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Engineering Students’ Experiences of Assessment
in Introductory Computer Science Courses

Emma Riese

Abstract—Contribution: This study evaluates the generaliz-
ability of previously identified perceptions among engineering
students of assessments in introductory programming (CS1). The
students’ perceptions of their instructors’ and teaching assis-
tants’ (TAs) roles in these assessments are also studied, and
differences based on prior programming experience, gender, and
course explored.

Background: Basic programming skills are desirable also
for students who are not majoring in computer science (CS).
Students’ experience of assessments has not been fully explored.

Research Questions: 1) How do engineering students experience
the assessment (lab assignments, midterm exam, and project) in
their CS1 courses? 2) What are the students’ perceptions of the
TAs and instructors in relation to these assessment situations?
3) What significant differences can be found based on students’
prior experience in programming, gender, and course?

Methodology: Previously identified themes from an interview
study worked as a framework for the formulation of 25 state-
ments used in a survey among 137 students in six CS1 courses
(second part of a mixed-method study). Descriptive statistics,
Mann-Whitney U Test, and Kruskal-Wallis tests with Bonferroni
corrections, were used to analyze the data.

Findings: Laboratory assignments were experienced as an
opportunity to learn while the exams were viewed as predictable.
The projects were perceived as authentic, although varying in dif-
ficulty, and as a huge leap from the lab assignments. Students
perceived the instructors to put their touch on the course but
viewed their TAs as carrying out the assessments, and experi-
enced variations between TAs. Female students experienced these
variations to a larger extent and perceived received feedback as
less useful.

Index Terms—Assessment, first year, higher education, stu-
dents experience.

I. INTRODUCTION

NTRODUCTORY programming, the first computer science

(CS) course (CS1) that many students enroll in during their
first year in college or at university, has been the focus of
many research studies [1]. However, it has also been found
that students face lots of challenges when learning how to
program [2]. That programming is experienced as difficult to
learn is not only attributed to the content [2], but also by
social factors, such as a defensive and competitive classroom
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climate [3]. CS1 courses have been found to have a bimodal
grade distribution, which suggests that a subset of students are
struggling while another subset pass through the courses with
ease [4]. CS courses often have large enrollment as many edu-
cation programs also for non-CS majors include introductory
programming [5]. A quite common approach to ease the course
coordinators’ (main instructors’) workload is to employ teach-
ing assistants (TAs) [6]. The TAs are themselves students who,
for example, can assist with conducting tutorials and grading
assignments [6].

Although CS1 courses have been well researched, students’
experiences of assessment situations have been identified as
a gap in [1], which this study aims to fill. This study aims
to identify how non-CS majors, engineering students, experi-
ence assessment situations in their introductory CS courses and
how they perceive the course coordinators’ and TAs’ roles in
these situations. This student group is particularly interesting
to study since CS and programming are mandatory parts of
many engineering education programs and considered useful
knowledge and skills to master for students also with other
majors [5]. Although these students have not chosen to study
CS as their major and might not view themselves as future
programmers or computer scientist, they make up a large part
of the student body in CS1 courses. In the courses where
the reported data collection took place, the courses are also
tailored to fit within the students,” respectively, education pro-
grams and offered specifically for non-CS majors. This article
reports on the generalizability of the perceptions previously
identified (in [7]) and explores the differences based on prior
programming experience, gender, and course offering. The
following research questions (RQs) are addressed.

1) How do engineering students experience the assessment

(lab assignments, midterm exam, and project) in their
CS1 courses?

2) What are the students’ perceptions of the TAs and

instructors in relation to these assessment situations?

3) What significant differences can be found based on stu-

dents’ prior experience in programming, gender, and
course?
To address the RQs, an exploratory mixed-method approach
was used. The first qualitative step [7], informed the second
quantitative step, which is reported in this article.

II. BACKGROUND

In this section, the theoretical foundation for this research
is presented together with key concepts, and related work.
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A. Theoretical Perspectives

This study uses a social constructivism view of learning,
commonly used in computing education [8]. Constructivism
builds on the notion that knowledge is constructed by the
learner based on their previous knowledge and experiences.
Within social constructivism, learning is seen as a social phe-
nomenon in which knowledge is constructed within a culture
or group as a result of social interactions [8]. One of the
key concepts in social constructivism is the zone of proximal
development (ZPD). Vygotsky [9] defined ZPD as the space
between what a learner can do alone and what the learner
can do with the assistance of or in collaboration with more
expert others. Within the ZPD, a more knowledgeable per-
son can aid the learner to complete a task, too difficult to
manage independently [10]. This theory has also been applied
within CS education in previous studies where students’ ZPD
have been identified and adjusted [11], [12], [13]. Another key
concept is constructive alignment [14]. Constructive alignment
states that the intended learning outcomes should be aligned
with the learning activities and the assessments. The aim with
using constructive alignment for organizing the education is
that learners can create meaning from the learning activities
directed at fulfilling the intended learning outcomes, which is
also what is assessed [14].

B. TAs in Computer Science Education

Employing TAs has been described as a possible solution
to handle the increased enrollment within CS [15]. The TAs’
responsibilities could, for instance, include giving tutorials,
holding office hours, and grading assignments [6]. TAs are
themselves students, often close in academic age to the stu-
dents they teach, hence often described as more approachable
than instructors [16]. However, TAs have also been found
to not be properly trained for their duties, and particularly
experiencing uncertainties and challenges with the assessment
situations [17], [18]. In regards to grading, it has also been
shown that grading that TAs have carried out in a group setting
has higher reliability than grading done in a solo-setting [19].

C. Assessment Approaches

Assessment of students’ achievements is a critical fea-
ture of formal education as it forms the documentation for
degrees [20]. Furthermore, assessment plays a vital role
in identifying students’ ZPD and guiding students’ further
engagement with the learning activities [21]. Assessment is
often divided into two different categories: 1) formative and
2) summative assessment [22]. The summative assessment
aims to evaluate and grade the students’ knowledge or com-
petency at a given time. In contrast, formative assessment is
a type of assessment that aims to direct and support the stu-
dents learning by providing useful feedback. However, a single
assessment situation could have both these aims [22].

Assessment in introductory CS is a research area that has
grown during the last years [1]. Examples of such research
include approaches to assessment and design of assessment
situations [23], [24], [25], and handling of misconduct among
students [26]. To provide the students with useful feedback,

has been proposed to improve learning in introductory CS [27].
One of the approaches to incorporate peer feedback is pair
programming, a practice in which two students work together
in interchangeable roles: one as the driver, the person writing
the code on the keyboard, the other as the navigator, the person
who is planning and pointing out mistakes [28].

One of the more researched summative assessment types
in CS1 courses is exams that are conducted in computer
lab settings [29]. There have also been studies compar-
ing or combining pen-and-paper exams and computer-based
exams [23], [30]. In CS1 courses, previous studies have explic-
itly focused on the use of multiple-choice questions and
concluded that these types of questions could successfully be
used to measure students’ programming knowledge [31]. A
disadvantage with pen-and-paper exams is that it is an inau-
thentic way of programming [30]. Authenticity has also been
further explored from the student perspective [32] and shown
to align well with faculty definitions [33]. There has also been
an initiative to develop “real-world problems” assignments
suitable for CS1 curricula [34]. Portfolio grading, where stu-
dents build a portfolio that is graded at the end of the course,
has also been tried as an alternative approach [24].

Students’ experiences of assessments have been identified
as a gap in CS1 research [1]. However, a previous study used a
phenomenographic research approach to explore this without
distinguishing between different assessment types [35]. The
outcome space consisted of five categories, ordered in a hier-
archy: 1) grading is important to the teacher; 2) grading is
important to the student; 3) assessment as guidance; 4) assess-
ment as an opportunity to learn; and 5) assessment as a way
to communicate, where the top three categories are the most
desirable [35].

D. Student Success Factors in Computing Education

Students’ comfort levels, including being comfortable ask-
ing for help, have been shown to act as predicting factors for
students’ success [36]. A literature review on papers related
to anxiety in CS education concluded that students’ expe-
riences of anxiety affect their learning and stems not only
from the anxiety of learning how to program but also from
other types of anxiety, such as test anxiety [37]. Collaborative
learning (such as pair programming) has also been found
to cause anxiety for some students [38]. It has also been
found that the CS classroom can have a defensive climate,
evaluative with a superiority, rather than a more desirable sup-
porting climate [3]. A defensive climate is also viewed as
particularly harmful for female students and other minority
groups [3]. The stereotype of CS as a male subject has also
been shown to be persistent and affect the sense of belong-
ing for students [39]. Male students have also been found to
start CS1 with more prior experience in CS than their female
classmates, another predicting factor for success [40]. Female
students have also been shown to, on average, receive lower
grades in these courses [41]. Women have also been found
to be underrepresented in CS education, in many countries
and contexts, in numerous studies [42], [43], [44], [45], [46].
Common factors that lead to dropouts are lower confidence,
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previous background, and sense of belonging in CS [41],
[47], [48]. To address the fact that students enroll in CS1
with different prior experiences, some institutions have suc-
cessfully divided their students into different cohorts based
on prior experience [49]. A comprehensive review of recent
studies on teaching and related practices that affect participa-
tion in computing identified several factors to enable broad
participation and highlighted four main recommendations for
instructions [46]. These were (in summary): avoid stereotypes
in course material and teaching, emphasize and use collabora-
tive learning practices, connect to students’ lives and interests,
and enable meaningful positive interactions with TAs and
course coordinators [46].

III. METHOD

This section describes the research design, research setting,
data collection, and method for data analysis.

A. Research Design

In this study, an exploratory sequential mixed-method
research approach was used. This is a suitable approach when
the RQs addressed are aiming to both explore phenomena and
validate the generalizability of the findings [50]. The initial
step is a qualitative data collection and analysis to explore the
phenomenon. These results then act as a starting point for an
informed quantitative data collection and analysis to investi-
gate the generalizability. This article only reports on the results
from this second step. In the first qualitative step [7], 11 engi-
neering students, who had recently enrolled in different CS1
courses, where interviewed about their experiences and the
data was analyzed by a thematic analysis [51]. The themes
identified acted as a foundation for the statements used in this
second quantitative step of the study, as seen in Table I. When
developing the statements used in this quantitative step, the
researchers also made sure to use the same type of language
the students had.

B. Research Setting and Participants

Students from six different CS1 courses (C1-C6) were part
of the data collection. Each course was taken by students
who major in an engineering subject, or aim to do so but
had not yet declared a specific major within engineering. All
of the students enrolled in any of the courses were non-CS
majors. See Table II for the course specifics. None of the
courses requires any prior programming experience, and the
students are not divided into the courses based on prior expe-
rience but on their educational programs, that is which major
they have selected. Except for C4 and CS5, the courses have
different course coordinators. The course coordinator is the
course’s main instructor, the person responsible for planning
and running the course.

The six courses followed a similar course design with sim-
ilar learning objectives, typical for a CS1 course using the
programming language Python. This includes data types, basic
data structures, conditions, loops, functions, classes, and meth-
ods. In addition, C1 also had learning objectives about memory
storage and version control. All courses had a very similar
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TABLE I
THEMES IDENTIFIED IN THE QUALITATIVE STEP [7] AND MAPPING FROM
THEMES TO STATEMENTS IN THE QUANTITATIVE STEP

Regarding Themes Statements
Lab assignments As a necessary evil S2-S3
As a learning activity S1
Exam Predictable but not suitable S6-S8
Inauthentic assessment S9
Individual project A leap from the lab assignments S10
Learning by doing S11
Fair and authentic assignment and assessment ~ S12
Difference in difficulty between projects S13
Course coordinator ~ The designer of the course S14

The constructor of the exam Excluded due

to COVID-19
changes
Somewhat absent S15
TAs Variation in quality depending on the TA S17-S20
Too few TAs S25
Helping hand? S21-S23
The TA as the person setting the grade S16
Informal tutors Ask your peers and older students S4-S5
and material Search the internet for answers S24
TABLE 11
OVERVIEW OF COURSES
Short name C1 c2 c3 Cc4 Cs C6
Short description  Extra tasks, Assigned TA,  Pair Labwork  Labwork  Labwok
individual labwork progra- in pairs in pairs in pairs
labs in pairs mming,
graded F-A assigned
TA
Study period 20 20 25 20 20 30
(weeks)
Course credits
(ECTS) 5 7.5 8 6 6 6
Number of lab
assignments in 4 6 7 5 5 6
Python
Nr. of students
in the course 150 168 62 145 179 88
Nr. of students
part of study 27(11) 23(11) 16(4) 28(13) 25(7) 18(0)
- total(female)
No prior
experience 10 (6) 9 (7) 72) 14 (8) 13 (6) 6 (0)
Some prior
experience 11 (5) 8 (4) 4(0) 12 (5) 8(1) 6 (0)
Lots of prior
experience 5(0) 6 (0) 52) 2(0) 4(0) 6 (0)

structure regarding assessment situations with three assess-
ment types: first lab assignments (4—7 assignments), then a
midterm exam with multiple-choice/“fill in the gap” questions,
and finally, a larger individual project. The lab assignments
differed between the courses. An example of such an assign-
ment is to construct a program that simulates a ticking clock
by creating and using a clock class. The lab assignments were
graded on a pass/fail scale in all courses except in C1. Students
in C1 had to complete an extra task on each of the lab assign-
ments to receive a higher grade than E (lowest passing grade),
and they were also encouraged to work alone on the lab assign-
ments. In the other courses, the students were encouraged to
work in pairs, in C3, as a requirement after a pair programming
introduction.

For the fall semester of 2020, the exam questions and the
individual project descriptions were all taken from the same
pool. During the midterm exam, each student took an online
quiz, given at a predetermined time, with an individual set
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of randomly selected questions. This setup was new and tried
due to the COVID-19 restriction. The midterm exams were
graded pass/fail (typically 80% needed to pass the exam) in all
courses. For the projects, the students were allowed to choose
which project they liked to work with from a large pool of
projects. All projects consisted of different levels, correspond-
ing to different grades. An example is to simulate a “memory”
game, where the easiest level only needed to be text-
based and handle three-letter words (E lowest passing grade,
and D), while the advanced levels need to handle bad user
input (C), different long words (B), and implement a graphic
interface (A).

The TAs are not formally responsible for the grading but
carry out the assessments and inform the person who is
formally responsible (the person appointed as the examiner,
typically the same person as the course coordinator). Since
the beginning of 2020, all TAs have to enroll in a mandatory
training course (total workload of 6 h) where assessment train-
ing is part of the content [52]. In C2 and C3, the students were
assigned to a group (12-20 students), with an assigned TA, but
in the other courses, the students did not have an assigned TA.

C. Data Collection

The invitation to participate in the survey was sent out
through email to all students registered in any of the courses
C1-C6. The surveys were distributed around a month after the
last scheduled course activity. Three reminders followed the
initial mailings. The data were collected anonymously, and
the surveys were distributed in Swedish, the language of the
courses. Students were asked to answer three (optional) ques-
tions about themselves regarding prior programming experi-
ence (no prior experience/some prior experience/lots of prior
experience), gender (legal gender: female/male/chose not to
answer), and course grade (F-A), respectively. In addition,
data on which course the students had enrolled in were stored.
It was entirely voluntary for the students to participate and
answer any questions. No incentives to boost participation
were offered. The students were informed of the purpose of
the study, and informed consent for participation was collected
through a final question of the survey. Since no interven-
tions were made, nor was any sensitive data collected, no
ethical approval was necessary according to the national and
institutional guidelines on ethics where the study took place.

Altogether, the survey consisted of 25 statements (S1-S25),
see Fig. 1 for the translated version of each of the state-
ments. The statements were based on the previously identified
themes [7] as shown in Table I. For each statement, the stu-
dents were asked to rate how well they agreed with the
statement on a 7-point Likert scale, ranging from 1 = com-
pletely disagree with the statement, to 7 = completely agree
with the statement, with 4 being neutral.

D. Analysis

To address the first two RQs, descriptive statistics were
used, and a chart (using Microsoft Excel) was drawn to visu-
alize the data. To address the third RQ, nonparametric tests
were conducted where the students were divided into groups

S1. 1 have experienced the lab assignments foremost as
an activity for me to learn the course content.

n=136

$2. | have experienced the lab assignments as a necessary
evil.

. n=134

$3. | found it stressful to complete the lab assignments to

the deadline. n=136

54.1 have gotten a lot of help from my classmates when |
solved the lab assignments.

_

$5. 1 have often helped other classmates when they
solved the lab assignments.

$6. | experienced that | knew in advance what types of
questions would be on the exam.

§7. 1 experienced that | knew in advance what would be I]
assessed on the written exam.

$8. | experienced that the type of knowledge and skills
that were assessed on the written exam, is importat to
know/master when programming.

$9. | experienced the written exam as authentic, meaning
that it consisted of questions | could encounter when
developing programs.

510. 1 experienced that there was a big leap in dificulty
between the lab assignments and the project.

S11. | experienced that | learnt a lot from doing the I- ne132

project assigment.

Ss12.1 i the project assi as
meaning that it d of ions | could I
when developing programs.

$13. | experienced it to be a huge difference between
different project assignments, when it comes to the
amount of work that was required to achive the same
grade.

[}
F]

i
A
IS
M

$14. | experienced that the course coordinator has been
able to put their own touch on the course, control the I]
course structure and learning activities.

§15. | experience that the course coordinator has had too
little insight into, and shown too little interest in other
course elements than lectures, such as tutorials and
assessment of lab assignments.

§16. | experienced that assessment of the lab -
assignments and project are mainly done by the teaching |
assistants. .

$17. | experienced that there was a huge difference
between how different TAs assessed the lab assignments
during this course.

$18. | experienced that there was huge difference
between how different TAs assessed the project
assignments during this course.

;-

$19. | experienced that there was huge difference
between how much help you received from different TAs.

$20. | experienced that the structure and content of the

tutorials differed depending on which TA you were -] n=97
assigned/chose to go to.
§21. | felt that the TAs in this course treated me |:| _ =134
professionally.

§22. | experienced that | got useful feedback and
guidance by the TAs during the course.

§23. | felt it was easier to ask a TA for help, rather than
the course coordinator.

524. 1 preferred to search for answers on the internet,
rather than asking a TA for help.

$25. | experienced that it often were too few TAs during
the lab sessions, which made it difficult to get help or
present my solution on time.

1. Completely disagree with the statement

3. Somewhat disagree with the statement
5. Somewhat agree with the statement

7. Completely agree with the statement

m 2. Disagree with the statement
4.1am neutral to the statement, neither agrees nor disagree
m 6. Agree with the statement

Fig. 1. Shows the likert scale data (in percentages) for each of the statements.

based on course enrollment, self-reported prior program expe-
rience, and gender, respectively. The hypotheses tested were
that there would be no difference between the subgroups. To
compare the answers based on gender, Mann—Whitney U tests
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were conducted. A Mann—Whitney U test is a nonparametric
test that can be used to compare the distribution in two inde-
pendent groups based on ranks and is well-suited for ordinal
data [53]. The two respondents who answered “‘choose not to
answer,” were excluded. To investigate differences depending
on course and prior experience, the Kruskal-Wallis test were
used. The Kruskal-Wallis test is a nonparametric test compar-
ing the distribution in independent samples consisting of more
than two groups [53]. Where significant differences (at a 95%
confidence level) were found, pairwise comparisons (Mann—
Whitney U tests) with Bonferroni corrections were conducted
to provide insights into how the groups differed. To investi-
gate grade differences, the same type of nonparametric tests
were used, but the grade point average (GPA) was also calcu-
lated. Letter grades are typically viewed as ordinal data, but
are often treated as continuous data to calculate GPA [53]. All
statistical tests were carried out using the software SPSS.

IV. RESULTS

This section presents the results from the survey data
collection and analysis, structured around the three RQs.

A. Perceptions of Different Assessment Types

In Fig. 1, the survey results for the statements regarding the
lab assignments (S1-S5), the exam (S6-S9), and the projects
(S10-S13) are presented. In general, it was found that the
students perceived the lab assignments as a learning activity
and not as a necessary evil. Regarding stress, helping, and
receiving help from classmates, there was a large spread in
the answers and no clear trends. Regarding the exam, the stu-
dents experienced knowing in advance what type of knowledge
would be assessed, what type of questions would be asked,
and viewed the skills and knowledge assessed as important.
Many, but not all, students also viewed the exam as authen-
tic. However, the projects were experienced as authentic by
a larger percentage of the students. The students also experi-
enced to have learned a lot from their projects, but that there
was a huge difference between projects regarding the amount
of work required to achieve the same grade. Most of the stu-
dents also experienced a big leap in difficulty between the lab
assignments and the projects.

B. Perceptions of the Course Coordinators and TAs

Regarding the course coordinator (Fig. 1, S14 and S15), the
students experienced that they could put their touch on their
course and did not perceive the course coordinator as hav-
ing too little insights or interest in course activities that were
not lectures. For the TAs (Fig. 1, S16-S25), the students per-
ceived them to assess the lab assignments and projects. They
felt they had been treated professionally by the TAs, received
useful feedback and guidance, and that it was easier to ask
a TA for help than their course coordinator. However, many
of the students did state to prefer to search for answers on
the Internet rather than asking a TA for help. The students’
responses varied when it comes to differences between TAs
(assessment of lab assignments, respectively, projects, how
much help received, and content of tutorials). On a general
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level, the respondents slightly agreed that there had been vari-
ations. Students also experienced that there could be too few
TAs present, but the answers varied.

C. Differences

In Table III, the results from the statistical test regarding
differences based on course enrollment, prior programming
experience, and gender are presented. As could also be viewed
in Table II, the female students participating in this study
had less experience than the male students (Mann—Whitney U
test resulted in a p-value: < 0.001). The female students also
received significantly lower grades (Mann—Whitney U test p-
value: 0.017). With the scale Not Finished (F) = 0, E = 1,
D=2 C=3,B=4,and A = 5, the GPA for male students
was 3.60 with standard deviation (SD) = 1.842, for female stu-
dents GPA = 2.96, SD = 1.821. Significant differences were
also found between the students’ grades when grouped on prior
experience (Kruskal-Wallis test p-value: < 0.001). Pairwise
comparisons with Bonferroni corrections showed students with
no prior programming experience significantly differed from
students with some experience (adj. p-value: 0.003) and lots of
experience (adj. p-value: < 0.001). Students with some and lots
of experience did not significantly differ (adj. p-value: 0.078).
Students with no prior experience had a GPA = 2.60 and
SD = 1.892, students with some experience had a GPA = 3.80
and SD = 1.568, and students with lots of experienced had a
GPA = 4.46 and SD = 1.347.

V. DISCUSSION AND CONCLUSIONS

This section analyzes the results using the theoretical per-
spectives and the three RQs. Following that, is a discussion of
limitations and threats to validity, and concluding the section
is a discussion on implications for practice.

A. Findings in Relation to Theoretical Perspectives

To form meaning in the CS1 courses studied, this arti-
cle applies the social constructivist approach to learning.
As a result, learning is viewed as an active process where
humans construct meaning in response to ongoing interactions
with their surroundings. Teachers and TAs are responsible
for designing and organizing learning and assessment activ-
ities, facilitating students’ learning, and providing instructions
within the students’ ZPDs [9], [10], [14].

The findings of this study indicate that students utilize social
constructivism, as affirmative answers to the asked statements
predominate. Students experienced the assessment activities as
formative learning activities for exploring the material further
(see S1, S2, S9, and S11). They also emphasize the social
dimension as they collaborate to progress (see for instance S4
and S5). Especially interesting are the differences in answers
based on students’ experience and gender. This relates to TAs
and instructors’ capacity to design learning and assessment
activities and facilitate students’ learning for all students. As
outlined in the findings, there is a large variation based in prior
programming experience, and male and female students’, on
several of the study aspects. To meet students’ needs, instruc-
tors and TAs must develop strategies for identifying students’
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TABLE III
RESULTS FROM THE KRUSKAL-WALLIS TESTS COMPARING SUBGROUPS BASED ON COURSE ENROLLMENT, RESPECTIVELY, SELF-REPORTED PRIOR
PROGRAMMING EXPERIENCE, AND THE MANN-WHITNEY U TEST COMPARING SUBGROUPS BASED ON GENDER

Statement p-value p-value prior p-value post-hoc test results, explanations
course (C)  experience (P) gender (G)

S1. Learning activity 0.618 0.392 0.186 -

S2. Necessary evil 0.034 0.399 0.547 C: No significant difference on pairwise level. Students in courses C1,C2,C3,
and CS5 stronger disagreed.

" S3. Stressful 0.057 <0.001 <0.001 P: Students with a lot of prior experience to a larger extent disagreed, sig.

= differed from students with no (adj. p-value: <0.001) and some prior

qé experience (adj. p-value:<0.001). G: Female students agreed to a larger extent.

g  S4. Help from 0.435 <0.001 0.013 P: Students with lots of experience disagreed, and differed from students

‘z classmates with some experience, who were more neutral (adj. p-value: 0.06). Students

: with no prior experience agreed and differed from students with a lot of

.S experience (adj. p-value: <0.001) and from students with some experience
(adj. p-value: 0.037). G: Female students agreed to a larger extent.

S5. Helped classmates 0.097 <0.001 0.228 P: Students with a lot of prior experience sig. differed from students with
no (adj. p-value: <0.001) and some prior experience (adj. p-value: <0.001).
Students with lots of prior experience to a larger extent agreed.

S6. Predictable question 0.031 0.337 0.522 C: No significant difference on pairwise level. Students in C1, C3, and C5

types stronger agreed.

S7. Predictable 0.092 0.428 0.474 -

E assessment
& S8. Important skills 0.008 0.661 0.436 C: Students from course C3 sig. differed from students in C4 (adj. p-value:
= and knowledge 0.019), and C6 (adj. p-value: 0.019). C3 students stronger agreed.

S9. Authentic <0.001 0.973 0.361 C: CI differed from C3 (adj. p-value: 0.015) and C5 (adj. p-value: 0.045).
C4 differed from C3 (adj. p-value: 0.003) and C5 (adj. p-value: 0.008).

C3 and CS5 students stronger agreed.

S10. Big leap 0.018 0.047 <0.001 C: ClI differed from CS5 (adj. p-value: 0.041). C1 students disagreed to a larger
extent. P: Not significant on pairwise comparisons. Students with no prior
experience stronger agreed. G: Female students agreed to a larger extent.

v Sl Learnt a lot 0.002 0.007 0.350 C: C2 differed from C4 (adj. p-value: 0.002), and C6 students (adj. p-value:

.“é 0.015). C2 stronger agreed. P: Students with some prior experience sig. differed
g from students with a lot experience (adj. p-value: <0.006). Students with some
= prior experience to a larger extent agreed.

2 SI2. Authentic 0.003 0.042 0.969 C: ClI differed from C4 (adj. p-value: 0.005). C1 students stronger agreed.

= P: Students with no prior experience sig. differed from students with a lot of
= experience (adj. p-value: <0.046). Students with a lot of prior experience to a
= larger extent agreed.

S13. Difference between <0.001 0.651 0.718 C: CI differed from C4 adj. p-value: 0.016) and C5 (adj. p-value: 0.005).

projects (CI students stronger agreed. C3 also differed from C5 (adj. p-value: 0.028).
E’ S14. Put their touch <0.001 0.584 0.971 C: C3 differed from C2 (adj. p-value: 0.014), C4 (adj. p-value: <0.001), and
8 C5 (adj. p-value: 0.036). Cl1 also differed from C4 (adj. p-value: 0.005).
o C1 and C3 students stronger agreed.
g S15. Too little insight <0.001 0.275 0.752 C: C3 differed from C2 (adj. p-value: 0.008), C4 (adj. p-value: 0.004),
H C5 (adj. p-value: <0.001), and C6 (adj. p-value: 0.001). C1 also differed from
o C5 (adj. p-value: 0.020). C1 and C3 students stronger disagreed.
S16. Mainly do assessments 0.023 0.266 0.289 C: C2 differed from C3 (adj. p-value: 0.014). C2 students stronger agreed.
S17. Variation for lab 0.138 0.475 0.283 -
assignments
S18. Variation for projects 0.456 0.475 0.369 -
‘E S19. Variation for help 0.008 0.158 0.004 C: C3 differed from C1 (adj. p-value: 0.032), and C4 (adj. p-value: 0.004).
g C3 disagreed while C1 and C4 agreed. G: Female students agreed to a larger
2 extent.
£ $20. Variation tutorials 0.055 0.540 0.009 G: Female students agreed to a larger extent.
- S21. Professional 0.224 0.080 0.382 -
= S22. Useful feedback 0.010 0.491 0.027 C: C3 differed from C4 (adj. p-value: 0.005) and C5 (adj. p-value: 0.024).
5 C3 stronger agreed. G: Male students agreed to a larger extent.
& S23. Preferred asking 0.005 0.560 0.887 C: C3 differed from C2 (adj. p-value: 0.019), and C6 (adj. p-value: 0.017).
over course C3 were neutral, while C2 and C6 strongly agreed.
coordinator

S24. Preferred internet 0.003 0.425 0.562 C: C3 differed from C1 (adj. p-value: 0.003), and C4 (adj. p-value: 0.014).
C3 were more neutral while C1 and C4 strongly agreed.

S25. Too few <0.001 0.204 0.048 C: Cl differed from C2 (adj. p-value: <0.001), C3 (adj. p-value: <0.001), C4.

(adj. p-value: <0.001), and C5 (adj. p-value: 0.009). C1 strongly agreed.
G: Female students agreed to a larger extent.

ZPD and adjusting feedback, support, and instructions accord-
ingly. Previous studies have reported that the students’ ZPD
can be identified and adjusted within CS courses with promis-
ing results [11], [12], [13]. However, more research is needed
to provide comprehensive guidelines for how that can be
done by TAs within the CS1 context. Strategies for this are
beyond the scope of this study, but could be a future research
direction.

B. Students’ Perceptions of the Assessment Situations

The results showed that the students perceived the lab
assignments foremost as a learning activity, having a formative
purpose [22]. It implies that the students experienced a value
with the assessment that goes beyond the grade, previously
described as more desirable [35]. It is a positive finding that the
theme “lab assignment as a necessary evil” [7] did not general-
ize. It also indicates that the students experienced constructive
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alignment [14], as the lab assignments were viewed as learn-
ing activities but are also part of the summative assessment.
Collaborations, pair programming, was encouraged during the
lab assignments in most of the courses (all except Cl). In
these assignments, the social aspect of learning, allowing the
students to construct knowledge through discussions [10], has
been adopted. The results, however, indicated that not all stu-
dents experienced being helped or helping each other, possibly
due to anxiety as previously found [38]. Some students also
experienced stress meeting the deadlines.

Regarding the exam, the students reported that they experi-
enced it as predicable (S6 and S7), aligned with the qualitative
findings [7]. Knowing what to expect on the exam could lower
test anxiety [37]. It was a positive surprise that most of the stu-
dents viewed the skills and knowledge assessed by the exam
as important, contradicting the findings in the qualitative step.
That the exam was experienced as authentic, is surprising since
multiple-choice or “fill in the gap” questions are not typically
attributed to being authentic. Previously studies have, however,
found that students have a rather accurate idea of what authen-
tic means [32]. In the qualitative step, some of the classes used
a pen-and-paper exam, and the change of format could also
be an explanation for these results since pen-and-paper exams
have been experienced as inauthentic [30].

The project was experienced as authentic by most of the
students, confirming the qualitative result [7]. These projects
are also more similar to real-world problems [34]. The students
experienced that they learned a lot from their projects, but also
huge differences between the projects regarding how much
time was necessary to spend to achieve the same grade, and
a big leap in difficulty between the lab assignments and the
project. For the students, going from collaborative work with
lab assignments to solo programming in a larger project is not
trivial. For the students to be successful within their projects,
it has to be within their ZPD [9], and they might need help
with choosing their projects.

C. Students’ Perceptions of the Course Coordinator and TAs

The students experienced that the course coordinator could
put their touch on their course, and did not perceive the course
coordinator as having too little insights or interest in course
activities that were not lectures. These results contradict the
findings in the qualitative step [7]. The online format, where
it is easier for the course coordinator to move between virtual
rooms, could explain this. However, the students perceived
their TAs to assess the lab assignments and projects. Not a
surprising finding, but even if this task is outsourced to the
TAs, the formal assessment responsibility is not the TAs. These
results confirm previous claims that the student perceived the
TAs to be more approachable than their professors [16]. It also
indicates that students were rather comfortable in class with
their TAs, which has shown to be a predictor for success [36].
However, a large portion of the students also preferred to
search for answers on the Internet rather than asking a TA for
help. This might be due to TA availability (S25) or personal
preference, but it could also reflect anxiety to ask questions
and uncomfortableness [37], [40]. From an instructor’s point of
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view, you can control what kind of help is provided in class but
not what kind of help the students receive on Internet forums.

The students’ answers varied regarding differences between
TAs, but many had experienced variations. This is alarming
since it indicates that not all students experienced getting the
same opportunity to learn and receive feedback and that there
could be reliability problems with the assessments. Since vari-
ation between TAs and uncertainties with the assessments has
also been found to be experienced as problematic by TAs [17],
[18], it should be addressed as such. Students had also expe-
rienced that there could be too few TAs present, and if the
assignments are within the students’ ZPD [9], they could be
too difficult to solve without this help.

D. Differences

While significant differences were found based on students’
self-reported previous experience in programming, most of
these findings were somewhat expected. The assessments were
easier for students with prior experience, and students with no
prior experience stated to have gotten more help from their
classmates and perceived it as a big leap to move from the
lab assignments to the project. These results could make us
question if the courses are designed for true beginners, since
this group of students seems to have struggled. Although it has
been shown in previous research that a subgroup of students
tend to struggle and have weak performance in CS1 cours-
ers [4]. The grade distribution showed that students with no
prior experience did significantly poorer than those with some
or lots of prior experience. Naturally, completing a project will
be easier for already skilled programmers, however, students
with such skills would also be more likely to know which
projects are easier and could choose a project strategically.
Regardless of prior experience, all students stated that there
were differences between projects. Since the learning objec-
tives are the same for all students, it could be argued that all
projects should be of similar difficulty for the different grades.

When it comes to gender difference, some results are quite
alarming. Female students seem to have a worse experi-
ence than their male classmates regarding perceived variations
between TAs in tutorials and the amount of help received.
Female students also stated there were too few TAs and per-
ceived their feedback as less useful. As shown in a number
of previous studies [42], [43], [44], [45], the female students
part of this study seems to be in a minority in most of the
studied courses, although the gender distribution in the col-
lected responses from C1, C2, and C4 are rather even. This
could, however, also be skewed samples since the gender dis-
tribution was not collected on the total number of students,
only on those that filled out the survey. These differences
can not be explained only by differences in prior program-
ming experience (as the other significant differences found,
including grade differences). It is reassuring that there was
no difference based on gender regarding experienced varia-
tion in the summative assessments (S17 and S18). Since CS
has been perceived as a male subject [39], the differences iden-
tified in the formative assessments could potentially be due to
bias and stereotypes. It should, however, be highlighted that



RIESE AND STENBOM: ENGINEERING STUDENTS’ EXPERIENCES OF ASSESSMENT IN INTRODUCTORY CS COURSES 357

almost all students experienced their TAs to have treated them
professionally, important since most of the feedback is given
through TA-student dialogues.

These findings align with previous research [46], where
avoiding stereotypes, emphasizing collaborative learning, mak-
ing connections with students’ lives and interests, and having
meaningful positive interactions with TAs and course coor-
dinators were identified as factors to enable broad partic-
ipation. It is possible to explain why the female students
reported experiencing more stress in labs (S3), receiving more
assistance from classmates (S4), and experiencing a wider
variation in tutoring quality (S19, S20, S22, and S25) by
these learning design recommendations, along with lower
confidence, previous background, and a sense of belong-
ing [41], [47], [48]. For further inquiry into this topic, more
studies specifically designed to investigate gender differences
in assessment situations are needed.

The sample size from the six courses is relatively small,
which should be considered when reviewing differences
between them. Students in the C3-course (assigned TA, pair
programming) was overall more positive to the exam (S8 and
S9). As the exam questions were taken from the same pool
of questions for all courses, it is likely that this difference
reflects overall satisfaction with the course or preparation for
the exam. C1 (extra tasks, individual labs graded F-A) stu-
dents stand out regarding the project, which they seemed to be
more prepared for (S10) and to a larger extent experienced as
authentic (S12). Possibly since C1 students were encouraged
to work alone with the lab assignments. C3 students, for which
it was mandatory to pair program, did not differ from C1, indi-
cating the implementation of pair programming has also been
successful. In regards to the experience of the course coordina-
tor, C3 and C1 stand out by more strongly agreeing that their
course coordinator was able to put their touch on the course
and showed interest in all aspects of the course. This indicates
that the course coordinators in these courses were more Vvisi-
ble to the students. Students in the C3-course had experienced
less variations between TAs regarding the formative aspects
(S19 and S22) and did not favor searching the Internet for
answers over asking the TAS for help (S24). Possibly since
C3 students were assigned TAs in set groups, making the stu-
dents more comfortable. However, this was not seen in C2, in
which the students also had assigned TAs. C3 students also
experienced their course coordinator to be as approachable as
the TAs, while C2 and C6 (labwork in pairs) students expe-
rienced the TAs to be more approachable. Students in C1, on
the other hand, strongly agreed that there were too few TAs
(S25) and preferred to search for information over asking the
TAs (S24). In previous studies, TAs have reported having too
little time or being understaffed [17], [18] but this was mainly
shown in one course (C1).

E. Limitations and Threats to Validity

A limitation, and critique of this study, is that the interview
study that informed this data collection was conducted before
the outbreak of the COVID-19 pandemic, and the survey
data collection began after the outbreak. This means that the
learning experience evaluated in the two steps is not identical,

even though the course syllabi and assessment types are the
same. Due to the pandemic, most of the education and assess-
ment were conducted online, which could not be controlled
due to these unforeseen circumstances.

The low percentage of answers to the survey is a concern
and makes the generalizability to the whole student population
questionable. It should also be noted that this study has taken
place at a single institution and could be context-dependent.
In both steps of the data collection, only non-CS majors par-
ticipated. Hence, it is questionable if these results could be
generalizable to other institutions with different organizational
setups or to courses that are given to CS majors. However, the
mixed-method approach is believed to strengthen the findings
within this context. A follow-up study with a larger sample
size, or a randomly selected one, could be used to further val-
idate these results. A comparison of the findings to CS majors,
could also be a potential future step since that was beyond the
scope of this study. For the analysis of the data, future studies
should also examine correlations between the prior program-
ming, gender, and course enrollment (or chosen major). In this
study, a limitation is that these factors were only compared one
at a time.

F. Implications for Practice

Based on the results, lab assignments where students work
in pairs, were experienced as a learning opportunity. However,
if the students move onto a larger individual, real-world
project, the students could need additional support with the
transition. Many students reported to having experienced a big
leap from the collaborative lab assignments to the larger indi-
vidual project. Even with the good intention of challenging all
students with individual projects, letting the students choose
projects of different difficulties is problematic since it can be
experienced as unfair as also seen in the results. Instructors
who choose this setup are recommended to offer students sup-
port in their choice and make sure that tasks of equal difficulty
correspond to the same grade. It is also important that the stu-
dents are supported in choosing a project that is within their
ZPD [9], to perceive it as a learning opportunity but not as an
impossible task. For individual assignments the course coor-
dinator also needs to take into consideration how the students
can receive help, guidance, and feedback from the TAs and
instructors. Since it is not a collaborative task, the availability
of TAs and instructors is vital for the students to be successful
if the projects are within their ZPD.

Although students from all six courses had the same exams,
there were course differences. This implies that an exam is not
experienced as an isolated event and depends on the courses’
learning activities and course structure. The recommendation
to course coordinators is to try and integrate the exam with the
learning activities and course objectives, in line with construc-
tive alignment [54], and motivate the importance of the skills
and knowledge that is tested. Furthermore, if it is important
that a CS1 exam is experienced as authentic, and the skills
test in such an environment, it should be computer based.

It is positive that respondents perceived their TAs to treat
them professionally, but the findings related to variation
between TAs are alarming. Furthermore, several gender and
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course differences were identified for the formative assess-
ments. To meet the students’ need, additional guidance and
training for instructors and TAs to support all students in a
diverse classroom may be needed. It could also be beneficial
to further customize the learning activities, and the forma-
tive assessment situations, to the students’ individual ZPD [9].
This could, for instance, be done by different layers of scaf-
folding for the lab assignments based on the student’s prior
knowledge and skills. Another suggestion would be to actively
work with promoting and facilitating a supportive classroom
climate [3] and have a variety of themes/topics that the pro-
gramming assignments are about to promote diversity and
inclusion in the classrooms. Since collaborations between TAs
have previously shown to have promising results [19], adopt-
ing an assessment approach where the TAs work together is
recommended to further address differences between TAs. The
TA training should also address the use of grading rubrics and
offer the TAs guidelines on how they can provide the students
with useful feedback, also on an in-course level. The gen-
eral TA training course should also include material on bias
and stereotypes and strategies for promoting supportive and
collaborative classroom climates where all students feel wel-
come and included. In addition, the TAs could be educated
to be able to make connect the course material to the stu-
dents’ interest [46]. Of course, this also applies to the course
coordinator, who also needs to make sure the course material
avoids stereotypes and is recommended to adopt collaborative
learning approaches. In light of the finding that many students
prefer to search for answers on the Internet, it is also recom-
mended to clarify how sources outside the course are allowed
to be used by the students.
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