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A. Problem Statement
Abstract—Teaching programming using Massive
Open Online Courses (MOOCs) is gaining popularity
due to their scalability and efficiency of knowledge
distribution. However, participating in these courses
usually means fully committing to the supplied programming environment in the browser. While this allows a consistent and controllable setup, learners do not
gain experience with actual development tools, such as
local code editors, testing frameworks, issue trackers or
continuous integration (CI) services, which is critical
for subsequent real-world projects. Furthermore, the
tests for the functionality that is to be developed are
oftentimes already available in MOOCs and simply
need to be executed, leading to less involvement with
developing appropriate tests. In order to tackle these
issues while maintaining a high degree of automation
and scalability, we developed Prof. CI, a novel approach
to conducting online exercises. Prof. CI leverages the
existing automation infrastructure that developers use
daily, i.e. CI services and Github workflows, to teach
test-driven development (TDD) practices. Participants
work on their own repositories in Github and receive
feedback and new challenges from the CI server when
they push their code. We have successfully applied
this approach in a pilot project with 30 undergraduate
students learning the Ruby on Rails web development
framework. Our evaluation shows that the exercise
effectively increased students’ motivation to write tests
for their code. We also present the results of participant
surveys, students’ experiences and teachers’ observations.

In online courses, programming tasks often happen entirely in the browser. Participants do not learn to use local
programming-related tools, such as their IDE, a version
control system (VCS), or CI, all of which are vital for
working effectively in practice. Because of the granularity
of coding tasks, they also often don’t learn to work on a
full project, e.g. where certain files, such as configurations,
are located, or how to test and build the application. When
teaching methodologies, a balance has to be found between
the structure of the exercise and individual freedom. With
too much structure, students follow tasks without reflecting their purpose, with too much freedom, they may stop
correctly using the methodology. For these reasons, when
we used online courses to prepare students for a software
project, the participants reported that the learnings were
too theoretical to be used in practice and more preparation
time was needed.
B. Research Questions
The following research questions guided our research:
• Can we lead students towards the habit of writing
tests in software projects using introductory programming exercises?
• Can these exercises be implemented in a highly automated, yet student-centered manner?
C. Approach

I. Introduction
Online courses can efficiently teach a large number
of students. Automating the evaluation and grading of
student work allows to provide quick feedback and enables
scalability. In computer science, online courses can be used
to teach programming, languages, and frameworks, such as
Ruby on Rails; or methodologies such as behavior-driven
design (BDD) and TDD [13]. Other advantages of online
courses include reporting and analytics possibilities that
help teachers to improve exercises and identify students
in need of targeted help [3].

In this paper, we present Prof. CI, a new form of
programming exercise to teach programming skills and
TDD. Students work on their local machines, and a VCS
and CI server are used to evaluate tasks and provide
feedback. However, unlike in traditional programming exercises where the entire assignment is specified up-front,
Prof. CI reveals requirements in small tasks as tickets in
an issue tracker. This happens automatically based on
the student’s progress and is designed to reinforce the
workflows of TDD.
This approach combines the benefits of both online
and conventional programming exercises. Compared to
online courses, students gain more practical experience by
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