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1 Introduction

The ongoing hype revolving around large language models and Al-based chatbots
draws a lot of attention towards computer science (CS) education at universities
(MacNeil et al., 2023; Sledgianowski et al., 2017). Increasing numbers of course
offerings related to machine learning and data science targeted at CS and non-CS
students can be observed worldwide. While these courses put focus on concepts and
applications of artificial intelligence (Al), the interest in more fundamental CS

concepts is declining, especially among students not majoring in CS.

This paper investigates an elective course teaching Fundamentals of Computer
Science (FCS) that covers topics such as data structures and algorithms following
Sedgewick and Wayne (2011) to students majoring in programs related to business
administration. The course was established as one of the university’s first CS
offerings in 2018 to satisfy an increasing demand of topics related to digitization,
data science, and information systems—emerging at a university that was primarily
focused on business and law studies. The course was initially designed to follow a
traditional front-of-class teaching to accommodate 50+ students. However, the
course has been suffering from declining student numbers for several years,
resulting in approx. 10 active students each year. To adapt to these numbers and
counteract decreasing student engagement, we decided to introduce new in-class
programming exercises to make the course more interactive. We report on the

results of this teaching innovation project focusing on the research question:

How should practical programming tasks be designed to increase student
engagement in fundamental computer science lectures for non-CS students?
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We deem the course offering fundamental CS education to non-CS students to be
very relevant as with its learning objectives guiding the course design (Biggs &
Tang, 2010), it aims to provide insights into basic algorithms, data structures,
software, and the programming of computers, which build the foundations of
modern Al applications and information systems (Liebenberg et al., 2015; von
Wangenheim & da Silva, 2009; Sanders & Mueller, 2000). The course puts a strong
focus on Conceptual and Procedural knowledge as classified in Krathwohl (2002).

2 Methods

The goal of this project is to transition the FCS course from classical teaching
towards a learning-oriented setting (Cerbin, 2018; Barr & Tagg, 1995) by
introducing new ways for students to engage with CS topics. The focus is on Student
Engagement comprising the students’ interactions with materials, lecturers, and
their peers as defined by Bigatel and Williams (2015).

We follow the Scholarship of Teaching and Learning (SoTL) research design
method of educators studying their own teaching and students’ learning to improve
learning and share insights (Siegel, 2023; McKinney, 2010). This article serves as
innovation report (Ludwig et al., 2018) to communicate the findings of a teaching
innovation project conducted in a CAS (Certificate of Advanced Studies) program
on higher education and teaching in fall semesters 2022 and 2023. The Hopscotch
4-SoTL toolbox (Steiner, 2023) serves as framework. First, we informally analyze
student engagement in the FCS course as-is. Then, we propose to introduce new in-
class programming exercises to intervene and counteract the decreased student
engagement, and we analyze effect of these changes based on the lenses of critically
reflective practice (Brookfield, 2017): a) our autobiography as a lecturer, b) our
student’s eyes, and c) our colleagues’ experience.

2.1 Analyzing the As-is Situation
Due to the short project runtime of 18 months, the lecture only taking place on a
yearly basis, and the unavailability of students from previous years, we base the

analysis of the as-is situation primarily on the personal experience and observations
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of this paper’s author who held the lecture for the first time in 2022 using teaching
materials supplied by its predecessor. In this course instance, the lecturer
documented its observations made during a session and reflected retrospectively
(Reflection-on-action) on the student interactions and discussions (Schon &
DeSanctis, 1986). Additionally, we collect evidence via retrospective expert
interviews with the lecturer who held the lectures and supplied the materials before
2022, and a lecturer holding other parts of the course. We can also rely on
observations made by an expert from the university’s center of learning and teaching

as part of a shadowing session.

2.2 Introducing New In-class Exercises

We decided for the lecture in 2023 to introduce new in-class programming
exercises. With programming tasks, students can directly test their understanding of
new concepts and apply them in a practical context (Borowczak & Burrows, 2019).
As the lectures and exercises are already programming focused with code examples
provided in Python, we can assume that students are familiar with programming.

An overview of the lectures, topics, and new exercises can be found in Table 1.

Table 1. Lectures and new in-class exercise contents

Lecture | Topic New In-class Exercises

Data cleaning operations
L1 Data Structures String manipulation
Using Lists and Dictionaries

Using and extending provided classes

L2 Classes & Objects .
Implementing own classes
Complexity, Searching with Linear Search and Binary Search
L3 Search Algorithms Profiling of algorithms (#comparisons, time)

Sorting with Insertion Sort and Merge Sort
L4 Sorting Algorithms Profiling of sorting algorithms (#comparisons,
#exchanges, time)

Creating and visualizing graphs from data
L5 Graphs Computing graph metrics (node degrees,
shortest paths)
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To make the programming tasks more tangible and relevant, we used datasets from
a smart factory as a running example (Seiger et al., 2022). These types of Industry
4.0 learning factories have proven their value in research (Malburg et al., 2020) and
are highly appreciated by students for the hands-on experience. Depending on the
type of task, students were provided with a specific dataset for data processing and
analysis (cf. Table 1). The tasks and datasets are openly available in Seiger (2024).

Figure 1 shows an exemplary task related to lecture L2 on Classes & Objects.
Students are provided with a brief introduction followed by specific tasks around
the dataset. Figure 2 shows an exercise related to L4 dealing with Sorting
Algorithms. Here we can see that additional hints and expected outputs of solutions

are provided.

Exercise

We are coming back to the loT dataset produced from our smart factory. The smart factory consists of various
production machines that themselves ¢ of multiple sensors an uators. You can find a user-defined datatype
representing a temperature sensor in the file ‘temperature_sensor.p: idy this class and solve the following tasks.
Note that this datatype (class) has been generated by ChatGPT. You can find the prompt in the class.

® Python

Python

Python

Figure 1: Screenshot of an in-class exercise for L2

The lecture materials, code examples, and new in-class exercises were integrated in
Jupyter notebooks. Per 90-minutes lecture, there were two to three exercises, after
a content-related unit from the lecturer ended. Each task was planned to be 5-10

minutes of students working, followed by brief discussions of solutions with the



lecturer and peers. Students were encouraged to follow a pair programming
approach (Hanks et al., 2011).

Exercise

Let us again work with a dataset from the smart factory. ‘Factory3.txt" is a new dataset with approx. 22k entries in known format.
In this exercise we would like to sort this dataset in different ways using insertion sort.

® Python

Figure 2. Screenshot of an in-class exercise for L4

To make the exercises more engaging, we encouraged the students to freely use Al
(ChatGPT v3.5) to assist with the programming tasks. Based on the experience
collected from the students after working on the tasks, we hypothesize that Al can
be mostly helpful to support novices with simple programming tasks, e.g., by
explaining how:

e toreplace all occurrences of a character in a string in L1,
e toreverse sorta listin L1,
e thecode for a sorting or search algorithm in L3 & L4 looks like and works,

e to use the networkx library for drawing a graph in LS.

We also asked the students to prompt ChatGPT to generate entire Python classes in
L2 from a provided textual description. This worked well if the prompts are precise
and detailed enough and the prompter correctly encodes its software design
knowledge into the prompts. To challenge the chatbot, we asked it to generate a
class for a temperature sensor with additional functionalities (e.g., to create invoices

and ship items), which was done correctly by adding new methods to the class.
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However, this violates a basic software design principle know as Single
Responsibility Principle (Martin, 2017). From this and similar experiences we
conclude that Al can help boost productivity when used for simple and repetitive
coding tasks and for explaining code (Becker et al., 2023), but it may be too
powerful in the hands of inexperienced programmers.

2.3 Analyzing the Post-change Situation

To analyze the situation after changes, we rely on observations made by the lecturer.
During and after each lecture, the lecturer took notes reflecting on student
attendance, engagement, questions, and effects of the new in-class exercises (Schon
& DeSanctis, 1986). Additionally, we can consider feedback from two peer lecture
shadowing sessions by colleagues from CS for lectures L4 and LS. Furthermore, we
collected feedback from the students through a survey to be filled out by the end of
each lecture. The survey was the prequel of a quiz with content-related questions
for each lecture on the platform StudyNet used to distribute the materials. Students

were asked to rate different aspects of the lecture on a scale of 1 to 5 (cf. Figure 3).

3 Results

3.1 The As-is Situation

The lecturer adopted the materials from its predecessor for teaching the course for
the first time in 2022. The lectures correspond to L1-L5 from Table 1 (without the
New In-class Exercises). There were only content-related online quizzes consisting
of three to five multiple choice questions to be solved individually by the students
at the end of a 90-minutes lecture.

The lecturer’s experience confirms the hypothesized student disengagement:
students were mostly passive and only consuming contents. Questions were rare and
students were not engaging in discussions or interactions with the lecturer and peers.
In total, 26 students were enrolled. The interest in the course dropped and active
attendance decreased throughout the semester from approx. 13 to 7 students. The
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rather one-sided lecturing parts led to a high workload for the teacher and the few
students attending the lectures often left the impression of disinterest and fatigue.

The expert interviews with the previous lecturer and the lecturer of the course’s
second part confirmed the observations for previous instances of the course. The
lecturers made similar observations and provided similar feedback regarding
student engagement and interactions. The results from the expert lecture shadowing
session for lecture L5 were as follows: the session was perceived as being rather
monotonous with mostly the lecturer being active. Only a small number of students
were paying attention but did not show much engagement. The lecturer had to

depend on the same few students to get replies to questions.

3.2 The Post-change Situation
The lecturer revised and extended the existing materials with new in-class exercises

according to the descriptions in Section 2.2 for the course in 2023.

In total, 16 students were enrolled in 2023. Compared to the course instance in 2022,
student engagement generally increased in all dimensions (Trowler, 2010) due to
the new in-class exercises as observed by the lecturer. Attendance stayed at a
constant level of approx. 9 to 10 students for each of the five lectures. Most students
worked actively on the in-class exercises, asked questions about them, engaged in
discussions with their peers, the lecturer and the Al chatbot, and suggested solutions
to the tasks. This increased engagement and more interactive, learning-oriented

atmosphere also led to a workload decrease for the lecturer during a session.

Two colleagues from the CS faculty attended each a different session as peer
shadowers. Both highlighted the interactive atmosphere during the in-class
programming exercises as nice changes in between the lecturing parts. They
appreciated the opportunity for students to directly apply the new lecture contents
in the programming tasks to practice their understanding of the new materials with

real-world datasets.

The average answer ratings of the student survey for questions Q1-Q8 related to
each of the five lectures can be found in Figure 3. The bottom right part of Figure 3



provides a summary of the specific questions and rating scale. Note that due to the
low number of students attending the classes and filling out the surveys (the ratings
aggregate feedback from max. 7 students per lecture) the numbers should be rather
interpreted as indications than as a solid statistical basis. The students see the new
in-class exercises as valuable addition to the lectures to foster understanding and
practical relevance of the new contents. The programming tasks balance the
theoretical and practical lecture parts well and lead to an adequate degree of
interactions with peers and the lecturer. In addition, we received informal written
and oral feedback from students appreciating the in-class exercises fostering the
understanding of the contents and helping with exam preparations.
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Figure 3. Results of study: average lecture ratings of questions Q1-Q8



4 Discussion

Analyzing the as-is situation, we see clear indications that the traditional front-of-
class lecturing style does not foster student engagement (Barr & Tagg, 1995).
Especially in small courses, the focus being on the lecturer presenting the contents
may lead to a certain disengagement among the students who only play the passive
role of consumers. Analyzing the post-change situation, we see clear indications of
an improved learning atmosphere. The new interactive elements were well received
as they foster understanding and application of the lecture contents in real world
contexts using the smart factory datasets. From our observations and the user study,
we can see that student engagement has increased due to the alternation of
theoretical content and direct application in the new exercises. We can leverage the

low numbers of students to create a more interactive learning atmosphere.

With these results we can answer the research question, which we introduced in
Section 1. We find short, content-related in-class programming exercises applied
to real world use cases supported by Al to be a suitable means to increase student
engagement in fundamental computer science lectures for non-CS students. This
requires students to be familiar with basic programming and provided with tools to
solve the tasks. We find Python and Jupyter notebooks with task descriptions and,
if necessary, already some code skeletons, good choices for non-CS students at the
level of programming beginners. Al can be helpful in assisting novices with
programming tasks, e.g., to look up and explain source code, but it should be used
carefully when trying to generate larger code fragments. With these insights we can
confirm the importance of programming as one of the most relevant means to learn
and apply CS concepts (Borowczak & Burrows, 2019).

In the sense of SoTL, we reported the findings of studying our own teaching and
students’ learning with the goal of improving both in this project (Siegel, 2023;
McKinney, 2010). While we were able to draw some conclusions from comparing
the situation before and after the changes, we want to emphasize that this work is a
SoTL experience report (Ludwig et al., 2018). The small group sizes of less than 11
attending students each year and the 1-year repetition cycle prevented us from
conducting a comprehensive study. The results of this work can only be viewed as
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indications, which limits their general applicability. Nevertheless, the results of the
user study related to the post-change situation are promising as they indicate that
the new in-class exercises nicely complement and balance the theoretical lecture
contents with practical applications. We can hypothesize that the increased student
engagement leads to a better understanding of the course contents and thus to a

better student performance.

5 Conclusion & Future Work

In this work we investigated the design of programming tasks to increase student
engagement in fundamental computer science lectures for non-CS students. This
was motivated by the teaching of a course that was originally designed to be mostly
taught front-of-class with almost no interactive elements. We followed the SoTL
methodology to analyze the initial situation based on personal and external
observations, which unveiled a low degree of student engagement. The results
showed a clear need to intervene and move the students from passive content
consumers to more active participants. We found short, content-related in-class
programming exercises applied to real world use cases supported by Al to be a
suitable means towards improving the learning atmosphere and increasing student
engagement. Personal experience, external observations, and a small study with
students confirmed the results. These insights may also benefit other CS-lecturers
in similar situations who might be challenged with teaching the rather theory-heavy

contents in a more interactive and engaging way.

The newly introduced in-class exercises can be regarded as a first step towards
shifting the course from a classical teaching setting to a more modern learning
format in future iterations following Design Research (Bakker, 2018). We will
continue investigating which interactive formats and techniques could be suitable
and applied to teach computer science fundamentals to non-CS students. All in all,
a solid understanding of computer science concepts will also be beneficial for non-
CS students when evaluating and deciding about the complexity and costs of
adapting technologies related to Al and information systems.
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