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ABSTRACT

healthcare professionals. The research also examined the role of biostatistics in research KEYWORDS
understanding and evidence-based clinical decision-making. Design/ method/ approach: The Biostatistics,

research adopted an interpretive qualitative research approach with a multi-exploratory Learning Needs,
research design. The study employed a purposive sampling technique. Data were collected Healthcare Professionals,

from different healthcare professionals, including resident doctors, consultant physicians,
public health experts, and clinical researchers. The collected data were analyzed using
reflective thematic analysis based on Braun and Clarke’s framework. Findings: The study
findings showed that healthcare professionals recognized biostatistics as the foundation of
evidence-based medical practice. The results further revealed that healthcare professionals
mostly perceive biostatistics as an examination- and theory-oriented subject, resulting in
low research self-efficacy and statistical anxiety. Participants also reported difficulties in
applying and understanding statistical knowledge in evidence-based clinical decision-
making. Originality: The research provides insight into the practical and educational
challenges of biostatistics learning and their role in evidence-based healthcare decision-
making.

Research Understanding,
Thematic Analysis

1. Introduction

In modern healthcare, biostatistics is one of the key components that plays an important role in healthcare policy
development, public health decision-making, clinical research, and evidence-based medicine (Sultana et al., 2024). The
healthcare system mainly relies on data-driven approaches to improve population health and patient outcomes. The demand
for healthcare experts with biostatistical competencies has increased rapidly (Chao et al., 2023). However, educational
programs in biostatistics are mostly structured using a generalized approach. They are developed on the assumption that
healthcare professionals share similar statistical learning requirements, research responsibilities, and professional goals.
This generalized teaching approach often fails to address the diverse practical needs, research tasks, and learning
requirements of healthcare professionals, thereby reducing the effectiveness of biostatistics training (Chaoubah, 2021).

Healthcare experts represent a broad spectrum of learners, ranging from public health practitioners to clinicians who
require statistical literacy for interpreting biomedical literature, to researchers conducting collaborative and independent
scientific investigations, and to trainees completing important research milestones (Sullivan, 2023). Each category of
learners demonstrates different biostatistics needs shaped by their level of involvement, institutional resources, and
professional roles. Healthcare professionals focused on patient care may require these skills mainly to understand statistical
findings, whereas independent researchers need advanced competencies in study design, data analysis, and data
interpretation (Nowacki et al., 2025).

Data are needed in medical research and healthcare more than ever because evidence and numerical findings add
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greater credibility to scientific discoveries rather than relying on words alone (Wang et al., 2022). Determining the amount
of a drug required to treat a specific disease using numerical data helps inform policies regarding drug utilization in clinical
settings. Biostatistics enables researchers to use and interpret numerical data for evidence-based decision-making. This
contributes to important advancements in medical research and the development of public health policies. Biostatistics also
ensures that appropriate medical procedures are adopted from the beginning. Biostatistics guides the design of surveys
to minimize leading questions, incorporates checks to avoid data collection errors, and emphasizes accuracy of
measurement through different tools. Biostatistics also develops integrity within different datasets through rigorous
planning for validity and reliability (Sultana et al., 2024). Good statistical thinking transforms raw numbers into a credible
and solid foundation that cannot be achieved through poorly understood or disorganized data. Biostatistics serves as an
important translator between raw data and real-world actions. Some studies consider it the driving force behind evidence-
based practices, converting uncertain observations into meaningful evidence that researchers, clinicians, and policymakers
require to make informed and life-impacting decisions (Sakarna et al., 2025).

Decision-making is a cognitive process that involves selecting a course of action from different possible alternatives.
Choosing the most appropriate option among several alternatives forms the basis of decision-making and is essential for
accurate and timely healthcare service delivery. In the context of healthcare, decision-making is a highly complex process
(Agure et al., 2024). Decision-making should be time- and context-dependent so that patients can receive maximum benefit
from it. Health outcomes are based on probability rather than certainty, as most decisions are made under conditions of
uncertainty. Therefore, it is very important that these decisions are accurate because they directly affect patient health
outcomes (Zavras, 2026). The development of research infrastructure provides a number of opportunities to fill this gap
because of recent developments in statistical analysis, study methods, and information technology. Nurses and other
medical specialists play key role in medical decision-making process. The sensible approach that is used by these
specialists is using evidence-based approach in the form of objective facts. The likelihood of meeting health objectives is
increased as result of using different evidence in process of decision making (Agure et al., 2024).

Medical doctors and other healthcare professionals play an important role in improving evidence-based clinical
decision-making by combining scientific research, patient values, and clinical expertise to provide effective healthcare. The
role of these medical specialists involves managing patients, selecting treatments, and diagnosing conditions by using
reliable clinical data and systematic assessment. Evidence-based decisions improve doctors’ understanding of research,
support informed decision-making, and strengthen critical thinking, which ultimately improves patient outcomes (Berkhout
et al., 2025). The role of these medical specialists involves managing patients, selecting treatments, and diagnosing
conditions by using reliable clinical data and systematic assessment. Evidence-based decisions improve doctors’
understanding of research, support informed decision-making, and strengthen critical thinking, which ultimately improves
patient outcomes (Buljac-Samardzic et al., 2020). For physicians, these competencies are important for delivering higher
standards and best practices of medical care in healthcare settings. Different clinical decisions are made regularly in daily
healthcare and medical practice. Most of these decisions are handled by physicians, creating a need for understanding
biostatistical skills. This research aimed to analyze the biostatistics learning needs of doctors and healthcare professionals.
The study also examined the impact of biostatistics on research understanding and evidence-based clinical decision-
making.

2. Literature Review

2.1 Evidence-Based Clinical Decision-Making

In literature, term evidence-based decision making was introduced around three decades ago as evidence-based
practice. The practice of clinical medicine was initially involved in this new paradigm. It aimed to advance and develop a
rational and transparent process for clinical decision making that did not rely only on single and intuition clinical expertise.
Moreover, it could be applied, redefined, and taught by all physicians (Connor et al., 2023). Since then, a number of different
frameworks and models have been proposed in field of healthcare. In these models, evidence is defined in literature in
broader context as circumstances and facts that provide refute or support a statement or belief or show if something is
acceptable or true. The concept of evidence has a great effect on our understanding and knowledge. The practitioners
explore a number of studies that consider clinical questions of physicians, the area of specific interest, and intervention
type. The time at which physicians are practicing medicine has transformed at tremendous rate (Alabdullah et al., 2022).
The practitioner patient relationship has evolved drastically. Presently, patients contribute in the process of decision making,
which lead to incredible technological breakthroughs (Gutenbrunner & Nugraha, 2020).

Evidence based practice is the usage of best evidence that is available together with a patient’s value and preferences
in making decisions related to healthcare. The chronic care and prevention programs work to enhance the available evidence
base for practices that are evidence-based and to make sure that physicians have the tools to use this knowledge in practice
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(Engle et al., 2021). Evidence-based decision-making reflects the prudent, conscientious, and explicit evaluation regarding
the information that is best available in decision-making process. The process of evidence-based decision-making is based
on gaining new skills and learning latest approaches. The skills that are learnt include the way to ask different clinical
questions, analysing the process, utilizing the clinical settings, and carry out computerized search. This method recognized
that it is hard for physicians to be up to date on all products, materials, treatments, and iliness accessible. Therefore,
evidence-based decision making provides methods to fill the gaps in knowledge to get the best possible care. The prime
goal of evidence-based practice is to improve the quality of health care (Mohamed et al., 2024). It tries to reach at the
medical decision on the basis of advanced and latest search with the help of best evidence possible. Providing support to
evidence-based decision making leads for the better patient outcomes, better products, smarter research planning and
improved formulation of policy (Kurien et al., 2022).

2.2 Biostatistics Learning Needs of Healthcare Experts

Biostatistics is based on application of statistical methods to health related and biological data. It helps scholars to
analyze results, collect data, and design studies with purpose to make informed decisions (Indrayan, 2021). With the help
of statistical techniques, medical professionals have the ability to identify associations, trends, and patterns within their
data. Statistics is defined as the science of analyzing and collecting numbers to make decisions and find patterns.
Biostatistics is one of the specialized form of statistics, applied specifically to medicine, biology, and health. General
statistics has the ability to tell stakeholders regarding scores and trends (Faizi & Alvi, 2023). Whereas focus of biostatistics
is on the well-being of the community. Biostatistics is the important toolkit that is used by researchers to convert raw
numbers into real-world health answers and make sense of medical data. In context of medical research, biostatistics helps
in determining different new treatments that can work genuinely (Verma et al., 2025). It also tracks outbreak of disease
and finds out risks for the communities. Furthermore, it provides information regarding genetic patterns also. The most
famous role of biostatistics is in analyzing and designing clinical trials. It deals with proving the vaccine’s efficiency to
linking cancer and lungs, biostatistics provides the evidence that helps in preparing medicine for backbone (Slade et al.,
2025).

Biostatistics plays very important role in context of healthcare by providing analytical framework that is important for
improved patient outcomes, and evidence-based practice. Because of growing complexing of the medical systems and
increased reliance on decision making that is data driven have intensified the necessity to develop competencies in
biostatistics (Tandon et al., 2025). According to past studies, biostatistics is critical to conduct scientific research. It also
enables healthcare professionals to make informed decisions in patient care, assess treatment outcome, and interpret
clinical evidence (Indrayan, 2021). This shed light on broadening learning needs for the experts of healthcare to acquire
applied and foundational biostatistical knowledge. Studies indicates that one of the basic need of biostatistics among
professionals of healthcare is the ability to interpret and identify risk factors of disease (Burt, 2023). Different biostatistical
methods allow researchers and clinicians to develop preventive strategies, understand association between health
conditions and exposure, and analyze the data (Indrayan, 2021). These competencies are important for healthcare
policymakers, clinicians, and healthcare experts involved in health promotion and disease prevention.

Healthcare experts need biostatistical training to critically evaluate, assess statistical significance, and understand
research methodologies (Nowacki et al., 2025). This skill is needed to improve healthcare delivery and support evidence-
based medicines. Additionally, studies mentioned the importance of outcome and predictive analytics forecasting in modern
healthcare (Bandi et al., 2024). Biostatistics enable physicians to develop personalized treatment plan, identify predictive
variables, and analyze large datasets. With the evolution of personalized medicine, healthcare experts need to learn advance
biostatistical skills to apply predictive models in effective way (Mavai et al., 2025). Overall, studies show that learning needs
of biostatistics among physicians extends beyond basic knowledge of statistics to predictive analysis, treatment evaluation,
and risk assessment. To address these diverse needs, it is important to strengthen research capacity of healthcare, improve
patient centred outcomes, and enhance professional competence (Castro et al., 2026).

2.3 Biostatistics Learning and Evidence-Based Clinical Decision-Making

Studies mentioned that biostatistics is recognized as important component of professional practice and medical
education as it equips physicians and healthcare professionals with skills that are needed to apply evidence-based medicine
principles, evaluate clinical research, and interpret scientific evidence (Prihanti, 2017b). Number of past studies have
identified major deficiencies in knowledge of biostatistics among professional of medical, despite increasing reliance on
research based clinical decision-making (Lakhlifi et al., 2023). Scholars found that a number of healthcare workers
demonstrated lack of understanding of important statistical concepts and research methodology that limits the ability to
appraise literature of medical and incorporate valid evidence into care of patients (Novack et al., 2006). This knowledge
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gap was evident in a number of studies when they mentioned study validity, confidence intervals, and statistical significance.

Research regarding healthcare educators also highlighted the vital role of structured education of biostatistics. Studies
found that academic staff in health studies perceive biostatistics as very important but consider existing programs of
education as inadequate for meeting the needs of professionals (Kili¢ & Celik, 2013). Scholars also revealed the importance
of clinically relevant and applied statistical training as compared to only relying of theoretical instructions. Studies conducted
research regarding evidence based learning education that also supported blended training approaches, workshops, journal
clubs, case based instruction, and learning approaches as important strategies to improve healthcare professionals
evidence based competencies (Chandran et al., 2023). These methods can connect statistical theory with application in
medicine research and facilitate stronger skills to make decisions (Dhillon et al., 2022). Studies also suggested that
incorporating biostatistics comprehensively into curricula of medicine enhances physicians confidence to support lifelong
learning and in research interpretation (Prihanti, 2017a). Thus, medical doctors and healthcare experts need stringer
biostatistical education to improve evidence based clinical decision-making (Mai et al., 2020).

3. Methodology
3.1 Philosophical Assumptions and Research Paradigm

An interpretive qualitative research paradigm was used in the current study. Based on the assumption that reality can
be socially constructed, via human interactions, experiences, and professional contexts. This approach was selected
because the objective of the current study was to explore how health care professionals and doctors experience, interpret,
and perceive their bio-statistical learning requirements.

Furthermore, a constructive epistemological orientation approach was adopted, recognizing that biostatistical
understanding is shaped by institutional culture, research engagement, clinical exposure, educational background, and
professional experiences.

3.2 Design of Research

A multi- exploratory qualitative research design was employed.

In depth examination of training experience, professional challenges, knowledge deficiencies, and expectations about
the competencies related to biostatistical learning enabled by the exploratory nature of the study.

A multi-perception research design utilised views from different categories of professionals for triangulation and
enhanced the analytical strength of the study.

3.3 Setting of Study

The current study was conducted in the units of clinical research, institutions of public health, teaching hospitals, and
medical universities.

The purpose of this study was to select healthcare professionals who are daily exposed to academic supervision,
activities of research, statistical interpretation, and medical practices based on evidence

Both clinical and academic environments were included to enhance credibility and strengthen the contextual diversity.

3.4 Target Population

The study population included healthcare experts and professionals involved in medical education, biomedical
research, clinical practices, and public health. The approachable population comprised professionals working in selected
medical institutions and hospitals.

3.5 Classification of Participant

For the apprehension of manifold dimensions learning needs of biostatistics, from five groups of professionals, the
participants were selected. The first group was of consultant physicians; doctors who are involved in supervision and
decision-making. The second group was of resident doctors; trainees actively involved in learning medicine at the
postgraduate level. The third group was of faculty members of medical institutions, involved in active research and teaching.
The fourth group was of clinical researchers, conducting clinical and biomedical studies. The last group was experts in
public health; professionals involved in health data and epidemiology analysis.

3.6 Sampling Technique

The current study utilised a purposive sampling technique in which the respondents were selected based on their
research experience, exposure to tasks relevant to bio-statistics, and professional relevance. This approach helped to select
the participants who were information-rich and could provide detailed awareness. Second was the sampling based on
criteria, in which the criteria of inclusion were that the participants had professional experience of more than two years,
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had prior research, academic, or clinical activities exposure, and participated in the study voluntarily, while the participants
who did not have the exposure to research activities or were not willing to participate in the study process were excluded
from the study. To ensure the diversity of the responses, participants from different roles in institutions, having different
ranks, different specialisations and backgrounds of research were included. This approach improved the breadth and depth
of qualitative results.

3.7 Sample size

The sample size of the current qualitative study was determined through saturation of data rather than based on
statistical computations and standards. Starting with 25 participants, the interview process continued until repeated themes
were evident, no significant new concepts arose, and analytical capacity was achieved. The final size of the sample was 7
consultant physicians, 6 resident doctors, 6 faculty of medicine, 5 clinical researchers, and 5 experts of public health, which
means a total of 29 respondents.

3.8 Data Collection Procedure

From relevant hospitals and departments, permissions were obtained. Identification of participants was done through
the office of research, recommendation of department, and professional networks. The participants were contacted

Through official letters, personal contact, and email invitation. Every respondent received a consent form, the objective
of the study, an information sheet, and a schedule of interviews.

3.9 Tool Development Procedure
An interview guide was developed to conduct the semi-structured interviews
3.9.1 For Tool Development Review of Literature

After the extensive literature review relevant to statistical literacy, challenges of medical curriculum, research
competency, quantifying anxiety in health care, evidence-based medicine, interview guide was developed. Key reviewed
data bases included Scoupus, Google scholar and Science direct.

With the help of literature recurring domains and knowledge gaps were identified relevant to the objective of study.

3.9.2 Identification of Domain
Based on the literature synthesis, five major domains were identified (Table 1):

Table 1: Five Major Domains Based on the Literature Synthesis

Domain Area to focus
Basic Understanding Basic Concepts of Statistics
Practical Application Use Of Clinical Understanding and Research
Cognitive, Emotional and Experiences Confidence, Anxiety, Motivation
Educational and Institutional Factors Teaching Quality and Curriculum
Expectations about Learning Preference About Training Methods

3.9.3 Interview Questions Drafting

To encourage the rich narrative responses, exploratory open-ended questions were developed
For example, “what is your experience of learning biostatistics during education of medical”
“Describe difficulties you have faced in the interpretation of your research findings.”

“What is the level of expertise you possess in using statistical software?”

“For professionals of healthcare, what type of bio-statistical training would be useful?”

Some probing questions were also prepared for the effective understanding of responses.

3.9.4 Validation of Experts

Guide was reviewed by two experts of health sciences, one qualitative research expert, and one biostatistician. The
selected experts evaluated concept clarity, comprehension, content relevancy, and sequence of questions. Based of
feedback of experts some modifications were made.

3.9.5 Pilot Testing

Researcher pilot-tested the interview guide with one faculty member of medical institution and one resident doctor.
This process assessed the
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Understanding of participants, clarity of question, flow of interview, and response richness. Some minor revision
included regarding the probing prompts, rearrangement of questions and simplification some technical statements. These
pilot interviews were excluded from the analysis.

3.10 Collection of Data

Researcher conducted interview over 7 to 9 weeks. Initially the respondents were briefed about the objectives of
study, informed consent was obtained in written. Interviews were conducted in comfortable and quite environment, the
duration of Interviews was 30 to 50 minutes. Responses were recorded with the permission of participants. Field notes
were taken during interviews.

More reflective prompts supported the participants to elaborate research work challenges, experiences during the
interpretation of research findings.

3.11 Management of Data

Transcription of recordings were made, transcripts were coded, anonymized and in password protected files securely
stored

Identifier was assigned to each participant

Consultant Physician (CP2), Resident Doctor (RD3), Medical Faculty (MF1)

Researcher maintained coding logs, analytical memos and reflexive journals throughout the process of research.

3.12 Analysis

Reflexive thematic analysis was used for the analysis of the qualitative data. following six-phase framework of Braun
and Clarke

It involved, transcripts familiarization, coding, categories generation, construction of themes, refinement, and
interpretive synthesis.

3.12.1 Strategy of Coding

A three-layered coding strategy was applied: semantic, latent emotional. Semantic coding is used for explicit
statements, latent was used for hidden meanings, and emotional codes used for the coding of emotional response. A total
of 116 codes were generated.

3.12.2 Development of Themes

Clusters of codes were converted into conceptual categories. These categories are then converted into broader
themes. Themes were continuously refined through memo writing, peer debriefing and constant comparison.

3.12.3 Study’s Trustworthiness

The using framework of Team (2003) study ensured rigor. by examining credibility through members checking,
dependability through trails, confirmation through reflexive journaling, authenticity through direct quotes and transfer ability
through descriptions.

For ethical consideration respondents were provided consent form, confidentiality assurance and given the rights to
withdraw at any stage of study. Any confidential information or sensitive information was not included in the reports or
transcripts.

4. Data Analysis and Findings

4.1 Professional Profile and Participant’s Demographics.

29 experts and health care professionals participated in the study. To summarize demographic characteristics of
professional’s descriptive analysis was conducted prior to the thematic analysis.

4.1.1 Participants’ Demographic Characteristics

58% respondents were male and 42% were female. 37.5% were between 26 to 35 years, 33.3% were between 36 to
45 years and 29.2% were of the age above 46 years. 25% were consultant doctors, 28.8% were resident doctors, 16.6%
were clinical researchers, 20.8% medical faculty and 16.7% public health professionals. 29.2% had 3-to-6-year experience,
37.5% had 7 to 11 years and 33.3% had more than 11-year experience. 45.8% had formal bio-statistics training prior to the
study while 54.2 don’t had. 20.8% used statistical software regularly, 37.5% occasionally, and 41.7% never used statistical
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software.

Thus, professional pool of participants demonstrates significant diversity enhanced analytical strength. High
proportion of participants belongs to 26 to 35 years age interval, indicating significant representation of young
professionals, the highest professional group was of consultant physicians followed by resident doctors. The point of
concern is that the more than 50% of the participants lacked the formal bio-statistics training. Similarly, only 20.8% regularly
use the statistical software. Thus, the descriptive analysis demonstrates the potential deficiencies in practical implication
of statistical tools among health care experts.

4.2 Pattern Analysis and Preliminary Coding

Initial analysis includes the line-to-line examination of transcripts to identify repeated experiences, concepts and
perceptions. Total 116 codes, 28 categories and four major themes were generated (Table 2):

Table 2: Coding Process Example

Statements Code Category
“To Clear My Exams, | Remember Formulas.” Surface-level learning Submissive practices of education
“SPSS Is Very Technical Software.” Fear of software Anxiety of digits

“I Took Help from the Statisticians for the
Interpretation of Results.”
“With The Patients’ Cases, Statistics Must Be
Taught.”

Dependence Gap of competence

Preference for applied learning Requirement of Curriculum reforms

4.2.1 Code Frequency Distribution

For enhancing the analytical transparency, the repeated dominant codes were quantified. Requirement of bio-statistical
training scored highest (22), followed by the deficiency of practical exposure (20), problem in statistical interpretation (18),
anxiety of statistics (17), dependency on statisticians (15), software related fear (14), lack of curriculum integration (10).

4.2.2 Interpretation

Frequencies of codes shows that emotional barriers and lack of practical knowledge were of significant concerns
among respondents. The most repeated issue was the requirement of applied training and workshops followed by deficient
practical exposure and problem of interpretation of results.

Finding indicated that the problem is not the lack of knowledge but the lack of practical problem based understanding.
Participants felt the major disconnection of professional application and the statistical education.

4.3 Thematic Analysis

Four overarching themes were generated with multiple sub-themes.

Theme # 1: Bio-statistics as a Theoretical Subject

According to the perceptions of respondents the bio-statistics is a theoretical subject that have no connection with
clinical realities. Most of the respondents explained their educational experience in context of bio-statistics as formula
based and exam oriented, resulting in surfaced understanding rather than in-depth practical knowledge.

4.3.1 Sub-Themes: Memorizing Formulas

Respondents described that they learned the statistics by memorizing the statistical formulas without practical
understanding.

Exemplary quotations

“I learned formulas just to pass exams.” (RD4)

“| felt statistics disconnected from health-science.” (CP3)

4.3.2 Deficient Clinical Context

According to the respondents in teaching bio-statistics reality based cases and clinical scenarios were not used.

Exemplary quotations

“We were not taught about how statistics effects decisions of treatment” (MF2)

Interpretation

Results suggest that conventional methodologies and philosophies can unintentionally enforce behavior of passive
learning, which can reduce the statistical capacity of reasoning in healthcare experts.

Theme #2: Cognitive Insecurity and Statistical Anxiety
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Throughout the interviews, a significant emotional dimension emerged. Respondents described embarrassment, fear,
lack of confidence, and confusion while engaging in the statistical concept and interpretation.

4.3.3 Sub-Themes: Fear of Statistics

Respondents demonstrate discomfort while interpreting confidence intervals, regression output and P-values.
Exemplary quotations

“I avoid questions with complicated statistical computations.” (RD5)

“Statistics is a source of anxiety.” (CP3)

4.3.4 Software Insecurity

Many respondents perceived statistical software is very complicated and difficult to understand.

Exemplary quotations

“I feel SPSS very scary.” (MF2)

Interpretation

Analysis demonstrate that inappropriate educational exposure leads to statistical anxiety which can effect engagement
of research and evidence-based practice.

Theme # 3: Statistical Dependency

Statistical dependence was frequently reported by Participants, data analysis, interpret, and report writing. It was
perceived normal institutionally

4.3.5 Sub-Themes: Statistical Responsibilities Outsourcing

Respondents commonly

Took help of the statisticians for statistical computations and interpretations.
Exemplary quotations

“I commonly rely on statisticians for analysis.” (CR3)

4.3.6 Low Research Self-Efficacy

Respondents described that they feel under-confident while conducting independent analysis

Exemplary quotation

“Data collection is not a big deal but the problem is that | cannot analyze it independently.” (RD3)

Interpretation.

Research finding suggest that there is a significant gap where professionals are trained to utilise research outcome
but unfortunately unable to produce and analyse it independently.

Theme #4: urge for experiential and applied learning

Respondents emphasized the need for the educational reforms focusing practical engagement.

4.3.7 Sub-Themes: Case-Based Learning

Respondents preferred the teaching methodology embedded in clinical practices.
Exemplary quotation
“Statistical analysis should be based on practical cases.” (PH4)

4.3.8 Hands-on Training of Software

It was recommended by the participants that focus must be on the design of case-based workshop involving real
cases.

Exemplary quotation

“Fear of software usage can be significantly reduced through practical sessions” (CP6)

4.3.9 Continuous development

Respondents focused on the requirement of continuous learning of statistical tools after graduation

Exemplary quotations

“There must be regular refresher training programs for doctors” (MF3)

Interpretation

According to respondents experiential learning is important for transformation of statistical tools into practice. It was
indicated that passive teaching should be converted to a problem-centred, interactive, clinically integrated philosophy.

Theme# 5: for evidence-based decision making, Biostatistics as a Foundation



LETTERS IN BIOMATHEMATICS & 385

It was consistently highlighted by the respondents that in evidence-based practice of medical bio-statistics plays a
significant role. At the same time it was also emphasized by most of the respondents that due to limited competency of
statistical proficiency, it is very difficult to evaluate critically and interpret the findings of research efficiently and take
informed, evidence-based decisions.

This theme reflects judgment, planning, and interpretation of clinical issues and healthcare policy decisions. Despite
recognition of the significance of biostatistical analysis, they were still unable to practice it confidently.

4.3.10 Subtheme: Interpretive Deficiency of Scientific Evidence

Respondents reported that they faced problems with the quantitative statistical findings in the systematic review and
clinical trials, like confidence intervals, p-values, and odds ratios

Exemplary Quotations

“When | read articles, | find it difficult to understand the statistical section” (RD3)

“Without completely understanding the analysis, oftentimes we accept findings and conclusions.” (CP4)

Interpretation

Results indicated that a lack of statistical understanding reduces the healthcare professional’s ability to critically
analyse scientific evidence, which can affect clinical judgement based on evidence.

4.3.11 Subtheme: Lack of Confidence in Clinical Decision- Making

According to the respondents, inadequate statistical understanding reduces their confidence in clinical decision-
making, comparison of clinical outcomes, and evaluation of effective treatment.

Exemplary Quotations

“It is very difficult to decide in a specific situation because multiple studies show different results for the same
phenomenon” (MF1)

“Evidence-based decision is not possible without statistical understanding.” (PH2)

Interpretation

It is not only an academic requirement, but for informed and safe decisions about health care, it is very important to
have biostatistics competency.

4.4 Findings Summary

Results of the current study exhibited that for healthcare professionals, biostatistics is not only a psychological barrier
but also a technical and educational challenge. The findings highlighted emotional discomfort, dependency patterns,
deficient practical exposure, and strong requirement of experiential learning. Insights shed light on the requirement of
transforming curriculum towards competency-based clinically integrated bio statistical education. For evidence-based
decision making, in-depth understanding of bio statistics is very important

5. Discussion

Study investigated biostatistical learning needs of the medical doctors and healthcare experts. Research also explored
role of biostatistics for research understanding and evidence-based clinical decision-making. Results demonstrated that
physicians and other healthcare professionals recognized biostatistics as basic component of informed clinical decision-
making and evidence based medical practice as mentioned in research by Kilic and Celik (2013). Respondents
acknowledged that statistical understanding is important for making safe healthcare decisions, comparing clinical outcomes,
evaluating treatment effectiveness, and interpreting research findings. Whereas, despite understanding the importance of
biostatistics, most of respondents lacked required competence and confidence to critically and independent to interpret
scientific evidence. Respondents also reported the difficulty to understand odds ratios, confidence intervals, and p-values
which represent systematic reviews. Therefore, healthcare professionals mostly rely on conclusions that are published
without understanding analytical process in the background. It limits the imperative ability that can reduce effectiveness of
evidence based clinical judgement and weaken critical appraisal skill. They also highlighted that confusion is created
because of conflicting findings in past studies. This confusion is created during clinical decision making specially when it
is difficult to interpret statistical evidence. Results also suggests that biostatistics competency that is inadequate can have
negative influence on patient care decisions, treatment evaluation, and healthcare planning. Thus, strengthening statistical
literacy among different healthcare professional is important for academic development. It is also key to improve informed
healthcare practice, evidence interpretation, and clinical reasoning. Integration of evidence appraisal training and clinically
focused statistical education may enhance professional competence and decision-making confidence in healthcare settings.

Results showed that biostatistics is perceived by physicians and healthcare learners as examination oriented and
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theoretical subject rather irrespective of practical clinical tool. Respondents mentioned that teaching methods of
biostatistics are mainly based on memorizing different formulas, which is helpful for surface learning instead of analytical
understanding. Because of such experience, physicians are unable to connect different concepts of statistics with evidence-
based decision making and healthcare problems. Participants also revealed that different biostatistics courses lacked
practical demonstration, patient cases, and clinical examples, that reduces the awareness of the way statistics interpretation
influences healthcare planning, treatment decisions, and diagnosis. These results also support the argument that traditional
teaching approaches may weaken statistical reasoning ability and promote passive learning behavior among healthcare
professionals. When physicians are not able to create linkage between clinical realities and statistical knowledge, they often
develop negative perception about the importance of biostatistics in practice. Thus, integration of clinically relevant
examples, applied data analysis, and case-based teaching into biostatistics education can improve healthcare professionals’
confidence, practical understanding, and engagement to apply statistical knowledge in clinical settings.

Results also revealed that biostatistical learning is strongly linked with low-self-confidence, cognitive insecurity, and
emotional discomfort among healthcare learners. Respondents also mentioned that feeling of anxiety, embarrassment,
confusion, and fear while engaging with interpretation, and statistical concepts. Different statistical topics such as P-values,
regression outputs, confidence intervals and R square were described difficult to understand. It caused many physicians
to avoid statistical complex computation and questions. These experiences shows that students mostly perceive statistics
as academic requirement that is stressful rather rather than a supportive factor for research and clinical decision-making.
Such anxiety can negatively affect willingness to engage, classroom participation, and learners’ motivation in evidence-
based healthcare practices. Researchers also mentioned insecurity while using different statistical software as they were
perceived as difficult, technical, and complicated in presence of proper guidance. Results also suggests that insufficient
practical exposure, limited hands-on learning opportunities contribute to development of anxiety among healthcare
professionals. So, it is important that educational institutions must adopt teaching approaches that are learner centred,
including supportive classroom environments, interpretation exercises, and guided software training to improve confidence,
strengthen statistical competence, and minimize fear in research practice and healthcare education. Study by Bandi et al.
(2024) supported these findings.

These results highlight presence of statistical dependency among different physicians and healthcare problems, where
respondents relied mainly on report writing, statistical interpretation, and data analysis. Institutionally, this dependency
appeared to be normalized because most of respondents consider to outsource tasks related to statistics as acceptable
and routine practice. Although, health-workers were capable to understand objectives of research and collect data, they
lacked confidence interpret findings and perform statistical analysis independently. Physicians reflected weak level of self-
efficacy in research, specifically in relation to use statistical tools and analytical decision-making. Results indicate that
healthcare professionals have the ability to understand research evidence but are not prepared to critically interpret,
analyse, and generate data on their own. Relying more on statistics is perceived by respondents as the way to reduce
opportunities in medical field. Also, inadequate applied training and limited hands-on exposure also contributes in learners’
hesitation to manage statistical procedure independently. These results also emphasized the need for reforms in education
in order to strengthen statistical competence through continuous engagement with statistical software, supervised data
analysis exercises, and applied research projects. These initiatives will encourage independent evidence-based practice,
improve analytical confidence, and research autonomy among healthcare professionals (Mai et al., 2020).

Participants of this research advocated insisted strongly to shift from traditional teaching that is lecture based towards
application and experimental oriented learning approach in biostatistics education. It was also revealed by respondents that
different statistical concepts are more understandable and meaningful when they are linked with real health care decision
making processes and clinical situations. Results highlighted case-based learning as effective strategy to improve practical
application, critical thinking, and improving comprehension of statistical knowledge. Respondents also stressed that
teaching by using real research scenario, clinical data sets, and patient cases can help learners to understand the real
relevance of biostatistics in healthcare practice. They also highlighted the key role of hands-on software training and
recommended learning environment that is workshop-based where learners can perform data interpretation, analysis, and
entry using real data sets. This practical exposure is important to improve confidence and reduce fear in using statistical
software. Another key finding was the understanding of continuous professional development as vital component of
statistical competence. Respondents also suggested that regular training programs and refresher courses should continue
even after graduation so that healthcare professionals remain updated with research methods and analytical tools. As a
nutshell, these results show that there is need for clinically integrated, problem centred, and interactive educational
philosophy to promote practical statistical competency, lifelong learning, and active engagement among healthcare
professionals as discussed by Chandran et al. (2023) in past literature.

6. Limitations and Future Directions

Present study has few limitations that must be acknowledged. Firstly, results of the study are based on qualitative
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responses from a sample size of limited participants, that may restrict the generalizability of the findings for broader
population of healthcare. Moreover, the perception of respondents was self-supported that may be influenced by subjective
interpretation, recall bias, and personal experience. Thirdly, research did not quantitatively measure the statistical
competence of the professionals and only focused mainly on educational experiences. Fourthly, differences among
institutional settings, professional experience, and healthcare discipline were not deeply compared that may impacted
perceptions regarding biostatistics learning. In the end, study only focused on the challenges and did not capture successful
educational practices in different institutions. Upcoming studies should include more diverse and larger samples by using
quantitative or mixed method to determine statistical competency in detail. It is also recommended that future studies may
conduct comparative studies. Future studies must evaluate the role of continuous professional training programs, software
workshops, and case-based learning to improve evidence-based decision-making skills.

7. Theoretical and Managerial Contributions

Present study offers vital theoretical contributions by extending literature of biostatistics education in context of
healthcare through experience and qualitative based perspectives. Research contributes to evidence based and educational
based practice literature by explaining the way low research self-efficacy, statistical anxiety, and teaching methods impacts
statistical competency of healthcare professionals. The results also shed light on the relationship among development of
critical analytical reasoning and experiential learning in context of healthcare. From managerial point of view, research
provides practical guidance for policy makers of healthcare sector, curriculum makers, and healthcare educators. The
research shows the need of case-based teaching methods and clinically integrated teaching strategy, continuous
professional training programs and practical software workshops. Educational institutions need to improve healthcare
workers’ evidence-based decision-making abilities, research independence, and confidence by adopting application and
interactive based biostatistics learning approaches.

8. Funding

This work was supported through the Ambitious Funding track by the Deanship of Scientific Research, Vice Presidency
for Graduate Studies and Scientific Research, King Faisal University, Saudi Arabia [Grant KFU263441].

9. References

Agure, S., Miyeso, B., & Abdullahi, L. (2024). Interventions to enhance the use of evidence based decision making for
quality care among nurses: a systematic review. 7he East African health research journal, &1), 148.

Alabdullah, M. N., Alabdullah, H., & Kamel, S. (2022). Knowledge, attitude, and practice of evidence-based medicine among
resident physicians in hospitals of Syria: a cross-sectional study. BMC medical education, 2X1), 785.

Bandi, M., Masimukku, A. K., Vemula, R., & Vallu, S. (2024). Predictive analytics in healthcare: enhancing patient outcomes
through data-driven forecasting and decision-making. /nfernational Numeric Journal of Machine Learning and Robots,
88), 1-20.

Berkhout, M., Smit, K., Sent, D., Kusters, R., Versendaal, J., & van Houwelingen, T. (2025). Understanding the Role of
Clinical Decision Support Systems Among Hospital Nurses Using the FITT (Fit Between Individuals, Tasks, and
Technology) Framework: Qualitative Study. Journal of medical Infernet research, 27, e76025.

Buljac-Samardzic, M., Doekhie, K. D., & van Wijngaarden, J. D. (2020). Interventions to improve team effectiveness within
health care: a systematic review of the past decade. Human resources for health, 181), 2.

Burt, B. (2023). Basic Biostatistics: Statistics for Public Health Practice. Jones & Bartlett Learning.

Castro, N. I. Q., Escobar, C., Choez-A, J. F., & Choez-A, J. F. (2026). Active learning of biostatistics in medical education:
an educational intervention using algorithms, article analysis and SPSS simulation. Cureus, 182).

Chandran, V. P., Balakrishnan, A., Rashid, M., Khan, S., Devi, E. S., Kulyadi, G. P., Nair, S., & Thunga, G. (2023). Teaching
and learning strategies of evidence based medicine: A meta-synthesis of learners and instructors perspective. Clinical
Epidemiology and Global Health, 21, 101280.

Chao, K., Sarker, M., Ali, I, Firdaus, R., Azman, A., & Shaed, M. (2023). Big data driven public health policy making: potential
for the healthcare industry. Heliyon. 2023; 9 (9). . In.



388 = Al Doghan. M A & Pardaev. J: Exploring the Biostatistics Learning Needs of Healthcare Experts and Medical...

Chaoubah, A. (2021). The important role played by Biostatistics in Health professionals’ training. In (Vol. 80, pp. 89-90):
SciELO Brasil.

Connor, L., Dean, J., McNett, M., Tydings, D. M., Shrout, A., Gorsuch, P. F., Hole, A., Moore, L., Brown, R., & Melnyk, B.
M. (2023). Evidence-based practice improves patient outcomes and healthcare system return on investment: Findings
from a scoping review. Worldviews on Evidence-Based Nursing, 2Q1), 6-15.

Dhillon, S. K., Ganggayah, M. D., Sinnadurai, S., Lio, P., & Taib, N. A. (2022). Theory and practice of integrating machine
learning and conventional statistics in medical data analysis. Diagnostics, 1210), 2526.

Engle, R. L., Mohr, D. C., Holmes, S. K., Seibert, M. N., Afable, M., Leyson, J., & Meterko, M. (2021). Evidence-based
practice and patient-centered care: Doing both well. Health care management review, 46(3), 174-184.

Faizi, N., & Alvi, Y. (2023). Biostatistics manual for Health Research: A practical guide to data analysis. Elsevier.

Gutenbrunner, C., & Nugraha, B. (2020). Decision-making in evidence-based practice in rehabilitation medicine: proposing
a fourth factor. American Journal of Physical Medicine & Rehabilitation, 9945), 436-440.

Indrayan, A. (2021). Medical biostatistics as a science of managing medical uncertainties. /ndian Journal of Community
Mediicine, 46(2), 182-185.

Kilig, I., & Celik, B. (2013). The views of academic staff on biostatistics education in health sciences. /nternational Journal
of Health Sciences, 72), 142.

Kurien, V. T. V., Shamsuddeen, S., Mahitha, M., & Rasheed, D. S. (2022). Evidence-based decision-making. Journal of
Head & Neck Physicians and Surgeons, 1(1), 48-52.

Lakhlifi, C., Lejeune, F.-X., Rouault, M., Khamassi, M., & Rohaut, B. (2023). lllusion of knowledge in statistics among
clinicians: evaluating the alignment between objective accuracy and subjective confidence, an online survey. Cognitive
Research: Principles and Implications, 81), 23.

Mai, D. H., Taylor-Fishwick, J. S., Sherred-Smith, W., Pang, A., Yaworsky, J., Whitty, S., Lafever, A., Mcilvain, C., Schmitt,
M., & Rogers-Johnson, M. (2020). Peer-developed modules on basic biostatistics and evidence-based medicine
principles for undergraduate medical education. MedEdPORTAL, 16, 11026.

Mavai, A. S., Mishra, D. K., Sharma, A., & Bansal, S. (2025). Role of big data analysis to improve the efficiency of healthcare
system using machine learning techniques. Discover Internet of Things, 1), 153.

Mohamed, R. A., Alhujaily, M., Ahmed, F. A., Nouh, W. G., & Almowafy, A. A. (2024). Nurses' experiences and perspectives
regarding evidence-based practice implementation in healthcare context: A qualitative study. Mursing open, 71(1),
€2080.

Novack, L., Jotkowitz, A., Knyazer, B., & Novack, V. (2006). Evidence-based medicine: assessment of knowledge of basic
epidemiological and research methods among medical doctors. Postgraduate medical journal, 82974), 817-822.

Nowacki, A. S., Brearley, A. M., Oster, R. A, Slade, E., Devick, K. L., Hayat, M. J., & Thurston, S. W. (2025). Diagnosing
statistical education needs of health science learners. Journal of Stafistics and Data Science Education, 332), 199-
209.

Prihanti, G. S. (2017a). The Development of Community Based Education (CBE) Model's to Support the Achievement of
Empathy Competence: First Year of Medical Students. Pertanika Journal of Social Sciences & Humanities.

Prihanti, G. S. (2017b). Strengthening Biostatistical Skills of Medical Doctors and Health Professional through A Hands-on
Approach. Health Science International Conference (HSIC 2017),

Sakarna, Y., Kalakota, S., Gottipati, A., Kaviandost, P., Chileveru, K., Bhola, R., & Singh, S. (2025). Applications of
Biostatistics in Healthcare. Public Health, Epidemiology, and Beyond. Saudi J Med, 1(5), 270-276.

Slade, E., Jurkovitz, C. T., Messinger, S., Oster, R. A., Pomann, G.-M., Taylor, S. L., & Brearley, A. M. (2025). Advancing
workforce development and scientific collaboration: A novel resource for biostatistical education. Journal of clinical
and ftransiational science, 1), e11.

Sullivan, L. M. (2023). £ssentials of Biostatistics in Public Health. Jones & Bartlett Learning.

Sultana, R., Aziz, H., & Jafarey, A. A. (2024). Biostatistics: A Foundation for Analysis in The Health Sciences. Aashf Journal
of Multidisciplinary Research, 71(01), 1-5.



LETTERS IN BIOMATHEMATICS & 389

Tandon, R., Harnden, A., & Brannan, G. D. (2025). Healthcare analytics. In StatPearls [Infernet]. StatPearls Publishing.
Team, W. T. (2003). Lincoln, YS & Guba, EG (1985). Naturalistic inquiry. Beverley Hills. In: CA: Sage. Maarschalk, HJ.

Verma, V., Khan, H. T., Nath, D. C., & Land, K. C. (2025). Biostatistical Methods and Applications in Health Research.
Routledge.

Wang, S. V., Sreedhara, S. K., & Schneeweiss, S. (2022). Reproducibility of real-world evidence studies using clinical
practice data to inform regulatory and coverage decisions. Nature Communications, 13(1), 5126.

Zavras, D. (2026). The anchoring effect and availability bias in healthcare decision-making. Frontiers in Health Services, 6,
1792537.



