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Abstract. The increasing adoption of agile methodologies in software engineering has emphasized the relevance of

soft skills, particularly leadership. However, little is known about effective strategies to teach and develop these

skills in educational settings. In this context, this paper presents an exploratory case study investigating the impact

of assigning leadership roles — specifically, the Product Owner role — within agile student teams engaged in a

Challenge Based Learning environment. Our main goal in the study was to improve the understanding of role

assignments in software engineering education. To achieve this, we have conducted a case study over 10 weeks

with 45 undergraduate students across 9 Scrum teams examining six soft skills: communication, coordination,

cohesion, teamwork, leadership, and motivation. Data were collected through semi-structured interviews and

analyzed qualitatively. Our results provide indications that assigning leadership roles has the potential to enhance

students’ awareness and development of leadership competencies, promotes team engagement, and supports the

alignment of individual and collective goals. The study offers evidence that integrating role-based leadership training

in agile learning environments is a valuable pedagogical approach for software engineering education.
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1 Introduction

The shift of agile software development from a novel indus-

try innovation to a widely accepted standard practice has

significantly altered interactions among software develop-

ers, management, and stakeholders in product creation. This

approach, as outlined in the Agile Manifesto [Fowler et al.,

2001], emphasizes frequent communication, the delivery of

small increments of the product, collaborative efforts, and

swift adaptation to consumer needs. These practices are de-

signed to meet the market’s high expectations for speed, reli-

ability, and adaptability in software development.

This focus on soft skills which the manifesto highlights has

required companies to search for software developers that not

only possess strong programming skills, but also well devel-

oped soft skills, such as good communication and leadership

skills [Li et al., 2015]. Leadership, in particular, is a soft skill

that has recently been studied by the software engineering

research community. For instance, some of the topics covered

by the community are the relevance of leadership in software

development [Faraj and Sambamurthy, 2006; Matturro et al.,

2015], styles of leadership (transformational, transactional,

among others) and their impacts on the software development

lifecycle [Athukorala et al., 2016; da Silva et al., 2016; Faraj

and Sambamurthy, 2006; Van Kelle et al., 2015], developing

leadership in virtual and globally distributed teams [Furumo

et al., 2012; Sangwan and Ros, 2008; Hidayati et al., 2020],

and leadership emergence and its antecedents in software

engineering [Przybilla et al., 2019, 2020].

There are few studies, however, that touch relevant top-

ics of the field, such as leadership teaching and training for

software engineering students. Some of these studies, for ex-

ample, investigate leadership in distance learning [Marquez

et al., 2022] and teaching responsible leadership [Goyal et al.,

2022] and, thus, the challenge of understanding and adopting

the proper way to teach this skill remains for educators.

In this context, Challenge Based Learning (CBL), an ac-

tive learning framework that promotes learning by engaging

students to solve real world problems [Nichols et al., 2016],

has demonstrated potential in the teaching of topics such as

medicine and design [Gallagher and Savage, 2020], nurturing

creative thinking in nursing [Yang et al., 2018] and develop-

ment of mobile applications in agile contexts [Santos et al.,

2015], even in combination with Lean Startup [Chanin et al.,

2018a,b] concepts. Given that CBL fosters group collabora-

tion and that these groups often develop real-world projects

(i.e. mobile apps), exploring the training leadership skills

could be a new frontier.

Thus, the goal of this paper is to investigate leadership

teaching in a challenge based learning environment. Fur-

ther, we have conducted a 10-week case study with 9 agile

software development teams, with 45 individuals in total, as

part of a two-year mobile development course that teaches

iOS development to college students through CBL. In these

teams, we adopted the Scrum agile framework [Schwaber

and Sutherland, 2011], assigning the role of Product Owner

to one individual. The research question we used as guidance

to achieve this goal is: “What are the impacts to software

development student teams of assigning a leadership role

(PO) to a team member at the individual level and at the team

level?”.

Overall, our results indicated that assigning a leadership
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role to a team member in a software development team tends

to be an overall valuable learning experience for new develop-

ers. Furthermore, apart from being challenged to be a leader,

they also become aware of the duties of leading a team, such

as balancing personal goals with project objectives, commu-

nicating effectively and sharing leadership.

The remainder of this paper is organized as follows: in

Section 2 we explore important concepts and the background

for this research. Section 3 depicts the methodology used

in this study. In Section 4 we explore our results, followed

by Section 5, in which we take away the most important in-

sights. Section 6 presents the limitations of this study. Finally,

Section 7 concludes the paper and indicates future work.

2 Background

Since our main study focus revolved around soft skills of

study participants, it became important for us to frame the

soft skills addressed in the research, e.g. (i) Communica-

tion, (ii) Coordination, (iii) Cohesion, (iv) Teamwork, (v)

Leadership and (vi)Motivation. We propose the following

definitions for each one of these:

Communication, as a soft skill, refers to a team and team

members ability to communicate effectively. In the context

of software development, we define two types of communi-

cation: internal, among team members, and external, with

external stakeholders. Internal communication refers to a

team’s information exchanges about the software project (fea-

tures, bugs, deadlines, etc.) and the team itself. External

communication refers to communication that is performed

among the team (or some of its members) and the stakeholders

of a project.

Hoegl and Gemuenden [2001] define Coordination as a

“capability of team members to work together to reach project

goals”. In our case, we further define this as a team’s ability

to manage its effort, by distributing it appropriately among

its members and, during the agile development iterations, to

deliver business proposed software increments in the appro-

priate deadlines.

In terms of team Cohesion, Wellington et al. [2005] de-

fines it as “the degree to which the team sticks together as

they pursue the team’s purpose”. We use a similar definition

to this, by defining cohesion as the ability a team and its mem-

bers have to adapt and distribute effort so that project goals

are met, even when faced with project changes (requirements

modification).

Salas et al. [2015] defines Teamwork as “a group’s will-

ingness to pursue a common cause in a climate of mutual

aid and spontaneous co-operation”. Hoegl and Gemuenden

[2001] also define that teamwork is composed of communica-

tion, coordination, balance of member contributions, mutual

support and effort and cohesion. Specifically balance of mem-

ber contributions, mutual support and effort are new topics

not defined by the previously discussed soft skills. Thus, to

better separate teamwork from the other soft skills, we will

define teamwork in a team exclusively as the balance a team

possesses in the contributions of its members, the level of

mutual support among its team members and the amount of

effort that is performed by a team.

In agile, Leadership and the task of guiding the team, pri-

oritizing user stories and ensuring business goals are met are

responsibilities of the Product Owner (or Product Manager)

[Schwaber and Sutherland, 2011]. The product owner is a

team member that is either fully or partially dedicated to facil-

itating the interlocution between the development team and

stakeholders by managing the product backlog. Leadership

can also be performed by a team outsider, such as Project

Manager, but an agile software development team should pos-

sess autonomy and independency and thus be able to practice

some leadership towards the roadmap of the product under

development. In our case, drawing from these concepts we

will define leadership in a team as the ability of the PO to

focus the effort of the team to achieve business goals.

In a broad view,Motivation can be defined as a person’s

(or team’s) impetus or inspiration to execute an action (or se-

ries of actions) and can be either intrinsic, where the impetus

arises from internal reasons or motives, or extrinsic, when the

external environment pushes conditions that require action

[Ryan and Deci, 2000]. Specifically regarding software engi-

neering, [Beecham et al., 2008] have performed a systematic

literature review on motivation in software engineering and

enumerates that the top five motivators in a software develop-

ment project were: necessity of task identification, personal

interest, understanding the task’s purpose, having job satis-

faction and working on an identifiable piece of quality work.

All these five elements present a mixture of intrinsic and ex-

trinsic factors. Considering the educational context in which

we are focusing, we can reduce the importance of career path,

as it is not typically expected for an educational environment

to promote a career path in the same way a company does.

A more adequate motivator would be that of a learning path.

From this perspective, in our framework, we define motiva-

tion as team’s ability to possess intrinsic motivators and react

to external motivators in a beneficial way for the development

of a software project.

3 Methodology

To achieve the goal proposed by this study, we have per-

formed an exploratory case study in a two-year mobile de-

velopment course that teaches software development focus-

ing on Apple platforms to undergraduate students. The

case study was conducted with the participation of 9 agile

teams that develop mobile applications. All agile teams used

Scrum [Schwaber and Sutherland, 2011] as their agile frame-

work. Since our study was carried out in a Research and

Development (R&D) environment, we are not able to make

raw data available. The guidelines adopted to the elaboration

of the study design were the standard proposed by Runeson

and Höst [2009a].

As a research method, case studies can be used for software

engineering research, as they allow the understanding of a

certain phenomena in its natural occurring context [Runeson

and Höst, 2009a] and are suited to evaluate a method and

tool [Kitchenham et al., 1995]. As we had few hypothesis

being previously established, we have chosen to conduct an

exploratory study. As such, case study methodology is suited

to be used as it enables the researcher to extract new insights
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and ideas, to understand what is happening and to generate

hypothesis for other researches [Runeson and Höst, 2009a].

We have aimed to investigate the leadership of the indi-

viduals assigned as Product Owners (PO) in each agile team.

The software teams were our unit of analysis. Hence we have

defined the following Research Question (RQ) to guide our

study:

“What are the impacts to software development student

teams of assigning a leadership role (PO) to a team

member at the individual level and at the team level?”

Our goal with this RQ was to assess the impacts to student

teams of assigning a leadership role (PO) to a specific team

member from the perspective of the assigned individual to

himself/herself and from assigned individual to the team.

3.1 Case Study Context

The study was conducted in a R&D environment1 that de-

velops Apple mobile applications. In the environment, stu-

dents are introduced to the development ecosystem of Apple

platforms and obtain experience by working together in ag-

ile teams. The teaching in the environment is done through

CBL [Nichols and Cator, 2008]. Students can opt to specialize

in software development, known as “developer”, or interface

design, known as “designer”, during their course. However,

they receive exposure to both domains throughout their train-

ing period. These students are supported by tech, design and

business mentors who have solid experience in the software

industry. We will refer to these mentors as leadership team

in this paper. The teams work on the development of apps

that supports users to overcome real-world problems. The

environment encourages the team members to cooperate in

all software development stages from requirements elicitation

to deployment and maintenance steps. All teams use Scrum

to manage their work [Schwaber and Sutherland, 2011].

3.1.1 Challenge Based Learning

Challenge Based Learning (CBL) [Nichols et al., 2016] is a

learning framework based on solving real world challenges.

“The foundations of experiential learning can be found within

the history of most cultures, but were formally organized and

presented by David Kolb drawing heavily on the works of

John Dewey and Jean Piaget” [Santos et al., 2015]. CBL was

developed by educators working with Apple Inc. [Nichols and

Cator, 2008] and has been implemented both in educational

and corporate environments. From an education perspective,

students acquire knowledge by working on open-ended prob-

lems.

In the CBL process, students, tutors, and other stakeholders

work together as active collaborators and the focus is not on

the final deliverable, but rather on the whole process. In this

sense, students must reflect from time to time on their learning

evolution.

The CBL process begins with the definition of a big idea,

which is a broad concept that can be explored in several ways.

1The environment has a restriction on the information that can be made

public, but we have published as much as possible.

The big idea has to be engaging and important to students.

Once the big idea is chosen and the essential question is cre-

ated, the challenge is defined. From this point, students must

come up with the guiding questions and guiding activities

and resources, which will guide them to develop a successful

solution. The next step is analysis, which will set the foun-

dation for the definition of the solution. Once the solution is

agreed upon, the implementation begins. Finally, evaluation

is carried out in order to examine the whole process and verify

if the solution can be refined.

Before our study was conducted, all participants had al-

ready been attending the course for more than a year and

thus had practical experience with developing software us-

ing Scrum in software projects. Furthermore, students also

participated in workshops that enhanced soft skills, including

leadership.

Considering our study, during the first 4 weeks, teams went

through a research phase, in which they proposed solutions

to real-world problems and searched for evidence that would

validate these proposals. To validate the solutions, teams

employed a variety of methods, such interviews with experts,

market research, literature reviews and even real-life experi-

ence.

After this initial research period, in the following 6 weeks,

teams went through a development phase where three 2-week

iterations were conducted. In the first iteration, teams em-

ployed an adaption of Scrum by applying the concept of a

Sprint 0 [Silva et al., 2013]. Specifically in Sprint 0, the

teams proposed the features of the application to be delivered

at the end of the development phase (which we will refer to

as V1) and conducted technically focused investigation to

assess feasibility of the features. These investigations also

provided insights to the team regarding user characteristics

and needs. Considering these findings, the teams were able

to consolidate an initial product backlog. In addition to the

product backlog, at the end of Sprint 0, all teams have to des-

ignate two team members to have an additional role, a Scrum

Master (SM), who would be responsible for facilitating all

Scrum ceremonies, and a Product Owner (PO), who would be

the team leader and main responsible for the product backlog

update and prioritization.

After that, both in Sprint 1 and 2, the teams proceeded to

the sprint planning and defined a set of user stories (USs)

which were prioritized and then moved to the current sprint

backlog. Taking into account the sprint backlog, the teams

discussed and defined a set of acceptance criteria (AC) for

each USs of the sprint backlog. In the environment, the sprint

planning lasts for 4 hours on average, in line with the Scrum

guide [Schwaber and Sutherland, 2011]. The teams are used

to adopting US in their projects and they have 1.5 year ex-

perience with US specifications. As the AC of all USs were

finished, the teams started the Scrum sprint. Each SM in

the team ensured the teams performed the usual Scrum cere-

monies during the sprint (i.e., daily meetings, sprint review,

sprint retrospective). Sprints were conducted by every team

independently, in parallel with others and in sync with the

defined 2 week sprints. In total, 3 development sprints were

conducted. In our study, each team (N=9) was composed of

4-7 members plus one external project manager (PM). From

these 4-7 members, at least one was a dedicated designer
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(see Table 1). The Scrum Master (SM) role was performed

by a team member and the Product Owner (POs) role was

performed by a different team member. The external project

manager was a member of the leadership team and had a sup-

portive role aiming to foster students to learn by themselves

as much as possible. Each team worked on developing mobile

apps which addressed different scopes (see Table 1). The

team members dedicated 20 hours per week to software de-

velopment activities. For the purpose of our study, the leader

of the team was designated as the PO, and this person was

expected to develop leadership skills.

Table 1. Team characteristics

Team Project Team Formation

# Scope Developers Designers PM

1 Services 3 1 PM1

2 Competition 4 2 PM1

3 Fashion 4 1 PM2

4 Traveling 4 2 PM2

5 People Interaction 3 1 PM3

6 Sports 3 1 PM4

7 Education 5 2 PM5

8 Volunteering 3 1 PM3

9 Health 4 1 PM4

Every team’s PO had a bi-weekly meeting with the lead-

ership team during the development phase of study. During

this meeting, each PO presented the following items for their

team: (i) Product backlog and the sprint backlog; (ii) Progress

towards V1 and burndown chart [Woodward et al., 2013] for

current sprint; (iii) Sprint highlights and lowlights; (iv) Sprint

impediments and respective mitigations; (v) Future risks for

V1 delivery and respective mitigations.

The leadership team also asked questions about the team’s

productivity and discussed strategies that the PO had to bring

to his/her team so this metric could be enhanced.

3.2 Sampling

Our study main data source were answers provided by the

teams in a semi-structured interview. The sample population

(45 students) was composed of undergraduate students in a

mobile application development program, who were chosen

using the convenience criteria due to the fact that participants

were selected for their availability. The sample population

size was defined using the higher number of available people

to participate in this study.

In order to avoid students from associating the questions

provided in the data collection with their individual evaluation

in the program, each student was told about the purpose of

the research and about the zero-impact their answers had on

their evaluation. After this, all participants provided informed

consent.

Considering the participants of the case study, the teams

were composed of 19 participants that self-identify as female

and 26 that self-identify as male. Further, 3 students were

up to 20 years old, 32 were between 21 and 25, and 10 were

over 25, with the oldest student being 36. Most students were

pursuing an undergraduate’ degree with a single exception

pursuing a master’s degree. In general, all 45 students had at

least 1.5 year of experience working with mobile application

development, with 28 of those having had more than 1.5 year

of experience in some level with mobile application devel-

opment. In general, the teams also had around 1.5 year of

experience with User Experience (UX). All the projects con-

sidered in the case study involved graphical interface design.

3.2.1 Semi-structured interview

Specifically the semi-structured interview was conducted at

the end of the 10-week period in which the software products

were delivered. In this interview, excluding demography, we

focused our questioning in the soft skills. Specifically, we

have chosen to further investigate: (i) Communication, (ii)

Coordination, (iii) Cohesion, (iv) Teamwork, (v) Leadership,

and (vi) Motivation. The choice of these soft skills was based

on improving communication with teams during the interview

process regarding leadership and motivation.

Each of these six soft skills has been investigated from

the perspective of the PO of each team, focusing on both

individual and team levels. To gather insights on these six

soft skills, we have created the following questions in which

each PO had to answer “How would you classify”:

1. “Your communication with your team?”

2. “Your team’s communication in general?”

3. “Your coordination with your team?”

4. “Your team’s coordination in general?”

5. “Your cohesion with your team?”

6. “Your team’s cohesion in general?”

7. “Your teamwork?”

8. “Your team’s teamwork in general?”

9. “Your leadership as a product owner?”

10. “Your team’s leadership in general?”

11. “Your ability to motivate your team?”

12. “Your team’s motivation in general?”

Each one of these open questions were asked by the re-

searcher in an interview to each participants. The interview

we have created has been customized to be focused on the

soft skills which the authors believed to be the most relevant

in the environment in which the study was conducted.

4 Results

In this section, we present the results of our study. It is impor-

tant to note that we present substantial evidence we collected

in the interviews. However, Table 2 presents a summary of

the obtained results providing a single example sentence for

each justification provided. In this table, we present the re-

sults sorted by frequency, which is the number of occurrences

of a given justification for a given soft skill regarding either

the participant himself/herself or the team.

To perform a qualitative analysis, we have used responses

participants provided to the open questions. From these,

we have performed thematic analysis, “a method for iden-

tifying, analyzing, and reporting patterns (themes) within

data” [Cruzes and Dyba, 2011]. This technique consists of

reading the responses, identifying segments of text, labeling
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them, translating codes into themes, and creating categories

by grouping them. For coding, we employed an inductive or

grounded theory approach [Cruzes and Dyba, 2011]. This

process is known as open coding and can be defined as a classi-

fication process that requires detailed examination of the data,

which helps to identify initial patterns and concepts [Gray,

2022]. It involves constant comparisons, e.g., each case iden-

tified must be compared with previous instances to determine

similarities and differences. If the new case does not fit the

original meaning, the definition must be modified, or a new

code must be created. Thus, codification arises from the data,

and analysis occurs without pre-definitions towards relevance

or expectations of previously assumed themes. We used de-

scriptive codes to capture the central ideas or concepts in the

data [Gray, 2022].

During analysis, we have classified the responses into open

codes. Thus, we have applied as many codes as possible

to capture all aspects in a single response. Next, we have

grouped these into categories, intending to present themes

and to facilitate establishing analytical lines. One researcher

initially conducted this process, and then two others reviewed

the proposed coding and themes. In case of disagreement, the

researchers discussed so that consensus was reached.

We present our main insights of the open ended ques-

tions obtained from the analysis as follows. In addition, we

have divided our analysis into two slices: Self, which encom-

passed data which the participant provided as an answer to

a self-evaluation question, and Team, which encompassed

data which the participant provided as an answer to a group-

evaluation question. Next, for each slice, to better present

our results, we chose to focus on the top most representative

subjects mention by study participants.

4.1 Communication

In terms of communication participants have provided moti-

vation for their answers and covered a wide range of topics.

Self Themost reported impacting factor for the participants’

answer to our interview was a perception of improvement

opportunity for themselves. Participants’ #2, #4, #5, #6

have provided answers which make this explicit. Participant

#2, for example, stated that “I knew my role was that of a PO,

but I have not performed as I should have”. Improvement

since the beginning of the project was made explicit by #4 “It

has improved significantly since we began, but I think there

are things to improve still because sometimes we speak and

one person is not listening and then he/she asks the same

thing so I think we are lacking a bit.”. Participant #5 stated

that “we can always still improve” and #6 that “I feel I’m

getting closer to a very good process [...]”.

Obtaining a sufficient amount of detail and being ob-

jective when communicating was also significant impacting

factor for participants’ #1, #3, #8. For example, participant

#1, which rated self communication as amazing, stated that

“I have gone after everything to try to get as much communi-

cation as possible”. On the other hand, participant #3, which

rated his communication as average, stated that “I questioned

and then I was told that ‘It’s going‘, and I think my duty at

that point should be to say ‘No, I need a more detailed answer

because I need to create a report and I need to understand‘.”.

Participant #8 said that communication was very good on his

team because on his words “I was able to pass everything

that we have objectively”.

Another important aspect mentioned by participants was

with regard to being comfortable with the people in our

team. Participant’s #7 and #9 have mentioned this aspect

in their answers. #7, for example, stated that “I rate this

way because we already had a good communication before

getting into the challenge”. Similarly, #9 stated that “[...]

the time spent with the course colleagues, this allows me to

be more comfortable, I end up being more resourceful, more

safe to communicate [...]”.

Team The most important factor mentioned by the partici-

pants regarding their team’s communication in general was a

perception of improvement. Participant #1 stated that “[...]

One of the main points we have improved upon was commu-

nication [...]”, participant #4 explains rating average as “[...]

I think that because sometimes we do not understand each

other, it is improving steadily [...]”. Participant #6 expressed

that perception of improvement by stating “I think we are

‘good‘, moving towards ‘very good‘”.

Another important factor mentioned was the team’s trans-

parency in communication. Participant #1, for instance,

stated that “we have plenty of communication problems by

not being informed about what was happening with the team

members [...]”. Participant #6 stated “[...] someone is work-

ing in that task, a long time has passed, it should have been

verbalized that more time has passed than expected [...]”.

Participant #7 mentions ‘no-communication‘ “[...] In the

first sprint, a ‘no-communication‘ occurred about certain

things [...]”.

4.2 Coordination

In terms of coordination, participants have provided motiva-

tion for their answers and covered a wide range of topics.

Self The most relevant impacting factor reported by the par-

ticipants with regards to their personal coordination abilities

towards the team was a general difficulty to lead/manage

the team. This was reported in multiple forms: Not having

experience with leading (Participant #9 stated “[...] I think

this lack of experience in a real project also heavily affects

with my coordination [...]”), not being able to manage the

team (#1 stated “[...] There was a failure that I consider

a personal failure of not looking at the presentation before

and in this case I trusted this activity to certain members

and believed it would have been actually done so I did not

manage before and there were big problems with it [...]”),

not performing the PO role satisfactorily (#2 stated that “I

knew my role as PO, I knew what should be done but I ended

up not performing the role the PO should have [...]”), not

being able to delegate tasks (#3 stated that “[...] when we

began to delegate and stuff, I did not delegate directly, I did

not know who was performing and who was not [...]”).

The second most important element mentioned when

reporting coordination was regarding managing task
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creation, task/step dependencies and task separation

(or atomization). Participant #3 stated that “I think since

the beginning when we established the tasks and the USs,

we were not able to perform this [...]”. Participant #6

exemplified this when she stated “[...] It would have been

more a process of even I myself organizing which step is best

in each moment [...]”. Participant #7 stated “[...] We still

have issues with some tasks not being more in parallel among

them [...]”. Participant #9 stated “[...] There are things

I end up forgetting, messing up when creating dependent

tasks, tasks that are too long and having a sprint with too

many tasks [...]”. Participant #8 stated that “I think it was

more problems of the foundation of the US, of the acceptance

criteria [...]”.

Team: The most mentioned aspect with regards to coordi-

nation in the group was the sense of general engagement the

team possessed. Participants #2, #4 and #7 provided the fol-

lowing statements when answering respectively: “[...] I will

say it is ‘very good‘ because everybody is engaged with the

product delivery. [...]”, “[...] I think everybody is engaged

but I think that some people need to go a bit further than they

are currently [...]” and “[...] I think it is a 5 (very good), I

think the team does a lot [...] they always try to do as much

as they can [...]”.

4.3 Cohesion

With regards to cohesion participants have provided motiva-

tion for their answers and covered some topics.

Self The most relevant provided influencing factor reported

by the participants regarding their personal cohesion was a

focus on the goals the team had set both for the software

product they wanted to developed and the team members

themselves. Participants #1, #2 ,#3, #5, #6, #8 and #9 pro-

vided statements which are tangent to this. Participant #1

stated “[...] we have always continued focusing even (on)

what had to be developed. [....]”, #2 stated “[...] So the part

of ‘everybody engaged‘, ‘everybody focused on that goal‘ is

very good, at least my part is very good and the part of team

is also very good [...]”. #3 said “[...] We managed to go

through the same path. Aiming at the goal we wanted. [...]”.

In addition, #5, #6 mentioned “[...] I think we can solve all

these conflict things perhaps and similar things in a natural

way, then, always envisioning the goal, having the product as

focus” and “I’m very aligned with regards to this and I am

always exposing to the team what is our goal, where we want

to arrive and what path we trace towards that, so I’m really

focused on this, completely 100%” respectively. Finally #8

and #9 also said that “I think this is very aligned also with the

expectations of each member from the start [...]” and “[...]

That happened precisely due to thinking of the main objective,

which is precisely having a finished app in the (App) store

[...]”.

The second most important factor mentioned as relevant

by the participants was the fact that many of them had

aligned the goals and objectives of the team and product

from the start. This was mentioned by participants #1 and

#8, in which they say respectively “I think from the start

we defined what it (the product) would be and we continue

always to focus even (on) what has to be developed. [...]”

and “I think this is very aligned also with the expectations

each member had from the start, what we wanted to delivery

for the Macro (the development time frame established)”.

Team Themost impactful factor reported by the participants

in their answers was the team’s eagerness to deliver the

proposed software products. Participants #5, #6 and #9

stated sentences with this intent. #5, for instance, stated “I

think the team works together a lot, we have not deviated our

focus in any moment and I think that this is very important.”.

Similarly, #6 stated “[...] I think everybody wants to deliver

the best possible, wants to get there [...]” and #9 said “[...] it

was something I wanted to do independently from the program

[...]”.

4.4 Teamwork

Teamwork-wise participants have provided reasoning for their

answers and covered the topics below.

Self The most mentioned influencing factor reported by

the participants regarding their individual teamwork was the

level of commitment they had towards the team. This was

reported by #1, #2, #5 and #8. #1 stated “I think that from

these three things, I have always been motivated in all of

them.”. #2 reports “[...] if we promised to deliver today,

we will deliver today.”. In addition, #5 reports “[...] I feel

sometimes I get so focused on getting deliveries done that

I try to absorb everything to achieve this and to not let the

weight rest on the others [...]”. Finally #8 stated “[...] In the

first month of the Macro (challenge), I was working almost

everyday at night but it was because I wanted to, not because

there was demand to do this, just to speed up the project.”.

The second most mentioned factor was balance in team

member contribution. This was mentioned by participants

#3, #4 and #5. #3 stated “[...] I think there was nobody

overloaded [...]”. #4 reported “As I have mentioned before,

there is a balance there [...]” and #5 stated “[...] sometimes

it is nice to let activities for other people. [...]”.

Team The most important influencing factor was being

able (or not) to assist other team members in difficult

moments. Participants #3, #4, #6, #8 and #9 have provided

evidences that support this. For instance, participant #3 stated

“[...] Some moments we helped each other, the guys helped

each other but it could have been more [...]”. #4 stated “[...]

sometimes there is a problem and and I take responsibility

for it [...]”. #6 stated “[...] So I see there is still an issue

in letting go of what you’re doing, which perhaps is not a

priority and (instead) try to help the other person [...]”. #8

reported “[...] Most of the time, we manage to help each other

nicely [...]”. Finally #9 reported “[...] The team did not help,

did not make the case [...]”.

The second most mentioned factor influencing the partici-

pants’ answer regarding their team’s teamwork was aware-
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ness regarding the project (i.e. source code bugs, docu-

mentation status, etc.). This was mentioned by participants

#1, #2 and #3. #1 stated “[...] sometimes people need to

speak out more of the things they perceive [...]”. #2 reported

“[...] Everybody is conscious of the things that are being

done, everything is documented [...]”. Finally #3 stated “[...]

I think it was good because everybody was on the same page.

[...]”.

4.5 Leadership

In terms of leadership, participants have provided many rea-

sons for the impact it has had in their answers.

Self The most mentioned aspect by the participants in

their answer regarding self and leadership revolved around a

perception of inexperience and that of a learning experi-

ence. Participants #4, #5, #7 and #9 mentioned this. Their

sentences which illustrate this point are, respectively, “[...] I

think there are things I have to learn, things I am in doubt, if

it is the role of the PO or the SM [...]”, “[...] It is my first time

experiencing this so I think I would not be able to say I am

at my best. [...]”, “I think I still fail in somethings because

I’m still learning. [...]” and “[...] As a PO, I don’t know

if I’m performing well in my role as PO, this is the issue [...]”.

Team The most mentioned influencing aspect in relation

to leadership in the teams of the participants was the pro-

cesses of assuming tasks and decision-making. Participants

#1, #4, #5, and #7 provide motivation for their answers and

mentioned this aspect. #1 stated “[...] sometimes it takes a

lot for someone to say ’let me handle this’ [...]”. #4 reports

“[...] when there is something that went wrong or we need

to go to other direction, most of the group takes charge and

says ’let’s go this way, let’s go that way’, I think there is

this level of leadership.”. #5 reported “[...] I think the team

can see clearly, having a vision of what is happening and

taking the lead.” and #7 stated “[...] The decisions are made

collectively, but I think everybody leads together, despite the

fact that I am the PO, everybody has the big picture [...]”.

The second most mentioned aspect influencing the par-

ticipants rating of the team’s leadership was the fact that

leadership duties were being conducted not exclusively by

the POs, but by multiple team members. Participants #3,

#6 and #8 mentioned this when answering this question. For

example, participant #3 stated “[...] The Scrum Master ends

up arbitrating the deadlines for some rituals [...]”. Partici-

pant #6 reported “[...] When the subject is something more

about the project’s scope, it ends up staying with me [...]”

and participant #8 mentioned “[...] The designer can, when

the task is design-specific, to organize and lead us to show

what she is doing, her opinion, (she) can organize a group

dynamic more or less.”.

4.6 Motivation

Specifically regarding motivation, participants have provided

many reasons for the impact it has had in their answers.

Self The most mentioned aspect by the participants when

justifying their report on the ability to motivate their peers

was a need to motivate other team members with some

strategies they had implemented. This is mentioned by #1, #2,

#3, #4 and #8. #1 stated “[...] There was a retrospective that

I looked like a ’coach’ speaking, to motivate the team. [...]”.

#2 reported “[...] Keeping people engaged, motivated is

something I can do just fine.”. #3 said “[...] This is why I think

the PO must have a personal engagement with the product,

if not, this (motivating others) becomes difficult [...]”, #4

mentioned “[...] I always attempt to motivate when something

goes wrong [...]” and #8 said “[...] I am the person who is

leading where our product goes, I have to give the example

as much as I can in that time [...]”.

The second most mentioned in this regard was a per-

ception of low motivation and engagement of the team.

This was mentioned by participants #1, #3, #4, and #7.

Participants #1 reported “There was a moment in the first

sprint [...] that people began to lose motivation and ’Come

on, we still have all these months ahead’ so we could not lose

motivation at that time.”. Similarly, #3 stated “[...] I was

not engaged with the product, it wasn’t a product I valued.

[...]”. Further, #4 stated “[...] When I am not motivated,

I can’t motivate others, so in this matter, I think I could

improve.”. Finally, #7 stated “[...] sometimes it is difficult

to stay motivated because we are not only working in this

program, we have a life outside, in college [...]”.

Team The most mentioned justification for the rating pro-

vided by the participants when answering about team motiva-

tion was a perception of an elevated team motivation. This

was reported by participants #2, #3, #6, #7, #8 and #9. #2

demonstrated this by stating “[...] as everybody is engaged

with the product and wants to deliver it well developed, ev-

erybody kind of ends up self motivating. [...]”. #3 said “[...]

(motivation-wise) I am doing not as ’high’, not ’loose’, but

it is average, roughly”. #6 reported “[...] There are days of

motivation, where we understand everything is going to work

and it ends up not working but I see that even then it isn’t

something that you get into a dark tunnel and never leaves. I

see that the entire team is motivated to deliver the best pos-

sible [...]”. #7 said “[...] I think that despite of everything I

said (that) we have our moments of sadness, get a little bad,

we always have this engagement [...]”. Finally #8 and #9

reported, respectively, “[...] I think everybody is working a

lot and is motivated with our product, even too much, there

were two weeks in which we did not even have breaks from

work for example [...]” and “[...] People wanting to work,

’Let’s go, let’s make the app, make the website’, we put the

website online, we bought the domain. We are investing our

own money, we bought the domain.”.

The second most mentioned justification for rating pro-

vided by the participants was a perception of low motivation

moments in the team. This was reported by participants #1,

#3, #4, #5 and #7. Beginning with #1, who said “[...] It is

mostly because there was a moment in sprint 1 in which it

(motivation) felt, but it is fine.”. Next #3 reported “[...] Be-

cause there were moments in which we were able to be more

motivated, including me. [...]”. In addition, #4 reported “We
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lack a few motivation, I think there are peaks of motivation.

[...]”. #5 stated “I think there are moments that we end up

like ’Darn, that didn’t work’ and then we have to an even

larger effort to become motivated again [...]” and #7 reported

“[...] So if someone is in a bad vibe, another one comes and

’No, let’s go, I’ll take you by the hand and we will make it’

[...]”.

5 Discussion

After gathering our results, we have proceeded to conduct our

analysis over the prism of our research question. To better

frame our analysis, we have used the soft skills as anchors

for our answer. In this sense, we present this discussion for

our RQ: What are the impacts to software development

student teams of assigning a leadership role (PO) to a team

member at the individual level and at the team level?

1. Communication - Communication’s reports mostly re-

volved around the participants perceiving that the POs

and their teams were in a learning experience and had

room for improvement and to learn. In addition, team

transparency, being comfortable around team members

and communicating effectively were relevant for the

POs when rating communication towards their team and

inside their team.

Our results suggest that assigning leadership roles en-

hances both the leader’s and the team’s perception of

communication as a learning process, improving trans-

parency and effectiveness.

2. Coordination - Coordination’s reports had three axis

around which they revolved: (i) project management, (ii)

difficulty in leading and (iii) a positive team engagement.

These results are interesting as they present a mixture of

difficulty in performing leadership tasks, which is coher-

ent with a first time experience, a difficulty in leading,

again coherent given that most of them had no previous

experience with leading, and a positively engaged team

in general, an aspect that could interpreted as being mul-

tifaceted, as for example they could be identifying with

the idea, being intellectually stimulated, identifying with

the group, etc.

From this, we can provide indications that assigning a

leadership role to a team member in a software develop-

ment team with regards to coordination tends to bring

the relevance of project management skills and tasks to

the students, alongside an improved understanding of

the the challenges of leading a software development

team. Further, it brings to team the importance of team

engagement (or motivation).

3. Cohesion - Cohesion’s rating reasoning for the partici-

pants could be summarized in a general focus on deliver-

ing the software product and its features but remaining

aligned with personal goals.

Findings such as this present different analysis prism,

committing to the development of the group-defined

software features and remaining aligned with personal

goals are sometimes contradictory actions and this ten-

sion was relevant for participants and brought by them

in their answers.

In this sense, our results provided indications that as-

signing a leadership role to a team member in a software

development team with regards to cohesion tends to

make leaders have to deal with the need to align the

team’s objectives for the software product (relating to

schedule, feature development, performance, etc.) and

personal goals that students could have (e.g., exploring

a specific technology or skill, improving development

skills, creating a personal portfolio, etc.).

4. Teamwork - Teamwork rating reasoning provided by

participants in their answer did not converge to more en-

compassing terms than the ones presented in the results.

This indicates that teamwork reasoning for participants

had many aspects for consideration such as mutual as-

sistance, commitment, personal contribution and project

awareness.

This results provide indications that assigning a leader-

ship role to a team member in a software development

team concerning teamwork tends to impact many aspects

and enhance the awareness of the team and the leader

towards these aspects. Namely mutual assistance, com-

mitment, personal contribution and project awareness.

5. Leadership - In terms of leadership, participants most

cited justification revolved around a sense of a learning

experience and somewhat sharing this experience with

team members.

These results indicate that participants were mostly

aware that they were learning and thus felt in a safe

space to do this, understanding that they would perform

as effectively, and also to share leadership tasks with

teammates.

Thus, our study has presented indications that assigning

a leadership role to a team member in a software devel-

opment team concerning leadership tends to be mostly

positive as leaders felt safe to fail and share duties with

other team mates and view the experience as a learning

opportunity.

6. Motivation - Regarding motivation, although the most

individually cited justification was a perception of high

motivation (engagement) of the team, a perception of

low motivation and the need to motivate others was also

reported.

This result is interesting as it makes it clear that among

the tasks that the participants felt they had to do, was to

improve team engagement with the project and to ensure

this sense is maintained throughout the project.

In this sense, our study has presented indications that as-

signing a leadership role to a team member in a software

development team concerning motivation tends to bring

to awareness of the leader of importance of motivation

and the need to act to either maintain it or raise it.

Overall, considering all answers from the soft skills and

looking from the prism of leadership, our results indicated that

assigning a leadership role to a team member in a software

development team tends to be an overall valuable learning

experience for new developers. Furthermore, apart from be-

ing challenged to be a leader, they also become aware of

the needs that leading a team can have, such as balancing

personal goals with project objectives, communicating effec-
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Table 2. Summary of the answers to the interview (sorted by frequency)

Soft Skill Perspective Justification Freq. Example Quote

Cohesion Self Focus on the goals the team had set both

for the software product and the team

members themselves

7 [...] we have always continued focusing even (on) what

had to be developed. [....]

Motivation Team Perception of an elevated team motiva-

tion

6 [...] as everybody is engaged with the product and wants

to deliver it well developed, everybody kind of ends up self

motivating. [...]

Coordination Self Managing task creation, task/step depen-

dencies and task separation (or atomiza-

tion)

5 I think since the beginning when we established the tasks

and the USs, we were not able to perform this [...]

Motivation Self Need to motivate other team members 5 [...] There was a retrospective that I looked like a coach

speaking, to motivate the team. [...]

Teamwork Team Being able (or not) to assist other team

members in moments of necessity

5 [...] Some moments we helped each other, the guys helped

each other but it could have been more [...]

Motivation Team Perception of low motivation moments

in the team

5 [...] It is mostly because there was a moment in sprint 1

in which it (motivation) felt, but it is fine.

Communication Self Perception of improvement opportunity

for themselves

4 I knew my role was that of a PO, but I have not performed

as I should have

Coordination Self General difficulty to lead/manage the

team

4 [...] I think this lack of experience in a real project also

heavily affects with my coordination [...]

Teamwork Self Level of commitment they had towards

the team

4 I think that from these three things, I have always been

motivated in all of them.

Leadership Self Perception of inexperience and that of a

learning experience

4 [...] I think there are things I have to learn, things I am in

doubt, if it is the role of the PO or the SM [...]

Leadership Team Processes of assuming tasks and

decision-making

4 [...] sometimes it takes a lot for someone to say ’let me

handle this’ [...]

Motivation Self Perception of low motivation and en-

gagement of the team

4 There was a moment in the first sprint [...] that people

began to lose motivation and ’Come on, we still have all

these months ahead’ so we could not lose motivation at

that time.

Communication Self Obtaining a sufficient amount of detail

and being objective when communicat-

ing

3 I have gone after everything to try to get as much commu-

nication as possible.

Communication Team Perception of improvement 3 [...] I think that because sometimes we do not understand

each other, it is improving steadily [...]

Communication Team Team’s transparency in communication 3 We have plenty of communication problems by not being

informed about what was happening with the team mem-

bers [...]

Coordination Team General engagement the team possessed 3 [...] I will say it is ‘very good‘ because everybody is en-

gaged with the product delivery. [...]

Cohesion Team Team’s eagerness to deliver the pro-

posed software products

3 I think the team works together a lot, we have not deviated

our focus in any moment and I think that is very important

Teamwork Self Team member’s contribution balance 3 [...] I think there was nobody overloaded [...]

Teamwork Team Awareness regarding the project (i.e.

source code bugs, documentation status,

etc.)

3 [...] sometimes people need to speak out more of the things

they perceive [...]

Leadership Team Leadership duties were being conducted

not exclusively by the POs, but by mul-

tiple team members

3 [...] The SM ends up arbitrating the deadlines of some

rituals [...]

Communication Self Being comfortable with the people in

the team

2 I rate this way because we already had a good communi-

cation before starting the challenge

Cohesion Self Aligned the goals and objectives of the

team and product from the start

2 I think from the start we defined what it (the product)

would be and we continue always to focus even (on) what

has to be developed. [...]
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tively and sharing leadership. These results are interesting as

they provide indications that assigning a leadership role can

be an enriching experience for new software developers and

provides a manner in which leadership could be developed.

6 Limitations

Even though the researchers actively engaged to reduce biases

and external influences, we discussed the construct, internal,

external and reliability validity based on Runeson and Höst

[2009b].

Regarding construct validity, the presentation and explana-

tion of the questions to the participants could have been mis-

interpreted by study participants. We minimize this by con-

ducting all interviews in-person and in which the researcher

is open for clarification and further explanations as questions

are presented to study participants.

In terms of internal validity, there is a possibility that re-

searchers might have been influenced to find leadership con-

cepts in the analyzed interview transcripts. To mitigate this

aspect, initially one of the researchers conducted the analysis

steps separately and independently. After, results were ob-

tained, an alignment meeting was conducted where doubts

were discussed and thus reached consensus.

External validity-wise, our results reflect a context where

real-world mobile apps are developed and where majority of

the teams are composed of students. In this sense, our results

are not directly generalizable to real software development

teams. Furthermore, since our interviews were conducted

only with the students who were assigned the PO role, our

results might not be generalizable for the team. However,

considering contexts which are similar, such as learning en-

vironment that use real-world settings to train software de-

velopers (with agile roles, development iterations, etc.), then

results are somewhat generalizable.

Finally, reliability in the study was addressed by discussing

and reaching consensus towards the steps and analysis to be

conducted. Every analysis was performed independently and

separately by one researcher. After that, an alignment meeting

was held to ensure all findings and conclusions are agreed

upon by the researchers.

7 Conclusion

This paper focused on the exploration of leadership teaching

within a Challenge-Based Learning (CBL) environment. It

specifically examined the impacts of assigning leadership

roles to team members in agile software development teams.

The research aimed to understand how such roles impact

individual and team development. The study used six soft

skills as guides for the investigation: (i) Communication, (ii)

Coordination, (iii) Cohesion, (iv) Teamwork, (v) Leadership,

and (vi) Motivation.

The results of the study revealed key indications. First, as-

signing leadership roles, such as the Product Owner in Scrum

teams, was found to be a significant learning experience for

new developers. This experience provided POs with an op-

portunity to improve their abilities to balance personal goals

with project objectives and fostered essential skills such as

effective communication and leadership sharing. These roles

also brought to light the challenges and opportunities in team

coordination, emphasizing the importance of project manage-

ment skills and team engagement. Furthermore, the study

highlighted how leadership roles impacted in the cohesion

within teams, aligning individual goals with broader project

objectives, and enhancing overall teamwork. The study also

presented indications that providing a leadership learning

opportunity for students is positive for individual growth of

team members.

In terms of future work, there is potential to explore the

long-term impacts of such leadership roles on career devel-

opment and professional growth in software development.

Future studies could also examine the scalability of these

findings in larger teams or different agile methodologies and

using more sophisticated qualitative analysis such as thematic

analysis and inter-coder agreement techniques. Additionally,

investigating the impact of diverse team compositions and

different educational backgrounds on the effectiveness of

leadership roles in CBL environments would provide more

comprehensive insights. Lastly, further research could focus

on developing more refined and targeted educational strate-

gies to integrate leadership skills training more effectively

into software development curricula.
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