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Abstract—
Agile Software Development (ASD) has become the mainstream
software development method of choice. Its core fundamentals
are based on Teamwork factors and the higher value it gives
to individuals and their interactions over processes and tools.
Teamwork and human factors have been addressed as essen-
tial topics in the literature, and researchers have stated the
importance of measuring it to increase the chances of success
of ASD projects. However, there is no common understanding
regarding the factors that should be considered for defining an
ASD Teamwork construct. Driven by this problem, this paper
presents a thematic network that defines the themes (i.e., factors)
that should be considered when addressing ASD Teamwork. The
ASD Teamwork thematic network is the result of a process that
consisted of (i) defining the studies used as a data source through
a literature review; (ii) extracting data from these studies; (iii)
translating this data into codes; (iv) translating the codes into
themes; (v) creating the model of higher-order themes; and,
(vi) assessing the trustworthiness of the synthesis. The resulting
thematic network comprises four higher-level themes: Cohesion,
Orientation, Shared Leadership, and Autonomy. We believe that
the constructed thematic network can be generalized to ASD
and used as the basis by researchers who intend to explore
ASD Teamwork. Further, practitioners can use our results to
understand agile teams’ dynamics better and improve their
efficiency.

Index Terms—Teamwork; Agile Software Development; Agile;
Thematic Network; Construct

I. INTRODUCTION

According to Hoda et al. [1], Agile Software Development
(ASD) has become the mainstream development method of
choice. The main reason for adopting ASD is its capability
to respond to environmental changes, such as requirements,
quickly. Usually, agile initiatives embrace iterative develop-
ment, which means dividing the delivery process into short
iterations, allowing requirements to be refined on a regular
basis [2].

Additionally, to enable responsiveness to change, the Agile
Manifesto [3] states that ASD values individuals and interac-
tions more than processes and tools [4]. The team’s importance
in ASD is evidenced by the Agile Manifesto having six out
of the twelve principles directly related to the team (i.e., in-
dividuals). Moreover, other researchers have recently assessed
the relationship of team members’ personality on Teamwork
quality (TWQ) in the context of ASD [5].

Research has shown that TWQ has a positive impact on
team development [6], [7], and is, consequently, essential for
succeeding with ASD [8], [9], [10], [11], [12]. Batista et
al. [13] discussed that the effective combination of individual
parts, often carried out by software development teams, re-
quires interactions among team members and the coordination
of interdependent individual and team level tasks. Given its
impact, researchers argued about the importance of assessing
TWQ to increase the chances of succeeding with ASD [13],
[14].

In this context, researchers have proposed instruments for
assessing ASD Teamwork quality. Moe et al. [15] presented a
Radar Plot that considers five dimensions for assessing TWQ:
Shared Leadership, Orientation, Redundancy, Learning, and
Autonomy. Lindsjørn et al. [16] presented a Structural Equa-
tion Model, based on a differentiated replication [17] from [6],
which considered that the Teamwork construct is comprised
of six variables: Communication, Coordination, Balance of
Member Contribution, Mutual Support, Effort, and Cohesion.
Finally, Freire et al. [14] proposed a Bayesian networks-
based model with 16 variables, which had its practical utility
positively assessed in a case study.

Unfortunately, there is still no common understanding of
what factors should be considered in the ASD Teamwork con-
struct. Except for the instrument proposed by Freire et al. [14],
which claimed to have considered the factors presented in
Lindsjørn’s et al. [16] and Moe’s et al. [15] instruments, there
is no direct similarity between any of the ASD Teamwork
factors in these last two instruments. Even though Freire et
al. [14] considered factors from the other two instruments, it
does not contain them all; it does not include the variable
Balance of Member Contribution, which is part of the ASD
Teamwork construct presented in [16]. Moreover, except from
the ASD Teamwork factors presented in [14], we did not find
other study in the literature that presented a similar list based
on the literature. Therefore, we believe that there is still a need
to develop a comprehensive and shared understanding of the
essential factors included in the ASD Teamwork construct.

To address this gap, we identified the ASD Teamwork
factors presented in the literature through thematic analysis,
following the guidelines presented by Cruzes and Dyba [18].
This paper presents the employed methodology and the re-
sulting thematic network, which comprises the factors (i.e.,



themes) for ASD Teamwork and their relationships.
The remainder of this paper is organized as follows.

Section II presents necessary background and related work.
Section III presents the employed methodology. Section IV
describes the resulting thematic network. Section V discusses
this study’s findings in light of its implications for research and
practice. Section VI discusses this study’s threats to validity.
Finally, Section VII presents our final remarks.

II. BACKGROUND AND RELATED WORKS

Freire et al. [14] present a Bayesian networks-based model
to assess and improve the TWQ in the ASD context. To
build the model, the authors listed many ASD Teamwork key
factors extracted from the literature. Based on the knowledge
of an expert and the resulting list, they used reasoning on
a top-down approach - starting with the target node (i.e.,
Teamwork quality) - breaking down higher-level factors into
others they judged more observable. In [14], the authors also
present the results of a case study in which their instrument’s
practical utility was assessed. They concluded that their model
helps agile teams assess TWQ and identify improvement
opportunities, is easy to learn, and the cost-benefit for using
it with the proposed procedure is positive.

Lindsjørn et al. [16] presented a Structural Equation Model
instrument, based on a differentiated replication [17] from
a study of Hoegl and Gemuenden [6], which considered
that the Teamwork construct is comprised of six variables:
Communication, Coordination, Balance of Member Contribu-
tion, Mutual Support, Effort, and Cohesion. Lindsjørn et al.
assumed that study presented in [6] focused on traditional
software development methodologies and analyzed how the
theory presented in it applies to ASD. As a result, they
concluded that the quality of the Teamwork is a major factor
in improving team performance, especially for the product’s
quality.

Moe et al. [15] propose a Radar plot-based instrument to
help diagnose agile Teamwork, which considers five dimen-
sions: Shared Leadership, Orientation, Redundancy, Learning,
and Autonomy. The instrument was presented to a group of
experts comprised of 35 people. They found the model useful
for understanding team problems, such as the team agreeing
on using test-driven development. According to the authors,
the instrument gives researchers and developers a common
language for discussing Teamwork.

III. RESEARCH METHODOLOGY

This section presents the employed research methodology
and partial results - due to space limitations - of the steps
executed for constructing the proposed thematic network. This
study aimed to understand the factors (or dimensions) of agile
Teamwork. Given this, we defined the following Research
Question (RQ):

RQ: Which themes should be considered when defining
ASD Teamwork?

To answer RQ, we employed a thematic analysis ap-
proach [18]. The employed process can be divided into two

main steps: (i) Data Source Definition and (ii) Thematic
Network Construction. The output of step (i) was used as input
for the employed technique we applied in step (ii). In what
follows, Section III-A describes step (i) and Section III-B, step
(ii).

A. Data Source Definition

The first step was to define our data source, in other words,
identify studies that present ASD Teamwork factors. For this
purpose, we used as the initial set of studies the fifteen studies
pointed by Freire et al. [14] (i.e., seed set). Later, we employed
a Forward Snowballing [19] to identify additional primary
studies. To select the studies to be considered on the Forward
Snowballing, we employed the following inclusion criteria:

1) Published in 2019 or later
2) Written in English
3) Published in a Conference proceedings or Journal as full

papers
4) Focused on industry context (i.e., not considering pa-

pers/studies with students or in the academic context)
5) Presents ASD Teamwork factors
We decided to define stringent criteria to consider a paper

relevant in the Forward Snowballing step because we assumed
our start set to be reliable. Such reasoning follows from it
being based on a previews literature review discussed in Freire
et al. [14]. Further, our goal was not to quantify the frequency
of appearance of a factor in the literature in favor of its
relevance, but to identify high-quality studies that discussed
relevant agile Teamwork factors.

We managed the Forward Snowballing process in an online
Google Spreadsheet (see Appendix Table I)1. For each paper in
the seed set, we used Google Scholar to identify papers that
cited it. Wohlin [19] recommends Google Scholar to avoid
bias in favor of any specific publisher. We filtered the results
given the publication date, including only those published from
2019 and later (i.e., we applied Inclusion criteria #1). For
the resulting papers, we screened them and applied Inclusion
criteria #2, #3, and #4. Finally, we analyzed the resulting
papers’ title and abstract in light of Inclusion criteria #5.

On the first iteration, for the 15 papers in the seed set, we
found 13 other papers, from which only six were considered
relevant. The remaining seven were discarded for the following
reasons: being book chapters or workshop papers, did not
present ASD Teamwork factors, or were related to agile
transition only. Given this, our data source for constructing
the thematic network contained 21 papers.

B. Thematic Network Construction

To build the thematic network, we applied the thematic
analysis process proposed by Cruzes and Dyba [18]. Their
guideline is comprised of five steps: (i) data extraction; (ii)
code data; (iii) translate codes into themes; (iv) create a model
of higher-order themes; and (v) assess the trustworthiness of

1https://doi.org/10.6084/m9.figshare.14214431.v1
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the synthesis. All steps in this process were performed by the
first author and checked by the other authors.

For the data extraction step, step (i), we extracted the
Teamwork factors from the papers in our study’s data source
(see Section [14]), alongside text segments describing or
explaining them. The output was a list of 74 ASD Teamwork
factors that served as input for the next step. In step (ii), we
coded the 74 ASD Teamwork factors’ text segments identified
in step (i) given their naming or description. For example, we
labeled the factors Adaptability, Learning, Learning, and Team
Adaptation into the code Learning in our further steps; while
the factors Team Leadership, Shared Leadership, Leadership
and Shared Responsibility were labelled with the code Shared
Leadership.

Then, in step (iii), we translated the codes into themes. This
step has some similarities with the previous one, given the
mechanism that we adopted: group one or more codes into
a theme representing them all. The themes comprised their
representation into a specific Teamwork area that the authors
judged valid given the codes’ and factors’ description. We
grouped the codes that semantically represented a given theme
and considered the ones that we judged essential to the theme
(i.e., comprised essential attributes for the theme concept). For
instance, we translated the codes Coordination, Performance
Monitoring, Task Novelty, and Familiarity into Coordination.
In this case, we considered that Coordination and Performance
Monitoring have similar definitions (i.e., semantics) with re-
gards to the higher-order theme (i.e., Coordination). For Task
Novelty, according to Marsicano et al. [20], when its value is
low, it is more likely that team members assign work between
them adequately. This concept is also related to the concept
of Familiarity, and according to the previous description of
Task Novelty, we interpreted that they were also related to
Coordination (i.e., task assignment).

After identifying 13 themes, we found that describing the
ASD Teamwork in light of them was complex. Thus, we
executed step (iv) by refining them into higher-order themes.
We started by relating the 13 themes into a higher-order theme
for the overall ASD Teamwork, resulting in a tree scheme, with
ASD Teamwork theme as the root node and the remaining 13
themes as leaf nodes.

Then, we identified new middle-level themes by grouping
the leaf themes given their names and related factors. For
example, we considered Cohesion a higher-order theme that
comprises both Communication and Personality. The reason-
ing behind this is because Cohesion, as described in its related
codes and factors, is directly related to the interpersonal attrac-
tion of team members and their willingness to continue work-
ing together. Based on this, we considered that the exchange
of information between team members (i.e., Communication)
and the mixture of personalities (i.e., Personality) contribute
to it.

Notice that our goal was not to define a cause-consequence
model, considering, for instance, the temporal relationship
between the themes and codes, but to simplify the compre-
hension of ASD Teamwork dimensions. For example, even

though Communication could be related to other themes, we
associated it with the theme with the closest definition.

To perform step (v) and validate the synthesis’s trustworthi-
ness, we reviewed the process we adopted regarding reducing
the bias of the researchers by relying on the description of
codes and factors that comprise the themes based on the
peer-review adopted. Besides, we believe that the themes are
consistent and understandable.

IV. RESULTS

This section presents the identified ASD Teamwork factors
(see Table I) and the resulting thematic network (see Figure 1).
In Table I, each line presents information for an identified code
(i.e., ASD Teamwork factor). For each code, it presents the
relative (i.e., “%” column) and absolute frequency (i.e., “Freq”
column) of the code’s appearance on the seed set. Further, for
improving understandability, column “Distribution” presents a
visual representation of the code’s frequency of appearance.
Finally, column “Themes” displays the theme mapped for
each code. The complete information on the thematic network
process is available in the Appendix.

From this point forward, we explain the reasoning behind
the relations that we have defined for the themes presented in
Figure 1. The resulting thematic network is composed of four
higher-level themes: Cohesion, Orientation, Shared Leader-
ship, and Autonomy. As previously discussed in Section III-B,
the relationship between Cohesion with Communication and
Personality follows from the reasoning that both concepts are
part of Cohesion.

Orientation refers to the team members’ belief in the team
goals’ importance over individual members’ goals and their
propensity to take others’ behavior into account during group
interaction. We considered as sub-themes for this theme:
Feedback, Coordination, Collaboration, and Learning. By
analyzing these themes’ concepts, we noticed that having the
capabilities to coordinate the work among team members (i.e.,
Coordination) in a collaborative environment (i.e., Collabora-
tion) that leverages constant feedback (i.e., Feedback) between
the team members seemed strongly related to keeping team
goals a top priority (i.e., Orientation).

Learning refers to the ability to understand and recognize
deviations and readjust accordingly. Moreover, according to
Ringstad et al. [11], it is also related to the development of
shared mental models. Hence, we judged these capabilities
as fundamental to keeping a good team Learning. Expertise
is directly related to Learning because it comprises concepts
such as Collective Knowledge, Redundancy, Adequate Skills,
and Team Experience with Work, which we judged to be
characteristics that influence the teams’ learning capabilities.

The third higher-level theme is Shared Leadership, which
relates to the provisioning of direction, structure, and support
for the team members, with the responsibility and decision
authority for doing so being shared between the team mem-
bers. We judged that having good Management Mechanisms,
which includes planning, discussing, implementing the re-
quired changes, and evaluating the success and the taken



TABLE I
CODES FREQUENCIES AND THEIR RELATED THEMES

Codes % Freq Distribution Themes
Coordination 23.8% 5 [XXXXX]

CoordinationPerformance Monitoring 42.85% 9 [XXXXXXXXX]
Task Novelty 4.75% 1 [X]
Familiarity 4.75% 1 [X]
Culture 19% 4 [XXXX]

Organization CultureStructure 4.75% 1 [X]
Team Size 9.5% 2 [XX]
Organization Support 4.75% 1 [X]
Individual Differences 4.75% 1 [X]

Members PersonalityHeterogeneity 4.75% 1 [X]
Personality 14.3% 3 [XXX]
Management 19% 4 [XXXX]

Management Mechanisms

Planning 4.75% 1 [X]
Discussion 4.75% 1 [X]
Implementation 4.75% 1 [X]
Evaluation 4.75% 1 [X]
Information Radiators 4.75% 1 [X]
Decision Making 4.75% 1 [X]
Orientation 33.33% 7 [XXXXXXX]

Orientation

Value Diversity 4.75% 1 [X]
Goals 9.5% 2 [XX]
Roles 9.5% 2 [XX]
Holistic Team Involvement 4.75% 1 [X]
Team Experience in the Organization 4.75% 1 [X]
Trust 23.8% 5 [XXXXX]
Motivation 4.75% 1 [X]
Norms 9.5% 2 [XX]
Tools knowledge 9.5% 2 [XX]

Expertise
Collective Knowledge 19% 4 [XXXX]
Adequate Skills 4.75% 1 [X]
Redundancy 33.33% 7 [XXXXXXX]
Team Experience with Work 4.75% 1 [X]
Interdependence 4.75% 1 [X] CollaborationCollaboration 33.33% 7 [XXXXXXX]
Shared Leadership 38.1% 8 [XXXXXXXX] Shared LeadershipFormal Leadership 4.75% 1 [X]
Autonomy 19% 4 [XXXX] AutonomyTask Control 4.75% 1 [X]
Awareness 4.75% 1 [X]

FeedbackAcceptance 4.75% 1 [X]
Feedback 14.3% 3 [XXX]
Learning 38.1% 8 [XXXXXXXX] Learning
Communication 42.85% 9 [XXXXXXXXX] Communication
Cohesion 14.3% 3 [XXX] Cohesion
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Fig. 1. ASD Teamwork Thematic Network

decisions, is essential for having working Shared Leadership.
We decided to name this theme as Shared Leadership to adhere
to agile teams’ characteristic of being self-organized.

V. DISCUSSION

This section discusses this study’s main findings and impli-
cations. Section IV presented this study’s resulting thematic
network, which helps organize the knowledge regarding ASD
Teamwork factors. It eases knowledge sharing by defining the
terminology to be used for the ASD Teamwork factors. For
instance, we identified three terms for the factor Redundancy:
Backup, Backup Behavior, and Redundancy.

Further, it provides a better understanding of the interre-
lationships between the factors (i.e., objects) of ASD Team-
work’s knowledge field. However, notice that the proposed
thematic network is not a cause-consequence model; instead,
it comprehensively defines the themes (i.e., dimensions) that
should be approached when describing ASD Teamwork. More-
over, the themes presented in Figure 1 respond our RQ defined
in Section III.

It is intended to be used as a blueprint for both researchers
and practitioners. However, it is not our intention to make the
themes and their relations with ASD Teamwork something that
must be followed as is, but to guide whoever intends to work
towards their relevance based on literature findings.

The proposed thematic network also assists on identifying
gaps in the ASD Teamwork knowledge field. Table I presents
the distribution of occurrences for each of the identified ASD
Teamwork factors. Notice that some factors have a high fre-
quency, such as Performance Monitoring and Communication
with nine appearances, while others only have one, such as
Task Control and Awareness. Such results might indicate that
the higher frequency factors are more important than ones with
fewer, but it might only mean that they have been studied
more. Thus, lines of research might follow from understanding
the frequency distribution of the factors as shown in Table I.

Further, the proposed thematic network could be used to create
a taxonomy for the ASD Teamwork field.

For researchers that intend to advance on the definition
of ASD Teamwork constructs or its measurement, we expect
them to consider all themes presented in our thematic network
and complement or adapt their models/instruments based on
the specific use-cases in which they fall. Taking previous
studies into consideration when advancing the state-of-art is
a premise. However, even the definition of another thematic
network with the same purpose as the one defined in this study
could bring valuable discussions around the topic that would
benefit the academic community.

For practitioners, the thematic network can support their
decision-making process. Practitioners can use it as a reference
for understanding the factors and dimensions that comprise
ASD Teamwork. With this, they can, for example, define
mechanisms to monitor such dimensions and use the collected
data as a reference to drive actions towards improving the
team’s performance. Furthermore, they can also extend our
thematic network to achieve tailored instances to the team’s
context.

VI. THREATS TO VALIDITY

This section discusses this study’s threats to validity follow-
ing the classification proposed by Wohlin et al. [21]: construct,
internal, conclusion, and external validity.

• Construct validity: we analyzed the studies following a
thematic analysis approach, in which multiple researchers
participated to avoid researcher bias. However, we em-
phasize that removing researcher bias in qualitative re-
search is virtually impossible. Thus, it is possible that
the resulting thematic network (Figure 1) and codes
(Table I) are not representative due to the researchers’
interpretations.



• Internal validity: to assure credibility in our find-
ings, multiple researchers checked the extracted coding,
themes, and the data presented in Figure 1.

• Conclusion validity: there is the risk that, since there is
a threat to the construct validity of the thematic network,
it influenced the extracted data and, consequently, our
conclusions regarding the relationship between concepts.

• External validity: even though the data source was not a
result of a broad literature review, we believe that it was
representative of the state-of-the-art. Thus, we believe that
the proposed thematic network is representative of agile
TWQ in general. However, it might be possible that for
specific situations, such as initial stages of agility adop-
tion, including the transition from a traditional project
management context, different factors could be included
for ASD Teamwork.

VII. CONCLUSION

This paper presented a thematic network that relates the
main dimensions of ASD Teamwork. The thematic network
consists of four higher-level themes: Cohesion, Orientation,
Shared Leadership, and Autonomy. It also consists of addi-
tional nine themes.

It contributes to the field by defining a common terminology
to be used for ASD Teamwork. It also provides a better under-
standing of the interrelationships between the factors of ASD
Teamwork knowledge field. Thus, it advances the state-of-art
in regards to ASD Teamwork construct definition. Further, it
can support practitioners’ decision-making process by being
a reference for understanding the factors and dimensions of
ASD Teamwork.

The main limitations of this study are related to the re-
searchers’ bias regarding the execution of the thematic network
process explained in Section III-B; and the inclusion and
exclusion criteria restrictiveness of the forward snowballing to
build the data source for the thematic network construction.
However, we still believe that the missing factors would still
fall into the themes that we have defined.

The study identifies several opportunities for future work,
including using the proposed thematic network to build a
Teamwork taxonomy and as the basis for potentially refining
the Teamwork model constructs (or instruments) presented in
Freire et al. [14], Moe et al. [10], and Lindsjørn et al.[16].
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