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Abstract—This research to practice paper presents a reflective
study showing the observations of the teaching teams and the
practices during industrial projects for the Master of Soft-
ware Development (MSwDev) program at Victoria University
of Wellington (VUW), New Zealand. It is a conversion master
program that helps the students to acquire specific skills to be
ready for the transition to the software development industry,
including the ability to work in an Agile team. Software develop-
ment projects supported by industrial partners are an excellent
means to evaluate the technical capacity of the students and the
required skills. This reflective paper describes the evolution of
an industry-sourced problem-based agile student project, which
over three successive years, has included students from three
different cohorts (User Experience (UX), Business Analysts (BA),
and Software Developers (SwDev)). This year, a collaboration
between different cohorts was not possible. Thus only software
development students formed the agile teams.

This paper describes and reflects on the teaching staff’s useful
and problematic observations over the last twelve months using
only the SwDev cohort and correlates that to the previous
reflections when three different cohorts formed an Agile team.
Those reflections are described, and several recommendations are
drawn from the experiences. The authors also discuss the lessons
learnt and the effect of COVID-19 on the teams’ performance.

Index Terms—Software Development, Teaching Agile, Tertiary
Education, Industrial Projects, Conversion Masters, Teaching
and learning practices, Scrum, Conversion Master Program

I. INTRODUCTION

Teaching agile software development through capstone
projects consolidates the theories and practices students need
to learn for their future employment. According to [1], a
“Capstone is a metaphor used to describe a final achievement
that builds upon previous works and encapsulates them”. A
capstone project is usually a practical assessment that requires
students to plan, implement, and evaluate a solution to a
specific software problem. This is considered a problem-based
learning strategy that utilises developing a piece of software
application that meets specific functional and non-functional
requirements [2]. Capstone projects have even proved useful

for distance learning courses and degree programs [3], [4].
Capstone projects enable students to build a wide range of soft
skills such as project management, teamwork, presentation,
and communication [5], [6]. Team projects is recommended
to ensure software development graduates have the quality
and competitiveness required by the software development
industry [7]. The ideal setting is to combine capstone projects
with real-world software problems sourced through industrial
partners. This maximises the benefits of the capstone projects
allowing students to understand the software development
process holistically.

Agile software development methodologies are the main-
stream in the software industry [8], [9]. Agile methodologies
support creating a Minimum Viable Product (MVP), where
developing a basic set of features will promote rapid software
development and increase the software product quality by
incorporating the product owner efficiently in the develop-
ment process. It is a challenge to integrate agile software
development practices in a conventional lecturing theatre when
it comes to academia [10]. However, researchers are paying
more attention to integrating agile software development into
university courses to augment the gap between universities and
the software industry [11].

Teaching agile software development at a university level
exposes the students to the current industry practices while
emphasising the academic theories. Organising the software
development process and dealing with divergent skill sets
of software developers are challenging when teaching agile
software development through lab courses. However, SCRUM
helps teach Agile software development as it is easy to learn
and widely adopted in the software industry. To utilise the
SCRUM method efficiently, industrial partners need to be
involved to ensure the process is practical and the final product
matches the user’s stories [12], [13].

This paper outlines the authors’ observations and reflections
on how a group of students from MSwDev program are



exposed to using agile software development practices to solve
industry problems. The paper describes the overall components
of the program and how it runs. The organisation of the paper
is as follows:

1) Section II identifies recent trends in teaching Agile
software development in tertiary education.

2) Section III discusses the MSwDev conversion Master’s
program used for this research paper.

3) Section IV demonstrates the authors’ reflections.
4) Section V concludes the paper and provides recommen-

dations by the authors.

II. TEACHING AGILE SOFTWARE DEVELOPMENT

Teaching Agile software development to students is a chal-
lenging task. Students must acquire skills essential to their
development as software developers, such as communication,
agility to requirement changes, etc. The challenge comes from
the fact that the teaching is usually in a simulated environ-
ment where academics mimic real industrial projects and best
practices. Observing students’ behaviour during teaching agile
methodologies has attracted attention in recent years as a
way to evaluate the students’ understanding of the mainstream
software development practices in the software industry [11],
[14]–[18].

Table I summarises several papers from 2018 to 2021, se-
lected from IEEExplore, ACM Digital Library, ScienceDirect,
Scopus, and Google Scholar, which investigate teaching Agile
methods.

Table I shows three main categories for teaching students
Agile software development. Firstly, capstone projects in-
volve industrial partners acting as software ’clients’. Industrial
partners are ’customers’ with specific functional and non-
functional requirements that must be implemented in the
final product. This category acknowledges the importance of
exposing the students to real-time problems in the software
industry that span the entire life-cycle of a software project.
Secondly, the use of gamification is a fun way of teaching
Agile. Gamification is an approach that applies game design
elements in a non-game context [47]–[49]. Gamification is an
enabler in education, especially amongst younger generations.
Gamification enables students to acquire the skills required
for problem-solving [50]. It has been shown that gamification
can be effective in education [51]. Thirdly, there is a trend in
proposing supporting frameworks or architectures for teaching
Agile software development methods and practices.

III. PROGRAM STRUCTURE

MSwDev conversion Master’s program teaches students
core programming concepts and skills they can apply to
industry over an intensive 12-month period. It is worth to
note it is a full-time program that runs from 10 am to 4
pm every day from Monday to Thursday. On most Fridays,
the students have to attend industrial engagement seminars.
The program is designed for people who want to work in
the software development industry but do not already have an
IT-related background. If a student has a degree in a non-IT

subject, such as History, Chemistry or Accounting and wants
to change careers, the program teaches them what they need
to know to make the switch. If a student already has a strong
IT background, MSwDev conversion Master’s program is not
the right choice for them.

As seen in Figure 1, the program is composed of the
following papers:

1) SWEN 501: This course teaches core programming
skills, concepts and techniques, including fundamental
control structures, collection data structures and testing.

2) SWEN 502: The course addresses various software de-
velopment skills and builds an understanding of technol-
ogy and software engineering concepts and techniques.
The course teaches teamwork skills, practical profes-
sional skills, and communication skills in the context of
software development. Students will study various topics
and then work on two projects that address multiple
issues in software development and computer science.
Topics include Databases, Networking, Cybersecurity,
Human-Computer Interaction, Mobile Application de-
velopment, and Web Applications. Each of these topics
will take one week, and two projects will cover the
material from the proceeding topics. Students will work
on a variety of industry-relevant group projects which
address a range of issues in software development and
computer science.

3) SWEN 504: This course consists of a sequence of group
projects, interleaved with teaching sessions, industrial
seminars, industrial case studies, tutorials providing
background to the projects, a review of the student work,
and additional material to complement the project work.
The group work and the teaching will be done in the
same physical space, allowing for flexible timing of
the more formal components of the course. The course
includes weekly seminars from industry professionals on
various topics.

4) SWEN 589: The course consists of a substantial project,
working on a software research and development task.
Generally, it will be done as placement in the industry
but could, in some instances, be an industry-sourced
(or industry-related) project at university. The project
involves supervision by an academic and the industry
employer and will involve formal and informal.

It is worth mentioning that the industrial partners are helpful
in two components of the program:

1) During the industrial projects in SWEN 504, which span
four weeks.

2) During the internship period, which spans three months.
This paper focused on the first point where the industrial

partners collaborate with their groups via emails, daily stand-
ups, zoom meetings, etc. The involvement of industrial part-
ners varies from one group to another. This is due to industrial
partners’ tight time schedules and proximity to the teaching
facilities [11]. However, the minimum required collaboration
is maintained with a meeting at the beginning of the sprint to



TABLE I
STUDIES ON AGILE S/W DEV. TEACHING

Purpose Paper Finding

Teaching capstone projects
mainly with industrial
partnership

[11], [17]–[30]
1) Skills improvement including teamwork, project management, communication, problem-

solving, accountability, time management, source control (using Git), testing, debugging,
algorithm development, knowledge of agile software development, etc.

2) Industrial partner participation is important
3) Academic programme leaders and industry engagement managers shouldn’t underestimate

the coordination required
4) Positive student’s attitude towards the course appreciating the engagement in team-based

activities and practical experiments.
5) Challenges facing agile teams include limited availability of industrial partners, daily

stand-ups with reduced frequency due to students’ different availability, combining sprint
meetings, and rotating scrum master from the team.

Gamification of Agile Teach-
ing

[15], [24], [31]–
[40] 1) Constant students’ improvement in their learning and assessment, primarily if role-playing

activities are used.
2) Realising the difference between agile and waterfall ways of software development and

appreciating the good agile practices.
3) High student satisfaction.
4) Increasing students’ engagement, motivation, and overall project quality.

A teaching-learning
framework to support
teamwork in agile software
education

[16], [41]–[46] improved team-working regarding learning and performance.

clarify the requirements and build the task backlog. At the end
of the sprint, students present what they achieved. This process
ensures that the SwDev students and industrial partners are on
the same page.

This paper focused on the first point where the industrial
partners collaborate with their groups via emails, daily stand-
ups, Zoom meetings, etc. The involvement of those industrial
partners varies from one group to another. This is due to
industrial partners’ tight time schedules and proximity to
the teaching facilities [11]. However, the minimum required
collaboration is maintained through a meeting at the beginning
of the sprint to clarify the requirements and build the task
backlog. At the end of the sprint, students present what they
achieved. With such, the teaching team ensure that SwDev
students and industrial partners are on the same page.

IV. REFLECTIVE ANALYSIS

The reflections listed in this section are based on the
following various settings that span the last six years in the
program. Some years ago, the Master of Software Develop-
ment programme at VUW asked the students to work on
industrially sourced software problems in two sets of three-
week sprints. This was done in isolation of the business
analysts, designers, testers, etc. In 2016-2017, SWEN 589
involved two iterations of industry-sourced projects developing
software in Agile teams. The teams were working through
two sprints and had the freedom to choose their preferred
Agile development method. To accommodate the diversity of
a typical Agile team, in 2017-2018, the software development
students were joined part-time by user experience students.

The user experience students were asked to develop wire-
frames and early prototype designs for the software students.

While developing software prototypes, the user experience
students would further expand the designs and test them
on potential users. The students’ collaboration was not fully
integrated as an Agile development scenario, e.g. the user
experience students were not fully involved in the teams and
had other classes. However, the feedback from this experience
was encouraging; thus, to enhance the collaboration, the group
projects were extended in 2018-2019 to include more user
experience and business analysis students. Instead of pre-
designed software development projects, the industrial projects
were sourced from the industry as business opportunities.

Furthermore, the projects were extended to seven weeks.
The project started with the business analysis students leading
the project, followed by user experience students, and then
software developers. When leading the group, the students
would work full-time on the project with time set aside by the
other cohorts to contribute to the work throughout the week.
This provided the flexibility to join the three programmes on
this project while continuing the regular teaching on the other
programmes. However, this administration required a massive
effort from the academic staff, and the results were not as pos-
itive as hoped. One of the main issues was that the ownership
of the projects was lost in the ownership changes between the
cohorts, and in several groups, the cohorts blamed the other
cohorts. In 2019-2020, the projects were scaled back to only
include software development and user experience students.
In 2020-2021, the business analysis students joined the other
cohorts again. This time all three cohorts were fully involved
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Fig. 1. The MSwDev Conversion Master Program Structure

for the project’s duration to limit the issues around ownership.
This provided a better experience for the students. However,
it was still non-trivial to align three different programmes
and coordinate the various needs (such as course learning
objectives, assessments, and schedules). In 2022, the software
development cohort worked alone on the industrial project
without the UX and BA cohorts for three week-long sprints.
This solved some issues in the Interdisciplinary Agile team but
raised some other issues due to missing UX and BA cohorts.

It is worth noting that the evaluation method used in this
paper is primarily based on a reflective analysis of observations

made by the teaching staff. The contemplative practices of
academic staff are significant in the learning/teaching cycle
and have been proved as a crucial mental activity by many
researchers [52]. The purpose of the reflective analysis was
formative, and it is used for the improvement of courses
over time. As highlighted by Lundqvist et al. (2019), “For
[a] formative purpose, such as improvement of courses over
time, it is generally considered best practice to follow this
method instead of using quantitative tools, such as students’
questionnaires, which are better at assessing individual teacher
performance than improving course quality over time” [11].



The reflection methodology applied in this paper utilises
four types of data: the students’ feedback from the student
responses to the end of the paper satisfaction survey, self-
generated feedback from the authors while teaching the three
papers, feedback from course moderators, and feedback from
the program director. This paper discusses observations sup-
ported by the student’s performance during and after the peak
of the COVID-19 pandemic. It also outlines the challenges
students face and supervisors when establishing a healthy
relationship. No student feedback is quoted in this paper, but
the students’ feedback has influenced the authors’ reflections.
This reflection paper was not designed to be a research project;
consequently, no ethical approval is required.

A. The role of the scrum master in the success of the industrial
project

A Scrum master is essential for the success of an Agile
software development project. They are assumed to fully
understand the Scrum process theories and practices and act
as an orchestrator who helps the team perform better [53].
The teaching team find this observation interesting as it is
essential for the success of any SCRUM project. It relates
to the skills required by the team members collectively and
whether a member with proper leadership skills exists. It is
always challenging to ask beginners to carry out specific roles
on a team before they can practice them. It is worth mentioning
that these roles were self-assigned in our case. Throughout
the years of this conversion master program, the teaching
team observed a wide range of behaviours (or what would
be considered bad practices in the industry). This ranges from
those who take a command-and-control approach (e.g. where
they delegate work to team members and take control of the
Scrum board rather than allowing it to be a collaborative
tool) to those who take a more laissez-faire approach and
can leave a team floundering. Given our program, those who
do that are indeed new developers and asking them to self-
organise is a challenge. The multidisciplinary teams were even
more complex because they were always unsure about their
‘boundaries’ and were afraid of ‘overstepping’ even though
students were encouraged to work as a ‘whole team’. The
main take-home lesson is that meeting facilitation skills do not
constitute a good Scrum master if not combined with conflict
resolution or facilitation skills and impediment manoeuvre
skills.

B. Reflection 2: Multi-discipline Agile teams Vs single cohort
agile team

Table II shows the agile team by year. For example, in
2017, only software developers were used in the team, while
in 2019, an interdisciplinary team of software students, User
Experience (UX) students, and Business Analyst (BA) students
were used.

Although the teaching team has observed some communi-
cation and collaboration issues in the past when interdisci-
plinary cohorts are used, the teams perform better, especially
customer-focused. Given that only SwDev students are used

TABLE II
COHORT BY YEAR

Year Cohort

2016-2017 SwDev

2017-2018 SwDev, UX

2018-2019 SwDev, UX, BA

2019-2020 SwDev, UX

2020-2021 SwDev, UX, BA

2021-2022 SwDev

in 2016-2017 and 2021-2022, the teaching team observed the
following twofold:

1) The outputs from the years had very little focus or
insights about the users built into the products. This
starkly contrasted the multidisciplinary teams’ outputs
from previous years. It is believed this is due to the lack
of UX and BA students in the team during these years
and the missing customer-focused skills from the SwDev
cohort.

2) The technical depth of the outputs from these years’
single cohort teams was about the same as the multidis-
ciplinary team years. In other words, the technical ability
of the SwDev students did not see any change from that
of the multidisciplinary teams used in the past.

C. Reflection 3: Group Performance

There is a group this year that had a big problem with
separating the front-end development (UI) from the back-end
(i.e. database) development to such an extent that the group
could not bring the two parts together in the final product.
After careful observation and investigation, this was due to
the lack of openness from the Scrum master. This observation
aligns well with what has been discussed regarding the role of
the Scrum master. A Scrum master usually focuses on what
the work is, not how the job is done. Unfortunately, within our
teams, a Scrum master is also a software developer member
who has to accomplish specific programming tasks. The Scrum
master in this particular team could not complete his part and
failed to communicate this earlier to the group until very late,
when a solution was deemed impractical. It was a surprise to
the Agile team and the teaching team since, in all the daily
stand-ups, they assured us all was going by the plan and there
were no significant impediments. This emphasises the role of
communication in an Agile software development team, the
need to be open to issues, and keeping ’ego’ away.

Teams are also constantly challenged by the hybrid style
of working. They become forced into having to learn to use
digital tools before they even know how to use a backlog
properly or how to manage their Scrum board properly. It
is challenging as an instructor to help a team when all their
team management artefacts, such as the backlog and the Scrum
board, are digital since each tool has its idiosyncrasies and is



quite complex, that is unless you’re a Trello 1, a Jira 2, or
Miro [54] ninja. At the same time, the analogue artefacts are
easy to learn, and students can get quick support when they
encounter issues. Thus, the teams are encouraged to have a
paper-based backlog on the wall to make it easy to see the
progress.

D. Reflection 4: Student’s performance in the three sprints
The students are required to submit three learning logs

corresponding to the three project sprints they have. Our main
observations from evaluating the first learning log are students
struggled to:

1) implement agile practices such as stand-ups
2) decide the development stack to use and the amount of

effort required to learn the new technologies
3) maintain good communication with the industrial part-

ner.
It is believed this is not surprising, since it is the first time

the students have worked on a real-life industrial project using
the Agile software development methodology. By the end of
the first sprint, the students got more familiar with and better
understood Agile concepts such as Scrum master, product
owner, stand-ups, acceptance criteria for ’done’ tasks, etc. One
interesting observation given the retrospectives at the end of
the first spring is that all teams/groups had issues maintaining
and using the backlog. This is mainly because most Agile team
management tools are complex and require time to learn before
the actual use. Unfortunately, our teams were learning those
tools on the run while developing the products and practising
the Agile software development method. One general issue
amongst the groups was how to break down user stories into
smaller tasks properly. All groups tended to add large tasks
to the backlog at the beginning of the sprint, then realised
those tasks were too big and needed a breakdown so multiple
team members could work on them simultaneously. This is
quite understandable as task breakdown is a skill software
developers continuously improve over time. It was good that
all teams acknowledged the problems and had plans to solve
them using a comprehensive design meeting at the beginning
of the sprint.

A couple of groups identified another challenge regarding
the different speeds of team members to learning new tech-
nologies. The teaching team suggested the solution for this was
to use pair-programming, which seemed to improve the team
efficiency and gave the teams involved a better understanding
of the overall product design.

During the second sprint, which is called the settling-down
sprint, performance got better, especially on:

1) Managing client expectations by asking more ques-
tions and getting the industrial partner more engaged
in decision-making for non-technical decisions. It also
acknowledged the problem of cross-communication be-
tween technical (i.e. software developers) and non-
technical people (i.e. clients).

1https://trello.com, accessed 4 April 2022
2https://www.atlassian.com/software/jira, accessed 4 April 2022

2) Inter-team communication and collaboration. Pair pro-
gramming was essential in improving communication
and collaboration, especially for cross-group (i.e. a
member from the front-end team is paired with another
member from a back-end member) was helpful for the
team members to understand different technologies.

3) Better management of backlog and work breakdown.
Many teams have opted to use a physical storyboard
rather than a digital version which made it easy to keep
track of who is doing what and what tasks are in the
pipeline. Also, good sprint planning supported good task
breakdowns.

4) Some groups switched from being in-person to a hybrid
model where stand-ups would have a Zoom meeting
for those members working remotely due to COVID19
concerns or other personal issues. This proved to be as
good as an in-person collaboration, especially during the
stand-ups.

A widespread issue with most of the teams was time estima-
tion for tasks. They tend to be overconfident in their ability
to finish tasks by the time they estimated and mostly turn
out to be underestimated. This is mainly due to inexperience.
Proper sprint planning, which includes frank communication
and comprehensive research, is required at the spring planning
meeting to better estimate the time.

As students switched from learning new technologies in
the third sprint, they progressed well on the technical part
of building the IT product and implementing Agile practices.
Apart from one team that has broken communication, as
described in IV-A, all teams produced a reasonable MVP. The
team struggled to identify the impediment and ask for help for
that complex project. That was a failure of Agile processes. As
a teaching team’s belief, this should not have happened should
the team culture has been more laissez-faire, not a command-
and-control. Other teams with such a culture provided a
reasonable MVP at the end of the sprint. For example, another
team had some fun activities during the sprints to support such
a good culture and their growth/progress in the project.

E. Reflection 5: Assessment

In 2017-2018 and 2018-2019, the assessments of the dif-
ferent cohorts were separated into other reports. This was
not ideal because information could be lost between the
different formats. The students also focused differently on the
assessments, which introduced some friction between them.
After that, the academic team started cooperating on the
assessments. When projects are run with only SwDev and
UX students in 2019-2020, our assessments were not well
aligned/balanced among the SwDev and UX students. They
did not invest their efforts equally (e.g. the UX students did not
attend the final presentations because they held their presen-
tations separately before the SwDev students’ presentations).
The teaching team worked on improving that in 2020-2021,
and the UX, SwDev and BA students were more aligned.
The plan was to have each assessment item have the exact
weighting and deadline. This seems obvious, but the work



coordinating that among three different university silos (i.e.
essentially on three independent courses) is non-trivial.

V. CONCLUSION

This Research to Practice Full Paper presented a reflective
study showing the observations and lessons learnt while teach-
ing in a software conversion master program by the authors
of this paper. The program is designed for people who want
to change their careers in software development. The nature
of such a program makes it a challenge to keep those people
with slight or without any IT background up to the same level
as a fresh software developer in the industry. Challenges are
not only technical but also the directing of the program. One
of those challenges is how to teach students Agile software
development while they have no real exposure to the indus-
tries, not to mention their junior software programming skills
and technicalities. Agile software development methodologies
are the mainstream in the software industry. Teaching students
Agile software development methodology is helpful for the
students and the business owners.

Given the practices and observations from those years of
teaching in that conversion master program, The following lists
our recommendations for teaching Agile involving industrial
partners:

1) Integrated Assessment; it is evident that an integrated
assessment is needed when different cohorts are collab-
orating together for more consistency (i.e. avoid infor-
mation loss due to other assessment formats) and fairer
assessment across the different cohorts. The suggestion
here is that the same assessment method (i.e. rubrics) is
used across the different cohorts with the same required
output (i.e. same report format).

2) Laissez-faire Scrum Master; A Scrum master role needs
to be assigned to someone with minimum interference
within the team instead of someone with a command and
control approach. Given the inexperience students have
at the time of the industrial project, it is essential to
communicate, seek help, listen carefully to suggestions,
etc., with the Scrum master.

3) COVID-19 impact; Compared to last year and the year
before, COVID-19 did not impede the groups. This is
basically because students are now more familiar with
online tools such as Zoom, MS Teams, and Trello and
are less stressed with the COVID-19 situation.

4) Agile is interdisciplinary; although with Agile interdis-
ciplinary teams including UX, SwDev, and BA students,
there have been some issues, the benefits outweigh
the problems that arise from having a team with only
SwDev. SwDev-only teams struggled to cope with the
Agile process, especially with storyboards (i.e. require-
ments engineering), solution integration, and acceptance
testing.

5) Keep it simple. Using analogue tools opposite to digital
ones, such as Trello, makes it easy to track and help
students. In other words, the teams are encouraged to
have a paper-based backlog on the wall to make it easy

to see the progress. The recommendation here is to keep
a digital copy online, just in case people work from
home due to COVID-19 or other interruptions.
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