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Abstract
Background Medical students experience high levels of stress and related mental health problems. Students’ 
autonomous and controlled motivation and their mental well-being are interconnected. This study aimed to 
investigate whether an innovative teaching concept based on self-determination theory (SDT) could improve 
students’ motivation and thereby reduce their stress levels, ultimately providing a healthier framework for learning.

Methods In a week-long practical psychiatry course for medical students, a new didactic concept was implemented 
in half the groups (n = 73) and compared with the preexisting concept (n = 75) as a randomized controlled trial (RCT). 
To promote the SDT-target factors of perceived autonomy, competence, and relatedness, the methods used included 
team building, exclusively positive feedback, group discussions, and choice in task distribution. Significant group 
differences in motivation, stress, performance, and their relationships were analyzed through t-tests, multiple linear 
regression analyses, mediation analyses, and hierarchical linear modeling (HLM) using questionnaires collected before 
(t0) and after (t1) the course, and students’ exam results (t2).

Results In the innovation group (n = 53), intrinsic motivation/interest (d = 0.41; p = .019) and perceived choice/
autonomy (d = 0.33; p = .048) were greater than in the control group (n = 52). While autonomous regulation remained 
stable, the innovation group showed reduced controlled regulation (d = -0.36; p = .033) and reported significantly 
lower stress (d = -0.55; p = .003). The observed changes in motivation collectively mediated the stress reduction. 
However, students in the innovation group achieved lower exam scores, which seemed to result from the absence of 
critical feedback, but not from the observed differences in motivation or stress.

Conclusions This study demonstrated that enhancing intrinsic motivation through SDT-based teaching can 
effectively reduce stress in medical students. Exclusively strengths-based positive feedback may have hindered exam 
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Background
The demanding environment of medical schools and 
the high levels of distress experienced by medical stu-
dents are topics frequently discussed both in specialist 
circles as well as the public debate. High rates of depres-
sion, burnout, and anxiety among medical students have 
been reported in various studies worldwide over the past 
decades [1, 2]. Considering students’ mental well-being 
and its effects on patient care, it is therefore imperative 
that educators and institutions find effective solutions to 
provide students with a learning environment that pro-
motes mental well-being and reduces stress [3, 4].

Intrinsic motivation is known to be a decisive factor 
in promoting students’ mental and physical well-being 
[5–9]. The self-determination theory (SDT) encom-
passes a basic needs theory, which asserts that intrinsic 
motivation is sustained by satisfying three fundamental 
psychological needs: autonomy, competence, and relat-
edness [10–14]. Autonomy refers to the need for individ-
uals to experience self-direction and personal agency in 
their actions and decisions. When learners feel they can 
make meaningful choices, they are more likely to engage 
in learning activities out of genuine interest [10–14]. 
Competence is the feeling of being effective and capable 
in one’s endeavors. In an academic setting, providing 
students with tasks that are challenging but achievable, 
along with positive reinforcement, fosters their sense 
of proficiency and mastery [10–14]. Finally, relatedness 
emphasizes the importance of interpersonal connections. 
When students feel understood, valued, and supported 
by their peers and instructors, they are more likely to be 
motivated and engaged [10–14]. The integration of these 
three needs in a teaching environment, which encour-
ages students’ interests, provides supportive feedback, 
choices, and room for collaboration, as well as reflec-
tion, can foster intrinsic motivation [15–19] and reduce 
stress in an educational setting [20, 21]. Furthermore, it 
has been demonstrated that a lack of intrinsic motivation 
is associated with depression and stress in undergraduate 
students [22]. Moreover, intrinsic motivation leads to the 
use of more deep learning [23–25] as well as better aca-
demic performance [5, 9, 11, 25–28].

The aim of our study was to investigate whether intrin-
sic motivation could be promoted in medical education 
by implementing a set of didactic methods designed to 
support students’ basic psychological needs in accor-
dance with SDT. These included moderated group discus-
sions, team building exercises, giving students freedom of 

choice regarding their individual focal topics, and imple-
menting exclusively strengths-based positive feedback. 
We also examined whether intrinsic motivation would 
in turn contribute to a reduction in medical students’ 
experience of stress during a one-week psychiatric prac-
tical course. Additionally, we analyzed whether the new 
course concept would enable students to achieve exam 
results equal to their peers in the control group despite 
dedicating a part of the course time to these methods and 
not giving specific critical feedback.

Hypotheses:

(1) An innovative teaching method optimized according 
to the SDT can promote students’ intrinsic 
motivation.

(2) Furthermore, it can facilitate lower stress levels.
(3) A favorable development of motivational factors can 

lead to a reduction in stress.
(4) The level of performance in exams remains 

unchanged.

Methods
Participants, course structure and ethical approval
Fourth-year medical students completing a mandatory 
five-day practical course at our psychiatric clinic partici-
pated in this study in the summer semester of 2022.

The one-week course was offered during most weeks 
throughout the semester and in the early part of the 
semester break. Students were free to sign up for their 
preferred time slot online on a first-come, first-serve 
basis at the beginning of the semester. The groups of five 
to eight students were subsequently randomized so that 
half of them were taught according to the usual didactic 
concept and the other half using an innovative concept 
improved according to the principles of the SDT. Lectur-
ers were informed which study arm they were teaching. 
To ensure consistent implementation of the study proto-
col, they received a briefing on the procedures relevant 
to their group, along with a handbook containing pre-
cise instructions, dos and don’ts, and a comprehensive 
timetable.

The students were blinded in the sense that they were 
not informed which study arm they were participating in. 
All students took part in the survey voluntarily and were 
explicitly informed that participation would not impact 
their exam grades and that the data would be processed 
anonymously.

performance, but optimizing educational concepts to promote motivation and reduce stress will be a valuable step 
toward improving medical students’ mental well-being.

Keywords Intrinsic motivation, Extrinsic motivation, Self-determination theory (SDT), Stress, Medical education, 
Psychiatry, Randomized controlled trial (RCT)
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This study was submitted to the Institutional Review 
Board (ethical committee) of the Friedrich-Alexander 
University Erlangen-Nuremberg and received a designa-
tion of exempt according to § 15 BO (professional code of 
conduct for the physicians of Bavaria). Therefore, a need 
for consent to participate was deemed unnecessary by 
the afore mentioned university’s review board according 
to national regulations.

Course concept
The course comprised five consecutive afternoons of 
practical teaching (Monday to Friday, 4–5 h daily, over-
all 21 h) at our psychiatric clinic and concluded with an 
objective structured clinical examination (OSCE) the 
following Monday. Prior to on-site practical education, 
students completed a multimedia online course (10 h) at 
their own pace, providing a theoretical background for 
the practical part.

Every day during on-site teaching, real and simulated 
patients were each interviewed by one of the students. 
Thereafter, the simulated patients, fellow students, and 
the lecturer provided feedback on the student’s perfor-
mance. During the OSCE, students were given a stan-
dardized patient scenario and graded on taking the 
medical history, applying communication models, and 
giving a case report.

Our innovation encompassed four newly implemented 
methods (Table 1).

1) At the beginning and end of each course day, 
students gathered with their lecturer for a five-
minute structured group discussion with an 
extended 30-minute introductory round on their 
first day and a 15-minute concluding discussion at 
the end of the last day. The aim was to provide an 
open, supportive environment where students felt 
comfortable expressing their emotions and concerns. 
Additionally, they were given a space to reflect on 
expectations for the course, their learning process, 
and takeaways from each day, as well as positive 
and potentially difficult experiences throughout the 
course and with psychiatric patients encountered 
in their education and career thus far. The method 
was implemented to support the basic need for 
relatedness by promoting group cohesion and 

psychological safety, thereby enhancing students’ 
sense of belonging. This process also contributed 
to autonomy support by encouraging students 
to experience task relevance and understand the 
rationale of their learning activities in their personal 
and professional development. In contrast, the 
control group did not engage in structured group 
discussions, reducing opportunities for students 
to connect with each other and the lecturer on a 
personal level and to reflect on task relevance and 
rationale.

2) Instead of having a scheduled break to use as 
they wish, all students engaged in a group activity 
to further support the need for relatedness 
by promoting cooperation and train their 
communication skills. All activities were designed 
to create a space for teamwork and reflection 
on collaborative learning. Students were, for 
instance, asked to coordinate through non-verbal 
communication when counting up to 30 or to work 
together in lowering a long stick to the floor while 
supporting it on both their pointer fingers at all 
times. The control group, by contrast, did not engage 
in these structured activities, which may have limited 
the development of interpersonal connections.

3) To strengthen their sense of autonomy, our 
innovation group students were able to freely 
distribute the topics, patients, time slots, and 
number of interviews among themselves. This 
allowed students to have a sense of choice and 
ownership over their learning experience, which is a 
key factor in fostering intrinsic motivation. On the 
other hand, the control group had their interviews 
assigned by the lecturer in advance, which restricted 
their autonomy and may have reduced their sense of 
control over the learning process.

4) Lastly, students, teachers, and simulated patients in 
the innovation group were instructed to give only 
strengths-based positive feedback. Receiving positive 
feedback has been shown to enhance students’ 
perceived competence [8] as well as motivation 
and confidence [29]. By pointing out which aspects 
were particularly well handled by the interviewer, 
without giving critical or negative feedback on 
weaker aspects of their performance, we aimed 

Table 1 Differences in the didactical concepts of the innovation group and the control group and the respective target factors of self-
determination theory (SDT)

Innovation Control Target factor
1) Framework Moderated group discussions twice daily No structured framework relatedness, 

autonomy
2) Breaks Team building tasks Breaks at students’ free disposal relatedness
3) Case distribution Cases distributed by the students Cases assigned by the lecturer autonomy
4) Feedback Strengths-based positive feedback Critical constructive feedback competence, relatedness
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to improve the student’s sense of competence. 
Additionally, the goal was to reduce pressure and 
stress caused by fear of negative responses to their 
performance, thereby also strengthening the group’s 
relatedness. The control group followed the guideline 
of giving critical constructive feedback to the 
interviewer, mentioning both positive and negative 
aspects of their performance. The method may fall 
short in fully supporting competence, as students 
may leave feeling less sure of their abilities after 
receiving detailed critiques of their performance and 
weaknesses by the group.

OSCE testing
Simulated patients performed one of four standardized 
clinical cases (depression, dementia, schizophrenia, or 
obsessive-compulsive disorder). Students were graded 
by examiners that differed from their lecturers. To facili-
tate a fair exam, we used a standardized rubric, rating the 
student’s performance out of 60 points in conducting a 
mental status examination, including taking the psycho-
pathological history, using communication models, and 
giving a conclusory case presentation. The point score is 
used for research purposes and to monitor the didactic 
quality of the course, while only a pass (≥ 36 points) or fail 
grade is registered on students’ grade record. The same 
OSCE had been conducted for several past semesters at 
our psychiatric university hospital, showing no improve-
ment in the overall results over time, which indicates that 
previous knowledge of the exam structure is not advanta-
geous to students’ performance; rather, their actual com-
petence is examined [30].

Questionnaires
The students answered previously published and well-
established questionnaires online before starting their 
first day of practical teaching and again at the end of 
the last day of the course, three days before the OSCE 
(Fig.  1). All questionnaires were administered in Ger-
man, the language of instruction, to prevent potential 
language-related inaccuracies.

  • Before the course, we collected the revised 2-factor 
study process questionnaire (R-SPQ-2 F) with 
20 items to measure students’ deep and surface 
learning approaches [31]. It comprises the subscales 
of deep and surface motive, as well as deep and 
surface strategy, which are evaluated via a 5-point 
Likert scale [1 (never/rarely true) to 5 (always/
almost always true)] and added up to calculate 
each approach score [31]. The R-SPQ-2 F has been 
validated and shown to be reliable, with reported 
Cronbach’s alpha values of 0.73 for deep approach 
and 0.64 for the surface approach subscale [31]. The 
questionnaire was used to evaluate how students’ 
deep and surface learning approaches would 
influence students’ performance compared to factors 
directly targeted by our course concept.

  • We collected the interviewing version of the 
learning self-regulation questionnaire (LSRQ) [32] 
both before and after the course. It comprises 14 
items on the subscales “autonomous regulation”, 
reflecting intrinsic motivation, and “controlled 
regulation”, reflecting extrinsic motivation, based 
on a 7-point Likert scale [1 (not at all true) to 7 
(very true)]. In past studies the alpha reliabilities for 

Fig. 1 Data collected before (t0) and after (t1) the course week included the revised 2-factor study process questionnaire (R-SPQ-2 F), the learning 
self-regulation questionnaire (LSRQ), the task evaluation questionnaire of the intrinsic motivation inventory (IMI) and the perceived autonomy support 
learning climate questionnaire (LCQ) as well as self-reported stress on a visual analog scale (Stress VAS) and the course grade achieved in the objective 
structured clinical exam (OSCE) on Monday after the course week
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these two subscales have been approximately 0.75 
for controlled regulation and 0.80 for autonomous 
regulation. Validation was done at the level of 
these two categories [32]. The questionnaire allows 
the calculation of a “relative autonomy index” by 
subtracting controlled from autonomous regulation 
subscale scores [32]. It was used examine differences 
in students’ styles of regulation in our two study 
arms after the course while being able to control for 
their initial values from before the course.

  • Before and after the course, we assessed stress levels 
during the past week using a visual analog scale 
(VAS) operationalized from 0 to 100, so that we 
could compare the values after the course in the two 
study arms and account for their base line before the 
course. Construct validity of VAS for assessing stress 
has been established through comparison with other 
well-established tools for measuring stress [33, 34].

  • At the end of the course, students answered the task 
evaluation questionnaire of the intrinsic motivation 
inventory (IMI), which comprises four subscales 
[35]. The “interest/enjoyment” subscale is considered 
a self-reported measure of intrinsic motivation. 
“Perceived competence”, “perceived choice”, which 
reflects a sense of autonomy, and “pressure/tension” 
are considered predictors of intrinsic motivation. 
Each of the 22 items is evaluated on a 7-point Likert 
scale [1 (not at all true) to 7 (very true)] [35]. There 
has been found strong support for the validity of the 
IMI as well as adequate reliability of its subscales 
[36]. The questionnaire was used to examine 
differences between the two study arms after the 
course, as well as interactions between the different 
factors and motivation.

  • Additionally, we collected the perceived autonomy 
support learning climate questionnaire (LCQ) with 
15 items after the course, which also uses a 7-point 
Likert scale [1 (not at all true) to 7 (very true)] [37]. 
The validated questionnaire has shown to be reliable, 
with reported Cronbach’s alpha values of 0.71 [38]. 
It was used to evaluate whether the differences in 
didactical concepts between the two groups could be 
detected in their perceived autonomy support by and 
sense of relatedness to the lecturer.

  • Finally, we asked the students to give freeform 
feedback about their experience with the course 
with a separate question each for positive and 
negative remarks to clearly distinguish between their 
evaluation of the mentioned factors. Meanwhile, 
without limiting answers to certain topics or aspects 
of the course, students were free to report on exactly 
the points they felt were important to them.

Data analysis
The data were analyzed through t-tests, multiple linear 
regressions, simple and parallel mediations, and hierar-
chic linear modeling.

Regression analyses and t-tests were performed using 
SPSS (SPSS® 29, IBM®, Armonk, USA). Assumptions of 
linearity, normality, and homoscedasticity were assessed, 
ensuring the appropriateness of the models. We calcu-
lated effect sizes (d) for group differences [39] with their 
confidence intervals (CI) and applied the empirically 
derived guidelines of 0.15 being a small effect, 0.36 a 
medium effect, and 0.65 a large effect in social psychol-
ogy [40]. The models’ goodness-of-fit was interpreted 
according to Cohen [39].

Mediation analyses were performed using the PRO-
CESS macro by Hayes (PROCESS Procedure for SPSS® 
Version 4.2, Andrew F. Hayes, Calgary, Canada), which 
uses ordinary least squares regression, yielding unstan-
dardized path coefficients for total, direct, and indirect 
effects. Bootstrapping with 5000 samples together with 
heteroscedasticity-consistent standard errors [41] was 
employed to compute the confidence intervals and infer-
ential statistics. The effects were deemed significant 
when the confidence interval for the indirect effect did 
not include zero. Visual inspection of scatterplots after 
LOESS smoothing indicated an approximately linear 
relationship between all variables involved.

We used hierarchic linear modeling or HLM (HLM® 8, 
Scientific Software International, Inc., Skokie, USA) with 
level-1 variables describing data collected from a single 
student and level-2 variables comprising data collected 
in the same group (same lecturer, time slot, examiner, 
study arm). The results of the hierarchic linear modeling 
are reported as the difference between slopes (b) of the 
regression curves and its significance (p).

Statistical significance was set at p ≤ .05.

Results
Participant characteristics
In the summer semester of 2022, 148 medical students 
participated in the course, 73 of whom participated in a 
group with the new didactical concept and 75 of whom 
participated in a control group with our conventional 
concept. We obtained complete sets of data from 105 
students (return rate: 71%), comprising the question-
naires taken before (t0) and after the course (t1) as well 
as the results from the OSCE (t2). Notably, for variables 
assessed at t0, no statistically significant group differences 
were found using two-sided t-tests (Table  2). Nonethe-
less, preexisting non-significant but potentially relevant 
group differences, such as stress scores, were controlled 
for in our subsequent data analysis.
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Greater intrinsic motivation, higher perceived autonomy, 
and less controlled regulation in the innovation group
With respect to our hypothesis that a teaching concept 
according to the SDT could promote students’ intrinsic 
motivation, we conducted one-sided t-tests to examine 
group differences at the end of the course. Our control 
group served as the reference group.

After the course (t1), students in the innovation group 
showed significantly greater levels of intrinsic motiva-
tion regarding the course, as measured by the IMI (MC 
= 5.67 ± 0.78; MI = 6.00 ± 0.81; p = .019), with a standard 
error difference of 0.16 (Fig. 2A). The effect size for this 
difference was medium (d = 0.41; 95% CI [0.02, 0.80]).

Similarly, a greater sense of choice (IMI) was observed 
in the innovation group at t1 (MC = 4.09 ± 1.17; MI = 
4.50 ± 1.32; p = .048), with a standard error difference of 
0.24 (Fig. 2B). The effect size was small (d = 0.33; 95% CI 
[-0.06, 0.71]).

Additionally, the innovation group scored significantly 
lower on the LSRQ’s controlled regulation subscale at t1 
(MC = 4.01 ± 0.92; MI = 3.66 ± 1.00; p = .033), with a stan-
dard error difference of 0.19 (Fig. 2C). The effect size for 
this difference was medium (d = -0.36; 95% CI [-0.75, 
0.02]).

Correspondingly, the relative autonomy index of the 
LSRQ was significantly higher in the innovation group 
at t1 (MC = 2.26 ± 1.12; MI = 2.66 ± 1.17; p = .037), with a 
standard error difference of 0.22 (Fig. 2D). The effect size 
was small (d = 0.35; 95% CI [-0.03, 0.74]).

Furthermore, we conducted a multiple linear regression 
analysis with controlled regulation (LSRQ) at the end of 
the course as the dependent variable. The independent 
variables considered were the study arm and the initial 
controlled regulation at t0 to control for preexisting indi-
vidual differences (Supplementary material 1). The model 
demonstrated a high level of goodness-of-fit, with an R² 
of 0.44 (adjusted R² = 0.42). Both the initial controlled 
regulation at t0 (p < .001) and the study arm (p = .016) 
were significant predictors of the controlled regulation 
at t1, with the overall model being statistically significant 

(F(2, 102) = 39.36, p < .001). The β coefficients for t0 con-
trolled regulation was 0.64, indicating that higher initial 
values were associated with higher controlled regulation 
at t1. The study arm had a β coefficient of -0.18, meaning 
that participants in the innovation group showed lower 
levels of controlled regulation at t1. The model’s statistical 
power was 1.00.

When conducting the same regression analysis for the 
relative autonomy index (LSRQ) at t1, only the initial rela-
tive autonomy index was a significant predictor (p < .001), 
while the study arm was only trend-significant (p = .064).

Among the variables assessed at t1, no statistically sig-
nificant group differences were found regarding.

  • IMI competence (MD = 0.08, p = .322).
  • IMI pressure (MD = -0.18, p = .213).
  • LSRQ autonomous regulation (MD = 0.05, p = .333).
  • LCQ learning climate, with this questionnaire being 

trend-significant (MD = 0.21, p = .070).

When assessing freeform feedback in the post-course 
survey at t1, we found a distinct difference regarding the 
participants’ perceptions of the group climate. Specifi-
cally, 19 of the students in the innovation group actively 
mentioned it as a positive aspect in their feedback, while 
only 7 in the control group did so. No negative remarks 
were made in either group.

Lower stress levels in the innovation group at the end of 
the course
Regarding our hypothesis that an SDT-based teaching 
concept could reduce students’ stress, a one-sided t-test 
revealed significantly lower stress levels in the innova-
tion group after the course (MC = 52.10 ± 22.15; MI = 
40.43 ± 20.65; p = .003), with a standard error difference of 
4.18 (Fig. 3). The effect size indicated a medium effect (d 
= -0.55; 95% CI [-0.93, -0.15]).

To also account for stress levels reported at t0, which 
showed a trend-significant difference (p = .054) despite 
randomization, we conducted a multiple linear regression 

Table 2 Characteristics of the study participants at t0 before the course; values are given as the mean (± standard deviation)
Innovation Control

N (female/male/other) 53 (41/11/1) 52 (37/15/0)
Age [years] 24.0 (± 3.1) 24.3 (± 2.9)
Study duration [semesters] 8.1 (± 0.3) 8.1 (± 0.2)
R-SPQ-2 F Deep motive 3.40 (± 0.57) 3.36 (± 0.52)

Deep strategy 3.13 (± 0.49) 3.19 (± 0.49)
Surface motive 2.38 (± 0.57) 2.53 (± 0.59)
Surface strategy 2.72 (± 0.63) 2.93 (± 0.61)

LSRQ Autonomous regulation 6.02 (± 0.66) 5.86 (± 0.72)
Controlled regulation 3.97 (± 1.00) 3.96 (± 0.91)
Relative autonomy index 2.05 (± 1.23) 1.90 (± 1.16)

Stress 42.89 (± 25.09) 52.23 (± 23.55)
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analysis considering the study arm and t0 stress as inde-
pendent variables and t1 stress as the dependent variable 
(Supplementary material 2). The R² for the overall model 
was 0.27 (adjusted R² = 0.25), indicating a high goodness-
of-fit. The regression analysis suggested that both stress 
levels at t0 (p < .001) and the study arm (p = .040) signifi-
cantly contributed to predicting stress levels at t1 (F(2, 
102) = 18.66, p < .001). The β coefficients for the indepen-
dent variables were 0.45 for t0 stress and − 0.18 for the 
study arm, suggesting that higher stress before the course 
was associated with higher stress levels reported at the 
end, while being in the innovation group was linked 
to lower reported stress levels after the course week. A 
power analysis was conducted, and the statistical power 
of the model was estimated to be 0.99.

Optimizing motivational factors reduced stress
We conducted further analyses to examine whether 
the favorable outcome regarding motivational factors 

facilitated the lower stress levels found among students 
in the innovation group.

To identify predictors of stress at t1 among the preex-
isting individual differences present at t0 and to examine 
the cumulative influence of the study arm yielded during 
the course, t0 stress, age, gender, t0 R-SPQ-2 F, t0 LSRQ, 
and the study arm were considered as potential inde-
pendent variables in a multiple linear regression analysis 
(Supplementary material 3). Variables were included via 
a stepwise approach. The final model included 3 statisti-
cally significant variables, namely, t0 stress (p < .001), the 
t0 LSRQ relative autonomy index (p = .029), and the study 
arm (p = .040). With an R² of 0.30 (adjusted R² = 0.28), 
the model provided a strong model fit. The three vari-
ables were collectively significant in predicting t1 stress 
(F(3, 101) = 14.55, p < .001), with β coefficients of 0.41 for 
t0 stress, -0.19 for the t0 LSRQ relative autonomy index, 
and − 0.18 for the study arm. The model thus indicated 
that higher t0 stress predicted higher reported stress at 
the end of the course week (t1), while a more internalized 

Fig. 2 Significant differences between the control and innovation group were found after the course week (t1) regarding intrinsic motivation measured 
on the interest/enjoyment subscale of the intrinsic motivation inventory (IMI) (p = .019) and perceived choice (p = .048) measured on the IMI’s choice sub-
scale. Further significant differences were found on the learning self-regulation questionnaire (LSRQ) subscale of controlled regulation (p = .033) and its 
relative autonomy index (p = .037), which is calculated by subtracting the controlled regulation subscore from the questionnaire’s autonomous regulation 
subscore. All (sub)scores shown are measured on a 7-point Likert scale
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locus of motivation (Fig.  4A) and participation in the 
innovation group were associated with lower stress 
reported at t1. The statistical power was 0.99.

To identify how factors assessed at the end of the course 
week were related to t1 stress, we constructed another 
model including t0 stress, age, gender, t0 R-SPQ-2 F (con-
sidered stable at t1), t1 LSRQ, t1 IMI, t1 LCQ, and the 
study arm as potential independent variables (Supple-
mentary material 4). The study arm was included to 
account for the cumulative effect of our intervention oth-
erwise not measured by the questionnaires collected at t1. 
Variables were again included using a stepwise approach 
(entry and removal criteria: p = .050).

IMI pressure (p < .001), t0 stress (p < .001), the study arm 
(p = .024), and IMI competence (p = .027) were eventually 
shown to be significant predictors of t1 stress. The model 
demonstrated a high level of goodness-of-fit with an R² 
of 0.67 (adjusted R² = 0.45). Collectively, the 4 variables 
were able to predict t1 stress with statistical significance 
(F(4, 100) = 20.42, p < .001). The respective β coefficients 
for these predictors were 0.46 for IMI pressure, 0.33 for 
t0 stress, -0.17 for the study arm, and 0.18 for IMI com-
petence, suggesting that higher levels of perceived pres-
sure (Fig. 4C) and competence (Fig. 4B) as well as higher 
stress at t0 predicted more elevated stress levels reported 

at t1, while being in the innovation group was associated 
with lower stress at t1. The statistical power was 1.00.

When excluding the study arm as an independent vari-
able from this regression analysis under the assumption 
that it would have influenced the other variables at t1, 
the predictors included as significant remained the same, 
with the additional inclusion of t1 IMI interest (Supple-
mentary material 5). This model demonstrated a high 
level of goodness-of-fit with an R² of 0.45 (adjusted R² 
= 0.43), and the 4 variables were able to predict t1 stress 
with statistical significance (F(4, 100) = 20.37, p < .001). 
The respective β coefficients for these predictors were 
0.44 for IMI pressure, 0.35 for t0 stress, 0.22 for IMI com-
petence, and − 0.19 for IMI interest, suggesting that in 
addition to our earlier findings, higher intrinsic motiva-
tion (Fig. 4D) was associated with lower stress at t1, indi-
cating that this factor might have had the most influential 
effect on stress among the variables influenced by the 
innovation. The statistical power was 1.00.

We conducted a series of mediation analyses to explore 
whether the relationship between the study arm and stu-
dents’ stress levels at the end of the course (t1) could be 
explained through differences in motivation.

An initial total effect of the study arm on t1 stress was 
observed (B = -11.66; p = .007). When t0 stress was added 

Fig. 3 A significant difference between the control and innovation group was found regarding stress levels throughout the last week (p = .003) reported 
at t1 after the course on a visual analog scale from 0–100
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as a covariate to this model to account for the students’ 
baseline of stress before the course, the total effect of the 
study arm on t1 stress remained significant (B = -7.91; 
p = .043). The covariate t0 stress was also included in all 
further mediation analyses as a baseline control (Fig. 5).

The variables that our prior analyses had shown to be 
influenced by the study arm did not show significant 
mediation effects individually. However, the relationship 
between these variables and t1 stress was significant for 
IMI interest (B = -5.90; p = .019), t1 LSRQ controlled regu-
lation (B = 4.754; p = .034), and t1 LSRQ relative autonomy 

Fig. 4 The learning self-regulation questionnaire (LSRQ) relative autonomy index at t0 before the course, which is calculated by subtracting the con-
trolled regulation subscore from the questionnaire’s autonomous regulation subscore, showed a significant correlation with students’ stress reported at 
t1 after the course week. A significant correlation with stress at t1 was also found concerning the questionnaire’s controlled regulation subscale at t1. 
Furthermore, there were significant simple correlations between stress at t1 and the intrinsic motivation inventory (IMI) subscales of pressure, interest/
enjoyment, and choice, whereas the competence subscale did not reach significance. Stress was measured on a visual analog scale from 0–100, while all 
other variables were reported on a 7-point Likert scale
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index (B = -5.00; p = .009), while this was not the case for 
IMI choice.

Additionally, we tested models with multiple (parallel) 
mediators to investigate potential combined mediation 
effects.

When considering both IMI interest and t1 LSRQ con-
trolled regulation simultaneously as mediator, the influ-
ence of the study arm on these two mediators, previously 
shown to be significant through t-tests and regression 
analyses, did not reach significance in this model. How-
ever, the impact of both IMI interest (B = -6.07; p = .016) 
and t1 SRC controlled regulation (B = 4.91; p = .025) on t1 
stress was significant (Fig. 5).

There was no statistically significant direct effect of the 
study arm on t1 stress when accounting for the combined 
effect of interest and controlled regulation (B = -4.91; 
p = .208), indicating that the effect of the study arm on 
stress at t1 was fully mediated by these two variables. Fur-
thermore, the total indirect effect, representing the over-
all mediation through IMI interest and t1 SRC controlled 
regulation, was significant and estimated at -2.99 (95%-CI 
[-6.56, -0.18]), which further supports a significant medi-
ation. This finding suggested that higher levels of intrin-
sic motivation (Fig.  4D) and lower levels of controlled 
regulation (Fig. 4E) collectively mediated the relationship 
between students participating in the innovation group 
and them showing lower stress levels at t1.

When IMI choice (Fig. 4F) was added as a third media-
tor to the previous model, the total indirect effect of the 
three mediators was also significant, while the direct 
effect of the study arm on t1 stress was not, suggesting a 
full mediation. However, neither the effect of the study 
arm on IMI choice, nor the effect of IMI choice on t1 
stress were significant in this combined model.

When replacing controlled regulation as a mediator 
with the relative autonomy index in either of the two 
mediation models, no significant indirect effects were 
found.

Inferior OSCE results in the motivation group due to 
structural rather than individual factors such as stress or 
motivation
When examining whether both study arms had achieved 
equal exam results, a two-sided t-test revealed signifi-
cantly lower overall OSCE scores in the innovation group 
(MC = 48.03 ± 4.14; MI = 45.81 ± 4.12; p = .007), with a 
standard error difference of 0.81 (Fig.  6A). Notably, 
the significant difference also persisted when the most 
and least highly scoring topics and/or examiners were 
excluded as possible confounders. The effect size was 
medium (d = -0.54; 95% CI [-0.93, -0.15]).

To analyze the influence of preexisting individual differ-
ences present at t0 as well as the cumulative influence of 
the study arm on the OSCE exam results, we conducted a 
multiple regression analysis (Supplementary material 6). 
The study arm, gender, age, t0 LSRQ, t0 R-SPQ-2 F, and t0 
stress were considered as potential independent factors. 
The OSCE result served as the dependent variable. We 
employed a stepwise approach for variable inclusion. The 
final model included the study arm and R-SPQ-2 F sur-
face motive as independent variables and demonstrated 
a moderate goodness-of-fit, with an R² of 0.13 (adjusted 
R² = 0.12). Both the study arm (p = .002) and t0 R-SPQ-2 F 
surface motive (p = .007) as well as the overall model 
showed statistically significant predictive power for the 
OSCE result (F(2, 102) = 7.79, p < .001), with correspond-
ing β coefficients of -0.29 for the study arm and − 0.26 for 
the R-SPQ-2 F surface motive. This finding suggested that 
being in the innovation group and having more surface 

Fig. 5 The relationship between the study arm and stress levels throughout the last week reported at t1 after the course week are fully mediated by 
intrinsic motivation measured on the interest/enjoyment subscale of the intrinsic motivation inventory (IMI interest) and the learning self-regulation 
questionnaire’s controlled regulation subscale (LSRQ CR) as parallel mediators. Both parallel mediators are measured on a 7-point Likert scale, and stress 
was reported on a visual analog scale from 0–100. Students’ stress reported at t0 before the course was taken into consideration as a covariate
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learning motivation (Fig. 6B) were associated with poorer 
exam results. The statistical power was 0.95.

Simple and parallel mediations were performed to ana-
lyze whether this direct path of the study arm predicting 
students’ OSCE results was mediated by any of the group 
differences in motivation or stress that we observed. t1 
IMI interest, t1 IMI choice, t1 LSRQ controlled regulation, 
t1 LSRQ relative autonomy index, and t1 stress, being the 
factors influenced by the study arm, were considered as 
potential simple mediators of the relationship between 
the study arm and the OSCE result (B = -2.22; p = .008). 
For parallel mediations, we considered both IMI interest 
and IMI choice in combination with either of the LSRQ 
variables as well as the respective models with t1 stress 
as an additional mediator. No significant total indirect 
effect of the mediator(s) was found in any of the mod-
els, and the direct effect of the study arm on the OSCE 
results remained significant in all models after adding the 
mediator(s), indicating that the relationship was neither 
partially nor fully mediated by stress or motivation.

Hierarchical linear modeling was employed to examine 
the predictive factors of students’ OSCE scores, with stu-
dents (level 1) nested within teaching groups (level 2).

The intercept-only model with OSCE results as the out-
come variable indicated that variance existed at both lev-
els of the data structure (χ² = 60.38, p < .001). We found 
an intraclass correlation coefficient (ICC) of 0.71; thus, 
71% of the variance in total OSCE scores was between 
groups, and 29% was between students within a given 
group.

We tested a combined level 1 and 2 model to examine 
which structural and individual factors had significant 
predictive value for the OSCE results.

Based on our prior results and hypotheses, we included 
the t0 R-SPQ-2F surface motive and surface strategy 
reflecting a surface learning approach, Δ stress, Δ LSRQ 

controlled regulation, and Δ LSRQ autonomous regu-
lation to account for students’ baseline as well as final 
levels of stress and motivation and the exam topic as 
individual variables at level 1. At level 2, the study arm, 
time slot, lecturer, and examiner were included as struc-
tural variables. When testing this two-level model, the 
regression coefficients with robust standard errors relat-
ing the predictors to the OSCE results were significant 
for the study arm (b = -2.89, p < .001), time slot (b = -0.84, 
p = .002) and lecturer (b = 0.38, p = .016) at level 2 and the 
exam topic at level 1 (b = -1.03, p = .006). All other level 
1 variables as well as the examiner (b = -0.08, p = .327) 
were not significant. This indicates that the exam results 
were effectively predicted by structural rather than indi-
vidual factors and the exam topic. A decrease or increase 
in students’ stress or motivation as well as the degree of 
surface learning approach, on the other hand, had no sig-
nificant predictive value. The predictors included in the 
combined HLM accounted for approximately 52% of the 
reduction in unexplained variance in the exam results 
(pseudo-R2 = 0.52).

By analyzing students’ free-form feedback, we found 
that 28 of the students in the innovation group (cor-
responding to 53%) mentioned that the exclusive use of 
strengths-based positive feedback hindered their learn-
ing process, while three students noted that it helped 
them feel more at ease. In the control group, six students 
mentioned that they enjoyed feedback, including posi-
tive and negative constructive criticism, while none men-
tioned that they were dissatisfied with the principle.

Discussion
The data presented in this study show that a course con-
cept optimized according to the SDT can increase intrin-
sic motivation for the task, foster students’ perceived 
autonomy, reduce controlled regulation, and ultimately 

Fig. 6 A significant difference between the control and innovation group was found regarding the exam score (p = .007) in the objective structured 
clinical exam (OSCE), which was graded from 0–60 at t2 on Monday after the course week. The revised 2-factor study process questionnaire (R-SPQ-2 F) 
subscale of surface motive, which is evaluated on a 5-point Likert scale at t0 before the course, shows a significant simple correlation with students’ exam 
scores in the objective structured clinical exam (OSCE), which was graded from 0–60 at t2 on Monday after the course week
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mitigate the sense of stress in medical students during a 
one-week psychiatric course. Contrary to our hypothesis, 
the course concept led to a weaker performance in the 
exam, which did however not seem to be a result of the 
differences in motivation and stress.

The innovation succeeded in promoting an improved 
sense of perceived choice, as a measure of autonomy, 
being one of the three targeted base factors strengthen-
ing intrinsic motivation according to the SDT.

The IMI revealed superior intrinsic motivation among 
medical students taught according to the new concept, 
which was shown to play a decisive role in reducing their 
stress levels. This reflects the importance of engaging 
students in an autonomy-supportive learning process by 
giving them task choice and providing task relevance and 
rationale to promote interest in a subject and vice versa 
[42], including effects as far-reaching as the choice of 
their future specialty [14, 43, 44].

We also found a shift in the balance from autonomous 
to controlled regulation, while improvements in autono-
mous regulation itself did not reach significance in the 
LSRQ. The fact that the IMI detected significantly higher 
intrinsic motivation in our innovation group, while the 
LSRQ did not show a significant difference for autono-
mous regulation between the study arms, reflects the 
intricacy of measuring changes in intrinsic motivation 
over a short period. In our study, this might addition-
ally be explained by the already high scores on the LSRQ 
subscale for autonomous regulation in both groups at t0, 
possibly leading to a ceiling effect.

We did not observe significant improvements in per-
ceived competence or relatedness, as the other two tar-
geted SDT factors, or in pressure. Regarding relatedness, 
students’ freeform feedback did suggest that the innova-
tion group experienced an improved group climate. With 
the LCQ focusing mainly on relatedness to and auton-
omy support by the lecturer, our questionnaires might 
not have been able to detect this difference. The IMI sub-
scale of “relatedness”, which has not been fully validated 
according to the Center for Self-Determination Theory, 
has shown satisfactory validity in some studies [45, 46] 
and might be able to better assess the targeted changes in 
future studies.

The innovation’s impact on stress perception was nota-
ble, with significantly lower stress reported in the inno-
vation group after the course than in the control group. 
This was also true when accounting for differences in 
pre-course stress levels. Successful initiatives to reduce 
stress in an educational setting at medical schools or uni-
versities in general have been described by various stud-
ies, with the most effective methods being mindfulness 
practices, cognitive-behavioral and relaxation strategies, 
and social ability training [47–49]. The positive correla-
tion between intrinsic motivation and mental well-being 

(including lower stress levels) is well established, and it 
is known that they can successfully be promoted bidi-
rectionally by the aforementioned measures [50]. Nev-
ertheless, research examining active approaches to 
promoting motivation with the explicit aim of thereby 
reducing stress in university students is limited.

Prior research indicates that stress levels in university 
students are influenced by a range of internal and exter-
nal factors [51], among which cognitive processes and 
self-esteem [52] as well as the SDT and the job demands-
resources model [53] have been described as key factors 
in understanding and counteracting students’ distress. As 
anticipated, we found that heightened intrinsic motiva-
tion mitigated stress, whereas increased controlled regu-
lation exacerbated stress levels. This seemingly mediated 
the positive effect of the didactical innovation on stress 
levels reported at the end of the course. This finding 
aligns with previous research showing that greater auton-
omy support promotes positive affect and better perfor-
mance through autonomous motivation, while increased 
self-criticism leading to negative affect is mediated by 
controlled motivation [54]. Although we identified per-
ceived competence and pressure to be among the most 
impactful predictors of stress at t1, our innovation did not 
succeed in significantly improving these factors by pro-
viding only strengths-based positive feedback. Therefore, 
other methods should be explored to that end. Further-
more, greater perceived competence was associated with 
heightened stress, seemingly contrary to SDT, possibly 
reflecting greater self-imposed expectations to perform 
well.

Our parallel mediation analysis indicated that intrin-
sic motivation and controlled regulation fully mediated 
the relationship between the study arm and stress levels 
at t1. However, the lack of significance of the relation-
ship between the study arm and the mediators in this 
combined model suggested that the changes induced by 
our innovation might not have been substantial enough 
to unequivocally determine their effects and interac-
tions. While the innovation aimed to cater to students’ 
basic psychological needs, it is possible that not all SDT 
domains were addressed with enough depth or specific-
ity to produce significant effects. For instance, autonomy-
supportive teaching involves a broad range of actions, 
from offering meaningful choices to encouraging initia-
tive and self-regulation, which may not have been fully 
implemented across all dimensions of the intervention 
[5, 55]. It is furthermore plausible that the interactions 
between a learning environment, motivational factors, 
and stress extend beyond the effects directly measured 
in our study and that other influential factors may have 
contributed to our results. Other studies have likewise 
found that mediating effects concerning intrinsic moti-
vation and the satisfaction of basic psychological needs 
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are multifaceted [56–59]. Longitudinal studies with mul-
tiple assessment points over extended periods as well 
as in diverse settings could provide deeper insights into 
the complex interactions between autonomy-supportive 
teaching, the satisfaction of students’ basic psychological 
needs, and their motivation, stress, and performance.

Contrary to our hypothesis that our new course con-
cept would not affect students’ performance in the 
OSCE, the innovation group achieved lower exam scores. 
However, our mediation and HLM results suggested 
that this was likely due to structural aspects, such as the 
lecturer, exam topic, time slot within the semester and 
the course concept itself. Neither the lower controlled 
regulation nor the lower stress levels in the innovation 
group appear to have led to a decrease in students’ per-
formance. In line with SDT, this reflects that a focus on 
external rewards does not foster better academic perfor-
mance, which corresponds to earlier research showing 
that successful performance in an exam is not promoted 
by external regulation [9]. Our finding that a greater 
degree of the R-SPQ-2  F’s surface learning motive was 
a significant negative predictor of exam results further 
suggests that having extrinsically motivated reasons for 
learning a subject does not lead to better academic per-
formance. In fact, students with stronger surface motives 
performed worse than their peers who had fewer surface 
motives. A possible explanation for the weaker exam 
performance was brought up in the freeform feedback 
contributed by the students themselves: a majority of the 
students highlighted the lack of critical feedback as hin-
dering their ability to address their weaknesses precisely 
and to work toward improving their interviewing skills 
more effectively. Generally, receiving feedback is a useful 
tool for improving performance [60–63]. While exclu-
sively positive feedback has been found to be beneficial 
to both performance and emotional responses in a work-
place environment [64], the feedback we received rather 
reflects the theory that in particular high-achieving stu-
dents benefit from feedback that challenges them [65]. 
The innovation group may have stayed within a “comfort 
zone” due to a lesser degree of challenging guidance to 
help them make difficult but achievable progress limit-
ing in a more demanding “learning zone”, in line with the 
zone of proximal development theory [66]. Furthermore, 
the exclusively strengths-based positive feedback might 
have made students overconfident in their skills, which in 
turn might have led to them placing less focus on improv-
ing and preparing for the exam. While unbalanced nega-
tive critique can deter students’ motivation [29], criticism 
can also be motivational, when given with suggestions for 
future improvement and encouragement regarding the 
student’s ability to improve [67]. Therefore, the preexist-
ing feedback method used in our control group, which 
included both positive reinforcement and constructive 

criticism, was likely already aligned with SDT principles. 
Our new approach may only constitute an improvement 
in settings where feedback is imbalanced or overly criti-
cal. In general, the effectiveness of feedback is highly 
context- and method-dependent [29, 60, 62, 63] Its influ-
ence on cognitive outcomes seems to be stronger than 
that on motivational and behavioral outcomes [62], pos-
sibly making other factors in educational concepts more 
suitable targets for enhancing motivational aspects and 
reducing pressure. Another interpretation of our findings 
could be that each student conducting only one to two 
interviews might not have given them enough time and 
opportunity to understand their mistakes, weaknesses, 
and potential for improvement through self-reflection 
and abstraction via model learning when exclusively giv-
ing strengths-based positive feedback. This finding cor-
responds to observations that positive-only feedback is 
more effective when applied to longer tasks rather than 
to shorter ones [68]. Complementing strengths-based 
positive feedback with constructive, change-oriented 
feedback delivered in an autonomy-supportive manner 
might function as the most effective approach because it 
encourages and motivates students while enabling them 
to make objective progress and simultaneously gain a 
sense of accomplishment. This would align with earlier 
findings with a focus on medical education [61, 69] as 
well as general higher education [70]. Moreover, research 
suggests that the way feedback is delivered can signifi-
cantly impact student motivation and that autonomy-
supportive feedback, which provides a clear rationale, 
acknowledges the student’s perspective, and fosters both 
competence and autonomy, is key to enhancing intrinsic 
motivation [71, 72].

Despite our students’ feedback and our data aligning 
with the theory that using exclusively strengths-based 
positive feedback did not lead to the desired outcomes, 
we cannot conclusively rule out that it might still have 
had a positive influence on students’ motivation and 
stress. To determine each method’s individual effects, 
further research with multiple study arms and partial 
implementation of the didactic innovation would be 
needed.

Further limitations in our study include the poten-
tial bias introduced by self-reported measures, retest-
ing questionnaires, and the study’s singular focus on a 
psychiatric clinical setting. We found an even distribu-
tion of population characteristics in the two groups; 
however, despite randomizing and evenly distributing 
course groups to account for exam periods with gener-
ally greater stress, there may be additional decisive fac-
tors that we did not register. The effects observed in our 
study, given its relatively short duration, may not fully 
represent the long-term outcomes expected in longer 
longitudinal studies. Further research would be needed 
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for validating our results over extended periods. Fur-
thermore, the impact of motivation on questionnaire 
response rates could lead to potential biases through data 
collection, specifically when examining motivation as an 
outcome variable in the study; however, the return rates 
of the control group and innovation group were nearly 
equal.

Potential inconsistencies with the implementation of 
our teaching methods by different lecturers were coun-
teracted by briefing them on the procedure of the respec-
tive group before the start of each week, accompanied by 
a handbook with precise instructions, by the randomiza-
tion of the lecturers’ assignment to teaching groups and 
by matching those that taught more than one teaching 
group to both study arms.

Conclusions
In summary, our didactical concept, which was designed 
in accordance with SDT to promote the basic psycho-
logical needs of autonomy, competence, and relatedness, 
positively impacted motivation and stress in line with 
our expectations. The weaker OSCE performance of the 
innovation group seemed to be rooted in a lack of critical 
feedback, although further research is needed to explore 
to what extent that finding is valid in other educational 
settings. Our data, consistent with previous research, 
suggest that pairing positive strengths-based positive 
feedback with constructive criticism might be most effi-
cient in providing the conditions for optimal academic 
performance.

The complexity of the relationships between motiva-
tion, stress, and performance highlights the need for a 
deeper understanding of their multifaceted nature and 
how they can be positively influenced within medical as 
well as general education. Incorporating multidimen-
sional assessment tools and conducting longitudinal 
studies will be necessary to comprehensively examine 
their relationships and interactions. In light of this com-
plexity, the results of our study call for future research 
to investigate the transferability of innovative SDT-opti-
mized teaching methods to other medical specialties 
as well as to non-medical education. Meanwhile, they 
give us grounds to be optimistic that teaching concepts 
aligned with SDT can be an important step toward the 
promotion of intrinsic motivation and stress reduc-
tion. Based on our findings, educators can effectively 
improve learning conditions by integrating SDT-based 
didactic methods into already existing curricula. For 
instance, simply offering students more task choices 
and opportunities for self-regulation or creating a learn-
ing space where they can feel part of a group could help 
foster intrinsic motivation while reducing stress. To best 
support students’ motivation and performance, edu-
cators can pair strengths-based feedback with critical, 

constructive criticism. Eventually, focusing on providing 
a learning experience that meets students’ basic psycho-
logical needs and fosters motivation can help them thrive 
in their educational environment.
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