
Learning Styles Impact Students’ Perceptions on Active Learning 
Methodologies: A Case Study on the Use of Live Coding and Short 
Programming Exercises 
 
Masegosa, A. R., Cabañas, R., Maldonado, A. D., & Morales, M.  
 
 
Published in: 
Education Sciences 
 
 
DOI (link to publication from Publisher):  
https://doi.org/10.3390/educsci14030250   
 
Publication date: 
2024 
 
 

 
Document Version: 
Accepted author manuscript, peer reviewed version 
 
 
 
Citation for published version (APA):  
 
 
Masegosa, A. R., Cabañas, R., Maldonado, A. D., & Morales, M. (2024). Learning 
Styles Impact Students’ Perceptions on Active Learning Methodologies: A Case Study 
on the Use of Live Coding and Short Programming Exercises. Education 
Sciences, 14(3), 250. 
  



Learning Styles Impact Students’ Perceptions on Active Learning
Methodologies: A Case Study on the Use of Live-coding and
Short Programming Exercises
Andrés R. Masegosa, 1, Rafael Cabañas 2, Ana D. Maldonado 2 and María Morales2,*

1 Department of Computer Science, Aalborg University, 2450 Copenhagen SV, Denmark; arma@cs.aau.dk
2 Department of Mathematics, University of Almería, 04120 Almería, Spain; rcabanas@ual.es (R.C);

ana.d.maldonado@ual.es (A.D.M); maria.morales@ual.es (M.M)
* Correspondence: maria.morales@ual.es

Abstract: This research paper explores the effectiveness of live-coding as an active learning method-
ology in teaching programming, particularly in the context of diverse learning styles. Live-coding,
characterized by real-time coding demonstrations by instructors, has been increasingly adopted to
enhance the learning experience in programming education. It offers immediate feedback, demon-
strates problem-solving in action, and allows instructors to incorporate student suggestions, making
it a dynamic and engaging teaching tool. However, its effectiveness varies among students with
different learning preferences. This study investigates the impact of various learning style dimensions,
as defined by the Felder-Silverman model, on the effectiveness of live-coding in an introductory
object-oriented programming course. The study was conducted at Aalborg University, Denmark,
with students from the BSc Software program. It aims to provide empirical evidence on how different
learning style dimensions influence student preferences and effectiveness of live-coding, offering
insights to educators for tailoring active learning methodologies in programming courses to diverse
learner needs.

Keywords: Active Learning Methodologies; Live-Coding; Programming Education; Learning Styles;
Felder-Silverman Model; Empirical Research

1. Introduction

Teaching a programming language poses unique challenges as it requires grasping
complex concepts and developing practical skills [1]. Traditional teaching methods often
struggle to engage students effectively in this domain. However, active learning method-
ologies, such as live-coding [2], have emerged as valuable tools to address these difficulties
and enhance the learning experience for aspiring programmers [3]. Most of the experiences
in bibliography report that observing the process of program planning and implementation
makes a difference in student learning [4–6] and engagement [6–8]. In [9] an exhaustive
study of published experiences with live-coding can be found.

Even though some studies [10,11] fail to find a significant difference between live-
coding versus traditional approaches in students’ performance in paper based exams, they
find improvements such as a decrease in the extraneous cognitive load on the students
thanks to live programming slows the pace of lectures [7,11]. This slower speed in expla-
nations also allows the teacher to adjust the difficulty of the examples or to incorporate
suggestions made by the students [8], centering the learning in the students [8] and in-
creasing the students’ engagement. On the other hand, this slowing down can complicate
the coverage of learning goals [6], in consequence, fitting the programming speed so that
students do not loose track while the objectives of the course are cover is one of the main
challenges of live-coding [7,12]. Lin, Yeh and Tan [5] propose to record live-coding videos
so that students could watch them out of class at their own learning pace. Using a blend
methodology might also solve the difficulty reported by students [7] in staying focused
when code blocks are large or during too long periods of live programming.

One of the main advantages of live-coding is the immediate feedback it provides [13].
Students witness code being written, executed, and debugged in real-time, promotes an
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iterative learning process. In this way, Fagernes and Gronli [7] suggest a repeated cycle of
lecture, demo and exercise to benefit the learning process.

Another advantage is that live-coding makes mistakes become valuable learning
opportunities [8] as students observe problem-solving techniques in action. By making
mistakes, whether deliberately or inadvertently, helps the instructor [6,8] to show how
to detect them as well as courses of actions or point out unorganized execution of pro-
gramming tasks. Given that students value the opportunity to engage in the process of
problem-solving [7], Berger [8] proposes the implementation of a mistake-oriented treasure
hunt during live-coding sessions to capture students’ focus and engagement in the learning
activity. However, the process of rectifying defective code under time constraints and
the attentive observation of numerous students introduces considerable complexity to an
inherently cognitively demanding task [6,8].

But not only is this approach helpful when the code is shown by the instructor, Gaspar
and Langevin [14] propose to switch the role of leading the live-coding from the lecturer to
the students in a particular activity to improve the benefits of this methodology.

Nevertheless, live-coding has several drawbacks to consider. On the one hand, some
environment factors should be taken account. For example, students could have problems
to participate if the classroom lacks of computing supports, the projection screen does not
let them see the code or the instructor does not properly control the area of the screen that is
being projected, so the students have difficulties in identifying what they should be paying
attention to [8]. Another challenge is monitoring students’ understanding and performing
in in-class exercises. In courses with a large number of students, some additional teaching
support such as supplementary academic personnel [8] or peer-mentoring strategies [4]
might be needed.

In addition, students have different learning styles because individuals have unique
preferences and strengths when it comes to processing and retaining information [15]. These
preferences and strengths can be influenced by various factors, including neurological,
cognitive, and environmental factors. For example, individuals have distinct neurological
structures, and brain processing capabilities can affect how they perceive, interpret, and
process information [16]. Some students may have a greater affinity for visual stimuli,
while others may excel in auditory processing or hands-on experiences [17]. Neurological
variations contribute to the diverse learning styles observed in students [18].

The main assumption of this work is that different learning styles [17] can indeed
influence the benefits of using live-coding in the classroom [2]. For example, for active
learners, who exhibit a preference for interacting with learning materials through active
participation in activities, the visual aspect of live-coding, where they can see the code
being written and executed in real-time, seems to be highly beneficial. However, live-
coding may not be as beneficial for those who prefer a solitary and reflective learning style.
Thus, one could hypothesize that students who exhibit a strong preference for independent
learning and introspection may find the interactive nature of live-coding less advantageous
compared to other learning methods.

In this work, we aim to empirically investigate whether different learning style di-
mensions impact the students’ preferences for how active learning methodologies, like
live-coding and short programming exercises, are implemented in a programming course.
This analysis is carried out in the context of an introductory course on object-oriented
programming in the third semester of the BSc Software program at Aalborg University
(Denmark). This work also aims to help guide other lecturers in the implementation of
active learning methodologies in programming courses.

2. Theoretical Background
2.1. Live-Coding

Live-coding is a powerful and interactive teaching methodology that involves writing
and demonstrating code in real-time in front of an audience, typically in a classroom
or workshop setting [3,13]. It is particularly effective for teaching programming as an
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active learning methodology because it actively engages students in the learning process
and provides them with a dynamic and immersive learning experience [10,19]. Here are
some key aspects of using live-coding as an active learning methodology for teaching
programming, according to the existing literature:

1. Real-time demonstration: Live-coding allows instructors to write and execute code
in real-time, providing a step-by-step demonstration of the programming concepts and
techniques being taught. This allows students to observe the thought process, problem-
solving strategies, and debugging techniques employed by the instructor, enhancing their
understanding of the programming concepts.

2. Immediate feedback: As the code is written and executed live, students can see the
immediate results and outcomes of the code snippets being written. This provides instant
feedback on the correctness and functionality of the code, helping students identify and
correct errors or misunderstandings in real-time. Immediate feedback is essential for active
learning and helps students build a deeper understanding of programming concepts.

3. Interactivity and engagement: Live-coding encourages active participation and
engagement from students. They can ask questions, suggest modifications, and provide
input during the coding session. This interactive environment fosters collaboration, critical
thinking, and problem-solving skills. Students feel more involved and connected to the
learning process, making it more engaging and enjoyable.

4. Mistakes and debugging: Live-coding allows instructors to demonstrate how
to deal with mistakes and debugging, which are crucial aspects of programming. By
witnessing the instructor’s process of identifying and fixing errors in real-time, students
gain valuable insights into effective debugging strategies, error handling, and problem-
solving techniques. This hands-on experience prepares them for the challenges they will
face when writing their own code.

5. Visual and auditory learning: Live-coding combines visual and auditory learning
modalities, catering to different learning styles. Students can observe the code being written
on a screen, read the code, and listen to the instructor’s explanations simultaneously. This
multimodal approach enhances comprehension and retention of the programming concepts
being taught.

6. Adaptability and flexibility: Live-coding sessions can be adapted and adjusted
based on students’ progress and feedback. Instructors can modify the code examples
on-the-fly to address specific questions or dive deeper into certain concepts. This flexibility
allows for a personalized learning experience and ensures that the content is relevant and
tailored to the students’ needs.

Overall, live-coding as an active learning methodology for teaching programming
offers a dynamic, engaging, and immersive learning experience. It encourages students
to actively participate, experiment, and collaborate, fostering a deeper understanding of
programming concepts and enhancing their problem-solving skills.

2.2. Felder-Silverman Learning Styles

The Felder-Silverman Learning Styles model (FSLSM) [17] was developed by Richard
M. Felder and Linda K. Silverman in 1988 and is commonly referred to as the Felder-
Silverman model or simply the Felder-Silverman Learning Styles. This model suggests
that individuals have different patterns of preferences and tendencies in the way they
learn and process information. The FSLSM proposes four factors or dimensions, with each
dimension being an opposing pair of categories that represent an individual’s preferred
approach to learning. A person’s inclination toward one category over another can vary in
intensity, ranging from strong to moderate to mild. This preference strength, and possibly
the preference itself, is not permanent but it can evolve with the person’s education, life
experiences, and the specific subject or context of instruction [20].

The four dimensions proposed by the FSLSM are:
1. Information processing: Active or Reflective learners. This dimension refers to how

learners engage with new information. Active learners prefer to engage with the learning
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Figure 1. Felder-Silverman Learning Style dimensions

material through physical or interactive means. They learn best by doing, discussing,
and actively participating in hands-on activities. They enjoy group work, experiments,
and practical applications of knowledge. Active learners often thrive in collaborative
environments where they can interact with their peers and instructors. Reflective learners,
in contrast to active learners, prefer to process information internally. They are introspective
and thoughtful, often taking their time to think through concepts before formulating their
own understanding. Reflective learners benefit from quiet environments that allow for
contemplation and introspection. They prefer individual study, writing, and self-reflection
to solidify their understanding of new information, being fond of lectures and seminars.

2. Information perception: Sensing or Intuitive learners. This dimension relates
to how learners perceive and process information. Sensing learners rely on their senses
and prefer concrete, factual information. They appreciate practical examples, real-world
applications, and hands-on experiences that allow them to engage with the subject matter
in a tangible way. Sensing learners pay close attention to details, prefer step-by-step instruc-
tions, and may find memorization and repetition helpful in their learning process. Sensing
learners tend to become distressed when faced with challenging tasks. They typically
harbor concerns regarding the efficacy of academic practices and programs. Additionally,
they dislike being assessed based on vague or embedded concepts and ideas. Intuitive
learners are more interested in abstract and theoretical concepts. They enjoy exploring
ideas, making connections between different concepts, and identifying underlying patterns
and principles. Intuitive learners thrive in environments that encourage creativity, criti-
cal thinking, and conceptual understanding. They often seek out the bigger picture and
are comfortable with ambiguity and uncertainty. Activities involving computation, rote
learning, and conventional practices are unattractive to them.

3. Information input: Visual or Verbal learners. This dimension describes the
preferred mode of input for learners. Visual learners learn best through visual aids and
representations. They prefer information presented in the form of diagrams, charts, graphs,
and visual illustrations. Visual learners exhibit a higher capacity for observation so they
benefit from seeing relationships, spatial arrangements, and visual patterns. They may
use color coding, mind maps, or visual organizers to enhance their understanding and
retention of information. Verbal learners prefer to learn through written and spoken words.
They excel in activities such as reading, writing, listening to lectures, and engaging in
discussions. Verbal learners are skilled at understanding and remembering information
when it is presented through words, explanations, and verbal instructions. They may
benefit from reading textbooks, taking notes, and discussing concepts with others.
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4. Information understanding: Sequential or Global learners. This dimension reflects
the learners’ approach to organizing and processing information. Sequential learners prefer
learning in a linear and step-by-step manner. They thrive when presented with a logical
progression of information and appreciate clear and structured instructions. Sequential
learners prefer to understand each concept thoroughly before moving on to the next. They
often excel in subjects that involve logical reasoning, problem-solving, and following well-
defined processes. Global learners have a holistic approach to learning and prefer to see
the big picture. They can quickly grasp overarching concepts and connections without
necessarily needing detailed step-by-step instructions. Global learners enjoy synthesizing
information, making associations, and understanding the broader context. They may
struggle with tasks that require a linear approach or intricate, sequential details.

The FSLSM has garnered significant support for its comprehensive approach to un-
derstanding and enhancing educational experiences. Numerous researchers contend that
learning styles play a crucial role in the educational process [21–24], underscoring the
potential of the FSLSM to enhance instructional design and learner engagement by ac-
knowledging and addressing diverse learning styles.Felder [20] points out the importance
of the instructors being aware that each course contains students with different dimensions
and that, to be effective, the instructor must adapt the methodology, activities and teaching
material to match all students’ dimensions. However, it is unfeasible to simultaneously
align teaching with the learning styles of all students in a class. Whenever instruction
aligns with one style, it inevitably diverges from one or more elements of the other styles
present among the students. For this reason, it is generally recommended [25–27] to achieve
balance across the dimensions, ensuring that students are exposed to both their preferred
categories, enabling comfortable learning experiences, and their less favored categories,
facilitating the development of crucial skills that may not be acquired through matched
instruction alone. After reviewing 15 relevant publications, Sensuse et al. [28] propose
five personalization approaches according the FSLSM by providing varied learning objects,
diverse user interfaces, alternative learning paths, a variety of learning activities, and
distinct representations of material content.

For identifying the learning styles of the students, Felder and Soloman [29] devel-
oped a questionnaire, called the Index of Learning Styles (ILS), that through 44 questions,
attempts to identify the student’s preference for each dimensions. Felder and Spurlin’s
validation study of the ILS [30] demonstrates the model’s applicability and relevance in
educational settings, offering a robust tool for assessing learning preferences. Furthermore,
the psychometric study by Litzinger et al. [31] reinforces the reliability and construct valid-
ity of the ILS based on FSLSM, further solidifying its credibility and utility in educational
research and practice. Although several studies find the ILS a valid and reliable instrument,
others [32,33] point out some issues requiring further investigation. Moreover, the high
number of items in the questionnaire has motivated some researchers to try to reduce the
number of questions necessary to describe the preferences of the students. Graf et al. [34]
examined the ILS to identify the five most characteristic questions for each dimension
and, by using linear discriminant analyses to ascertain which questions were crucial in
distinguishing between various learning styles, the authors reduce the questionnaire to
20 items. Haug et al [35] propose another short version of the ILS with 20 questions (five
items per dimension) obtaining an accuracy rate higher than 86%. Finally, Goda et al. [36]
develop another form with 12 items (three questions per dimension) and a correlation
higher than 0.70 with the ILS classification.

But not only has the ILS received some criticism but also the FSLSM itself. Some
research suggests that the effectiveness of matching instruction to specific learning styles
is limited. The main criticism in these publications [15,33,37,38] is based on the lack of
rigorous evidence of the so-called "meshing hypothesis", that is, tailoring instruction to suit
students’ learning styles optimizes learning outcomes. Indeed, in the bibliography we can
find teaching experiences that report better results when the students’ learning style is taken
into account and experiences where no improvement occurs. Other critics [33,39] argue
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that the student’s preferred way of learning is not necessarily the best way for them. In
any case, there are no studies with an experimental design that provide sufficient scientific
evidence for or against the improvement in learning or performance. The absence of
supporting evidence is unquestionably crucial when considering the allocation of resources
towards the implementation of a methodology founded upon the FSLSM framework,
however, if the objective is to take into account the preferences of the students when
receiving and processing information to create a learning environment more comfortable
for students, these criticisms do not represent a real reason for not using learning styles,
since a detrimental effect on learning has not been rigorously demonstrated either.

Regardless of the criticism, the FSLSM continues to be used in current research: El-
Bishouty et al.[40] propose an interactive tool designed to enable educators in gauging
the level of support a course offers for distinct learning styles, utilizing the FSLSM as
its foundation. Nafea et al [27] present an advisor algorithm in machine learning that
integrates students’ actual ratings with their learning styles to provide personalized recom-
mendations for course learning materials. In their study, the FSLSM is used to represent
both the students’ learning styles and the profiles of the learning objects. Other recent
researches [28,41,42] recommend different personalization approaches based on FSLSM
when developing a e-Learning system. Isal et al. [43] create and assess an adaptive mobile
learning application designed to accommodate diverse student needs, with the FSLSM
serving as the benchmark for identifying learning styles. Finally, the way to identify the
learning style of students is the subject current research [44–46] , proposing new methods
based on machine learning.

3. Methodology

The presented analysis is carried out on a specific group comprising Bachelor’s degree
students in Software Engineering at Aalborg University, Denmark. The participants were
all in their third semester, aged between 20 and 22 years, and had prior knowledge of im-
perative programming. These students were enrolled in an Object-Oriented Programming
course structured over 12 sessions, each lasting four hours. The course, taught using the
Java programming language, aimed to enhance their understanding and skills in basic
object-oriented programming concepts.

3.1. Lecturing and Short Exercises and live-coding

Throughout the semester, different active learning approaches were implemented to
explore the level of engagement and comprehension, as well as to collect evidence about
the preferences of the students.

In one setup, the lecturer focuses primarily on traditional lecturing. They deliver more
in-depth presentations on key programming concepts. Visual aids such as slides, diagrams,
and examples help illustrate the theoretical foundations of object-oriented programming.
This setup allows students to gain a solid understanding of the fundamental principles
before moving on to practical applications.

In another teaching setup, the lecturer introduces short exercises immediately after
introducing a new concept, where students engage in hands-on practice through tasks
designed to solidify their understanding and apply what they’ve learned. These exercises,
which can be done individually or in pairs, facilitate active discussion and peer learning.
Concurrently, the lecturer employs live-coding demonstrations to show the answer of
the short programming exercises, providing real-time exposure to the object-oriented
coding process. By coding from scratch and verbalizing their thought process, the lecturer
demystifies problem-solving strategies and the rationale behind certain coding decisions.
This method not only reinforces theoretical knowledge but also aids students in appreciating
the practical application of object-oriented programming concepts, thereby fostering a more
comprehensive grasp of the subject.

As the course progresses, the lecturer experiments with different combinations and
proportions of lecturing and short exercises and live-coding demonstrations. For instance,
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they may reduce lecturing time while increasing the number and complexity of short
exercises and live-coding demonstrations to provide more practical exposure.

3.2. Distribution of Time within a Four-Hour Session

The course is structured through a series of 12 sessions, each spanning a total of 4
hours. The sessions were divided into different formats to experiment with various ways
of structuring the session.

2+2 Sessions: This is the standard format at Aalborg University. These sessions start
with 2 hours mainly dedicated to lecturing, with some short exercises and live-coding,
followed by an additional 2 hours for group exercises. This format allows for a more
extensive exploration of the concepts covered in the first half of the session. It gives students
the chance to engage in hands-on activities within a group setting, further reinforcing their
understanding of object-oriented programming principles.

3+1 Sessions: In these sessions, the format combines traditional lecturing with many
short exercises and live-coding demonstrations, during 3 hours. During this time, the
instructor presents key concepts and demonstrates their practical application through
coding examples. Students have the opportunity to actively participate in the learning
process by completing short exercises and following along with the live-coding demonstra-
tions. Additionally, these sessions allocate one extra hour for group exercises, encouraging
collaboration and teamwork among the students.

4+0 Sessions: Lastly, this is a variation of the previous format, where the first part is
extended to four hours. In this case, no time was allocated for group exercises.

4. Empirical Analysis

Considering the limited number of students and the concern that a survey with
numerous items might deter participation, we chose not to employ the ILS recommended
by Felder and Soloman [29]. This decision was based on the excessive length of the
questionnaire in use. Furthermore, considering the benefit that could come from having
students reflect on their own learning preferences [20], in the last session of the course a
small seminar was organized based on the conclusions of the work carried out by Graf
et al. [47]. In this seminar, the different dimensions of the FSLSM were explained to the
students, using illustrative examples to highlight the differences between the different
categories and opening a debate where students could clarify their doubts and share their
impressions. After the debate, the lecturer conducted a digital survey to collect feedback
about their preferences for the different teaching setups described in the previous section
(session structures and the use of live-coding and short exercises) as well as to identify
themselves according to the four Felder-Silverman learning style dimensions. A group of
32 students answered the survey. The survey can be found as supplementary material.

In the rest of this section, we show and analyze the survey data. Four main questions
are addressed. For each of them, we show how the different learning style dimensions of
the students directly impact the perceived benefits of the different teaching setups explored
in the object-oriented programming course.

Moreover, we applied the Fisher’s exact test to examine the significance of the as-
sociation between the different learning style dimensions and the students’ perceptions
regarding 1) helpfulness of short exercises and live-coding demonstrations, 2) balance
between theoretical and practical content, 3) attitude towards working alone or in groups,
and 4) lecture setup.

4.1. Students’ opinions about live-coding and short exercises

Students were asked about the perception they have regarding the use of short exer-
cises and live-coding demonstrations interleaved during the lectures. As shown in Figure 2
(a), all of them thought they were helpful (38%) or very helpful (62%). We also examined if
these answers were impacted by each learning style dimension. Figure 3 shows the distri-
bution of these answers grouped by the different learning style dimensions. For example,
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Figure 2. Students’ perception of the helpfulness of the short exercises and live-coding demonstrations
interleaved during the lectures (a). Students’ answers regarding whether they missed more theoretical
content supporting short exercises and live-coding demonstrations (b)

Figure 3 (a) displays how active vs. reflective learners perceived the benefits of live-coding
and short exercises in the course. Students who identify themselves as active learners
thought, in higher proportion, that live-coding and short exercises were very helpful, while
around half of the students identified as reflective learners were not as positive.

According to this analysis, live-coding and short exercises seem to be especially helpful
for active and sequential learners. However, at the 5% significance level, the statistical
test applied revealed a lack of significant association between learning style dimensions
and the students’ perception in this case, as the minimum p-value observed was 0.4382.
Although it is hard to elucidate the exact causes and the sample size of the survey is small,
looking at the characteristics of each learning style, certain trends emerge and one could
draw the following conclusions:

1. Active learners: Active learners thrive when they can engage in hands-on activities
and participate actively in the learning process. Live-coding and short programming
exercises provide them with opportunities to actively apply their knowledge, experiment
with code, and see immediate results. The interactive nature of coding exercises aligns well
with their preference for engaging with the material actively. Conversely, reflective learners
often prefer to analyze and think deeply about information before forming conclusions.
Live-coding and short exercises, which are more immediate and action-oriented, may not
provide the level of reflective processing time that reflective learners typically need, which
could have contributed to a lower perceived helpfulness among this group.

2. Visual/verbal learners: Visual and verbal learners show a lack of difference in their
opinion about live-coding and short exercises. This could be due to the fact that these
activities incorporate both visual and verbal elements, which could make these methods
appealing to individuals with varying preferences on the verbal/visual dimension.

3. Sensing/intuitive learners: Sensing and intuitive learners showed almost the same
perception towards the helpfulness of the live-coding and short exercises. These activities
are considered active learning strategies that involve hands-on engagement. The fact
that both sensing and intuitive learners showed similar opinions about these methods
could indicate that active learning approaches may have broad applicability across the
sensing/intuitive dimension.

4. Sequential learners: Sequential learners prefer learning in a step-by-step manner
and appreciate a structured and ordered approach to information. Live-coding and short
programming exercises often follow a sequential progression, starting with basic concepts
and gradually building upon them. This sequential organization of programming exercises
aligns well with the learning preferences of sequential learners. On the other hand, global
learners tend to prefer a more holistic understanding of information. Live-coding and short
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Figure 3. Students’ opinions about live-coding and short exercises conditioned by learning style
dimensions

exercises may not provide the level of holistic context that global learners typically seek,
which could contribute to a lower perceived helpfulness among this group.

In summary, the combination of active engagement and sequential progression in live-
coding and short programming exercises makes them particularly appealing to learners
who possess these preferences.

4.2. Students’ opinions about the balance between live-coding/short exercises and theoretical content

Although live-coding and short exercises are clearly helpful for students, theoretical
content about main concepts of object-oriented programming, such as inheritance or encap-
sulation, was also provided in the course. In the survey, students were asked if the balance
between live-coding-short exercises and theoretical content was adequate for them or if they
missed the use of more theoretical content. As shown in Figure 2 (b), almost 70% of them
did not miss more theoretical content (i.e., the balance was satisfactory), while the rest of
the students missed it to varying degrees (answers "yes" and "sometimes"). As before, we
also examined if these answers were impacted by each learning style dimension. Figure 4
shows the distribution of these answers across the different learning style dimensions.

According to this analysis, reflective, verbal, and intuitive learners missed, to a higher
degree, the presence of more theoretical content about the main concepts of object-oriented
programming. More precisely, 50% of reflective learners, 62% of verbal learners and
40% of intuitive learners missed theoretical content to some degree (answers "yes" and
"sometimes"), as opposed to 23% of active learners, 21% of visual learners, and 27% of
sensing learners. Global and sequential learners showed similar patterns, with 28% of
global learners and 34% of sequential learners missing theoretical content to some degree.
Despite the trends shown in Figure 4, the statistical test applied only showed significant
association between verbal/visual learners and the students’ preference regarding the
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Figure 4. Students’ opinions about balance between live-coding/short-exercises and theoretical
content conditioned by learning style dimensions

balance (p-value = 0.0249), with visual learners being more likely to agree with the balance
than verbal learners. Consistent with previous challenges in pointing out precise causes and
constrained by a small survey sample size, an examination of the characteristics associated
with each learning style allows for the formulation of the following conclusions:

1. Reflective learners: Reflective learners prefer to think deeply about information
and internalize it before actively participating. They may have a preference for more
theoretical content that allows them to analyze and reflect on the underlying principles
of object-oriented programming. The absence of theoretical explanations may leave them
feeling like they lack a solid foundation and a deeper understanding of the subject matter.

2. Verbal learners: Verbal learners learn best through written or spoken explanations
and engage well with lectures and discussions. They may appreciate more theoretical
content that provides detailed explanations of the main concepts of object-oriented pro-
gramming. The absence of such content may hinder their ability to engage with the material
and grasp the underlying theories behind object-oriented programming.

3. Intuitive learners: Intuitive learners have a natural inclination towards seeking
patterns, connections, and understanding abstract concepts. While intuitive learners can
often grasp programming concepts through practical application and hands-on experiences,
they may still benefit from more theoretical content that provides a conceptual framework
for object-oriented programming. The absence of theoretical explanations may limit their
ability to make connections and understand the broader theoretical underpinnings of the
concepts.

In short, while these learners may still benefit from practical exercises and hands-on
learning, the inclusion of more theoretical content can cater to their preferences for deeper
analysis, verbal explanations, and conceptual understanding.
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4.3. Students’ preferences for doing short exercises alone or in groups

In the third question, we asked students about their preferences for doing the short
exercises, which were interleaved during the lecture, alone or in small groups. As shown
in Figure 5, 72% of the students preferred to do the short exercises alone. In view of these
data, it could be argued that students may prefer to do short programming exercises alone
due to the advantages it offers. Working independently would allow them to concentrate
and focus without distractions, leading to improved problem-solving abilities. It would
also foster a sense of autonomy and independence, allowing students to approach coding
tasks in their own way and take ownership of their programming learning process.

Figure 5. Students’ preferences about doing coding exercises alone or in-groups (a). Students’
preferences about the distribution of time within a four hours session (b)

Figure 6 shows the distribution of these answers across the different learning style
dimensions. According to this analysis, reflective, verbal, sensing, and sequential learners
preferred to do the short programming exercises alone rather than in small groups. De-
spite the trends shown in Figure 6, the statistical test applied only revealed a significant
association between active/reflective learners and students’ attitude toward working in
groups or alone (p-value = 0.0303). Reflective learners were found to be more inclined
to prefer working alone than active learners. Once again, articulating the precise causes
remains challenging, complicated by the limited sample size of the survey. However, by
examine the distinctive characteristics of each learning style dimension, it could be inferred
the following conclusions:

1. Reflective learners: Reflective learners tend to prefer thinking and processing
information internally before expressing their thoughts. They may find solitude conducive
to deep thinking and reflection, allowing them to analyze and internalize the concepts at
their own pace. Working alone on short programming exercises gives reflective learners
the opportunity to focus their attention, contemplate their approaches, and thoroughly
understand the code before seeking external input or engaging in discussions.

2. Verbal learners: Verbal learners often prefer written and spoken explanations and
may benefit from articulating their thoughts and ideas through verbal communication.
When working alone on short programming exercises, verbal learners have the chance to
talk to themselves, explain their code aloud, or engage in self-directed discussions. This
verbalization process can help them clarify their thinking, reinforce their understanding,
and identify any gaps or areas that need improvement.

3. Sensing learners: Sensing learners typically prefer concrete, practical, and factual
information. They may prefer to work individually on short programming exercises to
focus on the specific details and practical application of code. Working alone allows them
to concentrate on the specific syntax, algorithms, and implementation details without the
potential distractions or variations that can arise in group settings.
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Figure 6. Students’ preferences of doing short-exercises alone or in-groups, by learning style dimen-
sions

4. Sequential learners: Sequential learners prefer learning in a linear, step-by-step
manner, building knowledge piece by piece. They tend to appreciate structured approaches
and organized thinking. When working alone on short programming exercises, sequential
learners can follow a systematic process, carefully plan their steps, and work through the
code methodically. They can progress through the exercise at their own pace, ensuring
a logical sequence of actions and a thorough understanding of each step before moving
forward.

In short, by working alone on short programming exercises, reflective, verbal, sensing,
and sequential learners can align their preferred learning styles with their study habits.
They can engage in introspection, verbalize their thoughts, focus on practical details, and
follow a step-by-step approach, ultimately fostering a deeper understanding of program-
ming concepts.

4.4. Students’ preferences for the distribution of time within a four-hour session

As discussed in Section 3.2, each session spans a total of 4 hours, and different formats
were used to structure the time of the session. Figure 5 (b) shows that only 16% of the
students preferred the standard structure of a session at Aalborg University (2+2 sessions),
while 47% of the students, preferred the 3+1 sessions.

In this case, we also analyzed how the different learning style dimensions may affect
the distribution of the answers, but no significant differences in preferences were found
at the 5% significance level, according to the statistical test applied. Figure 7 shows the
distribution of these answers across the different learning style dimensions.

The standard session structure at Aalborg University (2+2 sessions), comprising 2
hours of lecturing and 2 hours of group exercises, emerged as the less preferred option
among the three possibilities in all learning style dimensions. In contrast, sessions integrat-
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ing many short exercises and live-coding demonstrations with traditional lecturing were
generally welcome.

Within this approach, distinctions in preferences became evident between the 3+1
sessions (3 hours of lecturing/live-coding/short exercises + 1 hour of group exercises)
and the 4+0 sessions (4 hours of lecturing/live-coding/short exercises, excluding group
exercises). The 4+0 session was the preferred option among reflective (60%), sensing (45%),
and sequential (44%) learners. Conversely, the 3+1 session was widely accepted among
active (55%), intuitive (70%), and global (57%) learners. Both visual and verbal learners
leaned towards the 3+1 session, with 46% and 50% of responses, respectively.

These results are consistent with the conclusions drawn regarding the students’ at-
titude towards working alone or in groups. The 4+0 setup is preferred among reflective,
sensing and sequential students probably because of the absence of group exercises at the
end of the lecture.

Figure 7. Students’ preferences about the distribution of time within a four-hour session conditioned
by learning style dimensions

5. Conclusions and Future Work

In conclusion, this study contributes to the existing literature by reaffirming that
learning style indeed have an impact on the implementation of pedagogical methodologies.
Consistent with previous findings, our empirical evidence demonstrates that learning style
dimensions influence students’ preferences regarding the implementation of active learning
methodologies such as live-coding and short programming exercises. The observed patterns
in the data tend to align with the abstract descriptions typically associated with each type of
learner, as outlined in established learning style frameworks given by the Felder-Silverman
model.

Furthermore, the study demonstrates how the utilization of live-coding aptly accom-
modates all dimensions of learning style, making it a methodology to consider when
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seeking to achieve a balance among the various categories within each dimension in course
design.

The implications of this research could be valuable in the context of designing the
course content for teaching a programming framework or a programming language. By
taking into account the diverse learning style preferences of students, instructors can tailor
their number of exercises and the use of live-coding to accommodate these differences.
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