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Abstract

Background Scientific research plays an important role in the advancement of dentistry. Postgraduate Dental
Basic Research Education (PDBRE) is essential for enhancing the research knowledge and skills of research-focused
students. This scoping review aims to identify the landscape and challenges of PDBRE, while also proposing future
directions to further strengthen and optimize its effectiveness.

Methods The review adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
Extension for Scoping Reviews and followed a descriptive approach based on Arksey and O'Malley’s framework. A
systematic search was conducted across PubMed, Web of Science, Embase, and the Education Resources Information
Center (ERIC) databases to identify relevant literature up to May 20, 2024.

Results The review screened 660 publications and selected 10 articles based on strict inclusion and exclusion criteria.
These articles focused on curriculum contents, teaching methodologies, assessments, outcomes, and challenges
related to effective research education in PDBRE.

Conclusions PDBRE can enhance research-focused students foundational scientific research abilities by diversifying
the curriculum content and teaching methodologies. However, challenges such as resource constraints, faculty
shortages, workload, and student engagement hinder its development. To address these issues, we suggest
strengthening faculty expertise and student involvement, alongside implementing a more systematic curriculum and
improved assessment tools.
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Introduction

Dentistry has continuously evolved along with advance-
ments in basic sciences including biology, chemistry,
and materials science [1, 2]. Basic research in dentistry
is pivotal in developing a comprehensive understand-
ing of oral biology [3]. It has provided insights into the
mechanisms underlying dental diseases, such as the role
of microorganisms in dental caries and cellular path-
ways in periodontal disease [4—6]. Given the pivotal role
of basic research in advancing dental science, equipping
postgraduate students with robust research competen-
cies becomes imperative.

Postgraduate medical education comprises two impor-
tant components: academic and clinical sciences [7].
Research-focused students in postgraduate programs
focus more on academic sciences and are willing to
become professionals who become the main driving
forces for the advancement of dental sciences [8]. The
Postgraduate Dental Basic Research Education (PDBRE)
program was specifically designed to equip postgraduate
students with essential research skills and foundational
knowledge in dentistry [9, 10]. The program is tailored
to build on their existing dental knowledge and foster a
research-oriented mindset, contributing significantly
to the professional development of those who aspire to
pursue academic research in dentistry [11-13]. Through
the PDBRE program, students understand the mecha-
nisms and principles underlying various dental diseases
and conditions. This knowledge enables them to develop
innovative solutions and approaches to clinical problems,
thereby contributing meaningfully to solving real-world
challenges in dentistry and ultimately advancing both sci-
entific and clinical fields.

Despite the growing interest in research-oriented
postgraduate education in dentistry, PDBRE remains
an emerging concept. While PDBRE is gaining recogni-
tion as a key component of dental education, it is not yet
universally standardized or implemented across institu-
tions. Globally, the content and format of PDBRE vary
significantly. For example, in the United States, PDBRE
is typically implemented via standardized curricula and
structured courses [14]. In contrast, Germany tends to
offer more personalized and research-oriented curricula
that prioritize independent study and mentorship guid-
ance [14]. This variability, while understandable given
differing institutional contexts, may result in significant
disparities in the quality and outcomes of research edu-
cation [15]. While students entering the PDBRE pro-
gram typically have an undergraduate dental education,
some may also have exposure to biomedical sciences or
related fields [16, 17]. Moreover, the lack of standard-
ized content, teaching methodologies, and assessment
systems across programs can lead to inconsistent train-
ing experiences and unclear benchmarks for success.
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While variability in program structure can allow for flex-
ibility and innovation, it also creates challenges in ensur-
ing that students receive a comparable and high-quality
education across different institutions. Given the increas-
ing global emphasis on research excellence, it is critical
to identify common challenges and opportunities within
PDBRE programs. A clearer understanding of these pro-
grams can facilitate cross-institutional collaboration,
enhance the exchange of best practices, and ensure that
PDBRE programs are better equipped to meet both local
needs and international standards.

This scoping review aims to outline the landscape and
challenges of the different PDBRE programs available. We
aim to provide a comprehensive overview that can guide
the enhancement of educational strategies and highlight
areas for further research and development within this
field. In line with the objectives of this scoping review,
our primary focus is to examine the educational strate-
gies, encompassing curriculum content and methodolo-
gies. Subsequently, we will evaluate the outcomes based
on their assessment practices and uncover the underlying
challenges that hinder optimal PDBRE implementation.
The research questions (RQ) were as follows:

RQ 1 What are the curriculum contents and methodolo-
gies in PDBRE programs?

RQ 2 What are the educational outcomes based on these
assessment systems?

RQ 3 What specific challenges impede the effective
implementation of PDBRE programs?

Methods

This scoping review employed a descriptive approach
based on Arksey and O’Malley’s five-stage framework: (1)
identifying the research question; (2) identifying relevant
studies; (3) selecting studies; (4) charting the data; and (5)
collating, summarizing, and reporting the results [18].
Our methodology adhered to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analy-
ses) Extension for Scoping Reviews [19].

Identifying relevant studies

A systematic search was conducted across four data-
bases: PubMed, Web of Science, Embase, and Education
Resources Information Center (ERIC). The search strat-
egy was developed in collaboration with an experienced
medical librarian and included keywords and subject
terms related to dental education, postgraduate studies,
educational methodology, and basic research (as detailed
in Supplementary Table 1). The literature search was
restricted to publications before May 20, 2024.
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Table 1 Exclusion and inclusion criteria

Criteria Inclusion Exclusion
Educational  Programs detailing education for  Studies not specific to
Level postgraduate dental students postgraduate dental
education
Relevance  Peer-reviewed articles, confer- Reviews or studies not
ence abstracts, and dissertations  specific to postgradu-
related to PDBRE ate dental education
Content Publications discussing educa-  Articles not focusing
focus tional strategies, assessments, on research education
outcomes, or barriers in PDBRE components
Language English language literature Non-English language
studies

Study selection

This review’s inclusion and exclusion criteria were as
follows (Table 1). We restricted the language of the lit-
erature to English. The selection process involved two
independent reviewers screening the titles and abstracts
according to the eligibility criteria. Any discrepan-
cies were resolved through discussion or by involving a
third reviewer. After the initial screening, the remaining
articles underwent a full-text reading and quality assess-
ment. The literature screening process is encapsulated in
a flow diagram (Fig. 1).

The PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) flow diagram provides a
detailed overview of the information retrieval and litera-
ture screening process.

Charting the data
A data extraction form was developed to collect informa-
tion on the type of article, curriculum contents, teaching
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methodologies, assessments, outcomes, and challenges.
The data were extracted by two reviewers, and any incon-
sistencies were resolved through discussion.

Results and discussion

Synthesis of results

After conducting a thorough search, we found 660 arti-
cles, which were carefully assessed for relevance and
eligibility. Ultimately, 10 articles were included in this
scoping review based on strict inclusion and exclusion
criteria. These studies were conducted in various coun-
tries: two in the United States, and one each in Pakistan,
the Syrian Arab Republic, Turkey, New Zealand, Canada,
India, the United Kingdom, and China. Collectively, these
articles provide diverse insights into postgraduate dental
basic research education (Fig. 1). Table 2 and Supple-
mentary Table 2 provide a detailed overview of the basic
information for each of the included articles.

Curriculum contents

Fundamental knowledge in research-focused subjects

The curriculum of PDBRE programs is designed to pro-
vide a robust foundation in essential subjects crucial
for dental research education. Students are exposed to
a diverse range of disciplines, including oral oncology,
orthodontics, restorative dentistry, histology, embry-
ology, anatomy, and more [20-23]. By delving into
these foundational areas, students gain a deep under-
standing of the biological, anatomical, and pathologi-
cal aspects relevant to dental research. This knowledge
is essential for critically analyzing scientific literature,

PubMed Web of Science ERIC Embase
n=242 n=111 n=66 n=241
| ] 7 | |
Records after summary of database search
n=660
Duplicated records excluded
n=119

n=541

Records remained after removing duplicates

Records excluded according to

titles and abstracts screening

n=26

Records remained after title and abstracts screening

n=510

Records excluded n=16

- No full text n=3

- Review articles n=4

- Different outcomes n=3

- Non-English text n=1
- Lack of data n=2
- Non-original research n=3

n=10

Records included this review

Ilncludedl I Eligibility | | Screening | |Identiﬁcation|

Fig. 1 PRISMA flow diagram
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Table 2 Summary of basic information and content of included literatures
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Curriculum

Teaching

Author, Year Country/Origin A t Out Challeng
methodolog
Improved ability to
Writing guidance; Low initial
Ambrina Qureshi Strengthen EBP Student skills and  formulate questions
Pakistan Research understanding of
2015 skills knowledge levels and search for
methodology EBP
evidence
Fundamental Enhanced clinical
Problem-based Technical issues,
knowledge; Student skills and  and basic science
Hsiang Yang 2019 China learning, panel financial burden,
Research knowledge levels  knowledge
discussions limited time
methodology integration
Writing and Improved writing
Ibrahem Hanafi . Online peer-run  Future career Limited resources
Syrian publication N ) knowledge and )
2024 writing workshop  planning and expertise
guidance confidence
Fundamental Enhanced problem-
Flipped classroom
Muhammet Fidan knowledge in Student skills and ~ solving, critical Limited time,
Tirkiye model with video-
2024 research-focused knowledge levels  thinking, and technical issues
driven discussions
subjects practical skills
Research-oriented Scarcity of academic
Emily Roudnitsky Higher academic
United States - projects and mentor Research outputs faculty, lack
2022 achievements
guidance of financial support
Fundamental Master's program Successful
Margaret A. Faculty shortage in
United States knowledge; with research thesis Research outputs transition and
Jergenson 2017 dental education
Writing guidance  in Oral Biology enhanced interest
Supervision and Insufficient
J. Subramanian Improved academic
New Zealand = guidance from the - i supervisory methods
2013 learning
mentor cultural insensitivity
The majority of  Insufficient
Supervision and
students are communication and
A.Beaudin 2016  Canada - guidance from the -
satisfied with the  subjective
mentor
supervision quality supervision
Research Better academic
Sheeja Saji Satisfaction with the
India methodology Blended learning performance with -
Varghese 2019 program
instruction blended learning
Fundamental
Better academic

Johnson King 2022 United Kingdom

knowledge in
research-focused

subjects

Blended approach

Satisfaction with the

program

Technology issues,
performance with

social interaction
blended learning
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formulating research hypotheses, and conducting rigor-
ous experiments.

Practical research skills training

A pivotal component of the PDBRE curriculum is its
focus on cultivating essential research skills. The program
strongly emphasizes practical training in various research
methodologies, including literature retrieval, experimen-
tal design, experimental skills, and data analysis [17, 23,
24]. This hands-on approach ensures students not only
understand theoretical concepts but also gain proficiency
in designing experiments, conducting research opera-
tions, and analyzing data effectively. The emphasis on
practical experimental skills training enhances students’
academic capabilities and prepares them for successful
careers in research-intensive fields.

Writing and publication guidance
Mastering scientific writing skills and understanding the
publication process is crucial for the professional growth
of research-focused students. In the PDBRE program,
students primarily acquire these skills through a combi-
nation of academic writing and publication seminars, as
well as didactic courses. The curriculum includes detailed
lessons on the structure of scientific articles, the basics
of scientific writing, plagiarism detection, and the pub-
lication process [20, 25]. These components are taught
through a mix of active engagement in research, where
students apply their knowledge, and structured didac-
tic methods. The aim is to ensure that students not only
understand theoretical concepts but also develop practi-
cal skills in effectively communicating and disseminating
their research findings. This integrated approach to sci-
entific writing prepares students to contribute to the sci-
entific community with high-quality publications.
Overall, the PDBRE programs focus on foundational
knowledge, research skills training, and writing instruc-
tion. There is considerable variability among programs
in terms of their curriculum contents. It is also observed
that there is less emphasis on specific experimental tech-
niques, which could be attributed to the reliance on men-
torship within research groups and the availability of
detailed procedural learning through online resources.

Teaching methodologies

The instructional methodologies can be categorized into
three broad pedagogical approaches: research-related
classes, instructor guidance, and innovative educational
approaches. Together, these approaches create a multi-
faceted educational framework that caters to the diverse
needs of postgraduate dental students seeking research-
related competencies.
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Research-related classes

Postgraduate students are equipped with a variety of
research-related competencies through theoretical and
experimental classes [20]. Qureshi et al. designed a work-
shop that focused on strengthening evidence-based prac-
tice (EBP) skills, where students learned to search for
evidence and utilize PubMed effectively [24]. The educa-
tional journey is further enhanced by their participation
in academic conferences, which provide a platform for
intellectual exchange and networking [21]. PDBRE pro-
grams also developed online scientific writing and pub-
lishing courses. The curriculum included the structure
of scientific articles, the fundamentals of scientific writ-
ing, understanding plagiarism, and the intricacies of the
publication process [25]. Moreover, a strong emphasis is
placed on cultivating a deep understanding of research
ethics and responsibilities, ensuring that students are
well-prepared to contribute responsibly to their fields of
study [16].

Instructor guidance

Traditional mentorship in postgraduate education often
lacks systematic and comprehensive instruction, which
may lead to knowledge gaps among students [26]. In
PDBRE programs, instructors provide systematic guid-
ance on scientific research through a variety of methods,
including face-to-face meetings, video instruction, and
active facilitation [16]. These instructors typically possess
relevant teaching and research experience, and some may
also be practicing clinicians, though their primary role is
to guide and mentor students in research-related activi-
ties [16, 20, 27]. Instructors guide students in developing
essential skills and encourage them to pursue careers in
academic dentistry [20]. Additionally, as highlighted by
Subramanian et al., instructor supervision includes regu-
lar one-on-one meetings, timely feedback, and support-
ive encouragement. Some faculty mentors are actively
involved in research projects with students, providing
direct mentorship throughout the research process,
which significantly contributes to enhancing students’
learning outcomes and academic progress [28]. The effec-
tiveness of instructor guidance is evident in contexts
where students require continuous support in navigating
complex research projects and where personal mentoring
is crucial for academic development.

Other innovative methods

PDBRE programs incorporate innovative educational
strategies to boost learning outcomes. The flipped class-
room model, which integrates video-driven discussions,
enhances practical performance and advanced think-
ing skills [22]. This method enables students to engage
with foundational theories and research methodologies
before class and apply their knowledge during in-person
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sessions. Similarly, Varghese et al. conducted a blended
learning approach that included video lectures to provide
foundational knowledge, facilitated small-group learn-
ing to encourage collaborative inquiry and problem-
solving, and included hands-on exercises with statistical
software like SPSS. In addition, students participated in
projects requiring them to design research studies and
conduct data analysis, along with formative and summa-
tive assessments to monitor their progress and under-
standing [17]. In Hsiang Yang’s study, the educational
approach focused on interdisciplinary, problem-based
learning (PBL) in small-group settings. Students interact
with clinical and basic science subjects through in-depth
literature searches and engaging panel discussions [23].
These innovative methods are most effective in dynamic
and interactive learning environments, where students
are encouraged to engage with complex problems and
collaborate with peers.

Assessments

The efficacy of programs is assessed to ensure they meet
the dynamic needs of research-focused students. PDBRE
projects are scrutinized from various angles, including:
(1) Student skills and knowledge levels: Assessments
encompass both theoretical understanding and practi-
cal application, often through a combination of ques-
tionnaires and skill tests [22-24]. (2) Research outputs:
Roudnitsky et al. examined the influence of PDBRE on
academic careers and productivity, focusing on h-index
and publication numbers [27]. Jergenson et al. also
assessed the diversity of research topics undertaken by
students, which reflected the breadth of their scholarly
engagement [20]. (3) Future career planning: The readi-
ness of students for professional roles is assessed through
questionnaires and interviews [25]. (4) Satisfaction with
the program: Student satisfaction is evaluated using
questionnaires that capture feedback on the relevance
and effectiveness of course content and teaching meth-
ods [17, 21].

Assessments in PDBRE cover various aspects of stu-
dent capabilities, with some programs also including
assessments of student satisfaction. However, due to the
lack of mid-term effectiveness assessments, there is a
need to establish a more systematic and comprehensive
feedback and adjustment system, allowing for neces-
sary adjustments based on real-time feedback, thereby
optimizing educational outcomes. Additionally, assess-
ments vary significantly across programs and lack uni-
formity, highlighting the need for further development
towards a more systematic and comprehensive evalua-
tion framework.
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Outcomes

Research skills enhancement

PDBRE programs have led to a significant enhancement
in research skills. This includes the ability to formulate
research questions, apply scientific methodologies, and
critically analyze data. As evidenced by Qureshi et al,,
there is a notable improvement in the ability to perform
evidence-based searches and formulate answerable ques-
tions, which are fundamental to research competency
[24]. The workshop in Syria showed significant improve-
ments in knowledge and confidence in academic writing.
Participants’ knowledge scores increased from 17 pre-
course to 20 post-course, and confidence increased from
25 to 33 [25]. The structured research projects have facili-
tated students’ understanding of scientific methodologies
and contributed to their research capabilities [20, 22, 25].

Academic achievements

Postgraduate students enrolled in this program have
demonstrated enhanced academic achievements [28].
For instance, the interdisciplinary learning approach
has resulted in a more comprehensive understanding of
research, empowering students to produce high-quality
academic work [23]. Beaudin et al. found that 77.4% of
postgraduate students agreed that their supervisors had
helped them in academic advancement and career devel-
opment [16]. However, it is important to note that the
studies included in this review provide limited informa-
tion on the specific publication rate or concrete research
outputs.

Career development

The PDBRE programs have played a crucial role in sup-
porting the career development and professional growth
of postgraduate students. A qualitative study highlighted
the significant impact of effective supervision on stu-
dents’ career decisions [28]. The improved student’s prac-
tical skills and critical thinking abilities also contribute to
career advancement in both academic and clinical set-
tings [17, 22, 24]. Jergenson et al. noted that all ten post-
graduate students from the Master of Science in Oral
Biology program at Creighton University continued into
dental school, with 90% expressing interest in academic
dentistry [20]. This indicates the program’s success in
nurturing research-oriented careers.

Challenges

The pursuit of excellence in PDBRE presents interrelated
challenges, including resource constraints, faculty short-
ages, knowledge gaps, and student engagement.

Resource constraints and technical limitations
One of the main challenges in postgraduate research edu-
cation is the lack of sufficient funding, which impacts the
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ability to provide essential resources for research proj-
ects. In resource-limited settings, implementing PDBRE
is constrained by inadequate infrastructure, which hin-
ders stable academic environments [25]. Financial con-
straints also restricted recruiting, training, and retaining
quality academic faculty [27]. Moreover, technical limita-
tions, such as the requirement for sophisticated equip-
ment to facilitate innovative course formats, may impede
the adoption of effective educational approaches [22, 23].

Faculty shortage and inadequate guidance

The impact of faculty shortages and inadequate guid-
ance is evident across various studies [20, 24, 27, 29].
While most of the reviewed programs did not report
specific faculty-to-student ratios, they consistently high-
lighted the shortage of specialized instructors for PDBRE
as a major challenge [27]. The lack of sufficient faculty
resources not only limits the scale and effectiveness of
these programs but also impedes their long-term sus-
tainability [20]. Additionally, instructor guidance often
suffers from a lack of effective communication with stu-
dents and incorrect supervision methods [24, 29]. This
inadequacy in mentorship can hinder students’ research
progress and create a suboptimal learning environment.
Inadequate or unsuitable guidance, particularly when
coupled with faculty shortages, can significantly affect
students’ academic development, as it leads to insuffi-
cient support for navigating complex research processes.

Additional time commitments

Additional time commitments have been identified as
significant challenges. Muhammet Fidan et al. noticed
that incorporating video-driven discussions requires
a significant amount of time for both preparation and
engagement [22]. Similarly, Hsiang Yang et al. discov-
ered that students perceived distance education as less
efficient due to the additional time needed to understand
and interact with course materials [23]. These studies
indicated that while PDBRE aims to enhance learning,
it may also require extra time investments from stu-
dents, which lead to feelings of inefficiency and time
constraints.

Low engagement and motivation

Low student participation and a lack of enthusiasm
for research activities are common issues. The panel
discussion and PBL approach could result in uneven
engagement levels due to differing student knowledge
backgrounds [23]. Additionally, we found that participant
numbers varied significantly, ranging from as few as 16 to
as many as 294 students per program, further contribut-
ing to the disparity in student engagement. The absence
of customized educational resources and expertise can
lead to disengagement among students who may find
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the materials either too complex or not engaging enough
[25]. Furthermore, the initial resistance to EBP compo-
nents [24], suggests that the integration of EBP into the
curriculum should be approached with strategies to over-
come students’ apprehensions.

Insufficient disciplinary adaptation

A significant challenge faced by PDBRE is the limited
focus on creating and reporting tailored content for spe-
cific dental specialties [17, 20, 25]. While general PDBRE
frameworks exist, they often fail to address the unique
research needs and clinical intricacies associated with
dental fields such as orthodontics, periodontics, end-
odontics, and oral surgery. This lack of specialization in
research training programs has led to insufficient inte-
gration between basic research and the clinical practices
of these specialties. As a result, there is a noticeable dis-
connect between the research conducted in postgraduate
education and the practical application of that research
in clinical settings. It is important to encourage fur-
ther studies that explore the specific skills required by
each dental specialty [30, 31], both in terms of research
and clinical practice. Such studies can provide valuable
insights to guide the future development of PDBRE,
ultimately fostering stronger connections between basic
research and clinical practice.

Future directions

Traditional educational systems often fail to adequately
prepare students for the transition from undergraduate
to postgraduate studies in academic research [32-34].
PDBRE is the appropriate approach to handle this situ-
ation. Since the implementation of PDBRE, there has
been a noticeable improvement in students’ scientific
research capabilities [11, 20, 27]. However, the diversity
in how PDBRE is implemented across institutions, along
with the absence of standardized frameworks, may influ-
ence the comparability and broader applicability of the
findings. After conducting the comprehensive review, we
have identified several areas for enhancing and expand-
ing PDBRE and propose the following directions.

Faculty enhancement

A recurring challenge is the shortage of academic fac-
ulty [20, 27]. To address this, several strategies can be
implemented. Utilizing technology through online edu-
cation platforms and digital tools allows existing faculty
to extend their reach to a broader student population.
Meanwhile, engaging adjunct and visiting lecturers to
deliver specialized courses is an effective way to diversify
the curriculum, thus enriching the educational experi-
ence with a variety of perspectives and expertise. These
combined efforts can establish a more robust educational
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Curriculum contents

Fundamental knowledge

Teaching methodologies

Research-related classes:

Flipped classroom model; small-

Basic assessments

Knowledge tests and
questionnaires

To evaluate students'
knowledge of
foundational medical
sciences

Literature review
assignments

Practical tasks of

experimental design
and data analysis

Skills tests
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Further assessments

Open environment for
feedback: serves as a tool
for refining teaching
methods and curriculum
design

Program satisfaction:
Questionnaires: gather
feedback on overall
satisfaction

Interviews: discussion for
insights and improvement
suggestions

Future career readiness:
surveys: assess students'
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Fig. 2 A proposed schematic diagram of the Postgraduate Dental Basic Research Education (PDBRE) program

framework that not only addresses the current shortage
but also fosters a dynamic academic community.

Student engagement strategies

Furthermore, there is a critical need to enhance student
enthusiasm and foster their active engagement in PDBRE
[22, 24]. These approaches must be central to PDBRE
initiatives and can be effectively accomplished through
initiatives such as student-led research projects, hosting
research symposiums, and organizing academic competi-
tions. It is important to set clear objectives and provide
a structured framework because students are more likely
to engage when they understand the purpose and expec-
tations. Additionally, incorporating facilitating interdis-
ciplinary collaborations and offering opportunities for
publishing in peer-reviewed journals or presenting find-
ings at conferences can further elevate student involve-
ment and enrich their learning experiences.

Comprehensive courses

A prevalent issue is that these programs often priori-
tize the cultivation of a single skill set over a compre-
hensive approach to research education [25]. To ensure
a well-rounded curriculum, it is essential to diversify
the skills emphasized within courses. This includes not
only a strong theoretical foundation but also the cultiva-
tion of practical skills, communication, teamwork, and

innovative thinking. Furthermore, investing in faculty
development is crucial. Training for instructors empow-
ers them to guide students effectively through complex
and integrated learning experiences.

Assessment and feedback mechanisms
The current evaluation methods for PDBRE vary across
studies and lack standardization [16, 28]. These meth-
ods are incomplete and unsystematic, failing to capture
student performance comprehensively and ignoring
one or more critical aspects. To ensure the quality of
PDBRE, it is essential to develop a robust assessment tool
that allows for long-term tracking and supports timely
improvements. An effective assessment tool should
incorporate both formative and summative evaluation
components [35, 36]. Formative assessments, such as
regular peer reviews and feedback sessions, can provide
ongoing insights into student development, while sum-
mative assessments, including final projects and research
publications, can capture overall academic growth. Addi-
tionally, establishing clear, transparent criteria for evalu-
ating student performance and research contributions,
such as innovation, methodological rigor, and the ability
to communicate findings, will allow for more objective
and meaningful assessments.

The framework integrates curriculum content, teach-
ing methodologies, and assessments in a progressive
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structure, demonstrating systematic advancement
from foundational knowledge acquisition to mastery of
advanced research skills.

Conclusion

This scoping review presents a comprehensive evaluation
of the PDBRE across various institutions. We highlight
the importance of PDBRE in training research-focused
students by equipping them with essential research
skills and knowledge, thereby enhancing their academic
development. However, the development of PDBRE is
impeded by challenges such as limited resources, faculty
shortages, increased workload, and issues with student
engagement. We depict a proposed PDBRE program
intending to serve as a useful reference for educators
(Fig. 2). Further research and practice are necessary to
refine the design and execution of PDBRE, particularly
in the development of effective assessment and feedback
mechanisms.
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