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Abstract—In a world in high demand of engineering profes-
sionals, higher education should be effective and quality con-
scious. A better understanding of what type of activities that are
best suited for improving students’ learning could enable further
improvements. In this paper, the effect of mandatory assignments
on students’ learning outcome in introductory programming
courses is explored through a quasi-experimental research study.
One group of students were exempted from the mandatory
weekly assignments and followed up via biweekly sessions. A
control group was recruited to follow an assignment regime
in parallel. Through pre- and posttests the learning outcome
of the two assignment structures was statistically evaluated.
The results indicated that the group of students exempt from
mandatory assignments achieved the same learning outcome as
the control group. Similarly, no difference was found between
the two groups on exam performance. Students have individual
learning behaviors and learn to program in different ways,
and the instructional design should facilitate individual learning
trajectories.

Index Terms—assessment, performance, mandatory assign-
ments, computing education

I. INTRODUCTION

Increasing student numbers provides challenges for teachers
and educators at higher education institutions across the world
as the search for scalable and effective teaching designs
continues. In the Norwegian engineering education, mandatory
assignments are a common way to ensure student engagement
in a course between lectures [1]. Most often, these assignments
are done on a weekly or biweekly basis and are not counted
towards the final grade. Instead, such assignments are assessed
on a pass/fail basis, where students are required to pass a
fixed amount of assignments in order to qualify for the exam.
Having assignments besides the exam is for the assignments
to address other learning outcomes of the course than those of
the exam. The exam could be too short to test all that should
be learned in the course, and such the assignments are needed
as a supplement in certifying that the students have learned all
that they are supposed to. For example, this could be practical
knowledge like a chemistry lab, which is unfeasible to test
during an exam. Math assignments in a math course are more
straight forward learning to prepare students for the exam.

Programming courses fall in between these two examples, with
assignments often mainly focusing on preparing students, but
may test larger collaboration projects and coding challenges
for which the exam does not have enough time. In this
paper, we will explore a different approach to this traditional
instructional technique: removing mandatory assignments.

During the spring semester 2019, a research study was
done exploring the effects of mandatory assignments in an
introductory programming course. Extensive resources go into
grading these mandatory assignments, resources that could be
spent on more effective evaluations such as formative feedback
[2]. Therefore, the focus of the study was to measure and
compare how learning outcome and student performance was
affected by having or not having mandatory assignments in
an introductory programming course. The research questions
were as follows:

• What is the effect of mandatory assignments on students
learning outcome?

• What is the effect of mandatory assignments on students
performance?

The difference here between learning outcome and per-
formance is based on the measurements. Learning outcome
is measured with pre- and posttest, whereas performance is
measured with exam grades. Of course, exam performance
also measures learning outcome, but we have found that
differentiating the learning dimension in this way provides a
more nuanced insight.

A. Assessment

In order to explore assignments, we need to discuss as-
sessment, and an important distinction is made between for-
mative and summative assessment [3]. This contrast was first
described by Scriben in 1967 [4]. He explained summative
evaluation as assessment used to judge the value of an ed-
ucational program, what had the student learned. Formative
assessment targeted improvement for the student, and how
they could improve learning. Bloom extended this definition
of the purpose of formative evaluation to ”Provide feedback
and correctives at each stage in the teaching-learning process”
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[5]. Multiple studies have found that a formative approach
outperforms summative assessment [2], [6], [7]. An important
finding is that when the number of formative evaluations
increases, students will learn more [2], [7], also for the most
low-performing students [8].

B. Introductory programming

In an evaluation of different teaching approaches to intro-
ductory programming from 2015, Koulouri et al. studied three
distinctive factors of how to improve introductory program-
ming [3]. The choice of programming language and teaching
problem solving before programming were found to yield
significant improvements in student performance; however,
it had variable effects on the acquisition of basic concepts
in programming. The last factor was how to use feedback
effectively and formatively. Here, they found that formative
feedback was not useful unless students actively sought out
and responded to feedback. In order to be effective, feedback
should be timed and targeted to specific features that one wants
students to improve [9]. As computer programs are files that
can be run by a computer, there has been significant research
into how to automatically grade and correct programming
assignments, reducing the strain on teaching resources. These
have plenty of issues that need to be looked at, especially for
a system that grades the student based on these assignments
[10].

Numerous other studies have also investigated what type of
activities are most useful to teach computer science. A system-
atic review by Luxton-Reilly et al. in 2018 found, among other
things, that self-paced learning had few examples of usage in
universities worldwide [11]. Self-paced learning is a form of
mastery learning where students are supposed to demonstrate
they have achieved an appropriate level of mastery of a topic
before they can move on the next, more advanced, topic in the
course. They also found that problem-based learning could
increase motivation and social interactivity. However, little
evidence that it increases the learning outcome of the students.
Problem-based learning was mainly project-based, answering
open-ended questions [12], [13]. Through the review, they
found evidence that students preferred structured assignments
[14].

II. MANDATORY ASSIGNMENTS

The reason for having mandatory assignments in a course
is often twofold. Compulsory assignments could be there to
qualify students for the exam, or it could be to ensure they
learn skills and knowledge that can not be assessed by the
exam. A Norwegian study from 2018 [15] argues why the
number of mandatory assignments in engineering education
should be reduced based on findings that the use of mandatory
assignments has increased without any quality improvement in
students learning outcome.

A. Previous work on homework

As the literature on assignments at university level is limited
[16], it is interesting to investigate the studies done on home-

work, in general, from pre-university education. Multiple stud-
ies have found a positive relationship between achievement
and homework [17]–[19] in mathematics, while others find a
non-relation, or even a negative impact on achievement, among
these a study from 2010 on 28 different schools, where neither
frequency nor homework time had any relation to performance
in class according [20]. Similar inconsistent results have been
shown in studies linking homework and science achievement.
Some found positive relations [21], however, others did not
[22]. A variety of factors may have contributed to these
inconsistent findings. For instance, the type of homework,
grading, how achievement is measured, and what kind of
homework indicators that have been used. Studies have been
convened on different data, including total time spent on
homework, the frequency of homework, the percentage that
was completed, the effort needed to complete the work, or
the grade given to the homework if being evaluated by the
teacher. In summary, the research reviewed has not indicated
that there is a clear correlation between feedback on homework
and student motivation or achievement gain [23]. It should be
noted that homework completion rate has been shown to have
an effect, but not the actual deliverance of the homework.

B. Assignments at university level

An interesting study on university-level calculus investi-
gated the relationship between compulsory, graded assign-
ments and assignments with weekly quizzes [16]. The results
revealed that there was no statistically significant grade dif-
ference between these two groups. This result builds on early
results that monitoring assignment completion, rather than just
giving them out as an aid in learning the curriculum, does not
affect students’ performance [24]. However, if students are
not given any exercises to aid in learning the syllabus, some
results put them at a disadvantage compared to students getting
mandatory assignments [25].

Similar results were found for a college degree economic
course in a study looking at feedback and grading of assign-
ments [26]. They tried out a concept called selective grading,
where only a few select assignments were graded, and it had
no effect on students’ learning outcome; they produced at the
same quality and delivered the same number of assignments.

Research on whether mandatory assignments are helpful in
programming courses are limited. A review from 2016 by
Danielsiek et al. [27] about ways to teach computer science
found no evidence that results on assignments were any
indication of how students would perform on the exam. This
was regardless of whether the assignments counted towards
the final grade, or whether it was just a stepping stone for
being allowed to take the exam.

A Norwegian analysis by Haugan and Lysebo from 2018
[15] argues why the number of mandatory assignments in
engineering education should be reduced. They concluded with
multiple important findings. Among them that the students
with less mandatory work, spent more time on each course
than before, one of the most important reasons for having
mandatory work in the first place. They also found that the
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average grade increased after the restructuring of the teaching
program. This also included, to their surprise, the result for
the students with the worst results on a preliminary test.

III. METHODOLOGY

The work presented in this paper is based on a master thesis
project from 2019 [28]. A quasi-experimental research design
was set up and implemented in order to investigate the effect of
an intervention on a research population but without random
selection [29], [30]. The intervention, in this case, was not
having mandatory assignments, and the aim was to measure
the effect on learning outcome and performance. An overview
of the experiment is shown in Fig. 1, and in the following
section, the course, participants, experiment, measurements
and analysis will be described further.

A. Course description

The experiment was set up in an undergraduate object-
oriented programming (OOP) course at a large university in
Norway. The course yields 7.5 ECTS and goes over 14 weeks
with a final four-hour exam, in the end, accounting for the
whole grade. The programming language used is Java, and the
course covers topics such as classes and objects, encapsulation,
object structures, exception handling and inheritance. Students
generally take this course in their second semester and are
required to have completed an introduction to information
technology course, which includes programming in Python.
The course is mandatory for all the various computer science
engineering programs and serves as an elective course for all
engineering programs.

During the semester, there are four hours of topic lec-
tures and two hours of exercise lectures a week, as well as
mandatory assignments evenly spaced throughout the semester.
There are ten assignments in total. They do not count towards
the final grade; however, each assignment is graded on a
point basis between 50-100, and to qualify for the exam, the
student has to reach 750 points. The assignments are based
on the curriculum for the current week and the week before.
Automatic tests are integrated with the assignments so that
both students and teaching assistants (TAs) can easily check
the code. To pass the tests, students have to code correctly for
all edge cases, as well as name their methods according to the
task description. The assignments are delivered online but have
to be demonstrated in-person to a TA within a week after the
deadline. TAs are generally older students who have completed
the course, hired by the department to give feedback, and help
students with their assignments, as well as assign points to
each assignment. Each TA is responsible for 20 students, and
are available in open labs at least six hours every week.

This course design has been in place for seven years, with
revisions to the assignments being made regularly. The student
feedback is generally positive; however, the workload has been
criticized somewhat. On the other hand, students report that
the amount of practice and experience with programming in
the course is very useful.

B. Participants

Among over 700 students taking the course, 40 students
volunteered to be part of the experiment, either as a part of
the experimental group with no mandatory assignments or as a
part of a control group. The experimental group were exempt
from doing the mandatory assignments and were instead given
the freedom to choose what learning resources to use. These
resources could include the proposed assignments for the
course, but the students were not required to deliver them.
They were, however, required to attend biweekly meetings
with a TA where they had to describe what they had learned in
the previous weeks and explain how they reached the learning
objectives for that week. These meetings along with the pre
and posttest, served as the experimental group’s qualifying
activities for the exam.

The students participating in the experiment were from
various study programs within computer science. 47.5% were
from computer science engineering, 20% from computer sci-
ence and business, 15% from computer science, 15% from
communications, and 12.5% from engineering and ICT. The
gender distribution of the participants was 50/50 male and
female.

C. Experimental design and ethical concerns

Both the experimental group (N=22) and the control group
(N=18) were required to hand in weekly reports, as well as
take a pre and post programming test. As naturally, they have
learned much more during the semester; the second test was
more difficult and involved more object-oriented programming
principles than the first test. Both these tests were corrected
by one of the authors, using anonymized IDs that did not
indicate to which group the writer of the answers belonged. In
addition to the weekly reports and pre-/posttests, some of the
participants also volunteered to attend an informal interview
about their experience at the end of the experiment. Lastly,
the participants consented to their exam answers and results
being collected for analysis.

The reason the selection of students was not random, was
because the teaching team had concerns about implementing
such a change to the students without certainty that their
learning would not be affected negatively. Therefore, we
decided that students would have to volunteer to be part of
the experiment, which subsequently limited the number of
participants as well. The experiment was approved by the
Norwegian Centre for Research Data.

D. Measurements

In order to analyze the difference in learning outcome
and performance for students with and without mandatory
assignments, we created two hypotheses’.

• H11: There is a difference in learning outcome for stu-
dents with mandatory assignments and students without.

• H12: There is a difference in performance for students
with mandatory assignments and students without.

The learning outcome was measured through either the
change of learning or with a modified pretest. The change
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Fig. 1. Overview of experimental setup

of learning was measured as learning gain by subtracting
the posttest score from the pretest score for each student. In
order to deal with the quasi-experimental designs with non-
randomized participants and the low number of participants,
an adjusted pretest score was created in order to compensate
for the nonequivalent groups design in a Reliability Corrected
Analysis of Covariance model [31]. The reliability was cal-
culated using Cronbach’s Alpha, giving a reliability score of
0.817. This reliability was used to calculate adjusted pretest
scores for feeding into the statistical model. The performance
was measured with final exam grade, ranging from 0-5, where
0 is an F and 5 is an A.

Consequently, post test score and exam grade were the de-
pendent variables, as indicated in bold in Table I. The indepen-
dent variable group differentiated between the experimental
and the control group. Additionally, adjusted pretest score
acted as a covariate when analysing learning outcome and
grade in introductory programming (CS1) for performance.
All variables used to create these measures, as well as the
variables used in the analysis, are summarized by group in
Table I.

TABLE I
SUMMARY OF VARIABLES BY GROUP

Experimental Control
Variable µ σ µ σ
Posttest score 49.54 20.69 53.36 18.28
Exam grade 2.43 1.65 2.17 1.82
Pretest score 54.30 17.04 61.17 16.73
Adjusted pretest 54.17 13.92 61.17 13.67
Gain score -4.76 16.21 -7.81 11.62
Grade in CS1 3.74 0.96 3.83 1.04
N 22 18

E. Analysis

In order to test the difference in learning outcome and per-
formance, t-tests and ANCOVA models were run using posttest

scores and exam grades as dependent variables, respectively.
Firstly, a t-test was used to compare the mean of the

change between the posttest and the pretest to look for a
statistically significant difference in learning gain. Secondly,
an Analysis of Covariance (ANCOVA) was used to estimate
the difference between groups on the posttest and exam, after
having adjusted for initial differences in the pretest. Similarly,
t-tests were performed to compare the exam performance of
the two groups, using the grade from the previous introductory
programming course (CS1) as a covariate.

IV. RESULTS

One of the assumptions of an ANCOVA test is that the
covariate (adjusted pretest score and grade in CS1) does
not vary among the groups. The interaction between group
and adjusted pretest score was not significant, F(3,37)=12.15,
p=0.799, similarly for group and grade in CS1 (F(3,37)=1.45,
p=0.0549. Furthermore, conducting the statistical tests, the
necessary conditions for normality and homoscedasticity were
confirmed using the Shapiro-Wilk test and Levene’s test. Since
the assumptions were not violated, linear models were created
for learning outcome and performance.

A. Learning outcome

The t-test for learning outcome found that there was no
improvement or reduction in learning outcome for students
that did not have mandatory assignments. Running the t-test on
the results of the gain score, yielded no significant difference
for these groups, t(39) = 0.672, p = 0.505. The means of both
the control group and the experimental group were well inside
the 95% confidence interval of these two variables, mainly due
to a high standard deviation of the dataset. The t-test tries to
explain whether there is a substantial statistically probability
that the dataset differs because of the independent variable,
the different treatment in assignments that the groups had.
Running this test gave the result of it not being statistically
probable that the group variable could explain the difference.
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In order to verify the result of the t-test, reliability corrected
analysis of covariance model was run. This yielded, like the
t-test, no statistically significant differences for explaining
the posttest scores based on the group (p=0.773, adjusted
R2 = 0.467). Although the model as a whole is statistically
significant, the R2-value comes mainly from the adjusted
pretest score, which explains 47% of the differences in the
posttest score. The results from the statistical analysis of
learning outcome can be seen in Table II.

TABLE II
LEARNING OUTCOME MODEL

Post test score β σ t
Group -3.17 4.62 -0.69
Adjusted pretest score 0.998 0.165 6.05***
Adjusted R2 0.469
F(2,38) 18.65***

* p<0.05, ** p<0.01, *** p<0.001

Consequently, we argue that there is not enough statistical
evidence to accept the alternative hypothesis’, so we accept the
null hypothesis’ that there was no improvement or reduction
in learning outcome based on assignment regime.

B. Performance

The results of the t-test yielded no significant change in per-
formance between students who did mandatory assignments
and students who did not, t(39) = 0.494, p = 0.624. Like the
t-test, the linear model indicated no significant differences in
explaining the exam performance in OOP based on the exam
performance in CS1 and the group (Table III). Consequently,
we argue that there is not enough statistical evidence to accept
the alternative hypothesis’, so we accept the null hypothesis’
that there was no improvement or reduction in performance
based on assignment regime.

TABLE III
PERFORMANCE MODEL

Exam grade β σ t
Group -0.677 0.496 -1.36
Grade CS1 0.403 0.246 1.63
Adjusted R2 0.038
F(2,38) 1.80

* p<0.05, ** p<0.01, *** p<0.001

C. Other models

To see if there were any other factors that could have played
out on the results, several statistical tests were conducted with
new models. Among others, an analysis of whether the mean
of the groups’ posttest scores, when looking at the grade in
CS1. The result here is interesting, although a statistical t-test
showed no significant statistical results, as seen in Table IV.

New models were also run with the modified ANCOVA
model to see if any other variables better could explain the
difference in the posttest score. The grade in CS1 was encoded
into two groups of high-performing (A and B) and lower-
performing students (C and D), to see whether this variable

TABLE IV
LEARNING OUTCOME MODEL BY GROUP AND GRADE IN CS1

Group N µ σ t
Students with an A in CS1

Experimental 5 42.5 12.7
Control 6 58.9 7.63 -1.16

Students with a B in CS1
Experimental 10 45.2 6.05
Control 5 55.8 10.9 -0.926

Students with a C in CS1
Experimental 5 62.0 6.70
Control 5 51.1 6.49 1.10

Students with a D in CS1
Experimental 3 55.0 4.27
Control 2 38.6 0.750 2.931

* p<0.05, ** p<0.01, *** p<0.001

better explained the differences. This yielded approximately
the same results as before, with the adjusted pretest score
still being mainly responsible for explaining the difference,
although now with an adjusted R2-value of 0.47 (p=0.791).

Running other models on exam performance yielded similar
results. Using the adjusted pretest score as a covariate instead
of grade in CS1 increases the R2-value (0.167); however, the
model was still not significant (p=0.198).

To summarize, there was no indication that any variables,
outside of the pretest score, could explain the differences in the
posttest score or exam performance in any significant way. No
statistical models gave evidence to reject the null hypothesis.

D. Student feedback

Informal interviews were conducted with some of the stu-
dents from the experimental group to get some qualitative in-
sights into how the students experienced having no mandatory
assignments, how they felt about the exam, and how prepared
they felt that they were for further studies.

A majority of these students reported that they followed the
assignments that the rest of the class did; however, they en-
joyed not having to deliver the assignments. They reported that
the lack of mandatory assignments made it more fun to work
with the course compared to other classes. As exemplified by
this statement:

”It has been inspiring to follow a different type of
assignment scheme. I have had to work differently,
more independently, I have taken responsibility for
myself, and I have reacted positively to that. I get to
decide for myself how I want to learn and what to
learn.”

A number of the students reported that they followed web-
based courses to learn the curriculum. Most of these courses
were based on small videos explaining a subject and many
practical assignments. Many of these felt that they were unsure
whether the courses fulfilled the curriculum, and therefore
ended up doing more work by looking at the exercises as well.
Having to focus on the learning goals, and not assignments,
meaning they focused more on what they were supposed to
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learn, and not just passing tests. For example, one student
stated:

”I have completed the assignments to learn some-
thing, not just because I have to. I think I have
learned more by that, and it has been more moti-
vating and fun to work with the course. I’ve looked
more at the learning goals of this course.”

On the other hand, some felt that it was easier to neglect
the course when they had other courses with deadlines coming
up. For instance:

”There have been times where I have not worked
with OOP in a week because I have done other
things. Then I work more next week. This has caused
me to not work as evenly as I could have done if it
was mandatory.”

In addition, the students seemed very aware of their per-
sonal learning preferences. Many said something alongside,
”it works for me, but not necessarily for everyone else.” The
biweekly meetings with TAs were pointed out by many as a
good thing to enforce workflow when having to prepare for
these meetings. They all mostly agreed that the motivation was
high. However, it had gone up and down during the semester.
Especially when other courses were deadline heavy, motivation
to work with OOP was lower.

V. DISCUSSION

A. Learning outcome

The results yielded no significant change in learning out-
come between students that did mandatory assignments and
students that were given autonomy and freedom. Assignments
are an excellent way to check whether the student has learned
something, and for following alongside similar tasks as will
be given on the exam. The current study has indicated that
measuring whether a student has done the assignment is not
necessarily more helpful than merely helping them with the
assignments or projects, letting them learn however they like.

The results found in this experiment is consistent with some
of the results from the literature on the fact that monitoring
assignment completion does not increase learning outcome
[16], [24], [26]. These studies also showed no statistically
significant difference for similar experiments, with some stu-
dents having compulsory assignments, and others given more
autonomy.

The formative assessment given by the TAs is well known
for providing positive results for students that are open for
feedback. However, students that are not open for feedback
are being spent many resources on checking whether they have
done the assignments. These resources could be better spent
on more receptive students, focused on teaching the students
what they need to learn when they are open for learning it,
instead of a fixed schedule for every student that does not
provide any autonomy.

The results from the interviews summarize that the majority
of the students were happy to be free from mandatory assign-
ments and that they felt this fitted better to their learning style.

It is interesting that many chose to follow the assignments,
even when not having to do them. It is noted that those who
decided to do so did it because they wanted to be sure they
learned everything that was related to the exam and not miss
out on anything. This shows a considerable focus on the exam
and the grade that is given there, while not the most important
for a university to teach. The university wants students to
have learned the learning goals of the course, and the exam
is a summative way to measure that. Many things in a course
are not asked about on the exam, due to time or practical
constraints, and students choose not to focus their time on
such knowledge. This is also consistent with previous findings,
where students still delivered the assignment when only a
select few were graded [26].

Additionally, many noted that it was more fun to do the
assignments when they did not have to do it, and did not have
to complete everything, but rather focus on the learning goals.
This is what teachers also want to achieve with assignments,
to focus on learning goals, and that the students have learned
something, not just performed a task successfully. Their bi-
weekly conversations with TAs also achieved a more formative
feedback session, where they focused on whether something
was learned, and how the student could improve. This setting
should be further explored in further work to see how students
could benefit most from a session with an experienced student.

B. Performance

The results looking at the difference between the grades
are particularly interesting, even though there were not a
statistically significant enough difference. The assumption was
that more autonomy and more freedom would be better for
the higher-performing students, which manage to learn on
their own, and are not in a significant need for guidance.
However, the results indicate the exact opposite, with A and
B students in the experimental group getting outperformed
by A and B students in the control group, and the opposite
for C and D students. Contrary to popular belief, that may
indicate that students that lower-performing students may not
require as much guidance, but rather need autonomy to work
at their own pace, instead of being forced through a specific
set of assignments. It could also mean that lower-performing
students might find other and more unethical ways to complete
assignments. As they are unable to do them, when given more
autonomy, they complete the assignments without having the
pressure of a deadline. This result is also more consistent with
the findings from Haugan and Lysebos study, where the lower
performing students in the pretest did even better on the exam
[15]. It should be noted that the number of observations within
each grade is very low, and a higher number of participants
is needed to get a more meaningful result. It may also be that
stronger students attribute more of their learning to the exam
period and learn more in a shorter period of time, and therefore
have delayed more of the work until the end of the semester.

When discussing lower and higher performing students, it
should also be discussed how to allocate resources per student.
In the current assignment system, all students have to meet
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their TA to demonstrate their code and understanding. They
may meet as often as they want to get help in understanding the
assignment and complete it. With resources that could focus
less on the approval of exercises and more on teaching and
guiding students, resources could be further utilized by the
students that need them. Some mechanisms might also be in
place to get the lower performing students to use the available
resources. There will always be students that do not put in
the effort needed when not giving strict guidelines for what
and how to learn and when to deliver. The discussion should,
therefore, be on whether it is more important to provide more
autonomy to the students who want it than to force everyone
through the same mandatory arrangement.

C. Implications

The results of this experiment have indicated there is no
statistical difference in learning outcome or performance for
students with mandatory assignments, and for students without
mandatory assignments. Feedback from the students has also
indicated that students being released from deliverance of
compulsory assignments will do the assignment nevertheless.
They do so because they want to learn the subject and prepare
for the final exam. It is unsure whether they would have done
that if they knew that their classmates not necessarily had
done these assignments. It could be that when they knew
everyone else had to do these, they were afraid of falling
behind. Whether they did exercises or not, the result indicated
that the average time spent on the course per week was less
for the students not having to do assignments, even though
they achieved the same learning outcome.

Going back to why we have mandatory assignments, there
were mainly two reasons. One is forcing students to work
evenly throughout the semester, and guiding them in what part
of the curriculum they should have gained an understanding
of at any given time. Secondly, tests are used to test specific
parts of the curriculum that are unpractical due to time or
resources to test at the exam. It is hard to let go of mandatory
assignments, as still, these parts would have to be tested
somehow. When it comes to the first reason, this is just one
of many possible options to teach students the material and
to help them work. While assignments can be beneficial for
many students, there is no appropriate documentation that they
are helpful for everyone, and lots of resources are spent on
testing whether the students have done them. This also adds
extra stress for the students, who must go from deadline to
deadline to complete an assignment. Freeing students from
thinking about what to deliver to a deadline, may make them
more subject to thinking what they should learn in any given
week. Focus on what to learn instead of what to complete
shifts the focus to what is essential for both professors and
students alike, and if the admittance of mandatory assignments
as a failure can help in that regard, it should be seriously
considered.

As multiple studies pointed out [2], [6], [7], the summative
feedback of delivering homework or exercises does not give
benefits for the students, and the results of this experiment

support these statements. Assignments are a helpful tool for
preparing students for the exam, guiding them into learning
more about the curriculum of the week, and measuring their
progress, but the assessment of the exercises does not nec-
essarily benefit the students. It is interesting that a majority
of the students in the control group believed otherwise, and
that should also be taken into consideration before launching
an all-out experiment testing such an arrangement. Lastly, a
reasonable question to ask is whether one should consider
grading the assignments and including these marks in the final
grade. In this case, the Norwegian university law prohibits
using TAs for grading that counts towards the final grade,
which makes it nearly impossible to implement in a course
with 700 students and 10 assignments. On the other side,
there are course designs that could incorporate more formative
grading throughout the course and these results on mandatory
assignments can help inform these design regardless of grading
scheme.

This experiment has been conducted on students from differ-
ent study programs. All study programs have a high focus on
computer science but are built up in different ways. Different
study programs may learn and be motivated by different things,
and this is important to keep in mind when designing a class.
Students from different study programs may have a different
learning style, while the same can also be said of students
from the same study program. Designing a university course
for different learning styles means having to give up inflexible
systems for adaptable ones.

The most important implication is the need to give engi-
neering students the best tool and guidance for learning and
studying, and to educate the engineers for tomorrow. The
world needs technologists in the future with the ability to learn
and adapt, and educational institutions should take their part
when it comes to finding the best possible way of teaching
computer science.

Given that assignments, or at least mandatory assignments,
do not seem to be any help in students learning, the focus
onward should be on how students study and learn, and
what is the best way to aid in their learning process. The
students approach to learning could be helped along by various
exercises or assignments, be them mandatory or not, to guide
in this process. The choice of method could be exercises,
group projects, pair programming, or other practical tools for
teaching computer science. However, if only given compulsory
assignments, that will not leave room for self-study and for
learning styles that are not aligned towards exercises as a
learning activity.

D. Limitations

Due to the quasi-experimental nature of the experiment, the
small number of participants, and a variety of other factors,
many biases could have affected the results of this experiment.
Students may be colored by their experiences with other
courses, and their extensive use of mandatory assignments in
other classes parallel to the trial in this course. They may thus
be tired of deadline sprints and give a more positive review to
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different types of learning approaches than what they usually
would do.

Students who signed up for the control group have chosen to
not sign up for the experimental group, and have as such cho-
sen to do the assignments themselves. They would naturally be
motivated to do assignments and are typically among the most
motivated students. The same goes for the experimental group,
especially when it comes to learning outcome, that they might
be the type of students that learn best when given autonomy
and freedom, and as such, does not represent the entirety of
the student population sufficiently. The fact that many of them
chose to do assignments anyway leads to thinking that they
want assignments to learn anyway, and as such, discredits
that bias. As for the entire experiment, conducted with such
a low number of students, there are significant reasons why
the result could be as it is. The students following alongside
know full well that they work best given autonomy, and
therefore signed up for the experimental group. The control
group, while given the option of freedom, chose to follow
alongside a strict schedule. There are, of course, outliers here,
with the probability that several of the participants signing up
for the experimental group because they did not want to do
assignments, and wanted to have more free time and do less
work throughout the semester.

The experimental group also have certain threats to validity.
They have volunteered and chosen to be part of a small test
group. This could lead to them being more positively inclined
than what they otherwise would have been and felt more
pushed to work harder in the course than they would have
done if they knew they were not being measured.

As another threat to validity, much of the reduction in
gain score between the pretest and the posttest seemed to be
because people were unable to complete the test, thus giving
an extra advantage to fast typers, and students solely focusing
more on the quality of the first assignments, and then not
having enough time for the last part. This could have skewed
the results, highlighting more individual traits than the learning
outcome that could have come out of distinct groups.

VI. CONCLUSION

In summary, the experiment found that there were no sta-
tistically significant differences between learning outcome and
performance for students following a mandatory assignment
program and students that were given more autonomy to obtain
the necessary course knowledge through their own means. This
result indicates that mandatory assignments are not necessarily
helpful for learning the course in introductory programming
courses. The implication of this is that there should be a con-
sideration of whether resources going into grading assessments
are better spent otherwise. Assignments are also given out to
test curriculum that can not be tested on the exam, but the
emphasis on how much of the course is assignments, and how
much is self-study should be reconsidered. Assignments along
the semester helps to push students into effective study and
learning behavior, and give them goals to work towards that
are not too far into the future, like the exam. However, there

should be more focus on formative evaluation and self-study
throughout the semester.

Reducing the number of mandatory assignments in a course
can be one way of bringing together the best of both worlds,
avoiding students’ procrastination while at the same time
giving them time to focus on learning the curriculum through
self-study. This study does not aim to get rid of assignments all
together, as exercises are beneficial for gaining knowledge, and
knowing what you have learned and what you have missed.
However, collecting and grading the assignments may not be
as helpful as we once thought.
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