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Abstract
Fostering skills in research is important for medical schools. This scoping review examined undergraduate curricular struc-
tures devoted to research training and their outcomes. For the sixty papers meeting inclusion criteria, descriptive statistics 
and a thematic analysis were conducted. Forty (67%) articles described US programs, with 30 (50%) being mandatory. 
Timing of research training was variable across included studies with the majority (58%) describing embedded longitudinal 
curricula. Reported benefits included enhanced knowledge, improved research and writing skills, clarity around career plans, 
and mentoring relationships. There are many curricular structures for undergraduate research training, but no high-quality 
evidence to support particular designs.
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Introduction

Physician-scientists are trained to focus on health research 
and clinical care delivery. Their translational perspective 
helps bring research findings into the clinic and develop 
key research questions nested in clinical experience [1, 2]. 
As far back as 1999, there have been concerns raised about 
declining numbers of physician-scientists and a series of 
recommendations proposed to reverse this trend [3]. Medi-
cal school training is frequently recommended as part of 
the solution: “medical schools (should) create an environ-
ment that attracts, fosters, and rewards students committed 
to research” [3]. In 2010, the Future of Medical Education in 
Canada (FMEC) published its report for undergraduate med-
icine with 10 key recommendations, including: “…research 
interests and skills must be developed to foster a new gen-
eration of health researchers.” One strategy endorsed in this 
document was to “Support existing and new programs that 
integrate research training with medical education” [4]. In 
2016, the Association of Faculties of Medicine of Canada 

(AFMC) was even more explicit in their recommendations 
for training future physician-scientists, recommending (a) 
integrated MD-PhD and MD-MPH professional training 
programs be established or restored, (b) the creation of a 
national training strategy for physician-scientists, and (c) 
encouragement and support for graduate students committed 
to a career in research [5].

These recommendations prompt an important question: 
Should research training be restricted to students with self-
declared research interest prior to starting medical school? 
Many of the AFMC’s practical recommendations are focused 
on identifying a small number of students with pre-existing 
research interest [4].This assumes that students without this 
interest prior to medical training will not develop it at a later 
stage and that research training is unnecessary for students 
who do not have an explicit research career goal. Participa-
tion in research projects during medical school is associ-
ated with increased interest in future research involvement, 
suggesting that exposure to research can stimulate interest 
and alter career goals and questioning of these assumptions 
[6]. Examining training structures in undergraduate medi-
cal education and their reported outcomes is the first step in 
understanding how best to foster interest and competence in 
clinical research, an essential step in the process of choosing 
a research-focused career goal.

It is unclear what an optimal undergraduate research cur-
riculum looks like. Effective teaching of research skills is 
resource-intensive, and it is a challenge to create student 
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research experiences with the limited time of research-
focused faculty members. There are increased demands for 
medical schools to teach their students more clinical top-
ics with higher complexity, so the delivery of optimally 
designed research training will require challenging decisions 
from medical educators. What should be dropped to fit it 
in? What amount of exposure to research training achieves 
adequate skills to prepare students for residency? Is the pre-
ferred outcome an increased number of physician-scientists 
or enhanced student satisfaction and research-related skills? 
Which strategy yields the highest number of graduates with 
research careers: a large amount of research training focused 
on a minority of students, a small amount of training for all, 
or both? Given these broad questions, we conducted a scop-
ing review to examine the current landscape and identify 
existing curricular structures for research training within 
undergraduate medicine and to evaluate best practices for 
training undergraduate medical students in clinical research.

Methods

The review was performed using PRISMA scoping review 
guidelines [7]. With the support of a health sciences librar-
ian, a search strategy was developed to identify papers 
describing undergraduate medical educational curricula 
focused on teaching research skills. Medline and Embase 
databases were searched between 1996 and 2019 using 
keywords such as “Research,” “Research/Ed,” “Medi-
cal Education,” “Curriculum.” The review was restricted 
to English-language articles. Reference lists of included 
papers were reviewed to identify additional citations. Titles 
and abstracts were screened, and potentially relevant articles 
were reviewed in duplicate (JP and HM) for eligibility.

To be eligible for inclusion, articles had to contain a 
description of the curriculum and identify undergradu-
ate medical students as the target learners. Articles that 
examined postgraduate research education were excluded. 
Data abstraction from the included papers was performed 
in duplicate and discrepancies were resolved through con-
sensus (JP and HM). Quantitative data was obtained where 
possible, and an emergent thematic analysis was undertaken 
on available qualitative data.

Results

Characteristics of Included Studies

A flow chart of included studies is presented in Fig. 1. There 
were 169 studies identified through the literature search, and 
a further 38 studies identified through hand search. After 
removal of duplications, 112 full-texts were assessed for eli-
gibility, and articles were excluded for reasons such as not 
including an undergraduate training program and a lack of 
description of the research curriculum. Ultimately, 60 stud-
ies were included in this review. All studies were descrip-
tive in nature with some describing programs at a variety of 
medical schools around the world. There were no identified 
studies with analytic components or with comparator arms. 
An overview of the findings of the review is presented in 
Table 1.

Thematic Analysis

Relevant information was extracted from the included arti-
cles under the emergent themes of structure and timing of 

Fig. 1   PRISMA diagram
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curriculum delivery, mentorship, academic productivity, 
assessment methods, and program evaluation.

Theme 1: Curriculum Structures for Research Training Are 
Variable

Curriculum Design  There was a high degree of variability 
in the structure and location of curricular time devoted to 
research. Thirty-five institutions (58.3%) had an embedded 
research program throughout medical school, and eight insti-
tutions (13.3%) had a dedicated year for research [8–15]. 
Six institutions (10%) offered a research program in the pre-
clinical years, four (6.7%) during the clinical years, and four 
(6.7%) during the summer only. Finally, only 1 institution 
(1.7%) offered a pre-graduation program, and program tim-
ing was unclear in 2 (3.3%) papers (Table 1). Many reports 
described programs where research training was delivered 
longitudinally, in parallel with other courses [8, 16–43]. 
Some programs offered varying amounts of protected time 
in which students could perform research and meet with 
mentors [12, 42]. Other programs included devoted blocks 
in which students had no other course obligations [9–11, 
26, 44–50]. In contrast, some programs offered little to 
no scheduled curricular time. In these programs, students 
were expected to complete the components of their schol-
arly requirement on weekends, holidays, or during summer 
vacation [35, 51, 52]. The choice of enrollment in research 
training also varied among reports, with 30 (50%) programs 
being mandatory and 15 (25%) optional. Six (10%) were 
mandatory with an optional extension, and nine (14.8%) 
were by application only with limited enrollment.

Many programs reported a mixed approach, with some 
component of scheduled group learning followed by a 
longitudinal component in which students executed their 
research project outside of classroom time [17, 35, 37, 40]. 
One program design featured multiple focused blocks in 
which students could immerse themselves in their research 
without splitting attention between coursework, clinical 
obligations, and research [10, 26]. Another approach was to 
allow flexible scheduling of the research requirement [52]. 
Of the 8 schools providing students with a full year devoted 
to research, Duke University structures their medical school 
with a single pre-clinical year, a year of clerkship, a year of 
dedicated clinical research, and then another year of clini-
cal electives [8, 9, 11]. Other programs accommodated an 
additional research year by extending medical school from 
4 to 5 years [12, 26].

Program Duration  The total amount of time devoted to 
research teaching and execution was variable and frequently 
not reported in the literature, perhaps due to the flexibility 

Table 1   Research program characteristics

Characteristic No. (%)

Region of origin
  North America

     USA 39 (65)
     Canada 2 (3.3)
  Europe

     UK 1 (1.7)
     Ireland 1 (1.7)
     Norway 1 (1.7)
     the Netherlands 6 (10.0)
  Latin America

     Mexico 1 (1.7)
     Ecuador 1 (1.7)
  Australasia

     Australia 2 (3.3)
     Singapore 1 (1.7)
     Pakistan 2 (3.3)
  Africa

     South Africa 2 (3.3)
     Namibia 1 (1.7)
Enrollment

  Mandatory 30 (50.0)
  Optional 15 (25.0)
  Mandatory with optional extension 6 (10.0)
  By application 9 (14.8)

Timing
  Preclinical 6 (10.0)
  Clinical 4 (6.7)
  Dedicated year 8 (13.3)
  Summer only 4 (6.7)
  Pre-graduation 1 (1.7)
  Embedded thread 35 (58.3)
  Unclear 2 (3.3)

Mentorship
  Yes 51 (85.0)
  No 3 (5.0)
  Unclear 6 (10.0)

Student assessment
  Oral presentation component 8 (13.3)
  Written assignment 19 (31.7)
  Oral presentation and written assignment 24 (40.0)
  Unclear 9 (15.0)

Program evaluation
  Student feedback 13 (21.7)
  Academic output 18 (30.0)
  Faculty evaluation 1 (1.7)
  2 or more 13 (21.7)
  None 10 (16.7)
  Unclear 5 (8.3)
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in the courses with self-directed learning components. Of 
those reporting specific hour requirements, the expectation 
for a longitudinal research project was generally 4 + hours 
per week or minimum 120–160 h devoted to the project [8, 
16, 40]. Full-time courses typically expected students to 
work on their research at least 35 h per week. Some courses 
were short in duration, with less than 1 month of devoted 
curriculum time. Shortened courses had modified expecta-
tions, with students participating in group research for a 
faculty-generated question and performing pre-designed 
lab exercises rather than developing and pursuing original 
ideas [43, 53, 54]. The more lengthy full-time courses (up to 
12 months) typically required students to design and conduct 
their own research project [9, 11].

Timing of Training  Though there was some variability in the 
stage of training at which the scholarly components were 
initiated, most courses were introduced in the pre-clinical 
years with research components completed in either the sec-
ond preclinical year, the summer thereafter or extending into 
early clinical training time [14, 17, 25, 40, 41]. However, 
some courses were initiated as late as the final year of medi-
cal school [27, 42, 45].One novel approach grouped students 
based on interest to undertake a shared research project over 
the course of 4 weeks in the final year of medical school [54].

The use of the summer months to pursue research projects 
was identified as a good time for students since they were 
not overburdened with simultaneous academic or clinical 
demands [51]. However, mandated use of holiday periods 
imposes a financial burden on students who would have oth-
erwise sought employment. Some programs have provided 
guaranteed funding to students to offset this, increasing 
the cost of the program [35]. Some schools have a baseline 
research competency requirement that all students must meet 
prior to graduation, with additional streams for students 
wishing a higher degree of training and research competency 
[19, 27]. Some programs also allow students to expand their 
research and earn an MSc or PhD [11, 41].

Theme 2: Faculty Mentorship Influences Student 
Experience and Career Direction

Mentoring Structures  Faculty supervision and mentor-
ing (defined as guidance from an experienced researcher) 
was commonly reported in descriptions of research training 
programs. Fifty-one (85%) papers indicated some form of 
mentorship, three (5%) reported none, and six (10%) were 
unclear (Table 1). Programs incorporated faculty mentor-
ship through individualized (39%) or small groups of < 15 
students (8%). At least one program used multiple mentors, 
where both faculty and peer mentors facilitated small groups 
and provided individual student guidance [22]. In some cent-
ers, faculty were chosen for their commitment to mentorship, 

research productivity, and access to resources to ensure stu-
dent success—a strategy that may have contributed to high 
student-reported satisfaction [8, 44]. At Stanford Univer-
sity’s Medical School, a curricular change in 2003 added an 
in-depth structured mentorship experience which incorpo-
rated “near-peer” mentors (students who have recently com-
pleted the research program) to advise incoming students 
about pros and cons of various scholarly concentrations [8].

Benefits of Mentoring  Surveys of graduates indicated that 
having a research mentor was valuable to their learning 
and increased their enthusiasm for research and desire to 
continue a career in academic medicine [8, 44]. Follow-
ing the implementation of a curricular research program 
with a focus on faculty mentors at Vanderbilt University, 
the proportion of graduating students reporting high value 
from their research experience at graduation increased from 
45.3% in 2000 to 94.5% in 2009 [35].The same graduates 
placed a higher value than the national average on the impor-
tance of faculty mentoring in the AAMC exit survey (84.3% 
vs. 70.4%) [35]. Many students continued to work with their 
mentor even after the completion of their research program, 
confirming the potential for these relationships to develop 
into lengthy collaborations [44, 55]. The level of dedica-
tion from a mentor (measured by frequent interaction with 
mentee and productivity) was correlated with the mentee’s 
increased scholarly success, facilitated their career selection, 
and developed the mentee’s confidence in their work [55]. 
Finally, a neurology-focused undergraduate mentorship pro-
gram built around the values of accessibility, support, skill 
set-orientation, and feedback cycles saw a large increase in 
the number of students entering neurology residencies at the 
Boston University School of Medicine from the 2011–2014 
period compared to the 2006–2010 period [32].

Challenges of Mentoring  There are challenges in creating men-
torship opportunities for students: offering faculty mentoring 
within an educational program is resource and time-intensive, 
especially when faculty must balance clinical, research, and 
teaching obligations. Individual assessments by 1-on-1 men-
tors can lead to inconsistencies in student assessment [8]. Not 
all mentoring relationships work well, and problems have been 
well documented such as poor communication, a lack of com-
mitment to the relationship from either party, and a mentor that 
is inexperienced [56, 57]. Successful mentoring requires will-
ing faculty with institutional commitment for support, faculty 
development, and incentive structures [56].

Theme 3: Program Length Is Associated with Increased 
Student Academic Output

Academic productivity increased with the duration of 
time devoted to research. In one paper, a longer 21-week 

1556 Medical Science Educator (2022) 32:1553–1561



1 3

experience compared to shorter 17- and 13-week experi-
ences was associated with a higher number of first-author 
publications (203/584,35% vs 80/329,24% vs 21/68,31%, 
p < 0.005); however, the magnitude of difference was small 
and the point of diminishing returns unclear [47]. Addition-
ally, these observations suffer from selection bias, where 
students interested in research seek out training programs 
with research as a major focus. The time commitment to 
take research activities to publication is not trivial, and these 
schools use research intent and motivation as part of their 
selection criteria [40].

At Duke’s year-long research curriculum, about two-
thirds of students in the program published at least one peer-
reviewed paper [9].Ticknor et al. reported that 23% of stu-
dents who participated in their 5-year longitudinal research 
track received competitive awards to support their medical 
school research and 87% produced peer-reviewed products 
from their research [26]. Students enrolled in prolonged 
research-intensive programs were more likely to receive 
research awards and attend conferences than students from 
previous years without this focus [26, 34].

Although the quality of the published research is poor 
(descriptive studies) and fraught with selection bias, there is 
a consistent association with length of time and academic pro-
ductivity for students in dedicated research training programs.

Theme 4: Student Assessment Was Primarily Through 
Assignments or Presentations

A majority 51/60 (85%) of research training programs 
assessed students through written assignments, oral or poster 
presentations, manuscripts, or some combination. Nine pro-
grams (15%) were unclear regarding their assessment meth-
ods. Nineteen programs (31.7%) specifically required a writ-
ten assignment. The requirements for written assignments 
varied between programs and often depended on the length 
of their respective research curriculum. For programs tak-
ing place over a shorter amount of time such as the summer, 
preparation of an abstract was sufficient for milestone com-
pletion [44]. For longer programs, including ones that had 
an ongoing embedded thread or a dedicated research year, a 
complete literature review or manuscript was required [47, 
48]. Eight (13.3%) programs were assessed only through a 
presentation, either in the format of a poster or oral presenta-
tion. Finally, 24 (40%) programs employed more than one 
method of assessment.

The integration of mandatory assignments into research 
training programs provided students with practical advan-
tages. Students were often able to turn their required 
coursework into a publication or presentation at a confer-
ence [10, 44]. Completion of assignments allows students 
to receive feedback on the research design, methods, and 
critical appraisal skills they develop throughout the program, 

increasing their competence in these tasks. Some programs 
address the challenge of limited time and faculty for student 
assessment through the implementation of research days, 
where many students come together to present their research 
to faculty in poster or oral presentation format [9, 40, 42].

Theme 5: Program Evaluation Data Are Scarce and of Poor 
Quality

Research training programs were variably evaluated. No 
papers described a formal program evaluation process. Sev-
enteen (28.3%) articles described programs that were evalu-
ated using some form of student feedback [8, 10, 12–14, 
18, 22, 34, 35, 38, 40, 43–45, 49, 54, 58]. Most programs 
collected student feedback through regular course evaluation 
activity, while four programs used specifically designed stu-
dent questionnaires [35, 44, 54, 58]. The results capture vari-
ous aspects of student experiences in their research training 
programs, including self-reported improvement in research 
skills, perceived value of research training, interest in con-
tinuing to pursue research in their clinical career, and overall 
satisfaction with experience [12, 34, 49]. Though students 
reported overall high levels of satisfaction with embedded 
research training, some felt that it was difficult to balance 
research along with their other demanding coursework [34, 
55]. Exposure to a research elective increased students’ self-
reported interest in a research-focused career [49]. Eighteen 
(30%) programs evaluated their research program by collect-
ing data on academic productivity [8, 10, 14–16, 25, 26, 28, 
30, 32, 39, 47, 48, 50, 55, 59–61]. Most programs measured 
“productivity” by looking at academic output in the form 
of peer-reviewed publications, abstracts, and presentations; 
however, this was variable and frequently self-reported by 
students. One (1.7%) program incorporated only faculty-
level feedback into their evaluation [36]. Finally, 15 (25%) 
programs did not mention any method of evaluating their 
research program or were unclear regarding the method(s) 
used [9, 17, 21, 23, 27, 29, 37, 42, 46, 51, 53, 62].

Overall, students report high satisfaction with their pro-
grams and increased knowledge of what a career in research 
entails [8, 44]. In addition, students felt that participating 
in a formal research curriculum improved their knowledge 
of research design and critical appraisal [22, 49]. Conduct-
ing research allowed students to become more engaged 
in specific clinical disciplines, ultimately improving their 
knowledge in the field and giving them greater confidence 
in career decisions [8, 24, 44, 49].

Faculty supervision forms an integral part of research 
training programs; however, faculty feedback data on these 
programs is scarce. One survey indicated that a majority of 
supervisors found medical students to be a valuable resource 
to their research team and were willing to continue supervis-
ing students [12].
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Discussion

There are numerous perceived benefits of research training 
programs during undergraduate medicine. The most com-
mon reported benefit was enhanced academic productivity 
during medical school [11, 14, 25, 34, 41, 47].This was seen 
across research training programs with variable duration and 
intensity: longitudinal programs supported the completion of 
manuscripts by trainees, while shorter summer programs suc-
ceeded in supporting students to complete research abstracts 
or poster presentations [19]. Increased academic productivity 
also contributed to the research portfolio of students’ cur-
riculum vitae (CV), which can inform selection criteria for 
residency programs and may improve residency match results 
[16]. While assessing academic productivity (if clearly 
defined) may be an objective method of evaluating research 
training programs, this outcome does not capture other ben-
efits of research training such as improved critical appraisal 
skills and the integration of evidence into clinical practice.

Research training is recognized as important for stu-
dents who do not intend to pursue research after medical 
school. This review of the literature revealed many benefits 
of mandatory research training programs that extend beyond 
research skills and productivity. Students felt they had an 
enhanced understanding of clinical specialties through par-
ticipation in research, which assisted them with their career 
decisions [9, 49]. Conducting research in a particular field 
necessitates a deeper understanding of relevant clinical and 
basic science concepts [18, 54]. Medical students appear to 
benefit from some rudimentary research training, regard-
less of future career plans. Basic research training programs 
should be offered routinely to all medical students.

There are no data available to support the adoption of 
any particular research training structure. In general, stu-
dents expressed greater interest in pursuing research or an 
academic career immediately following the completion 
of a research training program [8, 21, 24, 26, 35, 44, 49]. 
The intensity and duration of programs seem to play a role 
in shaping students’ future interest in research. For exam-
ple, 80% of students who participated in a 2-year research 
program had ambitions to pursue a PhD [12]. However, 
selection bias is a concern since students who enroll in an 
optional research program that prolongs their education are 
likely to be more interested in a career path that involves 
research. The only article in this review that looked at down-
stream career outcomes came from Duke University, which 
reported that 15–20% of graduates in the year-long scholarly 
experience went on to pursue academic careers [11]. Long-
term data from other programs are needed to know whether 
research training programs outside of MD/PhD or MD/MPH 
programs are associated with careers in academic medicine 
or as a clinician-scientist.

The ideal timing and duration of a medical school 
research course is unclear, and there are a variety of differ-
ent approaches. Introduction of the didactic components of 
the research process is well-suited to the first year of medical 
school, providing students with the foundational knowledge 
necessary to begin the critical enquiry process. However, 
initiating the development of a research question too early 
may tie a student to a project poorly aligned with their aca-
demic or clinical interests, which may not emerge until later 
in their training [35]. The optimal design will also depend 
on whether students are expected to undergo the lengthy 
process of planning a research question and performing data 
collection. An interesting solution is to devote curricular 
time for students to investigate a focused area and plan a 
research question, with an option to carry the research for-
ward. This allows motivated students to continue research, 
while other students use their time for other ventures, though 
at the expense of missing the learning opportunities asso-
ciated with data collection and analysis [39]. The optimal 
training program duration remains unclear [47, 54]. Program 
length should be sufficient to produce scholarly output and 
allow effective mentorship, however, not so long and time-
intensive that students lose interest or are unable to complete 
the program requirements [8].

Effective faculty mentors enhance student learning, 
increase interest in research as a career and scholarly output 
during medical school and under ideal circumstances, and 
form lasting relationships with their mentees that continue 
after medical school graduation. However, the faculty time 
commitment required is substantial, and not all mentors 
are beneficial to the student experience. An optimal medi-
cal school curriculum would include incentives for faculty 
mentoring of a small number of selected students, offered 
within a structured environment that provides institutional 
support for faculty development [26, 63].

Perceived challenges identified across research training 
programs include both the financial and faculty resources 
required to ensure the creation and sustainability of a benefi-
cial program [8, 12, 35, 38, 46, 51]. Other challenges iden-
tified were a lack of time for students to complete research 
endeavors to the level expected by faculty mentors, as well 
as student interest in the project [22, 34]. Finally, while good 
mentorship is beneficial, having enough faculty participa-
tion is key to a successful program in order to not over-
burden individual mentors [16, 23, 25, 38, 52, 62].

Conclusion

This scoping review has shown that academic productiv-
ity is associated with increasing program length, that stu-
dents found benefits from research programs in addition to 
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increased academic productivity, and that faculty mentorship 
is a key component to successful research training with ben-
efits that transcend research productivity. Challenges with 
incorporating a research program in medical school include 
time and resource demands, and the difficulty students expe-
rience when balancing research with coursework. Further 
research should evaluate the long-term impact of incorporat-
ing a research program in undergraduate medical programs, 
including success in developing future academic clinicians 
and clinician-scientists. This could be in the form of clearly 
defined student research outputs, the number of graduat-
ing physicians creating or contributing to research, and the 
outcomes from sustained incorporation of mentorship in 
research education.

Appendix

Search Strategies:

1.	 Database: Embase < 1996 to 2013 Week 35 > Search 
Strategy:

	 1.	 medical education/ or medical school/ or resi-
dency education/ (141449)

	 2.	 exp research/ (425759)
	 3.	 1 and 2 (19666)
	 4.	 exp curriculum development/ or exp curriculum/ 

(40506)
	 5.	 3 and 4 (1670)
	 6.	 *medical education/ or *medical school/ or *resi-

dency education/ (63210)
	 7.	 exp *research/ (114115)
	 8.	 6 and 7 (1781)
	 9.	 4 and 8 (265)
	 10.	 limit 9 to (english language and exclude medline 

journals) (15)

2.	 Database: Ovid MEDLINE(R) without Revisions < 1996 
to Present with Daily Update > Search Strategy:

	 1.	 Students, Medical/ (13246)
	 2.	 exp Education, Medical, Graduate/ or exp 

"Internship and Residency"/ (28613)
	 3.	 Education, Medical, Undergraduate/ (10148)
	 4.	 1 or 3 (19541)
	 5.	 exp Research/ed [Education] (3676)
	 6.	 4 and 5 (169)
	 7.	 "Curriculum"/ (29864)
	 8.	 6 and 7 (57)

	 9.	 2 and 5 (396)
	 10.	 7 and 9 (137)
	 11.	 8 or 10 (183)
	 12.	 limit 11 to english language (148)
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