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Dansk abstrakt

Dette sammenlignende casestudie beskriver en undersogelse, der ved hjeelp af maskinlering
undersgger studerendes evaluering af multiple-choice spargsmél (MCQ) som middel til lering.
Med et fokus pé selvstyret leering og motivation undersgger vi to systemer udviklet pa Aarhus
Universitet: "MED MCQ", der bruges af medicinstuderende, og "MCQ-anatomi", der bruges af
tandlaegestuderende. Med svar fra 126 medicinstuderende og 70 tandlegestuderende evaluerer vi
to sporgeskemaer via SurveyXact. Ved anvendelse af topic modeling identificerer
maskinlaeringsmodellen to grupper af studerende, som pa forskellig vis oplever systemet som
motiverende og fremmende for deres laringsproces. De studerende oplever en gget selvstyret
leering ved selv at have indflydelse pa preesentation af spergsmél og muligheden for at besvare
sporgsmaél uatheengigt af en underviser. Vi diskuterer, hvordan undervisere og udviklere kan bruge
MCQ til at fremme studerendes leering. Artiklen diskuterer, hvordan man kan bruge maskinleering
til at analysere tekst-svar fra &bne spgrgsmal.

Engelsk abstract

This comparative case study reports a study investigating student evaluation of Multiple-Choice
questions (MCQ) through machine learning as a means of learning. The focus is on self-directed
learning and motivation. The study evaluates two systems developed at Aarhus University: "MED
MCQ" used by medical students, and "MCQ anatomy" used by dental students. The study evaluates
two surveys in SurveyXact with responses from 126 medical students and 70 dental students. We
use topic modeling over free text responses. The machine learning model identifies two groups of
students who, in different ways, experience interacting with the system as motivating and
facilitating their learning process. The students' experience increases self-directed learning by being
able to choose the form of presentation of questions and answer questions independently of the
instructor. The article discusses how educators and developers can use MCQs to promote student
learning and how to analyze open-ended questions with machine learning.
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Introduction

Multiple-Choice Questions (MCQs) represent a widely utilized assessment format characterized by a
student selecting one or more answers from a predetermined list, as thoughtfully curated and presented
by the test designer (Downing & Haladyna, 2004). Student learning can be facilitated in-class and out-
of-class with MCQs and other written test questions (McDermott et al., 2014; Billings et al., 2021).
Teachers and students evaluate MCQs positively, and research has demonstrated that they are a valid,
economical, and effective means of summative assessment (Downing & Haladyna, 2004) and formative
assessment, i.e., assessment for learning, perhaps because of their ability to cover a wide range of
content in a relatively short period (Einig, 2013; Javaeed, 2018). However, there are conflicting views
on whether MCQs mainly assess lower learning objectives or shallow learning.

MCQs and other formats of written test questions (Billings et al., 2021) have been extensively described
in the context of health science education. Chandra et al. (2018) found that MCQs are a time-efficient
assessment format displaying high levels of reliability in both undergraduate and postgraduate medical
education. Some researchers have suggested that MCQs assess and produce superficial learning
(Vansteenkiste, Simons, Lens, Sheldon, & Deci, 2004). In contrast, others have argued that MCQs assess
deep learning and high-learning taxonomic goals, for instance, in dental and medical education, by
including clinical vignettes (Billings et al., 2021; Palmer & Devitt, 2007).

Javaeed (2018) argued that MCQs could gauge medical students' higher-order thinking skills. The work
by (Chandra et al., 2018) and (Javaeed, 2018) suggest that MCQs can assess medical students'
understanding and knowledge across various educational levels. In anatomy, MCQs and computerized
testing systems seem to be able to supplement rather than replace more traditional teaching methods
such as lecturing and dissection (Tam et al., 2010; Durosaro et al., 2008). Furthermore, MCQ has been
used to gamify anatomy teaching (Ang et al., 2018).

MCQs can be used as knowledge tests, formative assessments, and self-paced assessments (Say et al.,
2022). It is an element of adaptability where the difficulty of the MCQ can be adjusted to the student's
knowledge and skill level. It is developed in computer-adaptive testing (CAT) that employs item
response theory to customize the difficulty of Multiple-Choice test questions according to students'
abilities, as determined by their previous attempts (Bergstrom & Lunz, 1999). CAT for Certification and
Licensure can be explored further in the context of computerized assessment innovations (Drasgow &
Olson-Buchanan, 1999). Students can use MCQs outside the classroom to autonomously assess and
enhance their knowledge and skills. This methodology not only serves as a testing tool but also a tool
that facilitates the regulation of the student's behavior (Nicol, 2007).

Research has suggested that MCQs can enhance student memory (Little et al., 2012) and agency or self-
directedness (Lee et al., 2021). In this context, we will explore explore two possible mediators of learning
(memory and agency) in explaining how MCQ systems might benefit student learning.

First, the link between learning and memory is well established in the experimental psychological
research field emanating from Bjork and Bjork (2019) and McDaniel et al. (2007). This line of research
can guide us in designing MCQs to challenge students and enhance their memory (both memory
retention and storage strength) and overall understanding and comprehension. MCQs can stimulate
retrieval practice by presenting options and requiring the learner to select the correct answer (Little et
al., 2012). It is a powerful method for strengthening memory and improving long-term retention. Thus,
using MCQ, even if it involves the student making mistakes and experiencing initial difficulties, can
contribute to deeper and more durable learning stemming from time on task or their potential for active
recall during exam reading or better over the entire semester.
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Second, there is merit in revisiting the notion of self-directed learning, which signifies students' active
and autonomous position in higher education (Knowles, 1975; Merriam, 2001). Self-directed learning
has been used to explain medical student learning (Mazmanian & Feldman, 2011) and dental student
learning (Hendricson et al., 2006). Self-directed learning is not a unique feature of a few learning
theories focusing on student agency; there are related studies on self-regulated learning (Zimmerman,
2002, 2008). Self-regulated learning can be conceived as a multifaceted process that incorporates
cognitive, metacognitive, emotional, motivational, and behavioral strategies that students employ to set
educational objectives and track their progress (Kizilcec, Pérez-Sanagustin & Maldonado, 2017;
Zimmerman, 2002). Both theories acknowledge the importance of learners being proactive in setting
educational goals, monitoring their progress, and employing various strategies to enhance their learning
experience. However, self-directed learning theory is often associated with adult education and assumes
that students are competent at taking responsibility for their learning, drawing on their life experiences
(Edmondson et al., 2012). On the other hand, arguably, self-directed learning is a broader notion
applicable to students' cognitive, metacognitive, emotional, motivational, and behavioral strategies.

Deci and Ryan's research on motivation points to the intricate connection between motivation and
agency. According to Deci and Ryan (2012) and Ryan and Deci (2000), motivation can be conceptualized
as the interplay between autonomy and control, profoundly intertwined with individuals' subjective
sense of agency. This dynamic interplay acts as a potent mechanism for advancing students' educational
achievements and enabling the cultivating of a distinct identity as proactive learners within a particular
educational context. Guay, Ratelle, & Chanal's (2008) comprehensive literature review underscores the
positive correlation between students' performance and their use of autonomous motivation types.
Furthermore, fostering high autonomy and motivation yields positive learning outcomes (Guay et al.,
2008). Studies have suggested that MCQ systems can foster self-directed learning in medical education
(Pai et al., 2014; Zia et al., 2016). However, more is needed to know about how these systems mediate
self-directed learning and motivation in a Danish context.

This article focuses on medical and dental students’ evaluation of online MCQs, focusing on self-directed
learning and motivation. We explore machine learning strategies for understanding student perceptions
and study strategies. The study aims to explain to the university course administrator and teachers why
MCQs might aid students' self-learning. The research aim is to explore the multidimensional nature of
student evaluations through machine learning. The research question of the project is twofold. The first
research question is: How can Uniform Manifold Approximation and Projection (UMAP) with
Hierarchical Density-Based Spatial Clustering (HDBSCAN) uncover fine-grained patterns in students'
evaluative responses? The research objective is to evaluate how students perceive MCQs and how they
can stimulate self-directed learning. The second research question is how MCQ can be used
pedagogically.

Materials and methods

Participants

126 medical students and 70 dental students at Aarhus University completed our surveys in SurveyXact.
Their responses concerned evaluating their use of the subject-specific MCQ system. 87 dental students
responded, but only 70 completed the questionnaire. 138 medical students responded to the survey, but
only 126 completed the questionnaire.

Data set

In this paper, we used datasets of medical and dental students from Aarhus University. Specifically, we
analyzed student evaluative responses collected from two university programs, the course in dental
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anatomy and five courses in the medical program: pathology (6th semester), medicine and clinical
practice (7th semester), abdomen (8th semester), cardiovascular medicine (9th semester), and in
gynecology, obstetrics, and pediatrics (11th semester). The dataset consisted of qualitative text feedback
provided by students on their perceptions of course content and MCQs. We used sentiment analysis, an
automated computational method for evaluating expressed opinions. The goal was to uncover sentiment
patterns through machine learning. We wanted to identify different student groups and better
understand student out-of-class study behavior in MCQs by clustering opinions.

We used Uniform Manifold Approximation (UMAP) and Projection with Hierarchical Density-Based
Spatial Clustering (HDBSCAN) method. UMAP is a dimensionality reduction technique that maps high-
dimensional data into a lower-dimensional space while preserving its underlying structure (McInnes,
Healy & Melville, 2018). By visualizing complex relationships between data points, UMAP aids in
identifying clusters and patterns that might not be apparent in the original data. Furthermore, it uses
Hierarchical Density-Based Spatial Clustering (HDBSCAN). A density-based clustering algorithm can
group data points based on their proximity and density distribution (dos Santos et al., 2019). It can
uncover clusters of varying shapes and sizes, making it particularly useful for identifying fine-grained
patterns within datasets (dos Santos et al., 2019; McInnes et al., 2018).

The study relied on a survey of dental and medical students’ learning and motivation. The survey was
conducted using the SurveyXact tool, comprising two questionnaires with 11 and 13 questions in medical
and dental education, respectively (see Appendix-Table 4 and Table 5). The two questionnaires
incorporated a combination of open-ended and closed-ended questions. Links to the surveys were
mailed to dental students at Aarhus University from semesters 2-10, and another link was given to
medical students who visited MCQ.AU.DK. Data was collected in the dental educational group over two
weeks and three months for the medical. Table 1 compares the two surveys and samples on the
structured part.

Table 1: Comparison of the two surveys

Number of | Survey Participants | University Participants
questions duration (n) educational
level
Dental 13 Around 2 n=70 Aarhus ond semester to
education/ weeks University 10th semester
dental
students
Medical 11 Around 3 n= 126 Aarhus 6th 7th 8th gth,
education / months University and 11th
Medical semester
students

Design

In formulating our research design, we employed a comparative case study framework, outlined by Stake
(2013). It is important to note that our study does not delve extensively into contextual elements, such
as ethnographies of student usage within the systems. Alternatively, our approach could be
characterized as a single case study with two illustrative instances, aligning with Yin's (2009) concept of
case study research.
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Evaluating the MCQ systems and characteristics of the MCQ
systems

System 1 (Medical education): "MCQ.AU.DK"

MCQ.AU.DK is an online program intended to prepare medical students for exams. See Figure 1 for an
example of how the program visually looks. This resource facilitates students' access to past exam papers
from Aarhus University's Medical program, encompassing the five courses examined in this study. The
system has an extensive database of 6266 questions. Students can tag each question as relevant or
irrelevant and mark questions with comments for other students. For instance, they can comment on
the relevance of the exams of a question. The analyst or teacher can use the system for data analytics
while ensuring student anonymity. Teachers can integrate the system into their teaching, gaining
insights into student behaviors and creating specialized question sets. In this way, it aims to provide
tailored learning experiences to each student.

v RS Aaumc #  Welome,MCQtest 30 40

AUMCQ

Choose a semester
11. semester - GOP -

There are 1186 questions to choose between.
Random questions Topics/tags Complete exam sets
How many questions would you like?

5 e 10 20 40 80 Othervalue 10

Give me only questions that | have not previously answered.
Do not give me questions, | have answered correctly.

Start

Start som eksamen

The site is developed with permission from The Department of Clinical Medicine and supported by CED, Health, Aarhus University

(@ About this site

Figure 1: Screenshot of system MCQ.AU.DK

The online program was initiated around 2017 and developed by Sigurd Morsby Larsen, Mads Dahl, and
Kasper Lauritzen at Aarhus University. In 2019, Centre for Educational Development took over the
development and administration of the program. The program spans exam questions from fall 2011 to
2022, enabling students to engage with various medical topics.

Through the "www.mcq.au.dk/share" feature, teachers can curate specialized question sets tailored to
specific topics or themes. These sets can be conveniently shared with students via learning programs,
websites, or presentations. The program helps teachers foster engaging and efficient exam preparation
scenarios because students can tag questions based on specialties, topics, and relevance, enhancing the
program's utility. Additionally, users can provide comments and references for individual questions,
fostering collaborative learning and knowledge sharing within the community. This interactive
approach enhances the programs' question categorization and promotes a dynamic exchange of insights
among students.

To maintain user privacy, MCQ.AU.DK utilizes Matomo. It is an open-source web analytics application
that tracks online website visits. This technology respects browser opt-out preferences, avoids setting
cookies, and anonymizes IP addresses. Consequently, users remain completely anonymous while
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benefiting from the programs' features. The usage data collected is stored securely at Aarhus University
and is not shared externally.

The intention is that medical teachers can harness the capabilities of MCQ.AU.DK to enrich their
teaching. The program enables educators to integrate old exam questions into their teaching materials,
facilitating targeted learning experiences. Teachers gain insights into student-generated question tags,
which can guide the creation of novel exam questions. Moreover, students and teachers can work
collaboratively using tagged questions or sub-tags for focused preparation (see Figure 2).

In summary, the program exemplifies the synergy of technology and education by facilitating student
engagement, question tagging, and teacher integration. It sets new standards for comprehensive
knowledge assessment in the medical domain.

spergneiar 10 Nz W

( Q3. A 15-year-old male is hospitalized due to a 2-day

Q2. A 37-year-old man, newly diagnosed with HIV and a history of fever, cough, shortness of breath, and pain
CD4 cell count of 70 cells/mL, is hospitalized after that is synchronous with respiration. His chest X-ray is
experiencing a generalized seizure. A CT scan of the brain presented below.

(CT-Cerebrum) reveals the presence of multiple (more What is the most likely diagnosis?

than 5) round lesions ranging from 0.5to 1.3 cm in
diameter scattered throughout the cerebrum.

What is the most likely opportunistic HIV-associated
condition?

Figure 2: Screenshot of MCQ.au.dk and the provide feedback.

System 2 (dental education): "MCQ Anatomi”

The online MCQ anatomy program, developed in 2007 by Erik Christophersen and Henrik Lgvschall at
Aarhus University's Department for Odontology and Oral Health, aids students in anatomy training and
self-assessment. It enhances anatomy learning alongside traditional teaching methods. The system has
an extensive database of 5558 questions. See Figure 3 for an example of the subject overview.
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Kraniet

Knogler udenfor kranset
Led

Tyggemuskler
Ansigtsmuskler

Muskler pa halsen

Bryst- og bugmuskler

Halsens fascier og bindevavsrum

Figure 3: Screenshot of MCQ anatomy program.

The cranium: 154 questions - Bones outside the cranium: 76 questions - Joints: 72 questions - Masticatory muscles: 109
questions - Facial muscles: 119 questions - Muscles in the neck: 133 questions - Chest and abdominal muscles: 34 questions -
Fascia and connective tissue spaces in the neck: 31 questions.

The MCQ collection covers the anatomy curriculum and mirrors exam question formulations.
Continuously updated by Henrik Lgvschall and Dennis Jensen, the program's structure follows textbook
topics, allowing students to test their understanding after studying a section. MCQs have five options
and a scoring range from zero to two points per question, with at least 70% needed to pass the exam.

Students receive individualized feedback and can access performance statistics. This self-assessment
lets them see explanations for right and wrong answers to foster deeper tailored learning. Access codes,
obtained when purchasing anatomy textbooks or eBooks, provide a year's access to the program,
allowing progress tracking and self-evaluation. The MCQ program allows for individual feedback. In the
MCQ program, the students can see statistics on how they are doing in their training topic. Visually, the
program may show the score in the present and will be green when the student presents the level to pass
the exam. The students can choose which answer options they want explained in each MCQ. In-depth
explanations of both incorrect and correct answer options are available. The students can optionally use
the in-depth description that belongs to each answer option. As a result, students can learn instantly or
personalized according to their individual needs. See Figure 4 for an example of the provided feedback.
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Foramen sphenopalatinum

ligger | loftet af naesehulen

Foramen sphenopalatinum forbinder nasehule med fossa pterygopalatina.
P fig. 54 Kn. ses foramen sphenopalatinum (2) bag nasemuslingeme, |
lateralvaeggen af neesehulen. Pa fig 23 Re, ses foramen sphencpalatinum |
medialvaeggen af fossa pterygopalatina, Hullet ses et stykke over stregen fra
(a. maxillaris).

forbinder naesehule med fossa pterygopalatina

ferer direkte fra naesehule til fossa infratemporalis
munder bagtil 1 orbita

ligger bag naesemuslingeme

Figure 4: Screenshot of MCQ anatomy program and the provide feedback.

The foramen sphenopalatine is located in the ceiling of the nasal cavity, connecting it with the fossa pterygopalatine. In Figure
54, the foramen sphenopalatine (2) is situated behind the nostrils, within the lateral wall of the nasal cavity. In Figure 23, on
the medial wall of the fossa pterygopalatine, the foramen sphenopalatine is positioned slightly above the line from the
(a.maxillaries). This opening serves to connect the nasal cavity with the fossa pterygopalatine, leading directly from the nasal
cavity to the fossa infratemporalis, located posterior to the orbit and behind the nostrils. Next.

In summary, the MCQ anatomy program has helped students test their knowledge of anatomy, a
demanding subject requiring extensive memorization. The learning mechanism can be hypothesized to
give students ownership of their studying pace and confidence in their learning. These mechanisms
relate to self-directed learning and seem to have provided students with feedback on their progress. The
feedback was adaptive because the knowledge tested was provided whenever students perceived a need
for assessment and feedback.

Data analytic method

Using machine learning to analyze open-ended responses is a recognized method in the field of health
education (Borakati, 2021). Using Python, we performed topic modeling over free-text responses, which
we denote "documents." The initial step involved the generation of dense numerical representations for
each document, a concept denoted as "embeddings." These embeddings served as vector portrayals of
individual documents within a high-dimensional space, with the advantage of encapsulating semantic
resemblances among the documents. Unlike a traditional Latent Dirichlet Allocation (LDA) approach
(Yu & Xiang, 2023), the topic modeling algorithm employed for the analysis in this article is notable for
its absence of assumptions regarding the intrinsic quantity of underlying topics.
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Results

Spearman ranking correlation test for dentists' answers to
question 1 (Q1)

Question 1 was: Describe how you use the MCQ program in your reading and exam preparation; in the
original in Danish: "Beskriv hvordan du bruger MCQ program (anatomi) i din laesning og
eksamensforberedelse"). The topic modeling technique for question 1 found two dominant topics. Topic
1=self- directed learning (n=25) and topic 2 = Rote learning (n=11). Most answers were classified as
outliers (32 out of 68 documents), meaning that not enough responses were similar enough to be
grouped. Representative documents in each cluster are shown below. Some people give detailed answers
on their usage of the MCQ system, while others give short answers. Typical for the short answers in topic
2 is that respondents specify that they used the system to remember the questions by heart. On the other
hand, the longer answers in topic 1 specify that students used the system to identify which topics they
needed to study more (see Table 2).

The initial quote in Table 2 delves into the student's learning strategy, emphasizing self-directed
learning through self-monitoring, goal setting, and planning. (See Table 2 in the appendix for the
original Danish quotes.) Moreover, the student's motivation stems from a sincere interest in enhancing
and mastering the subject matter, fostering a proactive and self-directed learning process. In contrast,
the third quote in Table 2 illustrates that the student's self-directed learning was influenced by
immediate exam requirements, leading to a constrained and somewhat superficial comprehension of
the subject matter. The expressed regret reflects a yearning for a more effective and profound learning
approach that extends beyond mere exam success. Furthermore, the third quote in Table 2 addresses
self-directed learning because it showcases the learner's metacognitive awareness, monitoring of their
study strategies, recognition of the need for better learning approaches, and a sense of responsibility for
their learning. It is a reflection of the learner's self-awareness and a desire to enhance their learning
experience.

Table 2: Examples response divided in the two topics funded in Question 1

Topic Document

1 To figure out which subtopics I needed to improve on, I created an overview of all the
things I made mistakes in. Then, I studied those extra before retaking the test.
Additionally, I made a personal summary where I could track my performance, and
based on that, I could establish a priority sequence for tackling the topics.

1 Used it to test myself in the topics I had reviewed

1 I used them because they were the ones I knew would appear on the exam. However,
if they had just been supplementary to short-answer tasks, I definitely would not
have used them as much. I could only remember that I had to choose the two that
started with "connects," but I did not learn the actual material from them, only how
to "survive" the exam. To this day, I regret that anatomy had not been approached
differently so I would have been forced to learn it properly.

2 Mainly for memorizing the questions for the exam.
2 Only to memorize the questions for the exam.
2 To memorize the questions by heart.

We performed the Spearman ranking correlation test to test whether there was a correlation between
the topic and sentiment for question 1. Utilizing a predetermined alpha level of a=0.05, our analysis
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revealed a statistically significant correlation, thus leading us to reject the null hypothesis, which posited
the absence of a correlation between the topic and sentiment for question 1. The obtained p-value was
0.039, and Spearman's Rank Correlation Coefficient (rho) was calculated as 0.346. These results
indicate a positive correlation between the topic and sentiment in question 1, suggesting that the greater
the emphasis on self-directed learning within a response, the more positive the sentiment associated
with that response. It could indicate that students in topic 2 were more neutral in assessing the
program's value in preparing for the exam. On the contrary, students whose response was classified as
topic 1 reported more positive perceptions (see Figure 5). Some students give detailed answers on their
usage of the MCQ system, while others give short answers. Typical for the short answers in topic 2 is
that respondents specify that they used the system to memorize the questions. The longer answers in
topic 1 suggest that students in this group used the system to identify which topics they needed to study
more.

Dental students' sentiment per topic (question 1)

Topic 1 Topic 2

14 A -

12 ~ .

10 ~ .

14

Count
Count

10

: | 1 I

negative neutral positive negative neutral positive

0-

Figure 5: Distribution over sentiments in each of the two identified topics for dentist Q1.

C-TF-IDF stands for "Cluster-based Term Frequency-Inverse Document Frequency." C-TF-IDF
operates at the cluster level, where topics group together similar documents. To do this, C-TF-IDF first
combines all documents within a topic into one representative document. It then calculates how often
specific words occur in that topic, considering the topic's size and differences from other topics. This
results in a modified term frequency (TF) representation specific to that cluster. Next, it calculates an
inverse document frequency (IDF) based on the average number of words in the topic and the frequency
of each word across all topics. This combination of TF and IDF generates an importance score for each
word within a cluster, allowing for a more accurate representation of topics. The C-TF-IDF scores range
from 0 to 1, with higher values indicating greater importance and relevance of a word to a specific cluster
or topic. A low C-TF-IDF score indicates that a particular word has relatively little relevance within a
specific topic. Conversely, a high C-TF-IDF score signifies that a word is highly relevant and
characteristic of that cluster or topic (see Figure 6).

10
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Topic Word Scores

Topic 1 Topic 2
035021204 pgarver
C-TF-IDF Score C-TF-IDF Score

Figure 6: A bar chart of C-TF-IDF with the top 5 words coming in each topic for Q1:

Topic 1: tried; topics; write; practice; used. Topic 2: questions; rote learning; understand; review; tasks

As introduced in the methods section, the LDA procedure was used for generating embeddings. They
were facilitated by aggregating contextualized word embeddings extracted from pre-trained
Bidirectional Encoder Representations from the Transformers (BERT) model. The resulting output
from the pre-trained BERT model comprises 384-dimensional vectors for each word encompassed
within a document. A singular vector representation is formulated for each document by pooling across
these word vectors.

A dimensional reduction strategy is implemented by projecting the embeddings into a lower-
dimensional space of five dimensions, employing the Uniform Manifold Approximation and Projection
(UMAP) technique to enable the subsequent clustering of the generated embeddings. UMAP preserves
local data structures throughout this reduction process (Ghojogh, Crowley, Karray, & Ghodsi, 2023).

The clustering is achieved using the Hierarchical Density-Based Spatial Clustering of Applications with
Noise (HDBSCAN) algorithm. A notable attribute of HDBSCAN is its adaptability to identifying clusters
characterized by varying densities, removing the necessity for a predetermined number of clusters
(Malzer & Baum, 2020). Additionally, HDBSCAN demonstrates proficiency in recognizing outliers and
documents that do not fit any specific cluster. These outliers may encompass isolated opinions expressed
by one respondent only and are thus insignificant to make up their own topic.

To account for the fact that students wrote their answers in either English or Danish (and in a few cases
Norwegian) in the documents, the embedding model we use was trained to align semantically similar
documents to the same point in a vector space independent of the document language.

Sentiment analysis and dental students: Topic modelling over
question (Q2) (motivation)

Q2 (question two) was: “Describe how the MCQ program (anatomy) motivates you to learn” (translated
from Danish: “Beskriv hvordan MCQ program (anatomi) motiverer dig til at leere”). Running topic
modeling over this question for the dentist students (n=70), we found two dominant topics in the
responses. Topic 1 (appreciative of formative feedback group) with 22 responses includes responses
where students find value in seeing which specific questions they answered incorrectly/correctly. The
other discovered topic (topic 2= appreciative of summative feedback group), with 21 responses, includes
responses where students express value in the quantitative answer percentages the MCQ system displays
(appreciative of summative feedback). Table 2 shows examples of answers to Q2 from dental students.
The remaining 27 responses were classified as outliers, meaning that the opinions that they each
expressed were too small in numbers to make up their own topic.

11
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In order to capture the nuances in sentiment within the text data, we will show the responses with three
levels of granularity (See Table 3 in the appendix for the original Danish quotes.)

Table 3: Dental students - Sentiment analysis over Q2 with example responses

Negative

Neutral

Positive

In itself, it is not particularly
motivating for learning, as you
simply memorize answers to
the questions posed. You really
do not learn anatomy, but
instead learn the familiar MCQ
questions - in my view, this is a
significant issue.

It motivated me in the sense
that the answer did not always
make sense, and therefore you
had to try to find it in the book
or Google it, as the reasoning
was rarely formulated very
well.

Getting a "score" at the end is
motivating, so you know how
many questions you answered
correctly. It is easy to do many
questions; they can be done in
most places on the mobile
phone and are representative
of exam questions.

It does not.

You would like to have 100%
correct, but it also quickly
becomes rote learning.

It is an easy way to define the
curriculum so that you get an
impression of which parts of

the book are most relevant.

It motivates more to become
good at rote learning and not to
understand the material.

It is condensed and organized
into different topics, which
makes it more manageable.

Being able to see how well I
perform and concretely see
where the focus is on the
different topics.

Figures 7 and 8 show the distribution of sentiments for dentists and medical students’ answers to Q2
(“Describe how the MCQ program motivates you to learn”/in Danish:”Beskriv hvordan MCQ program

motiverer dig til at laere”).
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Dental students' sentiments (question 2)

Count

Sentiment

Figure 7: Dental students' sentiments (Q2)
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Medical students' sentiments (question 2)
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Figure 8: Medical students' sentiments (Q2)

Summary of questionnaire data

Based on the responses provided by dental and medical students regarding their utilization of the MCQ
program and its impact on their learning, several notable trends emerged. When questioned about how
the MCQ program motivates their learning, it was evident that a significant portion of students felt
encouraged to engage in further study. They expressed a tendency to gravitate toward taking more MCQ
tests and reading materials upon receiving their scores for various topics. 97% (n66,/n68) of the dental
participants either agreed or strongly agreed that it motivated them that the program assessed their
performance through MCQ scores.

How did students integrate the MCQ program into their learning and exam preparation strategies? The
responses indicated a common practice of students using the program to gauge their knowledge on
specific topics. It served as a tool for them to measure their understanding and identify areas where
additional study was needed to complete their curriculum. It is worth noting that 82% (n56/n68) of the
dental students either agreed or strongly agreed that the MCQ program allowed them to manage their
learning process effectively. During the exam period in January, 67% (n54/n81) of the participants
devoted more than 20 hours to the MCQ program.

Then, we focus on medical students' motivation. Their answers demonstrated a tendency to perceive the
MCQ.AU.DK program as tailored for their exam preparation and as a concrete means of mastering the
curriculum in the few subjects mentioned above. 72% (99n/n138) of medical students reported using
the MCQ.AU.DK over 100 times, with 86% (n119/138n) dedicating an average of more than 15 minutes
per session.
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When inquiring about the reasons behind their choice of MCQ order and their motivations for learning
strategies, medical students typically favored selecting questions by topic during the semester. However,
as the exam date approached, many opted for a change in strategy, often choosing random questions or
referring to past exam sets. This shift was driven by a desire to minimize guesswork throughout the
semester and to conduct self-assessments of their learning. As a result, during the exam period in
January and June, students sought to consolidate their knowledge across the entire curriculum.

Both dental and medical students commonly expressed satisfaction with the questions' difficulty level,
deeming it adequate and aligned with the curriculum. Moreover, a substantial majority of participants
(90% (n61/n68) of dental students and 87% (n118/n136) of medical students) reported using the MCQ
programs independently. Additionally, a strong consensus existed among both groups, with 98%
(n135/n138) of medical students and 90% (n61/n68) of dental students agreeing or strongly agreeing
that the program motivated them to seek explanations for specific answers. Notably, 65% (n90/n138)
of medical students preferred using the program with questions organized by topic, while 87%
(n59/1n68) of dental students opted to complete the program by self-testing on specific subjects.

Discussion

This study explored dental and medical students' motivation for self-directed learning. The study
demonstrated that medical and dental students were motivated by getting formative and summative
feedback on their performance. Students reported that the MCQ program provided them with scores as
a motivational component. By tracking their advancements, they discerned areas of improvement and
identified domains warranting further practice. This evaluative feedback aids in calibrating their level
of readiness for forthcoming examinations. However, as this study also explores, it is fundamental that
the MCQ program is developed to provide this feedback to get the students to self-assess and take an
active part in self-directed learning.

Initially, dental and medical students access the MCQ program to engage in the review and practice of
questions about specific dental or medical subjects. The structured nature of the questions is particularly
beneficial, as they encompass diverse facets within the discipline. Following this, students systematically
work through the questions presented. When faced with uncertainties regarding answers, they take note
of such instances and subsequently consult their core textbooks or supplementary study materials to
facilitate a more comprehensive comprehension of the underlying concepts. This approach facilitates
the consolidation of understanding, transcending mere rote memorization.

In the following, we will discuss how well the machine learning techniques help us analyze the complex
dataset and throw light upon whether the two MCQ systems produced a learning environment for
learning. In other words, did the students perceive that the MCQ system was a relevant means of
formative assessment? Them set relevant learning goals, monitor their learning progress, and adapt
their study strategies to achieve such goals? First, we will discuss machine learning as an analytic
strategy, and second, we will discuss how MCQ can be used pedagogically.

Considering machine learning as a strategy

Machine learning techniques like UMAP and HDBSCAN offer a novel way to analyze and interpret
student evaluative responses. This paper used UMAP for dimensionality reduction and HDBSCAN for
density-based clustering. Thus, UMAP helped transform the dataset into a more manageable form while
ideally retaining as much relevant information as possible.

The fine-grained patterns, sentiments, and themes enabled us to investigate the motivational impact of

MCQs on students' learning experiences. Analyzing responses from 70 dental students, the study
identifies two dominant topics. The first topic, consisting of 22 responses, pertains to the appreciative
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of formative feedback group. These students value the program for its ability to reveal the correctness
of their answers, allowing them to focus on specific areas of improvement. The second topic, comprising
21 responses, encompasses the appreciative of summative feedback group, wherein students appreciate
the system's display of answer percentages. The HDBSCAN helped us detect outliers in the responses.
This group, consisting of 27 responses, falls into the outlier category because it represented opinions too
scarce to form distinct topics. There is a danger in relying unthinkingly on one analytic technique, for
instance, machine learning.

Due to practical considerations such as cost, time, and staff availability, evaluators often face the
challenge of choosing between quantitative and qualitative data. They frequently need to pay more
attention to the potential of incorporating carefully selected open-ended questions within quantitative
instruments. Despite respondents' investment of time and effort in providing this data, open-ended
responses often need more attention, relegated to a word cloud or a table in the report's appendix. Open-
ended responses can illuminate the field from a broad perspective by combining qualitative and
quantitative data.

As university teachers, educational evaluators, and faculty developers, we may use open-ended survey
responses. However, we often need more explicit analytical strategies or expertise in analyzing and
presenting text data beyond qualitative methods (Decorte et al., 2019). When open-ended data is
presented alongside quantitative results, the approaches can be superficial, such as displaying a few
quotes or using word clouds, which diminishes the value and depth of the information, thus
undermining the effort respondents put into responding (Eleanor & Mick, 2017). It is important to note
that this issue is not solely attributed to (the limitations of individual researchers), but rather stems from
the field. Thus, it has been argued that the development of qualitative visualization techniques compared
to quantitative analysis methods has been slower (Evergreen & Metzner, 2013).

MCQs as formative assessment

Alignment with the curriculum is pivotal when the teacher intends to use the designed MCQ question
and the whole system, including how the teacher uses MCQs in and out of class (Kanzow et al., 2023;
Schuwirth & Van Der Vleuten, 2004). MCQ items must continuously align with evolving learning
objectives, ensuring their relevance. When students experience an alignment between a learning test
format and the final test format, be it MCQs as prospective exam questions, this seems to motivate
students to engage with the given test format (Little et al., 2012; McDaniel et al., 2007).

We will point to five strategies when using MCQs. First, strategic integration refers to teachers using
pre-reading assignments with accompanying MCQs. It might foster proactive engagement and in-class
discussions of MCQ answers to address misconceptions, promoting metacognition. Second, timely
feedback after MCQ assessments and immediate feedback within the system aid comprehension
assessment and improvement identification (Nicol, 2007). Adaptive learning systems enhance self-
directed learning by personalizing recommendations based on strengths and weaknesses. Third, ways
of using automation features such as automating grading and ensuring standardized evaluation. Fourth,
strategies of collaboration. To foster self-directed learning, self-assessment MCQ sets can identify areas
requiring attention. Collaborative learning via MCQ-based group discussions enhances comprehension
and engagement. Fifth, the design of MCQs and their pedagogical integration demand a focus on
authenticity. MCQs offer self-testing potential and exam preparation, often mirroring real-life scenarios.
They also serve as valuable resources for out-of-class learning and collaborative group work, promoting
agency and active learning. Even though this study suggests that students generally prefer to work
individually with the MCQ, it might benefit them to participate in collaborative learning. Collaborative
work with the MCQ might enhance deeper learning through group discussions, sharing perspectives,
and a deeper understanding of the materials. When participating in collaborative learning, they will
practice professional teamwork and critical thinking skills throughout the problem-solving of the MCQ.
Despite the benefits, there are also challenges due to working collaboratively with the MCQ, such as time
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management in the group, the easiness of sitting at home when it fits the students, and ensuring that all
the students benefit equally from the collaborative learning and not just let the other in the group answer
the MCQ. Whether it is the challenge of time management within the group that leads students to prefer
working independently, it could be one factor due to a tight schedule.

Although these and other studies have pointed to MCQs' convenience, reliability, and efficiency, other
studies have pointed to their shortcomings associated with test pressure. In an experimental
investigation involving 5th-grade students, Grolnick & Ryan (1987) found that student retention of
material and learning was influenced by the degree of autonomy experienced by students. It was found
that students in the experimental group with MCQ testing exhibited more surface learning with rote
memorization. Thus, MCQs seemed to lead students to engage in low-taxonomic learning objectives and
poor conceptual understanding when contrasted with their peers who engaged in learning without test-
related pressures. This finding was repeated by Vansteenkiste et al. (2004), who found that autonomous
motivation mediates first-year college student teachers' self-disclosed inclinations toward surface-level
and in-depth cognitive processing.

However, this may not be generalizable to health science or other university students. University
students might be more autonomous than younger students when selecting means of studying and
assessment for learning. However, the cited experiments raise the question of whether the MCQ per se
produces a negative pressure rather than the context of using MCQs. For instance, if students perceive
the MCQs without the pressure to pass an MCQ exam, this might lead to a different learning outcome.
Furthermore, critiques of MCQs have pointed out that they foster shallow thinking and surface-level
assessment; this raises the need for supplementary evaluation methods (Palmer & Devitt, 2007).
Considering the hypothesis that if students perceive MCQs without the pressure to pass an exam, this
positively affects self-directed learning, such an approach might encourage a shift from a surface to a
deeper learning strategy. If students view MCQs as a tool for self-assessment and learning rather than a
means to pass an exam, they might engage more deeply with the material. It aligns with the overall
theme of the passage, emphasizing the importance of the purpose and stakes associated with
assessments in influencing students' approaches to learning. Addressing these concerns involves
enriching MCQs' contextualization and feedback provision. When thoughtfully integrated within
pedagogical approaches, MCQs can benefit student motivation and self-directed learning. To ensure that
the MCQ can be used as a pedagogical tool for providing self-directed learning. It is essential that MCQ
can provide immediate feedback to the students. MCQs provide instant feedback, letting students know
whether their answers are correct or incorrect. This immediate feedback is crucial for self-directed
learning as it helps students promptly understand their strengths and weaknesses, which are aligned
with the participants' answers, where the feedback impacts the motivation for learning and their self-
directed learning. The provided feedback also allows the students to self-assess their performance in the
MCQ program. Here, the MCQs allow students to assess their understanding of the material. By
answering questions, students can gauge their knowledge and identify areas requiring further study.
Furthermore, MCQs allow for repeated practice, reinforcing learning through retrieval. Recalling
information from memory strengthens knowledge retention, contributing to long-term learning.

While MCQs demonstrate value in self-directed learning, understanding their role in promoting
motivation and deep learning requires consideration. To enhance the effectiveness of MCQs in medical
and dental education, aligning with motivational theories and exploring alternative assessment methods
should be priorities. Deci and Ryan's motivational theory (Deci & Ryan, 2012; Ryan & Deci, 2000)
highlights the importance of meaningful learning experiences. MCQs' alignment with this theory rests
on their capacity to convey the purpose and meaning to students. Alternative assessment strategies
might complement MCQs to foster deep learning.

In this paper, datasets of medical and dental students from Aarhus University are being used. We

uncovered sentiment patterns through machine learning. As we consider the future directions for
research in this domain, several avenues emerge from the findings of our analysis:
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1. Resampling Designs for Improved Confidence

Our study reveals a notable limitation related to class imbalance: uneven distribution of samples across
different classes or categories within the dataset. Future research could explore the application of
resampling designs to enhance the robustness and generalizability of our findings. By leveraging
resampling techniques, other researchers might seek a design that mitigates the impact of skewed class
distributions.

2. Longitudinal Analysis

Building upon the insights gained from our analysis of student sentiments, a valuable direction for
future investigation involves applying a longitudinal study design. By capitalizing on the dynamic
structure in the phenomenon (and ideally in the dataset) of how students develop self-directed learning
over time, researchers could use a longitudinal perspective to reveal patterns, trends, and potential
adaptations that went unnoticed in our analysis.

3. Generalizability

To ascertain the broader applicability of our sentiment analysis method, future studies should consider
applying the approach to other subject areas in higher education. Exploring the pros and cons of MCQs
in different subjects and countries will contribute to a better understanding of the generalizability and
robustness of the MCQs as resources or barriers to student self-directed learning.

Despite the limitations, this study indicates that well-developed MCQ programs can provide a basis for
developing students' motivation and self-directed learning. In addition, MCQ can be used as a learning
tool to provide self-directed learning by providing feedback on the MCQ and making it possible for the
students to use the MCQ in the way the students find it suitable for their learning. The study shows a
tendency towards machine learning, and topic modeling can complement qualitative data analysis.

4. Designing better MCQs

Future studies might also investigate the importance of better use of student self-directed learning in
groups and terms of all cyclical phases of learning. Thus, the MCQ systems could be designed to use
student reflection more. Students could be prompted to anticipate, execute, and evaluate their learning
experiences during this process. By integrating these phases, individuals can enhance their cognitive
processes and achieve more effective outcomes (Zimmerman & Schunk, 2011).

Conclusion

This study utilized machine learning techniques to analyze student evaluations of MCQs, focusing
mainly on the perspectives of dental and medical students about their self-directed learning and
motivation. In the study, we tried to exemplify this approach in augmenting student knowledge and
motivation while thinking about ways more teachers and students can use MCQs for self-directed
learning. The application of UMAP-HDBSCAN demonstrated promise in extracting valuable insights
from student feedback, shedding light on potential areas for improvement. However, it is crucial to
acknowledge the need for further investigations to validate its efficacy across diverse educational
scenarios and datasets. Moreover, exploring alternative machine learning methodologies and natural
language processing techniques could offer a more comprehensive understanding of student
sentiments. The system's ability to categorize questions into thematic domains proves advantageous,
allowing targeted learning during study sessions and directing efforts toward specific subjects that need
reinforcement.
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The study emphasizes students' agency through MCQs for self-directed learning, enabling them to
control their academic progress. The immediate feedback MCQs provide fosters motivation and self-
directed, helping students identify their strengths and areas for improvement. Its informed approach
assists them in strategically allocating efforts for further enrichment. Integrating motivation and self-
directed learning into freely practiced university-level MCQs presents a complex challenge but holds
potential benefits. Despite concentrating on dental and medical education, the study suggests that
findings on the motivational potency of MCQs and the crucial role of feedback may resonate universally.
However, further investigation is needed to confirm these insights and address potential biases like
information and selection bias.

Although our study concentrated exclusively on two MCQ programs tailored for dental and medical
students, it is reasonable to suggest that our findings regarding the motivational potency of MCQs and
the crucial role of feedback may resonate universally across a broader range of educational contexts.
However, due to the diverse subjects and practices inherent in dental and medical education, further
investigation is necessary to confirm these insights and discern between subjects, with a particular focus
on information bias, selection bias, and other potential biases. Because there is selection bias in
evaluating only two relatively similar systems, further exploration in more diverse subjects within dental
or medical education is encouraged.

Besides the limitations mentioned above, the study has limitations, including a small sample size not
associated with big data and machine learning. The study's focus on machine learning and topic
modeling introduces limitations related to data quality and algorithm choices, potentially introducing
bias but also giving a time-efficient way to deal with open-ended questions.

The two MCQs examined in this study should ideally adopt a dynamic approach. This approach
empowers students to expand their knowledge by acquiring enhanced storage of anatomical information
and refining their ability to retrieve and apply these concepts. An ideal system should allow students to
shape their own learning experiences. Teachers play a pivotal role in this context by designing MCQs
that focus on facilitating choices rather than merely presenting content. Recognizing that testing and
assessing one's knowledge catalyzes learning, transcending a mere demonstration of content mastery is
essential. Through well-designed MCQs, students are encouraged to interact with learning resources
and strategies and are provided with a platform to explore diverse possibilities. Students can effectively
leverage the system to tailor their learning needs and methods independently or collaboratively with
teachers.

Our study suggests that it is necessary to shift the emphasis in health science education from knowledge
testing to the development of diagnostic reasoning and self-directed learning strategies. If MCQs could
be used to promote cognitive flexibility and motivation for self-directed learning, it would have
implications for improved clinical and scientific reasoning. While our study contributes to the evolving
field of self-assessment and machine learning in evaluation research, acknowledging the study's
strengths and limitations, future investigations should explore correlations between motivation, self-
directed learning sub-processes, and student outcomes regarding memory. Although students could
tailor some features of the MCQs, a more differentiated approach might also be able to distinguish
between low versus high-performing students to guide effective educational interventions.
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Appendix

Table 2: Example responses divided in the two topics funded in Question 1 with original quotes in Danish.
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Document

Til at finde ud af, hvilke delemner jeg skal fa bedre styr pa. Jeg lavede en oversigt med alle de ting,
jeg fik fejl i, og sé leeste jeg ekstra pa dem, for jeg tog testen igen. Derudover lavede jeg en oversigt
for mig selv, hvor jeg kunne holde styr p4, hvordan jeg klarede mig, og derudfra kunne lave en
prioritetsraekkefolge med, hvilke emner, der skulle “tages” forst.

Brugte det til at teste mig selv i de emner, som jeg havde leest op pa.

Jeg brugte dem, fordi det var dem, jeg vidste der ville komme til eksamen. Men hvis det bare havde
vearet supplement til kortsvarsopgaver, havde jeg helt sikkert ikke brugt dem lige s meget. Kunne
kun huske, jeg skulle vaelge de to, der startede med, “forbinder”, men lerte ikke selve stoffet af dem.
Kun at “overleve” eksamen. Fortryder den dag i dag, anatomi ikke havde veeret pa en anden méde,

s jeg var tvunget til at lzere det ordentligt.

Primeert til at laere spergsmélene udenad til eksamen

Kun til at leere sporgsmalene udenad

Til at laere spergsmaélene udenad.

Table 3: Dentist - Sentiment analysis over Q2 with example responses with original quotes in Danish.

Negative

Neutral

Positive

Det er i sig selv ikke seerligt
motiverende til leering, da man
blot indlearer svar til de stillede
spergsmal. Dermed leerer man
sddanset ikke sin anatomi, men
i stedet de kendte MCQ-
spergsmal - i min optik er dette
et stort problem.

Det motiverede mig i den
forstand, at svaret ikke altid
gav mening, og man derfor
métte prove at finde det i
bogen eller google det, da
begrundelsen sjaeldent var
formuleret vildt godt.

Det er motiverende at fa en
"score" til sidst, s4 man ved
hvor meget man har svaret
rigtigt. Spergsmalene er
nemme at lave mange af, kan
laves de fleste steder pa
mobiltelefon, og er
repraesentative for
eksamensspargsmal.

Det gor det ikke

Man vil gerne have 100%
[korrekt], men det bliver ogsa
nemt udenadslare

Det er en let méde at afgraense
pensum, sd man far et indtryk
af hvilke dele af bogen som er

mest relevante.

Det motiverer mere til at bliver
dygtigt til udenadslere, og
modsat ikke til at forstd stoffet.

Det er komprimeret og opsat i
forskellige emner, hvilket gor
det mere overskueligt

At kunne se hvor godt jeg klare
mig og se konkret hvor fokus er
pa de forskellige emner

Table 4: Questionnaire dental students — MQC program (anatomy)
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What semester are you in?

LRI INh®NE

[
Q

How much time have you spent on the MCQ program (anatomy) before the exam period?
0 (no time)

Up to 1 hour

Over 1 and up to 10 hours

Over 10 and up to 15 hours

Over 15 and up to 20 hours

Over 20 hours

How much time did you spend on the MCQ program (anatomy) during the exam period?
Up to 1 hour

Over 1 and up to 10 hours

Over 10 and up to 15 hours

Over 15 and up to 20 hours

Over 20 hours

In my experience, the questions are up to date and in line with the curriculum
Strongly agree:

Agree:

Disagree:

Strongly disagree:

In my experience, the questions have an adequate level of difficult
Strongly agree:

Agree:

Disagree:

Strongly disagree:

It motivates me to get explanations to each question after answering
Strongly agree:

Agree:

Disagree:

Strongly disagree:

It motivates me that I can continuously see, how I manage
Strongly agree:

Agree:

Disagree:

Strongly disagree:
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The MCQ program's questions allow me to control my own learning process
Strongly agree:

Agree:

Disagree:

Strongly disagree:

I have mostly used the MCQ program (anatomy)
Based on randomly selected questions
From topics or tags I could choose

Describe how you use the MCQ program (anatomy) in your reading and exam preparation

Describe how the MCQ program (anatomy) motivates you to learn

I have used MCQ au.dk
Mostly individually/alone:
With my peer study group:

Other comments on your learning or ideas to improve MCQ program (anatomy) as help for
dental students' learning?

Table 5: Questionnaire medical students — mcqg.au.dk
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At which university are you a medical student at:
Aarhus University:

Aalborg University:

Copenhagen University:

SDU Odense University:

Other:

How often have you used MCQ.AU.DK?
This is my first time:

2-5 times:

5-20 times:

20 times:

More than 100 times:

On average I spend the following time on MCQ.AU.DK
Up to 5 minutes:

From 5 to 10 minutes;

Between 10 and 15 minutes:

More than 15 minutes:

In my experience, the questions are up to date and in line with the curriculum
Strongly agree:

Agree:

Disagree:

Strongly disagree:

In my experience, the questions have an adequate level of difficult
Strongly agree:

Agree:

Disagree:

Strongly disagree:

It motivates me to get explanations to each question after answering
Strongly agree:

Agree:

Disagree:

Strongly disagree:

Which feature do you use the most?
Random choice of questions:

From topics or tags:

From the whole set of exams:

Describe your reasons for this choice of feature (random choice, from tags or whole set of exams),
your motivations or learning strategies?

What motivates you to use MCQ au.dk? Describe your learning goals when using MCQ au dk?

I have used MCQ au.dk
Mostly individually/alone:
With my peer study group:

Other comments on your learning or ideas to improve MCQ au.dk as help for medical students'
learning?
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