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Abstract

Ingenieursonderwijs is van cruciaal belang voor de ontwikkeling van de industrie en dus
van de samenleving in het algemeen in elk land. Tegenwoordig wordt algemeen erkend
dat om een effectieve software-ingenieur te zijn in de moderne software-industrie men
vaardigheden nodig heeft om in een team te kunnen functioneren. Een groot aantal
gepubliceerde artikelen bevestigen dat teams op grote schaal zijn onderzocht in het
software engineering onderwijs (SEE). Beroemde Chaos-rapporten uit de industrie hebben
echter aangetoond dat het succes van softwareprojecten rond 30% ligt. Meer dan twee
decennia zijn voorbijgegaan sinds Demarco en Lister, in hun klassieke boek "Peopleware,
Productive Projects and Teams", verklaarden dat wanneer softwareprojecten mislukken dit
over het algemeen meer te wijten is aan problemen met teamwerk dan aan technische
problemen. Hun uitspraak is nog steeds actueel in de discussie over de menselijke en
sociale aspecten van software engineering. Zij toonden toen aan dat voor typische grote
softwareprojecten teamwerk ongeveer 70% van de projecttid in beslag neemt.
Tegenwoordig zou dit zelfs nog hoger kunnen liggen door het algemene gebruik van agile
methoden door de softwaregemeenschap, aangezien deze hun succes baseren op
zelfsturende teams. Daarom moet meer aandacht worden besteed aan het overbruggen
van de kloof tussen wat software-ingenieurs leren over teamwerk en wat nodig is om goed
te presteren in teams in de moderne software-industrie.

Sommige auteurs hebben de prestaties van teams in SEE bestudeerd. Er zijn echter
verschillende conceptualisaties gebruikt; en ze leggen allemaal de nadruk op de
procesresultaten in plaats van op de gedragingen die software-ingenieurs in staat stellen
teamdoelstellingen te bereiken. Daarom stelt dit proefschrift het volgende
wetenschappelijke probleem aan de orde: Hoe kan het teamperformantiegedrag in
software engineering onderwijs verbeterd worden? Cohesie wordt beschouwd als een van
de belangrijkste factoren die software teams beinvlioeden. Het is belangrijk gebleken voor
aspecten als teameffectiviteit, motivatie, productiviteit, teamsamenwerking, en agile
praktijken. Cohesie blijkt ook sterk gecorreleerd te zijn met performantie. Cohesie is
echter nauwelijks bestudeerd in SEE en er is geen empirisch bewijs over de relatie met
teamperformantiegedrag.

Aangezien verschillende wetenschappers overlappende conceptualiseringen hebben
voorgesteld, onderzoeken we in dit proefschrift zowel de resultaten of uitkomsten van
teamprestaties (simpelweg aangeduid als ‘teamprestaties’) als het gedrag van
teamprestaties in termen van teamleren. Het algemene doel is om een onderwijs-

leerkader te bieden, genaamd Agile Software Engineers Stick Together (ASEST), dat



gericht is op het ontwikkelen van teamcohesie, wat leidt tot beter teamleren en
teamprestaties van SE studententeams. Het proces dat gevolgd is om de doelstelling van
dit onderzoek te bereiken omvatte twee iteraties. De eerste iteratie is gericht op het
bepalen van de basis van het raamwerk, het opzetten van een voorlopige versie
(ASESTO), en het testen ervan. Drie onderzoeksvragen worden beantwoord: RQ1: Welke
huidige onderwijs- en leerbenaderingen kunnen worden gebruikt om het raamwerk op te
zetten?; RQ2: Verbetert de toepassing van ASESTO de ervaren teamcohesie, het
teamleren, en de teamprestaties? En; RQ3: Wat zijn de percepties van de studenten over
ASESTO? lteratie 2 was gericht op het verbeteren van het voorlopige voorstel en het
valideren van het uiteindelijke raamwerk (ASEST+). De volgende onderzoeksvragen
worden beantwoord: RQ4: Wat zijn antecedenten voor de cohesie van teams op één
locatie in SEE?; RQ5: Wat zijn de meest relevante geidentificeerde antecedenten voor
agile studententeams op €én locatie?; RQ6: Wat zijn de benaderingen in Agile Software
Development (ASD) met betrekking tot de relevante antecedenten om het raamwerk te
verbeteren? RQ7: Welke benaderingen met betrekking tot agile teamwerk in SEE kunnen
worden gebruikt om de leerstrategieén van het raamwerk te verbeteren? RQ8: Verbetert
de toepassing van de ASEST+ de waargenomen teamcohesie, het teamleren en de
teamprestaties? RQ9: Speelt teamcohesie een mediérende rol door de toepassing van de
ASEST+? En, RQ10: Wat zijn de percepties van docenten op ASEST+?

ASESTO combineert team-based learning, project-problem-based learning, en role-playing
game leerstrategieén in drie fasen en acht stappen. De eerste fase heeft tot doel de
leeromgeving tot stand te brengen en de leerlingen voor te bereiden op vaardigheden in
teamwerk. De kern van het raamwerk is de tweede fase met het opstellen van een
overeenkomst over teamregels die communicatie en conflicthantering ondersteunen. De
derde fase richt zich op het bijstellen van de overeenkomst via een zelf- en peer-evaluatie
van de bijdragen van de teamleden. Een quasi-experiment met een groep studenten die
ASESTO toepasten, gaf aan dat hun positieve percepties van teamcohesie, teamleren en
teamprestaties significant toenamen in vergelijking met de percepties van de studenten in
een controlegroep. Een quasi-experiment van ASESTO met teams die presteerden in een
bedrijfsomgeving toonde eveneens aan dat ASESTO effectief was. Uit een enquéte bleek
dat de studenten ons voorstel aanvaardden.

ASEST+ wil de geidentificeerde moeilijkheden uit iteratie 1 oplossen en rekening houden
met antecedenten voor cohesie. Het is opgebouwd rond Scrum-teams en combineert
leerstrategieén om studenten te trainen in collaboratieve en technische agile praktijken.
ASEST+ stelt beleidslijinen op voor rolverdeling en teamafspraken om communicatie te



reguleren en conflicthantering gekoppeld aan agile praktijken aan te pakken. ASEST+ richt
zich op persoonlijkheid, conflicten en taakafhankelijkheid omdat deze antecedenten als de
belangrijkste zijn geidentificeerd. Een quasi-experiment toonde aan dat het gebruik van
ASEST+ de positieve percepties van de studenten over teamcohesie, teamprestaties en
teamleren significant verhoogt in vergelijking met een controlegroep. Een ander quasi-
experiment met één groep studenten zonder deelname van de onderzoeker repliceerde de
interventie. Ook hieruit bleek dat ASEST+ effectief was. Bovendien bevestigde een
longitudinale analyse in deze studie dat cohesie een mediator is tussen de antecedenten
persoonlijkheid, conflicten, en taakafhankelijkheid en de uitkomsten teamleren en
teamprestatie.

De belangrijkste bijdragen van dit proefschrift zijn de identificatie van trends op het gebied
van teamwerk in SE, de identificatie van de relevante aspecten die de cohesie van
software engineering studententeams beinvloeden, de onderbouwing van het ASEST
raamwerk om cohesie voor software engineering studententeams te ontwikkelen, en de
experimentele validatie met het ASEST raamwerk. Hoewel enkele beperkingen in termen
van generalisatie in acht moeten worden genomen, is het onze verwachting dat de
bevindingen in dit proefschrift kunnen bijdragen tot het afleveren van beter voorbereide
software-ingenieurs aan de industrie en nieuwe deuren kunnen openen voor toekomstig

gerelateerd onderzoek.






Abstract

Engineering education is critical for the development of industry and hence of society in
general in any country. Nowadays it is generally recognized that in order to be an effective
software engineer in the modern software industry one requires skills for performing in a
team. A large number of published papers confirm that teams have been widely
researched in software engineering education (SEE). However, famous industry Chaos
Reports have shown that software project success is around 30%. More than two decades
have passed since Demarco and Lister, in their classic book “Peopleware, Productive
Projects and Teams”, stated that when software projects fail it is generally more because
of teamwork problems than technical issues. Their statement remains a current concern
for progress discussion on human and social aspects of software engineering. They
showed then that for typical large software projects team working is about 70% of the
project time. Nowadays this could be even higher because of the general use of agile
methods by the software community as they base their success on self-managed teams.
Accordingly, more attention should be paid to bridging the gap between what software
engineers are learning about teamwork and what is required to properly perform in teams

in the modern software industry.

Some authors have studied team performance in SEE. However, diverse
conceptualizations have been used; and they all put emphasis on the process results
rather than on the behaviors that allow software engineers to obtain team objectives. Thus,
this dissertation addresses the following scientific problem: How to improve team
performance behaviors in software engineering education? Cohesion is considered one of
the most important factors that influence software teams. It has been found important for
aspects like team effectiveness, motivation, productivity, team collaboration, and agile
practices. Cohesion has also been found strongly correlated with performance. However,
cohesion has been scarcely studied in SEE and there is no empirical evidence on the

relationship with team performance behaviors.

Since overlapping conceptualizations have been proposed by different scholars, in this
research we examine both team performance outcomes (referred to as ‘team
performance’) and team performance behaviors in terms of team learning. The overall
aim is to provide a teaching-learning framework named Agile Software Engineers Stick
Together (ASEST) that aims to develop team cohesion, leading to better team learning

and team performance of SE student teams. The process followed to address the



objective of this research included two iterations. Iteration 1 aimed at determining the basis
of the framework, setting up a preliminary version (ASEST 0), and testing it. Three
research questions are answered: RQ1: What current teaching and learning approaches
can be used to set up the framework?; RQ2: Does the application of the ASESTO improve
perceived team cohesion, team learning, and team performance? And; RQ3: What are the
students’ perceptions of ASESTO0? Iteration 2 aimed at improving the preliminary proposal
and validating the final framework (ASEST+). The following research questions are
answered: RQ4: What are the cohesion antecedents for collocated teams in SEE?; RQ5:
What are the most relevant identified antecedents for agile collocated student teams?;
RQ6: What are the approaches in Agile Software Development (ASD) regarding the
relevant antecedents to improve the framework?; RQ7: What approaches regarding agile
teamwork in SEE can be used to improve the framework learning strategies?; RQ8: Does
the application of the ASEST+ improve perceived team cohesion, team learning, and team
performance?; RQ9: Does team cohesion have a mediational role through the application
of ASEST+? And, RQ10: What are the perceptions of teachers on ASEST+?

The ASESTO combines team-based learning, project-problem-based learning, and role-
playing game learning strategies in three phases and eight steps. The first phase aims to
establish the learning environment and prepare the students on team working skills. The
core of the framework is the second phase with an establishment of an agreement on
team rules that support communication and conflict management. The third phase focuses
on adjusting the agreement via a self and peer evaluation of member contributions. A
guasi-experiment of one group of students that applied the ASESTO indicated that their
positive perceptions of team cohesion, team learning, and team performance increased
significantly compared with the perceptions of the students in a control group. A quasi-
experiment of ASESTO involving teams performing in a company setting also showed

ASESTO to be effective. A survey showed students’ acceptance of our proposal.

ASEST+ aims to solve the identified difficulties from iteration 1 and considers cohesion
antecedents. It is built around Scrum teams and combines learning strategies to train
students in collaborative and technical agile practices. ASEST+ establishes policies for
role allocation and team rule agreements to regulate communication and address conflict
management linked to agile practices. ASEST+ addresses personality, conflicts, and task
interdependence as these antecedents are identified as the most important. A quasi-
experiment showed that the use of ASEST+ significantly increases the students’ positive

perceptions on team cohesion, team performance, and team learning compared with a

Vi



control group. Another quasi-experiment over one group of students without the
researcher’s participation replicated the intervention. It also showed ASEST+ to be
effective. In addition, a mediation longitudinal analysis along this study confirmed cohesion
to be a mediator between the antecedents personality, conflicts, and task interdependence

and the outcomes team learning and team performance.

The main contributions of this dissertation are the identification of trends on teamwork in
SEE, the identification of the relevant aspects affecting cohesion of software engineering
student teams, the foundation of ASEST framework to develop cohesion for software
engineering student teams, and experimental validation with ASEST framework. Although
some limitations in terms of generalization should be considered, it is our expectation that
the findings presented in this dissertation can contribute to delivering better-prepared

software engineers to the industry and open new doors to future related research.
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Chapter 1

General introduction
1.1 Introduction

The engineering profession has evolved over the past decades driven by changes that
resulted from events such as the significant advances in technology and the impact of
globalization (Rajala, 2013). (K. A. Smith, 2012) have identified five major shifts reshaping
engineering education in 100 years in pursuing to face such challenges. One of these
shifts is "the application of research in education, learning, and social-behavioral sciences
to curricula design and teaching methods". This is particularly important for software
engineering education (SEE), which has been recognized under constant pressure to

provide students with relevant knowledge and skills for industry (Fagerholm et al., 2017).

Software engineering is a complex socio-technical (Steve Sawyer, 2004) and knowledge-
intensive activity that relies on human collaboration. IEEE defines software engineering as
"the application of a systematic, disciplined, quantifiable approach to the development,
operation, and maintenance of software” (IEEE, 1990). While discussing how to prepare
the engineer for the future, (Rajala, 2013) states that the second top attribute of this
engineer is to be proficient in working in or directing a team. For SEE it is now widely
recognized that there is a need to teach students how to work effectively in teams.
Software engineering needs engineers able to play different roles during several tasks,

coordinating efforts to achieve coherence in different phases of the process.

Several researchers have highlighted the importance of teamwork in software
development since the early stages of this industry (Demirors et al., 1997). More recently
(Congalton, 2014) stated that “an overriding trend in software development is that software
is increasingly created by teams and not individuals”. According to (Dingsoyr et al., 2016)
teams remain the core organizational form in software development with particular
relevance to apply agile methods. Agile software development (ASD) is nowadays a widely
applied approach as a response to the need of modern software projects that require not
only a high level of quality but also overcoming schedule and budget constraints in a
rapidly growing and changing environment. ASD bases its success on self-managed
teams able to prioritize and quickly respond to changes and to satisfy customers through

early and continuous delivery of quality software.



Teamwork has been included in the ABET students’ learning outcomes criteria for
accrediting computer programs (ABET, 2012) and in the Curriculum Guidelines for
Undergraduate Degree Programs in Computer Science from ACM and IEEE (IEEE; ACM,
2014). A large number of published studies also reflects growing attention to this subject.
Industry reports, however, have shown that less than 30% of software projects are
successful (Standish Group, 2015). The reason why many software projects fail is due
more often to teamwork problems than technical issues, as authoritative authors have
suggested (T. DeMarco, 1999). This remains a current concern for progress discussion
indicated by (Lenberg et al., 2015). Accordingly, more attention should be paid to bridging
the gap between what software engineering students are learning about teamwork and

what is required to properly perform in teams in the modern software industry.

Team performance has been one of the related topics addressed in SEE (Lago et al.,
2012) (Garcia & Pacheco, 2014). It is usually measured using indicators for effectiveness
and efficiency. (Mathieu et al.,, 2008) and (Beal et al.,, 2003) however differentiated
between performance behaviors and performance outcomes. According to these authors,
performance behaviors are actions relevant for achieving goals, whereas performance
outcomes are the consequences or results of performance behaviors. Nevertheless, these

studies put more emphasis on the results rather than on the behaviors.

Team cohesion is relevant for software teams (Lenberg et al., 2015). Through a systematic
literature review, these authors define a research area concerned with cognitive, social,
and human aspects of software engineering named Behavioral Software Engineering
(BSE), proposing a common platform for future research. At the team level, they found

cohesion is one of the most addressed aspects in software engineering.

Through a meta-analysis of studies over a wide range of sectors for more than 50 years (in
the period between 1951 and 2002), (Beal et al.,, 2003) identified cohesion as being
strongly correlated with performance. Several authors have also addressed cohesion in
SEE (e.g. (Chidambaram & Carte, 2005) (Chung-yang Chen et al.,, 2014)). Previous
studies however did not address the relationship between cohesion and performance

behaviors. This doctoral dissertation focuses on rectifying this shortcoming.

In this research, we examine both team performance outcomes (referred to as ‘team
performance’) and team performance behaviors in terms of team learning. The overall
aim of this doctoral research is to provide a teaching-learning framework called ASEST

(Agile Software Engineers Stick Together) for the development of team cohesion aimed at



improving team performance and team learning of software engineering student teams.
This research focuses on teams that share the same workspace, also referred to as

‘collocated teams’. The following research questions are addressed:

1. What current teaching and learning approaches can be used to set up a framework
for improving team cohesion leading to better team performance and team learning

as perceived by software engineering student teams?

2. Does the application of the proposed preliminary framework improve team
cohesion, team learning, and team performance as perceived by software

engineering student teams?
3. What are the students’ perceptions of the proposed preliminary framework?

4. What are the cohesion antecedents for collocated teams in Software Engineering
Education (SEE)?

5. What are the most relevant identified antecedents for agile collocated student

teams?

6. What are approaches in Agile Software Development (ASD) regarding the relevant

antecedents to improve the proposed framework?

7. What approaches regarding agile teamwork in Software Engineering Education

(SEE) can be used to improve the framework learning strategies?

8. Does the application of the final framework improve team cohesion, team learning,

and team performance as perceived by software engineering student teams?

9. Does team cohesion have a mediational role through the application of the final

framework?
10.What are the perceptions of teachers on the final framework?

The methodology followed in this research is presented in Table 1. The table summarizes
the research questions, design, and techniques used in this work. Certain conditions of the
context where the experiments took place drove the decision to choose for a quasi-

experiment design.



Table 1. Research guestions, methodology, research design, and research techniques for
the studies

Chapt Research  Methodology Research Design Research techniques
er Questions
1 General introduction (research motivation, concepts, purpose of the research,
research design, and overview of the dissertation)
2 RQ1 Qualitative Literature review 1 Experts consult
research Descriptive (narrative)
synthesis
Cluster analysis
3 RQ 2 and Quantitative  Quasi-experiments T student test
RQ 3 and land?2 Wilcoxon test
qualitative Survey
research Content analysis
4 RQ 4- RQ6 Quantitative  Literature reviews 2 Descriptive (narrative)
research and 3 synthesis
Correlational study  Survey
Pearson correlation
analysis

Analysis of variance
Regression analysis

5 RQ 7- RQ Qualitative Literature review 1 Descriptive (narrative)
10 and (expanded) synthesis
guantitative Quasi-experiment 3 T student test
research and 4 Wilcoxon test
Mediational analysis
Survey
6 General conclusions and contributions (overview and discussion of main

results, implications and recommendations for future research)

The research process (shown in Fig 1), was restricted by the fact that the researcher had
to switch periods of working in Cuba and Belgium. While she had to teach courses in Cuba
she also must attend courses and comply with other requirements of her doctoral school in

Belgium.



Literature review 1
(RQ1, Chapter 2)

Basis of ASEST

Agile learning

Construction of the
preliminary framework
(Chapter 3)

ASESTO

Validation of the
preliminary framework
(RQ2 & 3, Chapter 3)

Quasi-experiments 1 & 2

Reievant

S o~ Fw @+ —

|

t

Quasi- sirategies antecedents for Team cchesion e

ok agile colocated antecedents in r

experiments Relevant antecedents ¢y gent teams SEE a

3&4 approaches in ASD t

ASEST+ i

(o]

ASEST+ Constiuction of Literature Literature Correlational Literature n

validation thefinal review 1 review 3 study review 2

O (RQ8,9&10° | framework expanded (RQS, (RQS, (RQ4, 2

Chapter 5) (Chapter 5) (&C;Z-ter - Chapter 4) Chapter 4) Chapter 4)

Figure 1. Doctoral research process

1.2 Teamwork teaching-learning frameworks and team cohesion in engineering education

Literature on teamwork in engineering education is quite extensive. Among the aspects
that have been studied are team member effectiveness assessment (Loughry et al., 2007),
teamwork skill assessment (Loughry et al., 2014), team building (Sullivan et al., 2002),
team working curriculum (Zemke, 2007), multidisciplinary teams (Hwang & Blandford,
2000) and team management (Mead et al., 2000). A variety of proposals for learning-
teaching teamwork can be found. They include the use of communities of practice (Gates
& Villa, 2014), the use of videos (Arvold & Goode, 2015), virtual environments (Sancho et
al., 2011), and learning from industry experiences (Bowen et al., 2005) to mention some

examples.

Intending to get an overall understanding regarding related teaching frameworks, we
consulted Scopus and the Web of Sciences databases. We sought articles where the
authors name their proposals as “pedagogical framework”, “learning framework”,
‘educational framework”, “teaching framework” or “teaching-learning framework”. We
looked at these keywords together with “engineering education” and team* to be contained

in the abstract, list of keywords, or title. We retrieved 58 papers.

The teaching frameworks mentioned in these papers addressed teamwork by using team-
based learning combined with other approaches. Problem/project-based learning was the

most often used approach (17 studies), followed by the use of ICT to enhance learning (6



studies), real-world problem solving, or any other link with industry (6 studies) and
multidisciplinary teams (5 studies). Appendix 1 exemplifies the main contributions of these

proposals. The aim is not to be extensive but to provide a broad view of the context.

A search over the Scopus and Web of Knowledge databases using the string
(“engineering education” and cohesion and team*) showed that team cohesion has been
previously addressed in engineering education, especially in engineering design. For
example, while evaluating a communication framework for team effectiveness in a design
and communication course, (Hoffart, et al. 2015) found that their proposal increased team
cohesion.

The work of (Asio, Cross and Ekwaro-Osire 2018), found that cohesion was related to
perceived student team innovation in this area. (Siggard, et al. 2014) approach industrial
design with a curricular proposal that emphasizes team cohesion among the aspects they
address to solve problems regarding gender. In another study addressing gender
composition in engineering design, (Okudan, et al. 2002) found that cohesion values for all
the female teams were considerably lower than those of other team types they studied. In
two studies collective efficacy was found related to team cohesion in engineering design
student project teams (R. W. Lent, J. A. Schmidt, et al. 2004) (R. W. Lent, L. Schmidt, et
al. 2002).

Team cohesion has been also addressed in education enhanced by technology for
engineering students. (Gupta 2018) found that perceived anxiety mediates the impact of
cohesion on computer self-efficacy in self-paced technology training. In industrial
management education, when studying the impact of introducing collaborative writing tools
in a course, the authors found the use of these tools enhanced team cohesion among
other aspects of teamwork (Uppvall, Blomkvist and Bergqvist 2017). Other authors studied
the challenges of designing and implementing group-based learning activities to teach
collaboration skills in engineering management education (Saunders, Jasper and Whitton
2010). They addressed the question of how academic staff takes on the logistical
challenge of delivering effective group work to large cohorts of students. In this study they

found the use of wikis improved team cohesion.

In SEE, in particular, previous studies on team cohesion include the work of (Wellington et
al.,, 2005a), who found that cohesion was higher for the student teams that used agile

methodologies compared with those that used plan-driven methodologies. A study of over



35 software engineering student teams, (Acuia et al., 2009, 2008) found the more the

level of cohesion drops, the more conflict there was between the team members.

The study of (Rutz & Tanner, 2016) on group diversity over 44 teams of undergraduate
students found that diversity was significant for the cohesion of virtual teams. (Chung-yang
Chen et al., 2014) propose the Meeting-flow approach which emphasizes the role of
meetings in conducting software capstone projects for undergraduate students. They
evaluated their approach concerning teamwork quality and measured it in six facets:
communication, coordination, balanced member contributions, mutual support, effort, and
cohesion. The authors found that while their proposal significantly enhanced the other
facets, it had less influence on team cohesion. (Silvestre et al., 2016) studied cohesion
regarding the formation of software development teams. Their approach proposes a
heuristic to form cohesive teams. However, they just focused on team design, leaving
open the challenge of how to maintain the initial level of cohesion or how to raise it.

To summarise, educators around the world recognize the importance of teamwork for
engineering students and mix different approaches to enhance team-based learning in
their courses. Team cohesion has been found to influence the teamwork of engineering
student teams. However, to date, there is a lack of teaching-learning frameworks focusing
on the development of team cohesion. In SEE, in particular, only the proposal of (Silvestre
et al., 2016) partially addresses this issue. Therefore, more efforts are needed to further

develop the team cohesion of software engineering student teams.
1.3Concepts

As stated by (E. Salas, 2005), as one begins to examine the team literature, it becomes
clear that types of teams are as varied as the number of authors who have discussed
them. However, conceptually, researchers have converged describing teams as complex,

adaptive, dynamic systems (ligen et al., 2005).

In this doctoral dissertation, the definition of Hackman is assumed. This author states that
a team can be defined as “A group [which] is an intact social system, complete with
boundaries, interdependence for some shared purpose, and differentiated member roles”
(Hackman & Katz, 2010). To limit the focus of this dissertation, team purpose and roles are
related to software engineering activities in collocated educational settings. In the next
sections, the conceptualization of team cohesion, team performance, and team learning

are examined.



1.3.1 Team cohesion

Team cohesion is an emergent state that has been thoroughly investigated and diversely
conceptualized (Beal et al.,, 2003; Chiocchio & Essiembre, 2009; Eduardo Salas et al.,
2015). The findings of several meta-analyses on team cohesion tend to support the
multidimensional view of team cohesion (Kozlowski & Bell, 2012), although some authors

define cohesion as a unidimensional construct (Eduardo Salas et al., 2015).

Table 2 shows several definitions of team cohesion. This table is not meant to be
exhaustive but it illustrates with a variety of team cohesion definitions that they are all
related to these dimensions 1. Social cohesion: integration, closeness, and unification. 2.
Task cohesion: tasks commitment. 3. Feelings: act as forces that bind people together and

keep the individual in the team (e.g. group pride).

Table 2 Team cohesion definitions

Authors Definition

(Festinger, 1950) An attraction or bonding between group members that is based on
a shared commitment to achieving the group’s goals and
objectives

(Seashore, 1954) A closeness and attraction within the group that is based on social
relationships within the group

(Cartwright & Individuals’ high degree of loyalty to fellow group members and

Zander, 1960) their willingness to endure frustration for the group

(Cartwright, 1968) The degree to which team members desire to remain on the team

(Lieberman et al., A group property with individual manifestations of feelings of

1973) belongingness or attraction to the group
(Shaw, 1981) The degree to which members of a group are attracted to each
other

(A. Carron, 1982)  The extent to which the members of a group stick together and
remain united in the pursuit of goals and objectives
(A. V. Carron et A dynamic process that is reflected in the tendency for a group to

al., 1985) stick together and remain united in the pursuit of its goals and
objectives

(Wolfe & Box, The degree to which team members hold an attraction for each

1987) other and a desire to remain intact as a team

(Bollen & Hoyle, An individual's sense of belonging to a particular group and his or

1990) her feelings of morale associated with membership in the group

(Mullen & Copper, (1) interpersonal attraction of team members, (2) commitment to

1994) the team task, and (3) group pride-team spirit

(Maznevski et al.,, The extent to which team members enjoy working together and

2000) would like to continue to work together

(Okudan et al., The average of member contribution levels

2002)

Schermerhorn, The degree to which members are attracted to a group

Hunt, and Osborn



(2002)

(Beal et al., 2003) The extent to which group members exhibit liking for the status or
the ideologies that the group supports or represents, or the
shared importance of being a member of the group

(Wellington et al., The degree to which the team sticks together as they pursue the

2005a) team’s purpose

(Wellen & Neale, The overall attraction or bond amongst members of a group’ and

2006) has ‘two underlying components: (a) social cohesion, which
describes the attraction amongst group members based on social
relations within the group; and (b) task cohesion, viewed as the
attraction that is based on a shared commitment to achieving
group goals

(Karn et al., 2007) The degree to which team members have close friendships with
others in their immediate work unit and their personal attraction to
members of the group

(Tesluk et al, The tendency for a team to remain united in the pursuit of its

2009) objectives

(Curseu & Pluut, An emergent state that reflects the extent to which group

2013) members stick together (the group is a tight unit)

(Ralph & Shportun, The extent to which a team acts together as a single agent toward

2013) shared goals

(Voulgari & Komis, The forces that keep the group together and the links between

2015) group and members

(Lindsjgrn et al.,, Team members’ motivation to maintain the team and accept that

2016) team goals are more important than individual goals

The meta-analyses on team cohesion have also shown different levels of importance for
each dimension to team performance. The meta-analysis of (Beal et al., 2003) examined
three dimensions of cohesion: interpersonal (social cohesion), task cohesion, and feelings
of group pride. It showed that they were each equally significantly related to team
performance. However, (Zaccaro & Lowe, 1988) and (Mullen & Cooper, 1994) concluded
that task cohesion is the critical element when the cohesion-performance relationship is

examined.

More recently, the meta-analysis of (Eduardo Salas et al., 2015) found that when cohesion
is conceptualized using social and task (but not other) dimensions and when analyses are
performed at a team level, its relationship with performance is more significant. Therefore,

they recommend researchers to prioritize social and tasking dimensions.

Following this recommendation, the criteria of (Wellington et al., 2005a) are assumed in
this dissertation. They specify that within software engineering in particular, cohesion can
be seen in two ways: the social attachment within the team and the team’s connection to
the project itself, as defined by (A. V. Carron et al., 1985). These last authors represent

cohesion at individual and group level in four constructs, adopted in this dissertation:



1) Group Integration - Task cohesion, which represents an individual’'s perception about

his or her group members’ tendencies to remain in the group because of the task;

2) Group Integration — Social cohesion, which describes an individual’s perception about

the group members’ tendencies to remain in the group because of the social interaction;

3) Individual Attraction to the Group - Social cohesion, which means the individual's

intention to stay in the group because of the social interaction; and

4) Individual Attraction to the Group - Task cohesion, which represents the individual’s

intention to stay in the group because of the task.
1.3.2 Team performance behaviors and outcomes

Team performance has been differentiated in behaviors and outcomes (Campbell, 1990)
(Beal et al., 2003). Team performance outcomes are focused on results while team
performance behaviors are related to the actions that drive obtaining those results. While
differentiating team performance outcomes and behaviors, these authors pointed that the
performance outcomes perspective does not consider potential inhibitors for the team to
perform (Campbell, 1990) (Beal et al., 2003).

Team performance outcomes is the most common treated perspective in many research
fields, including the literature on the cohesion-performance relationship (Beal et al., 2003).
From this view, team performance has been seen “in the most restricted sense, [...] in
terms of whether or not a team achieves the tasks set for it” (Senior & Swailes, 2019), or

as “evaluations of the results of the teamwork” (T. Dings@gyr & Lindsjgrn, 2013).

In software development, team performance outcomes have been characterized as a
multidimensional construct. For instance, (S. Sawyer & Guinan, 1998) include team
efficiency, product quality and team effectiveness attributes. The majority of researchers
only refer to team efficiency and effectiveness dimensions (T. Dingsgyr & Lindsjgrn, 2013).
Efficiency is related to “the adherence to schedules and budgets” (Hoegl et al., 2003).
Some authors refer to team effectiveness and quality indistinctly. They see the
effectiveness as “the degree to which teams meet expectations regarding the quality of the
outcome” (Hoegl et al., 2003). In addition, some authors, however, have studied other

team-level outcomes like customer satisfaction and innovation (Mathieu et al., 2008).
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Team performance behaviors have been studied regarding team process improvement,
team learning, and cognitive task performance (Mathieu et al., 2008). Authors have
proposed several team performance behaviors to be studied according to specific types of
teams and contexts. However, referring to knowledge-based activity teams, researchers
have included overlapping behaviors while addressing these constructs. For example,
(Kirkman et al., 2004) study team process improvements by measuring seeking feedback,
error discussion, and experimentation. These behaviors are addressed by (A. Edmondson,
1999) while studying team learning, although her conceptualization also includes
behaviors related to exploring and reflecting. Related behaviors are analyzed by (Tindale
& Vollrath, 1997) while addressing cognitive task performance concerning actions the

teams exhibit in combining, integrating, and processing information.

Team learning has been recognized as important for teams to develop performance
capabilities, to adapt to changes, to renew and sustain their performance over time (Bell et
al., 2012), and to be able to successfully adapt and improve knowledge (Mathieu et al.,
2008). In software development, in particular, team learning (as conceptualized by (A.
Edmondson, 1999)) was found to influence the performance of agile teams (Torgeir
Dingsayr et al., 2016).Team learning emerged as a topic in 1990s in the management field
and gained more attention from researchers in the 2000s. However, team learning
conceptualizations vary considerably even within research areas (A. C. Edmondson et al.,
2007). Table 3 illustrates some definitions of team learning, showing the “generative and

occasionally confusing” (A. C. Edmondson et al., 2007) proliferation of this construct.

Table 3. Team learning definitions

Authors Definition

(Dechant et al., 1993) Processes that revolve around collective thinking and action

(Brooks, 1994) The construction of collective new knowledge by a team

(Kasl et al., 1997) A process through which a group creates knowledge for its
members, for itself as a system, and for others

(A. Edmondson, 1999) Activities carried out by team members through which a
team obtains and processes data that allow it to adapt and
improve

(Gruenfeld et al., 2000) The acquisition, persistence, diffusion, and depreciation of
group knowledge

(Argote et al., 2001) Activities by which team members seek to acquire, share,

refine, or combine task-relevant knowledge through
interaction with one another

(Sole & Edmondson, 2002) The acquisition and application of knowledge that enables a
team to address team tasks and issues for which solutions
were not previously obvious

11



(Marquardt, 2002)

The increase in knowledge, skills, and competencies
accomplished by and within groups

(A. P. J. Ellis et al., 2003)

A relatively permanent change in the team’s collective level
of knowledge and skill produced by the shared experience of
the team members

(G. S. van der Vegt &
Bunderson, 2005)

Activities by which team members seek to acquire, share,
refine, or combine task-relevant knowledge through
interaction with one another

(Van den Bossche et al.,
2006)

The creation of mutually shared cognition

(J. M. Wilson et al., 2007)

A change in the group’s repertoire of potential behavior

(Mathieu et al., 2008)

An ongoing process of reflection and action, through which
teams acquire, share, combine, and apply knowledge

(Vvan Woerkom & Croon,
2009)

The learning activities carried out by team members through
which a team obtains and processes data that allow it to
adapt and improve and through which outcomes such as
better team performance can be achieved

(Decuyper et al., 2010)

A compilation of team-level processes that circularly
generate change or improvement for teams, team members,
organizations, etc

(Fisser & Browaeys, 2010)

The process of sharing individual mental models by which
through collective sense making a shared mental model is
created and evolved

(Sessa et al., 2011)

The process of deepening and broadening of the teams’
capabilities [...] in: (re) structuring to meet changing
conditions; adding and using new skills, knowledge, and
behaviors; and becoming an increasingly sophisticated
system

(Bresman & Zellmer-Bruhn,
2012)

Activities through which a team obtains and processes
knowledge allowing it to improve

(Raes et al., 2015)

Team learning is an active, reflexive, and boundary crossing
process of balancing ‘co- construction’ and ‘constructive
conflict between team members and between team
members and team external stakeholders

(Wiese & Burke, 2019)

A shift in a team’s collective knowledge state

In two outstanding reviews on team learning research (A. C. Edmondson et al., 2007) (Bell

et al., 2012) the authors have also differentiated between researches that address this

construct as outcomes and others that focus on team learning behaviors. In their meta-

analysis, Edmondson and her colleagues argue that researchers have used improvements

in team performance as evidence that team learning has occurred. In this case, they

conceptualize team learning as learning curves in operational settings and team member

coordination of task knowledge. A second stream they found sees team learning as a

process where researchers have used diverse criteria to study behaviors related to it.

Similarly, five years later in another meta-analysis of two decades of literature addressing

team learning research, Bell and his colleagues identified a stream of studies that address
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several team learning behaviors (Bell et al.,, 2012). A second stream focuses on team
knowledge outcomes that emerge from learning in the form of collective knowledge,
transactive memory, team mental models, macrocognition, and team knowledge
emergence. They argue that one problem of aligning team learning with team performance
outcomes is that sometimes teams can learn yet not experience changes in their
performance. Some authors have found that despite team learning has improved there
were no significant changes (e.g. (Dayaram & Fung, 2012) or even the teams showed a

performance decrease (Druskat & Kayes, 2000).

Considering this divergence of findings, in this dissertation, both team performance
outcomes (henceforth referred to as ‘team performance’) and team performance behaviors
(addressed as team learning) are studied. In particular, the conceptualization of (A.
Edmondson, 1999) is assumed. This author defines team performance as the ‘degree in
which the team satisfies client needs and expectations’. Team learning is related to
“activities carried out by team members through which a team obtains and processes data

that allow it to adapt and improve”.

In a recent review on team learning terminology (Wiese & Burke, 2019), the authors
observed a mainstream of research focusing on behaviors related to the “internal
processes teams engage in that build shared meaning from existing information, identify
and fill in gaps in the team’s collective knowledge, as well as challenge, test, and explore
assumptions”. The present dissertation adheres to this stream of research. Specifically,
the conceptualization of (A. Edmondson, 1999) is used; it includes the following team
learning behaviors: 1. exploring, 2. reflecting, 3. discussing errors and unexpected

outcomes of actions, 4. seeking feedback, and 5. experimenting within and as a team.
1.4 Dissertation overview

This dissertation is divided in two parts, according to the process followed to address the
objective of this research (showed in Fig. 1), which included two iterations. Chapter 2 and
Chapter 3 refer to iterationl. Iteration 1 aimed at determining the basis of the framework,

to set up a preliminary version of this proposal (ASEST 0) and to test it.

Chapter 2 reports on the identification of the learning strategies to be included in the
framework through a study over the trends on teamwork in SEE. Chapter 3 describes the
construction of the preliminary framework ASESTO guided by the IMO model (Input-
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Mediator-Outcome) (ligen et al., 2005). Besides, it reports on two studies performed in

order to test its effectiveness.

Chapters 4 and 5 focus on the second iteration. This iteration aimed at improving the
proposal and validating the final framework (ASEST+). The identification of improvements
for ASEST+ proceeded in two directions. The first stream of improvements aims to solve
the difficulties identified from the quasi-experiments 1 and 2 and make ASEST+ more
suitable for agile practice education. In doing so, ASESTO’s learning strategies were

further evaluated via a literature review.

The IMO model guides the second stream with the aim of identifying antecedents not yet
considered in ASESTO. Two literature reviews and a correlational study were conducted.
ASEST+ was then examined by means of two quasi-experiments. Chapter 6 concludes
this dissertation summarizing the main findings, its implications and some final words on
future research directions. Fig 2 presents the articles resulting from this research and how

they relate to the contents of this dissertation.

4 N

Journal paper 1
Tamayo Avila, D., Van Petegem, W., & Libotton, A.
(2020). ASEST framework: a proposal for improving

Iteration

Chapter 2

Tamayo Avila, D., & Van Petegem, W. (2017). An

J

RQ1

/Conference papers 1&2 w Q
~

experience using team rules for improving team work in Chapter 3
software engineering undergraduate education; RQ2,RQ3
\EDULEARN 2017 Proceedinas \
~
Journal paper 2 / Iteration 2 \
Tamayo Avila, D., Van Petegem, W., & Snoeck, M.

(2021). Improving Teamwork in Agile Software Chapter 4
- < RQ4-RQ7
Conference paper 3 Chapter 5
Tamayo, D., Van Petegem, W., Cruz Ochoa, Y., & Noda RQ 8p_ RQ

L Hernandez, M. (2018). A correlational study on factors

Figure 2. Overview of publications related to the chapters of this dissertation
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Chapter 2

Teamwork in Software Engineering Education

The content of this chapter is based on the article published in the European Journal of
Engineering Education as: Tamayo Avila, D., Van Petegem, W., & Libotton, A. (2020).
ASEST framework: a proposal for improving teamwork by making cohesive software

engineering student teams.

In this chapter, the existing literature on SEE and teamwork is analyzed. In doing so, the
first research question of this doctoral dissertation is answered with the ultimate goal of
identifying the basis for our proposal:

Research question 1: What current teaching and learning approaches can be used to set
up a framework for improving team cohesion leading to better team performance and team

learning as perceived by software engineering student teams?

The chapter is structured as follows: Section 2.1 explains the method that was used to
conduct the literature review. Section 2.2 details the data analysis and results. Section 2.3

explains the limitations of this study and section 2.4 concludes the chapter.
2.1Method

Following the guidelines proposed by (Kitchenham et al., 2009), a systematic literature
review was performed. The steps in the systematic literature review method are

documented below.
2.1.1 Research question

The research question formulated in this study is: What are the trends on teamwork in
software engineering education? In order to answer this research question, the research
literature was first generally explored. Then the results of the systematic review were

synthesized comprehensively. The process followed is shown in Fig 3.
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Figure 3. Literature review 1 research process and steps results

2.1.2 Search process

The process started with a manual search in specific conference proceedings and journal
papers to explore the research area and focus the scope. The proceedings and journals
included in this search were the following: Journal of Systems and Software, Journal of
Software: Evolution and Process, Proceedings IEEE Frontiers in Education, and
Proceedings Conference on Software Engineering Education & Training. This manual
search led to the identification of relevant papers, which were used as a validation list to
ensure the reliability and relevancy of the later search and to evaluate the search strings.

2.1.3 Inclusion and exclusion criteria

We then carried out our investigation on the Scopus and Web of Science databases. As
the study aimed at determining trends, the articles published in the last ten years at that
time were included (between 2006 till 2016). The following criteria were used to exclude
papers: papers for which the full text was not available, full books of proceedings, and
papers that mostly had a scope not relevant to improve education. A list of these excluded

papers is presented in Appendix 2.
2.1.4 Data collection
The search was performed with the search string "software engineering education” AND

team*. To assess the quality of the query, we checked that the studies we already knew to

16



be relevant for our search ((Kropp et al., 2016) and (Viljan Mahnic, 2015b)) appeared in

the results to ensure that this search query was able to find these papers.

The query resulted in a collection of 164 papers dating from 2006 till 2016. Many papers
appeared in both databases. Based on the exclusion criteria explained above, 156 papers

were retained.

Two data extraction forms were designed to collect all the information needed to address
the review question. A keywords data extraction form was used to make the first analysis.

A second form was used to collect data from the detailed analysis.
2.2Data analysis and results

Five major trends were obtained: collaborative learning, games and gamification, agile
methods, global and virtual teams, and real projects resolution and links with industry. The

process to obtain these trends is detailed next.
2.2.1 Analysis of keywords

A first analysis of the keywords, as indicated by the authors, was conducted to identify
possible points of convergence. For 17 papers keywords were not found. In these cases,
the title words were used. In this way, 380 keywords were grouped in twelve clusters.
Table 4 shows the 12 clusters and the most representative keywords to illustrate the
classification that was made. Appendix 3 contains more detailed information about the
analysis of keywords. In this appendix, all the keywords are included. The keywords are
grouped in 12 clusters and a group of keywords that were not possible to classify in these

clusters.

The initial classification made by the author of this dissertation was put into consideration
of the doctoral research supervisor. After having made the changes as suggested, the
classification was then considered by three experts to get a second external perspective of
the clusters made. In case the same change was proposed by at least two experts, this

change was performed.

Two aspects for inviting experts to evaluate the analysis of the keywords were considered:
experience in teaching software engineering and research experience in this field. Five
experts were contacted, four by email, one in person. Two out of four experts contacted by

email responded in time to participate. The three experts were software engineers with 8,
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14, and 30 years of teaching software engineering modelling and programming. The one
with fewer years in teaching already holds a Ph.D. in computer sciences related to SEE.

The other two were Ph.D. researchers in this field at that moment.

Table 4. Keywords clusters

Cluster

Most often used keywords

1. Learning-teaching
process and curriculum

self-directed learning; learning by doing; creative
thinking; intensive coaching; curriculum design

2. Teamwork management

teamwork; team coordination; teamwork quality

3. Project problem-based
learning

project course; capstone project; project-based
learning; problem-based learning; capstone course

4. Collaborative learning

cooperative learning; collaborative learning;
collaboration skills; computer-supported collaborative
learning

5. Real projects resolution
and links with industry

real-client; industry collaboration; real-world learning;
real-world problems; real-world team projects

6. Virtual and global teams

global software development; virtual teams; distributed
software development; global software engineering

7. Gamification

digital game-based learning; role-playing; games for
learning; simulation training games; gamification

8. Agile methods

agile methods; agile development; agile learning

9. Engineering education
research field

software engineering education; engineering
education; computer science education

10. Software engineering
core discipline and related
contents

project management; team software process; software
engineering; requirements specification; software
process; process and quality; software development

11. Research and
experimentation

experiment; case study; empirical research;
experimental study; quantitative evaluation

12. Levels of education

undergraduate education; higher education

The experts considered the classification as appropriate. Only minor changes were
suggested regarding the inclusion of keywords initially not classified (marked in red
between brackets in Appendix 3). In addition, as Expert 2 suggested, a cluster name
changed into “games and gamification” instead of simply “gamification”, considering the
Horizon report criteria on technologies in education (Becker et al., 2018) mentioned in her

argumentation.
2.2.2 Detailed articles analysis

In a second iteration, a more detailed analysis of the papers in the clusters was done.

Here clusters 9 to 12 were not considered since they did not refer to approaches for
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teaching teamwork. The other eight clusters were carefully studied. As a result, clusters 1-

3 were redistributed over clusters 4-8 as will be explained below.

The papers initially included in the first cluster “Learning-teaching process and curriculum”
were redistributed over others. For instance, (Stettina et al., 2013) discuss a graduate
course design with intensive coaching for agile teams, thus it was included in the “Agile
methods” cluster. The work in (Lago et al., 2012) tackles the role of learning by osmosis or
the learning of complementary topics by working together with experts in global teams. It

was therefore included in the “Global and virtual teams” cluster.

The “Collaborative learning” and “Teamwork management” clusters were merged. We see
collaborative learning here as any team-based learning activity in which students have to
cooperate to develop software. Collaboration in software teams includes teamwork
aspects like communication, coordination, balance of member contributions, mutual
support, effort, and cohesion, to capture the nature of team members working together
(Hoegl & Gemuenden, 2001). For example, (J. Chen, 2011) proposes an approach to
assess teamwork performance in SEE fostering student active collaborative learning by
appropriate team management strategies. The “Collaborative learning” cluster was also
nourished with some papers from the “Project-problem based learning” cluster, specifically
when the authors pay more attention to collaboration and teamwork issues rather than the
project-problem based learning itself. For instance, (Shuto et al., 2016) investigate the

influence of team discussions on learning effectiveness in problem-based learning.

Other papers from the initial cluster “Project-problem based learning” that put more
emphasis on the advantages of learning in real contexts were categorized under “Real
problem resolution and links with industry”. For example, (Budd & Ellis, 2008) address
project-based learning by using teaching assistants with real-world experience as team
managers to maximize the learning from the real-world software development settings.
(Vat, 2017) describes scenarios involved in problem-based learning to experience the real-

world practice of software development.

Some papers were assigned to both, “Collaborative learning” and “Real problem resolution
and links with industry” clusters. A case is the paper of (Garcia & Pacheco, 2014) that
integrates TSPi (Team Software Process) student teamwork methodology and project-
based learning to improve software project management skills supported by a
computational tool to establish an interactive course with local software industry

collaboration.
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Fig 4 shows the final clusters (blue squares) that represent the five major identified trends:
collaborative learning, games and gamification, agile methods, global and virtual teams,

and real projects resolution and links with industry.

part, and Taran 2008)

Paar, and Lind 2011)
4 \ o 2
al. 2012) (Xu 2 011)
lostafa 2012)

Figure 4. Network of authors and trends on teamwork in SEE

Fig 4 also illustrates the authors (red circles) that tackle them. Circles in yellow are used to
mark those authors that refer to several approaches in their studies. Appendix 4
summarizes the main contribution for all the papers included in the network that led
deciding its inclusion in the corresponding cluster. Seventeen papers were not included
since they tackle a particular aspect not addressed by any other author and are thus hard

to categorize. Appendix 5 summarizes the scope of these studies.

These findings lead to answer our Research question 1 What current teaching and
learning approaches can be used to set up a framework for improving team cohesion
leading to better team performance and team learning as perceived by software
engineering student teams?, as summarized in Table 5. Our framework proposal will focus
on four of the five trends in the literature (i.e. collaborative learning, games and
gamification, agile methods, and real projects resolution and links with industry), as we
address collocated teams rather than virtual or global teams, so we omit the latter. While
agile software development is not restricted to collocated teams, studies have

demonstrated the effectiveness of agile methods in collocated environments (Gren et al.,
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2017), showing better results in crucial issues such as productivity (S.D. Teasley; L.A.
Covi; M.S. Krishnan; J.S. Olson, 2002). Therefore, the four mentioned trends are

assumed as the basis of ASEST framework.

Table 5. Approaches addressed in ASEST framework

Trends Learning strategies How included in the framework
1. Collaborative Team-based learning Collaboration in teams to develop the
learning projects. Use of the win-win model to

solve conflicts. Use of team rules to
regulate behaviors on
communication and conflict

resolution
2. Real project Project-problem based Development of a capstone project to
resolution and learning solve real-world problems
industry links
3. Games and Role-playing gaming strategy Playing software engineering and
gamification Belbin roles for conflicts resolution in
teams
4. Agile methods  Agile software engineering Use of agile methods to develop the
education projects in small and sel—

coordinated teams

2.3 Discussion on validity

The first limitation of this study is inherent to the search for relevant papers. While the
systematic search process offers some guarantee for completeness considering the use of
two large databases and a sufficient and broad set of keywords, it cannot be affirmed that

no relevant studies could have been missed, as unavailable papers were excluded.

Researcher bias regarding the evaluation of the studies to form the clusters is another
limitation to consider. While some researchers were included to obtain an external
validation of the initial clusters, the second iteration had not the same assessment due to
time constraints. However, during the process of analyzing the studies, some of them were
further discussed with the supervisor of this dissertation. Therefore, the reasoning behind
the inclusion or exclusion of the studies was enriched with a second perspective.

Nevertheless, some studies still might be classified differently by another researcher.
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2.4Conclusions

In this chapter, a literature review was conducted to identify current teaching and learning
approaches to be used to set up our framework proposal. After an analysis of the
keywords and a deeper study of the articles, five trends were obtained: collaborative
learning, games and gamification, agile methods, global and virtual teams, and real

projects resolution and links with industry.

Our framework proposal will focus on four trends, i.e. collaborative learning, games and
gamification, agile methods, global and virtual teams, and real projects resolution and links
with industry; leaving out virtual and global teams. In the next chapter, we will explore how

these current approaches are included in the phases and steps of our framework proposal.
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Chapter 3
The ASESTO framework

The content of this chapter is based on the article published in the European Journal of
Engineering Education as: Tamayo Avila, D., Van Petegem, W., & Libotton, A. (2020).
ASEST framework: a proposal for improving teamwork by making cohesive software
engineering student teams. Partial results are also published in the EDULEARN 2017
Proceedings as: Tamayo Avila, D., & Van Petegem, W. (2017). An experience using team
rules for improving team work in software engineering undergraduate education; and in the
45th SEFI Conference Proceedings as: Tamayo Avila, D., & Van Petegem, W. (2017a).
Exploring the Influence of Cohesion on Team Performance Behaviors in Software

Engineering Education.

This chapter presents and tests the preliminary version of the ASEST framework (called
ASESTO0). In the previous chapter, the basis for the framework proposal was established
by identifying teamwork trends in SEE. In this chapter, we explain how they are combined

to set up the phases and steps of the framework.

The results of two quasi-experiments and a survey are reported as well. These studies
sought to investigate the following research questions:

Research question 2: Does the application of the proposed preliminary framework
improve team cohesion, team learning, and team performance as perceived by software

engineering student teams?

Research question 3: What are the students’ perceptions of the proposed preliminary

framework?

The chapter is structured as follows: Section 3.1 describes the construction of the
proposal. The research model guiding the construction of ASESTO is firstly discussed.
Then, the phases and steps of the framework are described. Section 3.2 discusses the
effectiveness of ASESTO. It reports on two quasi-experiments that observed student teams
in both academic and professional environments. The results of these studies are
discussed from quantitative and qualitative perspectives. In addition, lessons learned from
the studies are presented. Section 3.3 compares our proposal with existing related
frameworks to assess the novelty of our proposal. Section 3.4 discusses the limitations of
the reported studies. Section 3.6 concludes the chapter.
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3.1 Construction of ASESTO framework

This section firstly describes the research model that guided the construction of the

ASESTO framework. Then, the phases and steps of ASESTO are explained in more detalil.
3.1.1 Research model

The literature on factors affecting teamwork in engineering teams is quite extensive. A
meta-analysis of ten years of research on team effectiveness (Mathieu et al., 2008) states
that factors have been addressed using the IPO (Input Process Outcome) (Mcgrath, 1984)
model and several adaptations like IMO (Input-Mediator-Outcome) (llgen et al., 2005).
These models have been more recently used in software engineering research to study for
instance productivity in agile development, team effectiveness, performance, software
quality, and job satisfaction (De Melo et al., 2013) (Stewart & Gosain, 2006) (Lu, Xiang,
Wang, & Wang, 2011) (S.Faraj & Sproull, 2000) (Acuna, M.GOmez, & Juristo, 2009). The
IMO model states that factors are related to inputs (antecedents), mediators (emergent

states), or outcomes of the teamwork process.

While studying factors affecting teamwork in engineering student teams, authors mostly
focus on the effects of some antecedent or mediator on a kind of team, context, process,
or outcome. For instance, (Pazos, 2012) studies the role of goal-oriented attitudes and
behaviors as antecedents of conflict management and the subsequent impact of conflict
management on team outcomes in virtual teams. (Hsu et al., 2007) study the relationships
among computer collective efficacy, outcome expectations, and team performance in the

context of collaborative learning.

(Woodley et al.,, 2019) analyze the role of the mediator group potency on team
effectiveness over time for engineering student teams in an engineering design course.
Here team rules are addressed as antecedents. The findings of the meta-analysis in
(Zarraga-Rodriguez et al., 2015) are used. These authors identified team rules agreement
and establishment and task and roles agreement as to the most important antecedents for
student teams in higher education. This research focuses on team rules considering that

software engineering methodologies establish clear roles and tasks.

The IPO model shows that inputs to the team influence team processes, which in turn lead
to team outcomes. The subsequent IMO and IMOI (Input-Mediator-Outcome-Input) models
emphasize the mediational role of emergent states. (Mathieu et al., 2008) state that at

some stage of the team life cycle performance behaviors (like team learning) are

24



outcomes and at other stages are antecedents or mediators driving performance
outcomes. Therefore, although team learning is not seen in this dissertation as an
outcome of interactions but as collective discourse activities that teams undertake to yield
new insight into a problem (A. C. Edmondson et al., 2007), it is the analyzed outcome in
our research model. In addition, research has shown that team members do not
automatically engage in team learning (Lehmann-willenbrock, 2017). It is argued that
cohesion is an important emergent state and supporting condition for team learning (Bell et

al., 2012). Therefore, team cohesion is seen here as the mediator.

Fig 5 shows the research model proposed for guiding the construction of ASESTO based
on the IMO model. As mentioned, team rules agreement and establishment are seen as
the input, team cohesion as a mediator whereas team performance and team learning are

considered the outcome.

As can be seen in Fig 5, assessment of team member contributions was included as
feedback to contribute to the establishment of team rules. Team member contribution has
been found correlated with cohesion (Ohland, Carolina, et al., 2012). Besides, some
studies show that students express they dislike teamwork when members are not
performing equally (Vivian et al., 2016) which leads them to stop cooperating. The solid
line running at the bottom shows that teams are expected to develop during the learning
process. The dashed arrow at the bottom is in line with the idea of some authors who
extended the initial IMO model into an IMOI model underlining the cycling nature of team
development (Mathieu et al., 2008). The dashed line at the border delimits the context of

the SEE and teamwork within the addressed aspects.
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Figure 5. Research model for guiding the construction of ASESTO

To categorize our proposal we look at identifying a classification of frameworks for

software engineering education. We assume the classification by (H. Ellis, 2014). In a
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literature review on software engineering education research (Malik & Zafar, 2012), the
authors found this classification covered all the categories of the primary studies they
identified. Consequently, we refer to ASEST as a teaching-learning framework,
considering that our proposal is a teaching methodology containing several educational
approaches to improve teamwork in SEE.

3.1.2 Phases and steps of ASESTO framework

As mentioned in chapter 2, ASESTO focuses on four trends, i.e. collaborative learning,
games and gamification, agile methods, global and virtual teams, and real projects
resolution and links with industry. Therefore, ASESTO framework combines team-based
learning, project-problem-based learning, and role-playing game learning strategies in

three phases and eight steps, as can be seen in Fig 6.

The first phase is the preparation to guarantee success. It includes the establishment of
the learning scenario based on agile teamwork and project-problem resolution, diagnosis,
and training. During step 1 the teams (from 3 to 7 members) are formed, and the roles and
projects are assigned to be solved in collaborative ways. The capstone projects are
assigned based on different real-world problems. The teams are expected to complete
these projects following agile methods. The students identify together in which role they

want to contribute and how to self-coordinate tasks assignments.

An individual diagnosis on team working skills on communication and conflict resolution is
done (step 2) utilizing the Team Knowledge Test (TKT) questionnaire (Sims-Knight et al.,
2002). The results of the diagnosis are discussed in teams and used as starting point to a

training (step 3) on communication and conflict resolution skills.

The training uses a role-playing game strategy. The importance of high-quality
communication to reduce conflicts in software engineering teams is highlighted by (Tang,
2015). In a study with software engineering teams, (Lewis & Smith, 2008) found that
communication difficulties and misunderstandings decreased cohesion and increased
conflicts. In their study with IT teams (Somech et al., 2009) found that a cooperative style
to solve conflicts, -seen as mutual problems that require common consideration and

resolution-, was the most effective way to accomplish their task.
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Step 1 Setting the scene

Overview explanation of the framework

(10 min)

Formation of 3-7 member teams (10 min)

Assignation of projects to the teams (5

min)

Roles and task self-coordination (30 min)
Phase 1

Preparation

Step 4 Team diagnosis

Diagnosis of team functioning via the
TPC questionnaire (10 min)

Elaboration of the joint perception
matrix for team functioning and
discussion of weak points (15 min)

Phase 2 Team project development (5 hours)

Implementation

Step 7 Feedback

Step 2 Individual diagnosis

Diagnosis of teamwork knowledge via

the TKT questionnaire (30 min)
Analysis of the TKT questionnaire
results (15 min)

Analysis of team weaknesses and
strengths concerning teamwork in
view of individual results (20 min)

Step 5 Team rules agreement

Setting up the agreements.
Identification of team rules regarding
communication and conflict
resolution (30 min)

Team project development (5 hours)

Self and peer evaluations of team member contributions. Completing the

CATME-B questionnaire (20 min)

Step 3 Training

Explanation of the training (5 min)
Identification of Belbin's roles (20
min)

Role-playing game (45 min)
Analysis of the teamwork
demonstrated in the game (20
min)

Step 6 Team rules establishment

Discussion on the
implementation of the
agreements in teams in order to
identify weak points (30 min)
Team project development (5
hours)

Step 8 Team agreements update

Identification of new team rules (30
min)

Elaboration of the joint perception matrix including the individual average
scores of each member’s contribution assessment (15 min) min)

Phase 3

Adjustment  Dijscussion in teams of the matrix scores in order to identify problems (30 min)

Updating the rules agreements (15

Presentation of the project (2 hours)

Team project development (5 hours)

Figure 6. ASESTO framework phases and steps

Therefore, during the training conflicting situations are simulated and the students are

asked to collaborate to solve them playing different roles in the software team. Belbin’s

roles are used as well. A Belbin questionnaire allows identifying team roles based on

behaviors that individuals adopt when participating in a team (Kidd & Belbin, 2006). The

use of Belbin’s roles pursues to foster mutual trust and understanding and to build

productive workplace relationships. In preparation for role-playing gaming, the students

exercise nonverbal messages understanding, and emphatic communication. A sample of

these communication exercises is presented in Table 6.

Table 6. Sample of communication exercises*

Communication skill

Exercise description

Understanding
nonverbal messages

A volunteer comes to the front of the room. This person acts
some actions and the rest of the group interprets each action.
This exercise is then done in teams. Each team member is
asked to perform once. After each performance, the team
discusses the nonverbal signals and their potential meanings
considering if they interpreted the nonverbal signals. When all
rounds are completed, the team discusses what nonverbal
signals they may use in times of conflict that would adversely
affect resolution and those would indicate a willingness to work
toward resolution and collaboration.

Empathic listening

In peers, one student is provided with a statement and the other
has to provide an empathic response. In a second round, the
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roles change and a new statement is used.

Examples of statements:

‘I don't know what to do. Every time | work with Maria on a
project she never does her fair share. | just don’t want to work
with her anymore”

“I've just had it. The work is really getting to me. We've been
pushing and pushing and

pushing to meet all of our deadlines and more work just keeps
coming. | don’t know if | can keep up this pace. I'm really tired.”

To reach the response, the students are asked to exercise these

steps:

e Repeat verbatim the content of the communication—words
only, not feelings

e Rephrase content—summarize their meaning in your own
words

o Reflect feelings—look more deeply and begin to capture
feelings in your own words—look beyond words for body
language and tone to indicate feelings

e Rephrase content and reflect feelings—express both their
words and their feelings in your own words

To facilitate this, the students are provided with some useful
phrases to show understanding:

What I’'m hearing is...

Your feeling now is that...

You must have felt...

Your message seems to be, ‘...

In other words...

I’'m sensing that you...

As you see it...

If I understand you correctly you...

At the end of the exercise, the students reflect on how
understanding the stories of others would help to overcome
conflicts in their teams.

* Adapted from (Scannell, 2010) and (KonterraGroup, 2015)

Conflicting situations in a software team are then presented to the teams (see a sample in

Table 7). The students are asked to analyze the conflicting situations from their Belbin’s

role view while playing their software team role. They are supposed to contribute to the

solution according to the criteria of (Belbin, 2013) (see a sample of a guide for students on

how to contribute in Table 8.

Table 7. Sample of conflicting situations descriptions

Scenario 1 (adapted from (Practical Application: Conflict Resolution Scenario, 2016)):
Wilson and Peter work as analysts in a software company and they love their job very
much. They are hardworking and always on time at work. Janice and Charles are designer
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engineers. They are also hard workers and very much like their work. Janice and Charles
are often very critical of Wilson and Peter's work. Sometimes Wilson and Peter feel very
much uncomfortable about this but they never talk about this matter. One day Wilson and
Peter worked until very late. The team had to present an initial project proposal to a new
client. The team leader, Georges joined them until they finished the proposal. The
company has a policy that all team members have to agree on a team proposal before it is
presented to the client. However, Janice and Charles said that they could not stay. Out of
concern, Georges reminded Janice and Charles about the company policy and the
impossibility to change the meeting to the day after. Janice and Charles said they will stick
to the final proposal that Wilson, Peter and Georges agree. The day after, Janice and
Charles came up with the same inquiring behavior some minutes before the meeting.
Upset with Janice and Charles's behavior, Wilson, and Peter decided not to talk to them
anymore

Scenario 2 (adapted from (Tikanov, 2014)):

Wilson is the Scrum Master of a team that has been working for several weeks on a
project that is planned to be released very soon. The team emerged from two separate
teams. John and Peter are previous teams’ leads —very experienced C++ developers, who
know the business domain and the product very well. The problem is they clash daily
mainly due to different technical opinions like we should/ should not use this pattern, code
style, etc. | see communication between them is harder every new day. Each one
separately is technically good and able to lead the team but they do not cooperate at all.
The rest of the team is frustrated. Some guys support one or another side, others try to
remain neutral. In addition, developers are repeatedly late in delivering stories for testing
then the work of the team is affected.

Table 8. Guide for students in Belbin’s role contributing to conflict resolution™

Belbin’s role Contribution

shaper move the group forward and stop complacency

completer finisher take care of high standards

plant provide new ideas

monitor evaluator choose which idea would work best

coordinator orchestrate the team effort

implementer provides a practical view while making suggestions

resource investigator find external resources

Team worker stop arguments and pull the team together and improve the
atmosphere

specialist contributing from certain areas of expertise

The students are asked to solve these situations utilizing a win-win model. The criteria of
(Frankl et al., 2014) are used. These authors argue on the role of successful collaboration
in SEE. An example of a win-win model is the “Interest-Based Collaborative Problem
Solving” approach (O’Leary & Bingham, 2007). This approach was proposed to resolve
conflicts in collaborative networks and it builds on the “principled negotiation” method

(Fisher & Ury, 2011). The principled negotiation states four bases: “1. People: Separate
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the people from the problem. 2. Interests: Focus on interests, not positions. 3. Options:
Generate a variety of possibilities before deciding what to do. 4. Criteria: Insist that the
result be based on some objective standard.” Table 9 presents a guide of conflict
resolution activities that have been adapted from (O’Leary & Bingham, 2007) as a
proposal to lead the conflict resolution activities during the training.

Table 9. Conflict resolution activities*

1. Identify the problems (e.g. interest/vision/technical/role/process/personal
disagreements) and their sources (e.g. communication/ behaviors of particular
members/ emotional issues/ context). Analyze the situation objectively without judging
people. Then, summarize the teams’ findings defining them as challenges to be solved
together. In doing so, use "how-to" to phrase them

2. Understand each other interests: disclose, listen, and ask. From your team role answer
what do | need and why do | need it, then identify what others need and why they need
it

3. Look for ways to create value before claiming value. From your team role evaluate your
priorities as well as the importance each member attributes to each issue. Look for
shared interests

4. Generate a set of mutually satisfactory options. Write every idea down without judging.
No idea is too dumb or silly. If the team gets stuck, go back to step 2 and review what
people’s interests are. Ask yourself: from my team role, how | can contribute to solving
this situation? Keep in mind that options should not contradict others interest

5. Evaluate the options. Assess if the options meet most or all the essential interests of
the parties involved. For each option, answer if it is doable for the team and if it is
acceptable to all stakeholders Reach an agreement by selecting/modifying options that
meet needs the most

*Adapted from (O’Leary & Bingham, 2007)

The second phase is the core of the framework. The aim is to set and establish team rules
agreements to norm communication and conflicts resolution. The use of a cooperative
team rules agreement pursues to mature the collaborative learning environment
encouraging students to active learning. Other authors have previously stated the
importance of team rules to achieve higher levels of performance for software engineering
student teams (Monaghan et al., 2015) and to achieve a behavior change among software

engineers (Lenberg et al., 2017).

To assist students to write the agreements, a diagnosis on team functioning (step 4) is
done by using the (Powers et al., 2002) questionnaire. The lessons learned from the
individual diagnosis in step 2 and the training in step 3 contribute to that end as well. The
agreements are set in step 5. Table 10 presents the team rules agreement process based
on the proposal in (Lencioni, 2005) for conflicting norming.
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Table 10. Team rules agreement activities*

=

The team reviews the lessons learned from step 2 (TKT responses, training)

The team identifies problems on team functioning from the TCP questionnaires

3. Team members write down their individual preferences and expectations relating to
acceptable and unacceptable behaviors around discussion and debate. Areas might
include use of language, tone of voice, emotional content, expectations of
involvement and participation, avoidance of distractions, or timeliness of response

4. Each team member reviews their preferences with the rest of the team, while
someone captures key areas of similarity and difference

5. Discuss collective preferences, paying special attention to areas of difference. Arrive
at a common understanding of acceptable and unacceptable behavior that all
members of the team can commit to. The team leader may have to play a key role in
breaking a tie

6. Formally record and distribute behavioral expectations around conflict. Keep the

agreement short and to the point Ensure that all members believe in the agreement

and are willing to incorporate it into the team norm. Consider that the agreement can

be revisit and updated

N

Step 6 refers to the establishment and implementation of the agreements. This
assessment aims to contribute to students’ awareness on the usefulness of team’s

agreement by identifying broken rules and not engaged team members.

The third phase is focused on the adjustment of the agreement. After some weeks of
working together (i.e three to four weeks), the students are asked to self and peer evaluate
team member contributions (step 7). This self and peer evaluation seeks to make students
aware of the team collaboration and improve it. To pay attention to how members
contribute to the team is important for the success of agile software teams (Lindsjgrn et al.,
2016) and will avoid conflict situations that can arise from social loafing (Borrego et al.,
2013). Consequently, team member contributions are evaluated on five areas, according
to high, medium, and low levels of team performance behaviors, as proposed by (Ohland,
Loughry, et al., 2012), i.e. contributing to the team's work, interacting with team mates,
keeping the team on track, expecting quality and having relevant Knowledge, Skills, and
Abilities (KSAs). Students are asked to agree on rules improvements after obtaining such
feedback (step 8).

3.2Validating the ASESTO framework

To test the ASESTO framework, two studies were conducted. The ASESTO framework with
its three phases and eight steps is to be seen as the input of the IMO model. In study 1,
the ASESTO framework was examined through a study over a group of subjects that
received the intervention compared with a group that did not receive it. In study 2, the
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ASEST framework was examined by means of a study over a single group of subjects. In
this case, the study aimed to know the perception of students performing in a company to

enhance the proposal from the industry perspective.

The participant, context characteristics, and the quantitative and qualitative analyses of the
results for both studies are described next. The variables measurement is presented first.
In both cases, the SPSS software version 25 was used to perform the tests. Nvivo 12

software was used to analyze the qualitative data.
3.2.1 Variables measurement

The Group Environment Questionnaire (GEQ) (A. V. Carron et al., 1985) was used to
measure cohesion. Team performance and team learning were measured using the
instruments proposed by (A. Edmondson, 1999). A five-point Likert scale was used in all
cases, from ‘strongly disagree’ to ‘strongly agree’ for team cohesion, from ‘very inaccurate’
to ‘very accurate’ for team performance, from ‘never’ to ‘always’ for team learning. The
surveys can be found in Table 11. Since our hypotheses are formulated at the team level,

individual answers were aggregated to the team level.

Table 11. Adapted questionnaires to measure team cohesion, team learning and team
performance*

Team learning (5 point scale from never to always)

We regularly take time to figure out ways to improve our teamwork processes

This team tends to handle differences of opinion privately or off-line, rather than
addressing them directly as a group**

The members of this team seek all possible information they need for project development
from other sources outside the team such as customers or other stakeholders, or domain
experts

This team frequently seeks new information that leads us to make important changes

In this team, someone always makes sure that we stop to reflect on the teamwork process
The members of this team always express a frank opinion about the issues under
discussion

We invite people from outside the team to present information or have discussions with us

Team performance (5 point scale from very inaccurate to very accurate)

Recently, this team seems to be slipping a bit in its level of performance and
accomplishments **

Those who receive or use the work of this team often have complaints about our work **
The quality of work provided by this team is improving over time

Critical quality errors occur frequently in this team**

Others around us who interact with this team frequently complain about how it functions**

Team cohesion (5 point scale from strongly disagree to strongly agree)
| do not enjoy being a part of the social activities of this team**
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I'm not happy with my participation in the project**

| am not going to miss the members of this team when the project ends**

I'm unhappy with my team'’s level of desire to successfully end the project**

Some of my best friends are on this team

This team does not give me enough opportunities to improve my personal performance**
| enjoy other parties rather than team parties**

| do not like the style of work on this team**

For me, this team is one of the most important social groups to which | belong

Our team is united in trying to reach its project goals

Members of our team would rather go out on their own than get together as a team**

We all take responsibility for any failure or poor performance by our team

Our team members rarely party together **

Our team members have conflicting aspirations for the team's performance**

Our team would like to meet sometime after the project is completed

If members of our team have problems, everyone wants to help them so we can get back
together again

Team members do not like to meet after work on the project**

Our team members do not express themselves honestly about each other's responsibilities
in completing the project**

*Adapted from (A. V. Carron et al., 1985) and (A. Edmondson, 1999), **Reverse scored

The instruments were adapted to software teams and translated into Spanish by a
language specialist, followed by a wording revision of the questions. In addition to two
software engineering teachers, a psychologist and a sociologist revised. Just a few minor
changes, regarding cultural issues to adjust the language-translation were suggested. To
test the reliability of the instruments, the new versions of the questionnaires were piloted

and Cronbach's Alpha tests were run.

The sample for this pilot was composed of 21 volunteer students who were participants of
an event of the Faculty of Informatics Engineering at the University of Holguin (Cuba). This
event is organized by the students to present capstone projects in the form of posters or
brief presentations to share experiences among students of different years of the program.
For the three instruments, the Cronbach’s Alpha values were above the cut-off point (0.7),
indicating good internal consistency (0.811 for team cohesion, 0.752 for team

performance, and 0.720 for team learning).
3.2.2 Quasi-experiment 1

The experimental group consisted of thirty-four subjects performing in seven teams. The
control group consisted of twenty-four students performing in five teams. These teams of
three to six members were groups of individuals conveniently available to study. Table 12
describes the composition and demographics per sub-group for both the experimental and
control group. All students take the program on Informatics Engineering at the University of
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Holguin, in Cuba, a five-year-long program. All the students performing in the third year of

the program at that time were included.

In both groups of subjects, the teams were formed at the beginning of the course by self-
selection. The teams in both groups were involved in two courses at the same time,
learning topics on software engineering modeling and management. The company was
starting moving from RUP methodology to agile approach. They used Iconix to develop
their projects, an agile use-case-driven object modeling process. The researcher
conducted the intervention but two other teachers performed as main teachers for both
courses. The intended learning outcomes of the course Software Engineering | related to
modeling of information systems applying Iconix while performing in teams. The intended
learning outcomes of the course Software Project Management related to elaborating,

planning, monitor and executing a capstone project.

Table 12. Groups composition and demographics in quasi-experiment 1

Control group Experimental group
Subjects 24 34
Nationality 50 % Cubans, 50 % Angolans 59 % Cubans, 41 % Angolans
Teams 5 7
Gender 4F 20M TF 27TM
Age range 21to 27 2110 29

Table 13 shows the activities per week, linked to the ASESTO steps, for the experimental
and control groups. The courses for the experimental and control groups of students had
the same contents and similar teaching and learning activities. However, in addition to the
learning and teaching activities in the courses, the students in the experimental group had
one workshop in those weeks the steps of ASESTO were done (except for step 1 and 6
that were done together with the courses teaching and learning activities). The teaching in
the control group did not include any team working activity beyond the capstone project

development itself. The activities done during the intervention are further described below.

Table 13. Course schedule and intervention in quasi-experiment 1

Week Teaching and learning activities of the courses ASESTO steps

Lecture/ Workshop (Introduction to SE)
Lecture/ Workshop (Introduction to software project management)

1
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Lecture/ Workshop (Domain modeling)

2 Lecture/ Workshop (Initiation process) i
3 Laboratory (Domain model) )
Team project (project definition, domain model)
4 Lecture/ Workshop (Use cases) Variables
measurement
5 Laboratory (Use case) 2

Lecture/ Workshop (Planning process)

6 Team project (use case model, use cases description, Gantt/Pert
diagram)

7 Lecture/ Workshop (Estimation)
Laboratory (Planning automation)

8 Team project (cost estimation, detailed project planning)

First project oral presentation (Requirements review, project scopeg
analysis, and plan)

10  Lecture/ Workshop (Robustness analysis)
Lecture/ Workshop (Process monitoring)

3

4,5

11 Laboratory (robustness diagram) [
12 Team project (Robustness model, project progress reports) Variables
measurement

3.2.2.1 Intervention

Phase 1:

During the first week step 1 was done, yet teachers just intervened to explain the course
design and the activities of the framework. They also assigned the projects and explained
the responsibilities of their roles. The teams were formed by selection. Team leaders were
assigned to be responsible for the project management activities.

Following Iconix roles, analysts were responsible for identifying real word domain objects,
defining the behavioral requirements, and performing robustness analysis to disambiguate
the use cases and identify gaps in the domain model. Designers were responsible for
allocating behaviors to objects in sequence diagrams as for the static model (class
diagrams). According to the general course schedule, those activities for which designers
were responsible were planned to be done after the intervention finished. Therefore, to not
interfere with the course planning, students were told that the fact that they were assigned
the role of designer throughout the intervention did not mean that they were the ones to
carry out the activities, but that they were also responsible for ensuring their success.
Thus, all students were expected to contribute to all activities while the teams self-

organized the tasks.

35



The teams were asked to have a balanced number of roles (except the team leader role)
with emphasis on analysts (due to the nature of the course more responsibilities for this
role were needed), but the teachers did not interfere in the distribution. Teachers explained
the role's responsibilities along with the projects and students voluntarily chose and
agreed. Their preferences for particular projects were also considered when assigning the

projects. Table 14 presents the composition of the teams and the general project scope.

Table 14. Team composition and projects scope from quasi-experiment 1

Team members and
roles

Project scope

Team 1, 3 members
1 Team leader

1 Analyst

1 Designer

Information system to process patients’ data at the Cancer
Center in Holguin

Team 2, 6 members
1 Team leader

3 Analysts

2 Designers

Information system to process residence management data at
the University of Holguin

Team 3, 5 members
1 Team leader

2 Analysts

2 Designers

Information system to process human resources data and
generate related reports at the company “Ceramica Blanca”

Team 4, 6 members
1 Team leader

3 Analysts

2 Designers

Information system to process data related to indicators of
scientific research and innovation at the University of Holguin

Team 5, 5 members
1 Team leader

2 Analysts

2 Designers

Information system to manage the process production data at
the company “Ceramica Blanca”

Team 6, 4 members
1 Team leader

2 Analysts

1 Designer

Web site for online selling of reservations and publicity for the
“Islazul” entertainments at Pernik hotel

Team 7,5 members
1 Team leader

2 Analysts

2 Designers

Information system to manage data of research projects for
the Nickel research center “CEDINIQ”

After three weeks of performing together, the variables team cohesion, team learning, and

team performance were measured (using the surveys in Table 11) and the first workshop
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was done. The variables were measured considering the criteria of (Coultas et al., 2014),

who state that emergent states, such as cohesion, require time to form.

During workshop 1 step 2 was done. After answering the TKT questionnaire (just
communication and conflict resolution questions) the students were asked to check their
responses to the correct ones. They were then asked to discuss in teams the results of
this individual diagnosis. The students had to show their responses and identify what
aspects f the questionnaire the team members more frequently answered wrong/right, to
what teamwork issue were these wrong answers related to (communication or conflict

resolution), and how these aspects could impact the teamwork.

Fig 7 shows the results of these questionnaires. The percentages of right answers per
guestion regarding communication and conflict aspects showed the majority of questions
ranges between 33 and 60 % and just a few questions scored above 70 %, which denoted

a low level of knowledge on communication and conflict resolution in teams.

During workshop 2 (step 3), the training on communication and conflict resolution skills
was done. In preparation for the training, the teachers reminded the students of what they
learned from the TKT questionnaire they answered in the previous workshop (step 2) by
asking them to write down and share with their teammates what they already knew about
this topic, what they expected from their teammates during the exercise and how they

could contribute to the team.

The students identified their Belbin’s roles, they were provided with information on these
roles and they were asked to discuss in teams what roles were present in their teams,
what roles were lacking, and how the presence/ absence of these roles could affect the

teamwork. Table 15 presents a sample of the ideas the students expressed.

The teachers explained the definition of conflict, some negative consequences of conflicts
for a software team, some positive outcomes of a conflict, and how conflicts can be
resolved cooperatively. They also explained the characteristics of effective communication,
barriers that can affect it, and nonverbal and empathic communication. To prepare
students for better communication along with role-playing gaming, some exercises were
done (a sample is presented in Table 6). The objective here was to gain an understanding

of nonverbal messages and empathic listening.
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Conflict resolution questions

Team 7 Question 8
Team 6 Question 7
Team 5 m Question 6
Team 4 ® Question 5
Team 3 = Question 4
Team 2 ® Question 3
Team 1 ® Question 2

0,00 50,00 100,00 ™Questionl

Q1. When there is a disagreement or difference of opinion in your team, it is generally best to...
Q2. When dealing with a team member, who is not doing his/her fair share of the work, it is
best to...

Q3. When you and another team member are having trouble communicating, which is the
worst thing for you to do?

Q4. You have gotten quite angry in a team meeting. Which of the following is the least
productive thing you could do?

Q5 In order to increase the chances of everyone doing their fair share of work, a team ought
to...

Q6. Effective discussions of team business are often made difficult by people who are
argumentative or dominating or disorganized. No matter what their problem, to get the meeting
moving forward you need to...

Q7. If a member of your team is hostile or critical it is generally useful to...

Q8. Two members of your team have a genuine disagreement (not just miscommunication or
personality conflict). Which of the following would be most likely to lead to a resolution?

Communication questions

Team 7 |

Team 6 [

I R ———~,

Team 3 I

N

Team 1 e

0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00

Question 4 ®Question3 MW Question2 M Questionl

Q1. When you are listening to other people offering their ideas, it is useful to...
Q2. When receiving feedback from your team members, it is generally useful to...
Q3. When expressing an idea or presenting some information, it is best to...
Q4. If a team member is expressing an opinion different from your own, it is generally helpful to...

Figure 7. Results of the TKT questionnaire from quasi-experiment 1
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Table 15. Sample of reflection on Belbin’s roles analysis from quasi-experiment 1

Belbin roles in the team

Reflections

2 Monitors evaluator
1 Teamworker

The facts that “monitor evaluator” can be overly critical and
“teamworker” can be indecisive in crunch situations might lead
to unsolved team issues and unreachable objectives

1 Shaper

2 Plants

1 Teamworker
1 Coordinator
1 Specialist

A varietal of Belbin roles can strengthen teamwork. Lack of a
more critical and visional view could act against the quality
results

2 Specialists
1 Coordinator
2 Implementer

The roles that are present in our team provide mostly a
“practical style”. This could help to stay on task get the work
done.

2 Plants

1 Resource investigator
2 Teamworkers

1 Specialist

The presence of creative roles in our team can enrich our work.
There is a lack of a more practical view

1 Monitor evaluator

1 Plant

1 Completer finisher

1 Implementer

1 Resource investigator

Belbin roles are diverse in our team. However, collaborative
profiles are not well represented

2 Monitors evaluator
2 Specialists

Just two roles are present in our team. However, it can be
complemented one with another as monitors think strategically
and specialist people are focused “teamworkers”

3 Teamworkers
1 Resource investigator
1 Coordinator

We believe that our team is well balanced according to Belbin
roles. We do not consider the roles that are not present will
affect our work

The teams were then provided with descriptions of conflicting situations (similar to those in

Table 7). Team members were expected to collaborate following the activities described in

Table 9. They assumed the characters corresponding to their team roles and contributed

to solving the situation from their Belbin’s role viewpoint by following the guide in Table 8.

The students were able to solve the situations and some teams addressed more than one

dilemma.

Table 16 presents some dilemmas and solutions the students proposed. At the end of the

training, the students were asked to debate on how they felt during the training. The
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students shared with their teammates if anyone felt uncomfortable and why, and what was

the most important lesson learned. All teams stated they solved the conflict without any

uncomfortable situation. Some lessons learned expressed by the students can be found in

Table 17.

Table 16. Sample of conflicts resolution activities outcomes from quasi-experiment 1

Dilemmas or challenges

Solutions

How to improve communication between
the team leader and the rest of the team
members?

Communicate frequently and openly,
encourage input and reciprocal feedback

How to create a shared vision for the team?

Encourage to share ideas and expectations,
set clear team objectives

How to effectively communicate?

Get training, choose the best way for the
team to communicate, pay attention to non-
verbal communication, foment courtesy and
respect

How to support members with personal
problems?

Get to know each other better, do fun stuff
together

How to engage all team members in a
solution?

Stimulate fruitful debate, establish clear
goals, clarify purposes

How to support members struggling to
solve a technical task?

Get training, provide useful resources to
help solve the task, pair programming

How does make engage team members
take responsibility for their tasks?

Role clarity, clear progress, and tracking

How to fairly reward team member efforts?

Boost morale, recognize
achievements and outstanding ideas

people

How to effectively involve members to meet
deadlines?

Build trust, build team spirit, clarity roles, and
responsibilities

Table 17. Sample of lessons learned from the training from quasi-experiment 1

Team Reflections

Team1l  The most important lesson for us was that we should not get passive at
problems but to face them and discuss what is happening

Team 2 It is important to assist team members when needed, but also to set
boundaries to prevent unacceptable situations in a team, and if someone
crosses it, the team should discuss it immediately

Team 3  Team members should manage disputes within the team and solve
discrepancies without involving clients. It is important to openly share ideas
and understand decisions before

Team 4  The team should consider different ways of doing things. All members should
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share the work and work together to get the work done

Team 5 It is important to set team goals and every member should stick to them

Team 6  Our team agrees that it is never a good option to stop talking but to debate with
respect, identify problems and get understanding. That is the most important
lesson for us

Team 7 Trusting team members is essential for a team, share information and stick to
the team’s decisions

Phase 2:

During workshop 3 (step 4) the students assessed the team functioning by using (Powers
et al., 2002) questionnaire. Although the students already had taken lessons learned from
the individual diagnosis and training on communication and conflict resolution, the team
functioning assessment helped them to become aware of how they were doing on these
matters. This served as a starting point to agree on policies to regulate communication and
conflict behaviors (step 5). Responses were processed at the team level using averages
(included in Fig 8). The responses were almost all above 3 points on average (out of 5),
however, just question 3 (related to expressing an idea or presenting some information)

scored closer to the maximum.

Considering the difficulties identified in this assessment, the students then set the team
rules agreement, following the activities described in Table 10. The agreed rules can be
found in Table 18.

After two weeks of performing on agreed rules, step 6 was done during the first project oral
presentation of their capstone projects. The teams were asked to report if there were team
members that were not fully engaged in the agreements and if there were broken rules or
other incidents.

In general, team members expressed the willingness of team members to stick to the
rules. However, there were some problems in applying them. Team 1 referred to the
absence of members to some meetings, without major problems however as they
assumed what was agreed by the rest of the team in the meetings. Team 2, 5, 6, and 7
reported problems regarding rules of duty on time. Related to this, team 4 pointed out that
not all members shared project information as quickly as needed for others to complete
their tasks. These issues were considered by the teams to update their agreements in the

next phase.
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Question 7 Question 2
—o—Team 1
Team 2
Question 6 Question 3 Team 3
Question Question 4
Question
—o—Team 4
Team 5
Question 6 Team 6
Team 7
Question Question 4

Q1. As a team we find it difficult to accept criticism openly and non-defensively. (reverse
scored)

Q2. When conflict arises in the team, it is likely to be a battle or, at best, a waste of time.

(reverse scored)
Q3. My team encourages differing opinions to be expressed.
Q4. When arguments break out, my team members are able to step back, calm down, and work
out our differences.
Q5. My team members criticize ideas, not each other.
Q6. My team may agree on a solution but not every member “buys into” that solution. (reverse
scored)
Q7. My team ignores conflicts among team members. (reverse scored)

Figure 8. Team functioning assessment results from quasi-experiment 1

Table 18. Sample of agreed teams rules from quasi-experiment 1

Team Rules agreement

Team  Discuss problems and conflicts openly and as soon as they happen
1 Assign tasks in fairly way, according to members preferences and skills
Share all project information
Show up to meetings on time
Everybody engages with their responsibilities
Don’t wait for meetings to raise impediments (update™)
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Speak for yourself, not on behalf of others (update)
Bring innovative ideas to meetings (update)

Team  Tasks are assigned fairly, according to member skills and responsibilities
2 Everybody does his/ her work on time
Problems and conflicts are discussed immediately and a consensus should be
reached to avoid bigger problems in the future
Celebrate milestones accomplished on time
It is ok to be wrong; It is ok to ask for help (update)
Assist team members when needed (update)
Team  Identify problems of members to get the work done, so others can support them
3 when needed
Recognize members’ strengths so the team can take advantage of that
To yell or attack others is not allowed. Discrepancies are solved with
understanding. We agree that as human beings emotions are inevitable, but
respect should be predominant
All ideas are relevant. We debate finding the best solution together (update)
We peer- review all tasks done (update)
Recognize members’ weaknesses so the team can support them (update)
Team  Listen to different perspectives on how to do things
4 Discuss conflicts respecting others perspectives
Bring to debate the team agreement in our meetings
Pay attention to others while expressing their opinions, keep eye contact and
observe their language body
Encourage members that regularly keep silent to participate
Assign tasks fairly and monitor progress
Support members struggling with their tasks
When problems arise we quickly communicate them to the team (update)
Ask questions and seek help when needed (update)
Team  Everybody’s opinions are listening and taken into account
5 If someone has problems that affect his or her work to be done, it should be
communicated immediately and his/ her work should be fairly distributed among
the members
In case of disagreements, all members propose positive and constructive ideas
that help to reach an agreement friendly
We are open to new approaches as well as listening to new ideas (update)
We share in meetings where we are stoked, so others can help us (update)
Team  All members should be aware of others task perspectives and progress so the
6 team can provide the best solution
Recognize progress of team members and stimulate them to continue doing a
good job
Each member has the responsibility to do their part of the job in time
We encourage generating creative ideas (update)
We recognize outstanding ideas (update)
Team  All members stick to the team’s decisions
7 All members should have access to all the information of the project

We should carefully pay attention to the opinions of others, listening without
interruptions. Then express our opinion with respect

Every member is expected to do his/ her assigned work on time

Conflicts should be used as opportunities to improve the teamwork

Provide assistant to others (update)

Seek help outside the team when needed (update)

* Update: rules included in step 7
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Phase 3:

During workshop 4, steps 7 and 8 were done. The students' self- and peer-evaluate the
team member contributions in five areas using a scale from 1 to 5. The results of this
assessment and rules added to the agreements can be found in Fig 9. Although no area
obtained the maximum, areas 1 (Contributing to the team’s work) and 2 (Interacting with
teammates) scored better than the rest. Thus, the teams proposed new rules for areas 3
(Keeping the team on track), 4 (Expecting quality), and 5 (Having relevant knowledge,
skills, and abilities). After a week of performing with the updated agreements, the variables

were measured again and the intervention concluded.

5. Knowledge, skills and abilities
4. Expecting quality

3. Keeping the team on track

2. Interacting with teammates

1. Contribution to teamwork

0,00 1,00 2,00 3,00 4,00 5,00

ETeam 7mTeam 6@ Team 5= Team 4
Team 3mTeam 2ETeam 1

Figure 9. Results of the team member contribution assessment from quasi-experiment 1

3.2.2.2 ASESTO effectiveness

A Shapiro-Wilk test on the difference in students’ perceptions scores before and after the
intervention showed p-values larger than .05, from which we could conclude that there is
no evidence that the values would not correspond to a normal distribution. This test is

recommended as the best choice for testing the normality of data (Razali & Wah, 2011).

To check the significance of increases we performed t-Student tests using 10000
bootstrap samples with a 95% level of confidence. As shown in Table 19, the tests
revealed that the students’ perceptions of team cohesion, team performance, and team

learning in the intervened group significantly increased compared to the perceptions of the



students in the control group. In addition, Glass’s A values showed large effect sizes (3.92
for team cohesion, 1.61 for team performance, and 4.84 for team learning). These results
suggest that the increase can be attributed to the treatment, although some limitations

should be considered, as we will discuss in section 3.4.

Table 19. T- tests results from quasi-experiment 1

Experimental group Control group t df Sig.
(2-
Mean Mea Diff. Std. Mea Mea Diff Std. taile
Befor n n n . Deviati d)
e After Deviati  befor After on
on e
Team 55.45 76.4 21.0 2.46 56.8 57.8 0.9 4.76 894 1 .00
Cohesion 7 6 8 0 2 0
Team 16.75 21.1 4.42 0.72 169 173 0.3 240 408 1 .00
Performan 7 7 0 3 0
ce
Team 22.39 299 755 1.36 19.7 20.0 0.3 2.05 1021 1 .00
Learning 4 1 2 1 4 0

3.2.3 Quasi-experiment 2

The second quasi-experiment was performed with a single group of software engineering
students from the University of Holguin in the period February-March 2017. They all were
also developers at the software company “Datys” in Holguin, Cuba. Although this study
had a weaker design (not including a control group) it allowed piloting the application of
ASESTO in a professional environment. In this way, it was possible to investigate if the
framework were effective for teams composed of novice engineers working in a real

industry setting.

First of all, the purpose of the study and the ASESTO framework was presented to the
company CEO and team leaders in January 2017. It was agreed to design a course
including the intervention (similar to quasi-experiment 1) and topics on project
management with a focus on Scrum. After presenting this proposal and making some
adjustments regarding the topics as requested, the CEO and team leaders agreed with

three teams to participate as part of their job.

The company was starting to move from RUP methodology to the agile approach. Table
20 describes the course schedule and the week when each step of the intervention was
done. As the students were already working together in these teams for months, the
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cohesion of the teams before using ASESTO was used as a baseline. Thus, the variables

for both groups were measured during weeks 1 and 8.

Table 20. Course schedule and intervention in quasi-experiment 2

Week [Teaching and learning activities Step of ASESTO
Workshop. (Agile management methods andl’z’ variables
1 teamwork)

/ measurement
Team project

Workshop. (Communication and conflict resolution in
2 agile teams) 3
Team project

Workshop. (Self-regulated agile teams)

3 . 4,5
Team project

4 Workshop. (Agile requirement engineering)
Team project

5 Workshop. (Planning agile projects) 6
Team project

6 Laboratory. (Tools for agile project management)
Team project

r Laborator_y. (Tools for agile project management) 78
Team project '

8 Team project (Capstone project presentation) variables measurement

The teams were composed of five or six members. In total 16 software engineers
participated, 11 were male; 5 were female. Their age levels ranged from 22 to 28 years
old. They had between two and five years of experience in software development after
graduation and one year on average experience in working as teams. The learning
activities in the course were related to the projects they were doing at the company in
order not to interfere in the organization of the teams and projects milestones. The

activities done are described next.

3.2.3.1 Intervention

Phase 1

During the first workshop steps 1 and 2 were done. The researcher acted as the main
teacher while other teachers assisted. The teachers explained the course design and the

activities the students would be expected to do. In coordination with team leaders, the

teachers agreed with the teams about the scope of the capstone projects.
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Team members had been already assigned roles in these projects. The study did not
include product owners as they were not available due to other assignments of the

company. The team composition and project scopes are shown in Table 21.

Table 21. Team composition and project scopes in quasi-experiment 2

Team Project scope
Team 1, 5 members Traffic control system for the national police. Tickets processing,
1 Scrum master tracking, and notification of actions to take

4 Developers

Team 2, 6 members Management Control Panel for Ministry of Justice. Statistics reports

1 Scrum master dashboard
5 Developers

Team 3, 5 members Management System for Ministry of Justice. Legal accusations

1 Scrum master tracking and status reports
4 Developers

Next, the teachers presented an overview of methods for agile software project
management (Kanban pool system, burndown charts, retrospective, on-site customer,
daily stand-up, release planning, user stories, taskboard) and introduced students to
debate on how to collaborate in teams to succeed in agile projects. Then, students were
asked to answer the TKT guestionnaire (communication and conflict resolution questions).
They had 30 minutes to answer and then they were asked to check their responses to the

correct answers and discuss the results in teams.

The students discussed their responses identifying what aspects of the questionnaire the
team members more frequently answered wrong/right, to what teamwork issue
(communication or conflict resolution) these wrong answers were mostly related, and how
these aspects could impact agile teamwork. In discussing they were expected to consider
the principles and values promoted in the Agile Manifesto (e.g. customer collaboration,
responding to changes) (K. Beck et al., 2001) and the values that Scrum promotes for
team members (i.e. commitment, respect, openness, focus and courage) (Schwaber &
Sutherland, 2020).

The results of this assessment are included in Fig 10. The percentages of right answers
per question scored between 40 and 60 % for both, communication and conflict resolution,
and just a few questions scored above 80 %. These results showed that students needed

better preparation on team working skills.
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During week 2, step 3 - training on communication and conflict resolution skills - was done.
Firstly, the teachers reminded students of what they learned from the TKT questionnaire
answered in the previous workshop (step 2) by asking them to share with their teammates
what they already knew about this topic, what they expected from their teammates during

the exercise and how they could contribute to the team.

The students individually identified their Belbin’s roles, they were provided with information
on these roles and they were asked to discuss in teams which roles were present in their
teams, which roles were lacking, and how the presence/ absence of these roles could
affect the teamwork. Table 22 includes an abstract of the roles that were present in each

team and the main conclusions the teams shared.

Next, the teachers addressed aspects of communication and conflict resolution with an
emphasis on agile software teams. The teachers explained some negative consequences
of conflicts, types of conflicts, some positive outcomes of a conflicting situation, and how

conflicts can be resolved cooperatively.

They also explained characteristics of effective communication, nonverbal and empathic
communication and barriers that can affect it, channels of communication, best practices in
agile development, and benefits of effective communication in agile teams. To prepare
students for better communication along with role-playing gaming, the exercises in Table 6

to gain an understanding of nonverbal messages and empathic listening were done.

The teams were then provided with the description of conflicting situations in two rounds.
At the end of each round, the teams shared their solutions. In some conflicting situations,
the emphasis was on interpersonal conflicts, while in others the students had to solve
conflicting requirements. In doing so, students assumed characters corresponding to their
team roles (Scrum master and developers) and followed the activities described in Table
9. They were also asked to consider the situation from their Belbin’'s role viewpoint
following the criteria included in Table 8). Table 23 shows a sample of the outcomes from

this activity.
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Conflict resolution questions

Question 8
Question 7
Question 6
Question 5 Team 3
Question 4 B Team 2
Question 3 mTeam 1
Question 2
Question 1

0,00 50,00 100,00

Q1. When there is a disagreement or difference of opinion in your team, it is generally best to...
Q2. When dealing with a team member, who is not doing his/her fair share of the work, it is
best to...

Q3. When you and another team member are having trouble communicating, which is the
worst thing for you to do?

Q4. You have gotten quite angry in a team meeting. Which of the following is the least
productive thing you could do?

Q5 In order to increase the chances of everyone doing their fair share of work, a team ought
to...

Q6. Effective discussions of team business are often made difficult by people who are
argumentative or dominating or disorganized. No matter what their problem, to get the meeting
moving forward you need to...

Q7. If a member of your team is hostile or critical it is generally useful to...

Q8. Two members of your team have a genuine disagreement (not just miscommunication or
personality conflict). Which of the following would be most likely to lead to a resolution?

Communication questions

Question 4
Question 3 Team 3
Question 2 " Team 2
mTeam 1
Question 1
0,00 50,00 100,00

Q1. When you are listening to other people offering their ideas, it is useful to...
Q2. When receiving feedback from your team members, it is generally useful to...
Q3. When expressing an idea or presenting some information, it is best to...
Q4. If a team member is expressing an opinion different from your own, it is generally helpful
to...

Figure 10. TKT questionnaire results from quasi-experiment 2
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Table 22. Belbin roles and sample reflections from quasi-experiment 2

Belbin role Reflections

2 Teamworkers Our team may lose focus on action as there are no implementers,

1 Specialist shapers, or completer finishers

1 Monitor

evaluator

1 Resource

investigator

1 Coordinador Our team is well balanced in action and thinking roles. We don't
1 Monitor have plants, resource investigators, or completer finishers. Thus,
evaluator generating ideas, searching for resources outside the team, or
1 Shaper looking for errors are aspects that our team may need to reinforce

1 Teamworker
1 Implementer

1 Specialist

2 Plants Our team is more focused on thinking and action and lacks social
2 Implementer roles. We should be more careful coordinating tasks

1 Shaper

Table 23. Sample of conflicts resolution activities outcomes from quasi-experiment 2

Dilemmas or
challenges

Solutions

How to make all
team members buy
into a solution?

Establish a decision-making process, listen to each and
everybody’s opinions, accept others point of view, listen to others
feedback, make sessions for technical debate opportunely, bring
external specialists to share novelties with the team, bring an
external specialist to act as a mediator if the team is not able to
agree on a technical discussion, recognize original ideas, identify
clear objectives

How to keep healthy
responsibility
boundaries?

Identify overloaded members or in trouble to get their work done
and support them, clear distribution of tasks and responsibilities
according to the roles, respect, and open communication, get
training to improve skills according to roles, effective coordination of
tasks

How to enhance
team members’
collaboration?

Analysis of often impediments during sprint retrospective reviews,
update team members on collaborative practices, communicate
openly and opportunely, foster trust and transparency, foment good
relationships and nice environment, recognize personal
achievements and celebrate team achievements, encourage
honesty and respect
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At the end of the training, the students were asked to debate how their expectations of the
training were met and what was the most important lesson learned. In general, the
students appreciated the training and refer to the activities followed to solve the conflicting
situations as useful for the teams to solve conflicts in the future. Table 24 includes a

sample of their comments.

Table 24. Sample of lessons learned from the training in quasi-experiment 2

Team Reflections

Team 1 In the past, conflicting situations because of technical disagreements have
also occurred in our team. How we review the situation described made us
reflect on how we should address this kind of situation in our team. We have
seen that often we ended avoiding deeper discussions and taking the
easiest way to earn time. Although we have quickly solved the problem, this
may not have been the best solution. We see now that some members have
been feeling frustrated or worried since we have not properly discussed
these matters before

Team 2 The most important lesson for us is related to role responsibilities’. In
discussing the situation we have seen that conflicting situations we are
currently facing in our team are related to this matter. This causes that
sometimes communication does not flow as it should; maybe because
selected channels maybe not be the most appropriated

Team 3 Communication is the key to success in resolving conflicting situations and
avoiding them. Even when all team members know how to do great work
from their roles, if they do not communicate well, the teamwork will be
affected to some degree

Phase 2:

During workshop 3 (step 4) the students assessed the team functioning by using (Powers
et al., 2002) questionnaire. These assessments (included in Fig 11) helped them as
starting point to agree on policies to regulate communication and conflicting behaviors
(step 5). The teams’ responses were above 3 points on average, although just question 3
(related to expressing an idea or presenting some information) was closer to the

maximum.

To set the team rules agreement, the activities described in Table 10 were done. Table 25
shows a sample of the agreed rules. After two weeks of performing on agreed rules, step 6
was done. The teams were asked to report on the rule agreements application. In general,
all the teams indicated that the agreements were well accepted by all members. They
reported however that some rules were not applied due to a lack of opportunity for it. For
instance, team 3 indicated this was the case for the rule “we celebrate the diversity of
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opinions but outside the room, we present one aligned position” and team 1 experienced
the same with “invite specialists to share ideas with our team”. The teams expressed they

all regularly brought the agreements to daily meetings and found this practice very helpful.

Table 25. Sample of agreed team rules from quasi-experiment 2

Team Rules agreement
Team 1 Inform problems immediately
Stick to team decisions
Invite specialists to share ideas with our team
Don’t waste meeting time discussing non-relevant information for the team
or nonessential details, instead, focus on meaningful work (update*)
Set clear goals for each iteration (update)
Keep everyone informed on events happening within the team (update)

Team 2 Share information opportunely
When we debate, everybody shares their opinion
Encourage introverted team members to share their opinion
Pay attention to other people’s updates (update)
Adhere to engineering practices defined by the company and discuss
infractions (update)

Team 3 Share opinions openly and honesty
We celebrate the diversity of opinions but outside the room, we present
one aligned position
Listen first then judge, always to help!
Establish consistent meetings cadence (same time, same place) (update)
Updates in meetings should be short and to the point (update)
Keep the team informed on interruptions (update)

*Update: Included in step 7

Phase 3:

During workshop 4, steps 7 and 8 were done. The students self- and peer-evaluated the
team member contributions in five areas using a scale from 1 to 5. Fig 12 includes the

results (averages per area) of this assessment.

All areas scored high. However, the students were asked to propose at least one rule to
further improve areas 2 and 3, as these were the areas that obtained the lowest averages.
After a week of performing with the updated agreements, the variables were again

measured and the intervention concluded.
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Question

1
5,00
Question Question

7 2

—o—Team 1
. : -

Question Question Team 2
6 3 Team 3

Question Question

Q1. As a team we find it difficult to accept criticism openly and non-defensively. (reverse
scored)

Q2. When conflict arises in the team, it is likely to be a battle or, at best, a waste of time.

(reverse scored)
Q3. My team encourages differing opinions to be expressed.
Q4. When arguments break out, my team members are able to step back, calm down, and work
out our differences.
Q5. My team members criticize ideas, not each other.
Q6. My team may agree on a solution but not every member “buys into” that solution. (reverse
scored)
Q7. My team ignores conflicts among team members. (reverse scored)

Figure 11.Team functioning assessment results from quasi-experiment 2

5. Knowledge, skills
and abilities

4. Expecting quality

3. Keeping the team | | | mTeam 1
on track = Team?
2. Interacting with | | | Team3

teammates

1. Contribution to
teamwork

1,00 2,00 3,00 4,00 5,00

Figure 12. Team member contribution assessment results from quasi-experiment 2

3.2.3.2 ASESTO effectiveness

A Shapiro-Wilk test on the difference in students’ perceptions scores before and after the
intervention showed p-values larger than .05, from which we could conclude that there is
no evidence that the values would not correspond to a normal distribution. To check the
significance of increases t-Student tests were performed using 5000 bootstrap samples

with a 95% level of confidence.
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As shown in Table 26, the tests show that the students’ perceptions of team cohesion,
team performance, and team learning significantly increased. In addition, Glass’s A values
show large effect sizes (6.94 for team cohesion, 5.86 for team performance, and 6.91 for
team learning). These results suggest that ASESTO may have caused such improvements,
although some important limitations of this study should be considered, as we will discuss

in section 3.4.

Table 26.T- tests results from quasi-experiment 2

Mean Mean Difference Std. t df Sig. (2-
before after Deviation tailed)
Team Cohesion 58.94 7450 15.56 0.95 28.43 2 .00
Team 13.06 22.56 9.50 1.59 10.35 2 .00
Performance
Team Learning 21.44 30.83 9.39 1.34 12.17 2 .00

3.2.4 Students’ perceptions on ASESTO

To get a better understanding of the students’ perceptions, an open survey with a
random sample of respondents was conducted. In total 30 students participated, 10 of
them from the company. The question was “What is your opinion on the framework
applied in the course(s)?”. Appendix 6 shows translations of their responses as the

students wrote them down.

Through summative content analysis, four major topics were identified from the
students’ responses. This analysis was computer-assisted by using Nvivo 12 software.
The original Spanish responses were used. Firstly word frequency was analyzed,
resulting in the following list of most frequently used words: team, rules, roles, game,
project, conflict, experience, real, training, and contributions. Occurrences of these
terms were counted including each alternative term (e.g. contribution, contributing
contributed). Grouping these words, the identified topics resulted to be: the team
member contributions assessment (contribution), the rules agreements (rules,
conflict), the solving of a real problem (real, project, experience), and the team

working skills training (roles, game, conflict).

Among the comments on the team member contributions assessment, students

recognized it as important to “put loafers in evidence”. One student pointed out that
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‘sometimes evaluations were unfair”, proposing “to do the assessment several times
to overcome this kind of situation”. They also valued the member contribution

assessment to agreements' success.

In general, students valued rules agreements for “improving teamwork”, “display more
respect and understanding” and “prevent conflicts and work more united”. They
demanded more “guidance to identify proper rules for the team”, they asked for a way
to check “which rules are helping more” or “accomplishment of the rules to know how
we are progressing”, and they proposed “the rules should focus more on project
tasks”.

Solving a problem that solved the real needs of the environment was well appreciated
by the students. This was stated by the students in higher education (not in the
company). Students valued the training on team working skills. They felt especially
motivated about the role-playing gaming strategy. Several students suggested the

training should have more sessions.

There were also some general opinions. On the positive side, the most often
mentioned opinions were that they liked the experience, they would like to repeat it
and they found the framework important for their development as software engineers
as they learned how to better collaborate and contribute to the teamwork. As more
negative comments students indicated they dislike filling in so many questionnaires,
although they could also recognize the importance of the information gotten from
them.

All in all, students appreciated the framework and gave some valuable feedback to
improve it. Their major request was the need for more guidance to make the rule

agreements and track the effectiveness of the rules.
3.2.5 Discussion and lessons learned

In this section, the results of quasi-experiments 1 and 2 are discussed along with the most
important lessons learned from these studies. The discussion focuses on three aspects:
team working skills preparation, team rules agreements, and team member contributions

assessment. Lessons learned are described for the three phases (see Table 12).

In these studies, students of both graduate and undergraduate levels participated, though
the individual diagnosis on team working skills (step 2) showed poor results in both
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experimental groups (most right answers scoring between 30-60 %). It should be
considered however that the graduate students had on average less than five years of
experience after graduation. In addition, most of them were graduated from the same
program at the University of Holguin. These findings support the importance of the training

(step 3) on these skills, which students appreciated, as shown by the survey.

The experimental teams in quasi-experiment 1 were able to reach agreements that
addressed a broad variety of teamwork issues. The agreed rules were not just related to
communication and conflict resolution, but they also included other teamwork issues like
decision making. The agreements of the experimental teams in quasi-experiment 2

included fewer rules and they were more oriented to the engineering process.

Team member contributions assessment was shown to be appreciated by surveyed
students in both studies. For students in quasi-experiment 1 three areas of the CATME-B
guestionnaire scored low (teams averages below 3 points on a scale of 0-5). These areas

were “keeping the team on track”, “expecting quality” and “having relevant knowledge,
skills, and abilities”. For students in quasi-experiment 2 all areas of the CATME-B
guestionnaire scored high (teams averages above 4 points on a scale of 0-5),
nevertheless there was room for improvements. Therefore students focused the
agreement updates on areas “interacting with teammates” and “keeping the team on track”

that scored the lowest.

Table 27 presents a set of lessons learned from these studies to be considered to further
improve ASESTO. They are grouped by the three phases of the framework.

Table 27. Lessons learned from quasi-experiments 1 and 2

ASESTO phaseLessons learned

Discuss with real clients the project objectives, technologies needed,
expectations, and roles beforehand. There is a need for strong
commitment on their part. Discuss some case studies of similar projects
before starting role-playing of simulated situations

Preparation

Include rules applicable to other teamwork functioning facets (e.g.
decision making). Allow teams to learn from each other. Include rules on
agile routines. If possible, engage real clients on contributing to team
rules agreements. Ask teams to register the real conflict situations they
may face during the project development to identify if there is a need for
further skills development. If needed, come back to role-playing

Implementation
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Even when the team member contribution assessment does not show
serious problems, including new rules in some areas may help to boost
the teamwork. Discuss agreement updates not just regarding member
contributions but any other aspect the team could be needing to regulate

Adjustment

3.3Comparing ASESTO to existing learning- teaching frameworks

In this section, we return to the literature review discussed in chapter 2 to compare the
ASESTO framework to existing related teamwork teaching-learning frameworks. We
looked at validated proposals for SEE aimed at improving factors related to inputs,
mediators, or outcomes of the teamwork process as their main objective. We compared
frameworks in terms of trends (the basis of our proposal) and teamwork factors addressed,
along with the learning scenario characteristics and main activities included. Furthermore,
we looked at how our findings relate to the existing literature by comparing our results with
those arrived at in previous studies in terms of student perceptions - both quantitative and
gualitative. The comparison is presented in Appendix 7 and further described as follows.

A total of four teaching-learning frameworks that meet the mentioned comparison criteria
were found. While these proposals focus on one or two trends, ASESTO considers almost
all of them, except for global and virtual teams. Regarding the factors, team cohesion is
addressed in only one framework (Chung-yang Chen et al., 2014), where cohesion is seen
as one facet of team quality. Although the proposal in (Silvestre et al., 2016) claims to
design cohesive teams, these authors do not provide any evidence of cohesion
improvements or how the components of their proposal relates to team cohesion. Team
rules antecedent has not previously been studied at all. No studies have addressed team
learning or other performance behaviors. The learning scenario characteristics are very
different for all the proposals. Besides ASESTO, only the work of (Alsaedi, Toups, and
Cook 2016) includes activities to prepare students for team working skills, specifically
concerning communication and coordination skills. No proposal includes identification and
the establishment of team rules. Only the work of (Garcia and Pacheco 2014) includes

peer evaluation for contributions, though the criteria used are different.

In addition, we looked at how our findings relate to previous studies by comparing our
results with those of other research work in terms of student perceptions - both quantitative
and qualitative. Two studies present proposals that refer to analyzing cohesion. The study
in (Chung-yang Chen et al., 2014) evaluates the effects of the Meeting-flow (MF) approach
on team quality. The authors found that while the MF significantly enhanced the other five
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facets, it had less of an influence on team cohesion. However, this study uses a different

conceptualization of cohesion, which limits a full comparison with our results.

The study in (Silvestre, Ochoa, and Marques 2016) proposes a heuristic technique to
design software student teams. Although the authors claim the heuristic tries to maximize
the initial level of team cohesion, the evaluation suggests their proposal is only effective
concerning internal communication and coordination. The studies based on the
guantitative evaluation of team performance only focus on performance outcomes such as
team assignments, team presentations, and project outcomes. Some students involved in
these studies express opinions that coincide with our qualitative findings. The students
claim they enjoy working in real-world projects (Lago, Muccini, and Babar 2012), that team
member contribution assessment helped reduce the student ‘free-rider’ and ‘Wyatt Earp’
syndromes (C. Chen and Teng 2011), and gaming helped overcome difficulties related to
teamwork issues (Alsaedi, Toups, and Cook 2016).

3.4Discussion on validity

The main limitations of quasi-experiment 1 and 2 are the small sample size along with a
not random sample. In addition, quasi-experiment 2 did not include a control group. To
achieve the objectives of the framework, it was necessary to select groups of students with
enough programming skills to develop the capstone projects. This condition limited the
number of groups available to be studied. Some educational practices of the target
program, like the learning activities design, constrained the study as well. While teamwork
activities might have enhanced the learning design of these courses, it was not possible to
fit the intervention in the schedule due to a restriction on the amount of teaching hours.
The availability of teams in the target company to participate in the study limited the
possibility of including a control group. While the company decided to start moving to agile
methods with the teams included in quasi-experiment 2, the other teams in the company

still used waterfall methodologies during the period of the study.

To deal with the small sample size, however, the statistical analyses included
bootstrapping techniques. According to (Onwuegbuzie, 2003), population validity is
problematic in nearly all educational studies as the majority of researchers are forced to

select a sample from the accessible population, and random samples are difficult to obtain.

Allowing students to self-select teams could have caused some bias in quasi-experiment

1. Other factors that may influence team cohesion should have been considered in both
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studies. For instance, the personality of team members (Acuiia et al., 2009, 2008; Karn et
al., 2007) or tasks characteristics (Acufia et al., 2009, 2008). The fact that the intervention
in quasi-experiment 2 included some learning activities on project management (as part of
the course requested by the company administration) in addition to the steps of ASESTO,
might also have influenced the performance of the teams.

The quasi-experiments are also limited by the locations in which the investigation took
place. The local conditions and the socio-economic status and cultural background of the
participants might have influenced the studies. As the researcher acted as the main
teacher, researcher bias (e.g., personality traits or pre-conceived beliefs of the researcher)

might have had some impact as well.
3.5Conclusions

This chapter presented the first version of the framework, ASESTO. The proposal was
developed based on four trends of teamwork in SEE: collaborative learning, games and
gamification, agile methods, and real projects resolution and links with industry. Therefore,
the ASESTO framework combines team-based learning, project-problem-based learning,

and role-playing game learning strategies in three phases and eight steps.

ASESTO was validated utilizing a study with a group of students that received the
intervention compared to a control group without intervention. It was observed that the
student's perceptions of team cohesion, team performance, and team learning in the
intervened group significantly increased compared to the perceptions of the students in the
control group. In addition, ASESTO was tested in a second quasi-experiment that involved
three teams of undergraduate students with the ultimate goal of observing ASESTO with
teams performing in a company setting. Despite this second study having a weaker design
than the first quasi-experiment, it also showed that levels of team cohesion, team learning,
and team performance increased after the intervention. Therefore, although the limitations
of these studies should be considered, they showed the ASESTO framework to be

effective. They also contributed to identifying difficulties with the approach.

To get a better understanding of the perceptions of the students who participated in these
studies, a survey with a random sample of participants was conducted. The participants
expressed appreciation for ASESTO but also pointed to some areas that required
improvement. Finally, a comparison of ASESTO framework to existing related teamwork

teaching frameworks showed the novelty of this proposal.
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The studies described in this chapter concluded the first iteration of this doctoral research.
The next chapter reports on the second iteration that aims to improve the proposed
framework considering the difficulties identified from quasi-experiment 1 and 2 and
antecedents of team cohesion. In doing so, we will come back to the research model
(section 3.1.1) based on IMO that led to the construction of ASESTO. This research model
included team rules establishment enriched by feedback on team member contributions as
the input. However, antecedents of team cohesion (the mediator in our model) were not

taken into account. The next chapter will report on the identification of such antecedents.
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Chapter 4

Antecedents of team cohesion

The content of this chapter is based on the article published in the IEEE Transactions on
Education Journal as: Tamayo Avila, D., Van Petegem, W., & Snoeck, M. (2021).
Improving Teamwork in Agile Software Engineering Education: The ASEST+ Framework.
Partial results are also published in the INTED2018 Proceedings as: Tamayo, D., Van
Petegem, W., & Noda Hernandez, M. Cruz Ochoa, Y. (2018). A correlational study on
factors that influence the cohesion of software engineering students teams.

In previous chapters, the construction and validation of the first version of the framework
(ASESTO) were discussed. The framework's fundamentals were established by identifying
teamwork trends in SEE, for example, collaborative learning, games, and gamification,
among others, as explained in Chapter 2. The ASESTO was developed following an IMO
(input-mediator-outcome) research model adapted to SEE. In ASESTO, team rules are the
input, improved by self- and peer-assessments of team member contributions. Team
cohesion is the mediator, and team learning and performance are the outputs. ASESTO,
however, did not include the antecedents of team cohesion. In the present chapter, this

shortcoming is addressed.

This chapter reports on two literature reviews and a correlational study that were
conducted during the second iteration of this doctoral research. The following research

questions are answered:

Research question 4. What are the cohesion antecedents for collocated teams in

software engineering education?

Research question 5: What are the most relevant identified antecedents for agile

collocated student teams?

Research question 6: What are approaches in agile software development (ASD)

regarding the relevant antecedents to improve the proposed framework?

The chapter is structured as follows: Section 4.1 reports on the literature review study that
identified antecedents of cohesion while focusing on reported studies for collocated teams
in educational settings. For those identified antecedents, a correlational study was
performed over a sample of agile student teams to recognize the most relevant ones for
our population. This correlational study is reported in section 4.2. The second literature
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review is discussed in Section 4.3. It looked at how each of the relevant antecedents was
addressed specifically in the context of ASD with the ultimate goal of improving ASESTO
on these aspects for agile education. Section 4.4 discusses on limitations of these studies

and section 4.5 concludes the chapter.
4.1 Antecedents of team cohesion in the context of Software Engineering Education

A systematic literature review was conducted to identify the antecedents of team cohesion
addressed in the context of SEE. The literature review was conducted to identify further
directions for improvement of ASESTO regarding team cohesion antecedents. It included
three stages: collecting data, analyzing data, and compiling a list of antecedents.

4.1.1 Method

The systematic literature review was performed following the guidelines proposed by
(Kitchenham et al., 2009). The steps in the literature review method are documented
below.

4.1.1.1 Research question

The research question formulated is Research question 4 of this doctoral dissertation:
What are the cohesion antecedents for collocated teams in software engineering

education?
4.1.1.2 Search process

The process followed to answer the research question is shown in Fig 13. The process
started with a manual search of specific conference proceedings and journal papers to
explore the research area and limit the scope. The proceedings and journals included in
this search were the following: Journal of Systems and Software, Journal of Software:
Evolution and Process, Proceedings IEEE Frontiers in Education, and Proceedings
Conference on Software Engineering Education & Training. This search led to the
identification of relevant papers, which were used as a validation list to ensure the

reliability and relevancy of the later searches and to evaluate the search strings.
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Research area exploration ... Relevant papers

v/
Search in databases | > 66 papers retrieved
v
Forward and backward search | > 1 paper retrieved

Papers inclusion/exclusion (criterion1) —  |-—-> 58 papers retained
v

Papers inclusion/exclusion (criterion2) |~ >‘ 47 papers retained

Papers analysis and data extraction | ... 19 team cohesion
antecedents

Figure 13. Literature review 2 research process and steps results

4.1.1.3 Inclusion and exclusion criteria

In the search, all articles on the Scopus and Web of Science databases published back to
April 2017 were included. The following criteria were used to exclude papers: papers for
which the full text was not available, full books of proceedings, and papers that had a
scope not relevant to the perspective of this study. These studies are listed in Appendix 8.
The papers not relevant for this study addressed team cohesion from a different
conceptualization or field of application. Those papers with a different conceptualization
studied cohesion concerning software code internal characteristics, as a property related

to how these elements of a module belong together.

4114 Data collection

For data collection, the search was based on the following query: TOPIC: (cohesion and
team* and (“software engineering” or “software development”)). To assess the quality of
the query, we checked that the studies we already knew to be relevant for our search
((Acuia et al., 2008) and (Karn et al., 2007)) appeared in the results in order to ensure that
this search query was able to find these papers. Based on the exclusion criteria explained

(criterion 1 in Fig 13), 58 papers were retained.
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In a new iteration, 10 more papers were excluded. In these papers, the authors mentioned
team cohesion (e.g to explain related work or further explain some related issue) but they

did not investigate this construct (criterion 2 in Fig 13).

A deeper analysis of the rest of the articles retrieved was done. Two data extraction forms
were used then to collect the information needed to address the review question. The next

section discusses the information collected in these forms.
4.1.2 Results

Firstly, the main contribution of the studies and the cohesion-related findings were
summarized (presented in Appendix 9). For those studies where primary data was
provided to support their findings, a deeper analysis was done. The information related to

these selected studies was collected in a second form (presented in Table 28).

Table 28. Team cohesion antecedents*

Antecedent Study Studied in  Team location
education

Software engineering (Karn et al., 2007; Yes Collocated

methodologies Wellington et al., 2005a;

Whitworth & Biddle, 2007)
(Wellington et al.,
2005b)(Whitworth, 2008)

Member skill awareness  (X. Yang et al., 2015) (Xue  No Virtual
et al., 2015)
Shared governance (X. Yang et al., 2015) (Xue No Virtual
et al., 2015)
Personality (Acuia et al., 2009, 2008; Yes Collocated

Karn et al., 2007)

Conflicts (Acuia et al., 2009, 2008; Yes Collocated
Gomez & Acuiia, 2007;
Rutz & Tanner, 2016)

Temporal motifs (Xuan et al., 2015) No Virtual
Proximity of team (Hoegl & Proserpio, 2004) No Collocated/Virtual
members (Jeanne M. Wilson et al.,
2008)
Task interdependence (Acuia et al., 2009, 2008) Yes Collocated
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Task autonomy (Acufa et al., 2009, 2008) Yes Collocated

Feedback (Castro-hernandez et al., Yes Virtual
2015)
Communication (Castro-Hernandez et al., Yes Virtual

2016; De Farias et al.,
2012; A. C. Hernandez,

2017)
Meeting-flow (Chung-yang Chen et al., Yes Collocated
2014)
Collaboration (Rutz & Tanner, 2016) No Virtual
Goal setting (Rutz & Tanner, 2016) No Virtual
Shared understanding (Rutz & Tanner, 2016) No Virtual
Diversity (Chidambaram & Carte, Yes Virtual/ Collocated

2005; Rutz & Tanner, 2016)

Trust climate (Rutz & Tanner, 2016) No Virtual
Leadership (Rutz & Tanner, 2016) No Virtual
Team formation (Shaikh et al., 2016) Yes Collocated

*The antecedents highlighted in grey were selected to be further studied

In total 19 antecedents of cohesion for software engineering teams were identified. While
some of the factors might be relevant, they were not included because they pertain to
virtual teams while this research focuses on collocated teams. In all, just eight of the total
list of antecedents were found to have been studied for collocated teams in educational
settings: software engineering methodologies, personality, conflicts, task interdependence,

task autonomy, meeting-flow, diversity, and team formation.

The final list is constituted of these factors, except diversity and meeting-flow that were not
included for the following reasons. The study of (Rutz & Tanner, 2016) on the diversity
found that diversity was more significant for virtual teams. Meeting-flow was removed from
the list because it does not refer to a specific construct but to a whole framework, including
several concepts and approaches, not having enough evidence of the effectiveness of
each of them by separated, therefore not included either. As a result, the following six
antecedents were finally selected: software engineering methodology, team formation,

personality, conflicts, task interdependence, and task autonomy.
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In this dissertation, software engineering methodologies are seen as “a sequence of tasks
that... [Can be controlled, measured, and improved], to produce the desired result... [In
software development]” (Humphrey, 1987). Team formation refers to the methods used to
form the teams (Decker, 1995). Personality is seen as "the relatively enduring styles of
thinking, feeling and acting that characterize an individual® (P. T. J. Costa & McCrae,
1992). Conflicts are addressed from two perspectives, relationship, and task conflicts
(Jehn, 1995). A relationship conflict exists in presence of interpersonal incompatibilities
among team members, which typically lead to tension, animosity, and annoyance in the
team. Task conflicts refer to disagreements among team members about the content of
the tasks being performed, which includes differences in viewpoints, ideas, and opinions
(Jehn, 1995).

Task interdependence refers to the situation when team members have "to share
materials, information, or expertise to achieve the desired performance or output” (Gerben
S van der Vegt et al.,, 2001). Finally, task autonomy is seen as the freedom the team
members have to make decisions about objectives, work methods, delivery schedules,

and distribution of work among team members (Acufia et al., 2009).
4.2 Relevant antecedents for agile collocated student teams

In this section, the relevance of the six identified antecedents for the target population is

studied. The following sections explain the methodology and report the results.
4.2.1 Method

Through survey and correlational studies the Research question 5 of this doctoral
dissertation is answered: What are the most relevant identified antecedents for agile

collocated student teams?

A survey addressing the selected six antecedents and team cohesion was presented to a
sample of 61 software engineering students performing in 17 agile teams. They were
asked to voluntarily participate. All the students filled it in the survey. Their answers were
anonymous. The students were performing in the Informatics Engineering program and the
Master program of Mathematics and Informatics for Management, both from the Faculty of
Informatics and Mathematics at the University of Holguin. The criteria used to measure the

variables and the questionnaires are presented in Table 29 and Table 30.
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Table 29. Criteria to measure variables in the correlational studies

Variables Instrument or criteria Values

Software engineering  Software engineering methodology Iconix, Scrum, XP
methodology used

Team formation Criteria of (Decker, 1995) self- selection; random; by
command
Personality NEO Personality Inventory, openness to experience,
Spanish version (P. T. J. Costa &  conscientiousness,
McCrae, 1992) extraversion,
agreeableness, neuroticism
Conflicts Survey of (Jehn, 1995) Likert scale
Task autonomy Survey of (Molleman & Beukel, Likert scale
2007)
Task interdependence Survey of (Gerben S van der Vegt  Likert scale
et al., 2001)

Table 30. Surveys used to measure variables*

Conflicts (5 point scale 1 = "None" 5 ="A lot")

How much friction is there among members in your team**?

How much are personality conflicts evident in your team?

How much tension is there among members in your team?

How much emotional conflict is there among members in your team?

How often do people in your team disagree about opinions regarding the work being
done?

How frequently are there conflicts about ideas in your team?

How much conflict about the work you do is there in your team?

To what extent are there differences of opinion in your team?

Task autonomy (5 point scale 1 = “strongly disagree” 5 = “strongly agree”)

| can determine myself how to carry out my work

| can decide myself in which order to carry out my tasks

| can decide to take a short break from my work should | want to
| have discretion in performing my work

| have influence in planning my work

| have influence on the pace of my work

| can decide myself when to complete a task

| solve problems in my work myself

Task interdependence (5 point scale 1 = “strongly disagree” 5 = “strongly agree”)

| have to obtain information and advice from my colleagues in order to complete my work
| depend on my colleagues for the completion of my work

| have a one-person job; | rarely have to check or work with others***

| have to work closely with my colleagues to do my work properly

In order to complete their work, my colleagues have to obtain information and advice from
me

*In addition to these surveys, team cohesion was measured as presented in Table 11
**The word “team” was used instead of the expression “work unit” in the original survey
***Reverse scored
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4.2.2 Results

Using SPSS version 25, relationships between each antecedent and team cohesion were
tested. No significant associations were found for the two non-numerical variables
(software engineering methodology and team formation). The analyses of variance (one-
way ANOVA) indicated n? = 0.05, F [(58, 2)=1.37, p= 0.26] for software engineering
methodologies and n2= 0.06, [F(56,4)= 9.46, p= 0.44] for team formation.

Table 31 summarizes the data statistics, correlations, and the results of a regression
analysis performed to test relationships for the other four antecedents and team cohesion.
As can be seen, Pearson correlation confirms a significant correlation of team cohesion
with personality (r= 0.44; p< 0.01), task interdependence (r= 0.34; p< 0.01), conflicts (r= -
0.46; p< 0.01) and cohesion. There was no significant correlation between task autonomy

and cohesion (of p = 0.02, n.s).

Multiple regression analysis was used to test if these aspects significantly predicted
cohesion. This technique enables to determine a correlation between a criterion variable
(cohesion in this case) and the best combination of several predictor variables (Fraenkel &
Wallen, 2009). The coefficient of determination indicated that 40% of the variance in
cohesion was explained by the found predictors (R?= 0.40, F(4,56)=9.42, p< 0.01). It was
found that personality significantly predicted cohesion (B = 0.38, p< 0.01), as did task
interdependence (3= 0.23, p< 0.05) and conflicts (B = -0.36, p< 0.01). Task autonomy was
not found a good predictor as p> 0.05, consequently, this variable could be removed from

the regression model.

Table 31. Data statistics, correlations, and regression weights

Pearson R . iah
correlation egression weight
Mean Std
r B
Personality 194.69 17.52 0.44** 0.38**
Task 18.48 3.79 0.34** 0.23*
Interdependence
Task Autonomy 29.63 7.24 0.02 0.05
Conflicts 31.75 3.78 -0.46** -0.36**

*p<.05, *p<.01
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As a result, personality, task interdependence, and conflicts were the most relevant

antecedents to be considered to improve the ASEST framework.
4.3Relevant antecedents in the context of Agile Software Development

A systematic literature review was conducted to identify further directions for improvement
of the framework regarding team cohesion antecedents. Specifically, the three relevant
antecedents found through the correlational study were investigated in the context of Agile
Software Development (ASD). The methodology and the discussion of the findings are

discussed below.
4.3.1 Method

As in previous literature reviews conducted as part of this doctoral research, this study was
performed following the guidelines proposed by (Kitchenham et al., 2009). The steps in the

literature review method are documented below.
43.1.1 Research question

The literature review answers Research question 6 of this doctoral dissertation: What are
approaches in agile software development (ASD) regarding the relevant antecedents to

improve the proposed framework?
43.1.2 Search process

The process followed is shown in Fig 14. The process started by searching in the Scopus
and Web of Science databases. To ensure the reliability and relevancy of the searches
and to evaluate the search strings, the papers we already knew to be relevant were used
as a validation list. These papers were selected from the literature review that identified

the antecedents.

From the initial list of articles, some of them were removed in two moments. The excluded
articles are listed in appendix 10. The criteria used are explained in the next subsection.
An analysis over the remaining 57 papers allowed us to identify the most addressed issues
regarding the antecedents which ultimately led to directions of improvement for the
ASESTO framework.
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138 papers and 28
Search in databases @ | ~| books of proceedings
Papers inclusion/exclusion (criteria 1) |- --->| 108 papers retained
Papers inclusion/exclusion (criteria 2) --{--> 57 papers retained

23 papers on
personality

32 papers on
conflicts

2 papers on task
interdependence

Papers analysis and data extraction

Figure 14. Literature review 3 research process and steps results

4.3.1.3 Inclusion and exclusion criteria

The following criteria were used to exclude papers: papers for which the full text was not
available, full books of proceedings, and papers that had a scope not relevant to the
perspective of this study (criteria 1 in Fig 14). The papers not relevant for this study were
those that did not address the antecedents. Several papers were found to tackle conflicts
or personalities from a too narrow or general scope (criteria 2 in Fig 14). In that case, the

authors just mentioned them as related somehow to the main topic.

For example, the work reported in (Julian M Bass, 2013) that studies the role of product
owners mentions that product owners should be prepared to deal with conflict resolution
(e.g. to solve customer requirements conflicts), however, they did not describe how to
tackle this matter. An example of an excluded paper because a too general scope is the
work in (Crawford et al.,, 2014). While these authors discuss the role of conflicts
management in agile development, they do not specify any particular approach to handle
conflicts and they do not state any scientific conclusion. The excluded studies are listed in

Appendix 10.
43.1.4 Data collection

The search string was (“software development” or “software engineering”) AND agile AND
(“task interdependence” or personality or conflict). To assess the quality of the query, the
researcher verified that studies they knew from the previous literature review on team

cohesion antecedents to meet the search criteria for the current review (i.e., (Acuia et al.,
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2008), (Acuia et al., 2009)) to be present in the results. The query resulted in a collection

of 138 papers published before June 2017. A total of 57 papers were retained.
4.3.2 Results

The scope of the studies related to personality, conflicts and task interdependence are
presented in Appendix 11. Personality has been studied concerning its influence on job
satisfaction and product quality (Acuia et al., 2008), (Acufia et al., 2009), productivity (K.
S. Choi et al., 2008) (Papatheocharous et al., 2014), team performance (Mazni Omar &
Syed-Abdullah, 2010), communication (S. A. Licorish & Macdonell, 2015), group
development (Gren et al., 2017), work practices and beliefs (E. K. Smith et al., 2016),
value system (Fagerholm & Pagels, 2014), preference for agile methods (Dave Bishop &
Deokar, 2014), the outcome of Scrum teams (Branco et al., 2012), and advice networks
(Keith et al., 2017).

Personality traits, characteristics, and temperaments have been considered regarding
team structures (M. Yilmaz et al., 2017), learning styles (Layman & Williams, 2008), to
predict persons to be suited for agile methodologies (Bhannarai & Doungsaard, 2017), to
effectively allocate and rotate developers in pair (Sfetsos & Stamelos, 2011) (Venkatesan
& Sankar, 2014) and for group development and maturity (Gren et al., 2017).

Personality was most often found to be addressed concerning team roles (Young et al.,
2005) (Mazni et al., 2015) (Baumgart et al., 2015), team formation (S. Licorish et al., 2009;
M. Omar & Khasasi, 2017; Papatheocharous et al., 2014) and pair programming practice
(K. S. Choi et al.,, 2008; Sfetsos & Stamelos, 2011) (Venkatesan & Sankar, 2014).To
improve ASESTO framework, approaches regarding personality to allocate roles during
team formation will be addressed. Personalities in regard to pair programming will be left

out considering that this agile practice is more used in education to teach programming.

Two papers were found for aspects influencing conflicts in agile software development:
sociocultural differences (Ozawa & Zhang, 2013) and emotional contagion (Alhubaishy &
Benedicenti, 2017). Conflicting priorities were identified as obstacles to decision-making in
agile software development (Drury et al., 2012). Conflicts among team members were
found to influence the development of real projects in an agile academic environment
(Monica Villavicencio et al., 2017). Task conflict was found to impact the results of the
collaborative software development process and outcomes (Domino et al., 2004)

(Crawford et al., 2014). Some studies addressed project management conflicts (Neill et al.,
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2017), specifically conflicts on funding processes (Cao et al., 2013), conflicts between
long-term quality and short-term progress (Moe, 2013), conflicts between project and
departmental tasks, conflicting and unclear projects prioritization (Salameh & Alnaji, 2014),
planning, monitor and control (Pechau, 2012), results and scheduling conflicts (Rodin et
al.,, 2011), communication (Pechau, 2012), information sharing (Pechau, 2011), and

conflicts between organizational control and flexibility (Hannay & Benestad, 2010).

Conflicts have been studied concerning cultural conflicts (Ramesh et al., 2017) (Ozawa &
Zhang, 2013), conflicting demands between alignment and adaptability (Ramesh et al.,
2012), roles (Julian M Bass, 2015), Information Systems (IS) control alignment (Cram et
al., 2016), Concurrent Versions System (CVS) (O’Reilly, C; Morrow, P; Bustard, 2003),
software development methods (Wendorff, 2002), conflicts between agile and plan-driven
methods (Brinker & Marcolina, 2016) (McMahon, 2004), interpersonal conflicts (Antonio
Martin et al.,, 2013), social conflicts (Butgereit, 2017) and conflicts in trustworthy

development in dynamic environments (Cao, 2012).

Conflicts between stakeholders (Abdelnour-Nocera & Sharp, 2012; R. Vijay Anand &
Dinakaran, 2017; Drury et al., 2012; Khan et al., 2014) and requirement conflicts (Busetta,
2017; Chetankumar & Ramachandran, 2009b, 2008; Sachdeva & Chung, 2017) were the
most addressed issues. Approaches regarding both requirements and stakeholders’

conflicts will be included to improve ASESTO.

While personality and conflicts aspects were found to be widely addressed in agile
software development, for task interdependence the same cannot be affirmed. Just two
papers were found regarding this antecedent. One study focuses on the relationships of
task interdependence with teamwork quality and project performance (Kuthyola et al.,
2017). The other tackles the potential effects of trust on interdependence (Barbosa et al.,
2017). As a result, no strategies addressing task interdependence for agile teams were

found.

In conclusion, two major aspects for improving ASESTO were found: the relevance of
personality traits for team roles allocation and the resolution of conflicts regarding

requirements and stakeholders.
4.4 Discussion on validity
The literature studies performed are limited by the possibility of missing relevant papers.

Although the search process offers some guarantee for completeness considering the use
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of two large databases and a sufficient and broad set of keywords, it cannot be affirmed
that relevant studies could have been left out. This might have occurred due to the
inaccessibility of some papers and restrictions in the period in which the literature reviews

were conducted.

Researcher bias regarding the selection and evaluation of the studies is another important
limitation to consider. While some of the articles and results of the analysis were discussed
with the supervisor and co-supervisors of this doctoral research, the majority of the papers
were solely analyzed by the Ph.D. researcher. Therefore, the unconscious bias of the
researcher could have led to errors and subjective interpretations during the data

extraction.

Next, while according to some authors, the correlational study sample size used here is
appropriate, for others, this could be considered a limitation. It has been suggested that a
sample size of at least 200 is required (Kline, 2000). However, (Fraenkel & Wallen, 2009)
states that the minimum acceptable sample size for a correlational study for most research

is 30. In this case, the study is somewhere in between.
4.5Conclusions

This chapter reports on improvements to the ASESTO framework to derive the new
ASEST+ framework. Therefore, antecedents not yet considered in ASESTO were
identified. Research questions 4, 5, and 6 were answered through two literature reviews
and a correlational study. A total of 19 antecedents of team cohesion reported in the
literature were identified, 6 of them for collocated teams in educational settings. For these
six antecedents, a correlational study was performed over a sample of agile student teams

to recognize the most relevant ones for our population.

The correlational study showed conflict, task interdependence, and personality to be the
most important ones. In a second literature review, it was identified how these antecedents
have been addressed in the context of ASD. As a result, two major aspects for improving
ASESTO were found: the relevance of personality traits for team roles and the resolution of
conflicts regarding requirements and stakeholders. The next chapter will present how

these aspects are included in the new version of the framework: ASEST+.
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Chapter 5
The ASEST+ framework

The contents of this chapter are based on the article published in the IEEE Transactions
on Education Journal as: Tamayo Avila, D., Van Petegem, W., & Snoeck, M. (2021).
Improving Teamwork in Agile Software Engineering Education: The ASEST+ Framework.

The previous chapter reported on the results of the second iteration of this doctoral
research. Two literature reviews and a correlational study were conducted to identify
further directions of improvements for ASESTO. Antecedent factors not considered in
ASESTO were identified. After a literature review on cohesion antecedents in education, a
correlational study identified the most relevant ones for agile teams. In a follow-up
literature review, we searched for strategies regarding these antecedents in agile software
development. Two major aspects for improving ASESTO were found: the relevance of
personality traits for team roles and the resolution of conflicts regarding requirements and

stakeholders.

This chapter continues reporting on the results of the second iteration. Specifically, it
addresses the improvements to the ASESTO framework to derive the new ASEST+
framework and its validation. The improvements for ASEST+ were identified as follows:
The first stream of improvements aims at solving the identified difficulties in quasi-
experiments 1 and 2 (cf chapter 3) and making the framework more suitable for agile
practice education (Research question 7). The second stream of improvements aims to
incorporate specific approaches in ASD regarding the two major aspects of cohesion

antecedents identified in the previous chapter.
The following research questions are answered:

Research question 7: What approaches regarding agile teamwork in software

engineering education can be used to improve the framework learning strategies?

Research question 8: Does the application of the final framework improve team cohesion,
team learning, and team performance as perceived by software engineering student

teams?

Research question 9: Does team cohesion have a mediational role through the

application of the final framework?
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Research question 10: What are the perceptions of teachers on the final framework?

The chapter is structured as follows. Section 5.1 answers research question 7 by
expanding literature review 1 reported in chapter 2. Section 5.2 informs on the strategies
selected to improve the framework regarding the identified cohesion antecedents. Section
5.3 describes the improvements for the ASEST+. Section 5.4 reports on two quasi-
experiments and a survey performed to answer research questions 8, 9, and 10. Section

5.5 discusses the limitations of these studies. Section 5.6 concludes the chapter.
5.1Agile learning strategies

This section answers Research question 7: What approaches regarding agile teamwork
in software engineering education can be used to improve the framework learning

strategies?

The identification of the fundamentals of ASESTO (i.e. collaborative learning, games and
gamification, agile methods, real projects resolution, and links with industry), led to the
combination of learning strategies on team-based learning, project-problem based
learning, and role-playing gaming approaches in the framework through three phases and

eight steps.

To answer the research question, the literature review that led to finding a set of learning
strategies to build ASESTO (chapter 2), was expanded. In doing so, it was considered that
from the original literature review Scrum was observed as the most widespread

methodology used to teach agile software development.

The industrial report on the latest state of Agile at that time (VersionOne, 2016) showed
the use of Scrum to be a trend for companies as well. According to this report, Scrum and
its variants (Scrum/XP Hybrid and Scrumban) are used by 68% of the respondents
(VersionOne, 2016). Scrum puts more emphasis on project management and does not
specifically address technical details for building software, allowing teams to use it
together with other agile methodologies like XP. Therefore, Scrum was chosen to develop

the improved ASEST+ framework along with some XP practices.

Studies on teamwork in SEE focused on Scrum published after the date of the original
review were sought (see search process of the literature review in section 2.1.2). Then, all
publications containing the words Scrum, SEE and team in their title, abstract, or keyword
list published during 2017 were retrieved. Three more studies were found, all related to the
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use of Lego games (Paasivaara et al., 2017; Steghofer et al., 2017; (Monica Villavicencio
et al., 2017). Appendix 12 reports the methodologies that were found to be used in those
studies addressing agile methods. In all, a total of fifteen studies focusing on Scrum were

further analyzed, twelve of which from the original literature review.

Appendix 12 also summarizes the core elements of the fifteen studies focusing on Scrum
(i.e. capstone course, Lego blocks game, and agile collaboration) concerning the learning
strategies of ASESTO that were further analyzed to select approaches to improve the
framework. The study in (Villan Mahnic, 2015b) on the use of Scrum in education found
the use of capstone projects developed in teams as the most widely adopted strategy,
together with the use of simulation games as an alternative to practical project work.

These findings are in line with the learning strategies used in ASESTO.

In this literature review, the authors reported four studies that proposed games for
teaching Scrum, two of them using Lego blocks (Paasivaara et al., 2014) using plasticine
instead as a lower-cost alternative (Ramingwong & Ramingwong, 2015). Moreover, Lego
blocks have been used in professional training courses (Krivitsky, 2009). According to
(Steghdfer et al., 2017) among the reasons many authors state to use games for teaching
Scrum are that games are better at dealing with the time constraints of lectures. Games let
students apply Scrum in practice in a short timeframe and enable students to evaluate

their process and outcomes (Steghofer et al., 2017).

Table 32 summarizes the selected studies’ main contribution to improving ASEST+, the
criteria leading to their selection, and how the identified improvements are included in
ASEST+. Overall, the team-based strategy in ASEST+ is focused on using Scrum teams
to collaborate in an agile environment. A project-based learning strategy is sustained
throughout the capstone course on Scrum and agile practices for developing real-world
projects. Also, a role-playing strategy is employed based on the use of Lego games.

Table 32. Selected studies and improvements on learning strategies

Study Contribution/ Criteria Improvements

(Kropp et  Presents curriculum design and a set of The levels “technical practices”

al., 2016) required competencies for agile developers  and “collaboration practices” of
in a three-level “Agile Competency the pyramid are included in the
Pyramid.” This proposal is close to industry  capstone course. The third
needs as it is built based on findings of level, “agile values,” was not
guantitative and qualitative studies that included considering that, as

involved more than 100 software companies the authors noted, its
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development requires change
at the individual level and
ASEST+ focuses on behavioral
changes at the team level

(Monica  Presents an adapted educational framework The fundamental components

Villavicen to teach Scrum. The original framework of the adapted educational

cioetal.,, (Monica Villavicencio, 2014), resulting from  framework are used to

2017) a doctoral research study, focuses on formulate the capstone course
software measurement education. The design

author describes its flexibility to be used in
developing similar proposals in other

domains
(Paasiva Presents a Lego-based Scrum simulation The phases of this Lego game
ara etal.,, game. This approach was initially developed are used to set up the main
2014) as internal training in a Finnish security flow of the game during

software company to support their adoption  training (Step 3)
of agile practices, making it coincide with the

industry perspective. Its flow covers the

main activities included in other papers that

report on the use of Lego games (Lynch et

al., 2011a), (Paasivaara et al., 2017),

(Steghdfer et al., 2017)

(Steghofer Reports on the use of a Lego game to The teacher's role as coach

et al., teach Scrum. The teacher's role in this and the planning poker activity

2017) game is closer to the agile coach trainer are used in the ASEST+ Lego
who acts in industry settings game. Coaching is included in

the course design as well

5.2Team cohesion antecedents strategies

Intending to select strategies on cohesion antecedents to improve our framework proposal,
we returned to the literature review discussed in section 4.3. The studies identified from
this literature review related to the relevance of personality traits for team roles and the
resolution of conflicts regarding requirements and stakeholders were further studied to

identify those studies that focused on Scrum.

Appendix 13 summarizes the methodologies addressed in these studies and lists those
studies that were not selected and the main reason leading to this decision. In all, seven
studies were found to focus on Scrum. Some approaches did not focus on any

methodology in particular.

Table 33 shows the selected studies’ main contribution toward improving ASEST+
concerning cohesion antecedents, the criteria leading to these selections, and how the

identified improvements are included in ASEST+.
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Table 33. Selected studies and improvements on cohesion antecedents

Study Contribution/ Criteria Improvements

(Baumgar The findings show how personality traits based on the

tetal., Five-Factor Model (P. T. J. Costa & McCrae, 1992) Their proposal on

2015) are relevant for Scrum teams. This model provides a  the relevance of
better understanding than the Myers-Briggs Type personality traits
Indicator questionnaire (MBTI), the other widely used  for Scrum teams is
approach for studying personality traits of software used for role
developers (Balijepally et al., 2006) allocation (step 1)

(Khan et  This study focuses on Scrum and tackles both The study's

al., 2014) requirements and stakeholders conflicts (the most negotiation model
addressed conflict types). In a Scrum project, the is used for conflict
decomposition of requirements drives the technical resolution during

tasks and normally all team members are involved in  the Win-Win Lego
the selection and prioritization of requirements while ~ game to train

the Scrum master coordinates its decomposition. students in Scrum
Including this strategy aims to address task and team working
interdependence in ASEST+ as well skills (step 3)

5.3ASEST+ improvements

This section describes the improvements of ASEST+. The selected studies on the
framework learning strategies and team cohesion antecedents described in tables 14 and
15 (sections 5.1 and 5.2) led to improvements regarding three aspects: course design, role
allocation, and a Win-Win Lego game. In addition, the identified difficulties from quasi-
experiment 1 ad 2 through the students’ survey (section 3.2.4) led to improvements

regarding the team rules agreements.

Course design: The course aims to apply Scrum along with agile practices to develop
real projects while students learn how to work as a team. Scrum puts more emphasis on
project management and does not specifically address technical details for building
software, allowing teams to use it together with other agile methodologies (Schwaber &
Sutherland, 2020). Therefore, Scrum is used as a management framework, and some

development practices from extreme programming (XP) are included.

The students need programming and modelling skills as prerequisites. The course design
is based on an educational framework that contains inputs, guidelines, and outputs
(Monica Villavicencio, 2014), based on and adapted from proposals in (Steghdfer et al.,
2017), (Paasivaara et al., 2014) and (Kropp et al., 2016). The inputs refer to the resources
needed for developing the activities. In contrast to the proposal in (Monica Villavicencio,

2014), the software tools here are open to being selected by the teachers. In addition to
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the teaching materials these authors propose (e.g., slides, websites, and books), Lego
blocks are used in the Scrum workshop and didactic guides are needed to direct students
concerning assignments. In addition, video tutorials are used to prepare students for
solving practical exercises during the hands-on laboratories. Reading and watching
assignments and short quizzes after lectures or before the laboratories allows the students
to expand their knowledge and reinforce their understanding. Scrum templates and a
template to record conflicts arising in the project are necessary inputs for project

development.

The course curriculum guidelines (shown in Table 34) include the content to be taught, the
intended learning outcomes, the teaching and learning activities, and the assessment
tasks. The topics can be adapted to introduce new concepts, practices, and tools. In
addition to Scrum and ASD introductions, as proposed in (Monica Villavicencio, 2014),
technical and collaboration practices are included based on the proposal in (Kropp et al.,
2016).

Technical practices concern testing, continuous integration, and clean code. Collaboration
practices refer to communication (i.e., communication with customers in order to have a
good understanding of the requirements, and intensive and open communication among
all stakeholders). Team working skills for conflict resolution are included as well. Scrum is
taught through a workshop based on (Steghofer et al., 2017) and (Paasivaara et al., 2014).
The teachers have to ensure that each sprint (a short period during which the Scrum team
works to complete a specific work product) of the capstone project is doable in 2-3 weeks

and provide coaching sessions.

Finally, the outputs relate to the developed project and the learning gained during the
course. Therefore, in addition to the real-world project and experience applying Scrum
(Monica Villavicencio et al., 2017), this course’s output includes skills in teamwork and

agile practices.

Table 34. Course curriculum guidelines

Topics Intended Learning Outcomes Teaching & Learning | Assessment
Activities Tasks
ASD and | Describe the values and  Lecture Reading
teamwork | principles of the Agile Manifesto. assignments,
Explain  concepts of ASD. Short quizzes
Characterize agile teams. Explain
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factors affecting communication
and conflicts in agile teams. Give
examples of requirements and
stakeholders conflicts

Scrum Apply Scrum ceremonies to a | Workshop Reading/watch
process simulated project ing
assignments,
Short quizzes,
Simulation
project
Agile Explain the main concepts and | Lecture Reading
practices | aims of clean code, refactoring, assignments,
continuous  integration, and Short quizzes
testing in ASD
Set up an automated build and A Hands-on Reading/watch
test environment laboratories ing
assignments,
Practical
exercises
Apply code formatting, consistent | Hands-on Reading/watch
use of language features and | laboratories ing
naming conventions, and use of assignments,
meaningful names Practical
exercises
Perform code reviews and solve | Hands-on Reading/watch
problems by immediate | laboratories ing
refactoring assignments,
Practical
exercises
Perform tests (integration, unit, | Hands-on Reading/watch
system, acceptance) laboratories ing
assignments,
Practical
exercises
Capstone | Apply the Scrum process and | Coaching Project
project agile practices to develop a real | Project work solution
project. Demonstrate how to | Team project | Oral
effectively communicate with | presentations presentations
teammates and clients and Project reports

manage information to get the
work done and improve existing
implementations. lllustrate
conflicts that can occur during the
project and its solution
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Role allocation: During team formation, role allocation is based on personality traits. To
that end, the criteria set out in (Baumgart et al., 2015) are used. Their findings state that
agreeableness is relevant for filling the roles of product owner and developer, while

conscientiousness is important for the role of Scrum Master.

These authors define agreeableness as the individual's extent of friendliness and the
degree of trustworthiness. Conscientiousness is related to the extent of organization,
commitment, and persistence. Agreeableness is manifested in qualities such as trust,
altruism, and compliance, while dutifulness, self-discipline, and striving for achievement

are related to conscientiousness (P. T. Costa & Mccrae, 1995).

In ASEST+, the NEO Personality Inventory (P. T. J. Costa & McCrae, 1992) is used to
assess the presence and extent of these traits. To assign the roles individuals will play on
the team, for each team member, the highest-scoring traits are considered in the following
order: the Scrum Masters are assigned first, followed by product owners and then

developers.

Win-Win Lego game: In the one day of Scrum workshop training, the teams have to build
Lego city projects incrementally following the Scrum process. The Lego game flow
described in (Paasivaara et al., 2014) was adopted, as can be seen in Fig 15.

Game process

. Release .
> Introduction >> planning >> Sprint 1 > Sprint n Reflection

Way of worklng and Story set to_complete Discussionh on learning
and teamwork

________ Sprint simulation process

pgrr)lrr:?r:g Sprint work Daily meet Sprint work R;velgrv Recttric;sepe
(15-20 min) e (1-2 min) (3-5 min) (1-2 min) (1-2 min)

\ = Coordination and Acceptance tests ~ Ways of working

Backlog items ——— h
\ ~-checkin
\ decomposmon ecking — improvements

into tasks

Conflicts resolution process

Develop Elaborate
alternatives and trade- Evaluation Agreement
requirement off

Figure 15. Win-win Lego game flow

One teacher conducts the workshop while other teachers play the role of product owners.
As product owners, they answer questions about the product but do not intervene in the

project work. The game includes a conflict resolution process based on (Khan et al.,
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2014). The release planning process incorporates the proposal of (Steghofer et al., 2017).

The teachers explain the prepared backlog of work in descending order of priority.

One planning poker round with randomly selected participants is conducted while the
others observe. One user story is chosen, and the students offer their estimation and
explain their reasoning. Teachers introduce conflict situations during the sprint planning
phase in their role as product owners, and the teams have to collaborate to resolve
conflicts. The teachers introduce conflicts regarding requirements priorities, introducing

new requirements conflicting with the sprint backlog as well.

Through a win-win negotiation process, team members negotiate by identifying the win
conditions from the perspectives of all roles involved. They develop a set of options,
evaluate them, iterate on some, reject others and finally converge to a mutually
satisfactory agreement. During the review meeting, the product owner again introduces
some conflicts by rejecting some requirements and asking to change others. This leads to

requirements conflicts that the team has to resolve during the next sprint planning phase.

Team rules agreements: To facilitate reaching an agreement, an evaluation of how the
teams communicate and resolve conflicts is conducted through the TPC questionnaire
(Heesen et al., 2002). The teams have to agree on rules to improve the problems identified
through this evaluation by addressing agile practices. A set of agile practices is provided
based on the proposal in (So & Scholl, 2009) to assist students (listed in Table 35). These
authors propose a representative set of agile practices for eight common areas: iteration
planning, iterative development, continuous integration and testing, stand-up meetings,
customer acceptance tests, customer access, retrospectives, and collocation. This set
includes well-established agile practices proposed by experienced practitioners. However,
it could be enriched over time with updated practices from the industry and other issues
that might arise during retrospective meetings. The students are allowed to propose

general rules to their agreements as well.

Table 35. Agile practices set*

Iteration Planning: participation of all team members

All members of the technical team actively participate during iteration planning
meetings

All technical team members take part in defining the effort estimates for requirements
of the current iteration

When effort estimates differed, the technical team members discuss their underlying
assumption

All concerns from team members about reaching the iteration goals are considered
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The effort estimates for the iteration scope items are modified only by the technical
team members

Each developer sign up for tasks on a completely voluntary basis

The customer picks the priority of the requirements in the iteration

Iterative Development: short iterations, time-boxing, working software

We implement our code in short iterations

The team rather reduces the scope than delay the deadline

When the scope cannot be implemented due to constraints, the team holds active
discussions on re-prioritization with the customer on what to finish within the iteration
At the end of an iteration, we deliver a potentially shippable product

We keep the iteration deadlines

The software delivers at the iteration end always meet the quality requirements of the
production code

Working software is the primary measure for project progress

Continuous Integration & Testing: continuous integration, test-driven
development

The team integrates continuously

Developers have the most recent version of code available

Code is checking in quickly to avoid code synchronization/integration hassles...

The implemented code is written to pass the test case

New code is written with unit tests covering its main functionality

Automated unit tests sufficiently cover all critical parts of the production code

For detecting bugs, test reports from automated unit tests are systematically used to
capture the bugs

All unit tests are run and passed when a task is finished and before checking in and
integrating

There are enough unit tests and automated system tests to allow developers to safely
change any code

Stand-Up Meetings: short, regular, focused

Stand up meetings are extremely short (max. 15 minutes)

Stand up meetings are to the point, focusing only on what has been done and needed
to be done on that day

All relevant technical issues or organizational impediments come up in the stand-up
meetings

Stand up meetings provides the quickest way to notify other team members about
problems

When people reported problems in the stand-up meetings, team members offered to
help instantly

Customer Access: ease of contact to the customer, useful feedback

The customer is reachable

The developers can contact the customer directly or through a customer contact
person without any bureaucratical hurdles

The feedback from the customer is clear and clarifies their requirements or open issues
to the developers

Customer Acceptance Tests: frequent, requirements verification by the customer

We apply customer acceptance tests frequently

A requirement is not regarded as finished until its acceptance tests (with the customer)
have passed

Customer acceptance tests are used as the ultimate way to verify system functionality
and customer requirements

The customer provides a comprehensive set of test criteria for customer acceptance
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The customer focuses primarily on customer acceptance tests to determine what have
been accomplished at the end of an iteration

Retrospectives: identification and implementation of improvement points

We apply retrospectives frequently

All team members actively participate in gathering lessons learned in the retrospectives
The retrospectives help us become aware of what we did well in the past iteration/s
The retrospectives help us become aware of what we should improve in the upcoming
iteration/s

In the retrospectives (or shortly afterward), we systematically assign all-important
points for improvement to responsible individuals

Our team follows up intensively on the progress of each improvement point elaborated
in a retrospective

Collocation: degree of physical proximity

Developers are located majorly in ...
All members of the technical team (including QA engineers, DB admins) are located in

Requirements engineers are located with developers in ...
The project/release manager works with the developers in ...
The customer is located with the developers in ...

*Taken from (So & Scholl, 2009)

An example conflict resolution item in the TPC questionnaire is “My team may agree on a
solution even though not every member ‘buys into’ that solution.” A rule to address this
could be “All concerns from team members about reaching the iteration goals are
considered,” addressing the area of “iteration planning.” Another rule could be “When the
scope cannot be implemented due to constraints, the team holds active discussions with
the customer on re-prioritization and what to finish within the iteration,” addressing the

“iterative development” area.

As mentioned earlier, such evaluation was mentioned in the survey of students using the
ASESTO framework as sometimes being unfair. The particular student who made such a
mention did not explain the causes of this comment. However, factors such as
interpersonal conflicts or poor teamwork participation might have led to less truthful

judgments in the peer evaluation.

As it is expected that teamwork improves with time, repeated opportunities to assess
members’ contributions could lead to fairer feedback and continuous improvement of the
agreements. Therefore, the last two phases in ASEST+ should be repeated in cycles
(coinciding with the project sprints) to repeatedly evaluate the effectiveness of rules and
team members’ contributions. Occasionally, some regression to phase 1 might be useful,

for example, when a student is late in joining the course/team. In this case, time
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constraints should be carefully considered. Table 36 shows the final version of ASEST+

with the new activities underlined.

Table 36. The ASEST+ framework phases and steps!

Phase 1 Preparation: Setting of the learning environment, teams, projects, and

introduction activities

Step 1. Setting the scene. Introduction to ASD

Input: Lesson contents, Assignment guides, Project descriptions, NEO Personality
Inventory (PI) questionnaire, Short quizzes

1.1 Overview explanation of the framework (10 min)

1.2 Formation of 3-7 member teams (10 min)

1.3 Personality traits identification through the NEO PI questionnaire (30 min)
1.4 Assignation of roles based on personality traits (15 min)

1.5 Assignation of projects to the teams (20 min)

1.6 Lesson on introduction to ASD and agile teamwork (60 min)

1.7 Reading/watching assignments (Individual assignments) (30 min)

1.8 Short quizzes on ASD and agile teamwork (20 min)

Output: Team structure; Assignments completed

Step 2. Diagnosis of teamwork skills and conflict-handling styles

Input: TKT and Thomas-Kilman Instrument (TKI), also known as Thomas-Kilmann
Conflict Mode Inventory, questionnaires, Assignment guides

2.1 Diagnosis of teamwork knowledge via the TKT questionnaire (30 min, Individual
assignment)

2.2 Analysis of the TKT questionnaire results (15 min, Team assignment)

2.3 Diagnosis of conflict-handling style through the TKI questionnaire. (20 min, Individual
assignment)

2.4 Analysis of team weaknesses and strengths concerning handling conflicts
considering individual styles. (20 min, Team assignment)

Output: Individual diagnosis and team lessons learned, Team member conflict-handling
styles; Team conflict-handling styles analysis

Step 3. Training on _ Scrum and team working skills. Introduction to agile practices

Input: Lesson contents, Assignment guides, Short quizzes, Lego blocks, Planning poker
cards, Lego project backlog, conflicting situations description, Belbin’s roles
guestionnaire

3.1 Reading/watching assignments on Scrum (60 min, Individual assignment)

3.2 Short quiz on Scrum (20 min, Individual assignment)

3.3 Explanation of the training (10 min)

3.4 Identification of Belbin’s roles (optional, 20 min, Individual assignment)

3.5 Scrum process simulation via Lego projects. Resolution of conflicting situations (120
min)

3.6 Analysis of the teamwork demonstrated in the game (20 min, Team assignment)
3.7 Lesson on introduction on agile practices (60 min)

3.8 Reading/watching assignment (30 min, Individual assignment)

3.9 Short quiz on agile practices (20 min, Individual assignment)

1 The ASESTO framework can be derived by eliminating the underlined issues
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Output: Lego projects developed; Report on the game; Quizzes answered

Phase 2 Implementation: Team rules agreement establishment, sprint project

deployment, and agile practices application

Step 4. Team functioning diagnosis._Introduction to automated build and test

environments

Input: TPC questionnaire, Lesson contents, Assignment guides, Software tools,
Computers, and collocated environment

4.1 Diagnosis of team functioning via the TPC questionnaire (10 min, Individual
assignment)

4.2 Elaboration of the joint perception matrix for team functioning (15 min, Team
assignment)

4.3 Reading/watching assignment (60 min)

4.4 Hands-on laboratory on automated build and test environments (90 min)

4.5 Team project. Set up/update the automated build and test environment (3 hours,
Team assignment)

Output: Joint perception matrix on team functioning; Practical exercises solved;
Automated environment setup/updated

Step 5. Team rules agreement establishment. Team project beginning

Input: Joint perception matrix on team functioning, Automated build and test environment,
Computers and collocated environment, Scrum templates, Conflicts template, List of
systematic agile practices, Assignment guides

5.1 Setting up the agreements. Identification of team rules regarding communication and
conflict resolution_linked to systematic agile practices. (30 min, Team assignment)

5.2 Team project. User Stories are written and estimated. First version of Product
Backlog is written. Sprint and Release Planning is done (5 hours, Team assignment)
Output: Team rules agreement, Product Backlog, Sprint, and Release Planning, Conflicts
record

Step 6. Team rules agreement assessment. Agile practices application

Input: Team rules agreement, Assignment guides, Lesson contents, Scrum artifacts,
Automated build and test environment, Computers and collocated environment, Scrum
templates, Conflicts template

6.1 Assessment of team rules to track their effectiveness and improve the agreements.
(e.g. using a scale from 1 to 5) (15 min, Individual assignment)

6.2 Discussion in teams of total scores based on the member’'s assessments averages,
to identify problems and achievements on rules effectiveness. (30 min, Team
assignment)

6.3 Reading/ watching assignment (60 min)

6.4 Hands-on laboratory on agile practices (45 min)

6.5 Team project. Sprint execution. (5 hours)

Output: Team agreement assessment report, Practical exercises solved, Product
increment, Unit/ Integration/ Acceptance tests, Conflicts record, Scrum artefacts

Phase 3 Adjustment: Agreements adjustment and sprint /project conclusion

Step 7. Feedback

Input: CATME-B questionnaire, Assignment guides, Lesson contents, Scrum artifacts,
Automated build, and test environments, Computers and collocated environment, Scrum
templates, Conflicts template
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7.1 Self and peer evaluations of team member contributions. Completing the CATME-B
guestionnaire (20 min, Individual assignment)

7.2 Elaboration of the joint perception matrix including the individual average scores of
each member’s contribution assessment (15 min, Team assignment)

7.3 Discussion in teams of the matrix scores to identify problems (30 min, Team
assignment)

7.4 Team project. Development tasks. Sprint Review & Retrospective (5 hours)

7.5 Reading/watching assignments (60 min)

7.6 Hands-on laboratory on agile practices (45 min)

Output: Team member contributions matrix, Practical exercises solved, Scrum artifacts,
Unit/Integration/Acceptance tests, Sprint lessons learned, Conflicts record

Step 8. Team agreement update

Input: Team member contributions matrix, team rules agreement, Scrum artifacts, and
reports

8.1 Identification of new team rules (30 min)

8.2 Updating the rules agreements (15 min)

8.3 Presentation of the project (2 hours)

Output: Team agreement updated, Project solution

5.4Framework applicability

This section discusses general framework applicability issues and exemplifies some
teaching materials developed to apply the framework. A separate document has been
elaborated as an instrument to guide teachers while applying the framework?. This guide
contains all the questionnaires required to perform the activities, templates that were
developed to support the information generated along the process as well as additional
resources and further methodological guidelines and examples.

To apply ASEST, time constraints, resource availability, and participants’ characteristics
should be carefully taken into account, including their fit with limitations dictated by the
program/course schedules. Availability of real-world clients and projects and commitment
by all parties to participate should be guaranteed beforehand. Cultural issues that might

influence students’ willingness to use team rules should be investigated as well.

The course curriculum guidelines (presented in Table 34) should be adapted considering
the characteristics of the students and target program/course. Therefore, the topics and
the intended learning outcomes might vary to make the framework coherent with the aims
of the target program/course. The students’ level of programming and modeling skills, as
well as team working skills expected to be developed within the program up until the point

2 |t can be accessed through the following link:
http://merode.econ.kuleuven.be/publications/Appendix/ASEST TechnicalReport.pdf
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while ASEST will be deployed, should be analyzed as well. The format of teaching and
learning activities and assessment tasks of the course curriculum guidelines might also
need some adaptations considering time constraints and resource availability. Taking into
account these issues, the framework could be applied in a semester-long course, or along

several semesters. However, a minimum of eight weeks is required.

To make ASEST fit in the target program/course, time constraints should be considered
beforehand. For each activity, the estimated time indicated in Table 36 should be adapted.
Some changes in the sequence of activities might be needed as well. The availability of
locations where the activities could take place, as well as other resource constraints
related to real-world clients, or information required, might lead to some changes in activity
formats (e.g. online activity, written report). In doing so the sequence of activities should
be considered, as well as the fact that some of them should be done individually and

others are required to be performed in teams.

For example, the written report to be written as a team assignment shown in Table 37 has
been designed to support activity 1.5 in Table 36 “Assignation of projects to the teams”. A
similar set of questions could be used to guide the debate of teams in a face-to-face
meeting. However, the planned time of the target course/program should allow doing so. In
this case, information about the projects should be provided by clients beforehand (See
table 38). An alternative format for this activity could be through an online platform which

would provide a more flexible timing.

Table 37. Sample of a written report activity

Team assignment: “Feasibility analysis” (questions adapted from (Nguyen, Truong, & Le,
2017))
Elaborate a written report containing the team structure and an analysis of the feasibility of
the capstone project. To perform the feasibility analysis, answer the questions below. This
analysis will help you to reach a clear understanding of the project and identify issues that
require further clarification.
e Does the team estimate is the project likely to be a success? (consider similar
projects, expertise, knowledge on the dominie where the software will be applied)
¢ Does the team estimate that it is likely to complete the project within the expected
schedule?
e What are the risks or difficulties of the project?
e Do team members have adequate knowledge and skills to complete this project?
e Does the team have a clear vision of the product concept that allows them to plan
the project?
e Has the team defined its project goals, outcomes, and timelines?
e Do team members understand well their roles and responsibilities?
e Do team members hold each other accountable for the project timelines,
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commitments, and results?
e Which tools are needed to complete this project?

Table 38. Project scope description template

Company Name of the company and its mission
Project Name of the project

Enq-users of the | Brief description of the end-users
project

Project leading Person, department, or organization

Antecedent of the | Why is this project running? Factors that led to the need of the
project project. Person or organization that started the project (or the idea
of the project).

Stakeholders Other people/ organizations involved in the project

Description of the | What problem is this project solving? Fundamental

project purpose/outcome of the project

Context The organizational, cultural context where the project could impact.
E.g. Communities, associations, groups

Resources/ Depending on if it is a new project or an extension of existing,

Technologies information on required technologies will be needed: e.g Data flow

diagrams, architectural diagrams, the definition of done, checklist,
security policies, developing frameworks, version control, project
structure, 3rd party libraries and packages used

Considering that the course curriculum guidelines (presented in Table 34) target agile
practices with a starting level of complexity, the lesson contents, individual assignments,
and short quizzes included in these guidelines, should be developed by teachers to adapt
the framework to specific courses objectives. The component of the curriculum guidelines
can be combined in the format of didactic guides including content (text documents,
lecture notes, videos, images, websites, and other resource links), specific
reading/watching activities associated with the content, and the corresponding assessment
activities in the form of short quizzes or practical exercises. Table 39 shows an example of

a didactic guide related to topic 1 “Agile software development and teamwork”.

Table 39. Sample of a didactic guide

e Content (Brief introduction to the topic, objectives, and further bibliography
resources)

Requirement engineering is a complex activity that often involves conflicting situations
mostly due to different stakeholders’ perspectives and priorities. A conflict in requirements
engineering exists, if the needs and wishes of different stakeholders regarding the system
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contradict each other, or if needs and wishes cannot be considered. Examples of these
situations for a software project on a driving system can be:
e A group of stakeholders demands the use of radar sensors for distance
measurement. Another group of stakeholders asks, instead, for ultrasound sensors
e A stakeholder demands to display safety-relevant information for the driver on a
head-up display. Other stakeholders argue this would detract the driver and hence
reject this requirement
In any set of requirements, it is likely to find conflicts, overlaps, and omissions. Conflicts in
requirements are a problem that occurs when a requirement is inconsistent with another
requirement. Technical reasons are caused by the following difficulties:
e A massive quantity of requirements can lead to conflicts between them.
e Changes in requirements during system development phases. These changes may
occur after the addition of new requirements or the update of old ones.
e Complex system domains can lead to misunderstanding of requirements, and
therefore, conflicts between them.
Conflicting requirements can be classified as follows:
e Data conflict: Wrong, incomplete information about requirements, different
interpretation, different views, and different assessment
e Interest conflict: Interests or goals concerning the system contradict each other
e Value conflict: Different ways of life, ideology, or religion resulting in each
stakeholder considering the importance of a requirement differently
e Relationship conflict: Strong emotions, deficient communication, and negative
interpersonal behavior between stakeholders
e Structural conflict: Unequal balance of authority or power, destructive patterns of
interaction, unequal control, ownership or distribution of resources, and time
constraints

While resolving conflicts, new ideas and innovative requirements arise. Thus, conflicts
should be seen as opportunities for innovation and expansion.

At the end of this assignment you should be able to:

e Discuss different stakeholders’ perspectives, questions, and prioritization categories
that are useful to prevent requirement and stakeholders conflicts during requirement
elicitation

e Explain how to identify and track requirement conflicts by the Mandatory-Essential-
Optional Strategy

Activities (Orientation about the activities the student are expected to perform to complete
the individual assignment)
This activity aims to give you some guidance for you to be better prepared to prevent
conflicting situations during requirement elicitation along with your project. Please, read
the document “Agile requirements elicitation”. From this reading identify (And keep this
information at hand along with your project work!):

e How do users and developers usually view each other?

e What are useful questions to tease out different types of requirements?

e What are the categories that are helpful to ask the customer prioritizing
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requirements to early prevent possible conflicts?

Now, put yourself in the shoes of the customer and solve the quiz below.
This activity aims to prepare you to identify and track conflicting requirements from your

set of user histories. Please, read the document “Identifying conflicting requirements”.
Explain how to elaborate a requirement matrix for managing conflicts. Keep the example at
hand to help your team project work!

Quiz (Self-evaluation)

e Considering the categories you learned from your reading, choose how would you
prioritize the following requirements? (Mandatory, Essential, Optional)

Casel: A credit card billing system:

e The system separates the charges by purchase type, to assist the purchaser in
understanding buying patterns

e The system lists current charges, sum them, and request payment by a certain
date; these are essential requirements

e The system prints the credits in black and the debits in red

Case 2: A hostel management system for a university:
e The system should allow the warden to shuffle multiple students seats

e The system should allow the warden to assign a student a seat in his hostel
e The system should maintain a log of all allotments and vacations in his hostel

*The contents are based on (Pfleeger & Atlee, 2005) and (Aldekhail et al., 2016)

5.5Validating the ASEST+ framework

In this section, we explore the effects of the new ASEST+ framework on team cohesion,
team performance, and team learning as perceived by students. Two quasi-experiments
were done with the participation of other teachers in addition to the researcher. In quasi-
experiment 3 they performed as assistant teachers while the researcher acted as the main
teacher. The assistant teachers conducted quasi-experiment 4 without researcher

intervention.

5.5.1 Quasi-experiment 3

This section reports on a quasi-experiment set up to observe the effects of ASEST+ on
students' perception of team cohesion, team performance, and team learning. The
experimental group was observed during eight weeks in the period Sept.-Nov. 2017. A
control group from the same program was observed in the period of Sept.-Nov. 2019. The
students were involved in the program on Informatics Engineering at the University of
Holguin, in Cuba. Convenience sampling was used. All the students performing in the
third and fourth years of the program at that time were included. Table 40 describes the

composition and demographics per sub-group for both the experimental and control group.
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Table 40. Groups composition and demographics in quasi-experiment 3

Control group Experimental group

Subgroup 1  Subgroup 2 Subgroup 1 Subgroup 2
Subjects 9 13 12 16
Teams 3 3 4 4
Gender 2F 6M 6F 7M 6F 6M 5F 13M
Age range 21-24 21-25 21-23 21-25

The participants were performing in 2 courses simultaneously (Soft. Eng. Il for subgroups
1, and Soft. Eng. lll for subgroups 2), performing in teams of 3-5 members. The
researcher acted as the main teacher for both courses, and assistant teachers were
coaches. In the experimental group the teachers assigned real projects to the teams
whereas in the control group the students presented their proposals.

The projects were modules of larger projects in progress (new for the students in the
experimental group). The students in the experimental group followed Scrum with some
minor changes because students could not work on the project every day due to other
duties. The students in the control group used Scrum and Iconix as they were already
following these methodologies in these projects. The teachers did not interfere in the

distribution of tasks among team members in any group.

Both the experimental and control group students in Soft. Eng. Il learned about integration
and acceptance tests while in Soft. Eng. Il they learned about clean code and unit test
practices. Table 41 shows the activities per week, linked to the ASEST+ steps, for the
experimental and control groups. In the experimental group phases 2 and 3 were deployed

two times, concurring with two project sprints.

The study only covers 8 weeks (out of the 16-course weeks in total), not to interfere with
the overall course organization. The courses for the experimental and control groups had
different designs. For both groups the students learned the same agile practices; however,
the teaching and learning activities were different. In the control group, the teaching
materials were slides and books. Their assessment tasks included just practical exercises
in the classroom in addition to the capstone project activities. The teaching in this group
did not include any team working activity beyond the capstone project development itself.
These students were not coached.
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Table 41. Courses schedule and intervention in quasi-experiment 3

Control gro Experimental gr

Week Cont group xp.e.l ental group
Activity Activity Step
Lecture (integration tests/ clean

1 code) Lecture (ASD, teamwork) 1,2
Team project (Sprint 1)
Laboratory — (integration teStS/Scrum Workshop, Lecture (Introduction to

2 clean code) technical practices) 3
Team project (Sprint 1) b
Workshop. Team project (SprintLaboratory (Automated environments),

3 . : 4,5
1) Team project (Sprint 1)

4 i‘eii;l;re (acceptance tests/ unltLaboratory (clean code/integration6
Team project (Sprint 2) tests), Team project (Sprint 1)

° {_eatst:;))ratory (acceptance tests/ unltLaboratory (clean code/integration7 8
Team project (Sprint 2) tests), Team project (Sprint 1)
Workshop. Team project (SprintLaboratory (unit tests/ acceptance tests),

6 . : 4,5
2) Team project (Sprint 2)
Team project (Sprint 3) Laboratory (unit tests/ acceptance tests),

7 . : 6

Team project (Sprint 2)

8 Team project (Sprint 3) Team project (Sprint 2) 7,8

55.1.1 Intervention

Phase 1:

Phase 1 was done in two weeks. During the first session, the activities of step 1 were

done. The teachers explained the course design and the activities of the ASEST+

framework (activity 1.1%). The teams were formed (activity 1.2) and the students filled in

the NEO PI gquestionnaire (activity 1.3) to assign the roles based on their personality traits

(activity 1.4). As a result, the teams were composed of a scrum master, a product owner,

and 1-3 developers (shown in Table 42).

Table 42. Team composition and projects scope from quasi-experiment 3

Team members and Project scope

roles

3The numbered activities can be found in Table 36
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Team 1, 3 members
1 Scrum Master

1 Product Owner

1 Developer

Information management system for commerce. Module for
tracking low-selling merchandise. Client: Moa’s municipal
company of Commerce and gastronomy in Holguin

Team 2, 3 members
1 Scrum Master

1 Product Owner

1 Developer

Information management system for banking. Module for
managing mortgage loan applications. Client: BPA bank branch
office in Holguin

Team 3, 3 members
1 Scrum Master

1 Product Owner

1 Developer

Information management system for health care supply chain.
Module to manage information regarding health care equipment
reception and distribution process to the health care units in the
municipality. Client: the Municipal Health Care Directorate in
Holguin

Team 4, 3 members
1 Scrum Master

1 Product Owner

1 Developer

Information management system for university services. Module
to manage information of the reservations in the university
students' restaurant. Client: Computerization department at the
University of Holguin

Team 5, 4 members
1 Scrum Master

1 Product Owner

2 Developers

Information management system for
commercialization. Module for managing contracts with
producers to purchase and sale of grains (corn, beans,
soybean). Client: Agro-industrial grain company of Gibara,
Holguin

agricultural products

Team 6, 3 members
1 Scrum Master

1 Product Owner

1 Developer

Real-time software for weighing sugar cane production in situ
and updating this information online. Client: Group AZCUBA
Holguin

Team 7,5 members
1 Scrum Master

1 Product Owner

3 Developers

Information management system for university services. Module
to manage information related to requests of technical support
services. Client: Computerization department at the University of
Holguin

Team 8, 4 members
1 Scrum Master

1 Product Owner

2 Developers

Information  management system for cultural goods
commercialization. Module for assigning sale locations. Client:
Marketing department of FCBC institution in Holguin

After assigning the projects, the students were oriented to do the project feasibility analysis

outside the classroom (activity 1.5). In this way, they could contact clients, investigate, get

clarifications and further discuss issues to reach a clear understanding of the project in

addition to identifying risks and problems. Then, the introduction lesson to ASD and agile

teamwork was given (activity 1.6) and the individual assignments were oriented to be done

after the lesson (activity 1.7 and 1.8). During this lesson, the activities included in ASESTO

to improve communication skills by gaining an understanding of nonverbal messages and

empathic listening were included (see Table 6). A workshop for step 2 was done two days

later, during the same week. After answering the TKT questionnaire (communication and
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conflict resolution questions) (activity 2.1) the students were asked to check their

responses to the correct ones and discuss in teams the results (activity 2.2).

Conflict resolution questions

Question 8 ‘ | Team 8
Question 7 Team 7
Question 6 mTeam 6
Question 5 = Team 5
Question 4
Question 3 Team 4
Question 2 wTeam 3
Question 1 ; ®Team 2
0,00 50,00 100,00 ™=Teaml

Q1. When there is a disagreement or difference of opinion in your team, it is generally best to...
Q2. When dealing with a team member, who is not doing his/her fair share of the work, it is best
to...

Q3. When you and another team member are having trouble communicating, which is the worst
thing for you to do?

Q4. You have gotten quite angry in a team meeting. Which of the following is the least productive
thing you could do?

Q5 In order to increase the chances of everyone doing their fair share of work, a team ought to...
Q6. Effective discussions of team business are often made difficult by people who are
argumentative or dominating or disorganized. No matter what their problem, to get the meeting
moving forward you need to...

Q7. If a member of your team is hostile or critical it is generally useful to...

Q8. Two members of your team have a genuine disagreement (not just miscommunication or
personality conflict). Which of the following would be most likely to lead to a resolution?

Communication questions

Team 8
Team 7
Team 6
Team 5
Team 4
Team 3
Team 2
Team 1 |

Question 4
Question 3
= Question 2
m Question 1

0,00 50,00 100,00

Q1. When you are listening to other people offering their ideas, it is useful to...
Q2. When receiving feedback from your team members, it is generally useful to...
Q3. When expressing an idea or presenting some information, it is best to...

Q4. If a team member is expressing an opinion different from your own, it is generally
helpful to...

Figure 16. TKT questionnaire results from quasi-experiment 3
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The results per team (included in Fig 16) showed the majority of questions ranged above
60 % and just a few questions below 40 % which indicates an adequate overall level of
knowledge on communication and conflict resolution in the teams. Comparing these
results with the ones obtained during the application of ASESTO (quasi-experiment 1 and
2), it can be noticed that the results were higher. This suggests that the activities on agile
teamwork during step 1 (lecture and related assignments) might have contributed to

reaching a better preparation.

The students then filled in the TKI questionnaire (activity 2.3) and discussed their conflict-
handling styles (activity 2.4). A sample of the ideas the students expressed are shown in
Table 43. The teams discussed their profiles and how their styles could influence the
teams reaching agreements. Then the teams shared with the whole group their main
conclusions. As a reading assignment, the students were provided with the conflicting
situation descriptions for Scrum teams used in the team working skills training of ASESTO
along with the solutions the teams proposed for those situations. They were asked to

analyze this information as study cases in preparation for the next step.

Table 43. Sample of reflections on team conflict-handling styles from quasi-experiment 3

Team 1

The team has more cooperative and assertive styles (2 collaborating and 1
compromising). We consider this as such a strength for us as we do not have avoiders or
competitors; therefore it should be easier to agree on solutions. Collaboration is one of the
most important characteristics of successful agile teams

Team 2

The team has 2 compromising and 1 competing. As it lacks more cooperative styles, the
team should find a way to effectively reach agreements. Compromising might help in team
self-organization. Competing style might be useful for striving to improve, although we
should look to share a common vision

Team 3

The team has 1 competing, 1 collaborating, and 1 avoiding. The member who holds
collaborating style could mediate in conflicting situations. A commitment of all members to
achieve the sprint goal should be in place

Team 4

The team has 1 compromising, 1 accommodating and 1 collaborating. The style of our
team is more cooperative. We do not have avoiders or competitors. This should help the
team to keep a unified outlook

Team 5

The team has 1 compromising, 1 avoiding, and 2 collaborating. The team does not have
competitors or accommodators. We think our team has a balanced style that should help
us to collaborate and coordinate tasks
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Team 6

The team has 1 compromising, 1 collaborating, and 1 avoiding. Our team does not have
competitors or accommodators. The collaborating and compromising styles should be
helpful to reach agreements and move forward efficiently

Team 7

The team has 2 compromising, 1 accommodating, and 2 avoiding. We might have
problems agreeing on a solution. Compromiser should take the lead to coordinate
debates, otherwise, communication problems could arise

Team 8:

The team has a collaborative style: 1 collaborating, 2 compromising, and 1
accommodating. We think our team is prepared to reach an understanding which should
help to achieve our project goals

During week 2 step 3 was done. The teachers started the week with the assignments on
Scrum (activities 3.1 and 3.2). Three sprints for developing the Lego construction projects
were conducted (activity 3.3) two days after. A brief discussion on the conflicting situation
study cases served as a starting point to explain the activities of the win-win Lego game.
The students showed being highly motivated to the game and all the teams completed the
Lego project. They also were able to solve the majority of the conflicts that were
generated. Table 44 shows a sample of conflicting requirements solved. Table 45 includes

a sample of students’ reflections on the game.

Table 44. Sample of conflicting requirement solved during the Lego game from quasi-
experiment 3

Conflicting One bus stop per priority building: the shop, school, church, hospital, and
requirement kindergarten

Win-conditions | Product owner: Increment of bus stops

Developer: Keep the quality of the city design

Scrum master: Guarantee the materials needed to fulfill all the
requirements

Alternatives Al (developer): build one bus stop between priority buildings: one
requirement between the shop and the school, a second stop between the church and
hospital, and place the kindergarten close to the school
A2 (Scrum master): build just a story building instead of two, to get some
Lego blocks that can be assigned to the new bus stops

Issues Al: There is not enough space to build the kindergarten close to the
school

A2: The product owner does not agree on eliminating one story building
as he argues it is vital to have enough place for people to live in this city

Options Al.1: Reduce the space for the school sports area to gain a place to build
the kindergarten
A2.1 Eliminate two levels of the story buildings

Evaluation With option A2.1 the design of the city would be less affected
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(developer's win-condition), the materials would be guaranteed (Scrum
master’s win-condition), and the bus stops can be incremented (Product
owner’s win-condition)

Agreement Eliminate two levels of the story buildings and one bus stop per priority

building

Reflecting on the game at the end of the workshop it was repeatedly mentioned by

students that time pressure and overlapping roles were among the factors they considered

having negatively influenced their work. These criteria suggest that it might be helpful to

prolong the first sprint to allow students to better understand the activities they are

expected to do and practice them from their roles with more ease.

Table 45. Sample of students reflections on the Lego game from quasi-experiment 3

Team

Reflections

Team 1

Our team was able to finish the project despite the first sprint was not completed
in time. All members contributed as expected. All conflicts were solved. The
main challenge was that sometimes the roles were overlapping functions

Team 2

The team enjoyed developing the project and worked according to the planning.
The scrum master did superb work coordinating activities. The main challenge
was to find solutions solving the conflicts mostly because of time pressure

Team 3

Our team completed the project. Everybody collaborated although sometimes
the scrum master participated in developing with Legos and others the
developers tried to decide on planning. Despite this, the team managed to
communicate and coordinate well the sprint activities and reach a good result.
The main challenge was the planning

Team 4

The team was not able to finish the last sprint in time as one member was
absent for some minutes causing a delay. However, the team did a good job
solving the conflicts and planning the project. The two first sprints flowed with
ease and all members collaborated according to their roles. The main challenge
was to be able to solve the conflicts keeping the quality of the project

Team 5

Our team did a great job. All the conflicts were solved; all the stories were
completed in time. The planning was challenging at first but in the end, we
succeeded. It was also challenging to contribute just from the team role as
everybody wanted to put their hands on the Legos and the planning was difficult
in the first place

Team 6

For our team was difficult to make decisions in a short time. This was
particularly challenging while solving conflicts. We were able to find solutions
but we needed extra time. Despite this, the team was able to complete the
project with very short delays

Team 7

Our team enjoyed very much the project and we all collaborate to get the goals
for each sprint. We had some delays in sprints 1 and 2, mostly because
everybody had so many ideas that it was difficult to reach an agreement under
time pressure. This was the main challenge for us, to be able to succeed under
time pressure. But the team succeeded and we managed to solve the conflicts

Team 8

The team is happy with the overall results of our work and we think are now
better prepared as a team. The first sprint was challenging, mostly the conflict
resolution, the team could not reach an agreement in the period we had to solve
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the conflict, mostly because not all members were actively participating in
proposing solutions. Nevertheless, during the two other sprints, all members
cooperate in a better way and the team succeeded

The day after the workshop, the introduction lesson to agile practices was given (activity
3.4). The related assignments and quizzes were introduced (activity 3.5) and the students

were expected to solve them to conclude the first phase.
Phase 2:

Phase 2 was done two times, i.e. during weeks 3-4 (sprint 1) and 6-7 (sprint 2). Some
activities of steps 4 and 5 were reorganized to adapt the framework to the educational
activities schedule of the target program. Starting week 3 (and repeated in week 6) the
teams were oriented to diagnose team functioning, analyze the results of this evaluation,

and elaborate the team rules agreements (activities 4.1, 4.2, and 5.1).

The individual assignment on automated build and test environments was introduced
(activity 4.4) and the teams started to elaborate the product backlog and release planning

(5.2). The results of the team functioning assessment are shown in Fig 17.

The teams chose agile practices to elaborate the agreements related to areas more
familiar to them until that moment: Iteration Planning, Iterative Development, Stand-Up
Meetings, Customer Access and Collocation. They were asked to propose no more than 2
rules based on practices to contribute solving the difficulties found from the TPC
questionnaire evaluation (items scoring equal or lower than 3 points in teams’ averages).
In addition, they also included general rules (not more than 3). Table 46 shows a sample

of the agreed rules.

The first hands-on laboratory (activity 4.4) was done on day 3, week 3 (and repeated in
week 6). Then, the students were instructed to set up the environment to develop their
projects (activity 4.5). The teachers coached them during a whole session to guarantee the
students’ success. Starting the next week of this phase, the students were oriented to
individually prepare themselves for the hands-on laboratory on agile practices (activity 6.3)
and work in teams on the execution of sprint 1. The individual assignments in preparation

for all laboratories on agile practices were exercises with a basic level of complexity.

After a week of performing on agreed rules, an analysis on the effectiveness of the team
rules agreement was done (activities 6.1 and 6.2). The analysis was followed by a hands-
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on laboratory (activity 6.4) in a final session to conclude phase 2. The rules' effectiveness

helped to make students aware of difficulties and achievements up to that point.

——Question 1
——Question 2
——Question 3

Question 4
——Question 5

——Question 6

Question 7

Assessment Sprint 1

Team 1 .
—Question 1

Team 8 Team 2 Question 2
——Question 3
Team 7 Team 3 Question 4

/ ——Question 5

Team 6 Team 4 —Question 6

Question 7
Team 5

Assessment Sprint 2

Q1. As a team we find it difficult to accept criticism openly and non-defensively (reverse
scored)
Q2. When conflict arises in the team, it is likely to be a battle or, at best, a waste of time
(reverse scored)
Q3. My team encourages differing opinions to be expressed
Q4. When arguments break out, my team members are able to step back, calm down,
and work out our differences
Q5. My team members criticize ideas, not each other
Q6. My team may agree on a solution but not every member “buys into” that solution
(reverse scored)
Q7. My team ignores conflicts among team members (reverse scored)

Figure 17. Team functioning results from quasi-experiment 3
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Table 46. Sample of agreed team rules and its assessment from quasi-experiment 3

Team Rules agreement

Team 1 All concerns from team members about reaching the iteration goals are
considered (Q1, Iteration Planning)**
Decisions are made by consensus (General rule)
The retrospectives help us become aware of what we should improve in the
upcoming iteration/s (A5, Retrospectives)

Team 2 Stand up meetings are to the point, focusing only on what has been done and
needed to be done on that day (Q4, Stand-Up Meetings)
Each developer sign up for tasks on a completely voluntary basis (Q6, Iteration
Planning)
All technical team members take part in defining the effort estimates for
requirements of the current iteration (Q6, Iteration Planning)
Developers have the most recent version of code available (A3, A4,
Continuous Integration & Testing)

Team 3 When effort estimates differ, the technical team members discuss their
underlying assumption (Q3, A2 Iteration Planning)
All team members actively participate in gathering lessons learned in the
retrospectives (Q3, A2, Retrospectives)
Respect others' opinions, everybody’s opinion matters! (General rule)
Working software is the primary measure for project progress (A3, Iterative
Development)

Team 4 Stand up meetings are extremely short (max. 15 minutes) (Q1, Stand-Up
Meetings)
When people report problems in the stand-up meetings, team members offer
to help instantly (Q1, Q5, Stand-Up Meetings)
Working software is the primary measure for project progress (A3, Iterative
Development)
Code is checking in quickly to avoid code synchronization/integration hassles
(A4, Continuous Integration & Testing)
Celebrate team achievements (General rule)
Our team follows up intensively on the progress of each improvement point
elaborated in a retrospective (A3, Retrospectives)

Team 5 When people report problems in the stand-up meetings, team members offer
to help instantly (Q1, Q4, Stand-Up Meetings)
All team members actively participate in gathering lessons learned in the
retrospectives (Q1, Retrospectives)
Discuss with professionalism and respect to avoid personal conflicts (General
rule)
Code is checking in quickly to avoid code synchronization/integration hassles
(A4, Continuous Integration & Testing )

Team 6 Stand up meetings are extremely short (max. 15 minutes) (Q4, Q5, Stand-Up

Meetings)

Stand up meetings are to the point, focusing only on what has been done and
needed to be done on that day (Q4, Q5, Stand-Up Meetings)

The retrospectives help us become aware of what we should improve in the
upcoming iteration/s (Q5, A3, Retrospectives)

Our team follows up intensively on the progress of each improvement point
elaborated in a retrospective (Q5, A2, Retrospectives)

Respect everybody perspective, all ideas are valid (General rule)

Recognize outstanding contributions (General rule)
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Team 7 Developers have the most recent version of code available (Q6, Continuous
Integration & Testing)
The feedback from the customer is clear and clarifies their requirements or
open issues to the developers (Q5, Customer Access)
Each developer sign up for tasks on a completely voluntary basis (Q6, Iteration
Planning)
In a conflicting situation, we bring innovative solutions to debate
We together see conflicts as an opportunity to grow (General rule)
Speak openly, listen carefully, respect always (General rule)
Our team follows up intensively on the progress of each improvement point
elaborated in a retrospective (A5, Retrospectives)

Team 8 All technical team members take part in defining the effort estimates for
requirements of the current iteration (Q6, Iteration Planning)
In the retrospectives (or shortly afterward), we systematically assign all-
important points for improvement to responsible individuals (Q6, Al,
Retrospectives)
The team integrates continuously (Al, A4, Continuous Integration & Testing)
Everybody’s opinions are heard and considered (General rule)
Working software is the primary measure for project progress (A3, Iterative
Development)

Question (Q) of the TPC questionnaire, Area (A) of the CATME-B questionnaire and Agile
practice area target by the rule

Phase 3:

Phase 3 was done two times respectively during weeks 5 (sprint 1) and 8 (sprint 2). The
activities were done in two face-to-face sessions along with the self-preparation and team
project activities outside the classroom. Starting the week, the students individually

prepared for the hands-on laboratory (activity 7.5).

During session 1 (day 3), the teams analyzed how members were contributing to the
teamwork (activities 7.1, 7.2, and 7.3) and updated the agreements to improve member
contributions (activities 8.1 and 8.2). The results of the team member contribution

assessment are shown in Fig 19.

Next, the hands-on laboratory was given (activity 7.6). The assessment done during sprint
1 showed all areas of member contribution scored above 3 points (out of 5). Thus, the
students added rules to their agreements for those areas scoring below 4 points. During
sprint 2 all areas scored above 4. Then, the students were asked to choose 1 area to be
further improved. During session 2 (day 5) the teams presented their work (activity 8.3) to

conclude the phase (or the intervention, after the post-measurement of variables).
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Team 1 ——1. Contribution to
teamwork

Team 8~ _ Team 2 2. Interacting with
teammates

3. Keeping the team
Team 3 on track

4. Expecting quality

Team 7

Team 4 —5. Knowledge, skills
and abilities

Team b5

Assessment Sprint 1

——1. Contribution to
teamwork

2. Interacting with
teammates

3. Keeping the
team on track

4. Expecting quality

—5. Knowledge, skills
and abilities

Assessment Sprint 2

Figure 18. Results of the team member contribution assessment from quasi-experiment 3

551.2 ASEST+ effectiveness

SPSS software version 25 was used to perform the statistical tests. A Shapiro-Wilk test on
the students’ perceptions for the experimental and control group before the intervention
and at the end of the intervention period showed p-values larger than .05 for all variables,
from which we could conclude that there is no evidence that the values do not correspond
to a normal distribution for team cohesion, team learning, and team performance.
Therefore, to check the significance of increases the non-parametric test Mann-Whitney U
was used. Table 47 shows the results of the tests. These tests showed that there was a
significant difference between the students’ perceptions of team cohesion, team
performance, and team learning in the experimental group compared to the perceptions of
the students in the control group.
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Table 47. Mann-Whitney test results from quasi-experiment 3

Experimental group Control group U p-value (2- r
Mean rank Mean rank tailed)
Team Cohesion 10.50 3.50 0 .002 0.83
Team Performance 10.50 3.50 0 .002 0.83
Team learning 10.38 3.67 1 .003 0.79

Table 48 shows the means for the pre/post measurements and their deltas. As noted, for
both the experimental and control groups team cohesion, performance and team learning
were not significantly different for the measurement during the first week. By the last week,
the means increased for both groups. However, the increments were only significant for

the experimental group.

Table 48. Means and differences of team cohesion, team performance, and team learning
for the experimental and control groups in quasi-experiment 3

Experimental group Control group
Mean Mean Difference  Mean before Mean after Difference
before after
Team Cohesion59.86 75.09 15.19 57.74 59.26 1.53
Team 14.64 21.62 6.98 14.21 17.90 3.69
Performance
Team learning 17.52 29.96 12.44 17.48 21.53 4.05

Finally, Mann-Whitney U tests showed the initial means were not significantly different
between the two groups, p values > 0.05, 2-tailed (p = 0.12 for team cohesion, p = 0.64 for
team performance, p = 0.70 for team learning). In addition, Hedges’ g values showed large
effect sizes (5.70 for team cohesion, 2.21 for team performance and 3.05 for team
learning).The results of the tests thus suggest that the increase can be attributed to the

treatment, although some limitations of this study should be considered (section 5.5).

5.5.2 Quasi-experiment 4

This section reports on a study that replicates the intervention with a few minor changes in

the activities order of ASEST+ not to interfere with the overall project aims and course
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organization. The assistant teachers acting in quasi-experiment 3 conducted quasi-
experiment 4 while the researcher did not intervene at all in the study. The quasi-
experiment 4 examined ASEST+ framework through a study of eight weeks during the
period October - December 2017. The convenience sampling method was used. Table 49
summarizes the characteristics of the group.

Table 49. Groups composition and demographics in quasi-experiment 4

Total of students 16
Total of teams 4
Percent of female 38%
Percent of male 62%
Age range 21-26

As the students were already working in the same teams for some weeks before (3-6),
measuring the cohesion of the teams before using ASEST+ could serve as a baseline
measurement. Thus, the variables were measured during the first week and right after the
last session. The participants were performing in 4 teams of 3-5 members each. The
students worked in a software production center of the faculty that coordinated software
projects with local industry and departments of the university. Thus, the students worked
on the resolution of real problems. The teams were composed of students of the 3rd and
4th years of the program. The teams followed an Iconix methodology to design the
solutions and Scrum process to manage their projects as closely as possible with some
minor changes because students could not work on the project every day due to other
duties. The students were already using Iconix before the intervention started and learned
Scrum as a result of the ASEST+ activities. The teachers did not interfere in the

distribution of tasks among team members.

The participants of this study were performing in 2 courses simultaneously (Soft. Eng. Il for
students in 3rd year, and Soft. Eng. Il for students in 4th year). The students in Soft. Eng.
Il learned about integration and acceptance tests while in Soft. Eng. Ill they learned about
clean code and unit test practices. Table 50 shows the teaching-learning activities per
week, linked to the ASEST+ steps. The study only covers 8 weeks (out of the 16-course
weeks in total) and one sprint of the Scrum project, not to interfere with the overall course

and program organization and project schedule.

106



Table 50. Course schedule and intervention in quasi-experiment 4

Week[Teaching-learning activities ASEST+ Steps
1 Lecture (ASD, teamwork) 1,2 (pre-
measurement)
Scrum Workshop, Lecture (Introduction to technical 3
practices)
Laboratory (Automated environments), Team project 4,5

Laboratory (clean code/integration tests), Team project 4,5 (cont.)

al b (W DN

Laboratory (clean code/integration tests), Team project 6

6 Laboratory (unit tests/ acceptance tests), Team project 7,8

7 Laboratory (unit tests/ acceptance tests), Team project 7,8 (cont.)

8 Team project presentation Post measurement

5521 Intervention

Considering that quasi-experiment 4 replicates the intervention described in section
5.4.1.1 of quasi-experiment 3, the phases below will not be described in detail. The
activities were performed similarly. Therefore, the description below only contains the
order in which the activities were done as it was slightly changed (to not interfere with the
overall project and course organization). In addition, it refers to a few differences
compared with quasi-experiment 3 that were derived from experiences from this previous

intervention or the characteristics of the intervened teams.

Phase 1:

Phase 1 was done in two weeks. During the first session, the activities of step 1 were
done. The teachers explained the course design and the activities of the ASEST+
framework (activity 1.1). The teams were already formed, thus, activity 1.2 was not
necessary. However, the teams were using just Iconix before the study started. Therefore,
the roles were re-organized as proposed in ASEST+. The students filled in the NEO PI
guestionnaire (activity 1.3) to assign the Scrum roles based on their personality traits
(activity 1.4). As a result, the teams were composed of a scrum master, a product owner,
and 1-3 developers. The composition of the teams and project scopes can be found in
Table 51.
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Table 51. Team composition and projects scope in quasi-experiment 4

Team members and roles

Project scope

Team 1, 3 members
1 Scrum Master

1 Product Owner

1 Developer

Information management system for resources planning.
Client: “UEB Omnibus” — Bus transport company,
Holguin

Team 2, 4 members
1 Scrum Master

1 Product Owner

2 Developers

Data analytics on students' preferences from the
university Virtual environment (Moodle platform).
Academic vice rectorate, University of Holguin

Team 3, 5 members
1 Scrum Master

1 Product Owner

3 Developers

Information management system for production process
control. Client: “Ceramica Blanca Holguin” Ceramics
factory, Holguin

Team 4, 4 members
1 Scrum Master
1 Product Owner

Information management system for controlling
capacitation process. Client: “Ceproniquel” - Nickel
company, Holguin

2 Developers

After the project assignment, the students were oriented to do the project feasibility
analysis (activity 1.5). Then, the introduction lesson to ASD and agile teamwork was given
(activity 1.6) and the individual assignments were oriented to be done after the lesson
(activity 1.7 and 1.8). A workshop for step 2 was done two days later, during the same
week. After answering the TKT questionnaire (communication and conflict resolution
guestions) (activity 2.1) the students were asked to check their responses to the correct
ones and discuss in teams the results (activity 2.2). The results per team showed that the
majority of questions ranged above 60 % and just a few questions below 40 %. These
results (shown in Fig 19) indicate an adequate overall level of knowledge on

communication and conflict resolution in teams.

Table 52. Sample of reflections on team conflict handling styles from quasi-experiment 4

Team 1

The team has 1 competing and 2 compromising. The team is lacking collaborative styles
which can affect looking for solutions with a unified look. However, the team could benefit
from the styles that are present. Compromising style can help the team to get practical
solutions to the problems but the team should be able to focus on fairness. Competing
should be willing to “fight” fairly, be more persuasive, and not exaggerate his position.
Competing can help our team when a more assertive perspective is needed, for example
when it is needed something outside the team to get a team goal. The most important
thing for our team is the desire to learn how to reach solutions as fast as is needed by
agile teams, thus everybody is willing to listen to each other and grow both individually and
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as a team

Team 2

The team has 1 avoider, 2 compromising, and 1 collaborator. The avoider style could help
the team in avoiding involved emotions during conflicts, which can be a benefit for the
trustworthy relationships needed in agile teams. As the team has 2 compromising styles,
we should keep in mind that in reaching agreements the quality of the outcomes could be
affected. Agile teams are those in which preference for team success is over individual
achievements. The collaborator style could help our team to reach understanding and
have collaborative discussions for the greatest good of the team

Team 3

The team has 1 competing, 2 collaborating, and 2 avoiding. The main characteristics of an
agile team are the desires of all members to collaborate and continue to improve. We think
that the collaborating styles could take the lead in solving disagreements to get
cooperative solutions and truly work as a team like is required for agile development. The
avoiding styles could help avoid emotions while discussing conflicting situations.
Competing could help the team in seeing a solution that benefits the team as a whole

Team 4

The team has 2 compromising, 1 accommodating and 1 collaborating. While discussing,
our team considers it important to keep in mind that small sacrifices for the greater good of
the team are worthy. This can help us to reach agreements faster, as is required by self-
organized teams. Accommodating style can help in making a concession, but it is
important that everybody understand all points of view and why the concession is granted
to avoid resentment. Compromising can help to make concessions without loose too much
while collaborating can help to find the best solution for all

At the end of week 1 the students filled in the TKI questionnaire (activity 2.3) and
discussed their conflict-handling styles (activity 2.4). Table 52 includes a sample of the
students’ reflections during the discussion. During week 2 step 3 was done. The teachers
started the week with the assignments on Scrum (activities 3.1 and 3.2). Two days after
the workshop on simulation of Scrum process (activity 3.3). Assistant teachers were
invited to participate to play the role of product owners. Three sprints for developing the
Lego projects construction were conducted. Considering the reflections of the students
participating in quasi-experiment 3 on the Lego game, the first sprint lasted twice the time
planned for the other 2 sprints to let students fully understand the activities without too
much time pressure initially. Another concern of the students in quasi-experiment 3
referred to not enough preparation to perform project planning by using the planning poker
technique. Thus, in addition to the planning poker round conducted by selected students to
illustrate this technique, all students also performed a simulated round in teams before the
Lego project started. This helped students to start the game better prepared to plan the

sprints.
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Conflict resolution questions

Question 8 ﬁ_
Question 7 Q :
Question 6 ==_ Team 4
Question 5 = Team 3
Question 4 __ mTeam 2
Question 3 # = Team 1
Question 2 %
Question 1 L S

T T T T

20 40 60 80 100

o

Q1. When there is a disagreement or difference of opinion in your team, it is generally best to...
Q2. When dealing with a team member, who is not doing his/her fair share of the work, it is
best to...

Q3. When you and another team member are having trouble communicating, which is the
worst thing for you to do?

Q4. You have gotten quite angry in a team meeting. Which of the following is the least
productive thing you could do?

Q5 In order to increase the chances of everyone doing their fair share of work, a team ought
to...

Q6. Effective discussions of team business are often made difficult by people who are
argumentative or dominating or disorganized. No matter what their problem, to get the meeting
moving forward you need to...

Q7. If a member of your team is hostile or critical it is generally useful to...

Q8. Two members of your team have a genuine disagreement (not just miscommunication or
personality conflict). Which of the following would be most likely to lead to a resolution?

Communication questions

[ [ [

| |

{ { { mTeam 3

! ! ! ETeam 1
0 20 40 60 80 100

Q1. When you are listening to other people offering their ideas, it is useful to...
Q2. When receiving feedback from your team members, it is generally useful to...
Q3. When expressing an idea or presenting some information, it is best to...
Q4. If ateam member is expressing an opinion different from your own, it is generally helpful
to...

Figure 19. TKT questionnaire results from quasi-experiment 4

110



The students showed to be highly motivated to play the game and all the teams completed
the Lego project. They were able to solve all the conflicts that were generated by the
assistant teachers. Reflecting on the game at the end of the workshop the students still
mentioned issues related to roles overlapping. This is, however, a problem that even
experienced teams sometimes face. In addition, they asked for more sessions to further
develop their skills. The day after the workshop, the introduction lesson to agile practices
was given (activity 3.4). Some orientation was given to the students concerning the related
assignments and quizzes (activity 3.5), which they were expected to solve in the

conclusion of the first phase.
Phase 2:

Phase 2 was done during weeks 3-5. Starting week 3 the teams were instructed to
diagnose team functioning (the results are shown in Fig 20), analyze the results of this
evaluation and elaborate the team rules agreements (activities 4.1, 4.2, and 5.1). Table 53

includes a sample of the agreed rules.

Table 53. Sample of the agreed team rules from quasi-experiment 4

Team Rules agreement

Team Stand up meetings are extremely short (max. 15 minutes) (Q1, Stand-Up

1 Meetings)*
When people report problems in the stand-up meetings, team members offer to
help instantly (Q1, Q5, Stand-Up Meetings)
All ideas are heard, we respect others perspectives, we agree the best for the
team (General rule)
All team members actively participate in gathering lessons learned in the
retrospectives (A4, Retrospectives)
Code is checking in quickly to avoid code synchronization/integration hassles (A4,
Customer Acceptance Tests)

Team Stand up meetings are to the point, focusing only on what has been done and
2 needed to be done on that day (Q4, Stand-Up Meetings)
When effort estimates differ the technical team members discuss their underlying
assumption (Q5, Iteration Planning)
We respect others’ opinions, all ideas are valid (General rule)
Developers are located majorly in the laboratory (A2, collocation)

Team Stand up meetings provides the quickest way to notify other team members about
3 problems (Q1, Stand-Up Meetings)
The feedback from the customer is clear and clarifies their requirements or open
issues to the developers (Q3, Customer Access)
Listen without interruptions, show respect and understanding (General rule)
Developers have the most recent version of code available (A3, Continuous
Integration & Testing)

Team All concerns from team members about reaching the iteration goals are considered
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4 (Q5, Iteration Planning)
Each developer sign up for tasks on a completely voluntary basis (Q6, Iteration
Planning)
All technical team members take part in defining the effort estimates for
requirements of the current iteration (Q6, Iteration Planning)
We are open to new approaches as well as to listening to new ideas (General rule)

*Question (Q) of the TPC questionnaire, Area (A) of the CATME-B questionnaire and Agile
practice area target by the rule

The individual assignment on automated build and test environments was oriented (activity
4.3) and the teams started to elaborate the product backlog and release planning (5.2).
The first hands-on laboratory (activity 4.4) was done on day 3 in week 3. As the students
had already a development environment set up before the intervention started, the
students were asked to update the environment according to the particular needs of each
team to develop their projects (activity 4.5). Starting week 4, the students were oriented to
individually prepare themselves for the hands-on laboratory on agile practices (activity 6.3)
and work in teams on the execution of sprint 1 (activity 6.5). Week 5 started with the
analysis on the effectiveness of the team rules agreement they set in week 3 (activities 6.1
and 6.2). The analysis was followed by the hands-on laboratory (activity 6.6) in a final

session to conclude phase 2.
Phase 3:

Phase 3 was done during weeks 6-8. Starting week 6, the students individually prepared
for the hands-on laboratory (activity 7.5). During session 1 (day 3), the teams analyzed
how members were contributing to the teamwork (activities 7.1, 7.2, and 7.3) (the results
are shown in Fig 21). They also updated the agreements to improve member
contributions (activities 8.1 and 8.2). The assessment showed all areas of member
contribution scored above 3 points (out of 5). Thus, the students added rules to their
agreements for those areas scoring below 4 points. Starting week 7, the hands-on
laboratory was given (activity 7.6). The laboratory was followed by a second assessment
of the effectiveness of the agreed rule (activities 6.1 and 6.2). The regression to these
activities had the intention of making the students aware of the achievements and
remaining difficulties regarding the team agreements while they still had two weeks ahead.
During the rest of week 7, the teams worked on the project development. The sprint review
and retrospective were done starting week 8 (activity 7.4). During the last session (weeks
8, day 5) the teams presented their work (activity 8.3) to conclude the intervention, after

post-measurement of the variables.
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Question 1
5

Question 2

—Team 1
Team 2
Team 3
Question 3
Team 4
Question 4

Q1. As a team we find it difficult to accept criticism openly and non-defensively (reverse scored)
Q2. When conflict arises in the team, it is likely to be a battle or, at best, a waste of time (reverse
scored)

Q3. My team encourages differing opinions to be expressed
Q4. When arguments break out, my team members are able to step back, calm down, and work
out our differences
Q5. My team members criticize ideas, not each other
Q6. My team may agree on a solution but not every member “buys into” that solution (reverse
scored)

Q7. My team ignores conflicts among team members (reverse scored)

Figure 20. Team functioning diagnosis results from quasi-experiment 4

——1. Contribution to
teamwork

2. Interacting with
teammates

3. Keeping the

Team 2 team on track

4. Expecting quality

—5. Knowledge, skills
and abilities

Figure 21. Results of the team member contribution assessment from quasi-experiment 4
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5522 ASEST+ effectiveness

The SPSS software (version 25) was used to perform the tests. A Shapiro-Wilk test on the
students’ perceptions for the experimental and control group before the intervention and at
the end of the intervention period showed p-values larger than .05 for all variables, from
which we could conclude that there is no evidence that the values do not correspond to a

normal distribution for team cohesion, team learning, and team performance.

To check the significance of increases t-Student tests were performed using 5000
bootstrap samples with a 95% level of confidence. As shown in Table 54, the tests
revealed that the students’ perceptions of team cohesion, team performance, and team
learning significantly increased by the end of the intervention. In addition, Glass’s A values
showed large effect sizes (0.65 for team cohesion, 3.07 for team performance, and 2.32
for team learning). These results suggest that ASEST+ might have been responsible for
such an increase, although some important limitations of this study should be considered,

as we will discuss in section 5.5.

Table 54. T-tests results from quasi-experiment 4

Mean Mean Difference Std. t df Sig. (2-
before  after Deviation tailed)
Team Cohesion 48.52 80.23 31.71 5.59 22.99 16 .00
Team Performance 13.12 22.76 9.64 3.14 12.66 16 .00
Team Learning 1852 31.74 13.22 3.03 18.00 16 .00
55.2.3 Mediation analysis

This section reports on a mediation analysis performed to answer Research question 9:
Does team cohesion have a mediational role through the application of the final
framework? Through a mediation analysis, it is possible to investigate to what extent X
(antecedents) exerts its effect on Y (outcomes) through M (mediator) within the
examination of the process (A. Hayes, 2017). Thus, we investigated whether cohesion
mediated the antecedents personality, conflicts, and task interdependence on the
outcomes of team performance and team learning, through the application of the ASEST+

framework during quasi-experiment 4.
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The criteria of (Maxwell et al., 2011) on the collection of data for mediation analysis was
assumed to measure the variables. These authors state that for mediation analyses, data
gathered all at one time could introduce biased estimations of the mediators’ effects.
Therefore, these authors recommend that mediation hypotheses should be tested only
with longitudinal data where the antecedents, mediators, and outcomes should be
measured separately in time. Therefore, the antecedents personality, conflicts, and task
interdependence were measured during the first week. Team cohesion was measured 4
weeks later (in the middle of the intervention) and the outcomes team learning and team
performance were measured during week 8 (same used to test the effectiveness of
ASESTH+).

The procedure outlined by Andrew F. Hayes for testing mediation (Hayes, 2013) and
Process macro version 3.1 for SPSS (Hayes, 2012) was used. Specifically, the model 4 of
this procedure was selected as it corresponds with the IMO model used to set up our
proposal. This approach uses bootstrapping for assessing the effect of X (antecedent) on
Y (outcome) through M (mediator), also called indirect effects of X on Y through M.
Researches have shown that bootstrapping is a more powerful approach to test mediation
than other tests such as the Sobel test and the causal steps approach (Mackinnon et al.,
2002). While using bootstrapping technigues, no assumptions about the shape of the
sampling distribution of the statistic are necessary when conducting inferential tests
(Preacher et al.,, 2007). Hence, the analyses were performed using 5000 bootstrap

samples with 95% confidence interval.

Table 55 shows the coefficients and 95% confidence intervals (CI) for the indirect effects
of X on Y through M. Since zero is not in any confidence interval, it can be concluded that
the indirect effect is indeed significantly different from zero at p<.05 (two-tailed) (Hayes,
2009). Thus, it can be affirmed that team cohesion mediated the relationships between the
antecedents and outcomes through the application of ASEST+. The indirect effect
coefficients in Table 55 specify the amount of mediation. For instance, the values in the
first row in table 55 indicates that the indirect effect between task interdependence and
team learning was 0.37, suggesting that as task interdependence increases by one unit,
team learning increases by 0.37 through the task interdependence effect on team

cohesion, which in turn affects team learning.

Table 55. Regression coefficients and confidence intervals for the indirect effects of the
antecedents personality, conflicts, and task interdependence on the outcomes team
learning and team performance through team cohesion
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Relationship B Cl

Task interdependence — Cohesion - Team Learning 0. 37 [0.16, 0.81]
Task interdependence — Cohesion - Team 0. 29 [0.02, 0.75]
Performance

Conflicts — Cohesion - Team Learning -0.27 [-0.42, - 0.14]
Conflicts — Cohesion - Team Performance -0.22 [- 0.36, - 0.04]
Personality — Cohesion - Team Learning 0.06 [0.04, 0.10]
Personality — Cohesion - Team Performance 0.04 [0.01, 0.08]

Fig 22 shows path diagrams to illustrate the mediational relationships, indicating the
regression coefficients and their significance in each path. The regression coefficients are
described as follows, according to (Hayes, 2013): coefficient a is the coefficient for X in the
model predicting M from X. Coefficient b is the coefficient for M in the model predicting Y
from M. Coefficient c' (called direct effect) is the part of the effect of X on Y that is
independent of the pathway through M. Coefficient ¢ (called total effect) is the total extent
to which Y is changed by X, that may come to be through a variety of forces both direct

and indirect.

As can be seen in Fig 22 the regression coefficients for paths a and b indicate that task
interdependence, conflicts, and personality were significant predictors of team cohesion,
and that in all cases team cohesion was a significant predictor of team learning and team
performance. These results support the mediational hypothesis. They can be interpreted
as: greater values for task interdependence have a positive influence on team cohesion,
which in turn leads to greater team learning and team performance. Furthermore, lower
values for conflicts can be associated with greater team cohesion, which in turn lead to
greater team learning and team performance. In addition, greater values for personality
traits of agreeableness, consciousness, extraversion, and openness and less neuroticism
have a positive influence on team cohesion, which in turn lead to greater team learning

and team performance.

The results in Fig 22 also show that not any of the direct effects (paths c’) were significant.
The total effects (paths c) on team performance were not significant in any case either.
However, the coefficients for total effects showed task interdependence and personality to
have a significant positive effect on team learning. Also, they indicated conflicts to have a

significant negative effect on team learning. Therefore, the total effect of task
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interdependence on team learning suggests that as task interdependence and personality
increase by one unit, team learning increases by 0.52 and 0.07 units, respectively. In
addition, the total effect of the antecedent conflicts on team learning suggests that as

conflicts decrease by one unit, team learning increases 0.27 units.

Cohesion
b = 0.24***
i
Cc = 0.52%**
p =0.00
Task Team
interdependence ¢ =015 Learning
p=0.13
Cohesion
a = 1.59***
p =0.00
c=0.15
p=0.18
Task Team
interdependence c=-0.14 Performance
p=0.38
Cohesion
a = - 0.90*** b = 0.29***
p=0.00 =0.00
c=-0.27**
p = 0.00
: Team
Conflicts
’=-0.00 Learning
p =0.99
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Cohesion
a=0.23** b = 0.28***
p=0.00 p=0.00
c=0.07*
p = 0.004
Personality LTeam
=001 earning
p=0.50
Cohesion
a f 0.23*** b = 0.20***
p=0.00 p =0.00
c=0.09
p =0.66
Personality ream
c =-0.04 Performance
p =0.09

*p<.05, **p<.01, **p<.001

Figure 22. Standardized regression coefficients for the relationship between the
antecedents personality, conflicts, and task interdependence and the outcomes team
learning and team performance mediated by team cohesion

Although it cannot be affirmed that ASEST+ was responsible for the mediation (as a
control group was not included in this study), our findings confirm the mediational role of
team cohesion between the antecedents personality, conflicts, and task interdependence
and the outcomes team learning and team performance. Considering that ASEST+ has
been shown to be effective in quasi-experiments 3 and 4 and that the framework includes
strategies regarding the antecedents personality, conflicts, and task interdependence to
influence team cohesion, it could be assumed that ASEST+ might have played a positive

role to enable this mediation.
55.2.4 Teachers perceptions on ASEST+ framework

After the quasi-experiment 4 concluded, the assistant teachers were asked to express

their opinion regarding the ASEST+ framework. They were asked to fill in a survey
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adapted from (Barksdale et al., 2009). This survey was originally developed to evaluate
the application of new technologies in agile environments. The teachers were asked to
assess each item on practicability and acceptability using a Likert scale in five points: (1)
Strongly disagree; (2) Disagree; (3) Neither agree or disagree; (4) Agree; (5) Strongly
agree. Then they were asked to share their general impressions and concerns. Practicality
refers to the likelihood that the approach could be effectively used in agile SEE.
Acceptability questions whether the teachers thought the approach would be accepted by

their colleagues.

The teachers’ scores on practicality and acceptability of the ASEST+ framework and their
overall impressions and concerns (translated from Spanish) are included in Appendix 14.
In all, the teachers showed appreciation regarding the ASEST+ framework. They found the
approach easy to learn and implement, with a reasonable level of effort. They showed
confidence that the approach would fit in with the program and considered that other

teachers will adopt the use of it, thus they would encourage the use of ASEST+.

In addition, the teachers expressed positive impressions and a few concerns. Among the
general thoughts about the use of ASEST+, the teachers expressed appreciation for the
framework and willingness to further use it. In particular, one teacher mentioned his
positive opinion on the use of rules to regulate team behaviors as he observed students to

be keen on applying such agreements.

The teachers recognized as potential benefits the novelty and usefulness to better prepare
software engineers in a crucial area for them. Among the potential costs to implement the
proposal, the teachers pointed two main concerns: the time needed to prepare some
materials and apply all the activities, and the Lego blocks necessary for the training, which
is scarce in Cuba. However, they pointed out that the potential benefits will outweigh the
potential costs. Related to the potential costs they recommended sharing experiences
about the application of the framework, assigning activities to be done outside of the

classroom in case needed, and changing Lego blocks for a more available resource.

The teachers valued the proposal as strategic. They appreciated its novelty and
considered ASEST+ flexible to adapt. Regarding the aspects of the framework that might
cause them to hesitate using the approach, a teacher mentioned difficulties in tracking the
information generated with its application. The teacher proposed the implementation of a
management information system to support the activities of ASEST+. He proposed

applying artificial intelligence to extend the possibilities by analyzing the information
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gathered. For example, it was mentioned to recognize patterns of behaviors and anticipate

necessary changes.

Finally, a teacher recommended highlighting rules that were assessed as the most
effective during phase 2 in such a way that it allows students to hold them as team
achievements. It could contribute to building a positive environment. In addition, the
teacher suggested providing some guidelines to teachers to facilitate the application of the

framework in different scenarios and to evaluate its effectiveness.
5.6 Discussion on validity

In previous chapters and sections above it is already mentioned that in the literature
reviews relevant papers might have been missed. Researcher bias regarding the selection
and evaluation of the studies is another important limitation of the literature reviews. As the
results reported in this chapter (sections 5.1 and 5.2) expand on the previous literature
reviews, their limitations should be considered here as well. The constraints described in
section 3.4 concerning the sample selection and other conditions of the context leading to
choosing for a quasi-experiment design (in quasi-experiment 1) also influenced the
research design in quasi-experiment 3 and 4.The sample size is an important limitation of
both quasi-experiments and mediational analysis. The results are limited by the fact of not
having a random sample. To deal with the small sample size, however, the statistical

analysis included bootstrapping techniques.

The sample size is an important limitation of both quasi-experiments and the mediational
analysis. In order to deal with the small sample size however, the statistical analysis
included bootstrapping techniques. The results of quasi-experiment 4 are limited by the
fact of not having a random sample. As mentioned before, population validity is a threat in
nearly all educational studies as the majority of researchers are forced to select a sample
from the accessible population and random samples are difficult to obtain (Onwuegbuzie,
2003). Both quasi-experiments are also limited by the location in which the investigation
took place. The local conditions, socioeconomic status, and cultural background might

have influenced these studies.

In quasi-experiment 3, researcher bias like personality traits or attributes of the researcher
might have had some impact, as well as the fact that the researcher acted as the main
teacher. In this quasi-experiment, the fact that teachers were assigning projects to the

students in the experimental group while the students in the control group presented their
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proposals might have had an influence too. The intervention of teachers was however
necessary as the students had to develop extra new features for an existing modular
source project. For students to extend these projects they had to dive into existing code,
which increased the difficulty of their team projects. Thus, the teachers had to intervene to
guarantee the assigned work was feasible during the available time. Another factor to
consider in quasi-experiment 3 is students’ different levels of expertise on the software
methodologies used. While the students in the control group already knew Scrum and
Iconix since they were already applying these methodologies in the projects before the
beginning of the study, and the students in the experimental group had to learn Scrum
before starting the project. This favoured however the control group students. The better

performance of the treatment group would therefore be all the more significant.

An issue in quasi-experiment 4 is that even when students have the same curricula, they
are normally selected to work on projects because they have shown excellent results in
previous courses and are highly motivated to learn. Thus, these conditions might have had
a camouflaging impact on our study. However, despite the limitations of this study, the fact

that the researcher did not conduct any intervention increases its value to external validity.

In addition, the mediation analyses (quasi-experiment 4) do not address the interactions
that can occur between several domains and facets that describe the personality traits (as
conceptualized in the five-factor model (P. T. Costa & Mccrae, 1995)). Thus, although our
study provides preliminary evidence that suggests a relationship between personality and
the outcomes team performance and team learning mediated by team cohesion, further
studies that deeper consider the multifaceted nature of human behaviors are required to
grasp richer conclusions. Another issue concerning personalities is that while assigning
roles according to traits is employed to enhance team cohesion, this strategy might limit
the development of students’ skills with regard to the different functions members play in a
Scrum team. Therefore, allowing students to rotate roles might benefit them in the long
term. In this case, further studies that investigate the influence of roles rotation on team

cohesion could lead to an improved strategy in ASEST concerning roles allocation.

Finally, the teachers’ survey is based on self-perception and the responses may therefore
not accurately represent the possible value of the framework. Also, the perceptions of only
two teachers are not sufficient to make valid generalizable conclusions. However, they
show preliminary evidence of general acceptance and appreciation from teachers that

applied this framework proposal.
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5.7 Conclusions

This charter reports on the final version of the proposal of this doctoral dissertation: the
ASEST+ framework, a proposal to improve teamwork in terms of team learning and team
performance, along with its validation. The improvements that led to ASEST+ framework
focus on four aspects: course design, roles allocation, win-win Lego game, and team rules
agreements. The final proposal focuses on Scrum teams. Approaches regarding team-
based learning, project-problem based learning, and role-play gaming were combined in
ASEST+ to train the teams on collaborative and technical practices. In addition, ASEST+
establishes policies for roles allocation considering personality traits for Scrum teams. The
rules agreements have a more dynamic nature and they are established regarding

communication and conflict management linked to agile practices.

The results of a study (quasi-experiment 3) over two groups of students applying ASEST+
indicated their perceptions on team cohesion, team performance, and team learning
significantly increased compared with the perceptions of the students in the groups that did
not receive this intervention. Another study (quasi-experiment 4) over one group of
students applying ASEST+ also indicated their perceptions on team cohesion, team

performance, and team learning significantly increased after the intervention.

In addition, quasi-experiment 4 showed team cohesion to mediate the relationships
between the antecedents personality, conflicts, and task interdependence and the
outcomes team learning and team performance. The results showed that greater values
for personality traits of agreeableness, conscientiousness, extraversion, and openness to
experience and less neuroticism, as well as greater task interdependence, have a positive
influence on team cohesion, which in turn lead to greater team learning and team
performance. In addition, lower values for conflicts can be associated with greater team
cohesion, which in turn lead to greater team learning and team performance. The results
of a survey showed positive perceptions of the teachers that participated in both quasi-
experiments on the ASEST+ practicability and acceptability. Further, they offered general
impressions and concerns that could be helpful to future improvements of the framework
and its application. The next chapter will further discuss the implications of applying this

proposal and some directions for future research.
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Chapter 6

General discussion

This dissertation presented a teaching and learning framework called ASEST (Agile
Software Engineers Stick Together) for the development of team cohesion aimed at
improving team performance and team learning of software engineering student teams.
The research process included two iterations. Iteration 1 aimed at determining the basis of
the framework, setting up a preliminary version of this proposal (ASEST 0), and testing it.
The second iteration aimed at improving the proposal and validating the final framework
(ASEST+). This chapter concludes the dissertation with a summary of the main
contributions of this research and its possible impact in the field of SEE. In addition, some

open questions are discussed as possible paths for future research.
6.1 Main contributions

6.1.1 Identification of trends on teamwork in software engineering education

From an analysis of the existing literature on teamwork in SEE, five major trends were
obtained: collaborative learning, games and gamification, agile methods, global and virtual
teams, and real projects resolution and links with industry. Two iterations over articles from
Scopus and Web of Science databases dating from 2006 till 2016 were done. In a first
analysis, the keywords were classified to identify possible points of convergence. Then,
the resulting classification was put into consideration by other researchers to get an

external perspective of the obtained clusters.

The identification of trends allowed obtaining a picture of the strategies and points in
common that educators have used to teach teamwork in software engineering. Reviewing
the evolution of this domain led to the establishment of the ASEST framework foundations
on current teaching and learning approaches. In addition, this compilation provided
perspectives for further developments to coherently integrate different approaches in a

novel proposal to educate software engineers.

Despite the limitations of the analyses done to obtain the five trends (discussed in section
2.3), the explicitness of these perspectives could serve as a starting point for other
researchers and teachers pursuing to improve teamwork in SEE. In addition, it could

contribute to highlighting global coherence in this field.
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6.1.2 Identification of the relevant aspects affecting cohesion of software engineering
student teams

The antecedents of cohesion in SEE reported in the literature were identified. The set of
antecedents for collocated teams was narrowed down to the most relevant for agile
collocated student teams through a correlational study. From an initial list of 19
antecedents of team cohesion reported in the literature, 6 were identified for collocated
teams in educational settings. For these six antecedents, the correlational study was
performed showing conflicts, task interdependence, and personality to be the most

relevant.

Considering that team cohesion has been thoroughly investigated (Mathieu et al., 2008), a
compilation of antecedents of team cohesion in SEE contributes to clarifying and
consolidating this specific corpus of knowledge. By identifying how antecedents of team
cohesion have been addressed in software engineering education it is also possible to
determine research gaps and future research opportunities.

Although the correlational study was limited to Cuban software student teams, its findings
contribute to shed some light on the connotation of the addressed antecedents for agile
software development teams specifically. The fact that the antecedents task autonomy,
team formation, and software engineering methodologies were found not significant for
agile software engineering student teams should be considered by future researchers. In
particular, the relationship between task autonomy and team formation regarding cohesion

should be further investigated.

According to the principles articulated in the agile manifesto, autonomous, self-organized
teams are required for the success of agile software development. More recently evidence
has been found that task autonomy influences team cohesion for industrial agile software
development teams (A. Kumar & Kakar, 2018). However, our result showed it to be
different for student teams. Thus, other factors related to educational contexts should be

considered while examining such a relationship.

For instance, (Wielenga-Meijer et al., 2012) found that having autonomy when learning a
task is crucial, yet having too much of it may lead to adverse learning outcomes when
cognitive demands are high. Learning is an ongoing process, while cohesion is an
emergent state. Consequently, one could hypothesize that events happening along the
learning process (like changes in cognitive demands) might moderate the relationship
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between task autonomy and cohesion, making this relationship occur only under particular

conditions.

The temporary nature of cohesion as an emergent state should be also considered
regarding team formation. Our finding shows that the fact that a particular method can
influence an initial level of cohesion, does not necessarily mean that it continues being

significant concerning cohesion in further development states of the team.

6.1.3 Foundation of ASEST framework to develop cohesion for software engineering
student teams

The main contribution of this dissertation is the framework called Agile Software Engineers
Stick Together (ASEST). This proposal aims to develop team cohesion, leading to better
team learning and team performance of software engineering student teams. This
framework's fundamentals were established by identifying teamwork trends in SEE, for
example, collaborative learning, games, and gamification, among others (discussed in

chapter 2).

The first version of ASEST (presented in chapter 3 as ASESTO) was developed following
an IMO (Input-Mediator-Outcome) research model (Mathieu et al., 2008) adapted to
software engineering education. In ASESTO, team rules are the input, improved by self
and peer assessments of team member contributions. Team cohesion is the mediator, and
team learning and performance are the outcomes. The core of ASESTO is establishing
agreed-upon rules related to communication and conflict resolution to regulate team
behavior. The ASESTO framework combines team-based learning, project-problem-based

learning, and role-playing game learning strategies in three phases and eight steps.

The novelty of ASESTO was established by comparing our proposal to existing related
teamwork teaching-learning frameworks (section 3.3). The comparison was made in terms
of the basis of our proposal (trends reported in chapter 2) and teamwork factors
addressed, along with the learning scenario characteristics and main activities included. It
was found that while these frameworks focused on one or two trends, ASESTO considers

almost all of them, except for global and virtual teams.

Regarding the factors, team cohesion was found to be addressed in only one framework
proposal (Chung-yang Chen et al., 2014), team rules were found not previously studied at
all. No studies were found to address team learning or other performance behaviors.
Regarding the learning scenario characteristics, besides ASESTO, only the work of
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(Alsaedi, Toups, and Cook 2016) included activities to prepare students for team working
skills. No proposal included identification and the establishment of team rules and only one
framework (Garcia and Pacheco 2014) included peer evaluation for team member

contributions, though the criteria used are different.

Although ASESTO focuses on software engineering students, it might benefit engineering
education in general. As the framework does not target specific task routines, its activities
could be easily adapted to other engineering teams. Besides, its basis is in alignment with
the most widespread approaches used in engineering education, as was discussed in the
introduction of this dissertation.

An improved version of the ASESTO framework called ASEST+ was developed in the
second iteration of this doctoral research to address identified difficulties of the preliminary
version and the lack of cohesion antecedents. The first stream of improvements aimed to
solve these difficulties while making ASEST+ more suitable for agile practice education. In
doing so, ASESTO’s learning strategies were further evaluated via a literature review. The
IMO model guided the second stream of improvements to identify antecedents not yet
considered in ASESTO. Two literature reviews and a correlational study were conducted.
As a result, two major aspects for improving ASESTO were found: the relevance of
personality traits for team roles and the resolution of conflicts regarding requirements and

stakeholders.

The novel aspects of ASEST+ focus on the course design, role allocation, a win-win Lego
game, and team rules agreements. ASEST+ focuses on Scrum teams. Approaches to
team-based learning, project-problem based learning, and role-playing gaming were
combined in ASEST+ to train the teams in collaborative and technical practices. In
addition, ASEST+ establishes policies for role allocation within Scrum teams by

considering the team members’ personality traits.

The rules agreements in ASEST+ have a dynamic nature and are established regarding
communication and conflict management linked to agile practices. To our knowledge,
there is a lack of proposals of teaching-learning frameworks currently out here to improve
team cohesion leading to better agile teamwork. Therefore, the ASEST+ framework
attempts to contribute to better prepare software engineers to effectively perform in teams

in agile environments.

126



6.1.4 Experimental validation with ASEST framework

The experimental validation allowed testing the validity of our proposal and to contrast our
results with other related studies through four quasi-experiments. ASESTO was tested
using two studies. The quasi-experiment 1 (described in section 3.2.2) reported on a study
at the graduate level of a group of students applying ASESTO. It indicated that team
cohesion, team performance, and team learning significantly increased compared with the

students' perceptions in a group that did not receive this intervention.

The quasi-experiment 2 (described in section 3.2.3) reports on the results of a study of
ASESTO involving three teams of undergraduate students with the ultimate goal of
observing ASESTO with teams performing in a company setting. The study showed the
levels of team cohesion, team learning, and team performance increased after the
intervention. Despite their limitations, these studies showed ASESTO to be effective. They
also contributed to identifying difficulties with the approach. Moreover, a survey showed
positive appreciation of the students on the framework proposal. Their perceptions
concurred with the findings from related studies on teamwork teaching-learning

frameworks.

During the second iteration, ASEST+ was tested through two quasi-experiments. The
results of a study of two groups of students applying ASEST+ (quasi-experiment 3
described in section 5.4.1) indicated that their perceptions of team cohesion, team
performance, and team learning significantly increased compared with the perceptions of

students in the groups that did not receive this intervention.

The results of the quasi-experiment 4 (described in section 5.4.2) revealed that the
students’ perceptions of team cohesion, team performance, and team learning significantly
increased by the end of the intervention. Furthermore, the mediational role of team
cohesion between the antecedents and the outcomes was evaluated during this last
experiment. The tests showed that team cohesion mediated relationships between the
antecedents personality, conflicts, and task interdependence and the outcomes team

learning and team performance through the application of ASEST+.

The results of these tests showed that greater values for personality traits of
agreeableness, conscientiousness, extraversion, and openness to experience and less
neuroticism, as well as greater task interdependence, have a positive influence on team

cohesion, which in turn lead to greater team learning and team performance. In addition,
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lower values for conflicts can be associated with greater team cohesion, which in turn lead

to greater team learning and team performance.

The mediational study should be considered however as a first step towards
understanding the mediational role of team cohesion between the antecedents task
interdependence, conflicts, and personality and the outcomes team performance and team
learning. The generalization of its findings requires the design of new time-sensitive

studies, preferably with larger samples.

In addition, the perceptions of the teachers participating in quasi-experiments 3 and 4 were
investigated. Although the perceptions of only two teachers are not sufficient to make valid
generalizable conclusions they showed positive appreciation to the teaching-learning

framework, and indicated further ideas to improve.
6.2 Theoretical and methodological considerations

This dissertation has aimed at filling the existing gap we found in the software engineering
education field regarding the lack of studies addressing the relationship between team
cohesion and team performance behaviors. In addition, considering the divergence of
findings from previous studies, both perspectives, i.e. team performance outcomes
(referred to as ‘team performance’) and team performance behaviors (in terms of ‘team

learning’) have been addressed.

As mentioned while presenting the concepts in the introduction, in a meta-analysis of two
decades of literature addressing team learning research, (Bell et al.,, 2012) found that
some researchers had aligned team learning with performance outcomes and for others,
this construct was conceptualized as behaviors driving learning processes. Bell and his
colleagues argued this is a problem considering that researchers sometimes had found
teams can learn, yet not experience changes in their performance. The results of this
doctoral research show both team performance outcomes and team performance

behaviors significantly improve through the application of the ASEST framework.

However, it should be taken into consideration that team cohesion is an emergent state,
thus a dynamic entity that changes over time (Marks et al., 2001). While this research has
intended to address a time-sensitive approach through the lens of the IMO model (ligen et
al., 2005) and a longitudinal study design, still more efforts could be beneficial to better

understand the temporal dynamics of team cohesion. For instance, a time-series
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experiment design would be helpful to closer examine dynamic team cohesion and its

relationships with other variables over time through the application of ASEST framework.

Time-sensitive designs are important for mediational analyses as mediational processes
necessarily develop over time (Maxwell et al., 2011). As said by Maxwell and his
colleagues, despite it has been argued that there is a need for longitudinal designs to
study mediation; still, most substantive studies continue to be based on cross-sectional
designs. Our longitudinal mediational analysis considered this matter, showing evidence of
the mediational role of team cohesion between the antecedents personality, conflicts, and
task interdependence and the outcomes team performance and team learning.

However, the temporal dynamics of teamwork should be further analyzed not just
regarding the mediational role of team cohesion but also including dynamics on team-level
inputs (antecedents) and outcomes as well. For instance, task interdependence has been
considered by researchers as both an antecedent and a mediating variable (Mathieu et al.,
2008). Team learning has been also studied as an outcome while some researchers have

found it to mediate relationships (A. C. Edmondson et al., 2007).

Thus, exploring other possible mediation models that include for example several
measurements of possible mediators at the same moment could allow analyzing more
complex combinations leading to richer conclusions. In addition, it should be taken into
consideration that more meaningful results on the personality antecedent could arise from
a more fine-grained analysis of traits. The practicability of such studies should be

considered however as they are more time-consuming and expensive designs.
6.3 Final words and future research directions

Although the findings presented in this dissertation have limitations in terms of
generalization to other populations, the ASEST framework might benefit students in other
software engineering programs. Keeping in mind the framework applicability issues
(discussed in section 5.4 ) and the potential limitations outlined, it would be interesting to
study the effects of ASEST in other situations, including companies’ settings. Considering
not only perceptions of students but also measured team cohesion, team performance,
and team learning, including the perspective of teachers and clients, could bring more

insights into the effectiveness of the framework.

ASEST might also help to improve similar learning environments through knowledge

transfer of educational content and case studies derived from its application. In addition,
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the information gathered could contribute to better understanding software engineering

students’ teams to further improve teamwork in software engineering education.

We also believe that ASESTO might be valuable for engineering education, as it does not
target specific engineering routines, therefore it could be easily adapted. Further, ASEST+
could be revised in order to be applied with other engineering teams. Two major topics
should be addressed: Firstly, what other specific roles should be used to form the teams
and how do they relate with personality traits. Second, what rules leading to better team
behaviors related to the specific engineering task should be included instead of agile

routines?

ASEST might also contribute to new ways of training professional agile teams. In the latest
State of Agile Survey (VersionOne, 2016), a long-running report on agile software
development it is stated that while the vast majority of respondents and their organizations
have succeeded in adopting agile practices, they recognize that there are challenges to
scaling agile approaches. As top challenges for adopting agile methods, the participants
mentioned the lack of skills or experience with agile methods (47%) along with insufficient
training (34%). Although we cannot guarantee that our results can be transferred to
organizational settings, the results of quasi-experiment 2 carried out in a company showed
preliminary evidence suggesting that ASESTO might also contribute to some extent to

improve the cohesion of teams in such environments.

Despite the final version of ASEST was not tested in organizational settings, its
improvements are coherent with the most current strategies for agile software
development in professional practice regarding antecedents of team cohesion. Further, its
learning strategies are aligned with findings from educational research in software industry
as well. Though, in this context, it would be interesting to explore other factors that could
influence team cohesion in organizational contexts. For example, it should be considered
that in real organizational settings it is possible to find engineers working in several teams
at the same time and members can move on or off the teams for several reasons such as
project demands and promotions. Then, factors like turnover and other emergent states
such as team trust or team empowerment might influence the level of cohesion and the

performance behaviors and outcomes.

Further, some changes in ASEST might be necessary. For instance, it might be needed to
include other activities as part of the training on team working skills like coordination,

decision making, etc. that might be more significant for professional teams. Similarly, the
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team rules agreement should address these aspects as well. Considering that normally
practitioners with different levels of expertise are found in these contexts, the course

design, e.g. the topics and intended learning outcomes, might vary as well.

To study the effects of ASEST in professional environments it should be investigated how
ASEST would work in an industrial setting before designing any experimentation.
Therefore, information on the industrial context should be collected beforehand, i.e.
aspects like the nature of the software organization, skills and experience of software staff,
type of software products, and technologies used. Before designing an experiment to
assess the effects of the framework we should determine the process for allocating and
administering the intervention, the population, methods to be used to reduce bias, and the

data collection process.

A recommended way to study the effects of ASEST in company settings would be to firstly
perform multiple case studies in different companies and investigate similarities before
going into more strong experimental designs. In this way, new hypotheses from this type of
context could be identified, leading to more focused experimental studies afterward. It
would also contribute to identifying the existence of confounding variables and other
unexpected sources of bias beforehand.

Since the COVID-19 pandemic has shifted the way we work forcing universities and
companies into remote work, it should be investigated if the framework would be still
effective when the teams would not work in a face-to-face environment. In addition, it is
necessary to further explore the strategies included in this framework considering the
student teams working from home. As interaction and team dynamics are different in
remote teams, some adaptations might be needed. For instance, address specific training
on team working skills concerning team processes issues for virtual teams (e.g.

coordination in a dispersed environment).

As suggested by the teachers participating in the quasi-experiments 3 and 4, a software
tool to support the application of this proposal has been prototyped. When this software is
fully developed it will also facilitate further experimental work. In the ASEST software tool,
other teachers’ recommendations will be considered. For example, it would be interesting
to identify team behavioral patterns related to cohesion antecedents, which in turn might
contribute to recognizing necessary team rules that can ultimately lead to improving their
performance. In addition, it would be beneficial in such a virtual environment to address

mechanisms to prevent requirement conflicts through task interdependences tracking. In

131



doing so, early actions to anticipate possible team cohesion drops could be taken. Also, a
way to continue assessing the framework (e.g. its activities, course learning design) could

provide further pedagogical guidance to the teachers.

Finally, this dissertation is an invitation to educational researchers for exploring what other
aspects at the individual, team and organizational level should be taken into account for an
effective application of the framework in different countries, programs, and professional
environments. Further, it is a call not only in education but also in the software engineering
research field to continue addressing new ways of cooperatively learning and working. In
recommending so, we join the request of other researchers (Lenberg et al., 2015) on
giving the human and social aspects of software engineering the special attention that it

requires.
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Appendixes

Appendix 1. Overview of teaching-learning frameworks in engineering education

1.1 Approaches combined with team-based learning in engineering education

Number  Approaches Field
of
Studies
1 challenge-based-learning Mechanical engineering; Sustainable engineering;
17 problem/ project-based learning  Sustainable engineering; Engineering design;
Innovation, Bioinformatics; Civil engineering;
Mechanical engineering; Mechatronics; Aerospace
engineering; Information and computer technology
4 Kolb’s learning styles and cycle  Sustainable Development and Innovations;
of experiential learning Environmental engineering; Management
Information Systems
1 diamond model Sustainable Development and Innovations
6 ICT enhanced education Programming; Engineering design, build, and test
(DBT); Information Sciences, Computer
engineering. Management Information Systems,
Software engineering
1 simulation games Industrial engineering
6 real-world projects/ collaboration Software engineering, Financial computing, Civil
with industry engineering, Innovation; Engineering technician
education
1 situated learning Computer engineering
1 collaborative project-based Computer engineering
learning
1 participatory design based Computer engineering
1 learning by doing Manufacturing
2 case-based analysis Environmental engineering, Engineering education
2 competition Electronics and electrical engineering, Mechanical
engineering
5 multidisciplinary teams Engineering education, Environmental engineering
1 design-based learning Bioengineering
2 active learning Aircraft design; Engineering technician education
1 reverse engineering Aircraft design
1 metacognitive development Engineering technician education

1.2 Scope of the studies related to teaching-learning frameworks

Reference Discipline/Field Description

(Membrillo- Mechanical engineering  Challenge-based-learning (CBL) to expose

Hernandez et and students to real experiences with high levels of

al., 2019) Sustainable engineering  uncertainty to achieve specific learning objectives
development

(Malheiro et al.,  European Project Project-based learning and capstone projects to

2019) Semester/ Smart the development of key engineering skills,
Sustainable Cities including multidisciplinary teamwork

(Moyne et al., Engineering design A web-based system that collects and reports data

2018) to support teaching, learning, and research in

teams. This tool has the aim of collecting data for
the development of an educational framework in
project-based engineering design education

(Stock & Kohl,

2018)

Sustainable
Development and

The framework includes problem solving
procedure based on Kolb’s learning styles and a
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Innovations

Diamond-Model for providing a structure of the
start-up development. The students performed in
teams. A survey showed the teamwork skills
improved with the application of this framework

(Cabrera et al.,
2017)

Programming

The approach uses design patterns from online
web communities and Team-Based Learning
(TBL) to improve student grades

(Simons et al.,
2017)

European Project
Semester (EPS)/ self-
oriented solar mirror
(SOSM)

A project-based educational framework that
contributes to teamwork in an international and
multidisciplinary engineering environment

(Salado et al.,
2017)

Industrial engineering
education

A simulation game including activities designed to
offer industrial engineering seniors experience in
solving realistic decision-making problems. The
students have to work in teams playing different
roles as different types of companies in a global
smartphone market

(Harris et al.,
2017)

Bioinformatics

Problem-solving and team-learning approach to
support the combination of students of computer
science and biology to Bioinformatics separately at
first then joined together at a later point in the
semester

(Malheiro et al.,
2019)

European Project
Semester (EPS)/ self-
oriented

Project-based learning framework to foster
engineering skills like multidisciplinary teamwork

(Brady et al., Engineering design Project-based and team-based learning are

2016) combined

(A. Hernandez Senior computer Situated learning, Collaborative Project-based

et al., 2016) engineering course Learning (CPBL), and participatory design-based
approaches are combined

(Gao et al., Social manufacturing Learning by doing and project-based learning are

2016) combined in integrating 3D printing techniques for

additive manufacturing and e-commerce for
marketing

(Beever & Hess,
2016)

Environmental
engineering

An engineering ethics case study within
pedagogical support is used to make students
reflect in teams to make decisions developing
ethical reasoning

(X. S. D. Henry  Monitoring water quality  Undergraduate engineering and computer science

et al., 2016) students set out to design and fabricate a water
monitoring and data acquisition system. The
students are exposed to a multi-disciplinary team
of researchers and faculty members. Kolb's cycle
of experiential learning guides the students'
activities

(Patil et al., Information sciences This approach combines two courses on web

2016) technologies and databases in an integrated
framework focused on ABET outcomes

(-, 2015) Financial computer A team-based educational framework where

science students learn through real problem solving

(Trivifio et al., Electronics and Team-based competitive framework. Students are

2015) Electrical Engineering gathered into teams and compete along with
several tasks

(Dunai et al., Electric and electronic Team-based framework aiming to solve innovative

2015) engineering projects

Wadhwa, S., Engineering education Pedagogical framework focusing on the
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Barlow, A., development of affective domain among the first-
Jadeja, S. year engineering students

(Lopez-Querol et  Civil engineering Project-based learning framework where students
al., 2015) solve real projects working in small teams

(Saniie et al., Computer engineering Real-time and team-based framework for design
2015) laboratories in distance education

(Bourn & Baxter,
2014)

Mathematics Education

A pedagogical framework to foster critical thinking
in mathematics education

(Baldissera &
Delprete, 2014)

Mechanical engineering

A proposal for involving students in vehicle design
competitions events while they work in teams

(Kisselburgh et
al., 2013)

Engineering education

Pedagogical framework Scaffolded, Integrated,
and Reflexive Analysis (SIRA) of ethics cases to
enhance the development of moral reasoning that
extends beyond case-based analyses

(Villanueva et
al., 2013)

Bioengineering

An approach that includes project-based and
design-based learning to introduce to
bioengineering students with scientific strategies.
They are exposed to three competency domains:
cognitive, intrapersonal, interpersonal

(Chilton, 2012)

(Liebenberg &
Mathews, 2012)

(Liang, 2012)

(Chin & Yue,
2011)

(Tenhunen et
al., 2010)
Curran, R., Van
Tooren, M., Van
Dijk, L.
Systems (2009)
(Elizalde et al.,
2008)

(SchaFer &
Richards, 2007)

(Schaffer et al.,
2007)

(Seidel et al.,
2007)

(Massa et al.,
2005)

(Ramakrishnan
& Cambrell,
2004)

(Pollard, 2003)

Management of
Information Systems

Design, build and
innovation in
engineering
Troubleshooting in
automotive braking
system (TiABS)
Mechatronics

Rapid Prototyping
Service RPS,
Aerospace design

Craft design
Environmental
engineering
Engineering education

Engineering product
innovation

Engineering technician
education

Software engineering

Information and

Combines the use of videos and experiential
knowledge approach in a virtual classroom while
students perform in teams

An approach that uses problem-solving strategy in
designing and building solutions to set
technological problems working in teams.
Web-based learning framework that supports a
teamwork-based project design and
implementation

A vertical curricular model based on the PBL
approach where the students have to perform in
teams

A model for rapid prototyping teams for
undergraduate students
A team-based approach is used for the

development of projects in systems engineering
for aerospace design

Reverse Engineering and Active Learning
concepts are combined for generating new
knowledge in a collaborative way

Volunteer students engage in multidisciplinary
teams to develop a project aiming to provide water
for remote communities and developing countries
Leaning patterns to contribute to the design of
collaborative environments for project teams

A training program that includes teamwork and
project-based design courses in collaboration with
industry

Active learning, real-world problem solving, and
metacognitive development are combined to

develop learner  proficiency. It includes
interdisciplinary teamwork in group reflection
activities

Online learning community to facilitate the

interactions of the student in their group projects

An approach to learning how to research by using
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computer technology templates and problem-solving working in teams
(Nagchaudhuri,  Mechatronics It focuses on pre-colleges programs. The proposal

2001)

includes teamwork to develop projects.

Appendix 2: Excluded papers from literature review 1

1.1 Excluded papers not available

Authors

Title

Dykman, Nathan; Ragaisis,
Saulius

Teaching HCI in SE curriculum

Ramakrishnan, S.

A service-oriented portal for software engineering education

Cooper, K.; Simmons, D.; Wong, Revitalizing software engineering education in the 21 st

W.E.

Century

1.2 Excluded full books of proceedings

Conference Year
2nd International Workshop on Software Engineering Course Projects 2006
19th International Conference on Software Engineering Education and Training 2006
26th International Conference on Software Engineering Education and Training 2013

3rd International Workshop on Collaborative Teaching of Globally Distributed Software 2013

Development

1.3Excluded papers not relevant for education

Reference

Scope of the study

(Lopez-Martin et al., 2008)

This paper aimed to compare personal Fuzzy Logic Models (FLM)
with a Linear Regression Model

(Germain & Robillard,
2008)

The purpose of this study was to quantify activity patterns on three
empirical axes (engineering, coding and V&V)

(Beranoagirre, 2011)

This paper argues on the utilization of software engineering
knowledge to educate mechanical engineers

(Lopez-Martin, 2008)

The study compares the number of defects when design and code
reviews are introduced in the individual development process

(Hohpe et al., 2016)

The paper argues on the software architect role and how teams
approach architectural decision-making

(Pozenel & Mahnic, 2016)

The study compares two software effort estimation techniques
(planning poker and the team estimation game)

Appendix 3: Keyword analysis from papers of literature review 1

1.1 Papers without keywords

Reference

Title

(Valerdi & Madachy, 2007)

Impact and Contributions of MBASE on Software Engineering
Graduate Courses

(Jaakkola et al., 2006)

IT Curriculum as a Complex Emerging Process

(Yu et al., 2014)

Incorporating Free/Open-Source Data and Tools in Software
Engineering Education

(Rico & Sayani, 2009)

Use of agile methods in software engineering education

(Kantipudi et al., 2012)

Software  Engineering  Course  Projects:  Failures and
Recommendations

(Frailey, 2006)

Bringing Industrial Methods to the Classroom

(Frankl et al., 2014)

Win-for-All in Software Engineering Education: Balancing Social
Dilemmas to Foster Collaboration
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(Krutz et al., 2015)

Enhancing the Educational Experience for Deaf and Hard of
Hearing Students in Software Engineering

(Seppala et al., 2016)

What communication tools students use in software projects and
how do different tools suit different parts of project work?

(Jordan et al., 2017)

Hall of Fame Nomination: Studio-Based Master of Software
Engineering Program at Carnegie Mellon University

(H. J. C. Elis & Hislop,

2013)

Project Selection for Student Involvement in Humanitarian FOSS

(Boehm & Koolmanojwong,

2014)

Combining Software Engineering Education and Empirical
Research via Instrumented Real-Client Team Project Courses

(Bareiss & Mercier, 2010)

A Graduate Education in Software Management and the Software
Business for Mid-Career Professionals

(Bosnic et al., 2013)

Picking the Right Project: Assigning Student Teams in a GSD
Course

(Julian M. Bass et al., 2015)

Virtual Teams and Employability in Global Software Engineering
Education

(Stettina et al., 2013)

Academic Education of Software Engineering Practices: Towards
Planning and Improving Capstone Courses Based upon Intensive

Coaching and Team Routines

(Gotel,
2009)

Kulkarni, et

al., A Global and Competition-based Model for Fostering Technical and
Soft Skills in Software Engineering Education

1.2Keywords clusters*

Cluster Keywords
1. Learning- 1. self-directed learning 54. open learning
teaching 2. meetings-flow 55. informal learning
process and 3. learning strategies 56. formal learning
curriculum 4. programming languages teaching 57. participatory learning
5. competition-based model 58. learning
6. meetings-flow 59. students’ perspective
7. experimental learning 60. motivating students
8. integrated active learning 61. critical thinking
9. simulation 62. practicum
10. learning by osmosis 63. MOOCs
11. learning by doing 64. blended learning
12. e-learning 65. pedagogical strategies
13. education strategies (also included in 66. educational environment
C9, suggested by supervisor) 67. teaching model
14. learning analytic (also included in C9, 68. simulators
suggested by supervisor) 69. cognitive processes
15. active learning 70. learning experience
16. student centered learning environments 71. peer-based assessment
17. experiential learning 72. peer assessment
18. active learning 73. self-directed learning
19. ADDIE Instruction Design Model 74. knowledge and skills
20. cognitive apprenticeship transfer
21. intensive coaching 75. learning process
22. educational activities 76. innovative teaching
23. student activities model
24. technical soft skills 77. educational experience
25. learning assessment 78. inverted classroom
26. communities of practice 79. assessment

4 The suggestions made by the supervisor of this doctoral research are highlighted in bold. Those
made by the experts appear in italic, between brackets.
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

51.

52.

53.

curriculum

learning outcomes

professional software engineering skills
course practice

creative thinking

groupthink

competitive

curriculum design

story-centered curricula

classroom

evaluation

Bloom learning objectives

design scenarios

student perspective

ambidextrous

workshops

student perspective

project selection

education

student motivation

student activity dashboard

learning outcomes

individual performance

engineering pedagogy (also included
in C9, suggested by supervisor)
quality of teaching and learning (also
included in C9, suggested by
supervisor)

IT Curriculum (also included in C9,
suggested by supervisor)
diversity (moved from unclassified,
suggested by expert 1 and 2)

80. teaching resources

81. teaching and learning
strategies

82. assessment

83. blended e-Learning

84. programming ability

85. soft skills

86. theory-in-use

87. espoused theory

88. reflective practitioner

89. laboratory

90. teaching model

91. student-centered
learning

92. situated cognition theory

93. practice training

94. engineering pedagogy

95. quality of teaching and
learning (also included
in C9, suggested by
supervisor)

96. didactical approaches
(also included in C9,
suggested by
supervisor)

97. curriculum design and
implementation (also
included in C9,
suggested by
supervisor)

98. education data mining

99. social dilemmas (moved
from unclassified,
suggested by experts 1

and 2)

2. Teamwork 100. coordination 115. team estimation
management 101. communication 116. student

102. teamwork quality teamwork

103. teamwork 117. team

104. assigning student teams programming

105. visual studio team system 118. software

106. teamwork skills engineering teamwork

107. teams (also included in C4,

108. group formation suggested by

109. communication tools supervisor)

110. team coordination 119. team

111. team design development

112. teamwork quality 120. local teams

113. virtual teams 121. student project

114. remote teams team

122. student teams
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3. Project- 123. project course 139. project-based
problem based 124. senior project courses
learning 125. capstone course 140. capstone
126. capstone project software project
127. educational software 141. project-based
engineering projects immersion system
128. project-based learning 142, based studio
129. software engineering capstone projects
130. course projects 143. course projects
131. team project courses 144, capstone
132. double PBL practicum project
133. projects 145, student software
134. team projects project
135. capstone design 146. capstone
136. project-based program
137. student projects 147. service-learning
138. studio project projects
4, 148. collaborative development 157. collaborative
Collaborative 149. collaborative learning software development
learning 150. cooperative 158. collaboration
151. wiki 159. social
152. collaboration skills collaboration
153. multiple teams 160. distributed
154. computer-supported collaboration
collaborative learning activity 161. online tool
155. HBDI (moved from unclassified, 162. virtual worlds
suggested by experts 1 and 3) 163. social skills
156. cultural dimensions (moved 164. software
from unclassified, suggested by experts engineering teamwork
1 and 2) (also included in C2,
suggested by
supervisor)
5. Real 165. real-client 175. real-world
projects 166. industry collaboration problems
resolution and 167. real-world learning 176. industrial
industry links 168. industry-academia partnership collaboration
169. software enterprise 177. academic-
170. IT labor force industry partnerships
171. employability 178. real-world team
172. industrial methods projects
173. student involvement in 179. "Real-World"
humanitarian FOSS (moved from software engineering
unclassified, suggested by experts 1 180. industry
and 2) partnerships
174. professional responsibilities 181. multi-university

(moved from unclassified, suggested
by expert 1, 2 and 3)

collaboration

6. Virtual and
global teams

182. global software development

183. distributed and global software
development

184. internationalization

185. global software engineering

186. distributed software
development

187. distributed development

188. multi- university collaboration

(moved from C5, suggested

190. virtual world

191. global software
engineering skills

192. global
requirements elicitation

193. distributed
software engineering

194. global studio
project
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supervisor)

189. offshore development (moved
from C10, suggested supervisor)
7. Gamification 195. digital game-based learning 205. game-based
196. improvisational theater learning
197. role-playing 206. gamification
198. games for learning 207. game based
199. game development education
200. game level design 208. game
201. games programming
202. game-based learning 209. educational
203. simulation training games games
204. second life 210. simulation game
8. Agile 211. agile methods 221. agile organizing
methods 212. Scrum framework
213. agile methodologies 222. agile concepts
214. Kanban 223. agile software
215. Scrumban development
216. agile 224. planning poker
217. short iteration duration and 225. extreme
small teams programming
218. agile software development 226. distributed scrum
219. agile development
220. agile learning environment
9. Engineering 227. software engineering education 237. software and
education 228. computer engineering education systems engineering ed
research field 229. computer science education ucation
230. engineering education 238. requirement
231. software engineering training engineering education
and education 239. global software
232. academic education (also engineering education
included in C12, suggested by 240. engineering
supervisor) pedagogy (also
233. education strategies (also included in C1,

included in C1, suggested by
supervisor)

suggested by
supervisor)

234. didactical approaches (also 241. curriculum
included in C1, suggested by design and
supervisor) implementation (also

235. IT Curriculum (also included in included in C1,

C1, suggested by supervisor) suggested by

236. learning analytic (also included supervisor)
in C9, suggested by supervisor)

10. Software 242. project management 300. traceability
engineering 243. effort estimation 301. development
core discipline 244, personal software process tools

and related 245. fuzzy logic 302. offshore software
contents 246. software effort estimation development

247. team software process 303. requirements

248. software development specification

249. size estimation 304. requirements

250. productivity reuse

251. defect density 305. humanitarian

252. supply chain free and open source

253. requirements engineering software (HFOSS)

254, system development and 306. free and open
evaluation source software
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255. software patterns 307. software
256. ontologies business
257. semantic web 308. Win-for-All
258. engineering technology 3009. software
259. software process development methods
260. design-implementation 310. process
261. team routines automation
262. software engineering practices 311. software
263. process measurement development process
264. iterative and incremental management
development 312. design process
265. software engineering 313. CMMI
266. open source 314. exploitation
267. FLOSS 315. software
268. software projects development tooling
269. software testing 316. infrastructure
270. software error injection 317. UML
271. software development 318. security
272. community driven development 319. outsourcing
273. free/libre open source software software development
274. Free/Open-Source Data and 320. mathematics
Tools (STEM) program
275. operations support systems 321. engineering
(0SS) ideas
276. project monitoring and steering 322. software project
277. software process improvement 323. personal
278. software development methods software process
279. mining software repositories 324. team software
280. process mining process
281. outsourcing software 325. experimental
development software
282. virtual agents 326. software
283. human aspects business
284. knowledge management 327. software
285. process and quality engineering process
286. security 328. process patterns
287. programming languages 329. process activities
288. software effort estimation 330. process
289. programming monitoring
290. multiple software products 331. effort
291. multiple customers 332. project control
292. defect density and modeling
293. size estimation 333. software
294. effort estimation engineering
295. good practices 334. machine learning
296. software development 335. software quality
297. software management 336. quality model
298. personal software process 337. project and
299. fuzzy logic implementation
11. Research 338. experimental software 347. action research
and engineering 348. empirical studies
experimentatio 339. experiment 349. field study
n 340. case study 350. assessment and
341. empirical research evaluation approaches
342. experimental study 351. measurement of
343. guantitative evaluation training effect
344. experimental study 352. software case
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345. guantitative evaluation studies
346. awareness (moved from
unclassified, suggested by experts 1, 2
and 3)
12. Levels of 353. post-secondary education 364. first year
education 354. undergraduate science 365. undergraduate
355. mid-career professionals students
356. undergraduate students 366. software
357. undergraduate science engineering graduate
358. undergraduate students courses
359. higher education 367. academic
360. undergraduate education education (also
361. undergraduate and graduate included in C9,
362. undergraduate software suggested by
development project supervisor)
363. graduate education 368. undergraduate
research projects
Unclassified 369. ROBOCODE 381. model trains
370. misconceptions 382. fair division
371. social processes 383. globalization
372. reflection 384. complex
373. retrospective emerging process
374. XNA 385. SimSE
375. Net Generation 386. Studio Project
376. hearing-impaired students 387. gender influence
377. MBASE 388. Electronic
378. deaf and hard of hearing Learning Industrial
students Environment (eLIN)
379. independent college System
380. course-of-action 389. mechanical
engineering
390. workshops
Appendix 4. Overview of studies included in the network of trends
Reference Reason for its inclusion in the correspondent clusters Cluster

(Viljan Mahnic, 2012)
students work in Scrum teams

The paper presents an undergraduate capstone course where A

(C. Y. Chen & Chong, The paper reports on a case study that introduces the C
2011) meetings-flow (MF) approach, a project-based educational
collaboration environment, and showed its positive influence

on software quality and progress

(Viljan Mahnic, 2010)
through capstone projects

The paper presents the design of a course to teach Scrum A

(Van Der Duim et al, The paper describes experiences from two universities V,R
2007) running an international course where student teams perform
an industrial software project. A set of good practices for
project-based software engineering education are given

(Chung-yang Chen & The paper presents a computerized environment that C

Teng, 2011)

supports the Meetings-Flow approach

(Minocha et al., 2008)

The paper reports on the effectiveness of using wikis for C,Vv

distributed requirement engineering in a software engineering

course

(Wu et al., 2008)

The paper presents a game-based learning system to support C, G

the teaching of software development processes in a team-

based environment
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(Rico & Sayani, 2009)

The paper reports experiences about the introduction of agile
methods in a capstone course for a master degree. A set of
lessons learned are provided

(Garcia & Pacheco,
2014)

The paper presents an approach that integrates TSPi
methodology and PBL. A course that uses the approach with
local software industry collaboration is discussed

(Jeremic et al., 2009)

The paper presents a learning environment named DEPTHS
that serves as a common ontological foundation for
integrating different learning tools and systems. The
environment aims to facilitate active examination of learning
resources and work on real-world projects in small teams

(Rodriguez et al., 2015)

The paper presents an educational virtual world that
simulates a Scrum-based team room for developing capstone
projects in undergraduate courses

(Gotel, Kulkarni, et al.,
2009)

The paper presents a model that brings undergraduate,
graduate and industry students together in global software
development projects

(Chung-yang Chen et
al., 2014)

The paper reports on the Meetings-Flow approach in regard
to quality teamwork in software capstone projects

(Jeremic et al., 2011)

The project-based collaborative learning environment named
DEPTHS is further described and investigated in the context
of software design pattern education

(Gary, 2008)

The paper presents a pedagogical model that emphasizes
teaching software engineering through real projects in
collaboration with industry

(Bareiss & Katz, 2011)

The paper reports on the results of a student survey regarding
the capstone project they developed in a master program at
Carnegie Mellon Silicon Valley. These team-based projects
had industrial sponsors

(valerdi & Madachy,
2007)

The paper presents the MBASE framework, an approach to
the development of software systems that integrates several
models to develop real products in the SE courses

(Viljan Mahnic, 2015a)

The paper presents a capstone course design for teaching
principles of Kanban and Scrum while developing real
projects

(Nguyen et al., 2013)

The paper reports on a study where students develop real-
world projects in small teams. The authors discuss gaps in
the IT labor market this study showed

(Stettina et al., 2013)

The paper reports on a quasi-experiment where the authors
explore the effectiveness of coaching and team routines on a
SE course

(Bareiss &  Mercier,
2010)

The paper presents the curricula for software management
and business undergraduate program at Carnegie Mellon’s
Silicon Valley. It emphasizes team-based and project-based

pedagogy

(Collazos et al., 2010)

The paper presents the computer-supported collaborative
learning environment CODILA for undergraduate SE students
that foster collaborative skills in distributed development
teams

(Casallas &  Lopez,
2008)

The paper describes a strategy that targets real-project
development using active teaching-learning methodologies to
create scenarios with regular self-assessment for teams of
undergraduate students

(Berkling et al., 2007)

The paper reports on a case study on the education of master
students for offshore software development projects. Their
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approach includes issues on communication, knowledge
management, and project and process management needed
for remote collaboration platforms

(Carrillo De Gea et al.,, Two requirements specification techniques (traditional and \%

2016) reuse-based) were compared regarding their effect on a set of
performance-based and perception-based variables in
collocated and distributed settings for student teams

(Ferdiana, 2016) The paper presents a teaching model for learning in C
organizations. The model helps teams to identify, learn and
validate what is needed for them to successfully develop
projects

(V. Mahnic & Casar, The paper presents a tool that supports a Scrum-based A

2016) software engineering capstone course

(Shuto et al., 2016) The paper reports on a study that investigates the influence of C
team discussions on learning effectiveness in two software
engineering courses

(Julian M. Bass et al., The paper presents a model for introducing global software \%

2015) engineering into the computing curriculum

(Buffardi, 2015) The paper reports on the involvement of students in local free R
and open-source software (LFOSS) organization

(J. J. Y. Chen & Wu, The paper presents a method that integrates extreme A

2015) programming (XP) with existing courses

(Margues, 2015) The paper reports on a case study that shows mixed-gender C
software engineering student teams were more effective and
coordinated

(Zeid, 2015) The paper presents a model for distributed global software G,V
development simulation games

(Boehm & The paper provides a brief description of opportunities for R

Koolmanojwong, 2014) empirical research in software engineering through team
project courses that involve real clients

(Frankl et al., 2014) The authors of this paper argue on the role of the win-win C
model for successful collaboration in software engineering
student teams

(Zeid & EI-Bahey, 2015)  The paper presents the scope of research that aims to \%
identify contextual factors that influence productivity within
globally distributed teams in teaching software engineering

(E. Choi, 2013) The paper reports on a case study that investigates the C
application of the inverted class model in an introductory
course of software engineering where the students had to
collaborate in teams to develop projects

(Bottcher et al., 2013) The paper reports experience using improvisational theater G
techniques to foster team building and creativity in software
engineering courses

(Bosnic et al., 2013) The paper discusses assigning students to project teamsina V
global software development course

(H. Ellis et al., 2013) The paper presents an approach to identify an appropriate V,R
project for student involvement in Free Open Source Software
that exposes students to real-world development teams

(Manamendra et al, The appropriateness of Scrum for the undergraduate projects A

2013) is evaluated through a course that was redesigned to
introduce this methodology

(Lago et al., 2012) The paper presents a pedagogical model that foster learning  V
of complementary topics by working together with experts in
global teams

(Ahmad et al., 2012) The paper presents a pedagogical model based on role- G

playing for a software engineering master program
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(Bleicher et al., 2012) The paper reports on the use of collaborative development C
platforms of IBM to support team-based activities in software
project management at the graduate level

(Emam & Mostafa, 2012) The paper presents a game design approach for a CG
collaborative involvement of software engineering student
teams in developing projects that are not part of formal
courses

(Jamaludin et al., 2012)  The paper presents the eLIN system, a collaborative C
environment for requirement engineering that supports PBL in
undergraduate education

(Dragutin Petkovic et al., The paper presents a method to assess and predict teamwork C

2012) effectiveness by using machine learning techniques

(Plechawska-Wojcik & The paper presents a method that emphasizes the role of real C

Borys, 2012) team projects and the improvement of the development
process and software quality in SEE

(Y. Zhang & Liu, 2012) The paper presents a course design that combines project- C
based learning and problem-based learning for programming
undergraduate education

(Zeid, 2012) The paper reports experiences on integrating competitions C
with capstone computer sciences courses to improve
performance, quality, and communication of students teams

(Chung-yang Chen & The paper presents a computer-supported collaborative C

Teng, 2011) learning environment that supports the Meetings-Flow
approach

(Alkhatib et al., 2011) The paper presents a framework that integrates creative A
thinking and the four brain approaches with agile methods
and CMMI in SEE

(Benton & Radziwill, The Agile Organizing Framework (AOF), an approach that A

2011) includes three organizing principles in agile environments, is
adapted to agile educational settings

(Bihari et al., 2011) Description of a computer science and engineering program R
that emphasizes capstone courses allowing students to learn
from real-world problems

(W.-F. Chen et al., 2011) The paper presents an approach that targets game-based G
learning

(J. Chen et al., 2011) The paper presents a method to assess teamwork C
performance

(J. Chen, 2011) The paper presents a method to assess students’ C
performance in capstone projects

(Lynch et al., 2011b) The paper presents a Lego-based game approach to teach A G
agile software development concepts

(Mamei et al., 2011) The paper presents a tool to assess individual student C
performance and teamwork analysis in projects

(Amalia Rusu & Gowda, The paper reports on qualitative research findings of a study R

2011) on academic partnership for teaching hands-on classes

(T. Smith, Tull, et al, The paper presents a simulation game approach for SEE G

2011)

(Teiniker et al., 2011) The paper describes a software engineering course that uses C, A,
real-world software engineering projects developed by V,R
distributed teams. The pedagogical model includes
constructivism, experiential and collaborative learning
approaches

(Xu & Frezza, 2011) The paper presents an approach that integrates collaborative C, G
practices and games

(Wongthongtham & The paper presents an approach to measure knowledge \%

Kasisopha, 2010)

sharing in distributed teams
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(W.-F. Chen, 2010) The paper reports on the evaluation of two methods to team G
software engineering: a role-playing gaming strategy and a
traditional drill-and-practice gaming strategy

(D. Petkovic et al., 2010) The paper presents a tool for soft-skills teamwork assessment C

(Watkins & Barnes, The paper presents a model for a capstone course to solve AR

2010) real-world problems using competition and agile skills

(Gotel, Phal, et al., 2009) The authors propose an infrastructure for students workingin R,V
globally distributed teams

(Ragan et al., 2009) The paper presents a method that uses collaborative C
problem-based learning to develop software projects

(Rico & Sayani, 2009) The paper discusses the introduction of agile methods in a A
capstone course

(Wang, 2009) Discussion learning on teams, leadership, and other related C
topics to prepare software engineers

(Bareiss & Griss, 2008) The paper describes a software engineering program of the C,R
Carnegie Mellon team and real project—based

(J. Beck, 2008) The paper presents a method for fairly assigning portions of C
team projects to students

(Budd & Ellis, 2008) The paper describes project-based courses and presents a R
discussion of assistant teachers and instructors on their
experiences along with the courses

(Hemer, 2008) The paper presents a peer assessment method to assess C
individual contributions of team members along with a web
tool to support this method

(P. H. P. Huang et al., The paper presents a teaching model that combines student- C

2008) centered learning, situated cognition theory, and practice
training

(Krogstie, 2008) The paper reports on a case study of a student’s team cV,
working in a real environment of an Open Software R
Development (OSD). The authors discuss how students
collaborate as part of this OSD community

(Nandigam et al., 2008)  The paper describes a course proposal that uses Open \%
Source Software to teach software engineering principles
while students work in teams

(Amalia Rusu & The paper reports on a case study of a course in which R

Swenson, 2008) capstone projects were coordinated by one full-time faculty
instructor and one full-time industry practitioner

(W. Chen et al., 2008) The paper presents a team game-based learning model to G
teach software engineering

(Ye et al., 2007) The paper presents a teaching model that uses Second Life G
to support teamwork in computer sciences courses

(Kessler & Dykman, The paper describes a course proposal that merges A

2007) traditional and agile methods to teach software engineering

(Huen, 2007) The paper presents a curriculum proposal that includes \%
software product line architecture and iterative-incremental
development to prepare students to overcome problems
faced by globally distributed teams

(Duim et al., 2007) The paper presents experiences of an educational project R
course taught at the University of Groningen and at Vaxjo
University that aims students learn from industry working in
teams

(Way, 2015) The paper presents a virtual laboratory model for encouraging C
collaborative undergraduate research with faculty and other
students

(Frailey, 2006) The paper presents a discussion on how the industry can R

contribute to SEE
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(Hislop, 2006) The paper presents a capstone project design that aims at C
prototyping software products in collaborative teams

(S.-T. Huang et al, The paper presents an introductory SE course proposal that C

2006hb) uses the ADDIE model and the Cognitive Apprenticeship
framework to enhance team-based process-oriented software
development project

(S.-T. Huang et al, A detailed description of the proposal in (S.-T. Huang et al., C

2006a) 2006b)

(Vat, 2006) The paper presents a pedagogical model that uses PBL to C,R
teach industrial practices of software engineering

(Ludi, 2006) The paper presents a graduate course in secure software C
engineering and the effect of the various background of the
students had in teamwork, performance, and the project

(Dragutin Petkovic et al., The paper presents a course on software engineering \%

2006) methods taught by two universities. The students work in
distributed teams

(Richardson et al., 2006) The paper presents a model for teaching globally distributed \Y
software development

(valerdi & Madachy, The paper presents a framework and complementary tools,to R

2007) teach real-life software development

(Johanyék, 2016) The paper presents an approach of team-based real-world R
projects to teach programming

(Xavier et al., 2016) The paper describes a Web-based tool to support project- C
based learning compliance

(Mujkanovic & Bollin, The paper presents a group reformation approach that C

2016) considers the relations between individual characteristics and
learning outcomes

(Seppala et al., 2016) The paper presents a discussion of a set of communication C
and collaboration tools used in a software engineering course
to develop projects in teams

(Alsaedi et al., 2016) The paper presents a team-based game aiming at C,G
coordination of tasks project

(P. Zhang et al., 2016) The paper presents a method and tool for teaching coding R
and testing skills through real-world projects

(Silvestre et al., 2016) The paper presents a method to design cohesive teams C

(Fernandes & Barbosa, The paper discusses the participation of student teams in c,V

2016) Free/Libre Open Source Software (FLOSS) as an open and
informal learning environment

(Gonzalez & Golf, 2015) The paper presents a method to reduce attrition rates by C
bringing student teams from senior project courses to
introductory courses to enforce learning and motivate them

(Viljan Mahnic, 2015b) The paper reports a literature review on the use of Scrum in A
SEE

(Chouseinoglou, 2015) The paper describes a course structure that uses critical C
thinking while combining lecture with project practicum aiming
at studying organizational learning in software development
organizations and teams

(Xiao & Miller, 2014) The paper presents a web-based game for teaching G
programming

(Paasivaara et al., 2014) The paper presents a Lego game for teaching Scrum G,

(Holmes et al., 2014) The paper discusses lessons learned from capstone Open \%
Source Projects for distributed student teams

(Basholli et al., 2013) The paper presents a method for capstone projects students C
assessment

(Péraire & Sedano, The paper presents a framework to monitor progress and C

2014) manage projects
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(Damian & Borici, 2012)

The paper describes a SE course design where Computer-
Supported Cooperative Work (CSCW) is used and students
apply agile methods in global teams

(Vanhanen et al., 2012)

The paper presents a capstone project course that targets
real-world projects

(Damian et al., 2012)

The paper describes a SE course taught by two universities
where students are exposed to collaborative tools, use agile
methods, and work in globally distributed teams

(Chungyang Chen et al.,
2011)

The fundamental constructs of an approach named Meeting-
flow are presented. This approach aimed to enhance
collaboration in student projects

(T. Smith, Cooper, et al.,
2011)

The paper presents an agile development method for game
projects

>

(Paasivaara et al., 2017)

The paper reports on how the performance of student teams
using Scrum methodology to develop capstone projects differ

(Georgas, 2011)

The paper presents an approach to teach programming skills
by developing robots in teams

(Jun & Lingli, 2010)

The paper presents a blended learning approach to foster
team working

(Monasor et al., 2010)

The paper presents a global software development simulator
where the students interact in virtual scenarios with agents
that play different roles in the project requirements elicitation

<l O o > o

(Long, 2010)

The paper presents the experiences of a capstone project to
prepare students in globally distributed environments. The
software project includes outsourcing as a required
component

(Shahzad & Slany, 2009)

The paper presents experiences in teaching an XP course
that emphasizes in knowledge management process while
applying agile practices

(Adrian Rusu et al,
2009)

The paper reports on a case study where students work in a
real-world project and local-remote paired teams

V, R

(Ribaud et al., 2008)

The paper presents an approach that emphasizes in real-
world performed by students within a virtual company while
tutored by experimented software engineers

V, R

(J. Henry et al., 2008)

The paper presents the results of a project where
undergraduate and graduate students work in teams to solve
real-world problems

(Root et al., 2008)

The paper presents a model where students are provided with
templates they have to use to propose solutions to real
problems

(Denninger, 2008)

The paper presents experiences of two courses that focus on
game programming

(Stankovic, 2009)

The paper describes a project course that emphasizes
problem solving and teamwork

(H. J. C. Ellis, 2007)

The paper describes an approach to support self-learning.
The students independently define and develop projects in
teams

(Epstein, 2008)

The paper describes a course where students develop
projects for pretend companies. The course emphasizes the
development of software intending to develop secure software
and tackle several issues regarding the human dimension of
software engineering

(Gotel et al., 2007)

The paper presents experiences of running projects where
students are involved in globally distributed teams from three
institutions

(Carrillo De Gea et al,

The paper reports on a study with co-located and distributed
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2016)

student teams from two universities to produce requirements
documents in both traditional and reuse-based technigues

(Rajendran et al., 2012)  The paper presents a new component developed for IBM C

Rational Jazz platform where student teams can manage the
risk associated with their capstone projects

(Kropp et al., 2016)

The paper describes a curriculum design to teach agile and C A
collaborative practices

(Kilamo et al., 2014)

The paper reports on a study along a course to observe how C
collaborative teamwork influences knowledge transfer

(Jun & Lingli, 2010)

The paper presents a model of blended learning for learning C
programming that facilitates collaborative teamwork

(Honig, 2008)

The paper reports on the use of TSP methodology in a course C, R
where students work on real projects

(Stoica & Islam, 2012) The paper presents a model that combines classroom R

teaching of theoretical concepts and practice by solving real-
world projects

C: Collaborative learning; G: Games and gamification; A: Agile methods; V: Global and virtual
teams; R: Real projects and industry links

Appendix 5. Scope of the studies excluded from the network of trends

Reference

Scope of the study

(Rombach et al.,

2008)

A quantitative study that assesses the benefits of disciplined software
development on the individual level and provides recommendations with PSP
and TSP as teaching tools

(Krutz et al., 2015)

Experiences in teaching software engineering to Deaf/HoH students are
described

(Sedelmaier

Landes, 2015)

&

Presents a proposal to assess software engineering students competencies

(Lee et al., 2012)

Present the status of a two-phase-eight-year nation-wide effort in improving
the software engineering education in Taiwan

(Ribaud & Saliou,

Revealing Software Engineering Theory-in-Use through the Observation of

2009) Software Engineering Apprentices' Course-of-action

(Dumslaff, 2008) Description of knowledge transfer from innovative solutions into capabilities
for a company

(Xudong et al., Discussion about an undergraduate course on software architecture

2008)

(Distante, 2007) Presents the experience gained from teaching courses that involved hearing-
impaired students of an undergraduate software engineering and a
programming language course in two different universities

(Jaakkola et al.,, Discusses approaches in SE curriculum development and general good

2006)

practices to improve it

(Margues, 2015)

Evaluates if mixed-gender software teams have better project results than
one-gender teams

(Tafliovich et al.,

2015)

Presents student perspective on the evaluation of software development
team projects

(Fairley

Willshire, 2011)

&

Describes some concepts that should be taught in software engineering and
ways to introduce them in the curricula

(Sudol & Jaspan,

Presents a methodology that approaches interactions among the

2010) misconceptions of software engineering based on a forced-choice paradigm
and the strength of the misconceptions
(Hazzan & Discusses ways by which a reflective mode of thinking may assist software

Dubinsky, 2009)

engineers in improving professional skills

(Xudong
2008)

et

al.,

Presents the content and pedagogy of a software architecture course for
undergraduate students

181



Appendix 6. Data from the students’ survey on the preliminary framework ASESTO

Responses of participants in quasi-experiment 1

We learned how to better communicate in a team given opportunities for all to express the
ideas to reach the objectives and avoid conflicts. | feel better prepared to interact with my
teammates and get the project goal. Team member contribution assessment helped to put
riders in evidence, which | believe was truly helpful.

| believe everything was very useful and we are better prepared now as a team. | liked the
most the role gaming. | think it is an interesting way of learning and we are better prepared now
to solve conflicts in our team. | think it would be good to have some way to know what rules are
helping more.

| believe that as a result of these activities our team is more united. Team members care more
about listening and supporting others. To continue improving | recommend checking the
fulfillment of the agreement frequently.

| liked all the activities we did. We learned how to work in teams. We must perform in teams
along with the program and we never before had focused training on how to do it well. | wish
software engineering projects continue with real clients.

The course was pretty dynamic and its activities helped out the team a lot. By using rules and
assessing how others were contributing help us to prevent future conflicts and to work united.

The members of my team found useful all the activities. We learned how to work in teams,
communicate better and solve conflicts. We are better prepared to face new challenges united.
I would have liked more sessions regarding role-playing gaming. It was a fun way to learn.

We learned how to prevent conflicts by using clear team rules. But sometimes it was difficult to
know if some of them were working as they were supposed to. Maybe is better to focus on a
few rules. Then add new ones when we can see their effects.

Checking how others are contributing is a good way of preventing conflicts. However, when we
discussed it in my team we saw some people did unfair assessments. | think this assessment
should do it several times to overcome opinion differences. | appreciate having the opportunity
of working on a real project; even our client was not always available to clarify doubts.

It was very helpful to learn how to effectively perform in teams interacting with real clients. But |
didn’t like we had to fill too many questionnaires.

I would like to know how Belbin's roles match software team roles. | think that would be better
for role gaming. | liked to work on real projects.

The activities, especially those related to the use of rules were very much helpful to my team. It
was a bit difficult to reach what rules the agreements should include. | think more guidance is
needed on that matter.

| enjoyed the role-playing game the most. It made us see things from a real perspective. It was
also good to take us closer to the companies’ experience by developing projects with real
clients.

Too many questionnaires to fill, even | think they were helpful. | think it is important for agile
teams to do this kind of training.

| believe all the activities that we did are important to learn how to work in software teams. | feel
better prepared to interact with my teammates and to achieve the project goals.

| found the framework helped us to learn how to succeed in developing projects as a true team.
It was great to have the opportunity to train our team to improve its performance.

It was a good experience. Using rules agreement helped to work in teams showing more
respect and understanding. | would like to do it again.

It was a good experience for my team. We learned a lot about teamwork. | think rules are
helpful but they should focus more on project tasks. In some meetings, we almost spent more
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time discussing rules than the project itself.

Generally, my team enjoyed the activities. My teammates showed more collaboration after
getting trained on team working skills. It was very helpful.

| believe it is important for us, as future software engineers, to know how to perform in teams in
effective ways solving real problems. | think the training on team working skills should include
more activities because of its importance to make the rule agreements.

Rules are helpful if everybody sticks to the agreement. For my team, some mates didn’t
engage in that from the beginning. However, after the member contribution assessment
teammates compromised and participated more.

Responses of participants in quasi-experiment 2

| believe the framework is helpful to software teams. The training on team working skills was
too short. | consider the role gaming was great and it can help even more including other
similar activities.

It was very helpful to learn how to perform in teams. Software engineering methodologies by
themselves are not enough to guide us on this. Thank you very much for allowing us to learn
by applying this framework. | think the company would benefit if all teams take this training.

These activities were very good for improving our teamwork. We were not truly aware of how
much our team needed this before making the activities. We now know better our team and the
directions we still need to continue improving. Rules make our team live easier. We will
continue applying this as a daily practice in our team.

| liked the role game. It was good to assess how we were contributing. Having an agreement
on how the team should collaborate was very helpful.

| very much like the experience. | think it should be several cycles to continue improving. We
will continue applying the agreements in our team.

| especially liked to know my Belbin role and play the role game. In general, | think everything
was dynamic and useful. Excellent that everybody saw the evaluation on his-her contribution,
in those way riders got uncovered.

| value how these activities have helped us to improve as effective software engineers team
players. | think the agreements help to get project goals as a truly united team. | recommend
the framework to the other teams of this company.

| believe our team improved in several ways by applying this framework. The role gaming was
too short but a fun way of learning how to perform in teams effectively. | think the
guestionnaires helped us to better understand our difficulties individually and as a team.

I think team rules are truly helpful. These activities helped us to get to know each other and to
identify our team problems and strengths. It is good to know what others think about our
contribution to the team.

This framework helps us to know how we could contribute in a proper way to the team. The
team members know now what other team members expect from them regarding their behavior
in working as part of the team. | believe this foments respect and collaboration.

Appendix 7. Comparison of ASESTO to existing teamwork teaching frameworks

Approach Addressed | Addressed Learning Preparation | Teamrules | Team
Software teamwork scenario on team identificatio | Member
engineerin | factors working n contributio
g skills establishme | n
education nt assessme
Trends nt

ASESTO Collaborati | T. Rules Use of rules | Individual Cooperative | Assessed

(this ve Cohesion to regulate diagnosis team rules on five

implementati | Learning Performanc | team and training | agreement | areas,

183



on) Real e Behaviors | behaviors. by role-play | that norm according
project Performanc | Role—play gaming for communicat | to high,
resolution | e outcomes | gaming for solving ion and medium
and links training simulated conflicts and low
with team conflicting resolution levels of
industry working situations team
Games skills. performan
and Developmen ce
gamificatio t of behaviors
n capstone
Agile projects to
methods solve real
world
problems
using agile
methods
Meeting-flow | Collaborati | Meetings Modeling of | N/A N/A N/A
(Chung-yang | ve flow teamwork
Chen & Learning Teamwork and
Teng, 2011) | Real quality stakeholder
(C.Y.Chen | project Product involvement
& Chong, resolution | quality in functional
2011) and links | effectivenes | meeting
with s and classes.
industry Project Organizatio
process n of the
efficiency meeting
classes flow
TeC Collaborati | Coordination | Gaming to Multi-way N/A N/A
(Alsaedi et ve Performanc | recreate the | communicati
al., 2016) Learning e outcomes | fundamental | on,
Games team cooperative
and coordination | goals, real-
gamificatio requirement | time stress
n sina situations,
simulated promote
environment | better
coordination
and
communicati
on skills
Learning by | Global Performanc | Learning N/A N/A N/A
0Smosis and virtual | e outcomes | complement
(Lago etal., |teams ary topics by
2012) working
together
with those
who are
assumed to
be experts
(Garcia and | Collaborati | Effort Combination | N/A N/A Teacher
Pacheco ve Productivity | of TSPi and
2014) Learning Performanc | teamwork students
Real e outcomes | methodolog produce
project y and PBL peer and

184



resolution supported team
and links by a virtual evaluation
with platform S
industry
(Silvestre et | Collaborati | Team Heuristicto | N/A N/A N/A
al., 2016) ve building design
Learning Communicat | student
ion teams
Coordination
Appendix 8. Excluded papers from literature review 2
1.1 Excluded papers not available
Authors Title
(Nizami, 2007) Global Software Development and Delivery
1.2 Excluded full books of proceedings
Conference Year
11th IEEE International Conference on Global Software Engineering Companion 2016

10th IEEE

International

Conference on Collaborative Computing:
Applications and Worksharing

Networking, 2014

International Conference on Information Systems

2013

Agile Processes in Software Engineering and Extreme Programming: 8th International 2007

Conference

1.3 Excluded papers not relevant for this study

Reference

Scope of the study

(Etzkorn et al., 2002)

The paper presents a new semantically-based metric for object-
oriented systems

(Kumar & Singh, 2016)

The paper addresses Aspect-Oriented Programming (AOP)

(Youssef & Capiluppi, 2015)

The article addresses internal attributes of a code base

(Mukhopadhyay, 2010)

This paper tackles software system design topic

(Kim, 2006)

The paper addresses object-oriented metrics

(Etzkorn et al., 2004)

The paper reports on a comparison of various cohesion metrics

(Yan, 2012)

The paper reports on a study that focuses on competitive ball

games teams

1.4Excluded papers not fully addressing team cohesion construct

Study Scope of the study
(Vasilescu This article addresses how gender and tenure diversity relate to team
2015) productivity and turnover

(Silva et al., 2013)

The authors investigate what criteria are used by project managers to
select individuals in building software teams and how the criteria relate to
project success

(Mendonca et

2014)

This article reports on a study that explores how changes in team
composition relate to team performance

(F. Zhang et

2014)

The paper report on editing patterns on software quality

(Goncalves et al.,

2015)

The paper presents a project to simulate the launching of a remote sensing
microsatellite

(Lutz et al., 2014)

The paper presents an undergraduate software engineering program

(Sangwan et al.,

2007)

It refers to a full book that addresses the success of global development
teams. It includes planning, organization structure, and monitor and control
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(Holt, 2005) The paper addresses software risk management

(Rodriguez et al., The paper presents a tool that implements the theory of systems and

1999) biology applied to software development
(Wakefield et al., Investigation of conflicts and leadership in distributed teams. The findings
2008) show the role that leaders have to play to manage conflicts and how

communication technologies are effective in mitigating task conflicts

(Watkins, 2009) The paper reports on the use of web 2.0 in software engineering capstone

COourses

Appendix 9. Scope of the studies analyzed to identify team cohesion antecedents resulting

from literature review 2*

Study Contribution

(Hoegl & The paper presents a proposal of the teamwork quality concept. It includes

Gemuenden, the following facets: balance of member contributions, mutual support, effort,

2001) and cohesion. Explores the relationship between this concept and project
success. They found cohesion relates to project success

(Hoegl & The article reports on an evaluation of the relationship between team

Proserpio, member proximity and the proposed concept of teamwork quality. They

2004) found team member proximity relates to team cohesion

(Jeanne M. The paper presents a model of perceived proximity, the feeling of being

Wilson et al., close to geographically distant colleagues. The authors found perceived

2008) proximity is related to team cohesion

(H. L. Yang & By using a social network approach the authors study the relationship

Tang, 2004) between team structure and ISD team performance. They found team
cohesion to be related to performance

(Acufia et al., The relationship between personality, team processes and task

2009) characteristics and job satisfaction, and software quality is explored. They

found personality, task interdependence, and task autonomy related to team
cohesion

(Singh, Param

The paper reports on a study of the influence of structural capital on the rate

Vir; Tan, Yong; of knowledge creation in an open-source project. The authors found that

Mookerjee, projects with greater cohesion among project members were more

2011) successful. Cohesion among the external contacts of a project was found to
have an inverse relationship with the project success

(Magni et al., The effects of team-level processes on individual improvisation in complex

2009) project domains are investigated. The authors found team cohesion affects
individual improvisation and moderates the influence of team behavioral
integration on individual improvisation

(Karn et al., The effects of personality and software methodology on team cohesion are

2007) studied. They found them to be correlated

(Kang et al., Proposal of an approach for human resource allocation. They identify

2011) cohesion as one of the team level characteristics related to developers that

constrain human resource allocation in their approach

(Sarker et al.,
2009)

Factors that explain the reason for an individual to be considered a leader by
team members in different locations in virtual teams are investigated. They
found that in cohesive teams, ISD ability, contribution, and knowledge
transfer were found as significant predictors of remote leadership emergence

(Lakhanpal,
1993)

The question of how group characteristics influence team performance is
answered. Team cohesion was found to strongly and significantly influence
team performance

.(Franca et al.,
2014)

Through two qualitative case studies, the authors investigate software
engineers' motivation in industrial practice. They found team cohesion
important in a motivating working environment establishment
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(S. Wood et al.,
2013)

The authors evaluate the impact of agile practices and general team factors
in software teams’ performance. They did not find team cohesion (measured
as morale and belongingness) significantly related to performance

(Rothenberger
et al., 2010)

The paper reports on how implementation teams' attributes affect the
adoption of enterprise resource planning (ERP) systems. They found that
cohesion is not a necessary precursor to project success as its impact
depends on the adoption context

(Whitworth &
Biddle, 2007)

The authors explore socio-psychological characteristics of agile teams. They
found agile practices to influence team cohesion due to their ability to
support collective team culture

(Xuan et al.,
2015)

A proposal of a methodology for identifying temporal motifs in task-oriented
social networks is presented. The authors found that models based on
temporal motifs can be used to more precisely relate team cohesion to
programmer productivity

(Chung-yang
Chen et al.,
2014)

The effects on the teamwork of a team process are known as the Meeting-
flow approach. The authors found the approach to significantly improve team
communication and coordination, as well as balances members’
contributions by giving mutual support and effort. The approach had less
influence, however, on team cohesion

(Fagerholm et
al., 2013)

The process of onboarding into virtual Open Source Software teams is
studied through multiple study cases. Team cohesion is mentioned
concerning mentoring, which was found an important factor in onboarding.
The authors consider mentoring may promote cohesion within distributed
teams. This asseveration was not supported however through empirical
evidence

(Acufia et al.,
2008)

In this study the relationship between personality, team processes, tasks
characteristics, product quality, and satisfaction in software teams. They
found task characteristics, conflict, and personality traits significantly relate
to the cohesion of student teams

(Freitas et al.,
2008)

A tool to support communication in distributed software development is
presented. The authors claim that the tool contributes to maintaining team
cohesion. They do not provide however empirical evidence of it

(Whitworth,
2008)

A gualitative study that explores what aspects of agile software development
practices influence team cohesion. They found that while often agile
methods successfully support team cohesion within a limited period and
context application, when these aspects change, some problems arise

(Stawnicza,
2015)

‘Teamness' or a sense of team unity in globally distributed projects is
addressed through a systematic literature review. lIts relationship with the
use of ICT is explored through interviews

(Castro-
hernandez et
al., 2015)

The authors evaluate the effect of feedback on team members’ behaviors in
a global software development project. A cohesion-based feedback module
for a collaborative software system was developed. They found that the
teams that used the feedback module were significantly more cohesive than
those not using it

(Liu & Cross,
2016)

The paper presents the development of a model of project team technical
performance through a structural equation model. They found cohesion as
one of the related factors

(Mcavoy &
Butler, 2009)

The paper reports on field observations that investigate failures associated
with learning a new agile software development methodology in a software
project team. The authors found that the desire for cohesion within the team
had positive benefits for the team but also influenced the failure of the team
to learn. The authors hypnotize this could be related to the desire to conform
that prevented double-loop learning in the team

(McAvoy &
Butler, 2005)

The paper reports on a case study that investigates changes to the
development environment produced by the introduction of a new software
development methodology. The authors claim that the team cohesion, and
the groupthink that evolved from it, was a factor in a failure to change to the
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new methodology

(Castro-
Hernandez et
al., 2016)

The article reports on a study that compared interaction-based measures
and their ability to predict cohesion for virtual global software teams. The
measures address different types of communication similarities and
guantitative communication characteristics. They found several measures in
both categories were good predictors of task cohesion

(Castro-
Hernandez,
2016)

The article refers to the research questions and methodology of a study to
compare interaction-based measures and their ability to predict cohesion for
virtual global software teams

(Rutz & Tanner,
2016)

The authors investigate factors that influence team performance in global
virtual teams. The authors claim that team cohesion leads to performance in
global virtual teams. As a result of this study, they also found trust climate,
leadership, diversity, collaboration, shared understanding, and goal setting to
influence team cohesion

(Gabelica et al.,
2016)

The article addresses how teams coordinate the creation of new knowledge.
The study showed how team learning behaviors and team reflexivity, driven
by task cohesion, and group potency support coordination development,
which in turn predict team performance

(Xue et al.,
2015)

Drawing from the team-shared mental model, the authors address the
influence of awareness of members’ skills and perception of shared
governance in task cohesion for fast-response spontaneous virtual teams.
They found both factors to significantly influence perceived task cohesion.
Besides, task cohesion was positively related to performance and member
satisfaction

(C. Wood,
1998)

The paper reports on a study related to team code ownership, an agile
software development practice. Through observations and interviews, the
authors concluded that team code ownership is a feeling to be engendered
not police to be decreed and high team cohesion perceptions of developers
positive influence this feeling

(Dingsoyr et al.,
2016)

The article reports on factors influencing the performance of software
development teams. Team cohesion was found to be one of them

(Sedano et al.,
2016)

The paper reports on a study related to team code ownership, an agile
software development practice. Through observations and interviews, the
authors concluded that team code ownership is a feeling to be engendered
not police to be decreed, and high team cohesion perceptions of developers
positive influence this feeling

(Jovanovic et

The paper presents a set of games to improve agile software development

al., 2015) processes. It includes “team cohesion games” that are game activities
focused on team building and motivation. The authors state that the
proposed team cohesion games may improve ice braking, morale,
relationship, team building, innovation, and expectations

(Doman et al., An approach to team management in classroom settings is presented. The

2015) authors claim that the approach led to better team cohesion. However, no

empirical data is provided to support this claim

(Weimar et al.,
2013)

The article aims to study factors influencing the performance of software
development teams. The authors propose an extension of the teamwork
factors model (Hoegl & Gemuenden, 2001). Besides they present a study
design to validate this extended model. Team cohesion is seen as one of the
factors influencing performance

(Garry &
Change, 2013)

The paper discusses the design of a study that aims to answer the following
research question: How does group cohesiveness impact the relationship
between time pressure and group decision-making quality?

(Ralph &
Shportun,
2013)

The paper reports on a case study that examines abandoned Scrum
implementation. The authors found that during the transition to Scrum, team
cohesion collapsed. This hindered both the development performance and
performance of the Scrum transition itself. From the analysis of this case
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study, the authors propose team cohesion to be addressed together with
task/team familiarity and transactive memory in Scrum adoption and team
performance

(Wellington et
al., 2005a)

The paper reports on a study that compares software engineering student
teams working with a plan-driven methodology (TSP) others using the agile
methodology XP. They use two measures to assess team cohesion. One of
these measures did not find significant differences between the two kinds of
teams. However, the second measure revealed higher levels of overall
cohesion in XP teams and higher sub-team cohesion in TSP teams

(Chidambaram
& Carte, 2005)

The article presents a team interaction model that uses collaborative
technologies to leverage the positive aspects of diversity and prevent the
negative ones. The model is tested by comparing collocated and virtual
teams. The authors found that the most diverse teams had the largest
cohesion increase. However, the most cohesive groups overall were the
moderately diverse collocated teams

(Wellington et

This paper reports on a similar study to the one reported in (Wellington et al.,

al., 2005b) 2005a). Their findings support similar conclusions about how the
methodology was affecting cohesion
(Rassias & The article reports on the development of a tool to assist project managers in

Kirytopoulos,
2014)

assessing the functioning of virtual teams and its evaluation through a case
study. Through a literature review team, cohesion was identified as one of
the main factors that influence the functioning of a virtual team

(Case et al.,
2013)

A proposal of an introduction program of globally distributed teams into
undergraduate software engineering courses is presented. A pilot study is
briefly discussed and guidelines of the design of further research are given.
The authors claim that during the pilot study the virtual teams generally rated
higher on negative team processes such as emotional conflict and lower on
such positive team processes as cohesion. However, the authors do not
present empirical evidence to support this claim

(Shaikh et al.,
2016)

The article presents a method to form software engineering student teams.
The method is tested through a study that compares the levels of team
cohesion in a group that received the intervention compared with another
that was not intervened. The study showed the method to be effective

(D. Chen et al.,
2011)

The article presents the experiences of three participants in an
undergraduate research program. They discuss possible causes of the team
cohesion that participated in this program. The authors consider that the fact
that participants appeared to see each other to be competent programmers
enhanced cohesion. However, they do not present any empirical evidence to
support this claim

(De Farias et
al., 2012)

The paper reports on an interview study to identify risks associated with
communication in distributed software development. The authors provide a
set of recommendations to develop communication. Among these
recommendations, they state that promoting frequent communication and
socialization at the beginning of the projects may enhance cohesion

* The studies that were identified to address team cohesion antecedents are shown in grey

Appendix 10. Excluded papers from literature review 3

1.1Excluded papers not available

Authors Title
Koc, Guler; Aydos, Murat Trustworthy Scrum: Development of Secure Software with
Scrum

Richenhagen, Johannes;
Pinnekamp, Jochen; Konenki,
Vijay Kumar; Schumacher, Max

Developing Adaptive Lighting in an Agile Software Factory
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Patel, C., Ramachandran, M. INSERT: An Improved Story card Based Requirement
Engineering Practice for Extreme Programming

Patel, C., Ramachandran, M. Acceptance test driven story card development: An
improved requirement elicitation process in XP

Plesa, Sorina; Prostean, Gabriela Knowledge Management for Model Based Design Software
Products

1.2 Excluded full books of proceedings

Conference Year

CEUR Workshop 2017

9th International Workshop on Cooperative and Human Aspects of Software 2016
Engineering

16th International Conference on Software Process Improvement and Capability 2016
Determination

8th International Workshop on Cooperative and Human Aspects of Software 2015
Engineering

22nd European Conference on Systems, Software and Services Process Improvement 2015

IEEE 9th International Conference on Global Software Engineering 2014

European Conference on Systems, Software and Services Process Improvement and 2014
Innovation

14th International Conference on Computational Science and Its Applications 2014
1st Asia Pacific Requirements Engineering Symposium 2014
20th Americas Conference on Information Systems 2014

ACM |/ IEEE International Symposium on Empirical Software Engineering and 2013
Measurement

19th Americas Conference on Information Systems 2013

13th International Conference on Software Process Improvement and Capability 2013
determination

24th Australasian Conference on Information Systems 2013

International Conference on Business Information Systems Workshops 2013

8th International Conference on the Quality of Information and Communications 2012
Technology

18th Americas Conference on Information Systems 2012
Human-Centered Software Engineering - 4th International Conference 2012
4th International Conference on Human-Centered Software Engineering 2016
ACM International Conference Proceeding Series 2012
5th International Conference Evaluation of Novel Approaches to Software Engineering 2016
7th European Conference on Modelling Foundations and Applications 2011

ACM International Conference Companion on Object Oriented Programming Systems 2010
Languages and Applications Companion

ICSE Workshop on Cooperative and Human Aspects on Software Engineering 2009
14th Americas Conference on Information Systems 2008
International Conference on Software Engineering Theory and Practice 2007
13th Americas Conference on Information Systems 2007
AGILE Conference 2016 2006

1.3Excluded papers not relevant for this study

Reference Scope of the study

(Bezuidenhout & Baier, The paper focuses on the sugarcane production field

2011)

(Steghdfer et al., 2016) The paper focuses on the teaching of agile methods

(Faria et al., 2012) The paper presents a methodology for programming teaching

(Masson & Udas, 2009) The paper focuses on open educational resources

(Joy, 2005) The paper argues on changes needed for computer science
curricula
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(Baum et al., 2017)

The paper reports on a comparison of two code review technigues

(Ghobadi et al., 2017)

The paper report on the role of competitive rewards on knowledge
sharing in pair
programming teams

(Abdul et al., 2018)

The paper report on the experiences in partnership between a
company in the energy sector and a university

(Hebig & Wang, 2017)

The paper focuses on quality assessment of measurement
programs

(Plesa & Prostean, 2018)

The paper focuses on knowledge management

(Zimmermann, 2016)

The paper presents a set of architecture practices and techniques
from industrial experiences and existing literature

(Aktunc, 2012)

The paper focuses on software complexity metrics

(Guetat et al., 2011)

The paper focuses on the development of Information Systems
urbanization

(Shankarmani et al., 2011)

The paper proposes a method that tackles agile teams
performance based on football rules

(Lopez-Nores et al., 2009)

The paper focuses on continuous integration

(Angela Martin et al., 2006)

The paper reports experiences shared in a panel on politics and
religion in agile software development

(Singh et al., 2005)

The paper presents a Concurrent Versioning System (CVS) for
agile development

(Lyytinen & Rose, 2005)

The paper focuses on IT innovation in agile development

(Ghani et al., 2016)

This chapter book addresses models and frameworks for agile
methods adoption

(Habib, 2016)

Book on supply chain management

(Tambo et al., 2015)

The book chapter focuses on the use of feral information systems
in Denmark

(Hajou et al., 2014)

The paper reports the results of a literature review on the
development of software projects in the pharmaceutical industry

(Olsson et al., 2013)

The paper focuses on agile working during software evolution

(Shull, 2013)

The paper focuses on big data

(Heikkila & Lassenius,
2011)

The paper reports literature review on release planning in globally
distributed agile software development

1.4Excluded papers with too narrow scope

Reference

Scope of the study

(Stavru, 2014)

The paper addresses the trustworthiness of the surveys that
investigate the usage of agile methods

(Dullemond et al., 2009)

The paper reports on advantages, challenges, and
technological support to combine agile software development
and global software engineering

(Diaz et al., 2014)

The paper presents a process for agile construction and
evolution of product-line architectures

(Julian M Bass, 2013)

The paper reports on practitioners descriptions on the role of
product owners The findings show that product owners deal
with nine responsibilities

(L. Chen, 2017)

The paper addresses continuous delivery adoption

(Moe et al., 2016)

The paper presents a framework for establishing shared
knowledge in global virtual agile teams

(van Kelle, Evelyn; van der The paper presents a conceptual model of social factors

Wijst, Per; Plaat, Aske;
Visser, 2015)

influencing software development projects success

(Vilkki, 2010)

A presentation that reports on the use of agile methods in Nokia
Siemens Networks

(Esfahani & Yu, 2010)

The paper presents a repository of knowledge on the agile
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method

(Thomas & Baker, 2008)

The paper reports on experiences on the application of agile
methods and the challenges associated with business needs
and investments

(Chau & Maurer, 2004)

The authors propose a set of knowledge sharing tools to
facilitate inter-team learning

(Miglierina, 2015)

The paper focuses on cloud computing and present a set of
tools to facilitate release processes

(livari & livari, 2011)

The paper hypothesizes about the relations of organizational
culture and agile methods deployment

(Barksdale et al., 2009)

The paper presents an approach the use concept maps to team
interaction on an agile usability project. The authors state that
the approach contributes to mitigating team conflicts although
this claim is not supported

(S. A. Licorish & Macdonell,
2013)

The paper reports the results of analysis over teams’ attitudes
and behaviors of practitioners working in a Jazz repository

(Feegri, 2010)

The paper reports on barriers that can influence group learning
and the adoption of agile methods in software organizations

(Abdelnour-nocera &
Sharp, 2008)

The paper reports on a case study organization in adopting an
agile development

(Xiaohua et al., 2008)

The paper discusses the developers and customer interactions
in XP projects

(L. Yilmaz & Phillips, 2006)

The paper presents the basis of an agent-based tool for
simulation modeling of agile software processes

(Oni & Letier, 2016)

The paper presents the basis of a tool for deciding what
features develop

(Yoshii & Higa, 2011)

The paper reports on the Japanese software development style
in Offshore software development (OSD) projects

(Park & Maurer, 2010)

The paper reports on network analysis in a software
development community

(Sadun, 2010)

The paper presents experiences in working with subcontractors
in distributed Scrum teams

(Barney et al., 2009)

The paper reports on an experience in Atlassian software
company, where the developers get a day to work in whatever
they like

(Seger et al., 2007)

The paper reports on relationships between specific indices of
organizational climate The paper tackles the relationship
between team climate and individual self-efficacy

(de Assis et al., 2017)

The paper addresses difficulties in the adoption of Scrum
methodology for companies that used to apply plan-driven
methodologies

(Bendix & Pendleton, 2014)

The paper reports problems regarding coordination processes
and communication

(S. A. Licorish et al., 2013)

The paper reports the results of analysis over a Jazz repository
of various practitioners roles, attitudes, and shared
competences

(Cagle, 2012)

The paper discusses proposals to architecture design in
adopting agile methods

(Yasin et al., 2009)

The paper presents a method for designing story cards in
Extreme Programming using artificial intelligence techniques

(Onions & Patel, 2009)

The paper present the design of an extension of a tool for
supporting story cards acceptance

(Weaver, 2015)

The paper presents a framework for the design and installation
of systems in the Human Factors Engineering Program
(NUREG-0711)
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(Bellenzier et al., 2015)

The paper presents a conceptual model that relates the Scrum
adoption to software team productivity

(Hadar & Sherman, 2012)

The paper reports on a qualitative study on software
architecture in agile development

(J.M. Bass, 2012)

The paper reports the results of a case study that showed
reasons to adopt agile practices in software enterprises

(Xiong & Wang, 2010)

The paper presents a method that uses User Center Design
(UCD)

(Rusnjak et al., 2010)

The paper presents a framework for eCommerce software
development

(Patel & Ramachandran,

2009)

This book section presents guidelines for agile requirement
engineering

(Keith et al., 2017)

The paper reports on the role of task uncertainty in advice
networks for IT projects in general

(Parsons et al., 2007)

The paper analyses practices of usability engineering in agile
development

(Crawford et al., 2014)

The paper presents a general discussion on the role of conflicts
management in agile development

(Mclean & Jain, 2007)

The paper focuses on interoperability tests

(Tai, 2005)

The paper focuses on effective communication in agile
environments

(Leitdo et al., 2003)

The paper focuses on the specification of holonic control
systems

(Wendorff, 2002)

The paper discusses underlying assumptions from the
perspective of organizational culture that can influence agile
methods application

(Torgeir Dingsgyr et al.,
2012)

The paper reports on agile software development research

(Buchan et al., 2017)

The paper reports on an exploratory case study that addresses
expectations on user involvement in ASD

(Shrivastava & Rathod,
2015)

The paper report on the identification and classification of risk
factors in distributed software development and management
techniques

(livari & livari, 2011)

The paper focuses on organizational culture and the adoption of
agile methods

(Kennedy et al., 2017)

The paper reports on a literature review that focuses on the
aviation industry and the DO-178C standard for safe aviation
software

(Moe et al., 2009)

The paper reports on a study that observed teams transition to
an agile culture

Appendix 11. Scope of the studies on personality, conflicts and task interdependence in

Agile Software Development resulting from literature review 3

1.1 Studies on personality in ASD

Study Contribution

(Acuia et al., 2009) The relationship between personality, team processes and task
characteristics and job satisfaction and software quality is explored. The
authors found personality, task interdependence and task autonomy
related to team cohesion

(K. S. Choi et al., In a study on the influence of MBTI personality types on pair

2008) programming agile practice, the authors compared groups with diverse
types, alike types and opposite to each other in MBTI type. They found
the sub-group of subjects who were diverse in personality type showed
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higher levels of productivity than both alike and opposite groups. Besides,
comparing alike and opposite groups, the productivity of the opposite
group was greater than that of the alike group

(Papatheocharous
et al., 2014)

This paper describes the initial general ideas of an approach to form
teams based on their collective personality traits along with tools and
methods to improve productivity and satisfaction of software engineers

(Layman & Williams,
2008)

The authors studied the personality types and learning styles of
undergraduate software engineering students. They found no significant
difference in performance (student grades) of different personality types
and learning styles

(S. Licorish et al.,
2009)

The paper presents a prototype software tool component to assist in team
formation by providing lightweight support for personality assessment

(Venkatesan &
Sankar, 2014)

The paper reports on the effects of personality profiles of paired
programming students on their academic performance

(S. A. Licorish &
Macdonell, 2015)

The authors explore the relationship between team communication and
personality traits in global software teams. They found all personality
traits were represented and no one specifically predicted involvement of
members in knowledge diffusion

(Gren et al., 2017)

This qualitative research confirmed the role of personality traits for group
development and maturity

(M. Yilmaz et al.,
2017)

The authors found that effective team structures support teams with
higher emotional stability, agreeableness, extroversion, and
conscientiousness personality traits

(Balijepally et al.,
2006)

The authors analyzed research literature in personality psychology and
group behavior to compare the Five-Factor Model (FFM) of personality
and the Myers-Briggs Type Indicator (MBTI) typology. They found the
model FFM provides better measures for all factors that are measured by
MBTI. In addition, FFM also allows assessing Neuroticism trait

(Acuia et al., 2008)

The authors found job satisfaction positively related to agreeableness and
conscientiousness personality traits. Besides, extraversion and software
product quality were found correlated

(Mazni et al., 2010)

The paper reports on an action research study in applying Extreme
Programming (XP) activities and generating agile documents. The
authors found that a combination of good personality types in a team
influences team performance

(E. K. Smith et al.,
2016)

The paper reports on a study of personality differences among software
engineers regarding work practices, beliefs, and personalities. The
authors did not find personality differences between developers and
testers. Managers were found to be conscientious and more extroverted.
They found several differences for “engineers who are listening to music
and for engineers who have built a tool”. In addition, surveyed developers
that choose “Agile development is awesome” were found to be more
extroverted and less neurotic

(Bhannarai &
Doungsaard, 2017)

The paper proposes a method to predict people suitability for the agile
methodologies by studying personality traits through the application of the
Neighbour (k-NN) classification technique

(Dave Bishop &
Deokar, 2014)

The paper reports that some personality characteristics play a part in
agile methods preference. The author a found positive relationship
between extraversion and agile preference as did openness and agile
preference. A negative relationship between neuroticism and agile
preference was found

(M. Omar &
Khasasi, 2017)

The paper presents a model to form Scrum teams. A personality
behaviors criterion is used in the process to form the teams. However, the
paper does not clarify how these behaviors match Scrum roles

(Baumgatrt et al.,
2015)

The paper reports on a study of Scrum teams to identify personality traits
important for agile software development success. The authors found
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agreeableness is the most important factor for developers.
Conscientiousness was found the most prominent factor for the Scrum
Master. Agreeableness was found to be the fundamental attribute for
Product Owner

(Mazni et al., 2015)

This paper presents personality types among agile and non-agile
software developers. The authors found software developers were mostly
introverted personality types. They also found intuitive, thinking, and
judging personality types dimensions were dominant among software
developers regardless of the software methodology used

(Branco et al., 2012)

The paper discusses the influence of personality types (based on MBTI)
and social relations on the outcomes of Scrum teams. The authors found
that psychological profiles influence the quality, productivity, and goal
achievements

(Fagerholm &
Pagels, 2014)

The paper reports on the value system of experienced developers
working with Lean and Agile methods. The authors compared them to
human values and individual personality and found that “Lean and Agile
values are connected, but not equal, to universal values and personality”

(Sfetsos
Stamelos, 2011)

&

This book section focuses on human resources management in agile
development. The authors propose a model that uses personalities and
temperaments of developers to allocate and rotate developers in applying
pair programming practice

(David Bishop et al.,

2016)

The authors found personality contingencies (change adversity and work
style) to influence preferences for agile methods

(Young et al., 2005)

The paper reports on a study over an XP team to identify how personality
traits are related to the roles performed by team members

1.2 Studies on conflicts in ASD

Study

Contribution

(Drury et al., 2012)

The authors identified conflicting priorities as one of the six key obstacles
to making decisions in agile software development

(Cao et al., 2013)

The paper describes six conflicts that can arise between traditional funding
processes and agile development

(Ramesh et al.,
2017)

The paper presents a framework that describes conflicts and complements
between cultural responses and agile practices in Eastern countries

(Monica
Villavicencio et al.,
2017)

The paper presents some challenges in developing real-world projects in
an academic environment. The most critical was the unavailability of the
client, the conflicts among the members of a team, the use of Scrum to
develop a software product as this is commonly something new for
students, the use of a project management tool, and the allocation of
teaching staff to guide and monitor students as a way of giving them
support for realizing their projects according to expectations

(R. Vijay Anand &
Dinakaran, 2017)

The paper presents a model to address the problem of stakeholder
conflicts. The framework uses multi-voting and binary search trees to
prioritize requirements

(Moe, 2013)

The paper reports on multiple case studies that tackle process
improvement in agile software development teams. The authors found the
long-term quality to conflict with short-term progress

(Rodin et al., 2011)

The paper presents patterns that include the necessary expertise for an
effective release process in ASD. One of the proposed patterns
contributes to eliminating conflicts regarding results and schedule

(Busetta, 2017)

The paper presents a requirement prioritization tool. The authors state that
the application of prioritization activity led to a consensus as the tool
served to conflict negotiation

(Taylor, 2016)

The paper discusses changes in the project manager role while adopting
agile methods. Through an ethnographic approach, the authors found that
project managers deal with conflicts dictated by the new development
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method. While they are expected to contribute towards success, they also
should delegate decision-making to the agile teams. This situation
provokes issues beyond their direct control

(Ozawa & Zhang,
2013)

The paper reports on sociocultural differences between Japanese and
Chinese members while adopting agile methods. The authors discuss how
different values from these cultures triggered conflicting situations and
their solutions

(Alhubaishy &
Benedicenti, 2017)

The authors study whether positive and emotional contagion influences
behavioral teams in agile development. They found positive emotional
contagion minimize teams conflict

(Khan et al., 2014)

The paper presents a framework to resolve conflicts between
stakeholders. The framework integrates Scrum methodology and a Win-
Win requirements negotiation model to bring agility

(Sachdeva &
Chung, 2017)

The paper presents an approach for handling non-functional requirements
security and performance. An industrial case study showed the approach
helped in conflicting requirements situations. The state that conflicts in
non-functional requirements could decrease performance

(Domino et al.,
2004)

The paper reports on how task conflicts influence the agile development
process and its outcomes. The authors found that low to moderate levels
of task conflict improve performance and high levels mitigate otherwise
anticipated positive outcomes

(Salameh & Alnaiji,
2014)

The paper reports on factors that negatively influence project management
offices in software organizations. Conflicts between project and
departmental tasks and conflicting and unclear projects prioritization were
found to affect

(Pechau, 2012)

The paper describes patterns of value-based conflicts that can affect the
development of agile software projects. These patterns are related to
planning, monitor and control, and communication

(Pechau, 2011)

The paper describes patterns of value-based conflicts that can affect the
development of agile software projects. These patterns are related to
information sharing

(Hannay &
Benestad, 2010)

The paper reports on interviews conducted to identify threats to
productivity in agile software projects. Conflicts between organizational
control and flexibility were identified as one of them

(Ramesh et al.,
2012)

The paper presents a conceptual framework of ambidexterity in agile
distributed development. Through case study research they found that
conflicting demands between alignment and adaptability can be addressed
by practices that shape performance management and social context,
which are antecedents of contextual ambidexterity

(Julian M Bass,
2015)

The paper reports on a study on the Scrum Master role in organizations
adopting agile methods. The findings show conflicts of interest that arises
when the Scrum Master and Project Manager roles are combined in
practice

(Cram et al., 2016)

The paper presents the concept of Information Systems (IS) control
alignment. It reports on how the IS control dimensions (i.e. the degree to
which the control environment, control mechanisms, socio-emotional
behaviors, and control execution) could complement and/or conflict with
one another. Through case studies research the authors identified patterns
of conflicting as well as complementary control dimension

(O'Reilly, C;
Morrow, P; Bustard,
2003)

The paper presents a tool that supports automatic notification for direct
conflicts while several developers work on the same revision of an artifact
simultaneously in a Concurrent Versions System (CVS)

(Antonio Martin et
al., 2013)

The paper presents an inter-team interactions framework. Inter-personal
conflicts were identified as one of the factors (ten in total) included in this
framework that can negatively influence inter-team interaction speed

(Butgereit, 2017)

The paper reports on the use of quality tests to solve the social conflict
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between agile software development teams and non-agile teams

(Cao, 2012)

The paper addresses dynamic capability in delivering trustworthy software
in a changing environment. Conflicts raised by trustworthy development in
dynamic environments are discussed

(Brinker &
Marcolina, 2016)

The paper discusses conflicts faced by two teams implementing agile and
plan-driven philosophy at the same time. The authors make suggestions
on how to mitigate these conflicts

(Abdelnour-Nocera
& Sharp, 2012)

The paper reports the results of a case study that identified conflicts
between stakeholders arising in adopting agile methods

(Chetankumar &

The presents a model for story card-based requirement engineering that

Ramachandran, includes solving requirement conflicts

2008)

(Chetankumar & This book section describes the model for story card-based requirement
Ramachandran, engineering presented in (Chetankumar & Ramachandran, 2008)

2009c)

(McMahon, 2004)

The paper reports on conflicts that arise when software companies that
use agile methods collaborate with others that use traditional methods.
The author provides recommendations to solve them

(Gren, 2017)

The paper reports on how agile practices relate to interpersonal conflicts.
The author found lIterative Development and Customer Access to be
negatively related to interpersonal conflicts

(R.V. Anand &
Dinakaran, 2017)

The paper presents a model for prioritizing requirements. Stakeholder
uses relative weighting to prioritize in this model. The approach tackles the
problem of stakeholders conflicts

1.3Studies on task interdependence in ASD

Study

Contribution

(Kuthyola et al.,
2017)

The authors study whether task interdependence and teamwork quality
relate to agile development. They confirmed this relationship through a
survey study. In addition, they found teamwork quality to mediate the
relationship between task interdependence and project performance

(Barbosa et al.,
2017)

The paper reports on a preliminary qualitative study regarding the effects
of trust on task interdependence in agile development. The authors found
trust to impact task interdependence

Appendix 12. Analysis of the selected studies on the learning strategies in order to identify

specific approaches to be included in ASEST+

1.1 Agile methodologies addressed in the articles related to the learning strategies

XP Scrum Kanban Crystal Clear | Other*

(Viljlan Mahnic, 2012) X

(Viljan Mahnic, 2010) X

(Rico & Sayani, 2009) X X
(Rodriguez et al., 2015) X

(Viljan Mahnic, 2015a) X X

(Viljan Mahnic, 2015b) X

(Kropp et al., 2016) X X

(J. J. Y. Chen & Wu, 2015) X

(Manamendra et al., 2013) X

(Teiniker et al., 2011) X X
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(Kessler & Dykman, 2007) X

(Paasivaara et al., 2014)

(Damian et al., 2012)

(Paasivaara et al., 2017)

XX X | X

(T. Smith, Tull, et al., 2011)

(Shahzad & Slany, 2009) X

(Steghofer et al., 2017)

(Ménica Villavicencio et al., 2017)

(V. Mahnic & Casar, 2016)

XX X | X

(Lynch et al., 2011b)

*|t refers to a new proposal not widely used

1.2 Studies addressing Scrum and the learning strategies of ASEST

Project-based Role-playing

learning gaming Team-based
Study strategy strategy strategy General approach
(Lynch et al., 2011b) Lego blocks

Capstone
(Viljan Mahnic, 2012) course

Capstone
(Viljlan Mahnic, 2010) course

Capstone
(Rodriguez et al., 2015) | course

Capstone Agile
(Kropp et al., 2016) course collaboration
(Manamendra et al., Capstone
2013) course

Capstone

(Teiniker et al., 2011) course

Literature review on

(Viljan Mahnic, 2015a) Scrum in SEE
(Paasivaara et al.,
2014) Lego blocks
(Paasivaara et al., Capstone
2017) course Lego blocks
Capstone

(Damian et al., 2012) course

Presents a software

(V. Mahnic & Casar, tool not available for
2016) free use

(T. Smith, Tull, et al., Capstone

2011) course

(Steghofer et al., 2017) Lego blocks

(Ménica Villavicencio et | Capstone

al., 2017) course Lego blocks

Appendix 13. Analysis of the selected studies on cohesion antecedents in order to identify

specific approaches to be included in ASEST+

1.3Methodologies addressed

Study ' XP | Scrum | General approach
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(Abdelnour-Nocera & Sharp, 2012) X X
(R. Vijay Anand & Dinakaran, 2017) Algorithm for requirement
prioritization
(R.V. Anand & Dinakaran, 2017) Algorithm for requirement
prioritization
(Drury et al., 2012) X
(Khan et al., 2014) X
(Busetta, 2017) Tool for requirement prioritization not
available for free use
(Chetankumar & Ramachandran, X
2009a)
(Chetankumar & Ramachandran, X
2009Db)
(Chetankumar & Ramachandran, X
2009c¢)
(Sachdeva & Chung, 2017) X
(Young et al., 2005) X
(Mazni et al., 2015) Personality type preferences (based
on MBTI) for agile developers
(Baumgart et al., 2015) X
(S. Licorish et al., 2009) Tool to identify personality (in)
compatibilities not available for free
use
(M. Omar & Khasasi, 2017) X
(Papatheocharous et al., 2014) X
1.4Excluded studies
Study Conflicts | Personality | Reason to exclusion
(Abdelnour-Nocera & X Through a case study, some types of
Sharp, 2012) conflicts are identified. It is not clarified
however how to handle them
(Drury et al., 2012) X Through case studies, conflicting priorities
between stakeholders are identified to
influence decision-making. It is not clarified
however how to handle them
(Sachdeva & Chung, | X Focuses on security and performance non-
2017) functional requirements for big data and
cloud projects
(M. Omar & Khasasi, X Does not clarify how to match personality
2017) traits-roles
(Papatheocharous et al., X Reports the first general ideas of their
2014) approach

Appendix 14. Data from the teachers’ survey on the final framework ASEST+

1.1 Teachers’ assessment on practicality and acceptability

Item

Score
Averages

Practicality: the likelihood that the approach could be effectively used in agile software

engineering education.
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1. Would this approach be easy to implement? 4.5

2. Would this approach take an unreasonable level of effort? 1
3. Would this approach be difficult to learn? 1
4. How confident are you that this approach would fit in with the program? 5

Acceptability: whether the teachers thought the approach would be accepted by their
colleagues.
1. Would you encourage the use of this approach as part of the program? 5

2. How likely is it that the other teachers of the program will adopt the use of 4
this approach?

1.2 Teachers impressions and concerns

Impression: the teacher's overall perspective of the approach

1. What are your thoughts about the use of this approach?

Teacher 1:

| think the steps and phases of the framework are well structured. The materials provided for its
application were clear. To have participated in a previous application of ASEST+ helped me to fully
understand this proposal and how to apply it in my courses. | felt confident to do the activities with
ease. The students showed high motivation. | believe ASEST+ has tremendous value for our
program and to the education of software engineers in general as teamwork is extremely important
for software engineers. Besides, the framework covers critical issues for software teams, especially
for agile development. | believe that with more recommendations to adapt the framework to
different contexts, this proposal would be more easily adopted by other teachers

Teacher 2:

| think the ASEST+ framework is a very good proposal to educate software engineers. As the main
professor of the discipline “software engineering” of our program, | will propose to our colleagues to
include ASEST+ in other courses as well. In the beginning, | was a bit hesitant about the use of
rules. | thought the students would not stick to the agreements. But instead, | could see that
students liked to have some way to norm the teamwork. | now believe that rule agreement are an
effective mechanism to guide team behaviors

2. Do you see potential benefits in the use of this approach? If so, what are a few?

Teacher 1:

ASEST+ combines the current approach to teach students how to work and stick together as a
team. It levers up teamwork in an agile environment and its application does not require too many
resources

Teacher 2:

ASEST+ is a novel teaching framework that can potentially benefit the quality of our graduates.
This framework considers how several important aspects for software teams like conflict
management, personality types among others, have been addressed in the industry. Therefore, the
students can be better prepared to face their professional life while working in teams. The course
design considers industry experiences as well and is easy to adapt to agile development courses

3. Do you see potential costs in the use of this solution? If so, what are a few?

Teacher 1:

| don’t see any costs beyond the time required for teachers to be prepared to apply it, adapt the
framework to their courses, and prepare some materials

Teacher 2:

The Lego blocks needed for the training are too expensive in our country if not available at all. The
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activities could take more time than the initially planned if not well scheduled

4. Do the potential benefit(s) will outweigh the potential cost (s)?

Teacher 1:

Yes, for sure. It would help to share recommendations from other teachers already applied the
framework

Teacher 2:

Definitely yes. The Lego blocks could be substituted with lower-cost materials. Some activities
could be assigned to be done outside of the classroom

5. Do you see the ASEST+ as a more strategic approach (addressing key issues) or brute force
approach (merely another approach)?

Teacher 1:

| think ASEST+ is a strategic approach as teamwork is the main aspect of software development.

Besides, it includes current trends from software engineering education and practices from the

industry as well. Therefore, ASEST+ is in line with current pathways to deliver well and updated

engineers to the industry

Teacher 2:

| consider ASEST+ as a strategic approach as it tackles the main issue for software engineering in

a novel way. Moreover, | think it is more strategic for our program as teams generally remain

working together along with several courses. | see ASEST+ as a flexible approach to be adapted in

several courses

Concerns: what aspects of the approach might cause them to hesitate using the approach

6. What do you dislike about the solution?

Teacher 1:

| don’t have any complaints. | found ASEST+ easy to apply and innovative. Besides students felt
motivated and showed good performance

Teacher 2:

Sometimes it is a bit difficult to track the information generated individually and collectively. It would
help to have software to support information management along with the steps

7. What modifications would you make to the approach?

Teacher 1:

It would be of great benefit to provide some guidance to teachers to adapt and evaluate the
learning environment. | believe that involving students to identify opportunities to improve might be
good as well

Teacher 2:

I would highlight the most effective rules each time they are evaluated (for instance putting them in
a visible place) in such a way the team feels them part of their achievements. A software tool
would facilitate tracking the process and managing information. This could allow incorporating
mechanisms to recognize patterns of behaviors, anticipate changes needed, etc
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