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Abstract
Background: Developing self-regulated learning in preclinical settings is important for future lifelong
learning. Previous studies indicate professional identity formation, i.e., formation of self-identity with
internalized values and norms of professionalism, might promote self-regulated learning We designed a
professional identity formation-oriented mentoring format and tested effectiveness on raising self-
regulated learning in a pre-clinical year curriculum.

Methods: A randomized controlled crossover trial was conducted using 112 students at Jichi Medical
University. In six one-day problem-based learning sessions in a 7-month pre-clinical year curriculum,
Groups A (n = 56, female 18, mean age 21.5y ± 0.7) and B (n = 56, female 11, mean age 21.7y ± 1.0)
received professional identity formation-oriented mentoring: Group A had three sessions in the �rst half, B
in the second half. Between-group identity stages and self-regulated learning levels were compared using
professional identity essays and the Motivated Strategies for Learning Questionnaire.

Results: Two-level regression analyses showed no improvement in questionnaire categories but moderate
improvement of professional identity stages over time (R2 = 0.069), regardless of timing of intervention.

Conclusions: Professional identity moderately forms during the pre-clinical year curriculum. However,
neither identity nor self-regulated learning is raised signi�cantly by limited intervention.

Background
Self-regulated learning (SRL) is de�ned as learners’ active participation in learning process from
metacognitive, motivational, and behavioral perspectives [1]. Medical professionals are required to
update knowledge autonomously in line with rapid advances in medicine, and self-regulation in clinical
contexts has become an essential competency for medical professionals [2-5]. Zimmerman described
SRL as a cyclical process in three phases [6, 7]. 

1. Forethought phase: Learners set goals and choose strategies to attain them 

2. Performance phase: Learners monitor and control behavior to attain goals

3. Self-re�ection phase: Learners formulate new goals and strategies for future situations by re�ecting
on the previous study performance

Because present pre-clinical education cannot prepare learners for all challenges faced in less-structured
learning situations in clinical settings, robust development of SRL-oriented education in pre-clinical
settings is justi�ed [5, 8-10]. 

 

SRL-oriented educational interventions in pre-clinical settings
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          SRL-oriented educational interventions in pre-clinical settings include two main approches. The �rst
approach is microanalysis. It is aimed at individualized assessment and modi�cation for learning-
speci�c processes in a speci�c learning context (e.g., clinical reasoning) [11, 12]. This approach may
allow preclinical year students to acquire speci�c SRL skills for speci�c learning tasks performed in the
later clinical clerkship. However, it is also important to have students acquire SRL skills that can be
applied to a wider variety of learning tasks in the clinical clerkship. From this perspective, another
approach is to implement SRL-oriented education in preclinical education, with reference to reports of
interventions that have improved SRL in clinical practice.

A systematic review by van Houten-Schat and colleagues [8] summarized educational intervention
studies for SRL in clinical settings by categorizing three areas: (1) SRL guidance via mentoring, (2) goal
setting and learning plan support, and (3) online support tools. Studies have con�rmed incorporation of
these components into medical education programs has potential positive impacts. For example, Aho et
al. [13] found that mentor-assisted SRL for the surgical practice habits of residents led to more frequent
practice and improved skills compared to peer residents. In Stuart et al. [14], guidance on the use of
strategies and learning plans for recording goal achievement raised students' awareness of the learning
process. Alegria et al. [15] described the use of online tablets as a support tool for SRL during a
longitudinal integrated clerkship. 

However, it has not yet been fully explored whether educational interventions that utilize these
categorized factors in addition to regular instruction establish SRL in pre-clinical settings. While the
robust development of SRL-oriented education in pre-clinical settings has been emphasized, it is
problematic that no actual intervention studies have been conducted using SRL as an outcome for
students prior to clinical clerkships.

Professional identity formation as a promoting factor of SRL

Recent research has focused on professional identity formation (PIF) as a factor promoting SRL [4, 16-22,
24-25]. According to Cruess et al. professional identity is de�ned as “a representation of self, achieved in
stages over time during which the characteristics, values, and norms of the medical profession are
internalized” [16, p1447]. They also advocate professional identity formation can result in individuals
thinking, acting, and feeling like physicians [16,21]. 

          In response to advances in medical science and increasingly diverse needs of society, "professional"
attributes such as autonomy, self-regulation, and responsibility to society have been emphasized in
addition to the traditional moral and ethical education as a "healer" for patients [21,22]. Rather than
impart knowledge of professionalism super�cially, educating individual learners to internalize values and
norms of the health care profession has been emphasized [16,21]. This includes professional autonomy
in lifelong learning. In addition, when physicians perceive their identity as professionals, they begin to
view daily learning tasks as high-stakes, and to self-regulate learning behaviours as coping strategies
[18]. Recent research has shown explicit future professional self-image with responsibility in medical
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students leads to self-re�ection, increased attention to learning strategies of professional role models,
and diversi�cation of learning strategies [19, 20]. 

Kegan's Identity Stage indicates perception of belonging to a certain community leads to an increased
awareness of the community’s values and authority �gures [23-25]. Increased attention to and emulation
of learning strategies of role models in professional communities resembles Identity Stage III [20, 23-25].
Also, Oysermann argues in Identity-Based Motivation Theory that when people feel their accessible
identities are consistent with doing a task, they are more likely to interpret di�culties they experience as
important and increase their self-motivation [26,27]. Given that PIF is associated with motivation, self-
re�ection, and diversi�ed learning strategies, SRL may be facilitated by introduction of a PIF-oriented
educational context.

          One past study has attempted to promote PIF prior to participation in clinical clerkship through an
online professional identity-oriented mentoring form [20]. The online form was based on the Professional
Identity Essay [25] and aimed at promoting interaction between medical students and role models to
improve SRL in clinical clerkship. Here, we investigate if a similar form could be applied to pre-clinical
learning to improve students' SRL. 

PIF-oriented mentoring form in pre-clinical settings

In this study, we applied Matsuyama et al.'s PIF-oriented mentoring form [20] (Figure 1) in the preclinical
year curriculum and utilized six one-day PBL sessions as mentoring opportunities in the preclinical year
seven-month research period. Characteristics are summarized as follows:

1. elaborating current values/norms of professionalism to form a future “professional” image

2. articulating self-image as a medical professional in PBL scenarios 

3. receiving tips from mentors for learning strategies in PBL based on 1) and 2)    

The purpose of this study was to examine whether a professional identity-oriented mentoring would
enhance SRL for clinical practice contexts among preclinical year students. The following research
questions were formulated.

Research Question 1: Does a professional-identity formation oriented mentoring improve SRL levels in a
preclinical year curriculum?

Research Question 2: Does SRL level improve in parallel with professional-identity formation
development?

This study was approved by the university’s ethics committee (reference number: 18-168). Informed
consent was obtained from all participants. This study was conducted from May 2019 to April 2020.

Methods
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Settings

          Jichi Medical University (JMU) is a private medical university founded in 1972 in Japan. The
curriculum of JMU complies with the standardized model core curriculum outlining fundamental learning
contents for undergraduate medical education in Japan [28]. While the pre-clinical curriculum is partly
integrated, it remains mostly stepwise. In JMU, students mainly learn clinical medicine in traditional
didactic lectures before Year 4 to 6 (Y4-6) clinical clerkship. JMU students study liberal arts in the �rst
and second trimesters of Y1. Lectures and experiments in basic medicine also begin in Y1 second
trimester. Clinical medicine lectures start from Y2 second trimester. Before Y3 end, students �nish almost
all subject lectures in basic and clinical medicine. Each basic and clinical medicine class is capped by
end-of-unit tests where lecturers create test items based on lecture content. 

          Y3 has seven sessions of one-day hybrid problem-based learning (PBL), each divided into four
segments: morning case discussion for the formulation of self-study objectives, self-study period for
research on objectives and preparation for afternoon discussion, afternoon discussion including within-
group information sharing, and a 60-minute wrap-up lecture from a specialist. 

          Currently, students read the introductory part of a clinical scenario before PBL and preview morning
discussion content. For example:

‘A 56-year-old man came to your hospital because he had 20-min anterior chest oppression after
breakfast this morning. Please �nd clinical problems or possible differential diagnoses as best you can.’

The full story containing clinical history and �ndings is provided on the date of the PBL session.

Theoretically, students acquire SRL skills through repeated PBL sessions. For instance, students extract
problems in a self-re�ective manner (corresponding to the self-re�ection phase) and formulate learning
goals in PBL discussion sessions (corresponding to the forethought phase). Additionally, participants
undertake self-study between PBL discussion sessions to accumulate relevant information and make
sessions more meaningful (corresponding to the performance phase) [29]. Therefore, if PBL is fully
incorporated into the preclinical year curriculum, SRL for later clinical clerkship will be su�ciently
acquired [30].

          However, implementing large-scale curriculum reform towards full PBL-based implementation is
di�cult because of prevailing teacher-centered education culture at this university. In order to maximize
development of SRL in limited PBL curriculum centered on didactic lectures, we have developed a
mentoring platform with PIF-oriented tasks prior to every one-day PBL.

Pre-PBL mentoring platform 

          The core component of the pre-PBL mentoring platform is composed of an online instruction video
and an essay format. The instruction video aimed at encouraging students to articulate their future image
as an independent medical professional tackling patient problems via life-long learning. The essay
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format meant to provide pre-PBL in-depth communication between students and their mentors (Figure 1).
   

          After watching the instruction video and reading the PBL scenario introductory, students were asked
to answer three essay questions:

Q1: Please recall as much knowledge as possible you have about this case.

Q2: Please formulate your future professional images, and articulate how useful this PBL case-study
would be to you as a doctor responsible for this case. 

Q3. Based on your answer for Q2, please articulate how you will optimize your self-study for this case to
make this opportunity most meaningful.

          Aside from these questions, students were asked to submit the professional identity essay (PIE)
proposed by Kalet et al. [25] three times during the research period. PIE is useful for helping learners
articulate their values and norms about medical professionalism, and teachers provide feedback by
referring to rubrics based on Kegan’s constructive developmental theory [23-25]. This study used a
Japanese version of PIE (PIE-J) as a reference for mentors’ feedback on Q1-3 and as an assessment tool
for students’ professionalism levels (see also Instruments).

          Those materials were provided on a Moodle online learning management system. Through the
Moodle platform, eligible JMU-graduate mentors provided feedback on Q1 to Q3 by simultaneously
referring to each student’s PIE. As a rule, the mentor feedback did not contain hints for the PBL scenario
in order to avoid teacher-centered instruction. In this study, six JMU graduates with clinical experience of
18-37 years were chosen as feedback providers. Before the study, all agreed to receive intensive training
for appropriate PIE use and feedback on Q1-3.

          We hypothesized the online pre-PBL mentoring would raise student awareness of their future
professional image and relevance of PBL scenarios for their future professional selves. We also proposed
that a clearer image of their future professional selves and relevance of PBL contents would encourage
preclinical year students to acquire learning strategies encouraged by thoughtful mentor comments.
Overall, we expected that the pre-PBL PIF-oriented mentoring format would promote PIF and SRL in a
parallel manner. 

Participants and design

          A randomized controlled trial was designed. All JMU 2019 Y3 students (n = 124) were invited to
participate in this research. Eventually, 112 agreed were randomly divided into two groups: Group A (n =
56, female=18, male=38, mean age 21.5y±0.7) and Group B (n = 56, female=11, male=45, mean age
21.7y±1.0). Group A used Moodle-based PIF-oriented format before the second to fourth PBL, while group
B did before the �fth to seventh PBLs in 2019. Both groups conducted the six one-day PBLs in the same
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manner on PBL dates, and SRL and PIF levels were compared between the two groups (Figure 2). Group A
and B did not mix in the PBL group session.

We conducted the randomized controlled trial in a crossover manner to ensure all students had the same
overall learning experience [31], even though the effects of the PIF-oriented PBL mentoring had remained
unclear. 

We hypothesized that PIF and SRL levels should improve in parallel, i.e., Group A in the �rst half of the
research period, with Group B becoming equivalent to Group A in the second half.

Instruments

1) PIF data collection

          The PIF levels for norms and values of professionalism were measured using PIE, an essay-based
measurement tool with 9 question items. Referring to Dr. Kalet and colleagues’ rubric based on Kegan’s
identity stage [25], assessors chose learners’ professional identity levels from Stage II to II/III, III, III/IV, IV,
IV/V, and V. The PIF measurement by PIE has been validated in undergraduate settings [25, 32]. In this
study, we used a Japanese version of the PIE form and rubric (PIE-J) originally in English. Back
translation between English and Japanese was conducted by the main author (YM, Japanese) and an
American professor living in Japan literate in both English and Japanese (AJL). PIE stages from all
students were assessed by two authors (YM & MN) by in-depth discussions following the rubric until full
agreement was reached. 

2) SRL data collection

          Learners’ SRL levels were measured by a Japanese-language version of the Motivated Strategies
for Learning Questionnaire (MSLQ-J) [33] in the quantitative analysis reported to be useful in measuring
SRL in undergraduate medical education [20, 34, 35]. MSLQ is composed of 81 items with seven-point
Likert scales which quantify levels of nine types of learning strategies (rehearsal: R, elaboration: ELA,
organization: O, critical thinking: CT, metacognitive self-regulation: MSR, time and study environment:
TaSE, effort regulation: ER, peer learning: PL, and help-seeking: HS), and six variables of motivation
states (intrinsic goal orientation: IGO, extrinsic goal orientation: EGO, task value: TV, control of learning
beliefs: CBaL, self-e�cacy for learning and performance: SEfLaP, and test anxiety: TA). All 81 items were
translated into Japanese and back-translated by the main author (YM) and an American professor (AJL).

Analysis

          Effects of treatment and time (�xed effects) on MSLQ-J scores and PIE-J stages were tested and
estimated using two-level regression analysis (upper level: participants; lower level: occasion) in the Open
Source statistical package jamovi (version 1.2.9) [36]. Treatment and time were treated as �xed effects
(estimated with full informed maximum likelihood), and participant-level random intercept served as a
random effect (estimated with restricted maximum likelihood). For the �rst measurement of all scales,
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the two groups were treated as one because the �rst measurement took place before any treatment (see
Chapter 15 in [37] for a detailed explanation of this model and the rationale behind it). Marginal R2, a
multilevel equivalent of the R2-statistic commonly used for traditional linear regression models, was used
to estimate the effects of time and treatment (values of around 0.01, 0.06 and 0.14 represented small,
medium and large effects). The Bayesian Information Criterion (BIC) was used to determine which of the
time-effect-only and the time-and-treatment-effect model is to be preferred (i.e., the model with the
smallest BIC) [37]. Correlations between MSLQ-J scores and PIF-J stages (RQ2) were analyzed and
visualized using network analysis in the Open Source statistical package JASP (version 0.12.1.0) [38].

Results
Table 1 shows the mean ±SD of 15 MSLQ-J categories in Group A and Group B and the distribution of
PIE-J stages.

          In Table 2, a two-level regression analysis showed the R2-value of 0.069 in the time-effect-only
model in PIE indicated moderate improvement of PIF-J stages over time. However, the time-effect-only
model and the time-and-treatment-effect model yield almost the same marginal R2-value and BIC.
Therefore, there is no reason to assume treatment effects beyond time-effects only. For the 15 MSLQ
scales, there were relatively small differences in score between times (i.e., marginal R2-values in the
0.002-0.034 range) which lead to the same conclusion about treatment: almost no change in marginal
R2-value and BIC due to treatment over the time-effect-only model.

          Figure 3 shows the network plot of PIE-J stages and MSLQ-J category scores in the three phases,
with thicker lines re�ecting stronger correlations than thinner lines, and blue for positive/red for negative
correlations. Overall, correlations between PIE and MSLQ-J scales were weak (PIE1*MSLQ1: -0.066 to
0.186; PIE2*MSLQ2-4: -0.244 to 0.220; PIE3*MSLQ: 5-7: -0.140 to 0.381)

Discussion
Contrary to the hypothesis, PIF-oriented mentoring in this study did not signi�cantly improve PIF or SRL.
Moreover, contrary to the previous study results in clinical contexts [19, 20], the PIF improvement did not
contribute to the improvement in SRL. This study did not show any signi�cant results in terms of testing
the hypothesis that PIF-oriented mentoring improves students' SRL in a preclinical year curriculum.
However, a few important �ndings were noted.

          First, PIF stages among the students participating in this study were low. Although not directly
comparable, according to a study of 132 entering U.S. medical school students [25] and a study
comparing 122 students at admission and pre-clinical clearkship training [32], none of the students were
at Stage II. Plus, only a few students in the latter study [32] were judged to be at Stage II/III. Most students
in the both studies were at Stage III or III/IV [25, 32]. On the other hand, one-third to one-half of the
students in this study were at Stage II/III and a few were at Stage II (Table 1b), although they had studied
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more than two years since admission and were now within one year of commencing the clinical clerkship.
Due to the difference in the admission system to medical school, U.S. medical students enter medical
school after graduating from college after potentially completing a different major [39], whereas
Japanese medical students enter medical school directly from high school age 18 [28]. Students with
little social experience save for a sense of accomplishment from succeeding at high-stakes exams may
have only a vague image of becoming a medical professional [40]. This may re�ect the difference in
professional identity stage between Japanese and U.S. medical students. 

          Results also reveal the inadequacy of PIF-oriented education at the current pre-clinical year
standard curriculum in Japan. Although the Japanese curriculum is undergoing reform, there are less
opportunities for students to be exposed to clinical practice and professionalism education [40-42]. This
low base of professional identity stage may have in�uenced the ineffectiveness of the PIF-oriented
mentoring intervention, which was administered only three times for each group during the study period.

          In addition, response descriptions in the three professional identity essays during the study period
provided details of the impact of PIF-oriented mentoring on students' perceptions of their learning (data
not shown). According to them, repetitive verbalization of the values and norms of professionalism in
PIF-oriented mentoring helped students perceive responsibilities as a health care professional they had
not recognized previously, and felt PBL tasks as realistic. The recognition of a sense of responsibility is
reported as a promoter for SRL [18-20, 43, 44]. However, an absolute lack of time for mentoring and the
following PBLs in this study may have led to the lack of expected results of motivation and learning
strategies in the MSLQ.

          The PIF-oriented mentoring was an attempt to foster SRL within a teacher-centered institutional
culture and minimal PBL curriculum. Even though we introduced repeated PIF-oriented pre-PBL
mentoring, we only did so once a month for two hours during eight hours of one-day PBL, while
approximately 130 hours of didactic lectures per month took place. Therefore, in institutions where
teacher-centered culture is prevalent, fostering pre-clinical student SRL for later clinical clerkship may
require more than one short-term intervention.

Strengths

          Subjects in this study were Japanese students placed in a teacher-centered curriculum with teacher-
centered institutional culture [18-20]. Therefore, we believe our study can provide educators with evidence
that sporadic SRL-oriented educational schemes in such a context cannot improve SRL signi�cantly.
Moreover, the experimental setup constitutes an important strength of the study at hand by minimizing
threats to internal validity.

Limitations

JMU is a medical school with a mandatory in-dormitory residence for six years, and with a culture in
which students frequently share information about their studies in the dormitory. In this study, we
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permitted only the intervention group students to access the Moodle pre-learning by their IDs and
explained in advance that they should not share information with those in the control group. However,
some information might have been shared between Groups A and B. A variety of preventive measures
can be considered, including investigating at a medical school where students do not board together on
campus.

There are no reports that have validated the Japanese version of both MSLQ and PIE. In this study, we
used a rigorous back translation by faculty members literate in Japanese and English, but more time
examining outcome evaluation methods may be necessary.

Conclusion
This randomized control study showed no signi�cant effects of PIF-oriented mentoring on SRL in a
preclinical year curriculum although the repetitive verbalization of the values and norms of
professionalism might motivate students by helping them see preclinical PBLs more realistic. Sporadic
professional identity formation-oriented mentoring without clinical setting does not lead to the
establishement of SRL in preparation for clinical practice.
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Professional identity formation; PIE: Professional identity essay; PIE-J: Japanese version of PIE; MSLQ:
Motivated Strategies for Learning Questionnaire; MSLQ-J: Japanese version of MSLQ; IGO: Intrinsic Goal
Orientation; EGO: Extrinsic Goal Orientation; TV: Task Value; CBaL: Control Beliefs about Learning;
SEfLaP: Self-E�cacy for Learning and Performance; TA: Test Anxiety; R: Rehearsal; ELA: Elaboration; O:
Organization; CT: Critical Thinking; MSR: Metacognitive Self-Regulation; TaSE: Time and Study
Environment; ER: Effort Regulation; PL: Peer Learning; HS: Help-Seeking.

Declarations
# Ethics approval and consent to participate 

The study was approved by Jichi Medical University Clinical Research Ethics Committee (reference
number: 18-168). Informed consent was obtained from all participants. The same statement is written at
the end of the Introduction section.

# Consent for publication

Informed consent was obtained from all participants for publication. All the authors have approved this
publication.

# Availability of data and materials 



Page 12/19

All datasets analyzed during the current study available from the corresponding author on reasonable
request.

# Competing interests

The authors report no con�icts of interest. 

# Funding

This work was supported by JSPS Kakenhi [grant number JP17K08924 & JP20K10384]. The funder had
no role in study design, data collection and analysis, decision to publish, or preparation of the
manuscript.

# Authors’ contributions

YM, JL, and CV substantially contributed to the conception and research design. YM and YA substantially
contributed to the creation and management of Moodle learning content. YM, TS, YY, MM, AG, SI, and HO
substantially contributed to data collection. YM and JL substantially contributed to statistical analysis.
YM and MN contributed to thematic analysis. YM and AJL contributed to the Japanese-English
translation of data collection tools (MSLQ and PIE). YM wrote the manuscript together with JL, and CV.
YM, AJL, JL, and CV contributed to manuscript proofreading. All authors have read and approved the
manuscript.

# Acknowledgements

We would like to thank Dr. Adina Kalet, Verna Monson, and their colleagues for their generous provision of
reference materials and expert suggestions on PIE analysis. We would also like to thank Akemi
Watanabe, Kazumi Kato, and Yasuko Koguchi for their helpful assistance.

References
1. Zimmerman BJ. A social cognitive view of self-regulated academic learning. Journal of Educ

Psychol. 1989;81:329–39.

2. Frank JR. The CanMED 2005 Physician Competency Framework: Better Standards, Better Physicians,
Better Care. Ottawa, Canada: Royal College of Physicians and Surgeons of Canada; 2005.

3. Sandars J, Cleary TJ. Self-regulation theory: application to medical education: AMEE Guide No 58.
Med Teach. 2011;33:875–86.

4. Brydges R, Butler D. A re�ective analysis of medical education research on self-regulation in learning
and practice. Med Educ. 2012;46:71–

5. Berkhout JJ, Helmich E, Teunissen PW, Van der Vleuten CP, Jaarsma ADC. Context matters when
striving to promote active and lifelong learning in medical education. Med Educ. 2018;52:34–44.



Page 13/19

�. Artino AR, Jones KD. AM Last Page: Self-regulated learning—a dynamic, cyclical perspective. Acad
Med. 2013;88:1048.

7. Zimmerman BJ: Attaining self-regulation: A social-cognitive perspective. In Handbook of Self-
Regulation. Edited by: Boekaerts M, Pintrich P, Ziedner M. San Diego, CA, USA: Academic Press;
2000:13–39.

�. van Houten-Schat MA, Berkhout JJ, van Dijk N, Endedijk MD, Jaarsma ADC, Diemers AD. Self-
regulated learning in the clinical context: a systematic review. Med Educ. 2018;52:1008–

9. Berkhout JJ, Teunissen PW, Helmich E, van Exel J, van der Vleuten CP, Jaarsma DA. Patterns in
clinical students’ self-regulated learning behavior: a Q-methodology study. Adv Health Sci Educ
Theory Pract. 2017;22:105–

10. Woods NN, Mylopoulos M, Brydges R. Informal self-regulated learning on a surgical rotation:
uncovering student experiences in context. Adv Health Sci Educ Theory Pract. 2011;16:643–53.

11. Artino AR Jr, Cleary TJ, Dong T, Hemmer PA, Durning SJ. Exploring clinical reasoning in novices: a
self-regulated learning microanalytic assessment approach. Med Educ. 2014;48:280-91.

12. Gandomkar R, Mirzazadeh A, Jalili M, Yazdani K, Fata L, Sandars J. Self-regulated learning
processes of medical students during an academic learning task. Med Educ. 2016;50:1065-74.

13. Aho JM, Ruparel RK, Graham E, Zendejas-Mummert B, Heller SF, Farley DR, Bingener J. Mentor-
guided self-directed learning affects resident practice. J Surg Educ 2015;72:674–9.

14. Stuart E, Sectish TC, Huffman LC. Are residents ready for self-directed learning? A pilot program of
individualized learning plans in continuity clinic. Ambul Pediatr 2005;5:298–301.

15. Alegria DA, Boscardin C, Poncelet A, May�eld C, Wamsley M. Using tablets to support self-regulated
learning in a longitudinal integrated clerkship. Med Educ Online 2014;19:23638.

1�. Cruess RL, Cruess SR, Boudreau JD, Snell L, Steinert Y. Reframing medical education to support the
development of a professional identity. Acad Med. 2014;89:1446-51.

17. Bransen D, Govaerts MJB, Sluijsmans DMA, Driessen EW. Beyond the self: The role of co-regulation
in medical students' self-regulated learning. Med Educ. 2020 Mar;54(3):234-41.

1�. Matsuyama Y, Nakaya M, Okazaki H, Leppink J, van der Vleuten C. Contextual attributes promote or
hinder self-regulated learning: A qualitative study contrasting rural physicians with undergraduate
learners in Japan. Med Teach. 2018;40:285-95.

19. Matsuyama Y, Nakaya M, Okazaki H, Lebowitz AJ, Leppink J, van der Vleuten CPM. Does changing
from a teacher-centered to a learner-centered context promote self-regulated learning: a qualitative
study in Japanese undergraduate setting. BMC Med Educ. 2019;19:152.

20. Matsuyama Y. Education in professional identity formation-oriented enhances self-regulated
learning: a mixed-method study from a community-based clinical clerkhship in Japan. In Contextual
attributes fostering self-regulated learning in a teacher-centered culture: learners’ professional
identity formation is a trigger. Edited by Matsuyama Y. The Netherlands: Maastricht University, 2020:
p 58-85.



Page 14/19

21. Cruess SR, Cruess RL. The development of professional identity. In Understanding Medical
Education; Evidence, Theory, and Practice. Third Edition. Edited by Swanwick T, Forrest K, O’Brein BC.
NJ: Wiley-Blackwell. 2019: p 239-54.

22. Cruess RL, Cruess SR. Teaching medicine as a profession in the service of healing. Acad Med.
1997;72:941-52.

23. Kegan R. In over our heads: The mental demands of modern life. MA: Harvard University Press, 1994.

24. Jarvis-Selinger S, Pratt DD, Regehr G. Competency is not enough: integrating identity formation into
the medical education discourse. Acad Med. 2012;87:1185-90.

25. Kalet A, Buckvar-Keltz L, Harnik V, Monson V, Hubbard S, Crowe R, Hyuksoon SS, Yingling S.
Measuring professional identity formation early in medical school. Med Teach. 2017;39:255–

2�. Oyserman D. Identity‐based motivation: Implications for action‐readiness, procedural‐readiness, and
consumer behavior. J Consum Psychol. 2009;19:250–

27. Oyserman D., Lewis Jr NA, Yan VX, Fisher O, O'Donnell SC, Horowitz E. An identity-based motivation
framework for self-regulation. Psychol Inq. 2017;28:139–

2�. Kozu T. Medical education in Japan. Acad Med 2006;81:1069-75.

29. Loyens SM, Magda J, Rikers RM. Self-directed learning in problem-based learning and its
relationships with self-regulated learning. Educ Psychol Rev. 2008;20:411–27

30. White CB. Smoothing out transitions: how pedagogy in�uences medical students’ achievement of
self-regulated learning goals. Adv Health Sci Educ. 2007;12:279–97.

31. Johnston JM, Schooling CM, Leung GM. A randomised-controlled trial of two educational modes for
undergraduate evidence-based medicine learning in Asia. BMC Med Educ. 2009;9:63.

32. Kalet A, Buckvar-Keltz L, Monson V, Harnik V, Hubbard S, Crowe R, Ark T, Song H, Tewksbury L,
Yingling S. Professional Identity Formation in medical school: one measure re�ects changes during
pre-clerkship training. MedEdPublish. 2018;7.

33. Pintrich PR, Smith D, Garcia T, McKeachie WJ. A manual for the use of the Motivated Strategies for
Learning Questionnaire (Technical Report 91-B-004). Michigan, USA: The Regents of the University of
Michigan;1991.

34. Cho KK, Marjadi B, Langendyk V, Hu W. Medical student changes in self-regulated learning during the
transition to the clinical environment. BMC Med Educ. 2017;17:59.

35. Kim KJ, Jang HW. Changes in medical students’ motivation and self-regulated learning: a preliminary
study. Int J Med Educ. 2015;6:213–

3�. Jamovi project. Jamovi version 1.2.9. Retrieved Apr 21, 2020, from https://www.jamovi.org/

37. Leppink J. Statistical methods for experimental research in education and psychology. Springer,
Cham; 2019. https://doi.org/10.1007/978-3-030-21241-4

3�. Love J, Selker R, Marsman M, et al. JASP version 0.12.1.0. Retrieved Apr 21, 2020, from https://jasp-
stats.org/

https://www.jamovi.org/
https://doi.org/10.1007/978-3-030-21241-4
https://jasp-stats.org/


Page 15/19

39. Dezee KJ, Artino AR, Elnicki DM, Hemmer PA, Durning SJ. Medical education in the United States of
America. Med Teach. 2012;34:521-5.

40. Tokuda Y, Hinohara S, Fukui T. Introducing a New Medical School System into Japan. Ann Acad Med
Singapore 2008;37:800-2.

41. Teo A. The current state of medical education in Japan: a system under reform. Med Educ.
2007;41:302-8.

42. Tagawa M. Development of a scale to evaluate medical professional identity formation. BMC Med
Educ. 2019;19:63.

43. Demirören M, Turan S, Öztuna D. Medical students' self-e�cacy in problem-based learning and its
relationship with self-regulated learning. Med Educ Online. 2016;21:30049.

44. Brydges R, Manzone J, Shanks D, Hatala R, Hamstra SJ, Zendejas B, Cook DA. Self-regulated
learning in simulation-based training: a systematic review and meta-analysis. Med Educ.
2015;49:368-78.

Tables
Table 1. (a) The mean ± SD values of 15 MSLQ-J categories. (b) Distribution of PIE-J stages in Group A
and Group B.
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Table 2. Two-level regression with participant-level random intercept and �xed effects of time and
treatment for PIE and the 15 MSLQ scales

Intraclass coe�cient (ICC), marginal R2-value, and Bayesian information criterion (BIC).
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Figures

Figure 1
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Conceptual framework of professional identity formation-oriented pre-PBL mentoring PIE: professional
identity essay, PIF: professional identity formation, SRL: self-regulated learning

Figure 2

Study design in the quantitative part

Figure 3

Network plot of PIE and MSLQ categories. Blue and red lines represent positive and negative correlations,
respectively. Thicker lines represent stronger correlations. Weaker lines usually result in longer lines to
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indicate which variables are more closely related.


