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ABSTRACT

This paper examines how first semester tutorial sessions in engineering mathematics can
be effectively designed to support student learning. The study focuses on managing the
challenges of large-group teaching while maintaining high learning outcomes. Central to
the approach are three practices developed by Peter Liljedahl: the use of vertical surfaces,
structured problem-solving, and visibly random groupings of three students. The implementa-
tion of these strategies in tutorial settings is analysed through qualitative interviews with two
associate professors and several teaching assistants (TAs), alongside quantitative data from
student surveys, previous academic records, and final course results. Students in the middle
group, according to their high school mathematics grades, are found to benefit significantly
from attending tutorial sessions. The paper concludes with five recommendations for educa-
tors aiming to improve learning in large-scale tutorial environments based on our findings.

KEYWORDS
engineering mathematics education, tutorial sessions, thinking classroom, teaching
assistants (TAs)

1  INTRODUCTION

As more students pursue degrees in engineering, the demand for scalable
and effective higher education in the field continues to grow [1] and a focus on
cost-efficiency measures has led to a significant expansion in class sizes, shifting
from smaller cohorts of students to larger student cohorts [2]. This scaling introduces
challenges in maintaining educational quality, as traditional teaching methods
often struggle to engage students effectively in such environments [3]. Engineering
students, who typically thrive in active learning environments, may find passive
lecture formats less supportive of their learning needs [4].

Mathematics, which is a cornerstone of engineering education, poses significant
challenges for students globally, with high dropout rates in mathematics-related
courses being a recurring issue [5]. For instance, at the Latvia University, over 25%

Midtiby, H. S., Pedersen, E. R., Larsen, D. M. (2026). Didactic Interventions in a Large Group Mathematics Classroom with a Focus on Tutorial Sessions.
International Journal of Engineering Pedagogy (I/EP), 16(4), pp. 104-126. https://doi.org/10.3991/ijep.v16i4.61475

Article submitted 2026-03-11. Revision uploaded 2026-04-21. Final acceptance 2026-04-22.
© 2026 by the authors of this article. Published under CC-BY.

104 International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 16 No. 4 (2026)


https://online-journals.org/index.php/i-jep
https://online-journals.org/index.php/i-jep
https://doi.org/10.3991/ijep.v16i4.61475
https://online-journals.org/
https://online-journals.org/
https://orcid.org/0000-0002-3310-5680
https://orcid.org/0000-0001-9917-9837
https://orcid.org/0000-0003-0866-2239
mailto:hemi@mmmi.sdu.dk
https://doi.org/10.3991/ijep.v16i4.61475

iJEP | Vol. 16 No. 4 (2026)

Didactic Interventions in a Large Group Mathematics Classroom with a Focus on Tutorial Sessions

of engineering students withdrew after the first year mainly because of difficulties
in mathematics [5].

To address both the growing number of students and the increasing demands
for cost-efficiency measures, it is essential to implement strategic initiatives that
optimise resource allocation while maintaining educational quality. To address these
challenges, universities are increasingly relying on teaching assistants (TAs), who
are often senior undergraduate or PhD students, to facilitate tutorial sessions, which
now play a crucial role in supporting student learning in large classes [6]. However,
this shift raises questions about how these tutorial sessions can be effectively
designed and executed to maximise learning outcomes.

Already in 2023, the authors explored different didactic approaches in two sepa-
rate mathematics courses within the engineering program. The electro-mathematics
course had approximately 30 students enrolled, while the robot-mathematics course
had around 80 students. These earlier studies received highly positive feedback from
both students and teaching staff about the didactical approaches in the lectures and
TA-sessions [7]. However, in 2024, these smaller course formats were replaced by a
significantly larger combined course with 360 students, marking a substantial shift
in scale and how to organise the newly developed didactic approaches.

This study seeks to explore how different didactic approaches can be integrated
into mathematics teaching within engineering programs, with a specific emphasis
on tutorial sessions led by TAs under the guidance of associate professors. This is
achieved by examining the experiences of students, TAs, and associate professors to
assess the effectiveness and outcomes of teaching practices, focusing on the enabling
conditions and limiting constraints in this larger course. By examining these aspects,
this paper seeks to address the following research question:

RQ: How can tutorial sessions in first semester mathematics be structured
and conducted in a way that enhances learning outcomes while accom-
modating the complexities associated with larger student groups?

2  BACKGROUND

The theoretical foundation for this study draws on theories of educational
scalability, TAs and learning environments in higher engineering education.

2.1 Scalability in higher engineering education

The expansion of student enrolment in universities poses challenges for
maintaining effective learning environments. As class sizes increase, personalised
interaction diminishes, and new instructional approaches are required. The theory
of instructional scalability emphasises the need for adapting pedagogical techniques
to ensure quality and student engagement in large cohorts [8]. The concept of scal-
ability in higher education has become increasingly relevant as universities world-
wide face a significant rise in student enrolment, a phenomenon often referred to
as the massification of higher education [9]. This massification represents the tran-
sition from elite education, where only a small, select group of students attended
universities, to mass and universal access, which has made higher education acces-
sible to a broader segment of the population. While this expansion is a positive
step towards educational equality and economic development, it simultaneously
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introduces significant challenges for maintaining effective and engaging learning
environments.

One of the key challenges of scalability is the diminished opportunity for
personalised interaction. In small class settings, associate professors and TAs can
provide individualised support, respond to student queries in real time, and facil-
itate dynamic discussions. However, as class sizes increase significantly—e.g., well
over 100 students—these interactions become logistically unfeasible. Large classes
tend to prioritise lecturing above active learning, as the latter requires more time,
organisation, and resources [10]. This shift can result in reduced student engage-
ment, lower participation, and increased feelings of anonymity among learners,
which are all factors that negatively impact the quality of education [11].

To address these challenges, [10] emphasises the importance of adapting peda-
gogical techniques and learning environments to suit larger cohorts without com-
promising quality. This involves identifying strategies that maintain the essential
components of effective teaching—student engagement, interaction, and feedback—
while accommodating the limitations of large-scale education. For instance, blended
learning approaches, which integrate online platforms with face-to-face sessions,
have been proposed as a scalable solution to improve interaction and support active
learning in large classes [12]. Moreover, effective scalability often relies on the strate-
gic involvement of TAs. TAs play a crucial role in large classes by facilitating smaller
group tutorials, problem-solving sessions, and practical exercises. This enables uni-
versities to provide structured, interactive learning opportunities while balancing
resource constraints. However, the role of TAs introduces its own challenges, such
as ensuring they receive sufficient training, resources, and support to deliver quality
instruction [13]. Poorly managed TA involvement can exacerbate inconsistencies in
teaching quality and student experiences across different sections of a course [13].

Traditionally, TAs were seen primarily as administrative support, assisting associ-
ate professors with grading, preparing materials, and occasionally leading small dis-
cussion sections. However, in the context of large, lecture-based courses, their role
has evolved to encompass a more interactive and student-centered function [13].
Research has shown that students in large classes are more likely to participate and
seek clarification, when they can interact with TAs in smaller, more manageable
groups. This interactive role allows TAs to bridge the gap between lecture content
and practical application, thereby enhancing the learning experience [10].

The increasing involvement of TAs in the instructional process also requires
proper training and professional development to ensure their effectiveness. Research
has highlighted the importance of providing TAs with the necessary pedagogical
training [14]. Such training ensures that TAs are equipped to handle the complexities
of large class teaching and maintain the quality of the student experience.

However, the evolving role of TAs also presents challenges. TAs may face
difficulties in balancing their responsibilities as TAs with their own academic com-
mitments, particularly when they lack sufficient support or guidance from faculty
members [13]. Furthermore, the effectiveness of TAs in promoting student engage-
ment and learning depends on how well their role is integrated into the overall
course design and teaching strategies. If their contributions are not well-aligned
with the course’s pedagogical goals, their impact may be limited. In fact, it might
even be detrimental, potentially disrupting the learning process or creating confu-
sion among students.

Ultimately, scalability in higher education is not just about increasing the capacity
to teach more students but ensuring that the learning experience remains effective
and engaging. Successful scalability depends on innovative approaches to teaching
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and the strategic distribution of instructional and TA roles. It requires a shift from
traditional teaching models to ones that prioritise active, student-centred learning.

2.2 Learning environments in tutorial sessions

The book Building Thinking Classrooms [15] introduced 14 practices for increas-
ing thinking in classrooms. These practices are developed to improve the teaching
and learning environment in mathematics classrooms. The practices are ordered in
four toolkits according to when to introduce them in the classroom. The practices
in the first toolkit include the use of vertical surfaces, the use of random visible
groups of three, and to use problem-oriented tasks. Each of these practices plays
a crucial role in fostering active participation, collaboration, and critical thinking
among students [15]. This approach has been used and tested in many primary and
secondary schools, but less so at the university level [7].

LeSage [16] examined the effects of the Building Thinking Classroom on students’
attitudes and academic performance in a first-year business mathematics course,
focusing on collaborative problem-solving using vertical non-permanent surfaces.
Their findings showed that students rated the collaborative classroom experience
positively and achieved significantly higher average grades than those in the control
group. The study particularly highlighted benefits for lower-performing students:
while 46% of students in the control group received low grades (responding to
D or F), only 14% did so in the intervention group, which also had a higher propor-
tion of students earning top grades (responding to A and B).

Despite these promising results from [16], there remains a lack of research on
how this approach can enhance university mathematics in engineering education.
Further studies are needed to explore both instructor and student experiences with
this method at the tertiary level.

Vertical surfaces. Research by Liljedahl [15, 17] highlights how vertical
non-permanent surfaces, such as whiteboards, create a dynamic learning environ-
ment that fosters active thinking and productive discussions. Writing on vertical
surfaces encourages students to engage physically with the material, increasing
focus, persistence, and participation. Furthermore, using these surfaces supports
knowledge mobility by making students’ thought processes visible to their peers,
thereby facilitating collective problem-solving [17].

Liljedahl’s [17] research demonstrates the significant impact of vertical
non-permanent surfaces on students’ learning behaviours. He measured key aspects
such as the time elapsed between task assignment and the initiation of mathematical
discussions, the duration of group discussions, and the extent of engagement with
mathematical content. His findings indicate that vertical non-permanent surfaces
are more effective than traditional group work methods, such as discussions around
horizontal paper or computers, in fostering deeper mathematical thinking. Students
working in groups at vertical non-permanent surfaces should not only encourage
experimentation and risk-taking but also allow for rapid revisions of their solu-
tions. This adaptability strengthens problem-solving strategies and ensures that all
students contribute to class discussions, promoting an inclusive and collaborative
learning environment [17].

Additionally, vertical non-permanent surfaces can play a crucial role in devel-
oping mathematical communication skills. Working on whiteboards requires
students to articulate their mathematical reasoning clearly, aligning with Sfard’s
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[18] concept of “commognition,” which merges communication and cognition. Since
learning mathematics involves mastering its communicative practices, engaging in
discussions around vertical non-permanent surfaces should enhance students’ con-
ceptual understanding and strengthen their sense of classroom community.

Random groups of three. Group work has long been a common pedagogi-
cal practice [19, 20], but research has also highlighted its challenges, particularly
in how groups are formed [21]. Traditionally, students at the secondary and uni-
versity levels often form their own groups, usually based on existing friendships.
However, [15] points out that socially formed groups tend to reinforce pre-existing
roles, and friendship-based groups do not necessarily lead to effective collaboration.
An alternative approach is for the instructor to determine group composition, either
to ensure diversity in terms of gender or competencies, to encourage social integra-
tion, or to structure groups based on academic performance.

[15] argues that randomly assigning students to groups of three in a visible
process fosters a more open, diverse, and equitable learning environment. In our
course, students work in randomly assigned groups of three on various tasks and
new groups were formed every hour.

[17] argues that the visibility creates a sense of collective responsibility, encour-
ages active participation, and enhances peer learning. Furthermore, continuously
reshuffling group compositions ensures that students interact with a wide range of
peers, broadening their perspectives and exposing them to different problem-solving
approaches. This method also helps minimise social hierarchies and power dynam-
ics, ensuring that all students have equal opportunities to contribute [17].

Another key advantage of random grouping is its impact on knowledge mobil-
ity [17]. As students regularly engage with new peers, they gain access to different
ways of thinking and alternative strategies, enriching their learning experience [15].
Pruner and Liljedahl [22] argue that this approach not only fosters collaboration but
also contributes to a stronger classroom community by reducing social barriers and
mitigating conflicts.

Problem solving. The integration of problem-oriented tasks into tutorial ses-
sions aims to align with Liljedahl’s [15] Thinking classroom framework, foster-
ing deeper engagement and independent problem-solving. These tasks should be
designed to encourage higher-order thinking, collaboration, and application of
theoretical knowledge. Instead of reinforcing routine exercises, the approach is
expected to cultivate cognitive flexibility and problem-solving competencies [23]. A
critical objective by using problem solving is to promote relational understanding
over instrumental learning [24]. Rather than focusing solely on procedural fluency,
students should be guided toward recognising connections between mathemati-
cal concepts and their broader applications [25]. Encouraging active participa-
tion in problem-solving is anticipated to develop reasoning skills and conceptual
depth [26].

To maximise effectiveness, tasks should be introduced at the beginning of sessions
following Liljedahl’s [15] “low-floor, high-ceiling” principle. This structure is expected
to ensure accessibility for all students while also maintaining sufficient complexity
to challenge advanced learners. Research suggests that such an approach fosters
meaningful engagement and enhances mathematical resilience [27]. Additionally,
shifting from traditional instructor-led explanations to student-driven inquiry
is hoped to mitigate dependency on external guidance [28], allowing students to
develop autonomous problem-solving skills.
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3  COURSE STRUCTURE AND IMPLEMENTATION IN THE
ENGINEERING PROGRAM

In a Danish engineering program, a decision was made to consolidate ten
study programs into one single large mathematics cohort in the first semester of
the program named MAT1. The programs included: Chemical Engineering and
Biotechnology, Civil and Architectural Engineering, Electronics, Energy Systems,
Game Development and Learning Technology, Health Informatics and Technology,
Mechanical Engineering, Product Development and Innovation, Robot Systems,
Software Engineering, resulting in a combined class of approximately 360 students.

For the class it was chosen to implement the use of vertical non-permanent
surfaces, visibly random groups of three and the use of problem-oriented tasks
as suggested by [15]. By incorporating vertical non-permanent surfaces into the
tutorial sessions, we aim to foster a more interactive and engaging learning expe-
rience, supporting students in developing both their mathematical reasoning and
their ability to communicate complex ideas effectively [17, 15, 18]. With the use of
visible random groups of three in the tutorial sessions, we aim to create an inclu-
sive and dynamic learning environment that supports student engagement, encour-
ages diverse perspectives, and enhances collaborative problem-solving [15, 22]. By
embedding problem-oriented tasks into tutorial sessions, our goal was to create an
environment where students actively explore multiple solution pathways and build
confidence in their mathematical abilities. This instructional shift was expected to
enhance both cognitive and affective learning outcomes, reinforcing the value of
independent thinking and deep mathematical understanding [15, 23, 24, 25].

By implementing these three practices, the tutorial session aimed to create a
more interactive and engaging learning environment. A further rationale for this
approach is the recognition, that the task of the TAs becomes significantly more man-
ageable when their role is well-defined and expectations are clearly communicated.
Ensuring a clear structure and guidance for the TAs is therefore a key responsibility
of the associate professors responsible for the course, as it directly supports the effec-
tive execution of the tutorial sessions. The following sections will explore how these
practices were applied in the tutorial sessions and discuss their impact on student
engagement, collaboration, and learning outcomes.

To manage the large cohort, the students were further divided into eight tutorial
groups. Each week the course had this structure:

1. Preparation phase: Students were provided with online exercises, instructional
videos and reading materials to engage independently before attending classes.

2. TA-Led tutorial sessions: Students participated in exercise sessions led by TAs.
During these sessions, they worked on problems and exercises closely connected
to the preparatory content. Each session took two hours, and they were designed
following Peter Liljedahl’s three practices:

2.1 Use of Vertical Non-Permanent Surfaces (whiteboards),
2.2 Visible Random Grouping groups of three students
2.3 Problem-oriented tasks that encourage active problem-solving.

3. A two-hour lecture: Following the tutorial sessions, students attended formal
lectures that expanded on the material. This also included different interactive
approaches such as visualizations in GeoGebra, use of student response systems
based on drawings and think-pair-share sessions.
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4. Weekly assignments: At the end of each week, students were encouraged to
submit a video based on a specific assignment. The videos were subsequently
peer-reviewed by fellow students. The focus of the assignments was to let the
students explain their calculations.

5. Finally, there was a homework café. The homework café was managed by
students on their 3rd and 5th semester. The purpose of the homework cafe was
to provide a place to get help if the regular teaching was not enough.

Each tutorial session was planned for 45 students and manned by two TAs. While
the TAs were primarily responsible for conducting the tutorial sessions, they could
get help from an associate processor when challenges or issues arose.

The TAs had somewhat different backgrounds, but they were all enrolled in an
engineering education on either bachelor or master level. TA1 and TA2 had been
TAs in smaller courses based on Liljedahls ideas in 2023, four TAs (TA3, TA4, TA5
and TA6) had been students in one of these courses. The remaining four TAs had no
previous experience with the ideas of Liljedahls approach. TA7 and TA8 had ear-
lier been TAs on more traditional courses. An overview of the TA’s, their previous
experience with being a TA and the ideas from Building Thinking Classrooms are
given in Table 1.

To familiarise the TAs with the instructional approach by Liljedahl [15], all ten
were invited to participate in a workshop. The session began with a brief introduc-
tion to the method, after which the TAs experienced the approach themselves by
engaging in activities as if they were students. This was followed by an opportunity
to discuss the method and ask questions. Having tried the approach first-hand, all
the TAs responded very positively to the approach.

4 METHODOLOGY

The choice of a mixed-methods approach allows for a more nuanced understand-
ing of the research problem by integrating the complementary strengths of quali-
tative and quantitative data. The qualitative interviews provide in-depth insights
into TA’s experiences, reflections, and challenges, which may not be fully captured
through numerical measurements alone. Conversely, the quantitative survey data
enable the identification of patterns, trends, and correlations across the entire stu-
dent cohort. This methodological combination enhances the validity of the study
and offers a broader and more robust basis for evaluating both the effectiveness of
tutorial sessions and the factors influencing learning outcomes [29].

4.1 Interview process and participant selection - the qualitative data

Before the course began, we conducted interviews with five TAs, selected from
the ten invited, to understand their expectations and perceived challenges in teach-
ing large groups. These five participants were those who responded positively when
all ten were asked if they were willing to participate. These interviews focused on
their readiness, anticipated difficulties, and their views on the course structure.

Midway through the course, a second round of interviews was held with two
out of ten TAs (both of whom had also participated in the pre-course interviews).
Again, these two were those who responded positively when all ten were asked
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if they were willing to participate. These interviews aimed to gather feedback on
how the sessions were progressing, the challenges they felt that the students faced,
and the effectiveness of teaching strategies, including random grouping and vertical
surfaces. After the course there was a final interview with two out of the ten TAs
(one of them had also participated in the pre-course and midway interview). Again,
these two were those who responded positively when all ten were asked if they
were willing to participate in an interview. To this last interview they were asked if
there was anything they would do differently and about their reflection after finish-
ing the teaching. At the end of the course, there was also a follow-up interview with
two faculty members — the two associate professors (AP1 and AP2) associated with
the course which also are authors on this paper. They were interviewed about the
effectiveness of the course structure and their instructional methods.

Table 1. An overview of the TAs participating in the interviews

Id Experience with BIC/TA Pre-Course Interview Midway Interview After Course
TA1 BTCTA
TA2 BTCTA X
TA3 BTC student X
TA4 BTC student X X X
TAS BTC student X
TA6 BTC student X
TA7 TA Mathematics X X
TA8 TA Statistics
TA9 None
TA10 None

Note: BTC TA: have been TA in a course based on BTC. BTC student: have experienced BTC as a student.

All interviews were conducted online and recorded via Microsoft Teams.
Informed consent was obtained from all participants, ensuring confidentiality.

The interview data were analysed using thematic analysis [30], which identifies
recurring themes within the data to provide a rich understanding of partici-
pants’ experiences. The analytical approach will be elaborated more upon in the
analysis section.

4.2 Analysis of qualitative data

Based on all qualitative data — including open-ended responses from the survey
and interviews with TAs and associate professors — we conducted a thematic analy-
sis following Braun and Clarke’s six-phase framework [30], in order to identify key
themes that reflect both the strengths and challenges associated with the tutorial
sessions structured around Liljedahl’s three practices. The quantitative results were
already known at the outset of the qualitative coding process, which informed but
did not predetermine the development of codes and themes.

First, we engaged in familiarisation with the data through repeated readings
and initial notetaking to ensure a comprehensive understanding of the content.
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During the second phase, when generating initial codes, we paid particular atten-
tion to the three practices but were open to what we found important and inter-
esting in connection to the complexities associated with larger student groups.
Third, these codes were collated into potential themes by grouping related codes
that reflected patterns in the TA’s experiences and perceptions. One particularly
prominent theme, which emerged consistently across both survey responses and
interviews, was the issue of alignment — that is, the perceived coherence between
teaching activities, expectations, and assessment. Given the centrality of this con-
cern, a theme addressing alignment has been included alongside the three practices
from Liljedahl [15].

Fourth, the four themes were then reviewed in relation to both the coded extracts
and the full dataset to ensure internal coherence and consistency with the overall
narrative. Fifth, the four themes were clearly defined and named, with careful atten-
tion to the conceptual boundaries between themes. Finally, the four themes were
organised into a coherent account, illustrated with representative quotations, to
provide a rich and nuanced interpretation of the qualitative findings. This system-
atic process ensured methodological rigour and transparency, thereby strengthen-
ing the validity of the qualitative component of the study.

4.3 Quantitative surveys

Quantitative data on student participation in tutorial sessions (the number of
times they attended), completion of assignments, student average grade in high
school mathematics, and their final exam performance (n = 282) was collected. This
allowed us to examine the correlations between engagement in learning activities
and exam performance. Each student could participate in 12 tutorial sessions and
complete 12 assignments. The maximum number of points in the written part of the
exam was 100. The average high school mathematics grade in Denmark is a number
in the range from -3 to 12 (higher is better).

At the exam, the students first took a one-hour multiple-choice question-based
test followed by a two-hour written exam. In the second (written) part of the exam,
the students were given ten questions to answer. The answer for each question
was during grading assigned a score between zero and ten points. Each of the ten
questions focused on a specific mathematical topic, and for each topic, students
had one lecture, one tutorial session, and one assignment dedicated to exploring
the content.

Quantitative data were also gathered through two surveys administered to the
students: a mid-term evaluation (n=221) and a final evaluation (n = 156). These sur-
veys were designed to capture students’ experiences with and utilisation of various
elements of the teaching process, including their perceptions of the course structure,
teaching methods, and learning outcomes. The students assessed the effect of learn-
ings elements on a scale from 0 to 4, where 0 means no effect and 4 means very big
effect. Additionally, students were asked to self-assess their perceived level of profi-
clency in mathematics, categorising themselves as belonging to the highest, lowest,
or middle tier, both during high school and at the university level. In all surveys,
multiple open-ended response options were included. These open-ended responses
are also incorporated into the qualitative analysis.

Attendance in tutorial sessions, assignment completion and exam per-
formance. In the following, the relation between how students performed in the

International Journal of Engineering Pedagogy (iJEP) iJEP [Vol. 16 No. 4 (2026)


https://online-journals.org/index.php/i-jep

iJEP | Vol. 16 No. 4 (2026)

Didactic Interventions in a Large Group Mathematics Classroom with a Focus on Tutorial Sessions

written part of the exam and their course activity during the semester is investi-
gated. The following linear model was fitted to the data, where the number of com-
pleted assignments (n ), the number of attended tutorial sessions (n,) and the average
high school mathematics grade (HSMath) all were used as predictors to estimate the
students score on the written part of the exam (wp).

wp = o ng+B-n, +y HSMath+ 6

The statistics software R was used to perform the statistical analysis, in which the
values of the parameters «, 5,  and d delta were determined.

Contributions from related tutorial sessions and assignments on exam
questions. A fixed effect model is used to investigate the relative importance of
tutorial sessions and assignments. For each student the performance on the ten
questions of the written exam was related to the student attendance of the tutorial
session related to the exam question and the completion of the assignment related to
the exam question. The model is as follows:

Y=o ass;+f-tut;+y+d+¢€,;

Where Y, is the number of points that student i earned on question j in the exam.
ass; is one if student i completed the assignment related to question j otherwise the
value is set to zero. tut; is one if student i attended the tutorial session related to
question j, otherwise the value is set to zero. y is a term reflecting the proficiency of
student i and ¢ reflects the difficulty of question j on the exam. &, is an error term
that should be minimised.

Effect on student groups. To see whether certain groups of students benefit
more from attending the tutorial sessions, the analysis is repeated by dividing the
students into six ability groups according to their average high school mathematics
grade. The effect of attending the tutorial sessions is then estimated for each of
these groups.

5  RESULTS

In this section the obtained results from the quantitative data are presented.

5.1 Results from quantitative data

Attendance in tutorial sessions, assignment completion and exam
performance. The estimated parameters and their standard errors are as follows:
a=1.00%0.32, =2.10£0.37, y=4.69 £ 0.44 and 6=-5.5 £ 4.1. There is a positive
impact of attending the tutorial sessions (p < 0.01) and completing the assignments
(p <0.001). There is no significant difference between the impact of tutorial sessions
and assignments.

Contributions from related tutorial sessions and assignments on exam
questions. The values and standard errors of the parameters « and j were esti-
mated to be = 0.19 £ 0.24 and = 0.67 + 0.24. We see that attending the tutorial
session related to an exam question raises the evaluation of the answer for that
question by 0.67 (p = 0.006). The effect of assignments is not significant.
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Effect on student groups. The estimated effects are shown in Figure 1. Students
with an average high school mathematics grade in the range 7 to 11 are seen to
benefit the most from the tutorial sessions. Students outside this range did not bene-
fit significantly from the tutorial sessions.

Estimated effect of tutorial sessions
Students grouped by their high school mathematics grades

(00.0-05.5] 1 —_— n =46

(05.5-07.0] 1 —_— n =45

(07.0-08.5] 1 4 n=25

(08.5-10.0] 1 —_— n = 46

(10.0-11.0] 1 ® n=22

(11.0-12.0] 1 L n=34
-1 0 d 2 3

Effect on exam question

Fig. 1. Estimated effect of tutorial sessions on different larger student cohorts
according to a fixed effects model

Students with an individual average high school mathematics grade below 7, do
not benefit significantly from the tutorial sessions, whereas students with an aver-
age grade between 7 and 11 have a huge benefit. The number of students in each
group is shown on the right.

Summary of results. The analysis of the quantitative data uncovered several
important insights. First, the data showed that completing the assignments and
attending the tutorial sessions during the course had a significant positive impact on
student performance to the final exam.

Additionally, attending the tutorial session relevant to a specific exam task
significantly improved students’ performance on that task. While completing the
assignment relevant to a specific exam task had a positive effect, it was not statisti-
cally significant. These findings emphasise the value of active engagement through
assignments and exercise sessions in supporting student learning and academic suc-
cess. Finally, it is seen in Figure 1, that students in the middle range (with average
high school mathematics grades between 7 and 10) benefit the most from attending
tutorial sessions, while the students with a grade higher than 10 seem to benefit
the least.

While these findings may not be entirely surprising, as active engagement in the
different learning activities is often assumed to benefit learning, they are nonethe-
less valuable in providing clear, empirical evidence to support this assumption.

5.2 Student reported effects and their use of teaching elements

In the last lecture, as part of the end of course evaluation, the students were
asked to evaluate the learning effectiveness of several elements in the course. These
results are shown in Figure 2, where the student responses are divided according
to their perceived math level. In the figure the teaching elements are arranged in
order of the student evaluations. The elements videos, assignments, online exercises
and lectures are all evaluated similarly by the students across their perceived math
levels. This is not the case for the tutorial sessions, which are rated very highly by the
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students in the top math skill group. The students in the middle and low math skill
groups rate the tutorial sessions somewhat lower. About one third of the students
in these two groups rate the tutorial sessions to have a “very big effect”, which is a
much higher fraction than the lectures to have a “very big effect”. This indicates that
there is significant potential in the tutorial sessions. However, about a fourth of the
students in the middle and low math skill groups rate the tutorial sessions to have
“no effect” or “small effect”. This indicates that there is a group of students for which
the tutorial sessions did not work that well.

The students also answered questions related to their use of the different teach-
ing elements in the course. These results are shown in Figure 3. The teaching ele-
ments in the figure are ordered by the students’ usage of the elements, such that
the most used elements are at the top. Very high utilisation of the lectures and
assignments are seen. The numbers related to the utilisation of the lectures are
probably biased, as the end of course evaluation took place during the last lec-
ture. The students seemed to prioritise lectures, assignments and videos above par-
ticipation in the tutorial sessions. Finally, very few students are seen to use the
homework cafe.

In Figure 4, the student assessed effect of the tutorial sessions from the course in
2024 are compared with the assessed effect in the two smaller courses from 2023.
The students evaluated effect in 2024 is somewhat lower than the assessed effects
from 2023, but still quite high. From 2023 to 2024 the class size increased signifi-
cantly, which made it more difficult to conduct the tutorial sessions.

Student reported effects of teaching elements (end evaluation)
Split according to students self assessed math level
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Fig. 2. Students self-reported effects of various teaching elements used in the course

The students have been split into groups according to their self-evaluated math
levels. The tutorial sessions are rated lowest, but it is also the first year where
this setup is used. The other teaching elements have been refined over several
years. The most math-proficient students assign the highest estimated effect to the
tutorial sessions.
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Split according to student reported math level
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Fig. 3. Student self-reported utilization of different course elements

Note: Be aware that the source of data for the chart was the end of course evaluation, which was
conducted during the last lecture, which might skew the collected data.

Effect of tutorial sessions reported by students
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Fig. 4. The student self-reported effect of tutorial sessions in three different courses
that all are based on the ideas of Peter Liljedahl

The electro (2023) course had about 30 students enrolled, and the Robot (2023)
course had about 80 students enrolled. A very positive reported effect of the tutorial
sessions is seen in all three courses.

6  QUALITATIVE DATA - THEMES IN DIALOGUE WITH THEORY
AND PRACTICE

The following four sections present an overview of the themes identified in the
analysis of the qualitative data. Each section integrates findings from the data and
includes selected illustrative quotes (with English translations) to provide a repre-
sentative and nuanced account of the participants’ experiences. While not all quotes
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could be included, the sections reflect the full range of benefits and challenges iden-
tified in the empirical material. In addition to presenting empirical patterns by using
quotes, the section of each theme also incorporates an analysis of how these findings
relate to relevant theoretical perspectives, thereby situating the results within exist-
ing scholarly frameworks. This integration of empirical evidence and theoretical
interpretation allows for a deeper understanding of the identified themes and their
implications for the design and facilitation of tutorial sessions.

6.1 Student frustration with problem-solving

The students’ engagement with problem-solving tasks generally proceeded well,
yet the process entailed both strengths and challenges. One key advantage of the
open-ended task structure is that it ensures continuous engagement. As AP1 explains,
“In principle, there are infinitely many tasks. Our aim is not necessarily for students
to complete them all—there should always be something extra to work on.” This
aligns with Liljedahl’s [15] emphasis on fostering a dynamic learning environment
that encourages students to remain engaged and actively think through problems.

However, several challenges also emerged. A recurring issue was the varying
pace among student groups, with some progressing rapidly while others struggled.
As TA4 notes, “Some groups move forward quickly, while others remain stuck on
the initial problems for a long time.” This discrepancy can lead to frustration, par-
ticularly when stronger students spend significant time explaining concepts to their
peers rather than solving problems themselves. TA6 reflects, “If you work with
groups that are not strong in mathematics, you spend more time explaining than
actually solving the tasks.” Some students feel they are not making enough progress.
While students perceive this as a drawback, one of the associate professors (AP1),
highlights in the interview that explaining concepts to peers is an integral part of the
learning process: “The students may not realise it, but they learn a lot by explaining
to others.” However, AP1 acknowledges that this benefit may not be sufficiently clear
to the students and should probably be better communicated. Additionally, weaker
students may tend to withdraw, allowing their peers to dominate. AP1 notes, “In
some groups, the weakest student withdraws slightly, enabling the others to move
ahead at an overly fast pace.”

These findings resonate with student feedback from the midterm evaluation,
where perspectives on tutorial sessions were mixed. While many students valued
the opportunity to apply theoretical knowledge practically in a problem-solving
process—stating that it deepened their understanding—others expressed frustration
with the emphasis on independent thinking. A key concern was the perceived lack of
constructive guidance from the TAs. Some students reported that when seeking help,
TAs often provided vague suggestions, such as, “Try to think more about it”. As one
student noted, “It gave me the feeling that I might as well have worked from home.”
This left some students feeling unsupported, particularly when tackling unfamiliar
topics, highlighting the need for more direct and actionable assistance.

The observed challenges suggest that some students may not be fully accus-
tomed to problem-solving environments that emphasise independent exploration
over instructor-led explanations. This is consistent with prior research indicating
that transitioning from procedural learning to conceptual understanding can be met
with resistance [25]. While the current approach aims to shift students away from
reliance on external guidance [28], the empirical data indicate that many students
still expect more direct instruction.
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Furthermore, TAs acknowledged that facilitating students’ learning and provid-
ing the right hints at the right time was particularly challenging. TA2 expressed
awareness of how proficient the two associate professors were at this and hoped
to gradually improve in this regard. However, as [23] points out, mastering this
skill takes time and experience, as effective scaffolding requires deep pedagogical
insight and an ability to assess students’ thinking in real-time. According to [17], a
certain level of frustration is expected in problem-solving, as it stimulates deeper
thinking and learning. However, guidance is essential, and students must under-
stand the rationale behind this approach. The findings suggest that the students
may not be accustomed to problem-solving environments, which could explain
their discomfort.

6.2 Group collaboration: Strengths and challenges in learning

Group collaboration emerged as a central theme in both the interviews and the
survey data, with students expressing a strong appreciation for its pedagogical ben-
efits while also voicing concerns about its inherent challenges. The opportunity to
work in randomly assigned groups during tutorial sessions was widely regarded
as a significant strength. As one student enthusiastically shared in the survey:
“I love solving problems together with other students during the exercise sessions.”
This collaborative approach not only fostered a sense of shared responsibility for
problem-solving but also encouraged peer learning, allowing students to be exposed
to diverse perspectives and strategies. TA6 emphasised this pedagogical value, stat-
ing, “Arranging people in groups and getting them to talk about mathematics instead
of just working alone with numbers and letters — that is one of the most important
things.” The social and cognitive benefits of group work were also highlighted by
TA4, who noted that random groupings prevent social isolation: “It’s good because it
stops students from always sticking to the same people,” while also pushing students
to adapt their communication styles: “When you meet many new people, you also
have to find different ways of explaining things.”

Despite these advantages, the practice of group work, particularly when organ-
ised randomly, is not without its drawbacks. A recurring issue was the unequal
distribution of effort among group members. As one student noted in the survey,
“Group work was challenging, as not everyone put equal effort into preparation.”
Such imbalances often led to frustration and hindered the effectiveness of collab-
oration. Moreover, the social dynamics of group work posed challenges for some
students, especially when working with unfamiliar peers or when feeling academi-
cally vulnerable. One student shared in the survey, “I don’t like standing with people
I barely know when I'm struggling with mathematics”, a concern also raised by AP2,
who questioned whether this setup might unintentionally intimidate students: “Are
we intimidating some students by exposing their weaknesses when they’re standing
up and working in front of others?” Additionally, as AP1 observed, group effective-
ness varied widely: “Some academically weaker groups withdraw, while the stron-
ger students move too fast.”

In summary, the experiences with group collaboration reflect the dual nature
of Liljedahl’s [15] model of random visible groupings. On the one hand, their
accounts illustrate how this approach can successfully promote peer learning,
broaden perspectives, and foster a more inclusive and socially integrated learn-
ing environment—core aims highlighted in both Liljedahl’s theory and supporting
literature. On the other hand, the challenges regarding social discomfort, uneven
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participation, and group dynamics reveal important tensions that must be acknowl-
edged when implementing such strategies in practice.

6.3 Vertical surfaces

Despite some logistical constraints, the integration of non-permanent vertical
surfaces into university-level mathematics tutorials has been perceived as benefi-
cial for student engagement, collaboration, and conceptual understanding. Many
students emphasised how the act of standing and using a vertical space transforms
the learning experience into something more dynamic and participatory. One stu-
dent explained in the survey, “I learn more by standing up, solving problems, and
finding the answer together with others,” while another reflected: “you use math-
ematics creatively and understand it better this way.” The physical format of ver-
tical group work naturally promotes visibility, shared responsibility, and real-time
feedback. TA4 noted, “It’s really great because everyone can see what’s going on ...
students should take turns writing, or if someone is struggling with a topic, they can
write down what the others are saying. That way, everyone is engaged.” These prac-
tices support an inclusive and active learning environment, where responsibility for
learning is distributed among group members.

Teaching assistants also highlighted the spatial and ergonomic benefits of vertical
surfaces. TA2 commented on the clarity and orientation offered by whiteboards: “It’s
super relevant to have a board where you can write large enough for everyone to
see, and it faces the same way for everyone. It works really well for collaboration.”
The design of the space facilitates not only group cohesion but also inter-group com-
munication. As TA2 further added, “It’s easier for them to say, ‘We’re stuck on this
task,” and then just turn their heads and see what other groups have done. They can
go over and ask others who have moved on.” This ease of informal peer support
creates a learning culture based on openness and mutual help, which may be diffi-
cult to achieve in traditional seated or digital formats.

From the associate professors’ perspective, vertical formats are also seen as peda-
gogically powerful. AP1 observed, “It just does something to the way people interact.
You can see what’s happening,” emphasising how visibility of process and group
thinking facilitates both instruction and peer learning. AP2 likewise remarked on
the activity the format encourages: “They’re standing up, so you’re naturally more
active, and you can better see what each other is doing.” This visibility extends
beyond content to foster interpersonal awareness, helping students remain aware
of both their own progress and that of others. TA6 added a complementary perspec-
tive: “It’s a good idea also that they are physically active, so you don’t fall asleep,”
highlighting the value of bodily movement in sustaining attention and cognitive
engagement. Additionally, vertical surfaces offer a broader visual perspective on
mathematical problems. As TA6 put it, “If you sit at a desk with paper, you see the
math from one angle. But with a board, you can take a step back and evaluate if
you're solving it correctly or if there’s another way.”

However, despite these clear pedagogical advantages, several practical and
structural issues were identified that may limit the effectiveness of vertical surface
use if left unaddressed. A recurring concern was the physical configuration of the
teaching spaces. TA2 noted, “Some students sat down while working at the boards
because the boards were too low. It wasn’t optimal,” and AP1 added, “The white-
boards are not high enough, so it’s not comfortable to stand at them. There are also
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too many chairs, and they’re too close.” These physical constraints inadvertently
reduce the level of bodily engagement that vertical setups are intended to foster.
However, AP1 “We got some slightly higher whiteboards during the semester,
and that helped.” This illustrates that while spatial limitations may present
obstacles, they are not inherent to the method but rather a matter of appropriate
infrastructure.

In addition to physical constraints, equitable participation within group work
remains an area of attention. Although the ideal is for students to alternate turns
at the board or collaboratively narrate and write, some students may dominate
the interaction while others become passive observers. TA4 says: “If someone is
struggling with a topic, they can write down what the others are saying,” which
allows all members to engage in ways aligned with their level of confidence and
understanding. Yet this requires ongoing facilitation and clear expectations from
instructors to ensure that all students benefit equally from the format.

By incorporating vertical non-permanent surfaces into the tutorial sessions, our
aim was to foster a more interactive and engaging learning experience, support-
ing students in developing both their mathematical reasoning and their ability to
communicate complex ideas effectively [15, 17, 18]. The empirical insights from
the tutorial sessions align closely with Liljedahl’s research, which highlights how
vertical surfaces support active thinking, foster persistence, and promote collabo-
rative engagement. The practices observed during group work mirror [18] concept
of commognition, in which learning is seen as a process of participating in specific
discursive practices. Working at vertical surfaces requires students to verbalise their
reasoning, respond to others’ ideas, and construct shared representations of mathe-
matical problems. This not only supports deeper conceptual understanding but also
strengthens students’ ability to engage in mathematical dialogue—an essential com-
ponent of disciplinary learning. However, the effectiveness of vertical surfaces is not
automatic. As highlighted in the observations, physical limitations such as poorly
placed boards or insufficient space can hinder student engagement and undermine
the intended benefits.

6.4 Alignment challenges: Tutorial sessions, lectures, and exams

A recurring concern among students was the perceived disconnect between the
active, verbal nature of the tutorial sessions and the written format of the final exam.
Many felt that the approach of solving problems verbally and collaboratively did
not align with the skills required for the exam. As one student expressed, “I don’t
think it works to solve problems standing up and discussing them when the exam
is written.” This sentiment reflects a broader frustration with the perceived lack
of direct preparation for the exam format. Some students suggested that focusing
more on written tasks during the sessions would better equip them for the demands
of the exam.

AP1 acknowledges that the exam ultimately requires individual understanding
and the ability to construct written mathematical arguments. However, he fur-
ther emphasises that the course focuses on “using mathematics as a language”—
particularly on how to argue for different conclusions—which is best practiced
through active engagement: “The best way to train your ability to argue, which
is what we test in the exam, is to do it in practice—to stand at the board and dis-
cuss with others.” Nevertheless, it is important to note that while these sessions
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emphasise verbal reasoning and collaborative problem-solving—skills that support
conceptual understanding—the exam primarily assesses written argumentation
and individual problem-solving. This distinction underlines the need for clearer
communication regarding the purpose of the sessions and how they complement
the exam format.

Another recurring challenge identified in the study was the perceived lack of
alignment between exercise sessions and course content, particularly because the
tutorial sessions were scheduled before the corresponding lectures. Some students
expressed confusion and a sense of unpreparedness when engaging with new mate-
rial in these tutorial sessions. As one student noted in the survey, “I prefer to learn
the theory first and then solve problems.” This sentiment was echoed by others,
who suggested that reversing the order—placing exercise sessions after lectures—
would enhance their understanding and overall learning outcomes. For example,
a student stated, “It would work better to have lectures first and then the exercise
sessions afterward.” Additionally, some students felt that certain assignments did
not feel directly related to the lectures, highlighting the need for a stronger con-
nection between theory and practice. Despite these challenges, the majority of
students described the tutorial sessions as effective preparation for the lectures.
These sessions introduced them to key topics and allowed them to refresh previ-
ously learned material, which in turn helped them feel better prepared and derive
greater benefit from the lectures.

7  DISCUSSION

While the three practices from Liljedahl [15] — open-ended problem-solving,
group collaboration, and the use of non-permanent vertical surfaces — demonstrate
significant potential for enhancing student engagement and conceptual understand-
ing in engineering education, they also present notable challenges that warrant
careful consideration. Open-ended tasks promote sustained engagement and foster
independent thinking, aligning with constructivist ideals of active learning. Group
collaboration encourages students to articulate their reasoning, adapt to diverse
perspectives, and build communication skills, while vertical surfaces contribute to a
more dynamic and participatory learning environment that enhances visibility and
interaction.

The quantitative findings strongly support the pedagogical value of these prac-
tices. A statistical analysis showed that both attendance at tutorial sessions and
completion ofassignments significantly and positively affected students’ performance
on the written exam (o. = 1.00, p < 0.01; B = 2.10, p < 0.001). Moreover, a fixed-effects
model revealed that participation in a tutorial session specifically related to an exam
question increased the score on that question by 0.67 points on average (p = 0.006),
indicating a clear link between active participation in tutorials and improved learn-
ing outcomes. Interestingly, these benefits were not distributed equally among all
students. In Figure 1 students with a mid-range high school mathematics grade
(between 7 and 11) benefited the most from tutorial participation, while students
in the highest and lowest skill groups saw less or no significant improvement. This
pattern may, however, be influenced by a ceiling effect—a statistical phenomenon
in which the majority of data points cluster near the upper limit of the measurement
scale, leaving little room to detect further improvement. Specifically, some of the
highest-performing students had already achieved full scores on assignments and
answered all test questions correctly. As such, their lack of measurable progress may
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not reflect an absence of learning or benefit from the tutorial sessions, but rather a
limitation in the assessment’s ability to capture further gains. Had the tasks or exam
been more challenging, it is possible that we would have observed a positive effect
in this group as well. This finding however aligns with qualitative observations that
less confident students may struggle to fully engage in group-based, open-ended
tasks, potentially due to cognitive overload or lack of prior knowledge. Similarly,
more advanced students may experience frustration from having to explain basic
concepts repeatedly, which can inhibit their own learning progression.

Furthermore, survey results indicate varied perceptions of the tutorial sessions’
usefulness depending on students perceived mathematical proficiency. While
students in the top skill group rated the tutorials very highly, those in the middle and
low skill groups were more divided: about one third rated the sessions as having a
“very big effect,” whereas approximately one fourth rated them as having “no effect”
or a similarly low impact. These disparities suggest that the design and facilitation
of tutorial sessions may need to be adjusted to better accommodate different student
needs and learning styles.

In terms of utilisation, students reported prioritising lectures, assignments, and
videos over tutorial sessions. While this could partially be attributed to the timing
of the final survey (conducted during a lecture), it also points to a possible misalign-
ment between students’ perceptions of what is most effective and what data suggest
is beneficial for performance. Notably, tutorials—despite their proven impact—were
not among the most frequently used elements of the course.

Another point of concerns was the physical and structural setup. Vertical surfaces,
while intended to support collaborative learning, were occasionally hindered by
inadequate placement or insufficient space. Moreover, students expressed confu-
sion when problem sets were introduced before the relevant lecture, and some
noted a mismatch between the collaborative nature of tutorials and the individual,
written format of the final exam. These issues underscore the need for pedagogical
coherence and more targeted instructional support. To optimise the effectiveness
of these practices while mitigating their limitations, we recommend the following
strategies:

7.1 Recommendations for practice:

e Improve communication with students: Clearly articulate the pedagogical
rationale behind practices and their relevance to students’ academic and profes-
sional development early in the course.

e Bridge the gap between tutorial sessions and exams: Clarify for the students
how collaborative, verbal activities contribute and align to the development of
skills assessed in written exams.

¢ Guidance and scaffolding: Educate TAs to strike a balance between fostering
student autonomy and offering timely, concrete support when needed in their
problem-solving process.

o Establish clear expectations for group work: Define roles and responsi-
bilities within student groups to promote equitable participation and shared
accountability.

¢ Enhance physical learning environments: Ensure that classroom infrastruc-
ture supports vertical group work, with appropriately placed whiteboards and
sufficient space for movement and collaboration.
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Implementing these recommendations may help to create a more supportive
and coherent learning experience, thereby maximizing the pedagogical value of the
observed teaching practices.

8 CONCLUSION

This study demonstrates that well-structured and deliberately facilitated tutorial
sessions can significantly enhance learning outcomes in university engineering
mathematics education, even within the context oflarge student groups. Quantitative
analysis provides clear evidence that both attendance at tutorial sessions and com-
pletion of related assignments positively correlate with improved exam perfor-
mance. Furthermore, task-specific engagement — such as participating in a tutorial
directly tied to a specific exam topic — was shown to have a measurable impact
on performance in that area. Both findings are what can be expected. However,
the effectiveness of tutorials is not uniform across all students. Students with either
very high or very low mathematical backgrounds benefited less from tutorials, high-
lighting the need for differentiated instructional strategies. Additionally, student
perceptions revealed that while some highly value the collaborative nature of tuto-
rials, others found them less helpful — especially when tutorial activities seemed
misaligned with assessments or were hindered by logistical constraints, such as
inadequate classroom infrastructure.

To increase student buy-in and maximise effectiveness of the tutorial sessions,
transparent communication about the pedagogical purpose of the tutorial sessions
as well as alignment between tutorial sessions and course assessments is essential.
To accommodate the complexities of large groups, tutorial sessions must be designed
with careful attention to scaffolding, clear role distribution within groups, and phys-
ical learning environments that support collaboration.

In conclusion, tutorial sessions can substantially support learning in large math-
ematics courses when they are intentionally structured to balance autonomy and
support, address diverse student needs, and are coherently integrated into the
overall course design.
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