pka—py
where:
¢ n = total number of trials
e Kk =number of successes
e p = probability of success
e (1 —p) = probability of failure
The binomial distribution is characterized by:
e Mean (p) =np
e Variance (6%) =np(l — p)

These parameters indicate the expected number of successes and the variability
around the mean.

Applications of Binomial Distribution
In biomedical and Unani research, the binomial distribution is used to:

o Estimate treatment success rates.

e Analyze vaccine efficacy studies.

e Assess prevalence of diseases.

¢ Calculate probabilities in clinical trials.

e Perform hypothesis testing involving proportions.

For example, if a treatment has a success rate of 80%, the binomial distribution can
estimate the probability that exactly 16 out of 20 patients will respond positively to
the therapy.
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10.3.2 Poisson Distribution

The Poisson distribution is another discrete probability distribution used to describe
the occurrence of rare events within a fixed interval of time, area, volume, or
population when such events occur independently and at a constant average rate.

The distribution was developed by the French mathematician Siméon Denis Poisson
and is particularly useful in epidemiology, public health, and hospital management
studies.

Conditions for Poisson Distribution
The Poisson distribution is applicable when:

1. Events occur independently.

2. The average rate of occurrence remains constant.

3. The probability of more than one event occurring at the same instant is negligible.
4. The event of interest is relatively rare.

Examples include:
e Number of new disease cases reported per day.

e Number of hospital admissions per hour.
e Number of laboratory errors in a month.
e Frequency of adverse drug reactions.

If X represents the number of events occurring during a specified interval, the
probability of observing exactly k events is:
e 22k

P(X=1k)=—

where:

e e=2.71828 (base of natural logarithms)

¢ ) (lambda) = average number of occurrences
e Kk =number of events observed

An important property of the Poisson distribution is that its mean and variance are
equal:

e Mean (p) =21
e Variance (6?) =\

This equality distinguishes the Poisson distribution from many other probability
distributions.

Applications of Poisson Distribution
The Poisson distribution is extensively used in health sciences for:
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e Modeling disease incidence rates.

o FEstimating accident frequencies.

¢ Monitoring hospital infection rates.

o Evaluating rare adverse events in pharmacovigilance.
¢ Public health surveillance and epidemiological studies.

For instance, if a hospital records an average of three emergency cases per hour, the
Poisson distribution can estimate the probability of receiving exactly five emergency
cases in a particular hour.

10.3.3 Relationship between Binomial and Poisson Distributions
The Poisson distribution can be considered a limiting form of the binomial
distribution. When:

e The number of trials (mn) is very large,
e The probability of success (p) is very small,

e The product np = A remains finite, the binomial distribution approaches the
Poisson distribution. This approximation simplifies calculations involving rare
events.

Such situations frequently arise in epidemiological investigations where a disease is
uncommon but the population under study is very large.

10.3.4 Differences between Binomial and Poisson Distributions

Feature Binomial Distribution Poisson Distribution
Nature of Event Successes in fixed trials Occurrence of events in an
interval
Parameters n and p A
Number of Trials Fixed Not specified
Outcomes Success or failure Count of events
Mean np A
Variance np(l —p) A
Typical Use Clinical trials, treatment | Disease incidence, rare events
outcomes

10.3.5 Significance in Unani Medical Research

In Unani medical research, probability distributions provide a scientific basis for
analyzing clinical and epidemiological data. The binomial distribution assists
researchers in evaluating treatment efficacy and patient outcomes, while the Poisson
distribution is valuable for studying disease frequency, adverse events, and healthcare
utilization patterns. Proper application of these distributions improves the validity of
statistical analyses and strengthens evidence-based decision-making in Unani
medicine.
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10.4 SAMPLING METHODS AND SAMPLING DISTRIBUTION

Sampling is a fundamental component of medical research and biostatistics. In most
health-related investigations, studying the entire population is impractical due to
limitations of time, cost, and resources. Therefore, researchers select a subset of the
population, known as a sample, to draw conclusions about the larger population. The
accuracy and validity of research findings largely depend on the appropriateness of
the sampling method employed. Sampling also forms the basis of statistical inference,
enabling researchers to estimate population parameters and test hypotheses.

10.4.1 Concept of Sampling

Sampling is the process of selecting a representative group of individuals from a
target population for study. The target population refers to the entire group possessing
characteristics relevant to the research question, while the sample consists of
individuals actually included in the study. An ideal sample should accurately reflect
the characteristics of the population from which it is drawn, thereby minimizing
sampling bias and enhancing the generalizability of findings.

Types of Sampling Methods
Sampling methods are broadly classified into two categories:

1. Probability Sampling
2. Non-Probability Sampling

A. Probability Sampling

Probability sampling is a method in which every member of the population has a
known and non-zero chance of being selected. Because selection is based on
randomization, probability sampling reduces selection bias and allows valid statistical
inference. It is the preferred approach in quantitative and epidemiological research.

1. Simple Random Sampling

In simple random sampling, every individual in the population has an equal
probability of selection. Random number tables, lottery methods, or computer-
generated random numbers are commonly used.

Advantages:
e Minimizes selection bias.

¢ Simple statistical analysis.
e Representative when the population is homogeneous.

Disadvantages:
e Requires a complete sampling frame.

e May be difficult and costly in large populations.

2. Systematic Sampling
Systematic sampling involves selecting every kth individual from a population list
after choosing a random starting point. The sampling interval is calculated as:
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S|l=

Where:
e N=Population size
e n= Desired sample size

Advantages:
o FEasy to implement.

¢ Ensures uniform coverage of the population.

Limitation:
e May introduce bias if hidden patterns exist in the sampling frame.

3. Stratified Sampling

In stratified sampling, the population is divided into homogeneous subgroups (strata)
based on characteristics such as age, gender, socioeconomic status, or disease
severity. Random samples are then selected from each stratum.

Advantages:
o Ensures representation of important subgroups.

e Improves precision of estimates.

Disadvantages:
e Requires detailed population information.

e More complex than simple random sampling.

4. Cluster Sampling

Cluster sampling is commonly used when populations are geographically dispersed.
The population is divided into clusters (e.g., villages, schools, hospitals), and a
random selection of clusters is studied.

Advantages:
e Economical and practical for large populations.

e Reduces travel and administrative costs.

Disadvantages:
¢ QGreater sampling error compared to simple random sampling.

5. Multistage Sampling

This is an extension of cluster sampling in which sampling occurs in several stages.
For example, districts may be selected first, followed by villages, households, and
individuals.

Advantages:
e Suitable for large-scale national health surveys.

¢ Operationally efficient.
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Disadvantages:
¢ Increased complexity in design and analysis.

B. Non-Probability Sampling

In non-probability sampling, selection is based on convenience, judgment, or
availability rather than randomization. Not all members of the population have a
known chance of selection. Such methods are commonly used in exploratory and
qualitative research.

1. Convenience Sampling
Participants are selected because they are easily accessible to the researcher.

Example: Patients attending a specific outpatient department during a particular
period.

Advantage: Quick and inexpensive.
Limitation: High risk of bias and poor representativeness.

2. Purposive (Judgmental) Sampling
The researcher deliberately selects participants possessing specific characteristics
relevant to the study objective.

Example: Selecting experienced Unani physicians for an expert opinion survey.
Advantage: Useful in specialized research.
Limitation: Subjective and prone to researcher bias.

3. Quota Sampling
Participants are selected until predetermined quotas for different categories are
fulfilled.

Advantage: Ensures representation of selected groups.
Limitation: Selection within quotas remains non-random.

4. Snowball Sampling
Existing participants identify and recruit additional participants from the target
population.

Example: Studies involving rare diseases or hidden populations.
Advantage: Useful when sampling frames are unavailable.
Limitation: Increased risk of selection bias.

Sampling Distribution

A sampling distribution is the probability distribution of a statistic obtained from all
possible samples of a fixed size drawn from the same population. Common statistics
include the sample mean, sample proportion, and sample variance. Sampling
distributions form the theoretical foundation of estimation and hypothesis testing.
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For example, if repeated random samples of 100 patients are selected from a
population and the mean blood pressure is calculated for each sample, the distribution
of these sample means constitutes the sampling distribution of the mean.

Characteristics of Sampling Distribution

1. Mean of Sampling Distribution
The mean of the sampling distribution of the sample mean equals the population
mean:

Bx=H
Thus, the sample mean is an unbiased estimator of the population mean.

2. Standard Error
The standard deviation of the sampling distribution is known as the Standard Error
(SE).

g
SE; = \/_ﬁ
Where:

e o= Population standard deviation
e n= Sample size

As sample size increases, the standard error decreases, resulting in more precise
estimates.

3. Central Limit Theorem

One of the most important principles in biostatistics is the Central Limit Theorem
(CLT). It states that as sample size becomes sufficiently large (usually n = 30), the
sampling distribution of the sample mean approaches a normal distribution regardless
of the shape of the original population distribution. This principle permits the use of
normal probability methods in medical research and hypothesis testing.

Importance of Sampling Distribution in Medical Research
Sampling distributions enable researchers to:

e Estimate population parameters.

¢ Calculate confidence intervals.

e Determine standard errors.

e Perform hypothesis testing.

e Assess reliability and precision of study findings.

In Unani medical research, understanding sampling distributions assists investigators
in evaluating treatment outcomes, estimating disease prevalence, and drawing valid
conclusions from sample data to the wider population.
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10.5 SAMPLE SIZE DETERMINATION

Sampling is a fundamental component of medical research and biostatistics. In most
health-related investigations, studying the entire population is impractical due to
limitations of time, cost, and resources. Therefore, researchers select a subset of the
population, known as a sample, to draw conclusions about the larger population. The
accuracy and validity of research findings largely depend on the appropriateness of
the sampling method employed. Sampling also forms the basis of statistical inference,
enabling researchers to estimate population parameters and test hypotheses.

10.6 HYPOTHESIS: NULL AND ALTERNATIVE

Hypothesis testing is one of the most important components of biostatistics and
medical research. In scientific investigations, researchers formulate assumptions
regarding a population parameter or the relationship between variables and then
evaluate these assumptions using sample data. The process of hypothesis testing
involves two complementary statements: the Null Hypothesis (Ho) and the
Alternative Hypothesis (H: or H.). These hypotheses provide the foundation for
statistical decision-making and help researchers determine whether observed
differences or associations are due to chance or represent genuine effects.

In Unani medical research, hypothesis testing is widely applied to assess the
effectiveness of therapies, compare treatment outcomes, evaluate diagnostic
procedures, and investigate associations between risk factors and diseases. A clear
understanding of null and alternative hypotheses is therefore essential for BUMS and
MD/MS scholars.

10.6.1 Concept of Hypothesis in Research

A hypothesis is a tentative statement or prediction about the relationship between
variables that can be tested scientifically. In statistical analysis, a research hypothesis
is converted into a testable form consisting of a null hypothesis and an alternative
hypothesis. These hypotheses are mutually exclusive and collectively exhaustive,
meaning that only one can be true at a given time.

For example, a researcher may wish to determine whether a Unani formulation
improves the symptoms of osteoarthritis. The statistical investigation begins by
formulating appropriate hypotheses regarding the treatment effect.

Null Hypothesis (Ho)

The Null Hypothesis (Ho) is a statement that assumes there is no difference, no
effect, no association, or no relationship between the variables under investigation.
It represents the status quo or the default assumption that any observed difference in a
study has occurred purely by chance. Researchers generally begin hypothesis testing
by assuming that the null hypothesis is true.

The null hypothesis is usually expressed using an equality sign (=, <, or >). Examples
include:

273




e There is no difference in recovery rates between patients receiving a Unani drug
and those receiving standard treatment.

e The mean blood glucose level before and after treatment is equal.
e There is no association between dietary habits and obesity.
Mathematically:

Ho: pi = p2

where [u and p. represent the population means of two groups.

In hypothesis testing, researchers attempt to gather sufficient evidence against the null
hypothesis. If the evidence is strong enough, the null hypothesis is rejected;
otherwise, it is not rejected. Importantly, statisticians prefer the phrase “fail to reject
the null hypothesis” rather than “accept the null hypothesis,” because the absence of
evidence is not proof that the null hypothesis is true.

Alternative Hypothesis (H: or H,)

The Alternative Hypothesis (H: or H,) is the statement that contradicts the null
hypothesis. It proposes that there is a real effect, difference, association, or
relationship between the variables being studied. Usually, the alternative hypothesis
reflects the researcher's expectation or scientific belief.

Examples include:

e A Unani formulation significantly improves osteoarthritis symptoms.

e Mean blood glucose levels differ before and after treatment.

¢ Dietary habits are associated with obesity.

Mathematically:

Hi: pu# e

The alternative hypothesis uses inequality symbols such as #, >, or <. Depending on
the research question, it may be directional or non-directional.

Types of Alternative Hypothesis

1. Two-Tailed (Non-Directional) Alternative Hypothesis
A two-tailed hypothesis states that a difference exists but does not specify the
direction of the difference.

Example:
e Ho: K1 = U2
e Hi: 951 * 2

This hypothesis is used when the researcher only wants to know whether a difference
exists, regardless of whether it is higher or lower.
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2. One-Tailed (Directional) Alternative Hypothesis
A one-tailed hypothesis specifies the direction of the expected effect.

Right-tailed hypothesis:
e Ho:pn<100

e Hi:p>100
Left-tailed hypothesis:
e Ho:pn>100

e Hip<100

Directional hypotheses are used when prior evidence or theoretical knowledge
suggests a specific direction of effect.

10.6.2 Relationship between Null and Alternative Hypotheses

The null and alternative hypotheses function as complementary statements. When one
is rejected, support is provided for the other. However, statistical testing does not
prove a hypothesis absolutely; it only provides evidence supporting or failing to
support a particular claim.

For example, in a clinical trial evaluating a Unani medicine:
¢ Ho: The medicine has no effect on reducing blood pressure.
¢ Hi: The medicine reduces blood pressure.

If statistical analysis yields a significant result (p < 0.05), the null hypothesis is
rejected and evidence supports the alternative hypothesis. If the result is not
significant, the null hypothesis is not rejected.

10.6.3 Comparison between Null and Alternative Hypotheses

Feature Null Hypothesis (Ho) Alternative Hypothesis
(H/H,)
Meaning No effect, difference, or | Presence of effect, difference,
association or association
Purpose Baseline assumption Research claim to be supported
Symbols =52 £ <>
Researcher's | To test and potentially | To obtain evidence in support
Goal reject
Example Treatment has no effect Treatment has an effect

10.6.4 Importance in Unani Medical Research
In Unani medicine, hypothesis formulation is crucial for evaluating therapeutic
interventions and validating traditional concepts through scientific methods.

Properly defined null and alternative hypotheses enable objective interpretation of
study findings, reduce bias, and ensure evidence-based conclusions.
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Whether assessing the efficacy of herbal formulations, lifestyle interventions, or
preventive measures, statistical hypotheses provide the framework for drawing
reliable and reproducible conclusions.

The null and alternative hypotheses form the cornerstone of statistical hypothesis
testing. The null hypothesis assumes no effect or difference, whereas the alternative
hypothesis proposes the existence of a meaningful effect or relationship. Through
statistical analysis, researchers determine whether available evidence is sufficient to
reject the null hypothesis and support the alternative hypothesis. Mastery of these
concepts is essential for conducting and interpreting biomedical and Unani medical
research effectively.

10.7 TYPE I AND TYPE II ERRORS

Hypothesis testing is a fundamental component of biostatistics and medical research.
Researchers formulate a null hypothesis (Ho) and an alternative hypothesis (H:) and
then use sample data to decide whether sufficient evidence exists to reject the null
hypothesis. Since decisions are based on samples rather than the entire population,
there is always a possibility of making an incorrect decision. These incorrect
decisions are known as Type I and Type II errors. Understanding these errors is
essential for designing valid research studies and interpreting statistical results
appropriately.

10.7.1 Concept of Errors in Hypothesis Testing

In hypothesis testing, the null hypothesis generally states that there is no difference,
no association, or no treatment effect, whereas the alternative hypothesis suggests the
presence of a difference or effect. Based on the statistical analysis, researchers either
reject or fail to reject the null hypothesis. Because conclusions are drawn from sample
observations, the decision may not always reflect the true situation in the population.
Consequently, two types of errors can occur: Type I error and Type 11 error.

The possible outcomes of hypothesis testing are summarized below:

Reality | Decision: Reject Ho | Decision: Do Not Reject Ho

Ho is true Type I Error Correct Decision
Hois false | Correct Decision Type Il Error
Type I Error (a Error)

A Type I error occurs when the null hypothesis is rejected even though it is actually
true. In simple terms, the researcher concludes that a significant difference or
association exists when, in reality, it does not. This error is also known as a false
positive error.

The probability of committing a Type I error is represented by the Greek letter a
(alpha) and is known as the level of significance.

In medical research, o is commonly set at 0.05 (5%) or 0.01 (1%). An alpha value of
0.05 implies that there is a 5% risk of incorrectly rejecting a true null hypothesis.
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Example in Unani Medical Research:

Suppose a researcher evaluates a new Unani formulation for the treatment of
rheumatoid arthritis. The null hypothesis states that the formulation has no effect
compared with standard treatment. If statistical analysis indicates a significant
improvement and the researcher rejects the null hypothesis when the formulation
actually has no additional benefit, a Type I error has occurred.

Consequences of Type I Error
e Adoption of ineffective treatments.

¢ Misleading scientific conclusions.

e Unnecessary healthcare expenditures.

o Publication of false-positive findings.

e Potential harm to patients due to inappropriate interventions.
Type II Error (f Error)

A Type 1I error occurs when the null hypothesis is not rejected even though it is
false. In this situation, the researcher fails to detect a genuine effect or difference.
This error is called a false negative error.

The probability of committing a Type II error is represented by the Greek letter B
(beta). A high beta value indicates a greater chance of missing a true effect. The
complement of beta, (1 — B), is known as the statistical power of a study. Statistical
power represents the probability of correctly detecting a true effect when it exists.

Example in Unani Medical Research:

Consider a clinical trial investigating the efficacy of a Unani herbal preparation for
migraine management. If the preparation genuinely reduces migraine frequency but
the study concludes that there is no significant effect, the researcher has committed a
Type II error.

Consequences of Type II Error
o Failure to recognize effective therapies.

e Delay in scientific advancement.

e Missed opportunities for improved patient care.
e Wastage of valuable research findings.

e Underestimation of treatment benefits.

10.7.2 Relationship between Type I and Type II Errors

Type I and Type II errors are interconnected. Reducing one type of error often
increases the likelihood of the other. For example, if researchers use a very strict
significance level (e.g., o = 0.01 instead of 0.05), the probability of Type I error
decreases. However, this may increase the probability of Type II error because
stronger evidence is required before rejecting the null hypothesis.
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Conversely, increasing the significance level may reduce Type Il error but increase
the risk of Type I error. Therefore, researchers must maintain an appropriate balance
between the two errors.

Factors Affecting Type II Error
Several factors influence the probability of Type II error:

1. Sample Size: Larger samples reduce P and increase study power.
2. Effect Size: Larger treatment effects are easier to detect.

3. Significance Level (a): Higher o values generally reduce f.

4

. Variability of Data: Lower variability improves the ability to detect true
differences.

5. Study Design: Well-designed studies enhance statistical power.

Minimizing Type I and Type II Errors
Researchers can reduce these errors through several strategies:

o Selecting an appropriate significance level.

¢ Increasing sample size.

e Using reliable and valid measurement instruments.

e Improving study design and methodology.

e Conducting pilot studies before large-scale research.

¢ Ensuring adequate statistical power, commonly 80% or higher.

10.7.3 Importance in Unani Medical Research

In Unani medicine, clinical trials and observational studies are increasingly conducted
to establish scientific evidence for traditional therapies. Understanding Type I and
Type II errors is crucial because false-positive results may promote ineffective
regimens, whereas false-negative results may prevent recognition of genuinely
beneficial treatments. Appropriate control of these errors strengthens the validity,
reliability, and acceptance of Unani research within evidence-based healthcare
systems.

Summary

Type I and Type II errors are unavoidable risks in hypothesis testing. A Type I error
occurs when a true null hypothesis is incorrectly rejected, while a Type II error occurs
when a false null hypothesis is incorrectly accepted or not rejected. The probabilities
of these errors are represented by o and [, respectively.

Researchers must carefully balance these risks through proper study design, adequate
sample size, and suitable statistical methods. A sound understanding of these concepts
is essential for producing valid and reliable conclusions in Unani medical research
and biostatistics.
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10.8 LEVEL OF SIGNIFICANCE AND P-VALUE

Statistical hypothesis testing is a fundamental component of medical and health
research. After formulating the null hypothesis (Ho) and alternative hypothesis (Hi),
researchers must determine whether the observed results are sufficiently strong to
reject the null hypothesis. Two key concepts that guide this decision-making process
are the level of significance (o) and the p-value. These concepts provide an objective
framework for evaluating whether an observed association, difference, or treatment
effect is likely to have occurred by chance alone.

10.8.1 Level of Significance (o)

The level of significance, denoted by the Greek letter alpha (o), is a pre-determined
threshold established by the researcher before conducting a statistical test. It
represents the maximum probability of committing a Type I error, which occurs
when a true null hypothesis is incorrectly rejected. In other words, a defines the
acceptable risk of concluding that a difference or association exists when, in reality,
no such difference exists.

In biomedical and Unani medical research, the most commonly used significance
level is 0.05 (5%). This means that the researcher is willing to accept a 5% chance of
making a Type I error. Depending on the importance of the study, more stringent
levels such as 0.01 (1%) or 0.001 (0.1%) may also be employed. Lower values of a
reduce the likelihood of false-positive findings but generally require stronger
evidence to reject the null hypothesis. Statistical significance is declared when the
calculated p-value is less than the chosen a level.

The choice of significance level depends on the nature of the research. For example,
studies involving patient safety, drug efficacy, or public health interventions may
adopt a stricter significance level to minimize erroneous conclusions.

10.8.2 Understanding the p-value

The p-value (probability value) is one of the most widely reported statistics in
scientific research. It is defined as the probability of obtaining the observed results, or
results more extreme than those observed, assuming that the null hypothesis is true.
Thus, the p-value measures the degree of compatibility between the observed data and
the null hypothesis.

A small p-value indicates that the observed data are unlikely to have occurred by
random chance alone under the assumption that the null hypothesis is true.
Consequently, smaller p-values provide stronger evidence against the null hypothesis.
Conversely, larger p-values suggest that the observed results are reasonably consistent
with the null hypothesis.

For example, suppose a clinical study evaluates the effectiveness of a Unani
formulation for the management of rheumatoid arthritis. After statistical analysis, a p-
value of 0.03 is obtained. This result indicates that if the treatment truly had no effect,
there would be only a 3% probability of observing a difference as large as, or larger
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than, the one found in the study due to chance alone. Since 0.03 is less than the
conventional significance level of 0.05, the null hypothesis is rejected and the result is
considered statistically significant.

10.8.3 Relationship Between p-value and Level of Significance
The p-value is interpreted by comparing it with the predetermined significance level

(o).

o If p < a, the null hypothesis is rejected, and the result is considered statistically
significant.

e If p > a, the null hypothesis is not rejected, and the result is considered statistically
non-significant.

For instance, if a. = 0.05:

p-value Decision

p =0.02 | Reject Hy; statistically significant

p = 0.05 | Borderline significance

p =0.08 | Fail to reject Hy; not statistically significant

Thus, the significance level serves as a decision criterion, whereas the p-value
provides the observed evidence from the sample data.

Interpretation of p-values
Although widely used, p-values are often misunderstood. A p-value does not
represent:

1. The probability that the null hypothesis is true.

2. The probability that the study findings occurred solely due to chance.
3. The magnitude or clinical importance of an effect.

4. The probability that the alternative hypothesis is correct.

Instead, the p-value quantifies how unusual the observed data would be if the null
hypothesis were true. Therefore, it should be interpreted alongside effect size,
confidence intervals, study design, and clinical relevance.

10.8.4 Statistical Significance Versus Clinical Significance

A statistically significant result does not necessarily imply clinical significance. In
large studies, even very small differences may achieve statistical significance because
of increased statistical power. Conversely, clinically meaningful effects may fail to
achieve statistical significance in studies with small sample sizes.

For example, a new Unani intervention may reduce symptom scores by a statistically
significant amount (p < 0.05), but the actual improvement may be too small to
provide meaningful benefit to patients. Therefore, researchers should evaluate both
statistical significance and practical or clinical significance before drawing
conclusions.
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Limitations of Sole Reliance on p-values
Modern statistical practice recognizes several limitations of relying exclusively on p-
values:

e P-values are influenced by sample size.
o They do not measure the magnitude of an effect.

e They may encourage dichotomous thinking ("significant" versus "non-
significant").

e Misinterpretation can lead to incorrect scientific conclusions.

Consequently, many scientific journals recommend reporting confidence intervals,
effect sizes, and measures of practical significance along with p-values. Such
comprehensive reporting provides a more accurate understanding of research
findings.

The level of significance (o) and p-value are central concepts in hypothesis testing.
The significance level represents the acceptable risk of a Type I error and is
determined before data analysis, whereas the p-value quantifies the evidence against
the null hypothesis based on the observed data. A p-value smaller than the chosen
significance level indicates statistical significance and supports rejection of the null
hypothesis. However, p-values should always be interpreted in conjunction with
clinical relevance, effect size, confidence intervals, and study context to ensure
meaningful conclusions in Unani medical research.

10.9 TEST OF SIGNIFICANCE AND INTERPRETATION

The test of significance is a fundamental statistical procedure used to determine
whether an observed difference, association, or effect in a study is likely to be
genuine or merely the result of chance variation. In medical and health research,
including Unani medicine research, significance testing helps researchers evaluate
hypotheses and draw scientifically valid conclusions from sample data. It provides an
objective framework for decision-making and supports evidence-based practice.

A significance test begins with the formulation of two competing hypotheses: the null
hypothesis (Ho) and the alternative hypothesis (Hi). The null hypothesis usually
states that there is no difference, no association, or no effect between the variables
under investigation. The alternative hypothesis suggests that a difference or
relationship does exist. Statistical analysis is then performed to determine whether the
observed data provide sufficient evidence to reject the null hypothesis.

The decision-making process in significance testing is based on the level of
significance (), which represents the maximum probability of committing a Type I
error, that is, rejecting a true null hypothesis. In biomedical research, the most
commonly used significance level is 0.05 (5%), although more stringent levels such
as 0.01 may be adopted in certain studies. If the probability of obtaining the observed
result by chance alone is less than the chosen significance level, the result is
considered statistically significant.

281




The key measure used in significance testing is the p-value. A p-value represents the
probability of obtaining the observed result, or one more extreme, assuming that the
null hypothesis is true. A smaller p-value indicates stronger evidence against the null
hypothesis. Conventionally:

o p <0.05: Statistically significant; reject Ho.
e p <0.01: Highly significant; strong evidence against Ho.
¢ p = 0.05: Not statistically significant; fail to reject Ho.

It is important to note that a p-value does not indicate the probability that the null
hypothesis is true or false. Rather, it reflects how compatible the observed data are
with the assumption that the null hypothesis is true.

For example, suppose a clinical study compares the effectiveness of a Unani
formulation with a standard treatment for arthritis. If statistical analysis yields a p-
value of 0.03, this means that there is a 3% probability of observing such a difference
(or a larger one) if no real treatment effect exists. Since 0.03 is less than the
conventional significance level of 0.05, the null hypothesis is rejected, and the
difference is considered statistically significant.

Several statistical tests are available for assessing significance, depending on the type
of data and study design. Commonly used tests include:

e Z-test for large samples.

e Student’s t-test for comparing means between groups.

¢ Chi-square (?) test for categorical data.

e Analysis of Variance (ANOVA) for comparing more than two groups.

e Correlation and regression tests for assessing relationships between variables.

The choice of test depends on factors such as sample size, measurement scale, and
distribution of data. Appropriate selection of statistical tests is essential for obtaining
valid conclusions.

10.9.1 Interpretation of Statistical Significance

The interpretation of significance test results requires careful consideration. A
statistically significant result indicates that the observed effect is unlikely to have
occurred due to chance alone.

However, statistical significance does not necessarily imply clinical, practical, or
biological importance. A very large sample size may produce statistically significant
findings even when the actual difference is trivial. Conversely, a clinically important
effect may fail to achieve statistical significance if the sample size is too small.

Researchers should therefore avoid interpreting significance tests in isolation. Along
with p-values, they should consider:
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1. Magnitude of effect (Effect Size): Indicates the practical importance of the
observed difference.

2. Confidence Intervals (CI): Provide a range of plausible values for the population
parameter and indicate the precision of the estimate.

3. Sample Size: Influences the power and reliability of statistical tests.

4. Clinical Relevance: Determines whether the findings have meaningful
implications for patient care and healthcare practice.

A statistically significant result with a narrow confidence interval generally provides
stronger evidence than a significant result with a wide confidence interval.
Confidence intervals complement significance testing by offering information about
the direction, magnitude, and precision of the observed effect.

Common Errors in Interpretation
Misinterpretation of significance tests is common in medical research. Researchers
should recognize the following points:

e A p-value greater than 0.05 does not prove that the null hypothesis is true; it only
indicates insufficient evidence to reject it.

e A p-value less than 0.05 does not measure the size or importance of an effect.
o Statistical significance does not establish causality.

¢ Results should always be interpreted in the context of study design, methodology,
and existing scientific evidence.

Tests of significance are indispensable tools in biostatistics and medical research.
They assist researchers in determining whether observed findings are likely due to
chance or represent true effects. Nevertheless, proper interpretation requires
consideration of p-values, confidence intervals, effect sizes, and clinical relevance. A
balanced approach to significance testing enhances the quality, validity, and
applicability of research findings in Unani medicine and other healthcare disciplines.
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CHAPTER 11

Parametric and Non-Parametric

Statistical Tests
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11.1 PARAMETRIC AND NON-PARAMETRIC TESTS: CONCEPT AND
DIFFERENCE

Statistical hypothesis testing is an essential component of medical research, enabling
researchers to determine whether observed differences or associations in data are
likely to be genuine or due to chance. Inferential statistical tests are broadly classified
into parametric tests and non-parametric tests, depending on the assumptions they
make about the distribution and characteristics of the data. The appropriate selection
of these tests is crucial for obtaining valid and reliable conclusions in biomedical and
Unani medical research.

11.1.1 Concept of Parametric Tests

Parametric tests are statistical procedures that make specific assumptions about the
population from which the sample data are drawn. The most important assumption is
that the data follow a normal distribution (Gaussian distribution). These tests also
generally assume homogeneity of variance, independence of observations, and
measurement on interval or ratio scales. Parametric methods estimate and test
hypotheses regarding population parameters such as the mean and standard deviation.

Because parametric tests utilize the actual numerical values of observations, they are
generally more powerful and efficient when their assumptions are satisfied. A
powerful test has a greater probability of detecting a true difference or association if it
exists. Parametric tests are therefore preferred whenever the data meet the required
assumptions.

Common examples of parametric tests include:
o Student’s ¢-test

o Paired #-test

e Analysis of Variance (ANOVA)
e Pearson’s Correlation Coefficient
e Linear Regression Analysis

These tests are widely used in clinical trials, epidemiological studies, and
pharmaceutical research to compare means and evaluate relationships among
quantitative variables.

11.1.2 Concept of Non-Parametric Tests

Non-parametric tests, also known as distribution-free tests, do not require
assumptions regarding the underlying distribution of the population. They are
particularly useful when data are skewed, ordinal, ranked, categorical, or when
sample sizes are small and normality cannot be assumed.

Rather than relying on actual numerical values, many non-parametric methods
analyze the ranks or order of observations.

Non-parametric tests offer greater flexibility and robustness when parametric
assumptions are violated.
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They are especially valuable in medical research where clinical measurements may
not always follow a normal distribution or where data are collected using ordinal
scales such as symptom severity scores, pain scales, or patient satisfaction ratings.

Common examples of non-parametric tests include:
e Mann—Whitney U Test

e Wilcoxon Signed-Rank Test
o Kruskal-Wallis Test

e Friedman Test

e Spearman’s Rank Correlation
e Chi-Square Test

These tests are frequently employed in public health, social sciences, and clinical
studies involving non-normal or ordinal data.

11.1.3 Assumptions of Parametric Tests
Before applying a parametric test, researchers should verify that the following
assumptions are reasonably met:

1. Normality: Data should be approximately normally distributed.
2. Homogeneity of Variance: Variability among groups should be similar.

3. Independence of Observations: Each observation should be independent of
others.

4. Interval or Ratio Measurement Scale: Data should be measured quantitatively.

Violation of these assumptions may lead to inaccurate conclusions and increased risk
of statistical errors.

Advantages of Parametric Tests
o Higher statistical power.

e More precise estimation of population parameters.

e Ability to construct confidence intervals.

o Suitable for advanced statistical modeling such as regression analysis.
o Efficient use of quantitative data.

Advantages of Non-Parametric Tests
e Require fewer assumptions.

e Applicable to ordinal and nominal data.
e Robust against outliers and skewed distributions.

e Useful for small sample sizes.
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Can be applied when normality assumptions are violated.

11.1.4 Difference between Parametric and Non-Parametric Tests

data

Feature Parametric Tests Non-Parametric Tests
Assumption about | Assume normal | No specific  distribution
Distribution distribution assumption
Data Type Interval and ratio | Ordinal, nominal, ranked, or

non-normal data

Basis of Analysis | Actual numerical | Ranks, frequencies, or signs
values

Statistical Power Higher when | Generally lower than
assumptions are | parametric tests
met

Sensitivity to | More sensitive Less sensitive

Outliers

Sample Size | Usually moderate to | Suitable for small samples

Requirement large

Examples t-test, ANOVA, | Mann—Whitney U, Wilcoxon,

Pearson correlation | Kruskal-Wallis,

correlation

Spearman

11.1.5 Selection of an Appropriate Test

The choice between parametric and non-parametric tests depends on the nature of the
data, sample size, and fulfillment of statistical assumptions. If quantitative data are
normally distributed and meet all assumptions, parametric tests should be preferred
because of their greater statistical efficiency. However, when data are ordinal,
skewed, contain outliers, or fail normality tests, non-parametric methods provide a
reliable alternative. Researchers should therefore evaluate data characteristics
carefully before selecting an analytical approach.

Parametric and non-parametric tests represent two fundamental approaches to
statistical inference in biomedical research. Parametric tests rely on specific
assumptions regarding population parameters and are generally more powerful,
whereas non-parametric tests are flexible and suitable for data that do not satisfy these
assumptions. Understanding their concepts, assumptions, advantages, and limitations
enables researchers to select the most appropriate statistical method, thereby
enhancing the validity and reliability of research findings in Unani medicine and
health sciences.

11.2 Z-TEST AND STUDENT’S T-TEST

Statistical hypothesis testing is an essential component of medical research, enabling
researchers to determine whether observed differences or associations are due to
chance or represent true effects. Among the various parametric statistical tests, the Z-
test and Student’s t-test are widely used for comparing means and evaluating research
hypotheses.
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These tests play a significant role in Unani medical research, particularly in clinical
trials, observational studies, and experimental investigations involving quantitative
data.

11.2.1 Z-Test

The Z-test is a parametric statistical test used to determine whether there is a
significant difference between a sample mean and a population mean or between the
means of two large samples. It is generally applicable when the sample size is large (n
> 30) and the population standard deviation (o) is known.

The test statistic follows the standard normal distribution, commonly known as the Z-
distribution. The calculated Z-value indicates how many standard errors the sample
mean lies from the hypothesized population mean.

Formula for One-Sample Z-Test
Z=X-p)/(c/Vn)

Where:

e 7 =Z-test statistic

e X = Sample mean

e p = Population mean

e ¢ = Population standard deviation

e n = Sample size

After calculating the Z-value, it is compared with the critical value obtained from the
standard normal distribution table. At a 5% level of significance for a two-tailed test,
the critical value is £1.96. If the calculated Z-value exceeds the critical value, the null
hypothesis is rejected.

Assumptions of the Z-Test
The sample is randomly selected from the population.

Observations are independent of one another.
The population standard deviation is known.
The sample size is sufficiently large.

The data are measured on an interval or ratio scale.

A o e

The population distribution is normal or approximately normal.

Applications of the Z-Test in Unani Research
e Comparing the average haemoglobin level of patients with a known population
value.

¢ FEvaluating changes in physiological parameters in large clinical studies.
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o Testing differences between proportions in epidemiological investigations.
e Assessing outcomes in large-scale public health surveys.

11.2.2 Student’s t-Test

The student’s t-test was developed by William Sealy Gosset, who published his work
under the pseudonym “Student.” It is one of the most commonly used statistical tests
in biomedical and health sciences research. The t-test is employed when the
population standard deviation is unknown and the sample size is relatively small.

Unlike the Z-test, the t-test uses the t-distribution, which has wider tails than the
normal distribution. This characteristic allows the test to account for greater
uncertainty associated with small sample sizes. As the sample size increases, the t-
distribution gradually approaches the normal distribution.

Formula for One-Sample t-Test
t=X-p)/(s/Vn)

Where:

e t=t-test statistic

e X = Sample mean

e p = Population mean

e s = Sample standard deviation

n = Sample size

The calculated t-value is compared with the critical value obtained from the t-
distribution table based on the appropriate degrees of freedom (df = n — 1). If the
calculated value exceeds the critical value, the null hypothesis is rejected.

Types of Student’s t-Test

1. One-Sample t-Test
This test is used to compare the mean of a sample with a known or hypothesized
population mean.

Example: Comparing the mean systolic blood pressure of patients receiving a Unani
formulation with the standard reference value.

2. Independent Samples t-Test
This test is used to compare the means of two independent groups.

Formula

t= X1 — Xa) / V[(s:2/m1) + (52¥/m2)]
Where:
e Xi=Mean of Group 1
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e Xz =Mean of Group 2

e s:> = Variance of Group 1

e s;> = Variance of Group 2

e ni = Sample size of Group 1
e n: = Sample size of Group 2

Example: Comparing treatment outcomes between patients receiving a Unani
medicine and those receiving a conventional therapy.

3. Paired t-Test
The paired t-test is used when measurements are obtained from the same subjects
before and after an intervention or when observations occur in matched pairs.

Formula

t=d/(sd/Vn)
Where:
e d=Mean of paired differences
e sd = Standard deviation of the paired differences
e n = Number of paired observations

Example: Comparing fasting blood glucose levels before and after administration of
a Unani formulation in the same group of patients.

Assumptions of the t-Test
1. The data are continuous and measured on an interval or ratio scale.

The sample is randomly selected.
Observations are independent.
The population is approximately normally distributed.

For independent sample t-tests, variances of the groups are approximately equal.

A

The sample size is adequate for reliable estimation.

Applications of Student’s t-Test in Unani Medical Research
o Assessing the effectiveness of Unani therapies in clinical trials.

¢ Comparing pre-treatment and post-treatment outcomes.
e Evaluating differences between treatment and control groups.
¢ Studying variations in biochemical and physiological parameters.

¢ Analyzing outcomes of experimental and observational studies.
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11.2.3 Difference between Z-Test and Student’s t-Test

Feature Z-Test Student’s t-Test

Population standard | Known Unknown

deviation

Sample size Large (n > 30) Small (n < 30)

Distribution used Standard normal | t-distribution
distribution

Degrees of freedom Not required Required

Precision More precise when 6 is | Suitable  for  small
known samples

Common application Large population | Clinical and biomedical
studies studies

Advantages of Z-Test and t-Test
e FEasy to perform and interpret.

o Useful for hypothesis testing involving means.

e Widely accepted in medical and health research.

¢ Provide objective evidence for decision-making.

o Applicable to a variety of clinical and experimental situations.

Limitations
¢ Both tests require quantitative data.

e Violation of assumptions may affect validity.
o Sensitive to extreme values and outliers.
¢ Not suitable for highly skewed distributions without appropriate transformation.

The Z-test and Student’s t-test are fundamental parametric statistical tools used for
testing hypotheses and comparing means in medical research. The Z-test is
appropriate when the population standard deviation is known and the sample size is
large, whereas the t-test is preferred when the population standard deviation is
unknown and the sample size is small. In Unani medical research, these tests are
invaluable for evaluating treatment efficacy, comparing therapeutic interventions, and
generating evidence-based conclusions. Proper understanding and application of these
tests enhance the scientific validity and reliability of research findings.

11.3 PAIRED AND UNPAIRED T-TESTS

The t-test is one of the most important parametric statistical tests used in biomedical
and health research to determine whether the difference between the means of two
groups is statistically significant. It was developed by William Sealy Gosset, who
published his work under the pseudonym “Student,” and is therefore commonly
known as Student’s t-test (Student, 1908). In Unani medical research, t-tests are
frequently employed to compare treatment outcomes, laboratory parameters,
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physiological measurements, and clinical scores between study groups. Depending on
the nature of the observations, t-tests are classified into unpaired (independent
samples) t-tests and paired (dependent samples) t-tests.

11.3.1 Unpaired (Independent Samples) t-Test

The unpaired t-test is used when the means of two independent groups are
compared. The subjects in one group have no relationship with the subjects in the
other group. The test evaluates whether the observed difference between the group
means is greater than would be expected by chance alone.

Applications of the Unpaired t-Test
The unpaired t-test is commonly used in situations such as:

e Comparing blood pressure levels between patients receiving a Unani formulation
and those receiving conventional treatment.

e Comparing serum cholesterol levels between males and females.
e Comparing recovery times between two different treatment groups.

e Assessing differences in clinical outcomes between diseased and healthy
populations.

For example, if a researcher wishes to compare the mean fasting blood glucose level
of patients treated with a Unani drug with that of patients receiving a placebo, the
unpaired t-test would be appropriate because the two groups consist of different
individuals.

Assumptions of the Unpaired t-Test
Before applying the unpaired t-test, the following assumptions should be satisfied:

1. The two groups are independent of each other.
The dependent variable is measured on a continuous scale (interval or ratio scale).
Data in both groups are approximately normally distributed.

The variances of the two populations are equal (homogeneity of variance).

nok wn

Observations are selected randomly and are independent.

Formula for the Unpaired t-Test
The test statistic for the unpaired t-test is calculated as:

t=X - Xz)/SE
Where:
e X; =Mean of Group 1
e X:=Mean of Group 2

e SE = Standard error of the difference between the two means
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The standard error is calculated as:
SE = V[(s:2/m1) + (5:*/n3)]
Where:
e s:2 = Variance of Group 1
e s;> = Variance of Group 2
e m = Sample size of Group 1
e n: = Sample size of Group 2

The calculated t-value is then compared with the critical value from the t-distribution
table at a specified level of significance (usually p < 0.05). If the calculated value
exceeds the critical value, the null hypothesis is rejected.

11.3.2 Paired (Dependent Samples) t-Test

The paired t-test is used when two sets of observations are related to each other. The
observations may be obtained from the same subjects measured at two different times
or from matched pairs of subjects. The paired t-test evaluates whether the mean
difference between paired observations is statistically significant.

Applications of the Paired t-Test
The paired t-test is widely used in clinical and experimental research, including:

e Comparing blood glucose levels before and after treatment.
o Assessing body weight before and after a dietary intervention.

e Comparing symptom severity scores before and after administration of a Unani
formulation.

e Evaluating changes in laboratory parameters following treatment.

For instance, if blood pressure is measured in the same group of patients before
starting a Unani therapy and again after completion of treatment, the paired t-test is
used because the measurements are obtained from the same individuals.

Assumptions of the Paired t-Test
The following assumptions must be satisfied:

1. Observations occur in pairs.

2. The differences between paired observations are approximately normally
distributed.

3. The dependent variable is measured on a continuous scale.
4. Each pair is selected independently of other pairs.

5. Each subject contributes only one pair of observations.
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Formula for the Paired t-Test
The paired t-test is based on the differences between paired observations.
First, calculate the difference for each pair:

d=Xi-Xz
Then calculate the mean difference:

d=Xd/n
The t-value is calculated using:

t=d/(Sd/n)

Where:
e d = Mean of the paired differences
¢ Sd = Standard deviation of the differences
e n = Number of pairs
The degrees of freedom for the paired t-test are:
df=n-1

The calculated t-value is compared with the critical t-value obtained from the t-
distribution table. If the calculated value is greater than the critical value, the null
hypothesis is rejected, indicating a significant difference between the paired
measurements.

11.3.3 Comparison between Paired and Unpaired t-Tests

Characteristic Paired t-Test Unpaired t-Test
Nature of | Related or matched Independent
observations
Data source Same subjects measured | Different subjects
twice

Main objective Compare mean | Compare means
difference within pairs between groups

Example Blood pressure before | Blood  pressure  in
and after treatment treatment and control

groups

Degrees of [ n—1 m+n—2

freedom

Statistical power | Generally higher Relatively lower

Interpretation of Results
The interpretation of both tests is based on the p-value.
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e Ifp <0.05, the difference between the means is considered statistically significant,
and the null hypothesis is rejected.

o If p = 0.05, the difference is considered statistically non-significant, and the null
hypothesis is not rejected.

For example, if the paired t-test comparing symptom scores before and after treatment
yields a p-value of 0.01, it indicates that the treatment produced a statistically
significant improvement in symptoms.

Advantages of t-Tests
1. Simple and easy to apply.

Suitable for small sample sizes.
Widely accepted in medical and health research.

Provides an objective method for testing hypotheses.

A

Useful in evaluating treatment efficacy in clinical studies.

Limitations of t-Tests
1. Sensitive to violations of normality assumptions.

2. Requires continuous data.

3. Influenced by outliers.

4. Not suitable for ordinal or nominal data.

5. Limited to comparisons involving two groups.

When the assumptions of normality are not satisfied, non-parametric alternatives
should be used. The Mann—Whitney U test is the alternative to the unpaired t-test,
while the Wilcoxon Signed-Rank test is the alternative to the paired t-test.

Paired and unpaired t-tests are among the most frequently used statistical methods in
biomedical and Unani medical research. The unpaired t-test is used for comparing
means between two independent groups, whereas the paired t-test is used for
comparing observations obtained from the same subjects or matched pairs. Proper
selection and application of these tests enable researchers to draw valid conclusions
regarding treatment effectiveness and clinical outcomes. A thorough understanding of
their assumptions, formulas, interpretation, advantages, and limitations is essential for
conducting scientifically sound research.

11.4 F-TEST AND ANALYSIS OF VARIANCE (ANOVA)

In biomedical and health sciences research, investigators often need to compare the
means of more than two groups. While the t-test is suitable for comparing the means
of two groups, it becomes inadequate when three or more groups are involved
because multiple t-tests increase the probability of committing a Type I error (false
positive). To overcome this limitation, Analysis of Variance (ANOVA) is used.
ANOVA is based on the F-test, a statistical procedure that compares variances and
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determines whether significant differences exist among group means. Developed by
Sir Ronald A. Fisher, ANOVA has become one of the most important parametric
techniques in medical, pharmaceutical, and public health research (Fisher, 1925).

In Unani medical research, ANOVA is frequently applied to compare the
effectiveness of multiple treatments, evaluate laboratory parameters across different
patient groups, and assess variations in clinical outcomes among populations.

11.4.1 F-Test

The F-test is a statistical test based on the F-distribution. It is primarily used to
compare variances between groups and serves as the foundation for ANOVA. The
test evaluates whether the variability observed between groups is significantly greater
than the variability observed within groups.

The F-statistic is calculated as:
F = Variance between Groups / Variance within Groups
or
F = Mean Square between Groups (MSB) / Mean Square within Groups (MSW)
Where:
e MSB = Measure of variation among group means.
e MSW = Measure of variation within individual groups.

A large F-value indicates that differences among group means are greater than would
be expected by chance, suggesting a statistically significant effect.

Assumptions of the F-Test
1. The observations are independent.

2. The data are approximately normally distributed.

3. The populations have equal variances (homogeneity of variance).
4. The dependent variable is measured on a continuous scale.
11.4.2 Analysis of Variance (ANOVA)

Analysis of Variance (ANOVA) is a statistical method used to compare the means of
three or more groups simultaneously. Instead of directly comparing means, ANOVA
compares the variances associated with the groups and determines whether at least
one group mean differs significantly from the others.

The null hypothesis for ANOVA is:
Ho: u=p2=ps=...=
This means that all group means are equal.

The alternative hypothesis is:
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Hi: At least one group mean is different.

If the calculated F-value exceeds the critical F-value obtained from the F-distribution
table, the null hypothesis is rejected.

Principle of ANOVA
ANOVA works by partitioning the total variation observed in the data into two
components:

1. Between-group variation
2. Within-group variation

Between-Group Variation
This variation occurs because of differences among the means of different groups. If a
treatment has an effect, the variation between groups will be large.

Within-Group Variation
This variation arises due to natural variability among individuals within the same
group. It represents random error or unexplained variation.

The ANOVA procedure compares these two sources of variation. If the between-
group variation is substantially larger than the within-group variation, the differences
among means are considered statistically significant.

Types of ANOVA

1. One-Way ANOVA
One-Way ANOVA is used when there is one independent variable (factor) with three
or more levels.

Example:
A researcher compares the effectiveness of three different Unani formulations on
reducing blood glucose levels in diabetic patients.

Groups:

e Group A — Formulation A
¢ Group B — Formulation B
¢ Group C — Formulation C

The one-way ANOVA determines whether the mean blood glucose reduction differs
significantly among these three groups.

2. Two-Way ANOVA
Two-Way ANOVA is used when two independent variables are studied
simultaneously.

Example:
A researcher investigates the effect of:
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e Type of Unani treatment

¢ Gender of patients

on blood pressure reduction.

Two-way ANOVA evaluates:

1. The effect of treatment.

2. The effect of gender.

3. The interaction between treatment and gender.

Steps in ANOVA Calculation
The general procedure for conducting ANOVA includes:

Step 1: Calculate the Grand Mean
The grand mean is the average of all observations combined.

Step 2: Calculate Sum of Squares
Total Sum of Squares (SST)

Measures total variability in the data.

Sum of Squares Between Groups (SSB)
Measures variation attributable to differences among group means.

Sum of Squares Within Groups (SSW)
Measures variation within individual groups.

Relationship:
SST = SSB + SSW

Step 3: Calculate Degrees of Freedom
For one-way ANOVA:

df between =k — 1
df within =N — k
Where:
e k= Number of groups
e N =Total sample size
Step 4: Calculate Mean Squares
MSB = SSB / df between
MSW = SSW / df within
Step 5: Calculate F-Statistic
F = MSB / MSW
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Step 6: Compare with Critical Value

The calculated F-value is compared with the tabulated F-value at a chosen
significance level (usually 0.05).

ANOVA Table
Source of Sum of Degrees of | Mean Square | F-value
Variation Squares Freedom (df) (MS)
(8S)
Between SSB k-1 MSB = MSB/MSW
Groups SSB/(k—1)
Within SSW N-k MSW = —
Groups SSW/(N-k)
Total SST N-1 — —

This table provides a systematic summary of the ANOVA calculations.

Interpretation of ANOVA Results
The interpretation is based on the p-value or calculated F-statistic.

e p <0.05: Significant difference exists among group means.
e p =>0.05: No significant difference exists among group means.

It is important to note that ANOVA indicates only that a difference exists somewhere
among the groups; it does not identify which specific groups differ.

11.4.3 Post-Hoc Tests
When ANOVA produces a significant result, post-hoc tests are used to identify the
specific groups responsible for the difference.

Common post-hoc tests include:

o Tukey's Honest Significant Difference (HSD) Test
e Bonferroni Test

e Scheffé Test

e Duncan's Multiple Range Test

For example, if ANOVA reveals a significant difference among three Unani
formulations, a post-hoc test can determine whether Formulation A differs from B, A
differs from C, or B differs from C.

Applications of ANOVA in Unani Medical Research
ANOVA is extensively used in Unani medicine and healthcare research for:

¢ Comparing the efficacy of multiple Unani formulations.
e Evaluating biochemical parameters across several treatment groups.

e Assessing therapeutic outcomes among different age categories.
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e Comparing clinical response among various dosage regimens.
¢ Analyzing experimental studies involving multiple interventions.

For instance, a clinical study comparing the effects of three different herbal
preparations on hypertension can employ one-way ANOVA to evaluate differences in
mean systolic blood pressure reduction among treatment groups.

Advantages of ANOVA
1. Allows simultaneous comparison of three or more groups.

Reduces the risk of Type I error associated with multiple t-tests.
Provides a comprehensive assessment of group differences.
Widely accepted in biomedical and clinical research.
Applicable to a variety of experimental designs.

imitations of ANOVA
Requires normally distributed data.

il S

Assumes homogeneity of variances.
Sensitive to extreme outliers.

Does not specify which groups differ significantly.

nok wn

Requires post-hoc testing after significant results.

When ANOVA assumptions are violated, non-parametric alternatives such as the
Kruskal-Walli’s test may be used.

The F-test and Analysis of Variance (ANOVA) are essential statistical tools for
comparing the means of multiple groups in biomedical and Unani medical research.
The F-test serves as the basis for ANOVA by comparing between-group and within-
group variances. ANOVA enables researchers to determine whether significant
differences exist among group means while controlling the risk of Type I error.

Understanding the principles, assumptions, calculations, interpretation, and
applications of ANOVA is crucial for conducting valid and reliable research and for
drawing evidence-based conclusions in healthcare and Unani medicine.

11.5 REPEATED MEASURES ANOVA AND POST HOC ANALYSIS

In biomedical and Unani medical research, investigators frequently measure the same
variable repeatedly in the same group of participants over different time periods or
under different experimental conditions. For example, a researcher may record blood
glucose levels before treatment, after one month of treatment, and after three months
of treatment. Since these observations are obtained from the same individuals, they
are related and cannot be analyzed using independent statistical tests. In such
situations, Repeated Measures Analysis of Variance (Repeated Measures
ANOVA) is the appropriate statistical method.
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Repeated Measures ANOVA is an extension of the paired t-test and is used when
three or more related measurements are compared. It allows researchers to determine
whether statistically significant differences exist among repeated observations while
accounting for the correlation between measurements obtained from the same
subjects (Field, 2018).

11.5.1 Concept of Repeated Measures ANOVA
Repeated Measures ANOVA is a parametric statistical test used to compare the
means of three or more related groups. The repeated observations may arise from:

1. Measurements taken at multiple time points.
2. Different treatment conditions applied to the same subjects.
3. Multiple assessments of the same outcome variable.

Unlike multiple paired t-tests, Repeated Measures ANOVA evaluates all
measurements simultaneously, thereby reducing the risk of Type I error that may
occur when numerous pairwise tests are performed.

Applications in Unani Medical Research
Repeated Measures ANOVA is widely used in clinical and experimental studies
involving repeated observations. Examples include:

o Evaluating blood pressure before treatment, after one month, and after three
months of Unani therapy.

o Assessing pain scores at baseline and during follow-up visits.
e Monitoring changes in lipid profiles over different treatment periods.
e Comparing quality-of-life scores measured repeatedly during clinical trials.

e FBvaluating symptom severity before and after administration of a Unani
formulation at multiple time intervals.

For example, if researchers assess symptom scores in patients receiving a Unani
medicine at baseline, 4 weeks, 8 weeks, and 12 weeks, Repeated Measures ANOVA
can determine whether symptom scores differ significantly across these time points.

Assumptions of Repeated Measures ANOVA
The validity of Repeated Measures ANOVA depends upon several assumptions:

1. The dependent variable should be measured on a continuous scale.

2. The observations should be approximately normally distributed.

3. Measurements obtained from different participants should be independent.
4

. The variances of differences between all possible pairs of repeated measurements
should be equal. This assumption is known as sphericity.

5. The sample should be randomly selected from the target population.
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When the assumption of sphericity is violated, corrections such as the Greenhouse-
Geisser or Huynh-Feldt adjustment are applied to obtain valid results.

Hypotheses in Repeated Measures ANOVA
The statistical hypotheses tested are:

Null Hypothesis (Ho):
1= 2= U3 = ... = Mk

There is no significant difference among the means measured at different time points
or conditions.

Alternative Hypothesis (H1):
At least one mean differs significantly from the others.

Test Statistic
Repeated Measures ANOVA uses the F-statistic to determine whether significant
differences exist among repeated measurements.

F = Mean Square between Conditions ~ Mean Square Error
Where:

e Mean Square between Conditions (MS Between) represents variation due to
differences among repeated measurements.

e Mean Square Error (MS Error) represents unexplained variation or random error.
The mean squares are calculated as:
MS Between = SS between + df Between
MS Error =SS Error + df Error

Therefore,

F = (SS between + df Between) + (SS Error + df Error)
Where:
¢ SS Between = Sum of Squares Between Conditions
¢ SS Error = Sum of Squares Error
¢ df Between = Degrees of Freedom Between Conditions
e df Error = Degrees of Freedom Error
A larger F-value indicates stronger evidence against the null hypothesis.

Degrees of Freedom
For a repeated measures design involving:

e n =number of subjects
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¢ k =number of measurement occasions
The degrees of freedom are calculated as:
df Between=k — 1
df Subjects=n—1
df Error=(k—-1)x(mn—-1)

The calculated F-value is compared with the critical F-value obtained from the F-
distribution table. If the calculated value exceeds the critical value or if the p-value is
less than the chosen significance level (usually 0.05), the null hypothesis is rejected.

Advantages of Repeated Measures ANOVA
1. Each participant serves as his or her own control.

Reduces variability caused by individual differences.

Requires fewer subjects compared to independent-group studies.
Provides greater statistical power.

Efficiently evaluates changes over time.

Particularly useful in longitudinal and follow-up studies.

imitations of Repeated Measures ANOVA
Sensitive to violations of the sphericity assumption.
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Missing observations may complicate analysis.

Repeated testing may produce learning or carryover effects.

Sl

Interpretation becomes more complex when numerous measurement occasions are
included.

11.5.2 Post Hoc Analysis

Need for Post Hoc Analysis

A significant Repeated Measures ANOVA result indicates that at least one mean
differs from another. However, it does not identify which specific means differ
significantly.

For example, if symptom scores are measured at baseline, 4 weeks, 8 weeks, and 12
weeks, a significant ANOVA result only indicates that differences exist somewhere
among these four means. Additional analyses are required to determine the exact time
points between which significant differences occur.

These additional analyses are known as post hoc tests.
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Definition of Post Hoc Analysis

Post hoc analysis refers to multiple comparison procedures performed after obtaining
a significant ANOVA result. These tests identify the specific groups or time points
responsible for the overall difference observed in the ANOVA.

The term post hoc means “after this,” indicating that these tests are conducted only
after the overall ANOVA demonstrates statistical significance.

Common Post Hoc Tests

1. Bonferroni Test
The Bonferroni method adjusts the significance level to control Type I error.

Adjusted o =0+ m
Where:
e o = Original significance level (usually 0.05)
e m = Number of pairwise comparisons
For example, if a = 0.05 and there are 5 comparisons:

Adjusted o= 0.05+5=0.01

Only p-values less than 0.01 would be considered statistically significant.
The Bonferroni test is simple, conservative, and widely used in medical research.

2. Tukey's Honestly Significant Difference (HSD) Test

Tukey's HSD test compares all possible pairs of means while maintaining the overall
Type I error rate. It is commonly used when multiple pairwise comparisons are
required.

3. Sidak Correction
The Sidak method is similar to the Bonferroni correction but is slightly less
conservative and provides greater statistical power.

4. Holm-Bonferroni Procedure
This sequential testing procedure improves statistical power while still controlling the
overall family-wise error rate.

Interpretation of Post Hoc Results
Suppose symptom scores are measured at four different time points:

Time Point | Mean Score
Baseline 20
4 Weeks 16
8 Weeks 12
12 Weeks 8

Repeated Measures ANOVA may reveal a statistically significant overall difference
(p <0.001).
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Post hoc analysis may show:

o Baseline vs 4 Weeks: Significant

o Baseline vs 8§ Weeks: Significant

e Baseline vs 12 Weeks: Significant

o 4 Weeks vs 8 Weeks: Significant

o 8 Weeks vs 12 Weeks: Significant

These findings indicate progressive improvement throughout the treatment period.

Reporting Repeated Measures ANOVA and Post Hoc Results
Results should be reported clearly and systematically.

Example:

"A one-way repeated measures ANOVA demonstrated a significant effect of
treatment duration on symptom severity, F(3,117) = 15.82, p < 0.001. Bonferroni-
adjusted post hoc comparisons revealed significant reductions in symptom scores
between baseline and all follow-up assessments (p < 0.05)."

Such reporting provides information regarding both the overall effect and the specific
differences among time points.

Relationship with Non-Parametric Tests
When the assumptions of Repeated Measures ANOVA are violated, particularly
normality or sphericity, a non-parametric alternative should be considered.

The Friedman Test serves as the non-parametric counterpart of Repeated Measures
ANOVA and is suitable for ordinal data or non-normally distributed repeated
measurements.

Repeated Measures ANOVA is an important parametric statistical technique used to
compare three or more related measurements obtained from the same subjects.

It is particularly valuable in longitudinal studies, clinical trials, and treatment
evaluation research commonly conducted in Unani medicine. While ANOVA
identifies whether overall differences exist, post hoc analysis determines the specific
groups or time points responsible for those differences. Together, Repeated Measures
ANOVA and post hoc tests provide a comprehensive framework for analyzing
repeated observations and drawing reliable conclusions from medical research data.

11.6 CHI-SQUARE AND FISHER’S EXACT TEST

In biomedical and Unani medical research, investigators frequently analyze
categorical data such as gender, disease status, treatment response, presence or
absence of symptoms, and other qualitative variables. Unlike continuous data,
categorical data are expressed as frequencies or counts and require specialized
statistical methods for analysis. Two commonly used statistical tests for analyzing
categorical data are the Chi-square (?) test and Fisher’s Exact Test.
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The Chi-square test is used to determine whether a significant association exists
between two categorical variables, whereas Fisher’s Exact Test is used when sample
sizes are small and the assumptions of the Chi-square test are not satisfied. Both tests
play an important role in clinical research, epidemiological studies, and healthcare
investigations.

11.6.1 Chi-Square Test

The Chi-square (¥?) test is a non-parametric statistical test used to examine whether
there is a significant association between categorical variables. It compares the
observed frequencies in each category with the frequencies that would be expected if
no association existed between the variables.

The test was developed by Karl Pearson and is one of the most widely used methods
for analyzing frequency data.

Objectives of the Chi-Square Test
The Chi-square test is commonly used to:

1. Determine whether an association exists between two categorical variables.
2. Compare observed frequencies with expected frequencies.

3. Test hypotheses involving proportions or frequencies.

4. Evaluate differences among groups based on categorical outcomes.

Applications in Unani Medical Research
The Chi-square test can be applied in various situations, such as:

o Examining the association between gender and disease occurrence.

e Comparing treatment success rates between two therapeutic groups.

e Studying the relationship between smoking status and respiratory disorders.
o Evaluating the association between dietary habits and disease prevalence.

¢ Comparing symptom improvement rates among different treatment groups.

For example, a researcher may investigate whether treatment response (improved/not
improved) is associated with the type of Unani therapy administered.

Assumptions of the Chi-Square Test
The Chi-square test requires the following assumptions:

1. Data should be categorical.
Observations should be independent.
Categories should be mutually exclusive.

Expected frequencies should generally be at least 5 in each cell.

A

The sample should be randomly selected.
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When expected frequencies are very small, the Chi-square test may produce
inaccurate results, and Fisher’s Exact Test becomes preferable.

Contingency Table
Categorical data are often summarized in a contingency table.
Example:
Treatment Outcome | Improved | Not Improved | Total
Unani Treatment 40 10 50
Control Group 28 22 50
Total 68 32 100

The Chi-square test evaluates whether the distribution of treatment outcomes differs
significantly between the two groups.

Calculation of Expected Frequency
Expected frequency for each cell is calculated using:

Expected Frequency (E) = (Row Total X Column Total) + Grand Total

For example, the expected frequency for the "Unani Treatment—Improved" cell would
be:

E = (50 x 68) ~ 100 = 34

Expected frequencies are calculated for all cells before computing the Chi-square
statistic.

Formula for the Chi-Square Test
The Chi-square statistic is calculated as:

¥ = [(0—E)+E|
Where:
e y*= Chi-square statistic
¢ O = Observed frequency
¢ E = Expected frequency
e X = Sum of all calculated values across cells

The larger the difference between observed and expected frequencies, the larger the
Chi-square value and the greater the evidence against the null hypothesis.

Degrees of Freedom
The degrees of freedom for a contingency table are calculated as:

df=@—-1)x(c—-1)
Where:

e r = Number of rows
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e ¢ = Number of columns
For a 2 x 2 table:

df=2-1)x2-1)=1
Hypotheses for the Chi-Square Test

Null Hypothesis (Hy):
There is no association between the two categorical variables.

Alternative Hypothesis (H:):
There is a significant association between the two categorical variables.

If the calculated p-value is less than 0.05, the null hypothesis is rejected.

Interpretation of Results
Suppose a Chi-square test yields:

¥ =6.25,df=1,p = 0.012

Since p < 0.05, the null hypothesis is rejected, indicating a statistically significant
association between treatment type and treatment outcome.

Advantages of the Chi-Square Test
1. Easy to calculate and interpret.

. Suitable for categorical data.
. Does not require normal distribution.

2
3
4. Widely used in clinical and epidemiological research.
5. Applicable to large datasets.

L

imitations of the Chi-Square Test
1. Cannot be used for continuous data without categorization.

2. Requires adequate sample size.

3. Sensitive to very small expected frequencies.

4. Does not indicate the strength or direction of association.
5. Results may be misleading when assumptions are violated.
11.6.2 Fisher’s Exact Test

Introduction

Fisher’s Exact Test is a statistical test used to determine whether there is a significant
association between two categorical variables in a contingency table, particularly
when sample sizes are small.
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The test was developed by Sir Ronald A. Fisher and is considered an exact test
because it calculates the exact probability of obtaining the observed data under the
null hypothesis, rather than relying on approximations.

When to Use Fisher’s Exact Test
Fisher’s Exact Test is recommended when:

1. Sample size is small.
2. One or more expected frequencies are less than 5.
3. Data are arranged in a 2 X 2 contingency table.

4. The assumptions of the Chi-square test are violated.

Example
Suppose a study evaluates treatment response in a small sample:
Qutcome Improved | Not Improved
Unani Therapy 8 2
Control Group 3 7

Because some expected frequencies are less than 5, Fisher’s Exact Test is more
appropriate than the Chi-square test.

Principle of Fisher’s Exact Test

Fisher’s Exact Test calculates the exact probability of observing the given
arrangement of frequencies under the assumption that no association exists between
the variables.

Unlike the Chi-square test, which uses an approximation based on the Chi-square
distribution, Fisher’s Exact Test provides an exact p-value.

Hypotheses

Null Hypothesis (Hy):
There is no association between the categorical variables.

Alternative Hypothesis (H:):
There is a significant association between the categorical variables.

Interpretation of Results
Suppose Fisher’s Exact Test yields:

p=0.018

Since p < 0.05, the null hypothesis is rejected, indicating a statistically significant
association between treatment and outcome.

Advantages of Fisher’s Exact Test
1. Provides exact probability values.

2. Suitable for small sample sizes.
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3. Does not require minimum expected frequencies.
4. Reliable for sparse data.
5. Useful for clinical pilot studies.

Limitations of Fisher’s Exact Test
1. Computationally intensive for large datasets.

2. Primarily designed for 2 x 2 contingency tables.
3. Less practical for large samples where the Chi-square test performs well.

11.6.3 Comparison between Chi-Square Test and Fisher’s Exact Test

Feature Chi-Square Test Fisher’s Exact Test
Type of data Categorical Categorical
Sample size Moderate to large Small
Expected frequency | Generally > 5 No minimum
requirement requirement
Statistical approach Approximation Exact probability
Common application Large contingency | Small 2 x 2 tables

tables

Computational complexity | Simple More intensive

Selection of the Appropriate Test
Researchers should use:

e Chi-square Test when sample size is adequate and expected frequencies are
sufficiently large.

e Fisher’s Exact Test when sample size is small or expected frequencies are less
than 5.

Proper selection of the test ensures accurate statistical inference and valid research
conclusions.

The Chi-square test and Fisher’s Exact Test are fundamental methods for analyzing
categorical data in biomedical and Unani medical research. The Chi-square test is
most suitable for moderate and large samples with adequate expected frequencies,
whereas Fisher’s Exact Test is preferred for small samples and sparse data. Both tests
help researchers determine whether significant associations exist between categorical
variables and contribute to evidence-based decision-making in clinical and public
health research.

11.7 MANN-WHITNEY U TEST AND WILCOXON SIGNED RANK TEST

In biomedical and Unani medical research, statistical analysis often involves
comparing two groups or two sets of observations. Parametric tests such as the
independent t-test and paired t-test are commonly used for this purpose. However,
these tests require certain assumptions, including normal distribution of data and
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measurement on a continuous scale. In many practical situations, these assumptions
are not satisfied. Data may be skewed, contain outliers, or be measured on an ordinal
scale. In such cases, non-parametric tests provide suitable alternatives.

Two of the most widely used non-parametric tests are the Mann—Whitney U Test
and the Wilcoxon Signed Rank Test. These tests do not require the assumption of
normality and are particularly useful for analyzing ordinal data, small sample sizes, or
non-normally distributed continuous variables. They are frequently employed in
clinical, epidemiological, and experimental studies, including research in Unani
medicine.

11.7.1 Mann—Whitney U Test

The Mann—Whitney U Test, also known as the Wilcoxon Rank-Sum Test, is a non-
parametric statistical test used to compare two independent groups. It serves as the
non-parametric alternative to the independent (unpaired) t-test.

Rather than comparing means, the Mann—Whitney U Test compares the ranks of
observations in the two groups and evaluates whether one group tends to have higher
or lower values than the other.

Applications
The Mann—Whitney U Test is commonly used when:

e Comparing two independent groups with non-normally distributed data.
e Analyzing ordinal data such as symptom severity scores.

e Working with small sample sizes.

e Comparing treatment outcomes between independent groups.

Examples in Unani medical research include:
e Comparing pain scores between patients receiving a Unani formulation and those
receiving conventional treatment.

e Comparing quality-of-life scores between treatment and control groups.
o Comparing patient satisfaction levels across two independent groups.

Assumptions of the Mann—Whitney U Test
The test requires the following assumptions:

1. The two groups are independent.
Observations are randomly selected.
The dependent variable is measured at least on an ordinal scale.

Observations are independent within and between groups.

A

The distributions of the two groups have a similar shape.
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Procedure of the Mann—Whitney U Test
The procedure involves:

Combining observations from both groups.
Ranking all observations from smallest to largest.
Assigning average ranks to tied observations.

Calculating the sum of ranks for each group.

AR S e

Computing the U statistic.
Formula for Mann—Whitney U Test
For Group 1:
r=nmz+ [m(m+1)+2] - Ry

Where:
e Ui = Mann—Whitney statistic for Group 1
e i = Sample size of Group 1
e n: = Sample size of Group 2
¢ Ri = Sum of ranks for Group 1
Similarly,

Uz=mmn:+ [m(nz+1)+2] — R
Where:
e Uz = Mann—Whitney statistic for Group 2
¢ R = Sum of ranks for Group 2
The smaller of U: and U: is used as the test statistic.

The calculated U value is compared with the critical value from Mann—Whitney
tables or converted into a p-value using statistical software.

Interpretation

Null Hypothesis (Hy):
There is no significant difference between the two independent groups.

Alternative Hypothesis (H:):
There is a significant difference between the two independent groups.

If the p-value is less than 0.05, the null hypothesis is rejected, indicating a statistically
significant difference between the groups.

Advantages of Mann—Whitney U Test
1. Does not require normally distributed data.
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2. Suitable for ordinal measurements.
3. Less affected by outliers.

4. Useful for small sample sizes.

5. Easy to perform and interpret.

Limitations of Mann—Whitney U Test
1. Less powerful than the t-test when normality assumptions are met.

2. Provides information about ranks rather than actual mean differences.
3. Interpretation may be difficult when distributions differ substantially.
11.7.2 Wilcoxon Signed Rank Test

The Wilcoxon Signed Rank Test is a non-parametric statistical test used to compare
two related or paired samples. It serves as the non-parametric alternative to the paired
t-test.

The test evaluates whether the median difference between paired observations is
significantly different from zero. It takes into account both the direction and
magnitude of differences between paired observations.

Applications
The Wilcoxon Signed Rank Test is used when:

e Measurements are obtained before and after treatment.

e Data are paired or matched.

e The assumption of normality is violated.

e The dependent variable is ordinal or non-normally distributed.

Examples in Unani medical research include:

e Comparing symptom scores before and after treatment.

e Assessing changes in blood glucose levels following therapy.

o Evaluating quality-of-life scores before and after intervention.

e Measuring changes in pain intensity after administration of a Unani formulation.

Assumptions of the Wilcoxon Signed Rank Test
The assumptions include:

1. Observations occur in pairs.
2. Pairs are selected randomly.
3. The variable is measured on at least an ordinal scale.

4. Differences between pairs are independent.
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5. The distribution of differences is approximately symmetrical.

Procedure of the Wilcoxon Signed Rank Test
The procedure consists of:

1. Calculating the difference between paired observations.
2. Ignoring pairs with zero difference.

3. Ranking the absolute values of the differences.

4

. Assigning positive and negative signs to the ranks according to the direction of the
difference.

5. Calculating the sum of positive ranks and negative ranks.
6. Determining the test statistic.

Formula for Wilcoxon Signed Rank Test
Let:

e T+ = Sum of positive ranks
e T—=Sum of negative ranks
The test statistic is:
T = Smaller of T+ and T—

The obtained value is compared with critical values from Wilcoxon tables or
converted into a p-value using statistical software.

For larger samples, a standardized Z statistic may be calculated as:

Z = (T — Mean of T) + Standard Deviation of T
This allows significance testing using the standard normal distribution.
Interpretation

Null Hypothesis (Hy):
The median difference between paired observations is zero.

Alternative Hypothesis (H:):
The median difference between paired observations is not zero.

If the p-value is less than 0.05, the null hypothesis is rejected, indicating a significant
difference between paired observations.

Advantages of Wilcoxon Signed Rank Test
1. Does not require normal distribution of data.

2. Suitable for paired observations.

3. Uses information regarding both magnitude and direction of differences.
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4. Less sensitive to outliers than the paired t-test.

5. Appropriate for ordinal data.

Limitations of Wilcoxon Signed Rank Test
1. Less powerful than the paired t-test when data are normally distributed.

2. Requires symmetrical distribution of differences.

3. Cannot easily handle large numbers of tied observations.

11.7.3 Comparison between Mann—Whitney U Test and Wilcoxon Signed Rank

Test

Characteristic

Mann—Whitney U Test

Wilcoxon Signed Rank
Test

Type of samples

Independent groups

Paired or related groups

Parametric Independent t-test Paired t-test

equivalent

Data requirement | Ordinal or non-normal | Ordinal or non-normal
continuous data paired data

Main comparison | Difference between two | Difference between

independent groups paired observations

Test statistic U T
Common Treatment vs  control | Before-and-after
application group treatment studies

Both tests are non-parametric alternatives to commonly used t-tests:

Non-Parametric Alternative
Mann—Whitney U Test
Wilcoxon Signed Rank Test

Parametric Test
Independent (Unpaired) t-test
Paired t-test

When assumptions of normality and homogeneity of variance are violated, these non-
parametric tests provide reliable methods for statistical analysis.

The Mann—Whitney U Test and Wilcoxon Signed Rank Test are important non-
parametric statistical methods widely used in biomedical and Unani medical research.
The Mann—Whitney U Test is appropriate for comparing two independent groups
when data are ordinal or non-normally distributed, whereas the Wilcoxon Signed
Rank Test is used for comparing two related or paired observations. These tests are
valuable alternatives to parametric t-tests and enable researchers to draw wvalid
conclusions when the assumptions of parametric methods cannot be satisfied. Proper
understanding of their assumptions, calculations, applications, and interpretation is
essential for evidence-based research and clinical decision-making.

11.8 KRUSKAL-WALLIS AND FRIEDMAN TEST
In biomedical and Unani medical research, statistical analysis often involves
comparing three or more groups. Parametric tests such as One-Way Analysis of
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Variance (ANOVA) and Repeated Measures ANOVA are commonly used for this
purpose. However, these tests require assumptions such as normal distribution of data
and homogeneity of variances. In many practical situations, especially when sample
sizes are small, data are skewed, or variables are measured on an ordinal scale, these
assumptions may not be satisfied. In such cases, non-parametric statistical tests
provide suitable alternatives.

The Kruskal-Wallis Test and the Friedman Test are two widely used non-
parametric methods for comparing three or more groups. The Kruskal-Wallis test
serves as the non-parametric alternative to One-Way ANOVA, whereas the Friedman
test serves as the non-parametric alternative to Repeated Measures ANOVA. These
tests are particularly useful in clinical research, epidemiological studies, and Unani
medical investigations where data may not follow a normal distribution (Conover,
1999).

11.8.1 Kruskal-Wallis Test
Definition

The Kruskal-Wallis Test, developed by William Kruskal and W. Allen Wallis in
1952, is a rank-based non-parametric test used to compare three or more independent
groups. Rather than comparing means, it compares the distributions and median ranks
of the groups.

The test determines whether the observed differences among groups are likely to have
occurred by chance or whether at least one group differs significantly from the others.

Applications
The Kruskal-Walli’s test is used when:

e Three or more independent groups are being compared.

e The outcome variable is ordinal or continuous but not normally distributed.
e Sample sizes are small.

¢ Assumptions of One-Way ANOVA are violated.

Examples in Unani medical research include:

e Comparing pain scores among patients receiving three different Unani
formulations.

¢ Comparing quality-of-life scores among different treatment groups.
o Evaluating patient satisfaction levels across multiple healthcare settings.
e Comparing disease severity scores among independent patient groups.

Assumptions of the Kruskal-Wallis Test
The following assumptions should be met:

1. Observations are independent.

316




2. Groups are mutually exclusive.

3. The dependent variable is measured on an ordinal, interval, or ratio scale.
4. Samples are randomly selected.

5. The shapes of the distributions are reasonably similar across groups.
Hypotheses

Null Hypothesis (Hy):
The distributions (or medians) of all groups are equal.

Alternative Hypothesis (H:):
At least one group differs from the others.

Procedure of the Kruskal-Wallis Test
Combine all observations from all groups.

Rank the observations from smallest to largest.
Assign average ranks in case of tied observations.
Calculate the sum of ranks for each group.

Compute the test statistic H.

A

Compare the calculated H value with the critical value from the chi-square
distribution.

Formula for the Kruskal-Wallis Test
The test statistic is represented by H and is calculated as:

H = [12+ {N(N + 1)}] x E(Ri? + ni) — 3(N + 1)
Where:
e H = Kruskal-Wallis test statistic
e N = Total number of observations in all groups
¢ Ri = Sum of ranks for the ith group
¢ ni = Number of observations in the ith group
e Y = Summation over all groups
The calculated H value approximately follows a chi-square distribution with:
Degrees of Freedom (df) =k — 1
Where:
e k= Number of groups

If the calculated H value exceeds the critical chi-square value or if p < 0.05, the null
hypothesis is rejected.
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Advantages of the Kruskal-Wallis Test
1. Does not require normally distributed data.

Suitable for ordinal data.
Can be used with small sample sizes.

Less affected by extreme values and outliers.

A

Easy to apply when ANOVA assumptions are violated.

Limitations of the Kruskal-Wallis Test
1. Less powerful than ANOVA when data are normally distributed.

2. Identifies only that a difference exists but not which groups differ.
3. Requires post hoc analysis to determine specific group differences.
4. Assumes similar distributional shapes across groups.

Post Hoc Analysis after Kruskal-Wallis Test
If the Kruskal-Wallis test is significant, additional pairwise comparisons are required
to identify the groups responsible for the difference.

Common post hoc procedures include:

e Dunn's Test

¢ Bonferroni-adjusted pairwise comparisons

¢ Mann—Whitney U tests with correction for multiple comparisons
11.8.2 Friedman Test

The Friedman Test, developed by Milton Friedman, is a non-parametric statistical
test used to compare three or more related or repeated measurements. It serves as the
non-parametric alternative to Repeated Measures ANOVA.

The Friedman test evaluates whether repeated observations obtained from the same
subjects differ significantly across different conditions or time points.

Applications
The Friedman test is appropriate when:

e Three or more related groups are compared.

e Repeated measurements are obtained from the same subjects.
e Data are ordinal or non-normally distributed.

e Assumptions of Repeated Measures ANOVA are violated.
Examples in Unani medical research include:

e Comparing symptom scores before treatment, after one month, and after three
months.
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e Assessing repeated pain measurements during follow-up visits.
o Evaluating patient satisfaction scores at multiple time points.
e Comparing repeated laboratory values measured throughout treatment.

Assumptions of the Friedman Test
1. Data consist of matched or repeated observations.

The dependent variable is measured on at least an ordinal scale.
Observations within each subject are related.

Different subjects are independent of one another.

A

Samples are randomly selected.
Hypotheses

Null Hypothesis (Ho):
There is no significant difference among the repeated measurements.

Alternative Hypothesis (H1):
At least one measurement differs significantly from the others.

Procedure of the Friedman Test
1. Rank the observations within each subject.

2. Calculate the sum of ranks for each treatment or time point.
3. Compute the Friedman test statistic.
4. Compare the calculated value with the chi-square distribution.

Formula for the Friedman Test
The Friedman test statistic is calculated as:

1?F =[12 + {n x k(k + 1)}] x £(Rj?) —3n(k + 1)
Where:
e *F = Friedman test statistic
¢ n = Number of subjects
e Kk =Number of treatments or measurement occasions
¢ Rj = Sum of ranks for the jth treatment or time point
e Y = Summation over all treatment groups
The test statistic approximately follows a chi-square distribution with:
Degrees of Freedom (df) =k — 1
Where:

e Kk =Number of repeated measurements or treatment conditions
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If the calculated ¥*F value exceeds the critical value or if p < 0.05, the null hypothesis
is rejected.

Advantages of the Friedman Test
Does not require normally distributed data.

Suitable for repeated measurements.
Can analyze ordinal data.

Less sensitive to outliers.

Useful for small sample sizes.

imitations of the Friedman Test
Less powerful than Repeated Measures ANOVA when parametric assumptions are
met.

ol O e e

2. Does not identify specific differences among measurements.
3. Requires post hoc tests for pairwise comparisons.
4. Interpretation becomes difficult with many repeated measurements.

Post Hoc Analysis after Friedman Test
When the Friedman test is significant, further comparisons are necessary to determine
which measurements differ significantly.

Common post hoc procedures include:

¢ Wilcoxon Signed-Rank Test with Bonferroni correction
e Nemenyi Test

e Dunn-Bonferroni pairwise comparisons

These procedures help identify the specific time points or treatment conditions
responsible for the overall difference.

11.8.3 Comparison between Kruskal-Wallis and Friedman Test

Characteristic Kruskal-Wallis Test Friedman Test
Type of Data Independent groups Related groups
Parametric Alternative One-Way ANOVA Repeated Measures ANOVA
Number of Groups Three or more Three or more
Data Scale Ordinal or continuous | Ordinal or continuous
Distribution Requirement | Non-normal data Non-normal data
Test Statistic H v*F
Degrees of Freedom k-1 k-1
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Reporting Results

Example of Kruskal-Wallis Test
"A Kruskal-Walli’s test revealed a statistically significant difference in pain scores
among the three treatment groups (H =9.45, df =2, p = 0.009)."

Example of Friedman Test
"A Friedman test showed a significant difference in symptom severity across
baseline, 4-week, and 12-week assessments (y*> = 15.67, df =2, p <0.001)."

The Kruskal-Wallis and Friedman tests are important non-parametric statistical
methods used when the assumptions of parametric tests are not satisfied. The
Kruskal-Wallis test is employed for comparing three or more independent groups and
serves as an alternative to One-Way ANOVA. The Friedman test is used for
comparing three or more related measurements and serves as an alternative to
Repeated Measures ANOVA. Both tests rely on ranking procedures rather than raw
data values, making them highly useful for analyzing ordinal, skewed, or non-
normally distributed data frequently encountered in biomedical and Unani medical
research.

11.9 APPLICATIONS OF STATISTICAL TESTS IN MEDICAL RESEARCH
Statistical tests are fundamental tools in medical research that enable researchers to
analyze data objectively, draw valid conclusions, and make evidence-based decisions.
In healthcare and biomedical sciences, including Unani medicine, research findings
are often based on observations collected from patients, clinical trials, laboratory
investigations, and epidemiological studies. Statistical tests help determine whether
observed differences, relationships, or treatment effects are genuine or merely due to
random variation.

The application of appropriate statistical tests ensures scientific rigor, improves the
reliability of research findings, and facilitates informed clinical decision-making.
From evaluating the effectiveness of a new drug to identifying risk factors for disease,
statistical methods play a crucial role in every stage of medical research.

11.9.1 Importance of Statistical Tests in Medical Research
Medical researchers frequently encounter questions such as:

¢ s a new treatment more effective than the existing treatment?

e Does a particular risk factor increase the likelihood of disease?

e Are observed differences between patient groups statistically significant?
o Is there an association between two clinical variables?

Statistical tests provide objective answers to these questions by evaluating hypotheses
and quantifying uncertainty. Without statistical analysis, research conclusions would
be based solely on subjective observations, increasing the likelihood of erroneous
interpretations.
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The major functions of statistical tests in medical research include:
1. Hypothesis testing.

Comparison of treatment outcomes.

Assessment of associations and correlations.

Evaluation of diagnostic tests.

Identification of risk factors.

Analysis of clinical and epidemiological data.

A R

Validation of research findings.

Role of Statistical Tests in Clinical Research
Clinical research aims to evaluate the safety and effectiveness of medical
interventions. Statistical tests are used extensively throughout the research process.

11.9.2 Evaluation of Treatment Efficacy
One of the most common applications of statistical tests is comparing treatment
outcomes.

For example:

e Comparing symptom scores before and after administration of a Unani
formulation.

e Comparing recovery rates between treatment and control groups.
e Assessing changes in blood pressure following therapy.

Tests commonly used include:

o Paired t-test

¢ Unpaired t-test

e Analysis of Variance (ANOVA)

¢ Repeated Measures ANOVA

These tests help determine whether observed improvements are statistically
significant.

11.9.3 Drug and Clinical Trials

Randomized controlled trials are considered the gold standard for evaluating
therapeutic interventions. Statistical tests are used to compare outcomes among
treatment groups and determine whether differences are attributable to the
intervention.

322




Examples include:

e Comparing mean blood glucose levels between treatment groups.
e Assessing differences in adverse event rates.

o Evaluating changes in laboratory parameters.

The conclusions drawn from clinical trials depend heavily on appropriate statistical
testing.

Applications in Epidemiological Research
Epidemiology focuses on the distribution and determinants of disease in populations.
Statistical tests are essential for identifying disease patterns and risk factors.

Assessment of Disease Associations
Researchers often investigate whether exposure to a particular factor is associated
with disease occurrence.

Examples include:

e Association between smoking and lung cancer.

o Relationship between obesity and diabetes.

e Association between dietary habits and cardiovascular disease.

Statistical tests such as the Chi-square test are commonly used to assess such
relationships.

Identification of Risk Factors
Statistical methods help identify variables that increase the likelihood of disease
development.

Examples include:

e Hypertension as a risk factor for stroke.

o High cholesterol as a risk factor for coronary artery disease.
e Sedentary lifestyle as a risk factor for obesity.

The identification of risk factors assists in disease prevention and public health
planning.

Applications in Diagnostic Research
Diagnostic studies evaluate the ability of tests to detect diseases accurately.
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Evaluation of Diagnostic Tests

Statistical analysis helps determine whether a diagnostic test is reliable and clinically

useful.

Researchers evaluate:

o Sensitivity

e Specificity

e Positive predictive value
e Negative predictive value

e Diagnostic accuracy

For example, investigators may assess whether a new laboratory test can accurately

diagnose diabetes compared with an established gold-standard method.

Comparison of Diagnostic Methods
Statistical tests are used to compare different diagnostic approaches.

Examples include:

e Comparing imaging techniques.

e Comparing laboratory assays.

e Comparing screening methods for early disease detection.

Such analyses help clinicians select the most effective diagnostic tools.

Applications in Experimental and Laboratory Research
Laboratory-based medical research often involves comparing
measurements under different conditions.

Examples include:

¢ Comparing enzyme activity before and after treatment.

e Evaluating changes in inflammatory markers.

o Assessing the effect of herbal extracts on microbial growth.

¢ Comparing biochemical parameters among experimental groups.

biological

Tests such as t-tests and ANOVA are commonly employed for these purposes.

11.9.4 Applications in Unani Medical Research

In Unani medicine, statistical tests are indispensable for establishing scientific

evidence regarding the efficacy and safety of traditional therapies.

324




Clinical Evaluation of Unani Formulations
Researchers use statistical tests to compare:

e Symptom severity before and after treatment.
¢ Clinical outcomes among treatment groups.
o Changes in laboratory parameters following therapy.

For example, a paired t-test may be used to assess changes in pain scores before and
after administration of a Unani preparation.

Validation of Traditional Therapies
Statistical analysis provides scientific support for traditional therapeutic practices by
objectively evaluating treatment outcomes.

This helps bridge the gap between traditional knowledge and evidence-based
medicine.

Public Health and Preventive Medicine

Statistical tests are also used to evaluate community-based interventions, health
awareness programs, and preventive strategies implemented within the framework of
Unani healthcare.

11.9.5 Common Statistical Tests Used in Medical Research
Different statistical tests are applied depending on the research question and type of
data.

Statistical Test Common Application

Paired t-test Comparison of pre-treatment and post-treatment
measurements

Unpaired t-test Comparison between two independent groups

ANOVA Comparison of three or more groups

Repeated Measures ANOVA | Comparison of repeated observations over time

Chi-square Test Association between categorical variables

Fisher's Exact Test Association between categorical variables in small
samples

Mann—Whitney U Test Comparison of two independent groups with non-
normal data

Wilcoxon Signed-Rank Test | Comparison of paired observations with non-normal
data

Kruskal-Wallis Test Comparison of three or more independent groups
with non-normal data

Friedman Test Comparison of repeated measurements with non-
normal data

Pearson Correlation Assessment of linear relationship between variables

Spearman Correlation Assessment of monotonic relationship between
variables

Regression Analysis Prediction and identification of risk factors
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Importance of Selecting the Appropriate Statistical Test
Choosing the correct statistical test is essential for obtaining valid and reliable results.
The selection depends on:

. Study design.
. Type of data collected.

1
2
3. Number of groups being compared.
4. Distribution of data.

5

. Research objectives.

Using an inappropriate statistical test may lead to inaccurate conclusions and
compromise the validity of the study.

Ethical and Scientific Significance
Proper statistical analysis contributes to ethical medical research by ensuring that
conclusions are based on objective evidence rather than personal assumptions.
Accurate statistical interpretation prevents misleading claims and supports
responsible clinical decision-making.

Statistical testing also improves:
o Reliability of research findings.

e Reproducibility of studies.
e Quality of scientific publications.
¢ Evidence-based healthcare practices.

Limitations of Statistical Tests
Although statistical tests are powerful analytical tools, they have certain limitations:

. Results depend on data quality.

. Violations of test assumptions may affect validity.

1
2
3. Statistical significance does not always imply clinical significance.
4. Small sample sizes may reduce statistical power.

5

. Incorrect test selection may produce misleading results.

Researchers should therefore interpret statistical findings in conjunction with clinical
relevance and scientific judgment.

Statistical tests are indispensable components of modern medical research. They
provide objective methods for analyzing data, testing hypotheses, evaluating
treatments, identifying risk factors, and validating scientific findings. In clinical,
epidemiological, diagnostic, laboratory, and Unani medical research, statistical
methods contribute significantly to evidence-based practice and healthcare decision-
making. A sound understanding of the applications of statistical tests enables
researchers to conduct scientifically robust studies and generate reliable evidence that
advances medical knowledge and patient care.
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12.1 CORRELATION: CONCEPT AND APPLICATIONS

Correlation is one of the most important statistical tools used in medical and health
research to examine the relationship between two variables. In Unani medical
research, correlation analysis helps researchers understand whether changes in one
variable are associated with changes in another. For example, a researcher may wish
to investigate whether body mass index (BMI) is related to blood pressure, whether
age influences pulse rate, or whether the duration of a disease is associated with the
severity of symptoms. Correlation provides a quantitative measure of the strength and
direction of such relationships.

12.1.1 Concept of Correlation

Correlation refers to the degree and direction of association between two variables. It
indicates how closely two variables change together but does not establish a cause-
and-effect relationship. A correlation may be positive, negative, or absent. Thus,
while correlation helps identify associations, it should not be interpreted as proof of
causation.

A positive correlation exists when both variables increase or decrease together. For
example, an increase in body weight may be associated with an increase in blood
pressure. A negative correlation exists when one variable increases while the other
decreases, such as physical activity level and body fat percentage. When there is no
consistent relationship between two variables, the correlation is considered zero or
negligible.

The degree of correlation is commonly measured using the correlation coefficient
(r). This coefficient ranges from —1 to +1. A value of +1 indicates a perfect positive
correlation, —1 indicates a perfect negative correlation, and 0 indicates no linear
relationship between the variables. Values closer to +1 represent stronger
relationships, whereas values near zero indicate weaker associations.

Pearson’s Correlation Coefficient

The most widely used measure of correlation in biostatistics is Pearson’s Product-
Moment Correlation Coefficient, commonly represented by the symbol r. It
measures the strength and direction of a linear relationship between two continuous
variables. Pearson’s correlation is calculated by dividing the covariance of two
variables by the product of their standard deviations. As a standardized measure, it is
dimensionless and allows comparison between variables measured in different units.

The mathematical expression is:
. XX —X)yi—Yy)
VE@i - 02Xy - 3)?

where:
e r=Pearson correlation coefficient

e x and y = observed values of the two variables
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e X and y = means of the respective variables

Pearson’s correlation assumes that the variables are continuous, approximately
normally distributed, and linearly related. It is sensitive to outliers, which may distort
the true relationship between variables.

Types of Correlation
Correlation may be classified into the following categories:

1. Positive Correlation: Both variables move in the same direction.
Example: Height and weight.

2. Negative Correlation: Variables move in opposite directions.
Example: Exercise duration and body fat percentage.

3. Zero Correlation: No relationship exists between variables.
Example: Shoe size and intelligence quotient (1Q).

4. Perfect Correlation: Correlation coefficient equals +1 or —1, indicating an exact
linear relationship. Such situations are rare in biological research.

Interpretation of Correlation Coefficient
Although interpretation may vary among disciplines, the following guidelines are
commonly used:

Correlation Coefficient (r) | Interpretation
0.00-0.19 Very weak
0.20-0.39 Weak
0.40-0.59 Moderate
0.60-0.79 Strong
0.80-1.00 Very strong

The sign (+ or —) indicates the direction of the relationship, while the absolute value
indicates its strength.

Applications of Correlation in Unani Medical Research
Correlation analysis has numerous applications in biomedical and Unani research.
Some important uses include:

1. Assessment of Clinical Relationships: Determining the association between
physiological parameters such as pulse rate, blood pressure, body temperature, and
biochemical markers.

2. Evaluation of Treatment Outcomes: Examining relationships between dosage of
Unani formulations and therapeutic response.

3. Epidemiological Studies: Investigating associations between risk factors and
disease occurrence, such as obesity and diabetes.

329




4. Public Health Research: Assessing relationships between lifestyle factors,
nutrition, environmental exposures, and health outcomes.

5. Validation of Diagnostic Tools: Comparing new diagnostic methods with
established standards to determine consistency and reliability.

6. Research Hypothesis Generation: Identifying potential associations that can be
explored further through experimental or analytical studies.

Limitations of Correlation
Despite its usefulness, correlation has several limitations:

¢ Correlation does not imply causation.
e A strong correlation may arise due to confounding factors.

e Pearson’s correlation only measures linear relationships and may fail to detect
nonlinear associations.

o Extreme values (outliers) can substantially influence the correlation coefficient.
e Correlation does not indicate which variable influences the other.

Correlation is a fundamental statistical technique that enables researchers to quantify
the degree and direction of association between variables. It serves as an essential tool
in Unani medical research for exploring clinical, epidemiological, and therapeutic
relationships. Understanding correlation is crucial for interpreting research findings,
generating hypotheses, and providing a foundation for advanced statistical methods
such as regression analysis. However, researchers must carefully interpret correlation
results and avoid inferring causality solely from observed associations.

12.2 SCATTER DIAGRAM AND CORRELATION COEFFICIENT

A fundamental objective of biostatistical analysis is to determine whether a
relationship exists between two variables and, if so, to quantify its strength and
direction. In medical and health sciences research, understanding such relationships
helps researchers identify potential risk factors, predict outcomes, and generate
hypotheses for further investigation. Two important tools used for this purpose are the
scatter diagram and the correlation coefficient.

12.2.1 Scatter Diagram

A scatter diagram (or scatter plot) is a graphical method used to examine the
relationship between two quantitative variables. In a scatter plot, one variable is
represented on the horizontal axis (X-axis) and the other on the vertical axis (Y-axis).
Each pair of observations is plotted as a single point on the graph. The overall pattern
formed by these points provides a visual indication of the nature and strength of the
relationship between the variables.

Scatter diagrams are particularly useful in medical and epidemiological research. For
example, a researcher may plot body mass index (BMI) against systolic blood
pressure to investigate whether increasing BMI is associated with higher blood
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pressure levels. Similarly, age may be plotted against lung function measurements to
assess age-related physiological changes.

The patterns observed in a scatter diagram can be categorized as follows:

1. Positive Correlation: As the value of one variable increases, the value of the other
variable also tends to increase. The points cluster around an upward-sloping line.

2. Negative Correlation: As one variable increases, the other tends to decrease. The
points cluster around a downward-sloping line.

3. No Correlation: The points are randomly scattered without any apparent pattern,
indicating the absence of a linear relationship.

4. Perfect Correlation: All points lie exactly on a straight line. A perfect positive
correlation is represented by an upward line, whereas a perfect negative
correlation is represented by a downward line. Such situations are rare in
biological and medical data.

Although a scatter diagram provides valuable preliminary information, it does not
quantify the strength of the relationship. Therefore, a numerical measure known as
the correlation coefficient is used.

12.2.2 Correlation Coefficient

The correlation coefficient is a statistical measure that quantifies the degree and
direction of association between two variables. The most commonly used measure is
the Pearson correlation coefficient (r), developed by Karl Pearson. It assesses the
strength of a linear relationship between two continuous variables.

The Pearson correlation coefficient is calculated using the formula:
. 2 —X)(yi—y)
VI - 0A/E0i - 9)?

where:

e x;and y;represent individual observations,
e Xxand yrepresent the means of the variables,
e rdenotes the correlation coefficient.

The value of rranges from —1 to +1.

Interpretation of the Correlation Coefficient

Value of r Interpretation
+1.0 Perfect positive correlation
+0.70 to +0.99 | Strong positive correlation
+0.30 to +0.69 | Moderate positive correlation
+0.01 to +0.29 | Weak positive correlation
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0 No linear correlation
—0.01 to —0.29 | Weak negative correlation
—0.30 to —0.69 | Moderate negative correlation
—0.70 to —0.99 | Strong negative correlation
-1.0 Perfect negative correlation

These categories are general guidelines and may vary depending on the research field
and study objectives.

Assumptions of Pearson’s Correlation
For valid interpretation of Pearson’s correlation coefficient, certain assumptions
should be satisfied:

1. Both variables should be quantitative and measured on an interval or ratio scale.

2. The relationship between the variables should be linear.

3. The observations should be independent.

4. The data should be approximately normally distributed.

5. Significant outliers should be absent, as they can distort the correlation coefficient.

When these assumptions are violated, alternative methods such as Spearman’s rank
correlation coefficient may be more appropriate.

12.2.3 Applications in Unani Medical Research

Correlation analysis has wide applications in Unani medicine and healthcare research.
Researchers may examine relationships between age and disease severity, duration of
illness and treatment outcomes, body weight and dosage requirements, or laboratory
parameters and clinical symptoms. Such analyses help identify meaningful
associations that can guide diagnosis, prognosis, and therapeutic decision-making.

For instance, a study may investigate the relationship between fasting blood glucose
levels and body mass index among patients with diabetes. A positive correlation
would indicate that higher BMI tends to be associated with higher blood glucose
levels. Similarly, researchers may explore the association between quality-of-life
scores and disease duration in patients receiving Unani treatment.

Limitations of Correlation Analysis

While correlation is a valuable statistical tool, it has important limitations. The
existence of a correlation does not imply a cause-and-effect relationship. Two
variables may be correlated due to the influence of a third factor or merely by chance.
Furthermore, Pearson’s correlation measures only linear relationships and may fail to
detect nonlinear associations. Therefore, correlation findings should always be
interpreted within the broader clinical and scientific context.

Scatter diagrams and correlation coefficients are essential tools in biostatistics for
exploring and quantifying relationships between variables. Scatter plots provide a
visual assessment of association, whereas Pearson’s correlation coefficient offers a
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precise numerical measure of the strength and direction of a linear relationship.
Together, these techniques form the basis for more advanced analyses such as
regression and predictive modeling, making them indispensable in Unani medical
research and evidence-based healthcare.

12.3 KARL PEARSON’S AND SPEARMAN’S CORRELATION

Karl Pearson’s Correlation Coefficient (r) is a parametric statistical measure used to
determine the strength and direction of a linear relationship between two continuous
variables. It is one of the most widely used methods in medical and health research
for assessing associations between quantitative variables. The coefficient ranges from
-1 to +1, where positive values indicate a direct relationship and negative values
indicate an inverse relationship. A value of zero suggests the absence of a linear
correlation.

The formula for Karl Pearson’s Correlation Coefficient is:
r=[ZXi-X)(Yi-Y)]/V[Z(Xi-X) x Z(Yi- Y)]

Where:

r = Pearson’s correlation coefficient

Xi = Individual value of variable X

Yi = Individual value of variable Y

X = Mean of variable X

Y = Mean of variable Y

Y. = Summation of observations

An alternative computational formula commonly used for manual calculations is:
r=[ nEXY - EX)(ZY) | / V{ [nZX? - (EX)?] [nZY? - (ZY)?] }

Where:

n = Number of observations

2XY = Sum of products of X and Y

XX = Sum of X values

YY = Sum of Y values

Y X? = Sum of squared X values

YY? = Sum of squared Y values

Pearson’s correlation is appropriate when both variables are continuous,
approximately normally distributed, and exhibit a linear relationship. In medical
research, it is frequently used to study relationships such as age and blood pressure,
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body mass index and blood glucose level, or duration of disease and treatment
outcomes.

12.3.1 Spearman’s Rank Correlation Coefficient

Spearman’s Rank Correlation Coefficient (rs or p) is a non-parametric measure of
correlation used when data are ordinal, ranked, or not normally distributed. Unlike
Pearson’s correlation, Spearman’s correlation is based on ranks rather than actual
numerical values and measures the strength and direction of a monotonic relationship
between two variables.

The value of Spearman’s coefficient also ranges from —1 to +1.

e +1 indicates a perfect positive rank correlation.

e —1 indicates a perfect negative rank correlation.

¢ (0 indicates no correlation.

The formula for Spearman’s Rank Correlation Coefficient is:
rs=1-[6Xd*/n(n*-1)]

Where:

rs = Spearman’s rank correlation coefficient

d = Difference between paired ranks

d?> = Square of rank differences

Xd? = Sum of squared rank differences

n = Number of paired observations

The calculation involves assigning ranks to the observations of each variable,
determining the differences between paired ranks, squaring these differences, and
substituting the values into the formula.

Spearman’s correlation is particularly useful in medical and Unani research involving
symptom severity scores, patient satisfaction ratings, quality-of-life scales, disease
grading systems, and other ordinal measurements. Because it does not require
normality of data, it is widely applied in studies with small sample sizes or skewed
distributions.

Interpretation of Correlation Coefficient
The strength of correlation is generally interpreted as follows:

Correlation Coefficient | Interpretation
0.00 - 0.19 Very Weak
0.20-0.39 Weak
0.40—0.59 Moderate
0.60—0.79 Strong
0.80 —1.00 Very Strong
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The sign of the coefficient indicates the direction of the relationship:
e Positive (+): Both variables increase or decrease together.

e Negative (-): One variable increases while the other decreases.

e Zero (0): No linear relationship exists.

12.3.2 Comparison between Pearson’s and Spearman’s Correlation

Feature Pearson’s Correlation | Spearman’s Correlation
Type of Test Parametric Non-parametric
Data Required Continuous Ordinal or Ranked
Relationship Linear Monotonic
Measured
Distribution Normal Distribution No Normality Required
Requirement Preferred
Based On Actual Values Ranks
Sensitivity to High Low
Outliers

12.3.3 Statistical Significance of Correlation

After calculating the correlation coefficient, researchers should assess its statistical
significance. The null hypothesis states that there is no correlation between the
variables. A p-value less than 0.05 is generally considered statistically significant
and suggests that the observed relationship is unlikely to have occurred by chance.

It is important to remember that correlation does not imply causation. Even a strong
correlation between two variables does not prove that one variable causes change in
the other. Therefore, correlation analysis should always be interpreted in conjunction
with biological plausibility, study design, and clinical relevance.

12.4 LINEAR AND MULTIPLE REGRESSION ANALYSIS

Regression analysis is one of the most important statistical techniques used in
medical, biological, and health sciences research. It is employed to examine the
relationship between a dependent variable (outcome variable) and one or more
independent variables (predictor variables). Unlike correlation analysis, which merely
assesses the strength and direction of association between variables, regression
analysis enables researchers to quantify the relationship and predict the value of an
outcome variable based on known values of predictor variables.

In biomedical and Unani medical research, regression analysis is widely used to
identify risk factors, evaluate treatment effects, estimate disease outcomes, and
develop predictive models. For example, a researcher may use regression analysis to
determine how age, body mass index, and physical activity influence blood pressure
or how multiple clinical parameters affect disease severity.
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12.4.1 Linear Regression Analysis

Linear regression is a statistical method used to describe the relationship between a
dependent variable and a single independent variable through a straight-line equation.
It is also known as Simple Linear Regression because only one predictor variable is
involved.

The general equation of a simple linear regression model is:
Y =a+bX

Where:

Y = Dependent (outcome) variable

X = Independent (predictor) variable

a = Intercept (constant)

b = Regression coefficient (slope)

The intercept (a) represents the expected value of Y when X equals zero, while the
regression coefficient (b) represents the average change in Y for every one-unit
increase in X.

Regression Coefficient (Slope)
The regression coefficient is calculated as:

b = X[(Xi - X)(Yi- Y)] / £(Xi - X)?
Where:
Xi = Individual value of X
Yi = Individual value of Y
X = Mean of X
Y = Mean of Y

Calculation of Intercept
The intercept is calculated using:

a=Y-bX

Once the values of a and b are obtained, the regression equation can be used to
predict the value of the dependent variable.

Interpretation of Linear Regression
The regression coefficient indicates the direction and magnitude of the relationship.

e Positive Slope (b > 0): Y increases as X increases.
e Negative Slope (b <0): Y decreases as X increases.

e Zero Slope (b = 0): No linear relationship exists.
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For example, if a study finds:
Blood Pressure = 85 + 0.8(Age)

it implies that blood pressure increases by approximately 0.8 mmHg for every
additional year of age.

Assumptions of Linear Regression
For valid results, the following assumptions should be satisfied:

1. Linear relationship between X and Y.
Independence of observations.
Normally distributed residuals.

Homoscedasticity (constant variance of residuals).

A

Absence of influential outliers.

Applications of Linear Regression in Medical Research
Linear regression is commonly used for:

e Predicting blood pressure from age.

o FEstimating lung function from height and weight.

e Evaluating the relationship between BMI and blood glucose levels.
e Assessing treatment duration and recovery time.

¢ Studying quantitative physiological measurements.

In Unani medicine, linear regression can be applied to investigate relationships
between clinical measurements and therapeutic outcomes.

12.4.2 Multiple Regression Analysis

Multiple regression analysis is an extension of simple linear regression in which the
dependent variable is predicted using two or more independent variables
simultaneously. This method is particularly useful when several factors contribute to
a clinical outcome.

The general equation for multiple regression is:
Y =a+bl1X1 + b2X2 + b3X3 +... + bkXk
Where:
Y = Dependent variable
a = Intercept
bl, b2, b3 ... bk = Regression coefficients
X1, X2, X3 ... Xk = Independent variables
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Each regression coefficient represents the expected change in the dependent variable
associated with a one-unit increase in the corresponding predictor variable while
holding all other variables constant.

Example of Multiple Regression
Suppose a researcher wishes to predict systolic blood pressure using age, body mass
index, and smoking status.

The regression equation may be:
Blood Pressure = 70 + 0.5(Age) + 1.2(BMI) + 8(Smoking Status)

Interpretation:
¢ Each additional year of age increases blood pressure by 0.5 mmHg.

e Each unit increase in BMI increases blood pressure by 1.2 mmHg.

e Smokers have, on average, 8 mmHg higher blood pressure than non-smokers, after
controlling for age and BMI.

Coefficient of Determination (R?)
An important measure in regression analysis is the Coefficient of Determination
(R?).

The formula is:
=SSR /SST

or

R>=1—-(SSE /SST)
Where:
R? = Coefficient of determination
SSR = Regression sum of squares
SSE = Error sum of squares
SST = Total sum of squares
The value of R? ranges from 0 to 1.
¢ R*>=0 indicates that the model explains none of the variability.
¢ R?>=1 indicates that the model explains all variability.

For example, an R? value of 0.75 indicates that 75% of the variation in the dependent
variable is explained by the predictor variables included in the model.

Adjusted R?

In multiple regression, Adjusted R? is often preferred because it accounts for the
number of predictors included in the model and provides a more realistic measure of
model performance.
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Significance Testing in Regression
The statistical significance of regression coefficients is assessed using:

t-test
Used to evaluate whether an individual regression coefficient differs significantly
from zero.

Hypotheses:
HO:b=0
H1:b#0
F-test

Used to determine whether the overall regression model is statistically significant.

A p-value less than 0.05 generally indicates that the regression model provides a
significant explanation of the outcome variable.

Advantages of Multiple Regression Analysis

A S e

Simultaneously evaluates multiple predictors.
Controls for confounding variables.
Improves prediction accuracy.

Quantifies independent effects of risk factors.

Widely applicable in clinical and epidemiological research.

Limitations of Regression Analysis

1.

5.

Regression establishes association rather than causation.

2. Results may be affected by outliers.
3.
4

Multicollinearity among predictors can distort estimates.

. Violation of assumptions may lead to biased conclusions.

Overfitting may occur when excessive variables are included.

12.4.3 Applications in Unani Medical Research
Multiple regression analysis has extensive applications in Unani medicine and
healthcare research, including:

Prediction of disease progression using multiple clinical parameters.
Assessment of treatment outcomes after adjusting for patient characteristics.
Identification of risk factors associated with chronic diseases.

Evaluation of determinants of quality of life among patients.

Analysis of factors influencing therapeutic efficacy of Unani formulations.
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By accounting for multiple variables simultaneously, regression models provide a
more comprehensive understanding of complex biological and clinical relationships.

Linear and multiple regression analyses are powerful statistical techniques used to
evaluate and predict relationships between variables. Simple linear regression
examines the influence of a single predictor on an outcome, whereas multiple
regression evaluates the combined effects of several predictors. These methods play a
crucial role in evidence-based medical research by helping investigators identify
determinants of health outcomes, quantify treatment effects, and develop predictive
models. Proper application and interpretation of regression analysis enhance the
quality and reliability of research findings in Unani medicine and allied health
sciences.

12.5 LOGISTIC REGRESSION ANALYSIS

Logistic regression analysis is a widely used statistical technique for examining the
relationship between one or more independent variables and a categorical dependent
variable. In medical, epidemiological, and public health research, outcomes are often
binary in nature, such as the presence or absence of a disease, survival or death,
treatment success or failure, and smoker or non-smoker status. Since these outcomes
cannot be appropriately analyzed using ordinary linear regression, logistic regression
provides a suitable alternative.

Logistic regression estimates the probability of occurrence of an event by fitting data
to a logistic function. It enables researchers to identify significant predictors of a
particular outcome and quantify the strength of association between explanatory
variables and the outcome of interest. Because of its ability to handle binary outcomes
and multiple predictors simultaneously, logistic regression has become one of the
most important tools in applied biostatistics and evidence-based medical research.

12.5.1 Concept of Logistic Regression

Unlike linear regression, which predicts a continuous outcome variable, logistic
regression predicts the probability of an event occurring. The predicted probability
ranges between 0 and 1.

For example, logistic regression can be used to estimate:

e The probability of developing diabetes based on age, body mass index, and family
history.

e The likelihood of treatment success based on patient characteristics.
e The probability of disease occurrence according to exposure to risk factors.
o The likelihood of recovery following a particular therapeutic intervention.

The method converts probabilities into odds and then transforms the odds into
logarithmic form known as the logit.

Logistic Regression Model
The general logistic regression equation is:
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logit(p) = In[p/(1-p)] = BO + B1X1 + B2X2 + ... + PkXk

Where:

] = Probability of occurrence of the event
p/(1-p) = Odds of the event

In = Natural logarithm

po = Intercept (constant)

Bl..pk = Regression coefficients

X1..Xk=  Independent variables (predictors)

The equation indicates that the logarithm of the odds of an event is a linear function
of the predictor variables.

The probability of occurrence of the event can also be expressed as:
p = e (B0 + p1X1 + p2X2 +... + BkXK)
/[1 + e~N(BO + P1X1 + B2X2 + ... + BkXK)]
Where:
e = Base of natural logarithm (approximately 2.718)
This equation ensures that predicted probabilities remain between 0 and 1.

Types of Logistic Regression
Depending on the nature of the dependent variable, logistic regression can be
classified into three types:

1. Binary Logistic Regression
Binary logistic regression is used when the outcome variable has only two categories.

Examples:

¢ Diseased / Non-diseased

¢ Survived / Died

e Improved / Not Improved

¢ Smoker / Non-smoker

This is the most commonly used form of logistic regression in medical research.

2. Multinomial Logistic Regression
Multinomial logistic regression is used when the outcome variable has more than two
unordered categories.

Examples:
o Mild disease, Moderate disease, Severe disease
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o Type A, Type B, Type C disease patterns

3. Ordinal Logistic Regression
Ordinal logistic regression is applied when the outcome categories have a natural
order.

Examples:
e Poor, Fair, Good, Excellent health status

e Mild, Moderate, Severe pain levels

Assumptions of Logistic Regression
Although logistic regression is less restrictive than linear regression, several
assumptions should be considered:

The dependent variable should be categorical.
Observations should be independent.
The sample size should be adequate.

Independent variables should not exhibit severe multicollinearity.

AR

There should be a linear relationship between continuous predictors and the logit
of the outcome.

6. Extreme outliers should be minimized.

Odds and Odds Ratio
The concepts of odds and odds ratio are fundamental to logistic regression.

Odds
Odds represent the ratio of the probability that an event will occur to the probability
that it will not occur.

Formula:
Odds=p/(1-p)
For example, if the probability of disease occurrence is 0.80:
Odds=0.80/0.20=4
This means the event is four times more likely to occur than not occur.

Odds Ratio (OR)
The odds ratio measures the association between an exposure and an outcome.

Formula:
OR=e"p
Where:

B = Logistic regression coefficient
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Interpretation:

¢ OR=1: No association

e OR>1: Positive association (increased risk)

e OR <1 : Negative association (protective effect)

For example, an odds ratio of 2.5 indicates that the exposed group has 2.5 times
higher odds of experiencing the outcome compared with the reference group.

Interpretation of Logistic Regression Coefficients

Each regression coefficient (B) represents the change in the log odds of the outcome
associated with a one-unit increase in the predictor variable, while other variables
remain constant.

The exponentiated coefficient (e™p) provides the odds ratio, which is generally easier
to interpret in clinical and epidemiological studies.

For Example:

B =0.693

Then:

OR =¢"0.693=2.0

This indicates that a one-unit increase in the predictor doubles the odds of the
outcome.

Applications of Logistic Regression in Medical Research
Logistic regression is extensively used in clinical, epidemiological, and public health
investigations.

Common Applications Include:
¢ Identification of risk factors for chronic diseases.

e Prediction of treatment outcomes.

e Assessment of mortality and survival risks.

¢ Evaluation of vaccine effectiveness.

e Analysis of disease prevalence and determinants.

e Development of diagnostic and prognostic models.

In Unani medical research, logistic regression can be employed to evaluate factors
influencing treatment response, disease occurrence, patient recovery, and the
effectiveness of therapeutic interventions after adjusting for potential confounding
variables.

Advantages of Logistic Regression
1. Suitable for binary and categorical outcomes.
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Does not require normal distribution of the dependent variable.
Can accommodate both continuous and categorical predictors.
Provides adjusted estimates through multivariable analysis.

Produces clinically meaningful measures such as odds ratios.

S T

Widely available in statistical software packages.

Limitations of Logistic Regression
1. Requires an adequately large sample size.

Sensitive to multicollinearity among predictors.
Interpretation may be complex when multiple variables are included.

Odds ratios may overestimate risk when the outcome is common.

A

Results depend on correct model specification.

Significance Testing in Logistic Regression
The significance of individual predictors is commonly assessed using:

e Wald Test
e Likelihood Ratio Test
e Score Test

A p-value less than 0.05 generally indicates that the predictor variable is significantly
associated with the outcome.

Confidence intervals for odds ratios are also reported. If the 95% confidence interval
does not include 1, the association is considered statistically significant.

Logistic regression analysis is one of the most important statistical techniques used in
modern medical and health research for analyzing categorical outcomes. By
estimating the probability of an event and quantifying associations through odds
ratios, logistic regression enables researchers to identify risk factors, evaluate
treatment effects, and develop predictive models. Its flexibility, interpretability, and
broad applicability make it an indispensable tool in biostatistics, epidemiology, public
health, and Unani medical research.

12.6 SURVIVAL ANALYSIS

Survival analysis is a branch of biostatistics that deals with the analysis of time-to-
event data. The primary objective of survival analysis is to estimate and compare the
time until a particular event of interest occurs. In medical research, the event may be
death, disease recurrence, recovery, relapse, hospitalization, or any other clinically
significant outcome. Unlike conventional statistical methods, survival analysis takes
into account not only whether an event has occurred but also the time elapsed before
its occurrence.
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Survival analysis is widely used in clinical trials, epidemiological studies, public
health research, and healthcare evaluations. In Unani medicine research, survival
analysis may be applied to study the duration of remission, time to recovery,
recurrence of disease, or treatment effectiveness over a specified follow-up period.

12.6.1 Key Terminology in Survival Analysis

Survival Time

Survival time refers to the duration from a defined starting point until the occurrence
of the event of interest. The starting point may be diagnosis, initiation of treatment,
enrollment in a study, or exposure to a risk factor.

Examples Include:
¢ Time from diagnosis of diabetes to development of complications.

e Time from initiation of therapy to clinical recovery.
e Time from surgery to recurrence of disease.

Event
An event is the outcome whose occurrence is being studied. Depending on the
research objective, the event may be:

e Death

¢ Disease recurrence

¢ Recovery

e Hospital admission

e Relapse

e Development of complications

Censoring
One of the distinctive features of survival analysis is the concept of censoring.
Censoring occurs when complete information about an individual's survival time is
unavailable.

Common Reasons for Censoring Include:
e The study ends before the event occurs.

e The participant withdraws from the study.
e The participant is lost to follow-up.
o The participant experiences a different outcome before the event of interest.

Censored observations contribute valuable information and are incorporated into
survival analysis techniques.
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Survival Function
The survival function describes the probability that an individual survives beyond a
specific time point.

The survival function is represented as:
St)=P(T>t)

Where:

S(t) = Survival probability at time t

T = Survival time

t = Specified time point

P = Probability

The survival function decreases over time because the probability of surviving
beyond increasingly longer periods generally becomes smaller.

Hazard Function
The hazard function measures the instantaneous risk of experiencing the event at a
particular time among individuals who have survived up to that time.

The hazard function is represented as:
h(t) = f(t) / S(t)
Where:
h(t) = Hazard rate at time t
f(t) = Probability density function
S(t) = Survival function

The hazard function provides information regarding the intensity of risk at different
time points during follow-up.

Kaplan—Meier Method
The Kaplan—Meier method, also known as the product-limit method, is one of the
most widely used non-parametric techniques for estimating survival probabilities.

It allows researchers to estimate survival even when censored observations are
present.

The Kaplan—Meier survival estimate is calculated as:
S(t) =TI [(ni - di) / ni]

Where:

S(t) = Estimated survival probability

II = Product over all observed event times
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ni = Number of individuals at risk immediately before time i
di = Number of events occurring at time i

Kaplan—Meier Survival Curve
The results are typically presented using a Kaplan—Meier survival curve, which
displays:

¢ Time on the horizontal (X) axis.
e Survival probability on the vertical (Y) axis.

The curve declines stepwise whenever an event occurs and remains flat between
events.

Applications of Kaplan—Meier Analysis
o Estimating patient survival rates.

e Comparing treatment outcomes.
o Evaluating disease-free survival.
e Assessing time to relapse or recurrence.

In Unani clinical studies, Kaplan—-Meier curves may be used to compare recovery
durations among patients receiving different therapeutic interventions.

Log-Rank Test
The Log-Rank Test is a non-parametric statistical test used to compare survival
distributions between two or more groups.

Null Hypothesis

HO: There is no difference in survival between the groups.
Alternative Hypothesis

H1: There is a significant difference in survival between the groups.

The log-rank test compares observed and expected numbers of events across groups
during the follow-up period.

A p-value less than 0.05 indicates a statistically significant difference between
survival curves.

Applications
e Comparing survival between treatment and control groups.

e Comparing outcomes among different disease stages.
o FEvaluating effectiveness of alternative therapeutic interventions.

Cox Proportional Hazards Model
The Cox Proportional Hazards Model is a semi-parametric regression technique used
to evaluate the effect of multiple variables on survival time.
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Unlike Kaplan—Meier analysis, which examines survival according to a single factor,
Cox regression can simultaneously assess the influence of several predictors.

The model is expressed as:
h(t) = h0O(t) x exp(f1X1 + p2X2 + ... + BkXKk)
Where:
h(t) = Hazard at time t
h0(t) = Baseline hazard
B = Regression coefficient
X = Predictor variable
exp = Exponential function

Hazard Ratio (HR)
The principal outcome of Cox regression is the Hazard Ratio (HR).

Interpretation:
Hazard Ratio Interpretation
HR=1 No difference in risk
HR > 1 Increased risk
HR <1 Reduced risk
HR =2 Two times higher risk
HR =0.5 50% lower risk

Applications of Cox Regression
e Identification of prognostic factors.

¢ Evaluation of treatment effectiveness.
e Assessment of risk factors affecting survival.
¢ Adjustment for confounding variables.

Advantages of Survival Analysis
1. Incorporates censored observations.

Analyzes both occurrence and timing of events.
Provides survival probabilities over time.

Allows comparison between treatment groups.

A

Identifies factors influencing survival outcomes.

Limitations of Survival Analysis
1. Requires adequate follow-up duration.

2. Loss to follow-up may reduce study validity.
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3. Violation of model assumptions can affect results.
4. Interpretation may be complex for beginners.

12.6.2 Applications in Medical and Unani Research
Survival analysis has extensive applications in biomedical and Unani medical
research, including:

e Time to clinical recovery after treatment.

e Duration of symptom remission.

¢ Recurrence-free survival.

e Progression of chronic diseases.

¢ Evaluation of long-term therapeutic effectiveness.
e Comparative assessment of treatment protocols.

For example, a Unani clinical trial may investigate the time required for symptom
resolution among patients receiving a herbal formulation compared with standard
care. Kaplan—Meier analysis and Cox regression can provide valuable insights into
treatment efficacy and long-term outcomes.

Survival analysis is an essential statistical methodology for analyzing time-to-event
data in medical and health research. By accounting for censored observations and
varying follow-up times, it provides a comprehensive understanding of patient
outcomes over time. Techniques such as the Kaplan—-Meier method, Log-Rank test,
and Cox proportional hazards model enable researchers to estimate survival
probabilities, compare treatment groups, and identify factors influencing survival.
Consequently, survival analysis plays a vital role in evidence-based medicine and
clinical decision-making, including research in Unani medicine and allied health
sciences.

12.7 DISEASE FREQUENCY: INCIDENCE AND PREVALENCE

Disease frequency is a fundamental concept in epidemiology and biostatistics that
describes how often a disease or health-related event occurs within a specified
population. Measurement of disease frequency helps researchers, clinicians, and
public health professionals understand the burden of disease, identify risk factors,
monitor trends, evaluate interventions, and formulate healthcare policies. Two of the
most important measures of disease frequency are incidence and prevalence.

Incidence and prevalence provide complementary information about the occurrence
of disease in a population. While incidence measures the occurrence of new cases,
prevalence measures the total burden of disease at a particular point or during a
specified period.

12.7.1 Incidence
Incidence refers to the occurrence of new cases of a disease or health condition in a
population at risk during a specified period of time.
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It measures the probability or risk of developing the disease and is therefore an
important indicator in etiological and preventive research.

Incidence is particularly useful for studying the causes of disease, evaluating risk
factors, and assessing the effectiveness of preventive interventions.

Types of Incidences

1. Cumulative Incidence (Incidence Risk)
Cumulative incidence is the proportion of initially disease-free individuals who
develop the disease during a specified period.

Formula:
Cumulative Incidence (CI) = Number of New Cases During a Specified Period /
Population at Risk at the Beginning of the Period

Or
CI = New Cases + Population at Risk
The result is often expressed as a percentage.

Example:
If 50 individuals develop diabetes during one year among 1,000 disease-free
individuals at the beginning of the year:

CI=50/1000=0.05=5%
Thus, the one-year cumulative incidence of diabetes is 5%.

2. Incidence Rate (Incidence Density)
Incidence rate takes into account the amount of time each individual is observed and
is expressed in terms of person-time.

Formula:

Incidence Rate (IR) = Number of New Cases During the Period / Total Person-
Time at Risk

Where:

Person-Time = Sum of the time each individual remains under observation and at
risk of developing the disease.

Example:
If 20 new cases occur during 2,000 person-years of observation:

IR =20/2000 = 0.01 cases per person-year
or
10 cases per 1,000 person-years

Incidence rate is particularly useful in cohort studies and longitudinal investigations.
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Importance of Incidence
Incidence helps in:

o Identifying risk factors associated with disease.

e Measuring the risk of developing disease.

o Evaluating preventive and therapeutic interventions.
¢ Monitoring emerging diseases and outbreaks.

e Planning public health programs.

In medical and Unani research, incidence data can be used to assess the occurrence of
diseases such as diabetes, hypertension, asthma, or infectious diseases within a
defined population.

Prevalence

Prevalence refers to the total number of existing cases of a disease or health condition
in a population at a specified time. Unlike incidence, prevalence includes both new
and pre-existing cases.

Prevalence measures the burden of disease in a population and is particularly useful
for healthcare planning and resource allocation.

Types of Prevalence

1. Point Prevalence
Point prevalence refers to the proportion of individuals with a disease at a specific
point in time.

Formula:
Point Prevalence = Number of Existing Cases at a Specific Time / Total Population at
That Time

Example:
If 100 individuals have hypertension in a population of 2,000 on a particular date:

Point Prevalence = 100 / 2000 = 0.05 = 5%
Therefore, the point prevalence of hypertension is 5%.

2. Period Prevalence
Period prevalence includes all cases present at any time during a specified period.

Formula:

Period Prevalence = Existing Cases During a Specified Period / Average
Population During the Period

Period prevalence provides a broader measure of disease occurrence over a defined
interval.
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3. Lifetime Prevalence
Lifetime prevalence refers to the proportion of individuals who have experienced a
disease at any time during their lives.

It is commonly used in studies of mental health disorders, chronic diseases, and
behavioral conditions.

Relationship between Incidence and Prevalence
Incidence and prevalence are closely related. In a stable population where disease
occurrence and duration remain constant, the relationship can be expressed as:

Formula:
Prevalence (P) = Incidence (I) x Average Duration of Disease (D)
Or:
P=IxD
This relationship indicates that prevalence increases when:
¢ Incidence increases.
e Duration of disease becomes longer.
e Survival improves without cure.
Conversely, prevalence decreases when:
¢ Incidence decreases.
e Recovery rates increase.
e Mortality rates increase.

For example, chronic diseases such as diabetes often have high prevalence because
affected individuals survive for many years, whereas acute diseases of short duration
may have low prevalence despite high incidence.

12.7.2 Differences between Incidence and Prevalence

Feature Incidence Prevalence
Definition New  cases  occurring | All existing cases at a
during a specified period specified time
Measures Risk of developing disease | Burden of disease
Includes Old Cases | No Yes
Includes New Cases | Yes Yes
Time Component | Essential May or may not involve a
time period
Main Use Etiological and risk-factor | Healthcare planning and
studies resource allocation
Indicator of Disease occurrence Disease burden
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Applications in Public Health and Medical Research
Incidence and prevalence are extensively used in epidemiological and clinical
research.

Applications of Incidence
¢ Assessment of disease risk.

o Evaluation of preventive measures.
¢ Identification of causal factors.
e Monitoring disease outbreaks.

Applications of Prevalence
o Estimation of disease burden.

¢ Planning healthcare services.
e Allocation of medical resources.
e Assessment of chronic disease patterns.

In Unani medicine, prevalence studies may help determine the burden of lifestyle
disorders such as obesity, diabetes mellitus, hypertension, and musculoskeletal
disorders, whereas incidence studies can evaluate the emergence of new disease cases
and assess preventive strategies.

Advantages and Limitations

Advantages
e Simple and widely accepted measures of disease frequency.

o Essential for epidemiological investigations.
o Useful for healthcare planning and policy formulation.
¢ Facilitate comparison between populations.

Limitations
¢ Incidence studies often require long-term follow-up.

e Prevalence cannot distinguish between old and new cases.
¢ Disease duration can influence prevalence estimates.
¢ Underreporting may affect both measures.

Incidence and prevalence are fundamental measures of disease frequency in
epidemiology and biostatistics. Incidence quantifies the occurrence of new cases and
provides information about disease risk, whereas prevalence measures the total
burden of disease within a population. Both indicators are essential for understanding
disease patterns, identifying risk factors, evaluating health interventions, and planning
healthcare services.
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Accurate measurement and interpretation of incidence and prevalence contribute
significantly to evidence-based medical practice and public health decision-making.

12.8 ODDS RATIO, RELATIVE RISK AND RISK DIFFERENCE

Measures of association are fundamental tools in epidemiology and medical research.
They help researchers quantify the relationship between an exposure and a health
outcome, thereby enabling the assessment of potential risk factors and the
effectiveness of preventive or therapeutic interventions. Among the most commonly
used measures of association are Odds Ratio (OR), Relative Risk (RR), and Risk
Difference (RD). These measures are extensively employed in clinical trials, cohort
studies, case-control studies, and public health investigations to evaluate the strength
and magnitude of associations between exposures and diseases.

12.8.1 Introduction to Measures of Association

In epidemiological studies, researchers often compare the occurrence of disease or
other health outcomes between groups that are exposed and unexposed to a particular
factor. For example, a study may examine whether smoking increases the risk of lung
disease, whether obesity is associated with diabetes, or whether a specific Unani
intervention reduces disease occurrence. Measures such as Odds Ratio, Relative Risk,
and Risk Difference provide quantitative estimates of these relationships.

The data are commonly arranged in a 2 x 2 contingency table as follows:

Exposure Status | Disease Present | Disease Absent | Total

Exposed a b atb

Unexposed c d c+td
Total atc b+d N

Where:

e a = Exposed individuals with disease

e b = Exposed individuals without disease

e ¢ = Unexposed individuals with disease

e d = Unexposed individuals without disease
e N = Total study population

Odds Ratio (OR)

The Odds Ratio (OR) is a measure of association that compares the odds of disease
among exposed individuals with the odds of disease among unexposed individuals. It
is the principal measure of association used in case-control studies, where the
incidence of disease cannot be directly calculated.

Formula
The odds of disease among exposed individuals is:

Odds (Exposed) = a/b

354




The odds of disease among unexposed individuals is:
Odds (Unexposed) = ¢/d

Therefore, the Odds Ratio is:

OR = (a/b) + (c/d)

or
OR = ad/bc
Interpretation

¢ OR =1: No association between exposure and disease.
¢ OR > 1: Positive association; exposure may increase disease risk.
¢ OR < 1: Negative association; exposure may be protective.

Example
Suppose a case-control study investigates the association between smoking and
chronic respiratory disease.

Smoking Status | Disease Present | Disease Absent
Smokers 80 40
Non-Smokers 20 60

Using the Formula:
OR = (80 x 60)/(40 x 20)

OR =4800/800 =6
The odds of disease among smokers are six times greater than among non-smokers.

Advantages of Odds Ratio
o Suitable for case-control studies.

e Can be calculated even when disease incidence is unknown.
e Useful for studying rare diseases.

Limitations of Odds Ratio
e May overestimate risk when disease frequency is high.

¢ Less intuitive than Relative Risk.
Relative Risk (RR)

Relative Risk (RR), also known as the Risk Ratio, compares the probability of
developing a disease among exposed individuals with the probability among
unexposed individuals. It is primarily used in cohort studies and randomized
controlled trials, where incidence can be directly measured.
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Formula
Risk among exposed individuals:

Risk (Exposed) = a/(a+b)

Risk among unexposed individuals:
Risk (Unexposed) = ¢/(c+d)

Relative Risk is calculated as:

RR = [a/(a+b)] + [¢/(ctd)]
Interpretation
¢ RR =1: No association.
¢ RR > 1: Exposure increases disease risk.
e RR < 1: Exposure decreases disease risk.
¢ RR =2: Risk is twice as high among exposed individuals.
¢ RR =0.5: Exposure reduces risk by 50%.

Example
A cohort study evaluates the relationship between tobacco use and oral cancer.

Tobacco Use | Cancer Present | Cancer Absent
Users 40 160
Non-Users 10 190

Risk Among Users:
40/(40+160) = 40/200 = 0.20

Risk among non-users:
10/(10+190) = 10/200 = 0.05
Therefore:

RR =0.20/0.05 =4

The risk of oral cancer is four times higher among tobacco users than among non-
users.

Advantages of Relative Risk
¢ Directly measures disease risk.

o Fasy to interpret.
e Commonly used in clinical and epidemiological studies.

Limitations of Relative Risk
e Cannot be calculated in case-control studies.
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e Requires incidence data.
Risk Difference (RD)

Risk Difference (RD), also called Absolute Risk Difference (ARD) or Attributable
Risk (AR), measures the absolute difference in disease occurrence between exposed
and unexposed groups. It indicates the amount of disease that can be attributed to a
particular exposure.

Formula
RD = Risk in Exposed — Risk in Unexposed
or
RD = [a/(at+b)] — [c/(ct+d)]
Interpretation

¢ RD = 0: No difference in risk.
o RD > 0: Exposure increases disease occurrence.
e RD < 0: Exposure reduces disease occurrence.

Example
Using the previous tobacco-use example:

Risk among users:
0.20

Risk among non-users:
0.05

Therefore:

RD =0.20—-0.05

RD =0.15

This indicates that 15 additional cases of oral cancer occur per 100 individuals due to
tobacco exposure.

Public Health Significance

Risk Difference is particularly useful in public health planning because it estimates
the actual disease burden attributable to an exposure and helps assess the potential
benefits of preventive interventions.

12.8.2 Comparison of Odds Ratio, Relative Risk and Risk Difference

Characteristic Odds Ratio Relative Risk Risk Difference
(OR) (RR) (RD)
Measure Type Relative Relative Measure | Absolute Measure
Measure
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Commonly Used Case-Control Cohort Studies Cohort Studies and
In Studies and Clinical Clinical Trials
Trials
Requires Incidence No Yes Yes
Data
Interpretation Odds Risk Comparison | Difference in Risk
Comparison
Value Indicating 1 1 0
No Association
Public Health Moderate High Very High
Relevance

12.8.3 Applications in Medical and Unani Research
Odds Ratio, Relative Risk, and Risk Difference are widely used in medical and Unani
research for:

o Evaluating associations between lifestyle factors and disease occurrence.
e Assessing the effectiveness of preventive interventions.

e Measuring treatment outcomes in clinical trials.

o Identifying risk factors for chronic diseases.

e Estimating the impact of Unani therapeutic regimens on disease prevention and
management.

For example, researchers may compare disease incidence among patients receiving a
Unani formulation with those receiving standard treatment to determine the
effectiveness of the intervention.

Odds Ratio, Relative Risk, and Risk Difference are essential epidemiological
measures used to quantify associations between exposures and health outcomes. Odds
Ratio is particularly useful in case-control studies, Relative Risk provides a direct
comparison of disease risk in cohort studies and clinical trials, and Risk Difference
quantifies the absolute impact of an exposure on disease occurrence. Proper
understanding and interpretation of these measures enable researchers and healthcare
professionals to make informed decisions regarding disease prevention, treatment
effectiveness, and public health policies.

12.9 Demography and Vital Statistics

Demography and vital statistics are important branches of biostatistics that provide
essential information regarding population dynamics, health status, and disease
patterns within a community. They play a crucial role in public health planning,
healthcare management, epidemiological investigations, and policy formulation. In
medical and Unani healthcare research, demographic and vital statistical data help
assess the health needs of populations, evaluate healthcare programs, and monitor
trends in fertility, mortality, and population growth.
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Demography is the scientific study of human populations with respect to their size,
composition, distribution, and changes over time. Vital statistics, on the other hand,
refer to the systematic collection, compilation, analysis, and interpretation of data
related to vital events such as births, deaths, marriages, divorces, and fetal deaths.

Understanding demographic characteristics and vital events is essential for planning
healthcare services, allocating resources, and improving the overall health status of a
population.

12.9.1 Demography

Demography is derived from the Greek words demos (people) and graphein (to
describe). It is defined as the statistical study of human populations and their
characteristics.

According to the World Health Organization (WHO), demography involves the study
of population size, structure, distribution, and changes resulting from births, deaths,
migration, and aging.

Objectives of Demography
The major objectives of demographic studies are:

1. To determine the size and composition of a population.

2. To study population distribution by age, sex, occupation, education, and
socioeconomic status.

To assess population growth and decline.

To analyze fertility, mortality, and migration patterns.

wok W

To provide information for health planning and policy development.
6. To evaluate healthcare needs and resource allocation.

12.9.2 Components of Population Change
Population size changes continuously due to three major demographic processes:

1. Fertility
Fertility refers to the actual reproductive performance of a population and contributes
to population growth through births.

2. Mortality
Mortality refers to the occurrence of deaths within a population and contributes to
population decline.

3. Migration
Migration involves the movement of people into or out of a geographical area.

e Immigration: Movement into a population.
¢ Emigration: Movement out of a population.

The relationship can be expressed as:
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Population Change = (Births + Immigration) — (Deaths + Emigration)

12.9.3 Population Pyramid
A population pyramid is a graphical representation of the age and sex composition of
a population.

It provides information regarding:
¢ Population structure.

e Dependency ratio.

e Growth trends.

e Future healthcare requirements.
Types of Population Pyramids

1. Expansive Population Pyramid
¢ Broad base and narrow apex.

o High birth rate.
¢ Rapid population growth.
e Common in developing countries.

2. Stationary Population Pyramid
Nearly uniform width.

Stable birth and death rates.

Population growth is minimal.

3. Constrictive Population Pyramid
e Narrow base and wider middle age groups.

e Low birth rate.
e Aging population.
¢ Common in developed countries.

12.9.4 Vital Statistics
Vital statistics refer to numerical data concerning vital events occurring in a
population.

These Events Include:
e Live births

e Deaths
o Fetal deaths (stillbirths)

e Marriages

360




¢ Divorces
¢ Adoption and legitimization records

Vital statistics are indispensable for measuring the health status of a community and
evaluating public health interventions.

Sources of Vital Statistics

The Major Sources Include:
1. Civil Registration System (CRS)

Population Census

Sample Registration System (SRS)
Health Surveys

Hospital Records

Disease Registries

A o

National Health Information Systems
Measures of Vital Statistics

1. Crude Birth Rate (CBR)
The crude birth rate indicates the number of live births occurring during a year per
1,000 mid-year population.

Formula:
CBR = (Number of Live Births During a Year / Mid-Year Population) x 1000

Interpretation
A high crude birth rate indicates greater population growth and increased demand for
maternal and child healthcare services.

2. Crude Death Rate (CDR)
The crude death rate represents the number of deaths occurring during a year per
1,000 population.

Formula:
CDR = (Number of Deaths During a Year / Mid-Year Population) x 1000

Interpretation
It provides a general measure of mortality within a population.

3. General Fertility Rate (GFR)
The general fertility rate measures the number of live births per 1,000 women of
reproductive age (1549 years).
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Formula:
GFR = (Number of Live Births / Number of Women Aged 15—49 Years) x 1000
Significance

It is more accurate than the crude birth rate because it focuses on the population
capable of reproduction.

4. Infant Mortality Rate (IMR)
Infant mortality rate is the number of deaths of infants under one year of age per
1,000 live births during a given year.

Formula:
IMR = (Number of Infant Deaths Under 1 Year / Number of Live Births) x 1000

Importance
IMR is considered one of the most sensitive indicators of a community's health status
and socioeconomic development.

5. Neonatal Mortality Rate (NMR)
Neonatal mortality rate refers to deaths occurring during the first 28 completed days
of life per 1,000 live births.

Formula:
NMR = (Number of Neonatal Deaths / Number of Live Births) x 1000

6. Maternal Mortality Ratio (MMR)
Maternal mortality ratio measures maternal deaths occurring due to pregnancy-related
causes per 100,000 live births.

Formula:
MMR = (Number of Maternal Deaths / Number of Live Births) x 100000

Importance
MMR reflects the quality of maternal healthcare services available in a region.

7. Perinatal Mortality Rate (PMR)
Perinatal mortality includes late fetal deaths and deaths occurring during the first
week of life.

Formula:
PMR = (Late Fetal Deaths + Early Neonatal Deaths) / Total Births x 1000
8. Stillbirth Rate

The stillbirth rate measures fetal deaths occurring after the age of viability per 1,000
total births.
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Formula:
Stillbirth Rate = (Number of Stillbirths / Total Births) x 1000

12.9.4 Importance of Demography and Vital Statistics in Healthcare
Demographic and vital statistical data provide valuable information for:

1. Health planning and administration.
. Monitoring population growth.
. Assessment of maternal and child health programs.

. Evaluation of disease burden.

. Epidemiological investigations.

2
3
4
5. Resource allocation and healthcare budgeting.
6
7. Health policy formulation.

8

. Monitoring national and international health indicators.

In Unani healthcare systems, demographic and vital statistical information helps
assess disease prevalence, treatment outcomes, healthcare utilization, and community
health needs.

12.9.5 Applications in Unani Medical Research

Demographic variables such as age, sex, marital status, occupation, socioeconomic
status, and residence are routinely collected in Unani clinical studies. Vital statistics
aid in understanding population health trends, identifying high-risk groups, and
evaluating the effectiveness of preventive and therapeutic interventions.

Researchers may utilize demographic and vital statistical indicators to:
e Study disease prevalence in specific age groups.

¢ Assess maternal and child health outcomes.

¢ Evaluate mortality trends associated with chronic diseases.

e Analyze healthcare utilization patterns.

¢ Develop evidence-based public health strategies.

Demography and vital statistics constitute fundamental components of biostatistics
and public health research. Demography provides information about population
structure and dynamics, whereas vital statistics measure important life events such as
births and deaths. Together, they offer valuable insights into population health,
healthcare needs, and disease patterns. Accurate demographic and vital statistical data
are essential for healthcare planning, policy development, epidemiological research,
and evidence-based medical practice, including research in Unani medicine.
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12.10 BIRTH RATE, MORTALITY RATE AND MORBIDITY STATISTICS
Vital statistics constitute an essential component of public health and medical
research. They provide quantitative information regarding population dynamics,
health status, disease occurrence, and healthcare needs. Among the most important
indicators used in epidemiology and biostatistics are birth rates, mortality rates,
and morbidity statistics. These measures help health professionals, policymakers,
and researchers assess population health, identify health priorities, evaluate healthcare
interventions, and formulate effective public health strategies.

In Unani medicine and other healthcare systems, understanding these indicators is
crucial for assessing disease burden, planning preventive measures, and evaluating
the effectiveness of healthcare programs. Birth, mortality, and morbidity statistics
collectively provide valuable insights into the demographic and health characteristics
of a community.

12.10.1 Birth Rate

Birth rate refers to the frequency of live births occurring within a specified population
during a given period, usually one year. It is an important indicator of population
growth and reproductive health.

Crude Birth Rate (CBR)

The Crude Birth Rate is defined as the number of live births occurring during a year
per 1,000 individuals in the mid-year population.

Formula:

Crude Birth Rate (CBR) = (Number of live births during a year / Mid-year
population) x 1000

Components
Numerator = Total number of live births during the year

Denominator = Mid-year population
Multiplier = 1000

Significance of Birth Rate
¢ Indicates population growth trends.

e Reflects reproductive behavior and fertility patterns.

e Assists in planning maternal and child health services.

e Helps evaluate family welfare and population control programs.
¢ Provides information for healthcare resource allocation.

Limitations of Crude Birth Rate
¢ Includes the entire population rather than only women of reproductive age.

¢ Does not account for differences in age distribution.
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e May not accurately reflect fertility patterns in a population.

12.10.2 Fertility Rate
Although often associated with birth statistics, fertility rates provide a more accurate
measure of reproductive performance.

General Fertility Rate (GFR)
The General Fertility Rate measures the number of live births per 1,000 women of
reproductive age (1549 years).

Formula:

General Fertility Rate (GFR) = (Number of live births during a year / Number of
women aged 1549 years) x 1000

The GFR provides a more precise estimate of fertility than the crude birth rate.

12.10.3 Mortality Rate

Mortality refers to the occurrence of death within a population. Mortality statistics are
among the most important indicators of community health and healthcare
effectiveness.

Crude Death Rate (CDR)
The Crude Death Rate represents the total number of deaths occurring during a year
per 1,000 individuals in the mid-year population.

Formula:

Crude Death Rate (CDR) = (Number of deaths during a year / Mid-year
population) x 1000

Significance of Mortality Statistics
o Reflects the overall health status of a population.

e Assists in identifying major causes of death.
o Helps evaluate healthcare services and disease control programs.
e Facilitates comparison of health conditions across regions and time periods.

Specific Mortality Rates
To obtain more accurate information, mortality may be analyzed according to age,
sex, disease, or cause.

Age-Specific Mortality Rate
Formula:

Age-Specific Mortality Rate = (Number of deaths in a specific age group /
Population of that age group) x 1000
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Cause-Specific Mortality Rate
Formula:

Cause-Specific Mortality Rate = (Deaths due to a specific cause / Mid-year
population) x 100000

Sex-Specific Mortality Rate
Formula:

Sex-Specific Mortality Rate = (Deaths among a specific sex / Population of that
sex) x 1000

Infant Mortality Rate (IMR)

Infant Mortality Rate is a sensitive indicator of community health and socioeconomic
development. It represents the number of deaths of infants under one year of age per
1,000 live births during a given year.

Formula:

Infant Mortality Rate (IMR) = (Deaths of infants below one year of age / Total
live births during the year) x 1000

Importance of IMR
¢ Indicates maternal and child health status.

e Reflects nutritional conditions and healthcare availability.
e Serves as an indicator of socioeconomic development.
e Helps evaluate child survival programs.

Maternal Mortality Ratio (MMR)
Maternal Mortality Ratio measures deaths resulting from pregnancy-related causes
during pregnancy, childbirth, or within 42 days of termination of pregnancy.

Formula:

Maternal Mortality Ratio (MMR) = (Maternal deaths during a year / Total live
birth during the year) x 100000

Importance of MMR
o Reflects the quality of maternal healthcare services.

¢ Indicates accessibility of antenatal and obstetric care.
e Assists in evaluating reproductive health programs.

12.10.4 Morbidity Statistics

Morbidity refers to the occurrence of disease, illness, injury, or disability within a
population. Morbidity statistics are used to measure the burden of disease and monitor
health trends.
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These statistics help identify high-risk groups, estimate healthcare needs, and evaluate
disease prevention and control programs.

Incidence Rate
Incidence measures the occurrence of new cases of a disease within a specified
population during a given period.

Formula:

Incidence Rate = (Number of new cases during a specified period / Population at
risk during that period) x 1000

Significance of Incidence
e Measures the risk of developing disease.

e Useful for studying disease causation.
¢ Evaluates effectiveness of preventive interventions.
e Assists in outbreak investigations.

Prevalence Rate
Prevalence refers to the total number of existing cases of a disease present in a
population at a specific time.

Point Prevalence
Formula:

Point Prevalence = (Number of existing cases at a specific point in time /
Population at that time) x 1000

Period Prevalence
Formula:

Period Prevalence = (All cases existing during a specified period / Average
population during that period) x 1000

Importance of Prevalence
e Measures disease burden.

o Useful for healthcare planning.
e Assists in resource allocation.
e Helps estimate the need for medical services.

Relationship between Incidence and Prevalence
The relationship between incidence and prevalence can be expressed as:

Prevalence = Incidence x Average Duration of Disease
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A disease with high incidence but short duration may have low prevalence, whereas a
chronic disease with long duration may exhibit high prevalence despite low
incidence.

12.10.5 Applications in Medical and Unani Research

Birth, mortality, and morbidity statistics are widely used in clinical, epidemiological,
and public health research. In Unani medicine, these indicators help evaluate disease
patterns, assess community health needs, monitor treatment outcomes, and formulate
preventive healthcare strategies. Morbidity and mortality statistics are also valuable
for identifying vulnerable populations and assessing the effectiveness of healthcare
interventions.

Birth rate, mortality rate, and morbidity statistics are fundamental measures in
biostatistics and public health. Birth rates provide information about population
growth and fertility, mortality rates reflect the health status and survival of
populations, while morbidity statistics measure disease occurrence and burden.
Together, these indicators serve as essential tools for healthcare planning, disease
surveillance, policy formulation, and evaluation of health programs. A thorough
understanding of these measures enables researchers and healthcare professionals to
make evidence-based decisions aimed at improving community health and healthcare
delivery.

12.11 STATISTICAL SOFTWARE: SPSS, G¥*POWER AND OTHER TOOLS
The rapid advancement of information technology has significantly transformed the
field of biostatistics. Modern medical and health research generates large volumes of
data that require efficient organization, analysis, interpretation, and presentation.
Manual statistical calculations are often time-consuming, prone to error, and
impractical for large datasets. Statistical software packages have therefore become
indispensable tools for researchers, clinicians, epidemiologists, and healthcare
professionals.

Statistical software enables researchers to perform data management, descriptive
analysis, hypothesis testing, regression analysis, survival analysis, sample size
estimation, graphical presentation, and advanced statistical modeling with greater
accuracy and efficiency. In medical and Unani research, the use of statistical software
ensures reliable data analysis and facilitates evidence-based decision-making.

Among the various statistical software programs available today, SPSS, G*Power,
and several other analytical tools are widely used in biomedical research.

12.11.1 Statistical Package for the Social Sciences (SPSS)

SPSS (Statistical Package for the Social Sciences) is one of the most widely used
statistical software packages in health sciences, social sciences, and clinical research.
Developed initially by Norman H. Nie and colleagues in 1968 and currently
maintained by IBM, SPSS provides a user-friendly graphical interface that allows
researchers to perform statistical analyses without extensive programming
knowledge.
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Major Features of SPSS

L.
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Data entry and management.

Data cleaning and validation.
Descriptive statistical analysis.
Graphical representation of data.
Hypothesis testing.

Correlation and regression analysis.
Analysis of variance (ANOVA).
Survival and reliability analysis.
Multivariate statistical techniques.

Report generation and export functions.

Applications of SPSS in Medical Research
SPSS is frequently used for:

Clinical trials.

Epidemiological studies.

Public health surveys.
Hospital-based research.
Pharmacological investigations.

Unani medicine research studies.

For example, a researcher evaluating the effectiveness of a Unani formulation may
use SPSS to compare pre-treatment and post-treatment clinical parameters using
paired statistical tests.

Advantages of SPSS

User-friendly interface.

Minimal programming requirements.
Extensive statistical procedures.
Excellent graphical capabilities.

Suitable for beginners and advanced researchers.

Limitations of SPSS

Commercial software with licensing costs.

Limited flexibility compared with programming-based software.

Less suitable for highly customized statistical modeling.
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12.11.2 G*Power Software

G*Power is a freely available statistical software program specifically designed for
power analysis and sample size determination. It was developed by Franz Faul and
colleagues and is widely used in biomedical and clinical research.

Power analysis is essential in research planning because it helps determine the
minimum sample size required to detect a statistically significant effect while
minimizing resource utilization.

Major Functions of G*Power
Sample size calculation.

Statistical power estimation.
Effect size determination.
Post-hoc power analysis.

A priori power analysis.

A o e

Sensitivity analysis.

Types of Statistical Tests Supported
G*Power supports power calculations for:

e t-tests.

e Chi-square tests.

o Correlation analysis.
e Regression analysis.
e ANOVA.

o F-tests.

e Non-parametric tests.

Importance in Medical Research

Before initiating a clinical study, researchers must estimate an adequate sample size
to ensure reliable and valid results. Insufficient sample sizes may lead to inconclusive
findings, while excessively large samples may waste time and resources.

For example, a Unani clinical trial investigating the efficacy of a herbal intervention
can utilize G*Power to determine the number of participants required to achieve a
desired statistical power, commonly 80% or 90%.

Advantages of G*Power
e Free and easily accessible.

o User-friendly interface.

e Supports multiple statistical tests.
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e Widely accepted in academic research.
e Improves study design quality.

Limitations of G*Power
e Primarily limited to power and sample size calculations.

¢ Does not perform comprehensive statistical analyses.
e Requires accurate estimation of effect size.

12.11.3 Microsoft Excel

Microsoft Excel is one of the most commonly used spreadsheet applications for data
management and basic statistical analysis. Although not a dedicated statistical
software package, Excel provides several functions useful for organizing and
analyzing research data.

Applications
e Data entry and storage.

e Descriptive statistics.

¢ Frequency distributions.
e QGraphs and charts.

¢ Basic hypothesis testing.

Advantages
e Widely available.

e FEasy to learn.
e Suitable for small datasets.
o Effective for graphical presentations.

Limitations
o Limited advanced statistical capabilities.

o Qreater risk of analytical errors compared to specialized software.

12.11.4 R Statistical Software

R is a free and open-source statistical programming environment extensively used by
researchers worldwide. It offers a vast range of statistical techniques and graphical
tools.

Features
e Advanced statistical modeling.

e Machine learning applications.
e Survival analysis.

e Bioinformatics research.
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e Data visualization.

Advantages
o Free and open source.

o Highly flexible.
e Extensive community support.
o Suitable for advanced research.

Limitations
e Requires programming knowledge.

e Steeper learning curve for beginners.

12.11.5 Stata

Stata is a comprehensive statistical software package widely used in epidemiology,
public health, economics, and clinical research.

Applications
¢ Data management.

e Regression analysis.

e Survival analysis.

¢ Longitudinal data analysis.
e Meta-analysis.

Advantages
e Powerful analytical tools.

e High reproducibility.
e Excellent documentation.

Limitations
e Commercial software.

e Requires training for advanced applications.

12.11.6 SAS (Statistical Analysis System)

SAS is a sophisticated software suite used for data management, advanced analytics,
and clinical trial analysis. It is particularly popular in pharmaceutical industries and
regulatory research.

Applications
e Clinical trial data analysis.

¢ Drug development studies.

e Epidemiological investigations.
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o Healthcare analytics.

Advantages
o Highly reliable.

o Handles very large datasets.
e Regulatory acceptance worldwide.

Limitations
e Expensive licensing.

e Requires specialized training.

12.11.7 Jamovi

Jamovi is a free, open-source statistical software built on the R platform. It provides
a graphical user interface similar to SPSS and is increasingly popular among students
and researchers.

Advantages
e Free of cost.

e User-friendly.
e Supports advanced statistical analyses.
e Suitable for educational purposes.

Limitations
¢ Fewer advanced modules compared with SPSS and R.

12.11.8 Comparison of Common Statistical Software

Software | Cost User Advanced Analysis Programming
Friendliness Required
SPSS Paid High Moderate to High No
G*Power | Free High Sample Size & Power No
Only
Excel Paid High Basic No
R Free Moderate Very High Yes
Stata Paid | Moderate High Limited

SAS Paid | Moderate Very High Yes
Jamovi | Free High Moderate No

12.11.9 Importance of Statistical Software in Unani Medical Research

The growing emphasis on evidence-based medicine has increased the need for
rigorous statistical analysis in Unani research. Statistical software facilitates accurate
evaluation of therapeutic efficacy, safety profiles, epidemiological trends, and clinical
outcomes. Researchers can efficiently analyze large datasets, generate scientific
reports, and improve the quality of research publications.
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The appropriate selection of software depends upon the research objectives,
complexity of analysis, available resources, and the investigator's level of statistical
expertise. While SPSS remains one of the most popular choices for routine
biomedical analysis, G*Power plays a crucial role in study planning and sample size
estimation. Advanced analytical requirements may necessitate the use of R, Stata, or
SAS.

Statistical software has become an integral component of modern biomedical and
Unani medical research. SPSS provides a comprehensive platform for data analysis,
G*Power assists in sample size determination and power analysis, and other tools
such as Excel, R, Stata, SAS, and Jamovi offer additional analytical capabilities.

A sound understanding of these software packages enhances research quality,
improves statistical accuracy, and supports evidence-based healthcare practices.
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