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General aim
Assessment is a key driver of student learning [1], making it a powerful tool to influence learning 
behaviour and foster ongoing development. Traditionally, assessment has been used primarily as a means 
of measuring knowledge and achievement (assessment of learning). However, its role has evolved toward 
an approach that fosters and facilitates learning (assessment for learning) [2, 3]. This shift highlights 
the growing need to design assessments that not only evaluate student performance, but also enhance 
engagement, support deeper learning, and promote self-regulation. While the potential of assessment 
to stimulate learning is widely acknowledged [1], further exploration is needed to optimize assessment 
design and maximize these benefits. Ensuring the effectiveness of such innovations requires alignment 
with established criteria — including acceptability, authenticity, catalytic effect, cueing effect, educational 
effect, equivalence, feasibility, reliability, testing effect, and validity [4-8]. In particular, principles that 
emphasize assessment for learning, such as the catalytic effect, testing effect, and educational effect are 
essential considerations in refining assessment strategies (see Table 1 in the General introduction for the 
definition of the criteria). 

This thesis addresses this gap by investigating how very short answer questions (VSAQs), computer 
adaptive progress testing, and feedback post-assessment can be leveraged to enhance student learning 
while improving assessment practices. Ultimately, this research aims to contribute to the development of 
assessment strategies that better prepare medical students for their future careers. 

In this chapter, we provide the main findings, conclusions, and future research avenues for each of the 
three parts of this thesis separately: VSAQs, computer adaptive progress testing, and feedback. These 
conclusions are guided by the assessment development criteria introduced in the general introduction. 
After discussing each part individually, we then reflect on the practical implications of all our findings.

Part I: Very short answer question
Main findings
In the first study (chapter 2), we compared the reliability, discrimination, and acceptability of VSAQs and 
multiple-choice questions (MCQs) in a cohort of undergraduate medical students. Consistent with previous 
research [8], VSAQs demonstrated greater reliability and discriminative ability than MCQs in formative 
exams, with an acceptable average marking time of two minutes per question for the full student cohort. 
VSAQs were less susceptible to cueing effects than MCQs, but students reported greater uncertainty when 
answering VSAQs. Approximately half the students indicated that they would adjust their preparation 
strategy for this format. Additionally, most students perceived VSAQs to be more reflective of clinical 
practice.

In the following study (chapter 3), we investigated whether VSAQs or MCQs more effectively distinguished 
undergraduate medical students across different academic performance levels in summative medical 
examinations, as measured by grade point average (GPA). Across all three cohorts of first- and second-
year students, student performance on VSAQs had a stronger positive association with GPA compared 
to MCQs. Moreover, VSAQs were overall better able to distinguish poor (i.e., lowest quintile of GPA) and 
excellent performing (i.e., highest quintile of GPA) students than MCQs. 
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The last study (chapter 4) explored the effectiveness of retrieval practice (i.e., testing effect) using MCQ and 
VSAQ practice tests on knowledge retention. We found no significant differences in knowledge retention 
between the two question formats and no interaction effect between question format on the practice and 
final test, suggesting that neither format is superior for fostering knowledge retention through retrieval 
practice. Our findings also demonstrated greater difficulty of VSAQs on both practice and final tests. Most 
students found the practice tests beneficial, regardless of the question format. 

Conclusion 
In conclusion, we investigated the effects of VSAQs on several key assessment criteria that contribute to 
high-quality assessment [4-8]. Our findings consistently support the psychometric advantages of VSAQs 
compared to MCQs, even when teachers have limited prior experience in VSAQ question design. VSAQs 
demonstrated high reliability and strong discriminative ability within formative assessments, aligning 
with previous research [8-10]. Unlike MCQs, VSAQs are less susceptible to cueing effects and guessing, 
reducing extraneous noise and enhancing their discriminative ability within individual examinations [8, 
11-13]. Because they can more accurately differentiate students based on their understanding, they 
provide a more valid measure of the intended knowledge construct within an examination. Importantly, 
we demonstrated that this finding holds across multiple examinations, as VSAQs more effectively 
differentiated students based on GPA, further reinforcing the construct validity of assessments using 
VSAQs. 

In terms of acceptability by teachers, we show that VSAQs can be marked efficiently within the digital 
assessment systems using a large cohort. This resonates with earlier findings regarding the marking time 
[8, 9]. However, the acceptability of this question format by students is just as, or even more, important for 
successful implementation. Even though students found the VSAQs more difficult and experienced more 
uncertainty while answering these questions, which could hamper their acceptability, we suspect that 
due to the increased perceived authenticity of the question format over time this will be widely accepted 
by the students [14]. Although we did not explicitly study the educational effect (i.e., influence of question 
format on study behaviour), students reported they would prepare differently when assessed with VSAQs. 

VSAQs are also highly suitable for practice tests, in which the open-ended nature provides valuable 
insights in students’ misperceptions and knowledge gaps, which in turn can enhance the learning process 
(catalytic effect) [15, 16]. Although this question format requires more retrieval effort, which is beneficial 
for the testing effect [17], we did not observe improved knowledge retention compared to testing with 
MCQs. This lack of enhancement may be due to the lower initial retrieval success associated with VSAQs 
[18-21], which was evident in the lower practice test VSAQ scores. Since low initial retrieval success can 
weaken the testing effect, it is important to balance retrieval effort and retrieval success to maximize the 
benefits of VSAQs in practice testing. 

Future research avenues
A promising direction for future research is the integration of artificial intelligence (AI) to enhance both 
the grading and construction of open-ended questions, including VSAQs and essay questions. While 
VSAQs can efficiently assess clinical reasoning, essay questions may be better suited for evaluating more 
complex clinical reasoning and argumentation. 
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However, their adoption is particularly limited by time-intensive grading, even more so than VSAQs. Future 
research could explore how AI-driven grading models can address this challenge by improving both the 
accuracy and efficiency of reviewing open-ended responses [65]. Additionally, AI could support the 
generation of high-quality assessment questions that align with learning objectives.

Beyond undergraduate medical education, the application of VSAQs in postgraduate training and 
workplace-based assessments could be explored. Given their potential to better assess students’ clinical 
reasoning than MCQs [42], VSAQs could serve as a more authentic assessment tool in these settings. 
Additionally, investigating whether VSAQs can predict future clinical performance would offer insights 
into their long-term validity as an assessment tool. Another promising direction for research is evaluating 
their role in student selection procedures, assessing whether VSAQs can better identify candidates likely 
to succeed in medical training. 

Finally, while VSAQs align with key assessment criteria [4-8], their actual impact on student learning 
behaviour remains an open question. Evidence suggests that students employ more analytical reasoning 
when answering VSAQs  [42], but further research is needed to determine their influence on deep learning. 
Longitudinal studies could explore how VSAQ-induced retrieval practice shapes learning behaviour, 
motivation, and learning strategies over time. 

Part II: Computer adaptive progress testing
Main findings
In chapter 6, we investigated the correlation between student performance on a computer adaptive-
progress test (CA-PT) and conventional progress test (PT) in nearly 1,500 medical students across 
different stages of study and medical schools in the Netherlands. We also assessed the feasibility of the 
CA-PT across medical schools. We observed a strong correlation between scores on the two PT formats 
(Pearson’s r=0.83). The CA-PT was administered without technical issues and completed in a median 
time of 83 minutes (67–102 minutes). In the questionnaires, students reported perceiving the CA-PT as 
more challenging, but remained motivated to perform well. 

In chapter 7, we explored the relationship between question mark option use in the conventional PT 
and performance on the CA-PT using retrospective data from nearly 6,000 medical students. In the 
conventional PT, the formula scoring method is applied, meaning incorrect answers result in penalties. 
However, students have the option to leave questions unanswered by selecting a question mark, which 
does not incur any penalty. Among students with similar conventional PT scores, those who frequently left 
questions unanswered (i.e., used the question mark option more often) generally performed better on the 
CA-PT, where a question mark option is lacking. However, this effect diminished as students progressed 
through their studies. To further examine the underlying structure of this relationship, we applied cluster 
analysis, which revealed a more nuanced pattern of variation between student subgroups within each 
study year. In year 4, student test-taking behaviour showed substantial variability, whereas in year 5 the 
pattern reversed — students who left more questions unanswered generally performed worse on the CA-
PT. Additionally, we found a strong correlation between PT formats over time (Pearson’s r=0.74).



General discussion

175

10

Conclusion
To conclude, we demonstrate that the CA-PT is a reliable, valid and efficient digital assessment format 
suitable for large-scale implementation across multiple medical schools. This personalized testing 
approach accommodates students at different stages of their studies without requiring formula scoring, 
which is necessary in the linear-fixed format of the conventional PT [22, 23]. Moreover, by removing the 
question mark option, the construct validity of the PT is enhanced, as our findings suggest that formula 
scoring may measure additional constructs — such as metacognitive skills and test-taking strategies — 
rather than solely knowledge. Consequently, the CA-PT allows for a more reliable  assessment of students’ 
knowledge levels.

Beyond its psychometric strengths, adaptive testing offers significant practical advantages that enhance 
the feasibility of the PT. Besides a shorter assessment duration, it provides greater flexibility, and 
improved scalability, since an established item bank removes the need to develop a new test for each 
administration and simultaneous administration across institutions is no longer necessary. Additionally, 
the ability to calibrate new questions during each test session streamlines item bank expansion, creating 
a self-sustaining system that reduces long-term resource demands. Nevertheless, implementing adaptive 
testing requires substantial initial investment and strong institutional collaboration to ensure its success 
[24].

A noteworthy implication of adaptive testing is that, by tailoring questions to students’ knowledge levels, 
most items remain challenging regardless of ability. Our findings reflect this, as students reported 
encountering fewer questions they felt confident about on the CA-PT compared to the conventional PT. 
While this may reduce students’ ability to gauge their performance during and after the test — potentially 
lowering self-efficacy and increasing anxiety [25] — it also reduces extraneous cognitive load by eliminating 
the need to decide which questions to answer first or how to navigate the test. As a result, students can 
focus more on answering questions rather than managing test-taking strategies, making the experience 
less cognitively demanding. Despite potential concerns about self-efficacy and uncertainty, students 
remained engaged and motivated, suggesting that, with proper preparation and clear communication of 
the test’s purpose, the CA-PT may achieve high long-term student acceptability. 

Future research avenues
The implementation of CAT in medical education presents several opportunities for further research. 
While this dissertation has demonstrated the feasibility, reliability and validity of CAT in progress testing, 
future studies could expand on these findings to optimize its application and explore its broader impact. 

One promising direction is the development of multidimensional CAT [66], which could enhance 
test precision by considering multiple parameters beyond student performance alone. Currently, 
unidimensional CAT adjusts question difficulty based solely on prior responses, but future research could 
investigate how incorporating factors such as item discrimination, and different subject domains could 
improve measurement accuracy. Another important area of research is the psychological impact of CAT 
on students. While our findings suggest that students remained motivated despite perceiving the CA-PT 
as more challenging, qualitative research could provide more in-depth insights into how adaptive testing 
influences self-efficacy, test anxiety, and perceived fairness over time.
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Beyond progress testing, CAT could be explored in other assessment contexts, including formative 
practice tests and summative course assessments. Future research could evaluate its impact on learning 
behaviour, test-taking strategies, and long-term knowledge retention when used in different educational 
settings.

Part III: Feedback
Main findings
In chapter 8 we applied the Expectancy Value Theory (EVT) [26] in a mixed-methods study to compare 
test preparation, feedback use, and test-taking motivation among medical students completing a purely 
formative PT versus a PT with a summative component (i.e., yielding of study credits). Students were more 
likely to consult feedback after the summative PT. However, test preparation, and active feedback use 
were relatively low and similar across both assessment conditions. Feedback engagement and test-taking 
motivation were influenced by the perceived value of the assessment. Performance-oriented students 
viewed the formative PT as unimportant due to absence of study credits, leading to low effort and limited 
feedback use. In contrast, learning-oriented students valued the formative PT for self-study and self-
assessment, utilizing the feedback to gain insights into their learning and knowledge gaps.

In the qualitative study of chapter 9, we investigated the processes and factors affecting medical students’ 
feedback use within the context of the Dutch PT, guided by Winstone et al.’s framework for effective 
feedback use [27]. Most students struggled to understand the feedback, were unaware of strategies and 
opportunities to use it effectively, felt disempowered or insecure when translating feedback into action, 
and lacked interest in the feedback. Several factors contributed to the perceived difficulties, such as the 
limited time, late timing of feedback, and unclear feedback presentation, and further hindered effective 
feedback use. However, feedback engagement increased during clinical rotations, where students sought 
feedback to better understand their performance levels and career prospects. 

Conclusion
In conclusion, our findings demonstrate that the catalytic effect of the PT on student learning is currently 
limited, consistent with earlier studies [28-33]. Although the PT aims to promote reflection, identification 
of knowledge gaps, and ongoing learning through feedback [29], its perceived value is reduced when it 
does not yield study credits. This is especially true for performance-oriented students, who place less 
importance on assessments without direct study consequences, leading to reduced test-taking motivation 
and minimal feedback engagement. Notably, both performance- and learning-oriented students only 
actively engaged with feedback after failing the summative test. While grade focus tends to reduce 
feedback engagement once a satisfactory grade is achieved [27, 34, 35], the absence of urgency in the 
formative setting leads to even lower engagement. More broadly, this suggests that, for many students, 
the acceptability and catalytic effect of formative assessments are generally low when not directly linked 
to tangible rewards.

Furthermore, students’ low engagement with PT feedback may stem from challenges with internal 
psychological processes essential for effective feedback use, such as awareness, cognizance, agency, and 
volition [27]. Our findings align with the established theoretical framework of Winstone et al. [27], and 
their recurrence in our study adds evidence to their importance and suggests that such difficulties may 
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be common across different educational contexts. We also identified specific factors — such as limited 
time, delayed feedback, and unclear presentation — that further hinder feedback engagement. While 
some of these factors are unique to our context, most resonate with prior research on feedback in other 
educational settings [36-39], underscoring their broader significance. Moreover, these context-specific 
factors present actionable targets for enhancing feedback engagement in similar educational settings. 

Finally, our results reveal promising opportunities to enhance the catalytic effect of the PT, particularly 
among learning-oriented students and those in the clinical phase, where feedback engagement increased 
due to greater interest in performance and career prospects. Although engagement was mainly limited 
to feedback consultation, the clinical phase offers a key moment to strengthen feedback use, as students 
take a more serious approach to addressing knowledge gaps and applying knowledge in practice. 
Importantly, these findings suggest that fostering a sense of relevance and future applicability in the 
preclinical phase could help mitigate the low engagement in formative assessments. If students view 
feedback as a continuous developmental tool rather than something isolated to individual assessments, 
they may engage with it more meaningfully. This underscores the need to frame formative assessments in 
ways that highlight feedback as a lifelong learning skill rather than just an immediate tool for improvement.

Future research avenues
The transition from the conventional PT to the CA-PT presents new opportunities for research into student 
engagement with feedback in an adaptive assessment environment. Given that the CA-PT does not provide 
students with direct access to test questions post-examination but instead offers brief descriptions and 
external resources for further study, qualitative studies could explore how this change impacts feedback 
engagement, interpretation, and application. 

Another interesting area for future research is the impact of feedback design and different assessment 
structures on student engagement. Our study identified barriers such as unclear feedback presentation, 
delayed delivery, and limited perceived relevance, all of which hinder effective feedback use. Future 
studies could explore whether real-time or more structured feedback mechanisms enhance feedback 
engagement. Additionally, examining whether these enhancements foster greater self-regulated learning, 
metacognitive development, and long-term retention would provide valuable insights into optimizing 
feedback’s catalytic effect on student learning.

Implications for educational practice
Implement VSAQs in both formative and summative assessments
For decades, medical education has primarily relied on MCQs due to their high reliability, efficiency, and 
ease of grading [40, 41]. However, our findings in chapter 2 highlight the psychometric advantages of 
VSAQs, which demonstrate higher reliability, better item discrimination, and reduced cueing effects 
compared to MCQs. Given these benefits, integrating VSAQs into both formative and summative 
assessments can significantly enhance the quality and validity of medical assessments. Nevertheless, 
while incorporating VSAQs is highly beneficial, no single assessment method can fully capture all essential 
knowledge and competencies in medical education [40]. The most effective assessment strategies 
therefore combine various question formats, tailored to specific learning outcomes, Bloom’s taxonomy 
levels, and the relevance of topics for students’ future medical careers. 
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VSAQs should be used alongside other written question formats, and workplace-based assessments to 
ensure a comprehensive evaluation of students’ knowledge, skills, and clinical reasoning abilities.

Use VSAQs in summative assessments to improve validity and differentiate student performance
Several studies, including our own studies (chapter 2, 3), highlight the superior discriminative ability of 
VSAQs within individual examinations [8-10]. VSAQs eliminate cueing and guessing, allowing scores to 
more accurately reflect students’ true understanding and providing a more valid measure of knowledge 
within an examination. This results in a stronger ability to differentiate between high- and low-performing 
students. Beyond improving individual examination quality, VSAQs also provide a more accurate measure 
of student performance over time, distinguishing between different levels of academic performance 
level (i.e., GPA) across multiple examinations (chapter 3). This allows for the early identification of 
underperforming students who need additional support while simultaneously challenging high-achieving 
students. Additionally, using clinical vignettes for VSAQs enhances their authenticity, aligning assessments 
more closely with real-world clinical reasoning and better preparing students for future practice [15, 42].

Implement VSAQs in formative assessments to familiarize students with the format and enhance 
learning
To enhance the acceptability of VSAQs, it is important to introduce them early in the curriculum. 
Integrating VSAQs into formative assessments throughout the curriculum allows students to become 
familiar with the question format, develop confidence, and gain valuable insights into their knowledge 
gaps and misconceptions. Regular exposure may also help reduce students’ uncertainty about how to 
answer VSAQs compared to MCQs (chapter 2). Ensuring transparency in grading can further increase 
student acceptance — for example, clarifying that all answers will be reviewed and minor spelling errors 
will not be penalized may help reduce concerns about fairness. 

Beyond familiarization, integrating VSAQs into formative assessments supports retrieval practice (i.e., the 
testing effect), a well-established strategy for enhancing long-term retention [47].  Since our findings 
(chapter 4) did not demonstrate a clear advantage of VSAQs over MCQs for knowledge retention, the 
selection of the practice question format should be guided by the learning objectives. However, VSAQs 
reduce foresight bias, provide deeper insight into students’ knowledge gaps, and promote conceptual 
understanding [15, 42, 48]. To optimize the initial low retrieval success of VSAQs and thereby its 
effectiveness, spaced retrieval practice and self-assessment with immediate self-feedback can 
help students recognize their knowledge gaps and refine their recall abilities [16, 49]. Additionally, 
supplementing retrieval practice with targeted restudy opportunities after receiving feedback may further 
enhance learning effectiveness [50]. A hybrid approach combining VSAQs with MCQs can effectively 
leverage the strengths of both formats [48, 51]. While VSAQs foster active recall and encourage deeper 
retrieval practice, MCQs offer the benefit of automated scoring, enabling students to receive immediate 
and corrective feedback. By integrating these formats, teachers can create a balanced approach to 
retrieval practice that optimizes both retrieval effort and success. Consequently, this combined approach 
supports improved formative assessment, facilitating greater long-term knowledge retention. 
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Support teachers in implementing VSAQs by providing training and addressing practical concerns
Successful implementation of VSAQs requires adequate preparation, not only for students but also for 
teachers. When introducing a new question format, it is essential to explain the rationale behind its 
selection and highlight its advantages in relation to the course’s specific learning objectives. Providing 
targeted training for teachers, such as workshops, can equip teachers with the necessary skills to develop 
effective VSAQs while addressing potential practical concerns [43]. By clearly communicating the benefits 
of VSAQs — including the advantage that they do not require the creation of plausible alternative answer 
options, which can be challenging for MCQs [44-46] —teachers can be encouraged to integrate them into 
their assessments. Additionally, addressing concerns regarding the grading workload by demonstrating 
efficient review strategies can lower barriers to adoption. Alleviating practical concerns — in particular 
explaining how VSAQs can be reviewed in an acceptable amount of time — can lower the threshold for 
adoption and increase acceptability. Seeking feedback from colleagues in different domains can provide 
diverse perspectives, further refining the effectiveness of VSAQs in medical education [43].

Implement CAT on a large-scale to assess students at different stages of their study
CAT presents an innovative approach to large-scale assessment, particularly in progress testing. As 
demonstrated in our study (chapter 6), CAT is a reliable, efficient, and feasible test format that tailors 
assessments to students at different stages of their study. Unlike the conventional fixed-linear PT, CAT 
dynamically adjusts question difficulty based on student performance, eliminating the need for formula 
scoring while ensuring an accurate measurement of knowledge [52]. Beyond its use in assessment, the 
extensive data generated through CAT presents valuable opportunities for student progress monitoring, 
curriculum development, and educational research.

Prepare students to the transition to CAT by providing information and practice opportunities
To ensure successful implementation, students must be adequately prepared for this new adaptive test 
format. Our findings (chapter 6) indicate that students initially perceived CAT as more challenging and 
felt uncertain about their performance. Institutions should address these concerns by offering clear 
explanations, Q&A sessions, and practice tests that allow students to experience the format firsthand. 
Additionally, emphasizing the advantages of CAT, such as its ability to provide precise evaluations and 
tailored feedback, can help improve student acceptability and confidence. 

Establish a collaborative approach to maintain a high-quality CAT item bank
While the transition to CAT requires a significant initial investment, its long-term benefits — such as 
improved flexibility and reliability — make it a valuable advancement in medical education [24]. However, 
a well-functioning CAT system depends on a large, high-quality item bank that continuously evolves to 
align with the curriculum. Given the substantial resources required for item development, collaboration 
among multiple medical schools is essential. By sharing expertise, test items, and validation efforts, 
institutions can ensure a steady supply of well-calibrated questions, improving the reliability and fairness 
of assessments while reducing individual institutional burdens.

Ensure that the chosen scoring method aligns with the assessment’s goals
Our findings (chapter 7) indicate that formula scoring assesses not only knowledge but also metacognitive 
awareness and risk tendencies, which can impact the construct validity of test scores. 
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Therefore, if the primary goal is to measure knowledge in students with different knowledge levels, 
formula scoring may not be the appropriate scoring method. However, if the aim is to assess metacognitive 
awareness [53], formula scoring could be justified. Alternatively, self-assessment methods such as 
certainty-based marking (CBM) [54], may offer a more effective approach by incorporating students’ 
confidence levels into the assessment, thereby enhancing both accuracy and self-reflection [55, 56].

Embed feedback as an integral part of the learning process
To maximize the catalytic effect, feedback should be integrated into the medical curriculum and designed 
to actively engage students in their own learning process. Ensuring that students understand, value, and 
apply feedback requires a shared commitment from students, teachers, and program coordinators [57, 
58]. This collaborative responsibility is essential in developing students’ feedback literacy and fostering a 
culture where feedback is seen as a tool for continuous improvement rather than an evaluative measure.

Design structured and accessible feedback to enhance engagement
To enhance feedback engagement, both the format and delivery of feedback should be carefully designed 
by teachers and course coordinators. Providing clear instructions, specific feedback messages, and timely 
access to feedback can help overcome common student barriers, such as uncertainty about how to 
interpret and apply the feedback (chapter 9) [27, 36-39]. Well-structured feedback allows students to 
engage more effectively and take meaningful action based on their knowledge gaps. 

Integrate progress test feedback into course activities to enhance relevance
Ensuring meaningful engagement can be particularly challenging for curriculum-independent 
assessments, such as the PT, as students struggle to recognize its relevance (chapter 9). To strengthen the 
impact of PT feedback, it should be embedded into course learning activities [39, 57, 59, 60]. One effective 
strategy might be to discuss PT feedback in small-group discussions with mentors, where students can 
reflect on their feedback, ask questions, and develop concrete learning strategies. Additionally, aligning 
course practice questions with PT content by teachers can help students recognize its connection to their 
coursework, making PT feedback a more natural and integrated part of their learning process. A well-
integrated approach allows students to engage with feedback, identify and address challenging areas, 
and reinforce learning through immediate application.

Support students in understanding and using feedback 
While self-regulation is increasingly emphasized in medical education [61, 62], our findings (chapter 
9) indicate that many students do not use the opportunities available to reflect on their feedback. This 
suggests that explicit guidance remains essential for effective feedback use. To foster meaningful 
engagement, feedback literacy should be developed early in the curriculum and through interactive 
dialogues with teachers [58, 63], with a strong emphasis on its long-term value beyond assessments. In our 
study, students perceived formative assessment as less important compared to summative assessments, 
which reduced its perceived importance and feedback engagement (chapter 8). To address this, teachers 
should clearly communicate the purpose of formative assessments and highlight how feedback supports 
ongoing learning and professional growth. For example, in programmatic assessment [2], feedback is 
embedded into continuous learning rather than treated as an isolated event, helping students recognize 
its value and integrate it into their learning process.
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General conclusion 
Our research highlights that assessment in medical education is not merely a measurement tool, but 
a fundamental driver of student learning. By optimizing assessment strategies through innovative 
approaches such as VSAQs, CAT, and structured feedback, we can substantially enhance student 
learning, leading to improved knowledge retention, skill development, and preparedness for professional 
practice. Our findings offer valuable insights for refining written assessments, aligning them closely with 
established criteria for high quality assessments. Specifically, implementing VSAQs into medical curricula 
improves the validity and authenticity of assessments, while CAT provides more individualized and 
reliable assessments. Embedding feedback as an integral part of the learning process can foster a culture 
that values formative assessment, motivating students to engage actively with and benefit from feedback. 
Ultimately, integrating these complementary innovations offers a robust approach to assessment, 
ensuring medical education supports student growth and lifelong learning.
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