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Introduction

Research – small word, great impact. According to Cohen, Manion and Morrison (1963, 
p. 4) research “must be regarded as the most successful approach to the discovery 
of truth”.1 Truth could be a debated word, as some scientists would say that truth is 
non-existent. However, one thing we can all agree on is the importance of research 
for developing knowledge. Within the medical field, research is imperative to make 
advancements. Physicians combining clinical work and conducting research (i.e. 
physician-scientists) are essential, but scarce at the same time. Over the last decades, 
medical education has been suggested to be part of the solution to rescue academic 
medicine. This thesis focuses on first steps within medical education to stimulate 
undergraduate medical students to pursue a physician-scientist career, by helping to 
unravel the role of motivation for research and extracurricular research programmes. 
With this thesis, I hope to provide insight into the important role early phases of 
medical education could play in developing the next generation of research oriented 
physicians – future physician-scientists: let’s catch them young!

Problem description

The royal college of physicians and surgeons of Canada developed a framework 
to enhance physician training in 1990: the Canadian Medical Education Directives 
for Specialists (CanMEDS).2 According to the CanMEDS, the physician has seven 
professional roles, one of which is the role of ‘scholar’. Being a scholar is defined by 
four key competencies:
1.	 Continuous enhancement of professional activities through ongoing learning (i.e. 

lifelong learning);
2.	 Teaching of students, residents, and other healthcare professionals (i.e. teacher);
3.	 Integration of best available evidence in daily practice (i.e. evidence-informed 

decision making);
4.	 Contributing to creation, dissemination, application, and translation of knowledge 

within healthcare (i.e. conducting research).

A strong research focus can be found within the third and fourth key competency a 
scholar should master. All physicians should be able to practice evidence-informed 
decision making and conduct research. However, ‘being able to’ does not per definition 
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equal ‘doing’.  In line with many others, I argue that all physicians should be able to use 
research in daily clinical work, thereby practicing evidence-informed decision making. 
Physicians should understand research, be able to critically appraise research, and 
consequently apply it within their daily practice. Therefore, they should be aware 
of the newest developments in their field of medicine and recognize uncertainty 
in practice. By identifying evidence relevant to their particular clinical questions 
and problems, they provide patients with grounded diagnosis. Moreover, by using 
research, physicians also contribute to the process of lifelong learning.2-4

When it comes to actually conducting research, the distinction between being 
able to and actually doing something becomes more apparent. According to the 
CanMEDS, every physician should be able to contribute to the creation, dissemination, 
application, and translation of knowledge within healthcare, but not every physician 
has the opportunity or motivation to actually conduct research in real life. However, 
some physicians conducting research are imperative to make advancements within 
the medical field.4 So called physician-scientists have clinical degrees, provide daily 
clinical care, but also devote a substantial amount of their time to conducting research 
(in current literature also referred to as clinician-scientists or clinical researchers).5

By being involved in both clinical and research activities, physician-scientists have the 
unique ability to bridge the gap between medical research and clinical practice. Over 
the last decades, concerns have been raised regarding this gap: the two fields have 
become too disengaged and labelled as ‘islands’, which has serious consequences 
for the future of academic medicine.6 The gap between (bio)medical research and 
clinical application has even been named ‘the Valley of Death’ – a result from the 
growing perception that resources are invested in medical research, without resulting 
in clinical application (e.g. new treatments, diagnostics and prevention for patients).7,8 
This is underpinned by the estimation that 85% of all research funding is wasted.9 This 
problem is relatively recent and started around 1970, when biomedical research arose 
as a distinct discipline, resulting in a separation of clinical and basic research. Physician-
scientists became a minority group. However, we have come to realise that physician-
scientists do have the best starting point to connect practice and research. By being 
involved in daily clinical practice, physician-scientists encounter real life clinical 
problems and questions, which can then be easily translated into proper research 
designs. On the other hand, the physician-scientist has the opportunity to translate 
research outcomes into clinical practice and patient care, for instance by developing 
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clinical guidelines. This process of ‘bench to bedside’ has been advocated by many 
and goes hand in hand with the appearance of the term ‘translational research’ – i.e. 
“the process of translating discoveries in the laboratory into clinical interventions for 
the diagnosis, treatment, prognosis, or prevention of disease with a direct benefit of 
human health”.8 In 1993, this term appeared in PubMed for the first time, multiplying 
ever since.7 This reflects the growing consensus that translational research and 
physician-scientists are of crucial importance within medicine, as physician-scientists 
are fluent in two languages: basic sciences and clinical medicine.8

A pioneer in labelling physician-scientists as an endangered species in 1979 was James 
Wyngaarden, who later became the director of the National Institute of Health (NIH, 
United States). He elaborated on NIH’s research grants and the decreasing number of 
applicants with an MD or MD/PhD degree, while the corresponding number of PhD 
applicants without an MD degree increased significantly.10 The decline in physician-
scientists remained a topic of debate in the following decades. The American Medical 
Association spoke of a 36% decline in physician-scientists from 1985 to 2003.8 The 
NIH Physician-Scientist Workforce Working Group published a report in 2014, also 
elaborating on a significant decline in physician-scientists from 2003 to 2012. In 
addition, they specifically expressed their concerns regarding the ageing of the 
physician-scientist workforce, as the age profile has increased slowly over the past 
decades with a decline in physician-scientists aged 31-60 and an increase in physician-
scientists aged 60 or above.11 Although these numbers reflect on the United States, it 
has been documented that the physician-scientist problem is apparent in Canada and 
Europe as well.3 A study conducted by Lopes and colleagues in the United Kingdom 
(UK), showed that only one third of the physicians completing a PhD pursued a clinical 
academic career after obtaining their PhD. Furthermore, they elaborated on findings 
from the Medical Schools Council stating that over half of the medical schools in 
the UK report difficulties to fill clinical academic posts.12 Within the Netherlands, the 
Rathenau Institute published a report in 2018 showing that the amount of PhDs within 
medicine increased enormously: 256% in 25 years.13 However, this is not reflected in 
the amount of MD/PhDs subsequently pursuing a research oriented career. Of all PhDs 
in the Netherlands, the medical PhD graduates are the least involved in research.13 
Furthermore, a recent Dutch national cohort study reported that less than half of the 
rapidly growing number of PhD candidates at medical faculties within the Netherlands 
was actually registered as a physician.14 In addition, only few MD/PhDs take on a 
leading role in medical science after completing their dissertation. According to this 
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study and other national studies, medical graduates perceive obtaining a PhD as a 
requirement to secure a competitive residency spot.14-16 Hereby, many physicians view 
obtaining a PhD as part of a preliminary education trajectory to become a medical 
specialist, not to pursue a research oriented career.13-16

To summarize, unfortunately, the medical domain is currently still facing a global 
physician-scientist shortage.5,17,18 What emerged as a problem 41 years ago, is still a topic 
of debate nowadays. Despite the well-known and increasing importance of physician-
scientists, a declining interest in academic careers combined with the ageing of the 
current physician-scientist workforce poses a serious threat. This is also reflected in the 
emergence of scientific articles with urgent titles, emphasizing that physician-scientists 
are really becoming an endangered species and the time for action is now.

What kind of action is, then, necessary? This has been an important topic of debate and 
research. A possible solution to boost the physician-scientist workforce lies in medical 
education. Decades ago, taskforces established by the Association of American Medical 
Colleges recommended that clinical research should be introduced in undergraduate 
medical education curricula.11 By making both using as well as conducting research 
clear goals in early phases of medical education, the connection between teaching and 
research may be strengthened. Furthermore, students get acquainted with research. 
This helps them to understand, critically appraise, and subsequently use research,19 
providing every student with an academic mindset to practice evidence-informed 
decision making (the third key competency of the CanMEDS ‘scholar’ role) in future 
professional practice. Additionally, it might help to identify a research career path for 
a subset of students. By being exposed to research during medical training, students’ 
motivation and enthusiasm for conducting research could be triggered (the fourth 
key competency of the CanMEDS ‘scholar’ role). Lastly, it could also help educators to 
recognize and develop research talent.4,20,21 Hereby, medical education could serve as 
a ‘breeding ground’ for physician-scientists.

The aim is clear: engaging students in research during medical school with the two-
fold purpose of delivering graduates with an academic attitude and stimulate a subset 
of graduates to pursue a physician-scientist career. This can be established in two ways: 
intra- and extracurricular. When looking at the past decade, both ways to engage 
students in research are being implemented, though in diverse manners.3,22-24
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Student involvement in research: core curriculum

By integrating research into medical curricula, every student can be engaged in 
research. Multiple frameworks to enhance student engagement in research have 
emerged.25-27 Healey and colleagues have developed a framework to explain four ways 
in which students can experience research in the curriculum. Healey distinguishes a 
dimension of students viewed as audience versus active participants, while within 
the second dimension the emphasis can be on the research process or content. This 
leads to four quadrants to illustrate student experiences with research within the core 
curriculum.25 This framework, however, could be interpreted in different ways. For 
instance, if a student individually conducts research from start to end, the emphasis 
is both on research content as well as research processes – making it hard to decide 
in which quadrant to place this activity. However, of crucial importance within this 
framework seems to be the distinction between students as audience or active 
participants. Students benefit from actively being involved in research. Active learning, 
or ‘learning by doing’, is seen as the most optimal way to engage students in activities. 
The idea of learning by doing, in which students are seen as active participants instead 
of passive consumers of information, was already advocated by John Dewey.28 Since 
that time, many theoretical frameworks emerged, emphasizing the importance of 
active learning; for instance Healey’s framework. In order to deliver capable ‘scholars’, 
it is imperative to actively involve students in conducting research.

Attempts to involve undergraduate students in formal research during medical 
education, however, remain inadequate.22 Concrete translations of existing frameworks 
to educational practice might be helpful – I hope this thesis not only helps to clarify 
how such courses for large group of undergraduates contribute to cultivating future 
physician-scientists, but also provides some tools for how to implement such a course 
in one’s medical curriculum as well.

Motivation for research in undergraduate medical education

The opportunities to engage students in research seem to exist, however, the question 
remains how to foster future physician-scientists at an early stage. In order to establish 
this goal, motivation for research seems key.

1
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In general, motivation can be defined as what ‘moves’ people to action. Motivational 
theories emerged in the 20th century. These theories tend to view motivation as a 
unitary entity, focusing on the amount of motivation a person has.29 An example 
is Bandura’s Social Cognitive Theory (SCT), focusing on the level of motivation, 
differentiating between motivated versus unmotivated behaviour. SCT states that 
self-efficacy is the underlying mechanism for motivation and that a lack of self-efficacy 
results in unmotivated behaviour. Self-efficacy can be defined as a person’s belief in 
his or her own ability to achieve certain outcomes.30

Ryan and Deci’s Self-Determination Theory (SDT)29 is different from other motivational 
theories, as it focuses on the quality (as opposed to solely quantity) of motivation. SDT 
is an empirically based theory of human behaviour, focusing on social conditions that 
support or hinder human flourishing. SDT distinguishes two types of motivation. The 
first is ‘intrinsic motivation’, which is defined as showing behaviour or being involved 
in a certain activity out of pure interest or enjoyment. In contrast, ‘extrinsic motivation’ 
represents behaviour or involvement in a certain activity because it is externally 
rewarding like avoiding punishment, gaining social approval, or achieving a valued 
outcome. Extrinsic motivation can be divided into four categories, depending on the 
level of self-determination: external regulation (i.e. behaviour is directly controlled 
by external forces like rewards or punishment), introjected regulation (i.e. external 
controls are taken in, but not fully accepted, there is a focus on approval from self 
and others), identified regulation (i.e. identification with and conscious valuing of an 
activity), and integrated regulation (i.e. identifications are integrated with a person’s 
other values and beliefs). So, SDT distinguishes intrinsic from extrinsic motivation, 
while stating that intrinsic motivation is of better quality. Intrinsic motivation is 
believed to be related to general wellbeing, deep learning approaches, and better 
academic performance.

According to SDT, three basic psychological needs must be met in order to enhance 
intrinsic motivation. First, the need for autonomy – i.e. the need to self-regulate your 
actions or control the course of your life. Second, the need for competence – i.e. the 
need to feel effective in dealing with your important life contexts (note: the need for 
competence touches upon Bandura’s concept of self-efficacy). Third, the need for 
relatedness – i.e. the need to feel socially connected to others.29
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In recent years, SDT and many studies using SDT have made another distinction: 
autonomous versus controlled motivation. Here, intrinsic motivation, integrated 
regulation and identified regulation (the latter two being the most internalized forms 
of extrinsic motivation) are defined as autonomous motivation. In contrast, external 
regulation and introjected regulation are seen as controlled motivation.29 A visual 
representation of the different continuums of the SDT is displayed in figure 1.

Figure 1. Overview of motivation continuum according to Self-Determination Theory

To some readers, this explanation of the theory might remain quite abstract. When 
applying this theory to the specific context of this thesis, namely medical student 
motivation for research, the following interpretations could be given:
1.	 Intrinsic motivation for research: conducting research out of pure interest or 

enjoyment;
2.	 Extrinsic motivation for research: conducting research because it is rewarding, for 

instance to distinguish yourself and secure a competitive residency spot.

In this context the four categories of extrinsic motivation could be interpreted as:
3.	 External regulation: conducting research because it is an obligation within the 

educational programme (e.g. ‘I need to pass this course, so I need to conduct 
research’);

4.	 Introjected regulation: conducting research to gain approval from others or avoid 
shame (e.g. ‘My father thinks research is very important; I am conducting research 
to make him proud’);

5.	 Identified regulation: conducting research because it is deemed personally 
valuable (e.g. ‘I want to know if I am capable of conducting research, which is why 
I choose to conduct research’);

1
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6.	 Integrated regulation: conducting research because it is part of your value system 
as a physician (e.g. ‘every good physician needs to be able to conduct research, I 
want to be a good physician, so I am choosing to conduct research’).

The key difference between intrinsic motivation and integrated regulation seems to 
be the fact that, when intrinsically motivated, a student likes conducting research. 
Within integrated regulation, the student might value research and see the benefits, 
but this does not automatically mean students conduct research out of pure interest 
or the innate wish to do so.

In order to stimulate undergraduate medical students to pursue a physician-scientist 
career and continued engagement in life-long learning, promoting intrinsic motivation 
seems essential. As the aim is to foster continued engagement in research, working 
towards a physician-scientist career and identity, it seems key that the medical student 
actually enjoys conducting research: not only valuing it for professional practice but 
also invested in staying engaged in a life-long process of research and learning. This 
vision is in line with research of Ranieri and colleagues among medical professionals, 
elaborating on the importance of intrinsic motivation for career progression and 
persistence in academic medicine.31 Within this thesis, SDT will be used as a theoretical 
framework and the emphasis will therefore be on the distinction between intrinsic and 
extrinsic motivation (and not autonomous versus controlled motivation), perceiving 
intrinsic motivation for research as the target outcome in medical students.

With regard to motivation in general, previous studies have shown that medical 
students are highly motivated. This is believed to be the result of their large 
investments to enter medical school.32 However, less is known about medical students’ 
motivation specifically for research. Vereijken and colleagues studied interest and 
motivation for research after a curriculum change in which research integration was 
strengthened. Their findings suggest that students’ motivation for research increased 
when research was more integrated in the curriculum.33 However, no distinction 
between type of motivation was made within this study. Some studies investigated 
motivation for research and suggested that medical students seem motivated to 
conduct research, but foresee many difficulties and barriers as well.3,34-36 Studies relying 
on a sound theoretical framework are scarce. One study performed by Rosenkranz and 
colleagues did use a theory, namely SDT, and indicated that students view research as 
valuable for their future medical career. However, these results were mainly gathered 
among students in clinical phases of medical education.37 To conclude, there seems 
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to be a lack of studies with a theoretical foundation that focus on pre-clinical phases. 
Therefore, the first main focus of this thesis is unravelling the role of motivation for 
research among students in early phases of medical education, while using SDT and 
subsequently distinguishing intrinsic from extrinsic motivation.

Student involvement in research: extracurricular research  
programmes

Besides engaging students in research at the curriculum level, students can also 
be involved in research through extracurricular research programmes. Such 
programmes are emerging worldwide, though occurring under different names 
and in diverse formats. They do, however, share the goal to provide a selection of 
students with research experience and stimulate in-depth inquiry. Examples of 
such extracurricular research programmes are MD/PhD programmes, capstone 
programmes, summer research programmes, scholarly concentration programmes 
and Honours programmes.3,23,38 For instance, Warren Alpert Medical School of Brown 
University offers an elective scholarly concentration programme, providing students 
with the opportunity to undertake a research project of approximately three years.39 
Another example is Vanderbilt University School of Medicine, which implemented 
an undergraduate medical research programme to provide students with early 
research experiences.40 Many more of these programmes are emerging worldwide 
as a result of national initiatives to put student research on the map. For example, 
in the US, the National Institute of General Medical Sciences funds Medical Student 
Training Programmes – nowadays, 43 programmes exist as a result of this initiative.11 
According to Roberts, nearly all US medical schools offer some sort of joint MD/PhD 
programme.8

After performing a systematic review on the outcomes of such programmes, Chang 
and Ramnanan concluded that attitudes of medical students towards research are 
predominantly positive. Furthermore, such programmes contribute to enhancing 
research skills (though self-reported), which may stimulate a continued interest in 
conducting research. However, this is not reflected in increasing numbers of physician-
scientists. According to Chang and Ramnanan’s review study, there were multiple 
discouraging factors like high expectations despite the limited time, inappropriate 
acknowledgment, and lack of mentorship.3 Havnaer and colleagues performed a 
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systematic review as well and concluded that scholarly concentration programmes 
seem promising, however, the authors also emphasized the dearth of evidence with 
regard to the effectiveness of these programmes in promoting research productivity 
of medical students.23

In sum, some studies attempted to investigate the effectiveness of extracurricular 
research programmes. However, there is a need for longitudinal research with a 
control group as a comparison.3,23,41 Therefore, the second main focus of this thesis 
is unravelling the role of extracurricular research programmes in contributing 
to developing future physician-scientists by using a longitudinal design with a 
comparable control group.

Research context

All studies in this thesis are conducted among undergraduate medical students at 
Leiden University Medical Center (LUMC) in the Netherlands. In the Netherlands, 
eight medical faculties (i.e. academic hospitals) offer medical education. All faculties 
are comparable in the structure of their educational programme, with six years of 
undergraduate medical education, divided in a three-year programme leading to a 
Bachelor’s degree – which is the main context of the studies within this thesis – and 
a subsequent three-year programme leading to a Master’s degree in Medicine. All 
eight faculties developed and implemented their educational programme in line with 
the Dutch National Blueprint for Medical Education, which is based on international 
educational frameworks like the CanMEDS. In the Netherlands, most students start 
medical school immediately after graduating from high school, at the age of 18-19 
years.42 Consequently, the population of first-year medical students in the LUMC is 
of young age and does not have any research-related experience prior to entering 
medical school.43

Research questions and focus of this thesis

To conclude, unravelling the role of motivation for research and extracurricular 
research programmes is valuable in order to gain insights into ways to develop future 
physician-scientists starting as early as undergraduate medical training. More insights 
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into how intrinsic motivation for research could be promoted early on in medical 
school could help to determine possibilities for interventions and the implementation 
of evidence-based strategies, both intra- and extracurricular, to enhance motivation 
for as well as involvement in research among medical students. Thereby, first steps 
can be made to develop the physician-scientist workforce of the future – let’s catch 
them young!

Following these gaps in our knowledge, the overall aim of this thesis is to provide 
insight into the important role early phases of medical training could play in 
developing the next generation of physician-scientists by focusing on unravelling 
the role of motivation for research and extracurricular research programmes. Through 
these studies we intend to contribute to the quality of undergraduate medical 
education and delivering graduates who comply to the ‘scholar’ role as proposed by 
the CanMEDS framework. To fulfil this aim, we conducted different studies which are 
described below and will be discussed in detail in the upcoming chapters.

1. Unravelling the role of motivation for research
In chapter 2 we survey medical students at the start of medical training to identify their 
intrinsic as well as extrinsic motivation for research, and factors influencing their levels 
of motivation at the start of medical training. In chapter 3 we identify conditions under 
which first-year medical students develop positive perceptions of and motivation 
for research, using a grounded theory approach. In chapter 4, we study the effect of 
first-year medical students’ motivation for research on actual research involvement. In 
chapter 5, we investigate if a success experience within an obligatory research course 
is associated with an increase in motivation for research and research self-efficacy 
beliefs. In addition, we research whether the possible effect of a success experience 
differs when type of assessment is taken into account, looking at standard (i.e. written 
exam) versus more authentic (i.e. report and oral presentation) assessments. In chapter 
6 we examine if medical students who publish before graduation are more likely to 
publish after graduation, if they publish a greater number of papers after graduation, 
and if they publish papers with a higher citation impact after graduation. Chapter 7 
is a commentary, in which we argue around the nature of students’ motivation for 
research as preparation for residency. In particular, we discuss core competencies of 
the scholar and our vision on the dynamic character of motivation.

1
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2. Unravelling the role of extracurricular research programmes
In chapter 8 we describe the research-based Honours programme of Leiden University 
Medical Center, which aims to engage future physicians in scientific research in early stages 
of medical training. In chapter 9, we report on the role of grades in selecting students 
for an extracurricular research programme. Here, we compare students within the 
extracurricular research programme with a first-year grade point average (GPA) below or 
above seven on academic performance, extracurricular research programme performance, 
and motivational factors. In chapter 10, we use a prospective, longitudinal design with a 
sound baseline measure and a comparable control group to investigate the effects of a 
research-based Honours programme. Students participating within the extracurricular 
research programme are compared to students that showed interest in the programme 
but eventually decided not to participate on academic achievement, intrinsic motivation 
for research, research self-efficacy beliefs, perceptions of research, and curiosity.

3. Connecting research to theory and practice
As mentioned before, the aim of this thesis was broader than helping to clarify in what 
way undergraduate courses and extracurricular research programmes contribute to 
cultivating future physician-scientists. In addition, within this thesis, we wanted to 
make a connection to both theory and practice. In chapter 11 we focus on expanding 
our theoretical view on Self-Determination Theory by including an authenticity 
framework to shape undergraduate research experiences in such ways that student 
wellbeing is promoted. Furthermore, elaborating on how an undergraduate research 
course could be implemented within the medical curriculum seems valuable in order 
to make a connection to practice. Therefore, in chapter 12 we provide twelve tips to 
offer a short authentic and experiential individual research opportunity to a large 
group of undergraduate students, based on theory, own experiences, and the previous 
chapters of this thesis.

A summary and in-depth discussion of the main research findings, directions for future 
research, and practical implications is discussed in chapter 13.

An overview of all chapters including the specific research questions is given in Table 1.
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Table 1. Studied research aim/questions, and corresponding research methods and analyses

Chapter Research aim or question(s) Research method Analyses

2 1. To what extent are first-year medical students intrinsically 
and/or extrinsically motivated for research?
2. What influence do self-efficacy, perceptions of research, 
curiosity, and need for challenge have on intrinsic and 
extrinsic motivation for research?

Student surveys 
(cross-sectional)

Multivariate linear 
regression analyses

3 1. How do first-year medical students perceive research?
2. Which factors contribute to motivation or demotivation 
for conducting research?

Interviews Grounded theory 
approach: open, axial 
and selective coding

4 What is the effect of motivation for research on actual 
research involvement?

Student surveys 
(prospective cohort)

Multivariate logistic 
regression analyses

5 1. What is the influence of a success experience within 
an obligatory research course on motivation for research 
and research self-efficacy?
2. Is the effect of a success experience different for 
standard (i.e. written exam) versus more authentic (i.e. 
report and oral presentation) assessments?

Student surveys
(prospective cohort)

Multivariate linear 
regression analyses

6 Are medical students who publish before graduation 
more likely to publish after graduation, do they publish 
a greater number of papers after graduation, and do 
they publish papers with a higher citation impact after 
graduation?

Bibliometric methods 
(retrospective cohort)

Chi square test, 
Mann-Whitney U test, 
independent samples 

t-test

7 Medical students’ intrinsic versus extrinsic motivation to 
engage in research as preparation for residency

Commentary n.a.

8 Using an extracurricular Honours programme to engage 
future physicians into scientific research in early stages of 
medical training

Monograph n.a.

9 What is the effect of students’ first-year academic 
performance on academic success within an 
extracurricular research programme, intrinsic motivation 
for research, self-efficacy beliefs, perceptions of research 
and curiosity?

Student surveys
(prospective cohort)

Multivariate logistic 
and multivariate linear 

regression analyses

10 What is the effect of an extracurricular research 
programme on academic achievement, intrinsic 
motivation for research, research self-efficacy beliefs, 
perceptions of research, and curiosity?

Student surveys 
(longitudinal)

Multivariate logistic 
and multivariate linear 

regression analyses

11 How does engaging in authentic research at undergraduate 
level contribute to student wellbeing?

Theoretical essay n.a.

12 Connecting research to practice: Twelve tips 
to offer a short authentic and experiential individual 
research opportunity to a large group 
of undergraduate students

Twelve tips article: 
practical tips based 
on theory, previous 
research, and own 

experiences

n.a.

1
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