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Introduction
Assessment plays a crucial role in medical education, serving not only as a means to measure knowledge 
but also as a powerful driver of student learning [1]. Historically, formal assessment began with written 
and oral examinations [2]. Today, written examinations—the focus of this thesis—are widely used in 
medical curricula because of their psychometric robustness in evaluating students’ knowledge. These 
assessments primarily consist of multiple-choice questions (MCQs), and are most commonly used as 
summative assessments to measure student performance through grading [3].

In recent years, the role of assessment has evolved beyond its traditional function of measuring 
knowledge (assessment of learning) toward a more dynamic approach that fosters and facilitates learning 
(assessment for learning) [3, 4]. To align with this shift, traditional assessment tools are being redesigned 
to enhance in-depth learning and self-regulated learning (SRL) through continuous feedback [5-11]. 
Emerging technological advancements, such as digital testing and advanced psychometric data analytics, 
present new opportunities to improve existing assessment methods and develop innovative approaches 
that emphasize learning. However, the integration of these advancements into medical education and the 
complex relationship between assessment and learning  warrant further exploration. 

This thesis investigates innovations in three key aspects of assessment: question design, assessment 
format, and post-assessment feedback. First, we will investigate the potential of a novel question format: 
the very short answer question (VSAQ). Secondly, the implementation and benefits of computer adaptive 
progress testing are researched. Finally, we analyze students’ feedback use in formative versus summative 
assessments and the factors influencing their feedback behaviour. Before discussing these innovations, 
we will first outline the criteria for good assessment, which are fundamental to improving assessment 
practices and served as a guiding framework for our studies. This chapter concludes with the research aim 
of this thesis and an overview of the research projects. 

Criteria for good assessment
With the shift in perception that assessment plays a broader role in the learning process by actively 
stimulating and enhancing learning, it becomes essential to establish criteria that reflect this function. 
Table 1 outlines key criteria for effective assessment, along with their definition and educational 
significance. These criteria are grounded in the framework proposed by Norcini et al. and further supported 
by additional research studies [2, 12-15].
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1Table 1. Criteria to guide the development of assessments.
Criterion Definition Significance

Acceptability The assessment is fair, reasonable and 
appropriate, as perceived by the stakeholders (i.e., 
students, educators and administrators)

Support of the assessment and its results by its 
users

Authenticity The assessment challenges students to apply the 
knowledge and skills they would use in real-life 
professional scenarios

Encourage students to develop practical and 
relevant knowledge, preparing them for the 
challenges they will encounter in their future 
career

Catalytic effect The assessment provides feedback that stimulates 
further learning

Encouragement of learners to reflect on their 
performance and identify growth opportunities; 
Driving ongoing learning and development

Cueing effect The question design unintentionally provides hints 
that allow students to answer correctly based on 
recognition rather than true understanding

Ensures that assessments measure genuine 
knowledge, avoiding inflated scores that do not 
reflect actual competencies.

Educational effect The assessment promotes students’ preparation 
beneficial for their learning

Guidance of students towards better 
understanding of the content

Equivalence The assessment produces comparable results 
when administered across different institutions

Fair assessments which measure the same content 
to the same standard in different contexts

Feasibility The assessment is practical and realistic to design, 
implement and score

Effective assessment administration considering 
the resources, time and effort

Reliability The assessment produces consistent results if 
repeated under similar conditions

Consistent and fair assessments which accurately 
evaluate students’ performance

Testing effect The active retrieval of information from memory 
during an assessment enhances later recall

Improvement of long-term retention of knowledge

Validity The assessment accurately measures what it is 
intended to measure

Reflection of actual competencies or knowledge 
areas it aims to evaluate

The relative importance of these criteria depends on the assessment’s goal and context [2]. For example, 
summative assessments, which evaluate medical students’ knowledge at the end of a course, prioritize 
psychometric criteria such as validity and reliability to ensure the credibility of scores and their implications 
for academic progression. In contrast, formative assessments – designed to support learning without 
direct academic consequences – emphasize criteria like the catalytic effect and learner acceptability. 
Similarly, different stakeholders, including teachers, learners, and faculty, may prioritize different criteria 
based on their roles in the assessment process. Learners may value reliability and authenticity, whereas 
teachers may focus on feasibility and educational effect.

These criteria were used to examine the various aspects of assessment in this thesis. While their relative 
importance varies across the different innovations studied, each innovation aligns with key principles that 
promote assessment for learning, such as the catalytic and educational effect (Table 1). 

Research context
The medical curriculum at Leiden University Medical Center (LUMC) in the Netherlands is structured 
six-year program divided into a three-year preclinical Bachelor phase and a three-year clinical Master 
phase. The Bachelor phase includes various theoretical courses. During these courses students are 
offered the opportunity to practice with the content material through formative assessments. The courses 
are concluded with written summative assessments, which are graded and contribute to study credits. 
These assessments mainly consist of MCQs, but other question formats are also used, such as extended 
matching questions (EMQs), comprehensive integrated puzzles (CIP), or six-step questions. Open essay 
questions are rarely used due to the extensive time required for grading large student cohorts. After each 
summative assessment, students receive a form of the Automated Education Evaluation System (AEES) 
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to evaluate the course. All assessments are conducted digitally in RemindoToets (Paragin). The Master 
phase focuses on clinical rotations, which are evaluated through a pass/fail decision based on supervisor 
feedback.

Integral to the medical program is the longitudinal national medical progress test (PT), which medical 
students of all eight medical schools in the Netherlands are required to take four times annually, resulting 
in 24 test moments throughout their studies [16]. The PT is a comprehensive written MCQ-test which 
assesses the end objectives of the medical curriculum across all relevant medical disciplines. The test 
is designed to monitor students’ knowledge progression over time. After each PT, students receive 
their scores on each discipline and category through an online feedback system (ProF), allowing them 
to compare their performance with their peers and reflect on their progress with their tutors if desired 
[17]. In ProF, their (longitudinal) results are both presented in a table and visualized in a graph. Using a  
longitudinal design and feedback, the PT has an important formative function, amplifying the catalytic 
effect by promoting ongoing learning and development throughout the medical curriculum [18-22]. The 
results of the PT are also used for a summative pass/fail decision at the end of each academic year for the 
awarding of study credits. 

The very short answer question
In medical education, multiple-choice questions (MCQs) are widely used due to their reliability and ease 
of machine-marking [23, 24]. However, MCQs are often criticized for enabling cueing, where students rely 
on hints within the questions rather than demonstrating true understanding. This recognition-based study 
approach does not align well with the educational goals in medical education, which emphasize applying 
knowledge in complex real-world clinical scenarios [25-27]. Over-reliance on MCQs may therefore limit 
students’ preparedness for such situations [13, 28]. While open-ended essay questions avoid cueing 
and promote deeper understanding, they are resource-intensive to grade, particularly in large student 
cohorts. Alternative formats like extended matching questions (EMQ) reduce cueing but still tend to foster 
recognition-based learning strategies rather than active retrieval [13, 29, 30]. This highlights the need for 
innovations in question design that support learning.

Very short answer questions (VSAQs)—open-ended questions with responses limited to 1-4 words—offer 
a promising compromise between MCQs and open essay questions by addressing many limitations of each 
format. By requiring students to generate answers independently, VSAQs eliminate cueing and guessing, 
encourage deeper analytical reasoning and critical thinking (educational effect in Table 1) [27, 31-33]. 
The generation process strengthens memory and supports long-term knowledge retention, aligning with 
the retrieval effort hypothesis, which suggests that more challenging retrieval tasks enhance learning 
outcomes [42, 43]. Unlike essay questions, VSAQs are more practical to grade, making them feasible 
for large-scale assessments, while maintaining high validity, reliability, and item discrimination in both 
formative and summative contexts [14, 27, 32, 34, 35]. They also support the catalytic effect (Table 1) by 
providing meaningful feedback, as open-ended responses allow teachers to gain more insight in students’ 
reasoning processes and identify specific misconceptions or knowledge gaps — insights that are typically 
less accessible through MCQs [36, 37]. Moreover, VSAQs offer a more authentic assessment experience 
by reflecting the open-ended and complex problem-solving required in clinical practice [12, 14, 28].
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1Despite these clear advantages, the adoption of VSAQs in medical education remains limited. Challenges 
such as the lack of automated grading tools and concerns about feasibility have hindered their widespread 
implementation [14, 34, 38]. Although VSAQs align with key educational goals—such as promoting active 
learning, providing actionable feedback, and fostering knowledge application—they have yet to be fully 
utilized in assessment strategies. Addressing these challenges and exploring the broader potential of 
VSAQs may provide critical insights into how assessments can better support student learning, and 
preparedness for clinical practice.

Computer adaptive progress testing
Progress testing (PT) was introduced in the 1970s at Maastricht medical school to support problem-based 
learning (PBL) and discourage test-directed studying by providing longitudinal feedback on students’ 
knowledge progression [17-22]. However, the fixed linear format of the PT, comprised of 200 MCQs, 
has limitations. It does not account for individual differences in knowledge levels, potentially limiting 
reliability. Additionally, as the number of participating medical schools has grown, logistical and financial 
challenges have raised concerns about the feasibility of the conventional PT [2, 22].

Medical PTs worldwide, including the Netherlands, have adopted formula scoring as a scoring method 
[48-51]. In formula scoring, correct answers receive points, while incorrect answers incur a penalty, 
encouraging students to respond only when confident in their answers. A question mark option is 
included, allowing students to skip a question without a penalty [49]. While intended to reduce the 
influence of guessing and promote metacognitive reflection, research suggests that the question mark 
option may introduce bias and affect the test’s construct validity, as its use is influenced by individual risk-
taking tendencies, metacognitive skills, and self-efficacy [48, 50, 52-54]. Risk-averse students may score 
lower despite comparable knowledge, and gender differences in guessing behavior further challenge the 
construct validity of test scores [52, 55, 56, 57]. 

Computer adaptive testing (CAT) offers a promising alternative to address the challenges of the 
conventional PT by tailoring question difficulty to individual ability levels in real time [58]. Since each 
answer informs the selection of the next question, the question mark option is not feasible in CAT. Based 
on Item Response Theory (IRT), CAT estimates a test-taker’s ability (the ‘theta’) by assigning difficulty 
and discrimination parameters to each question [59]. This adaptive approach reduces test length while 
maintaining or even improving reliability [60-63]. Moreover, research has shown that CAT can improve 
motivation and engagement [60, 64, 65]. The Online Adaptive International Progress Test (OAIPT) project 
has demonstrated the feasibility of a computer adaptive progress test (CA-PT) across multiple European 
medical programs [61]. Moreover, its flexibility in test administration alleviates logistical constraints, 
making large-scale implementation more practical than simultaneous examination.

CAT presents an opportunity to enhance PT by improving efficiency, reliability, and feasibility while 
eliminating the need for formula scoring. Before nationwide implementation of CA-PT, it is important to 
evaluate its psychometric properties to ensure it accurately measures student knowledge. Additionally, 
understanding the implications of removing the question mark option and how different scoring methods 
influence student performance is essential to maintaining fairness and validity in assessment. As 
medical schools explore the potential transition to CA-PT, these insights will be crucial in guiding the 
implementation and optimizing progress testing in medical education.



Chapter 1

14

Feedback
The shift from assessment of learning to assessment for learning in medical education has underscored 
the importance of formative assessments as tools to promote effective learning strategies and enhance 
future performance [3, 4]. Formative assessments aim to provide actionable feedback that encourages 
self-regulated learning and supports students in achieving deeper understanding (catalytic effect in Table 
1) [4-10, 66]. While the educational value of assessment for learning is widely recognized, the impact of 
formative assessments on students’ learning behaviour and motivation remains uncertain. This impact 
may be influenced by how students perceive and prioritize formative versus summative assessments. 
Summative assessments, which directly affect final grades, tend to motivate students more, shown by 
increased test-taking efforts [18, 67-70]. In contrast, formative assessments, due to their lack of direct 
consequences, may result in lower levels of effort, as suggested by the Expectancy-Value Theory (EVT) 
[69, 71, 72]. According to EVT—a widely applied  test-taking motivation framework—motivation is driven 
by students’ expectations of success and the value they assign to a given task [72]. Understanding how 
students adapt their learning behaviour, such as test preparation and feedback use, to both formative and 
summative assessments can help educators optimize these assessments to promote deeper learning and 
foster lifelong learning skills.

Feedback is central to formative assessments, as it supports the development of learning strategies and 
self-regulation skills [4-10, 66]. In the context of medical education, PTs provide feedback intended to give 
students insights into their knowledge progression over time and guide student’s learning [17]. Effective 
use of feedback requires students to develop feedback literacy, which includes understanding feedback’s 
purpose, engaging with it emotionally, and implementing appropriate strategies based on the feedback 
[10, 73, 74]. Winstone et al. [75] identified four key psychological processes essential for effective 
feedback use: awareness of feedback meaning, cognizance of suitable strategies for implementation, 
agency in executing strategies, and the volition to explore and act upon feedback. The effectiveness of 
PT feedback, however, is often limited by students’ engagement levels and their capacity to interpret 
and act on upon the feedback (agency) [76, 77]. Research suggests that students infrequently use PT 
feedback to reflect on and enhance their learning [69]. This significant loss of formative value points to a 
need for further research into students’ feedback behaviour, specifically the factors that inhibit or promote 
effective use of PT feedback.

Outline of this thesis
Despite the growing body of knowledge regarding assessment innovations, many questions remain 
unanswered and require further exploration before these innovations can be successfully and widely 
implemented in medical curricula. In this thesis, we explore the opportunities and challenges of VSAQs 
in Part I, computer adaptive progress testing in Part II, and feedback in Part III within undergraduate 
medical education. Our aim is to optimize the assessment of medical students, improve students’ learning 
and preparation for clinical practice and, ultimately, contribute to the development of more competent 
clinicians. Table 2 provides an overview of the studies included in this thesis, detailing the research 
questions, designs, methods and analyses. 

Part I of this thesis comprises three quantitative studies and a viewpoint article, all focusing on the 
comparison between VSAQs and MCQs. The randomized cohort study in chapter 2 examines the 
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1psychometric properties, acceptability, cueing effects and student experiences. We partly replicated the 
study of Sam et al. [14] to validate their positive results in another educational setting with less experienced 
teachers and a different student population. In chapter 3 we use retrospective data of mixed-format 
examinations consisting of both VSAQs and MCQs from first- and second-year bachelor students to assess 
whether VSAQs or MCQs more effective at identifying poor and excellent performing students based on 
their graded point average (GPA). To enhance our understanding of the effectiveness of different question 
formats in retrieval practice (i.e., testing effect), we compare the effects of VSAQ and MCQ practice tests 
on knowledge retention in a real-life educational setting in chapter 4. In this within-subjects experimental 
study we use the scores on a final retention test, three weeks after the last practice test, as a measure 
for knowledge retention. Additionally, we evaluate students’ experiences with the practice tests. In the 
last chapter of this first part (chapter 5) we discuss the current use of MCQs in medical assessment and 
propose VSAQs as a promising alternative with advantageous properties for both teachers and students.

In Part II, the focus shifts to computer adaptive testing in the context of the medical PT. The first study, 
in chapter 6, is a multicentre study which evaluates the correlation between test performance on a 
CA-PT and a conventional PT. Secondly, we assess the feasibility, student motivation, engagement and 
experiences with the CA-PT. The cross-over set-up allows for a direct comparison between the two test 
formats in the same cohort of students within an authentic setting, which is a crucial step toward informed 
and effective nationwide implementation. The study in chapter 7 explores the relationship between the 
use of the question mark option in the conventional PT and student performance on the CA-PT using 
longitudinal retrospective PT data. We also evaluate the longitudinal reliability and convergent validity of 
the CA-PT by examining the correlation between the two PT formats over time.

Part III consists of a mixed-methods study and qualitative study focusing on feedback behaviour. The 
mixed-methods study in chapter 8 investigates the effect of a PT with a summative component (summative 
PT) and a purely formative PT (formative PT) on test preparation, test-taking motivation and feedback use 
after the test. In this study we use the EVT as theoretical framework [72]. We triangulate quantitative 
questionnaire data, logging data from ProF, and qualitative interview data to provide a comprehensive 
understanding of medical’ students feedback use and test-taking motivation in a formative and summative 
setting. In chapter 9 we present a qualitative study exploring the processes and factors that influence 
students’ use of PT feedback. The data analysis is guided by the psychological processes necessary for 
effective feedback use, as identified by Winstone et al. [75]. This study addresses the knowledge gap 
regarding effective practices and existing barriers in PT feedback utilization, offering valuable insights into 
the obstacles that hinder students from effectively using PT feedback.

Finally, the general discussion in chapter 10 integrates the main findings with the current literature, and 
provides practical implications and recommendations for future research emerging from this thesis.



Chapter 1

16

Table 2. Overview of research aims, and corresponding study design, method and analyses.

Chapter Research aim(s) Design Research method Analyses

Part I 2

1. Externally validate positive results 
of VSAQs regarding reliability, 
discrimination and acceptability  
2. Explore impact of VSAQs on cueing 
effects 
3. Explore students’ experiences of 
VSAQs

Single-centre cross-
over study 

Formative assessment 
and student surveys

Descriptive statistics 
and psychometric 
analyses (Cronbach’s  
α,  Rir-values)

3

1. Examine the relationship between 
question format and academic 
performance

2. Evaluate the ability of VSAQs and 
MCQs to identify poor and excellent 
performing students

Retrospective cohort 
study

Summative 
assessment results

Psychometric analyses 
(Rir-values),  linear 
regression, ROC 
curves

4

1. Compare the effect of retrieval effect 
with VSAQ and MCQ practice tests on 
knowledge retention 
2. Evaluate students’ experiences with 
the practice tests

Single-centre within-
subjects experimental 
study

Practice tests, final 
test and student 
surveys

Descriptive statistics 
and 2x2 repeated 
measures ANOVA

5

Viewpoint on assessment questions 
within medical education

Viewpoint article Viewpoint and 
implementation tips 
based on previous 
research and own 
experiences

n.a.

Part II 6

1. Evaluate the correlation between 
test performance on a CA-PT and a 
conventional PT  
2. Assess the feasibility and student 
experiences of a CA-PT

Multi-centre cross-
over study

Progress test results 
and student surveys

Descriptive statistics, 
Pearson correlation 
coefficient, T-test

7

1. Explore the relationship between 
question-mark option use in the 
conventional PT and student 
performance on the CA-PT 
2. Evaluate the correlation between the 
conventional PT and CA-PT over time 

Multi-centre 
longitudinal 
retrospective study

Progress test results Pearson correlation 
coefficient, linear 
regression, model-
based cluster analysis

Part III 8

Investigate the effect of a progress test 
with a summative component and a 
purely formative progress test on 
(a) test preparation 
(b) factors that influence test-taking 
motivation, and use of feedback 
(c) self-reported and actual feedback 
use after the test

Mixed-Methods study Student surveys,  
logging data and semi-
structured interviews

Descriptive statistics, 
T-test, chi-squared 
tests, logistic 
regression, template 
analysis with a priori 
themes

9
Explore which processes and factors 
affect medical students’ feedback use 
within a Dutch progress testing context

Qualitative study Semi-structured 
interviews

Template analysis with 
a priori themes

 VSAQ = very short answer question; MCQ = multiple-choice question; PT = progress test; CA-PT = computer adaptive progress test.
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