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ABSTRACT

In software engineering and other technology related teaching educators increasingly integrate de-
facto online tools into coursework. However, the impact of using these tools is not clearly understood.
To this end, this research project will provide a visual dashboard with extensive and stakeholder-
specific visualizations to serve the diverse needs of different stakeholders, e.g., teachers, teaching
assistants, administrative personnel and students.

This paper reports the results of our initial analysis of what kind of views teachers want to take
to their courses and what kind of information teachers see as valuable visualizations on learners’
progress. We conducted 17 semi-structured interviews in two universities. The interviews were
thematically analysed, giving as results three key themes. The results give a good starting point to
create a visual course dashboard. Our study takes a step towards supporting various stakeholders
in learning environments through visual means. While the input data, metrics and visualizations are
based on the tools used in software engineering courses, we see that several results can be applied
to other contexts.



Conference Key areas: Essential elements for the online learning success.
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1 INTRODUCTION

Online teaching tools have been utilized in teaching for decades and their potential is widely recog-
nized [1]. Massive Open Online Courses (MOOC) have risen as a method to provide non-formal and
informal learning to many [2]. At the same time, the importance of software engineering education
has increased because of the constant growth in the need for software engineering professionals. In
addition, professionals in many other fields today need basic programming skills. When the COVID-
19 pandemic hit, formal teaching was also forced to take a major leap toward online teaching and
learning.

The number of courses and the number of participants per course in software engineering higher
education today are big. This leads to the teaching staff needing more tools to 1) support a growing
number of students and 2) deal with students with heterogeneous backgrounds and motivation.
Learning management systems (LMS) such as Moodle, TIM [3] and A+ LMS [4] are used to reduce
the teachers’ workload by the means of online course material and automation in grading [4, 5] and
the students’ learning is student-driven and independent of time and place. In addition, the content
is categorized so that students who specialize in Information Technology can take more difficult
exercises than students from other fields [6].

Already, LMSs combined with professional software engineering tools such as Continuous Integration
(CI)1 and version management tools give the teacher information of the outcome of the students
work, but little about the progression of work before final submissions or the students’ general feeling
and motivation towards learning. Hence, there is a need for more information and several tools -
teaching and programming - that can provide that information.

The goal of VISDOM project’s teaching use case is to provide a visual dashboard that can meet
the diverse needs of different stakeholders, e.g. teachers, teaching assistants, admin personnel and
students - mainly in the context of online and hybrid learning since there the students are assumed to
work more independently. To study educator needs to monitor learners’ course progress and learning,
we interviewed 17 programming and software engineering teachers in two universities. Our research
question (RQ): What kind of visualizations software engineering teachers would like to have? is
answered with thematic analysis of the interviews giving three key themes.

The rest of the paper is structures as follows: Section 2 gives the background of the work. Section
3 describes the planning and execution of the interviews and Section 4 gives the results of the initial
analysis. Section 5 gives the discussion of the results and Section 6 concludes the paper.

2 Software Engineering Education

The general guidelines for software engineering undergraduate [7] and graduate [8] curriculum are
published by Assosiation of Computing Machinery (ACM). These curriculum guidelines specify soft-
ware engineering education content in terms of elements of skill and knowledge the students should
learn, including the software development process. Similarly, the software engineering Body of Knowl-
edge [9] is used when building university level software engineering curricula. While these plan out
the thematic content, the teaching methods should support the students’ learning as well.

In their systematic literature review Santos et al. [10] identified four approaches to set up innova-
tive approaches in teaching programming, one being project-based teaching practices. They found
that students are better motivated when collaborative learning and continuous monitoring are used.
However, the study does not indicate any particular use of software development tools to support
learning or how information about the learning process and student progress should be shown to
teachers or students.

1a practice commonplace in software development where members in a software team integrate their work frequently.
https://www.martinfowler.com/articles/continuousIntegration.html
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A gap between industry and teaching [11] has been identified to exist, mainly because of the nature of
the software engineering profession; software industry expands to new areas faster than the academia.
This leads to problems in teaching, as student projects tend to lack realism, and courses on different
topics may be isolated and the connections between courses are not visible enough to students.
Software engineering education is also not considered to teach enough soft skills (collaboration and
teamwork). Further gaps related to the required skills in industry have been identified in [12]. A large
number of students makes it difficult for a teacher to focus on individual issues and provide needed
tutoring. To improve learning results and increase the real-world competencies of the students, more
comprehensive education setups have been created and used at universities around the world [12].
Such setups pursue to offer the students an opportunity to practice their software development skills
in environments and tasks that are as close to typical industrial contexts as possible [13].

A survey on program visualizations in education has been conducted by Sorva et al. [14]. There is a
variety of approaches and tools to visualize programming structures and the behavior of software, such
as Jeliot [15], Javavis [16] and AnyviewC [17], that are used in programming courses. Visualizations
have also been used in teaching project management. There the most common visualizations used are
Gantt charts showing the project activities such as those presented by Vanhoucke et al. [18]. Other
works have used Gantt charts alongside other visualizations. Deblaere et al. [19] have create RESCON
– an educational tool for illustrating scheduling and project management concepts, where they have
included project duration curves and resource profiles in addition to Gantt charts. Salas-Morera et
al. [20], who have created PpcProject to teach project management, also include visualizations on
resource allocations in addition to Gantt charts. Scheduling and resource allocation are also key
elements in a simulator developed by Collofello [21], where schedule pressure is visualized with a
speedometer.

Matthies et al. [22] used ScrumLint, which enables comparing teams and there progress, to check
for process violations on a software project course using Scrum. They only used the tool post-hoc as
a way to supplement their survey and tutor-based evaluations of students’ performance, but discuss
how the tool could be helpful already during the course in showing teams how they are performing.
Mäkiaho et al. [23] have developed the MMT tool for teachers to monitor progress in students’
capstone projects through a visual dashboard based on manually entered data.

To the best of our knowledge, there are no studies where visualizations would have been used in
the context of teaching software engineering processes or project management using real life data
from various tools and combining that data with informative visualizations. Furthermore, existing
studies have mainly used visualizations to illustrate one particular aspect, such as the duration of the
projects or the overall progress. In this research we aim at visualizations that are created from real
software development work of students, using multiple data sources and providing useful information
to several stakeholders.

3 RESEARCH METHODOLOGY

This work aims to identify, what kind of visualizations teachers would like to have from online and
hybrid course work. The study was conducted as a single case study [24] to gain insight on educator
needs in higher education. The method was selected as case study research [24, 25] is suitable to
study a topic tied to and not clearly separable from its practical context. This is true for higher
education learning where teachers have practical experience on the everyday learning in online and
hybrid learning.

The case study was executed by interviewing teachers from two universities. The interview questions
were iteratively designed by the authors in late May, early June 2019. The authors have extensive
experience in software engineering higher education. The goals of the research project as well as
knowledge on the state of the art of software development tools was used in designing the interview
protocol (interview protocol is online2). It’s worth to note that the protocol was designed before

2The interview protocol:
https://docs.google.com/document/d/1LtRR4GBa_12ZfMDjcv0JotYQrnRSaYM30jfHaYyJXp0/edit?usp=sharing
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the COVID-19 pandemic. The interviewees were identified from the universities based on availability,
experience and the topic of the courses taught. The courses ranged both undergraduate and graduate
level teaching.

3.1 Data Collection

Data was collected through 17 semi-structured interviews of teachers in two universities. The in-
terviews followed the interview protocol and lasted approximately one hour. Two researchers, one
conducting the interview and the other taking notes, were present in each of the interviews. Open
ended questions were used to ask further questions based on interviewee’s answers. The interviews
were recorded with consent and the tapes transcribed with professional transcription services. How-
ever, one interview is included in the analysis only based on the notes as the interviewee states not
wishing the interview to be recorded. From a total of 17 face-to-face interviews, 11 were conducted
in October 2019, whereas 5 interviews were conducted between June 2019 and March 2020. The
last interview was conducted over Zoom3 in March 2021 as a complementary interview due to the
changed needs for the global pandemic. The interviewee demographics can be found online4.

3.2 Data Analysis

Thematic analysis [26, 27] was used to analyze the collected data. Data-driven coding [28] was
utilized instead of any predefined codes to ensure the interviewee’s experiences were represented
accurately. The initial thematic analysis was developed by one researcher who went through each
interview and coded meaningful segments. A second researcher participated in discussions regarding
the codebook’s structure to achieve consensus on coding practices. The codebook’s validity was
evaluated in three rounds by having two other researchers fit a selection of citations to the correct
codes. In the first iteration the codebook and 26 citations, two randomly selected for each theme,
were assigned to evaluators. The initial codebook was restructured after the first evaluation round
based on evalutors performance and feedback. The second evaluation round was conducted with the
same logic by providing the restructured codebook with two randomly selected quotes for each theme,
overall 18 citations. The second evaluation round resulted in an interrater reliability (IRR) of 0.43,
signifying a moderate agreement [29], which was calculated using Fleiss’ Kappa [30, 31] as it allows
IRR to be calculated for three or more raters. After the second round, the coder and evaluators had a
session where coding related disagreements were discussed and resolved. A third round of evaluation
was performed with 12 citations, again two randomly selected citations per theme, once the themes
were agreed upon by the three researchers. In the third round, the coder and two evaluators discussed
their disagreements and the round resulted in an IRR of 0.66, signifying a substantial agreement.
The final themes are described in the following section.

4 RESULTS

Six themes were identified with thematic analysis (Figure 1). Each theme had two to six sub-
themes, denoting different aspects of each theme. However, several themes were not directly related
to teacher needs or visualization. Our aim is to work towards extracting a number of metrics for
visualizing student progress within software engineering teaching. Thus, we take a data-oriented
approach on our results by focusing on three main themes as they best address teacher needs from a
visualization viewpoint. The remaining three themes (social aspects and communication in teaching,
teaching resourcing, and tooling and the use of data) left out of the scope of this study relate
to teaching experiences with communication, resourcing, and the use of tools. The rest of this
section describes the selected themes and the visualization opportunities and metrics discussed by
the interviewees.

3https://zoom.us/
4The interviewee demographics:

https://docs.google.com/spreadsheets/d/1Y43zwlLPSSjzoS9S3TZByh6q0pVZWFpEDekgVTgQET8/edit?usp=

sharing

https://zoom.us/
https://docs.google.com/spreadsheets/d/1Y43zwlLPSSjzoS9S3TZByh6q0pVZWFpEDekgVTgQET8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1Y43zwlLPSSjzoS9S3TZByh6q0pVZWFpEDekgVTgQET8/edit?usp=sharing


Figure 1: The codebook resulting from the thematic analysis of software engineering teacher in-
terviews. The six boxes originating from the center represent the identified themes, whereas the
outermost items originating from themes represent individual codes.

4.1 Theme one: Student Working Process and Effort Spent

The results suggest that software engineering teachers lacked a higher-level view of student or group
progress and placed significant interest in tracking the students’ working process – what is happening
and what is not happening. Several interviewees had come up with different strategies to try to have
students work in a continuous manner. In the first stages of a course, teachers were also interested
whether work had even begun for groups or individual students. Later on, the interviewees sought
statistics and trend-related information about participation and assignment-related points collected
by students. Programming related courses often utilized the number and timing of commits in
version control system (VCS) as an easy indicator whether actual work was being done. Project-
based courses also tracked the ratio of not started, currently working on and done tasks. Several
interviewees described they would like to know how points were distributed between students, how
student’s points accumulated overall during the course, how the points were distributed per week,
and how many students were projected to pass the course at given time. Tracking presence in lectures
and exercises and the number of assignment submissions also served the interviewees in judging how
many students were actively participating in the course.

The findings show that one of the main reasons for tracking student working process and activity was
to identify the students, groups or projects having problems or whether some students had stopped
working and disappeared from the course. Several interviewees mentioned that they would like to
have a tool that allowed them to proactively contact students having problems or those otherwise
falling behind. It was also considered important to discover what were the problems students were
having. The interviewees felt that such a tool could help them focus their resources in helping those
who need it by resolving student issues before they silently dropped out of the course.

The results indicate a clear need to understand how much time students used for each task and
that the effort was reasonable. Concrete work-related metrics such as how many students completed
specific tasks overall and how much time they used for each task were often used to determine how
much effort assignments required from students. Additionally, the time spent on tasks was considered
as an indicator of how difficult the tasks were for students. However, it was noted that students tend
to report hours in a sporadic manner.

”I cannot see their working hours. Sometimes they share the Google document, but no.
We see them, they deliver it every week, when they collected all the things. Because not
every student is recording the hours every day. Before the actual presentation they try
to fill up those things. And for me as a teacher, it will be a nightmare to follow all the
working hours every day for them.”

The results further suggest that the interviewees wished to prevent freeloading in group assignments
by evaluating the distribution of work within groups. While programming courses could use commit



information from VCS, courses without programming assignments often featured peer review as a
method of ensuring fair evaluation for all students. When students were assigned to communicate
with each other, the interviewees described that they would like to see statistics about communica-
tion activity. These statistics included whether students post their answers on time, the number of
comments to peers, how fast comments were made in response and the imbalance of communication
between groups. Finally, several interviewees hoped for a way of automatically detecting plagiariza-
tion, as currently providing proof of plagiarization was difficult and often a manual process.

4.2 Theme two: Curriculum and obtaining skills to progress in it

The results suggest a need for a higher view of teaching on a degree program level. Teachers felt
that collective yearly reports did not provide early or accurate enough information to intervene before
students get into problems. Higher level visualizations would allow teachers to be able to gain
continuous information, see how students are progressing, and even contact students pre-emptively
in case of problems. One interviewee proposed an idea of visualizing degree programs as stories,
where students would understand what a software professional would do in different roles, and how
courses related to each others as a story towards being a professional developer. Another interviewee
proposed a similar solution where the whole degree program would be visualized.

”But we should get that kind of graph, that here is the, let’s say study module, take its
course, and show what needs to be in front of it, form just like this chain, that we don’t
have. But all of the information is there. This could be a great tool for students so that
they, we’d show a kind of tree, that here are your courses, and as you complete them the
color changes. Here’s how you progress. And in this spot comes the bachelor’s thesis
and like that.”

Furthermore, the results suggest that visualizing thesis work as a part of higher-level visualizations
would benefit various stakeholders such as teachers, students and university staff. A few interviewees
suggested a similar tooling solution that would allow students to report their individual thesis progress
on a template, allowing teachers to structure thesis work for students, track their individual progress,
see whether students actually worked on their thesis, and increase transparency on estimating realistic
graduation dates. Besides reporting progress, students would use said tool to reflect the bigger picture
of thesis work and how much work is done and still needs to be done.

The results further suggest that students may lack the necessary skills or knowledge when enrolling
to more advanced courses. Interviewees often expected students to have an understanding of topics
introduced in prior courses as they were necessary for performing well in their courses. Lacking the
required prerequisites is challenging for students as well, as interviewees noted that students without
necessary skills tend to silently drop out of their courses without telling anyone.

4.3 Theme three: Student learning and reflection

The results indicate a need to see whether students had learnt what was taught. Correct execution
of tasks was seen as one of the simplest indicators, such as whether students were able to complete
weekly assignments. For project based courses, a few interviewees discussed that correctly performing
the process itself was an indication of learning.

”That we have different step of the different processes, and then they are able to imple-
ment the different step of the different processes. So if we go to requirement elicitation,
I just check if we are able to write the user stories correctly, (...) to write them in the
correct format, and then if they are able to split them and not to make (-) too big user
stories.”

Other interviewees discussed essays and learning diaries as good ways to gauge learning. However,
some remarks were made that not everyone is capable of expressing themselves in written assignments,
making discussions and face-to-face sessions a good way to find out how well students had understood
what was taught. Overall, interviewees considered automatic analysis of often free-form qualitative
assignments challenging. Both concrete and abstract metrics such as number of sections, length of



text and indication of a reflective thought process were proposed to aid in analysis of text-based
assignments.

The results further indicate that visualization from a student viewpoint could serve as a reflection tool
for students. Examples of this include providing assignment specific visualizations or a visualization
where students could benchmark their own progress against others in the same course. Additionally,
some interviewees were interested in learning the general disposition of students towards the course.
Concrete examples were provided as collecting feedback, checking whether students completed op-
tional assignments and whether they thought the assignments were useful.

5 DISCUSSION

5.1 Visualization opportunities

Interviewees described possible visualization needs and opportunities in two different fashions: 1)
detailed descriptions of what kind of data they had or would want to have available to them, and
what kind of information they would like to see based on that data, and 2) visionary visualizations to
help understand complex and multi-variate concepts such as progression in degree program. We will
primarily take a data-oriented focus, in order to extract a number of metrics and envision visualizations
based on them.

Tracking time spent on tasks helps understanding required effort to complete tasks, which in turn
may help understanding difficulty level of tasks. Understanding the needed effort and difficulty of
tasks could also be used to determine whether the required workload from students was reasonable in
practice. Visualizing actualized effort would be beneficial both for the teachers as well as for students.
Interviewees mentioned that some students had difficulties in understanding and estimating the effort
required to complete courses and were sometimes surprised of the required effort.

Tracking succession rate may also benefit understanding how difficult tasks are. Particularly with
programming assignments, students may commit several times before their code passes the tests. If
the number of commits for particular tasks is significantly higher than on average, it may indicate
a more difficult task or that the teacher should address a certain topic more in depth. Similarly,
if significantly fewer students submitted answers to a particular task, it could be considered more
difficult than others.

Level of participation may be an indicator of commitment towards finishing the course. Some
interviewees already mentioned having explored participation and point related data statistically
with varying results. Examples of the relationships explored include steady assignment completion,
participation in consecutive exercises and the relationship between points and exercise projects and
exam. Overall, possible metrics are distribution of points between students, cumulative points and
distribution of points over time, and the completion of optional assignments.

Tracking progress and trends would allow teachers to get an overall view of how many students
and groups have difficulties keeping up from early on, and also get a realistic idea of the pace with
which students advance during the course. Teachers could also benefit from visualizations of student
peak activity periods to determine whether students work systematically or in spurts near the end of
deadlines. Some interviewees also mentioned that students could be motivated by providing them
visualizations that would allow them to compare their progress with others in the same course. Both
teachers and students could also benefit from a projection of passing the course with the current
trend.

The presented results set the stage for developing software that visualises student progress in software
engineering, forming a base for prototype implementations and further research within the project.
Combined, metrics for tracking time, success rate, progress and participation could be presented using
visualizations. These visualizations could be implemented with a tool that would allow teachers to
investigate the visualizations, learn of students in trouble (clear deviations in the visualizations),
and be able to proactively contact such students. Lastly, several different viewpoints for framing
and interpreting data were mentioned in the interviews such as student, group, course and between



courses. This means that each of the presented metrics might look slightly different when viewed from
varying perspectives. The interviewees also mentioned teaching assistants, teachers themselves, and
staff such as study advisors as potential users (stakeholders) of such metrics and visualizations.

5.2 Threats to Validity

We will consider threats to validity as described by Wohlin [32] and cover the points which are relevant
to our study. Conclusion validity concerns the correctness of conclusions drawn, and internal validity
concerns threats that may affect the variables with respect to causality. For both the key issues
are elements in data collection and analysis. We selected interviewees based on their expertise,
availability, and relevance. We had no prior knowledge as to how they would consider the questions
or what their attitude would be towards the topic. The interviewees did not volunteer directly (which
might give falsely positive results), but they did all individually agree to partake in the study. The
same interview protocol was followed for all interviewees. The only difference was that one interview
was conducted via Zoom, with an additional question on distance learning.

We also need to consider the threats posed by having the themes validated by authors only. Here the
majority of interviews were performed by other authors than the one creating the codebook. Further,
one of the evaluators of the codebook was not part of performing the interviews. The validating
authors were given the quotes and themes separately and independently, and no indication was given
as to how the first author had done the initial mapping.

Construct validity concerns how well the results are generalizable to the concept or theory behind
the experiment, and external validity regards generalizability to industrial practice. Our results are
not meant to be generalizable over the whole software engineering teaching related field but indicate
starting points for further research in visualizing useful information and data for teachers of software
engineering. Finally, there are elements common to software projects within university setting and
projects in the industry. Having visualizations applicable for multiple stakeholders and environments
is also a goal of the research project. However, for the purpose of this study, we are only aiming at
results for teaching.

6 CONCLUSIONS

This paper provides a report of our initial analysis on what kind of views software engineering teachers
want for their courses and what kind of information they value in following learners’ progress. We
found that software engineering teachers lack higher-level views for tracking student progress in
both course and degree program level. Additionally, our results indicate that software engineering
teachers lack tools for identifying and contacting students that are lagging behind or having problems
completing assignments. Thus, it is important to create initial metrics that can help teachers towards
understanding the required effort and difficulty of tasks, sensibility of student workload and the pace
of work. This creates a starting point for further research. Based on the results presented, we
are currently building the first prototype implementations of a system that can visualize student
progress.
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