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Background: In response to high failure rates in foundational mathematics
courses, the traditional single high-stakes final examination was replaced with
four digital tests, with multiple attempts, and a hand-in project.

Objectives: This study evaluates the impact of this reformed assessment strategy
on a first-year calculus course for engineering students at a Norwegian university.
We explored students’ perceptions of the reformed assessment regarding their
learning approaches, motivation, and the overall experience.

Methods: We generated the data using semi-structured interviews of
purposively selected engineering students and analyzed the data using
thematic analysis.

Results: The results showed that the multiple attempts on the examinations
promoted consistent studying and reduced test anxiety. Additionally, students
reported positive experience with collaborative learning, enhanced by peer
learning and diverse perspectives during group work. Although students
appreciated the flexibility of digital examinations, they noted limitations in
feedback on minor errors.

Conclusion: This research highlights the effectiveness of multiple low-stakes
assessments in enhancing a supportive learning environment and suggests that
digital tools can improve engagement and understanding in mathematics. The
findings have implications for rethinking assessment practices in STEM education
and offer insights into how digital assessments can mitigate the challenges
students face in foundational courses.
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1 Introduction

Undergraduate students following engineering programmes
require foundational mathematics courses as core elements in
many degree-awarding institutions worldwide. These courses
include differential calculus, integral calculus, applications of
calculus, algebra and trigonometry, and linear algebra (Wilkins
et al, 2021). They are crucial components of the engineering
curriculum as they provide rudimentary mathematics content
knowledge needed for engineering students to perform successfully
in higher courses. Evidence shows that these courses are
challenging for students, with negative impacts on students’
attitudes toward science, technology, engineering, or mathematics
(STEM) programmes (Ellis et al., 2016; Wilkins et al., 2021). In
addition, several engineering students either change to non-STEM
programmes or leave university education due to poor academic
achievement in these courses (Ellis et al., 2016; Smith et al., 2021;
Wilkins et al., 2021). The trend has consistently shown a two-digit
failure rate in these courses, while Zakariya (2021) reported a 46%
failure rate in a first-year calculus among engineering students in a
Norwegian university. This high failure rate, among other things,
prompted some research aimed at reforming the teaching and
learning of these courses for engineering students (Zakariya et al.,
2022). Their research focused on evaluating teaching methods,
feedback delivery systems, and assessment methods and came up
with interesting suggestions for mitigating the problem of poor
performance among engineering students (Zakariya et al., 2022).

Zakariya et al. (2022) recommended that students’ learning
progress be assessed multiple times during the semester using
technologies to mitigate their poor performance in the course.
The argument was that multiple assessment tasks would expose
students’ weaknesses early enough during the semester, open
opportunities for remediation, and enhance quality feedback
delivery. Building on this suggestion, we restructured the
assessment task from a single high-stakes final examination in
the course to four tests (15% per cent each, with the opportunity
to attempt each test multiple times) coupled with a 40% hand-
in project submission on authentic problems. The course syllabus
was split into four units, followed by an examination at the
end of each unit. The end of the unit examinations took place
in the system for teaching and assessment using a computer
algebra kernel (STACK). STACK is an open-access computer-
aided assessment system developed by Sangwin (2013) at the
University of Birmingham to automate mathematics assessment
and feedback delivery. According to the official website (https://
stack-assessment.org/), STACK is widely and actively used for
mathematics assessment and feedback delivery in 25 countries in
Europe, the United States, Asia, and some parts of Africa. It is
available in many European languages, in addition to English,
Japanese, and Hebrew. By interacting with STACK, students can
solve mathematics problems of different types and get immediate
feedback at varying levels of detail. STACK is integrated with
Moodle and makes use of the Maxima computer algebra system
to evaluate mathematical expressions entered by students. What
sets STACK apart from traditional assessment tools is its ability to
automatically assess algebraic input, not just in terms of numerical
correctness, but also by checking for algebraic equivalence and
form. For instance, if a student enters an answer like (x + 1)2,
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STACK can recognize that it is mathematically equivalent to x> +
2x + 1 or even x (x + 2) + 1, thanks to the capabilities of Maxima.
This allows for great flexibility in accepting various valid forms of
an answer that accommodate the diversity in students’ problem-
solving approaches.

STACK also allows for the creation of randomized questions,
enabling students to practice with different versions of the same
concept while receiving consistent, automated feedback. Teachers
can design questions that support formative and summative
assessments, with features such as partial credit, step-by-step
feedback, and hints (Sangwin, 2013). This makes STACK not only a
tool for testing knowledge but also for enhancing learning through
guided practice. STACK has proven effective in enhancing student
understanding of mathematics concepts in higher institutions
(Sangwin, 2013; Sangwin and Kocher, 2016). Even though the
students took the examinations online, they had to show up on
campus during dedicated times for the examinations to control
cheating. This change in the assessment warrants a disciplined
investigation to evaluate its overall effectiveness with a particular
reference to students’ approaches to learning, motivation, and the
affordances and constraints of taking mathematics examinations
in STACK.

Thus, the purpose of the present study is twofold. First,
it is to investigate the influence of multiple assessment tasks
combined with multiple attempts on each test on students’
approaches to learning in the course. By approaches to learning,
we mean students’ adopted processes and strategies used while
learning mathematics content (Zakariya and Massimiliano, 2022).
Evidence shows that students’ approaches to learning can be
deep or surface, with the former characterizing learning strategies
used by students who study intending to develop a conceptual
understanding of learning materials (Biggs et al., 2001; Marton
and Siljo, 2005). The latter, on the other hand, characterizes
learning strategies used by students who study intending to pass
the course with minimal effort (Biggs et al., 2001; Marton and
Siljo, 2005). Researchers (e.g., Biggs, 2012; Zakariya, 2021) argued
that engineering students are expected to adopt deep approaches
to learning while learning mathematics since they are being
trained to solve problems that require conceptual understanding.
However, previous studies (e.g., Zakariya, 2021; Zakariya et al.,
2021) revealed that surface approaches to learning are prevalent
among them and negatively affect their performance in first-year
mathematics courses. Given the established positive relationship
between approaches to learning and assessment in a course (Biggs,
2012; Maciejewski and Merchant, 2016), we focus on the effect
of multiple assessment tasks on the constructs with the belief
that our change in assessment will influence the adoption of deep
approaches to learning mathematics among engineering students.

The second purpose of this study is to investigate students’
perceptions of digital multiple assessments in the first-year calculus
course. Through these perceptions, we leveraged their experience in
the course to examine the influence of digital multiple assessments
on their motivation to study, participation in group activities,
affordances and constraints of interacting with STACK, and their
overall satisfaction with the organization of the course. Further, it
would be interesting to examine what emerged (affordances) as a
result of students’ interaction with STACK while taking multiple
examinations. These include students’ ability to perceive and
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actualise these affordances and factors (constraints) that mitigate
against the actualization of the affordances. In specific terms, this
study aimed to address the following questions:

1. How do digital multiple assessments (combined with multiple

attempts on each test) influence engineering students
approaches to learning in a first-year calculus course?

2. What are engineering students’ perceptions of digital multiple
examinations (combined with multiple attempts on each test) in

a first-year calculus course?

We contend that by investigating ways through which digital
multiple assessments combined with multiple attempts on each test
affect students’ approaches to learning, we will be able to examine
the effectiveness of the new method of assessment in that regard.
This will offer an opportunity to ascertain whether the new method
of assessment serves the purpose of influencing the adoption of
deep approaches to learning mathematics among our engineering
students. This finding will contribute to the international
discussion on interventions that foster the adoption of deep
approaches to learning. Consequently, this finding will guide
university teachers, researchers, and education administrators
involved in the teaching and learning of foundational mathematics
courses for engineering students. Further, by examining students’
perceptions of the newly introduced assessment in the first-
year calculus course, we will be able to gather useful feedback
toward improving future assessment methods in the course. The
findings will not only be indispensable to quality assessment
in our university but also reveal insightful recommendations
for improving students’ learning experience in foundational
mathematics courses in the international context.

2 The conceptual framework

2.1 The research context

The purpose of the larger project, of which this study is a
part, was to reform a first-year compulsory mathematics course
for engineering students (Zakariya et al, 2022). The course is
taught every autumn in Norwegian and provides 7.5 credits
for students following engineering programmes in construction,
computer science, electronics, renewable energy, and mechatronics.
The course contents include basic differential and integral calculus,
applications of calculus, Taylor polynomials with error terms
and Taylor series, and complex numbers. The teaching-learning
activities in the course involve lectures (physical and live streaming,
twice a week, 1h and 30 min each, and a break of 15min) and
problem-solving sessions (twice a week, 1 h and 30 min each, and
a break of 15 min). The classroom instructions are mostly teacher-
led, with few or no clarifying questions from the students. In
previous years, the assessment tasks had been a five-hour in-class
examination for all the students, regardless of the course of study,
at the end of the semester in Norwegian. This single examination
formed the basis for students’ grades in the course. This single
assessment task in the course was changed to multiple assessments
in Autumn 2022, following recommendations by Zakariya et al.
(2022).

The test environment for the partial digital examinations is
STACK. Throughout the semester, we dedicated test periods of two
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weeks where students can take the examination as many times as
they wish during the period. Even though the examinations were
online, the students converged in a dedicated room on campus
to take the examinations under the supervision of invigilators
to avoid cheating. Every mathematics task on each examination
attempt is randomized so that the students get varied tasks from the
same topic. Upon completion of an examination attempt, students
receive immediate feedback on what tasks they have answered
correctly and which tasks they have answered incorrectly, as well
as feedback on how many points they have earned. If they are
not satisfied, they can retake the examination, but they will get a
different set of questions on the same topic. If a student retakes the
examinations several times, the best test will be scored and recorded
for the student for a maximum of 60 points. Figure 1 presents two
sample tasks in STACK for illustrative purposes.

In addition to the four digital examinations, each student
will submit their project report at the end of the semester.
This submission consists of one text document written in LaTeX
or another text editor on four self-selected mathematics tasks
from a list of tasks provided by the lecturers. The purpose of
the submission is to assess students’ competence in presenting
mathematics correctly according to the guidelines and producing
mathematical arguments logically. This change from a single
examination to multiple assessments in the course creates a prime
opportunity for the present study.

2.2 Social cognitive theory

Social cognitive theory (SCT) provides the rationale, from a
theoretical perspective, for investigating the effects of multiple
digital assessments on students’ approaches to learning and
perceptions. Within this theory, an agent is someone who performs
an act that is premeditated and intentionally carried out while
reflecting on and regulating the execution of the act. According to
Bandura (2001), “agency embodies the endowments, belief systems,
self-regulatory capabilities and distributed structures and functions
through which personal influence exercised, rather than residing
as a discrete entity in a particular place” (p. 2). This agency can be
directly enacted by an individual (personal agency), through a more
able other (proxy agency), and through cultural-historical systems
(collective agency) (Bandura, 2001). SCT postulates that agency
is the basis of human functioning. Further, human functioning
emerges from a dynamic causal relationship between three major
determinants: behavioral, environmental, and personal (Bandura,
2001, 2012). Behavioral determinants are observable actions that
individuals engage in, the environmental determinants, either
imposed or constructed, are forces that impinge on the individual,
while personal determinants include intrapersonal factors that
interplay with other determinants to produce human functioning
(Bandura, 2012).

As it relates to the present study, the behavioral determinants
of human functioning are operationalised as students’ deep
approaches to learning mathematics and surface approaches to
learning mathematics. These two approaches reflect observable
behavioral patterns that students exhibit in response to academic
tasks, aligning closely with Bandura’s (2001) notion of behavioral
determinants within the triadic reciprocal model of SCT.
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Further, the environmental determinants, in this research, are
operationalised through two distinct but interconnected factors:
the digital environment of multiple assessments and peer
interpersonal relationships. The digital environment comprises
the platforms and tools through which students engage in
multiple assessments. It is essential to highlight that, as students
have limited agency in choosing the digital tools employed by
their institutions, this digital assessment environment can be
regarded as externally imposed, an environmental determinant that
shapes student behavior without their volitional input (Bandura,
2012). Conversely, students exercise agency in forming peer
relationships during collaborative assessments. These interpersonal
dynamics are socially constructed and can significantly mediate
both motivational and cognitive outcomes, consistent with the
view of SCT that environmental factors are not purely external
but are also socially mediated (Schunk and DiBenedetto, 2020).
The personal determinants in this study are captured by
students’ perceptions of digital multiple assessments and their
motivation. Following Memmert et al. (2023), perception is
understood as a “subjective impression of our environment or
body shaped by the sensory processing of stimuli by different
sensory modalities” (p. 17). This framing suggests that while
environmental stimuli (e.g., digital platforms) prompt perception,
the interpretation and integration of these stimuli are biologically
and cognitively internal processes, thereby justifying perception as
a personal determinant. We contend that motivation influences
how students approach tasks, persist in the face of challenges, and
ultimately perform.
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Extensive research has demonstrated the critical role of
these variables in mathematics and engineering education. Deep
approaches to learning have been consistently linked to better
conceptual understanding and long-term retention in mathematics
(Cano et al, 2018; Zakariya et al, 2021). Similarly, surface
approaches to learning have been associated with poor academic
performance and low persistence in STEM fields (Biggs et al., 2022;
Valadas et al., 2016). Environmental factors, particularly the design
of digital assessment environments, have become increasingly
salient. Studies have shown that digital assessments can either
enhance or hinder student engagement, depending largely on the
interface’s usability, feedback quality, and alignment with learning
outcomes (Al-Awfi et al., 2024; Zakariya et al., 2024). Personal
determinants like perception and motivation also play pivotal
roles in this relationship, as documented in the literature. For
instance, positive perceptions of digital learning environments have
been associated with greater engagement and academic success in
mathematics (Al-Abdullatif and Gameil, 2021; Baluyos et al., 2023).
Further, motivation significantly predicts persistence and success,
especially in challenging coursework and assessment conditions
among engineering students (Bayanova et al., 2023; Wang et al,,
2024).

Focusing on these determinants is crucial because mathematics
and engineering fields are foundational to technological
innovation, yet they suffer from high attrition rates (Zakariya,
2021). Understanding how behavioral, environmental, and
personal factors interact within digital assessment environments
can inform interventions aimed at promoting deeper learning
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strategies, enhancing motivational profiles, and creating more
supportive academic contexts. Given the increasing reliance
on digital platforms in education, elucidating the dynamic
interplay of these SCT components is not only theoretically
meaningful but also practically imperative. By operationalising
SCT elements explicitly, as in deep and surface approaches as
behavioral determinants, the digital assessment environment
and peer relationships as environmental determinants, and
perception and motivation as personal determinants, this study
contributes a robust framework for understanding student
functioning in contemporary mathematics and engineering
education. Following the tenets of SCT, it is expected that these
determinants will interact dynamically to influence one another.
For instance, students’ engagement in digital multiple assessments
could reinforce either deep or surface approaches to learning,
while also shaping their perceptions of the digital environment
and influencing their motivational orientation over time. Such
interactions are central to understanding the complex, evolving
nature of learning in digital educational contexts.

3 Methods
3.1 Design of the study

We adopt a qualitative research methodology (Bryman, 2016)
following an overarching philosophy of developmental research
(Goodchild, 2008; Gravemeijer, 1994) in which an observed
practice is examined, and changes are proposed, implemented,
and evaluated to improve the practice. The evaluation of poor
performance in the first-year calculus course took place and was
reported by Zakariya et al. (2022) with suggested changes in
assessment tasks as a proxy to improve students’ performance.
Following their recommendations, the changes were implemented,
and this article, in a developmental research paradigm, reports the
students’ perceptions of the changes in the assessment tasks as an
evaluation of the intervention.

3.2 Participants

We interviewed six engineering students (three men, an average
age of 21 years) who volunteered to participate in the research.
In line with the recommendation by Braun and Clarke (2013),
this sample size is adequate to reach saturation of opinions.
These students followed a first-year calculus course, and the
interviews took place toward the end of the semester. Instead of
the usual single examination at the end of the semester, as in the
precalculus course offered by the majority of the students, they had
multiple digital tests. The students were interviewed in Norwegian
on campus at an agreed time between the interviewer and the
interviewees. The interviews lasted for an average of 20 min for
each student.

3.3 Interview guide

Following postulations of SCT and insights from the literature,
we developed an interview guide suitable for addressing the
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research questions. The interview guide contains 14 pre-
determined questions centered around students’ approaches to
learning, motivation, competence development, peer-to-peer
interaction, affordances and constraints of STACK, and students’
overall satisfaction with the changes in assessment tasks. Some
sample questions on the interview guide are: Do you think the
portfolio assessment (partial tests and a written assignment) affects
the way you study for the course? Do you think the portfolio
assessment motivates you to study as compared to if there was
only one examination in the course at the end of the semester?
If yes, how? What do you think are the disadvantages of using
STACK? Alternatively, what would you like to improve in using
STACK for your partial tests? Being a semi-structured interview for
each interviewee, there were some follow-up questions depending
on the interviewee’s responses to the pre-determined questions
(Bryman, 2016).

3.4 Procedure for data collection

The procedure for data generation for this study started with
some ethical considerations that are in line with qualitative research
methodology, coupled with the Norwegian regulations on data
privacy protection (Bryman, 2016). We sought and got approval
for the study from the Norwegian Center for Research Data (NSD).
This approval is necessary since the study involved the generation
of personal data, such as participants’ voices, through recorded
interviews. In addition to general information about the research,
the NSD required the submission of an information letter (this
contains students’ roles, expectations, and consent form for the
research) as well as the interview guide. At the point of recruiting
the participants for the study, the researchers described the purpose
of the study, students’ roles, expectations, and what would happen
to the data generated when the study was over. We made it clear to
the students that participation in the study was voluntary and that
they could withhold their participation without any consequence
for them. This was done orally at first, and then the NSD-
approved information letters containing this same information
were distributed to students for documentation. Each student was
interviewed individually. During the interviews, we made six audio
recordings of participants’ responses to questions (one file per
student) and transcribed the audio files afterwards. We clarified
to the students that the recordings will be stored anonymously in
a safe flash drive and used only for the research. To ensure the
privacy protection of the participants, we chose to anonymize the
participants’ data and gave them dummy names: Jens, Adam, Lisa,
Per, Oda, and Kari. We refer to these dummy names throughout the
presentation of results. The research was conducted under relevant
guidelines and regulations applicable to studies involving human
participants (Declaration of Helsinki).

3.5 Procedure for data analysis

We critically examine and analyze the data generated from
transcribed interviewees responses using thematic analysis as
propagated by Braun et al. (2019). This thematic analysis is
necessary as we strive to compare interviewees responses to our
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open questions and argue for cross-cutting meanings (themes)
across the responses that capture perceptions of digital multiple
assessments in the course. We acknowledge that there are several
ways to carry out thematic analysis, even if the term is often
misused and mis-conceptualized as a single qualitative analytical
approach (Braun et al, 2019). We contend that themes are “a
pattern of shared meaning, organized around a core concept or
idea, a central organizing concept” (Braun et al., 2019, p. 845).
This definition contrasts with other schools of thought (e.g., Guest
et al, 2012) that conceptualize themes as a domain summary
since it necessitates extracting underlying meanings in participants’
responses to make a coherent argument for the situation. We adopt
a reflexive approach to the analysis as we focus on contextual
meanings and use our subjectivity to integrate and extract shared
meanings during the coding process. Therefore, our coding process
is independent of any pre-determined codebook and follows back-
and-forth processes of coding, reflecting, and recoding until we
obtain coherent shared meanings across the interviewee’s responses
(themes). To ensure the validity and reliability of our findings, we
follow a stepwise process while coding the generated data. This
process involved interactive coding and re-coding between the first
three authors to a level of 90% agreement, and then we conducted
independent coding to the end of the interview data. Finally, we
arrived at four major themes that exposed underlying students’
perceptions of the influence of digital multiple assessments on
their approaches to learning, as well as their overall opinions on
the assessment method in the calculus course. It is important to
mention that the research was conducted in Norwegian, including
the analysis and report and the manuscript was written in
English. Thus, only the excerpts of the transcripts included in
the manuscript were translated into English. The translation and
back translation of the research report were conducted by the
authors to ensure original meanings were maintained. The first
author is a native English speaker with sufficient proficiency in
Norwegian. The second and third authors are Norwegians with an
advanced level of English proficiency. The fourth and fifth authors
are native English speakers who have no knowledge of Norwegian
but proofread the English manuscript.

4 Results

In this section, we present the results according to the emerging
themes. The interview excerpts that justify the themes are presented
in dialogue form to preserve the natural flow of conversation
between the interviewer and the students. In each exchange,
the interviewer’s statements serve either as prompts for student
responses or follow-up clarifications. When the interviewer appears
between two student responses, it signals a transitional prompt
rather than a direct reply to the preceding student. This structure
is intended to reflect the interactive nature of the interviews while
maintaining coherence in thematic analysis.

4.1 Theme 1: promotion of consistent
studying

The participating engineering students unanimously agreed
that the digital multiple assessments prompted them to learn
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efficiently and consistently throughout the semester. The following
conversation ensued when the interviewer asked whether the new
assessment methods affected the ways the students studied for
the course.

Jens: Ehhhh yes, I think it makes most people work more
consistently with the subject.

Interviewer: How does this affect the way you study for
the course?

Jens: I usually focus on practicing a lot before each test
instead of waiting longer to just, right, before an exam. So, I
get to practice at regular intervals and read often.

Adam: A lot, because then I would rather study gradually
throughout the year instead of maybe saving everything toward
the end. And I go deeper into the subject than I would have
done had it been only one examination is given in the course.

Interviewer: Deeper into the topic, what do you mean?

Adam: We kind of have four small tests there, so I am kind
of going deeper into the subject there because the questions
are more difficult than those who are on the exam from what I
have experienced. So at least then also as I see students around
studying harder now than we might have done if there is only
one examination.

Lisa: I work a little more like that, what can I say, efficiently
and a little better over a longer period of time. That, I work
more on the topic for that period and then I learn a lot more.
Also, I familiarize myself with the topic.

Lisa: Now, I enjoy it because it makes a lot more sense to
have a little help in having sub-tests than the whole topics.

Oda: T probably understand the topic better, such as
theorems and such. I go into that in depth.

As for motivation for study, the engineering students admitted
that the multiple digital assessments motivate them to study, which
they would not have done if the evaluation in the course was just
once. For instance, we received the following responses to the
motivation question during the interview:

Oda: Yes, I think so, as I said, you study a little more often.
You study before each exam, but I do not think I am studying
anything more, it is getting a little steadier and better planned.

Lisa: Yes, absolutely.

Interviewer: If so, how?

Lisa: It motivates me because it is much easier to focus on
what we have in a bit rather than focusing on everything at once
in the course. I feel it can be a bit of luck in a way.

Per: Yes, it does, because the focus is directed at the chapter
that is for the exam at a time. And then it’s much easier to stay
focused on it than you have to take over a much larger subject,
as in the traditional exam.

These results showed that the digital multiple assessments
motivated engineering students to study more consistently
and efficiently throughout the semester. Students like Jens
and Adam reported that the frequent assessments encouraged
regular practice and deeper engagement with the subject, rather
than cramming before a final exam. Lisa and Oda mentioned
that this method helped them grasp concepts better and focus
their efforts over time. The structured, incremental approach
fostered a deeper understanding of topics like theorems,
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and students felt more motivated to study gradually while
adopting deep approaches to learning. We argued that students
preferred these regular sub-tests, finding them beneficial for
deeper learning and a better understanding of the course
content. These findings resonate with SCT by illustrating
how students’ consistent engagement in digital multiple
assessments demonstrates personal agency. Their motivation
and evolving perceptions reflect the interaction of behavioral
(study habits), environmental (digital assessment setup), and
personal (motivation and perception) determinants (Bandura,

2012).

4.2 Theme 2: promotion of collaborative
learning

All participants in the interviews were active in group work and
many of them saw this as a positive thing to learn from each other.
They argued that the multiple digital assessments were a driving
factor in meeting and discussing exam questions and practicing
together. We received some positive responses when the students
were asked about the influence of the multiple digital assessments
on collaborative skills. For instance, Jens, Adam, Lisa, Per, and Oda:

Jens: We have gathered every now and then and gone
through some tasks on a white board that some people thought
were difficult. So, we have gone through it to understand
it better.

Adam: First of all, if you have come up with a solution, then
someone else comes up with another solution, so it is nice to get
both perspectives on how they arrive at the same answer. And
then share knowledge about how to solve this task.

Lisa: We discussed so much together; we taught each other
and then someone understood. So, we asked each other about
so many things and if I knew the topic I would teach them
then I understood it even better and remembered it much more.
Besides, if I went to them and asked for help, they were also very
willing to learn and wanted to teach me to understand more. So,
we worked a lot in groups.

Per: What I said earlier and then there will be a much
greater unity in that group. We have been very careful that we
work with the physical group meetings we have had all along.
And then it is very beneficial when we have someone who may
be a little ahead of someone else, we are all the way to adjust
the others.

Oda: Yes, if you mostly sit in a group and do it, practice for
the tests and do the latex as it is now. [ don’t want to be alone,
it’s hard to be alone.

Interviewer: How does this help you study then?

Oda: It means that you can ask people who are good at
something that you simply don’t understand. And again, you
can teach what you understand to others, which is good.

Oda shared the opinions of Per and Lisa, who argued it is
good to learn from each other. She also says that it is directly
related to the form of the exam, as the group gathers around
more often before the examination. When asked when and why

the group gathered, she answered:
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Oda: Yes, we share, for instance, if someone has not
received a full score, I can sit back and explain how I did it
and vice versa on the first test. Then, if it was a task I didn’t
understand so I had to go and ask someone who had a good
grasp over it. Then we discuss them.

Interviewer: Is this mostly after the exam? Have you often
discussed before?

Oda: Yes, we sit before and discuss, and we always have
such a test first on Monday. So then from Wednesday onwards,
we dedicated ourselves to just working on the exam papers.

Interviewer: Is it more often before the exam?

Oda: It is more often before the exam, yes, it is.

Interviewer: Afterwards, then?

Oda: Afterwards, ehhh it has been a lot of math lately. But
there is not very much afterwards if it has gone smoothly with
everyone. But if there’s someone who hasn’t managed it well,
and they sit next to us and work on math, then we help them.

The results showed that engineering students found group
work beneficial for collaborative learning, with multiple digital
assessments enhancing frequent group discussions and problem-
solving. They emphasized learning from diverse perspectives,
where individuals shared different approaches to the same problem,
enhancing mutual understanding. Peer learning, highlighted by
Jens, Adam, and Lisa, improved comprehension for both the
teacher and the learner. Per and Oda noted that the group
environment created a supportive space where students of varying
skill levels helped each other, leading to improved academic
outcomes. Group work was instrumental before exams, with
students gathering to clarify doubts and share strategies, though less
frequent afterwards unless challenges persisted.

4.3 Theme 3: reduction of test anxiety

The engineering students agreed that the multiple digital tests
in the course helped in lowering their test anxiety. For instance,
Adam pointed out when asked about his learning motivation that
it was nice to have feedback along the way and that it lowered his
test anxiety.

Adam: Yes, and then it's nice to get a little indication
throughout the year of how you’re doing. It lowered one’s
anxiety for the examinations. Its much easier with slightly
smaller tests than the one examination.

Meanwhile, Adam ascribed the opportunity to take a test
multiple times as the main reason for the reduced test anxiety when
he said:

Adam: It is nice to know I can go in on the first day and
maybe not be in the top shape I want and take it again the
next day.

Adam: Other than exam three I took a few more times
because when I went in on the first day, I was not in top
shape and then there was a security in being able to take it one

more time.
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Adam: It is simply that if you don’t feel so good one day,
it doesn’t ruin your grade as you know you can do better the
next day.

Kari: I think it does [test anxiety], but for regular exams, it
is very often that it will be intense practice right before a regular
exam, but now it will be a little more distributed so that there
is more practice in total. I would say it is not as intense and
as stressful.

These results showed that multiple digital assessments helped
reduce students’ test anxiety by offering frequent feedback, smaller,
more manageable tests, and the ability to retake exams. Adam
appreciated the flexibility to retry when not performing at his best,
which provided security and reduced pressure. Kari added that the
distributed nature of digital assessments resulted in more consistent
practice, lowering the intensity and stress often associated with
traditional, high-stakes exams. Thus, we argue that this approach
created a less stressful learning environment for students.

4.4 Theme 4: perception of STACK

The engineering students unanimously acknowledged their
positive appraisal of STACK as a tool for digital assessments
in mathematics. This appraisal includes a simple graphical user
interface and ease of use. Per, Oda and Kari all agreed with this.
For instance, when these were asked about the advantages of using
STACK in assessing mathematics they replied:

Per: It is very simple in the form of an answer. So, it is very
easy to use.

Kari: That program, yes. It is very simple, and it is easy to
understand tasks in a way. If you understand the type of tasks,
then the texts and the syntax are easy to understand.

Oda: I think it is a
mathematics knowledge.

good way to assess

Apart from the students’ positive perceptions of STACK, they
also registered some reservations about the digital tool assessment.
For instance, the students mentioned that they do not have the
opportunity to get feedback on where they have made mistakes. In
addition to this, they also encountered some syntax errors while
using STACK. However, they acknowledged these challenges are
offset by the fact that they can take the tests several times and
the final submission was used. These challenges are evident in the
following statements of the students:

Jens: It is that I often make a small sign error in the middle
of a calculation and then I get the wrong answer, even though
I have done almost everything right, I don’t get any points for
that task.

Interviewer: Do you know where you have made
the mistake?

Jens: I usually know that pretty quickly, once I get
feedback, I see it.

Adam: It is a bit that a large part of the mistakes I make on

exams come in the form of sign errors and those small annoying
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mistakes. I have the correct workings, but I have just typed the
wrong plus, minus, or things like that.

Interviewer: Alternatively, what would you like to be
improved about the stack for your subtests?

Adam: Considering that you can take it up to seven times, I
don’t think it's something I miss. The miscalculation partisina

way compensated by the fact that you can take it so many times.

These results showed that engineering students found STACK
favorable for mathematics assessments. They highlighted its user-
friendly interface and ease of use. Per, Oda, and Kari agreed
it simplified answering and task comprehension. Despite their
positive views, students noted limitations, particularly in feedback
and syntax errors. Jens and Adam shared concerns about receiving
no feedback on mistakes, especially for minor sign errors that
impacted scores, even if most of their work was correct. However,
they appreciated the flexibility of STACK. They acknowledged
that allowing multiple test attempts compensated for feedback
limitations in STACK.

5 Discussion

This study aimed to investigate how a shift to multiple digital
assessments in a first-year calculus course is related to engineering
students’ approaches to learning, motivation, collaboration, and
perceptions of the digital assessment environment. Drawing on
SCT and some insights from the literature (Bandura, 2001, 2012),
we provide rational arguments on how these assessments were
ascribed to students’ study behaviors and overall engagement
with mathematics. We generated the research data using semi-
structured interviews and analyzed them following an overarching
philosophy of qualitative research methodology through thematic
analysis (Braun et al., 2019). The results of this analysis revealed
some interesting findings. Figure 2 shows the thematic map of
these findings.

The results in Figure 2 indicated that the digital multiple
examinations helped consistent studying among students, in line
with the first research objective. Students emphasized that frequent
assessments allowed them to study incrementally, reducing the
pressure of last-minute cramming, which enhanced a stronger
grasp of complex mathematical concepts. This aligns with
Zakariya et al. (2022), who recommended a shift from a single
summative examination to multiple assessments to encourage
ongoing engagement and improved learning outcomes. This
finding matches the concept of personal agency in SCT (Bandura,
2012), which could be interpreted to mean that when students
have regular opportunities to engage with material, they are more
likely to take ownership of their learning processes. Further,
students such as Jens and Adam reported that the new assessment
model motivated them to review course material regularly, echoing
findings from Freeman et al. (2014), who argued that active and
continuous engagement in learning is critical to internalizing
complex subjects like calculus.

The results also showed that this assessment method
encouraged collaborative learning among students, as they
frequently worked together to discuss problems and clarify
doubts. This interaction resonates with the environmental and
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Gains of Multiple Digital
Assessmentsin a
Mathematics Course

Theme 4

Perceptions of
STACK

4.1 Positive user experience
(interface, usability)

4.2 Feedback limitations

Theme 1 Theme 2

Collaborative Learning

Consistent Studying

1.1 Regular practice 2.1 Peer instruction

1.2 Deeper understanding 2.2 Perspective sharing

1.3 Motivation for study 2.3 Group exam prep before test

FIGURE 2

Thematic map of gains of multiple digital assessments in a mathematics course.

(e.g., sign errors, lack of
explanations)

Theme 3

Reduction in Test Anxiety 4.3 Compensation via retakes

(offsetting tool limits)

3.1 Smaller tests reduce stress
3.2 Retakes provide security

3.3 Distributed practice reduces
cramming

social determinants in SCT, wherein the structured assessment
environment encouraged students to build mutually supportive
relationships (Bandura, 2012). Jens, Adam, and Lisa noted
that peer learning played a key role in their understanding, as
discussing different approaches to solving problems deepened their
comprehension of the material. Research (e.g., Ginga and Zakariya,
20205 Zakariya et al., 2016) suggests that collaborative learning
enhances students’ problem-solving skills, as peer discussions
expose students to multiple perspectives and improve their ability
to articulate their understanding. Further, the digital assessment
model acted as an impetus for this collaborative engagement, with
students forming study groups to support each other’s learning.
This outcome reinforces the work by Ginga and Zakariya (2020),
who identified group work as an effective pedagogical strategy,
particularly in STEM education, where challenging coursework
often benefits from collaborative problem-solving. By framing
digital assessments as an opportunity for social learning, students
exercised their agency collectively, interacting within a supportive
environment that facilitated both personal and academic growth.
Another notable outcome of this study is the reduction
of test anxiety among students, which aligns with the second
research objective of exploring the emotional effects of digital
assessments. By spreading assessments throughout the semester,
students experienced less pressure associated with high-stakes,
end-of-semester exams. Kari’s reflection on the consistent practice
afforded by multiple assessments highlights how incremental
learning reduces anxiety, a finding supported by previous studies
(Sotola and Crede, 2021; Trotter, 2006). The flexibility to retake the
assessments further contributed to the alleviation of test anxiety,
as students knew that a single poor performance would not
irreparably affect their grades. Adam’s appreciation of this retake
option echoes findings from Roediger and Butler (2011), who noted
that repeated testing opportunities can improve both learning and
emotional well-being. Thus, the students enjoyed a supportive
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environment conducive to learning and reducing the performance
pressures typically associated with summative assessments.

The results of this study showed positive students’ views of
the STACK assessment platform despite some concerns about its
feedback limitations. The students found STACK user-friendly
and appreciated its structured, accessible format, which supports
previous findings on the benefits of digital platforms for learning
(Zakariya et al., 2022). However, the students expressed a desire
for more detailed feedback, particularly in cases where minor
errors impacted scores significantly. This feedback gap aligns with
(Memmert et al., 2023), who observed that timely, specific feedback
is essential for student engagement, especially in a mathematics
context where precision is crucial. Meanwhile, the ability to retake
assessments partially compensated for the limited feedback in
STACK. By allowing students to attempt different versions of tasks,
STACK encouraged students to engage in self-reflective practices
and refine their approaches to solving problems. The findings of
this study suggest that transitioning to multiple digital assessments
may be a valuable strategy for enhancing learning outcomes in
mathematics and engineering courses. Educational institutions
may consider adopting similar models, especially in disciplines
where frequent practice is essential to mastery. However, to
maximize the benefits of digital assessments, platforms like STACK
should incorporate more detailed feedback mechanisms to address
students’ need for constructive guidance on specific errors. The
emphasis on collaborative learning and the reduction of test anxiety
further suggests that multiple assessments could be beneficial
beyond mathematics. By structuring assessments to encourage
incremental learning and peer support, educators can nurture
environments where students achieve higher grades and develop
critical skills in self-regulation and collaboration. Future research
could explore the long-term effects of such assessment models on
students’ academic and professional success, potentially extending
the findings of this study into broader educational contexts.
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6 Conclusion

This study explores the impact of implementing a reformed
assessment model in a first-year calculus course for engineering
students at a Norwegian university. The shift from a single
high-stakes exam to multiple digital assessments and a project
submission aimed to enhance students’ learning approaches,
motivation, and engagement. Grounded in SCT and literature
on motivation and assessment practices, the findings suggest that
this approach promotes continuous engagement with the learning
content and self-reflection while using surface approaches to
learning. The frequent assessments allowed students to steadily
engage with course material, moving away from cramming
for a final examination. Moreover, the structure of smaller,
incremental assessments facilitated multiple attempts and provided
continuous feedback, enabling students to identify and address
weaknesses early. This aligns with existing research emphasizing
the benefits of formative assessment in enhancing comprehension
and problem-solving skills in mathematics. A key theme in
the results is the promotion of collaborative learning, as
students frequently engaged in group work, which they found
valuable for understanding complex topics. We contend that this
collaborative learning cannot be disjointed from the introduction
of hand-in projects in the course. This peer collaboration
reflects the social learning aspect of SCT and contributes to a
supportive environment that reduces test anxiety. By allowing
retakes and immediate feedback, digital assessments reduced
the pressure associated with high-stakes exams, supporting
confidence-building. The positive response to STACK, the
digital assessment tool, further highlights its role in improving
student engagement, though students noted some issues with
syntax feedback.

Despite the valuable findings of this study, several limitations
should be acknowledged, which also open avenues for future
research. First, the study involved a relatively small sample size,
limiting the generalisability of the findings to broader populations
or different educational contexts. The sample was also drawn
from a single institution, potentially introducing institutional bias
and limiting the transferability of insights. Additionally, the study
focused exclusively on student perceptions, without triangulating
these views with objective performance data or instructors’
perspectives. This singular focus limits the depth of understanding
regarding the pedagogical and cognitive effectiveness of STACK
as an assessment tool. Moreover, while STACK is a robust
platform for assessing symbolic mathematics, it presents several
usability challenges. It requires substantial setup time and technical
expertise, particularly in Maxima, which can be a barrier for
educators without a background in computer algebra systems.
Compared to more visually intuitive tools like GeoGebra or
Desmos, STACK lacks dynamic graphical capabilities, which may
hinder engagement, especially among students who benefit from
visual learning. Its interface is less user-friendly, particularly
for students unfamiliar with formal mathematical syntax or
programming environments. Additionally, STACK is optimally
designed for topics in algebra and calculus. It may not effectively
assess broader conceptual understanding or higher-order problem-
solving skills better captured through open-ended or real-world
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contextualized tasks. Since STACK is not as interactive as game-
based tools like Kahoot or Google Forms its acceptance could
be limited among the large populace of digitally savvy students
in higher institution presently. Future research should consider
integrating quantitative performance metrics, exploring long-
term learning outcomes, and incorporating teacher experiences
regarding implementation workload and feedback utility. Including
complementary assessment tools could also enrich student learning
by providing more holistic and formative feedback mechanisms.
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