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A B S T R A C T
Multiple models (or instruments) for measuring Teamwork Quality (TWQ) and Teamwork Effective-
ness (TWE) for Agile Software Development (ASD) have been created. Regardless, such models have
different constructs and measures, with a limited understanding of how they are semantically related.
[Objective] Our goal is to understand how specific instruments for ASD are related, considering the
semantic relationship between them. [Method] We analyzed eight specific teamwork instruments for
ASD (ASD instruments), comparing quantitative factors to identify which such instruments use most.
Then, we compared them qualitatively from a semantic perspective, given that they are specific in-
struments in an agile context, considering the solid theories that support them. [Results] The results
showed that Team Orientation and Coordination were identified among the top three rankings, both
in the frequency of instrument questions and in the frequencies of literature-based Thematic Network
themes. We found in our semantic analysis important themes associated a many instrument factors:
Team Interaction associated with Communication factor, Acceptance of Goals associated with Coordi-
nation, etc. Qualitative concepts can be investigated considering the ASD factors from the knowledge
of the identified parts of the agile instruments. [Conclusion] The semantic analysis brings new per-
spectives for researchers and practitioners to highlight more investigation about different teamwork
aspects (new instruments themes) in ASD. We argue the need to add other ASD instruments to be
compared to solidify the results found in this study, so we advocate further studies on this topic.

© 2023 KSI Research

1. Introduction
The success of Agile Software Development (ASD) heav-

ily relies on the competencies, interactions, and skills of its
professionals [27, 31]. As software teams are the critical
source of agility in ASD [32, 10], people are a crucial re-
source [23, 32, 3], and the quality of team interactions can
significantly impact a project’s outcome. Hence, Teamwork

Quality (TWQ) is essential for agile projects’ success [15,
6, 16]. The industry is rapidly adopting ASD [29], and the
need for systematic team development [22] has compelled
researchers to focus on teamwork aspects increasingly.

A team can be defined as a social system of two or more
people which is embedded in an organization (context) whose
members perceive themselves as such and are perceived as
members by others (identity), collaborating on a common
task (teamwork) [1, 12, 11]. The main focus of TWQ re-
search is on the quality of interactions within teams rather
than team members’ (task) activities. Starting from the widespread
fundamental proposition that the success of work conducted
in teams depends (beyond the quantity and correctness of
the task activities) on how well team members collaborate
or interact.

The construct TWQ was proposed [13] as a comprehen-
sive concept of the quality of team interactions. To capture
the nature of team members working together, six facets of
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the collaborative team process integrate into the concept of 
TWQ: Communication, Coordination, Balance of Member 
Contribution, Mutual Support, Effort, and Cohesion. These 
facets capture both task-related and social interaction within 
teams. Research has shown that TWQ has a positive impact 
on team development [13], increasing the chances of suc-
ceeding with ASD. [13][20][22].

In this context, researchers have proposed instruments for 
assessing teamwork quality in the agile context, such as

(i) a Radar Plot [21] that considers five dimensions for as-
sessing TWQ: Shared Leadership, Orientation, Redundancy,
Learning, and Autonomy; (ii) a Structural Equation Model [15]
(TWQ-SEM), based on a differentiated replication from [13],
which considered that the teamwork construct is comprised
of six variables: Communication, Coordination, Balance of
Member Contribution, Mutual Support, Effort, and Cohe-
sion.

All the instruments mentioned are generic and cannot
represent specific situations in the agile context. This was
evidenced by the emergence of new instruments tailored for
Agile Software Development (ASD). For instance, the aTWQ
instrument [22] was developed based on the TWQ instru-
ment [13], while the ATEM instrument [30] was developed
based on the Big Five theory [25]. Additionally, a Bayesian
networks-based model (TWQ-BN) [8] was developed based
on the TWQ instrument [13]. Moreover, the TACT instru-
ment [9] was developed based on the TCI instrument [2], and
finally, the STEM instrument [33] was developed consider-
ing that some specific factors in Scrum.

Although the literature on TWQ has evolved, there was
no unified understanding of what factors influence teamwork
in ASD. Silva et al. [28] took a first step toward better under-
standing the relationship between agile TWQ instruments by
performing a quantitative comparison between TWQ-SEM [15]
and TWQ-BN [8]. However, the study is limited to only two
instruments and focused on a high-level analysis (i.e., fac-
tors), not explicitly considering the instruments‘ questions.

Freire et al. [7] took a step further by developing a literature-
based Thematic Network identifying the most frequent codes
and themes in agile teamwork literature. Freire et al. [7] ar-
gued that researchers and practitioners can use the thematic
network as a reference for understanding the factors and di-
mensions that comprise ASD Teamwork. With this, practi-
tioners can, for example, define mechanisms to monitor such
dimensions and use the collected data as a reference to drive
actions toward improving the team’s performance.

In our earlier research [26], we used Freire et al. [7]’s the-
matic network as a reference for analyzing three ASD team-
work instruments: ATEM, aTWQ, and TWQ-BN. However,
we only performed a syntactic (i.e., quantitative) analysis,
which brings many limitations, such as loss of information.
This study complements our past research by considering
eight ASD teamwork instruments and performing a seman-
tic (i.e., qualitative) analysis. This paper provides a more
comprehensive understanding of the interrelationships be-
tween factors and questions within the instruments, enhanc-
ing comprehension of their functioning.

Noteworthy enhancements and novel contributions in this
paper, not covered in Santos et al. [26], include the follow-
ing:
• Expanded Scope of Comparison: The quantity of com-

pared ASD instruments has been increased to eight, all of
which were identified in our systematic literature review
(SLR) work, soon to be published in the 37th Brazilian
Symposium on Software Engineering (SBES 2023).

• Enhanced ASD Instruments Factors and Freire et al. [7]
Themes Comparison: The comparison now encompasses
eight instruments, leading to more robust and dependable
results.

• Semantic Comparison: A refined approach has been adopted
for comparing instruments’ questions based on a semantic
analysis of their factors and questions.

• Investigation of Teamwork Instruments Factors Evo-
lution: The association between the chronological evolu-
tion of the instruments and the evolution of subjects asso-
ciated with the factors of these instruments has been thor-
oughly investigated, revealing discernible patterns and trends.
This paper is organized as follows: Section 2 presents

teamwork theoretical concepts and general information on
the ASD Teamwork instruments compared in this work. Sec-
tion 3 describes the research questions. Section 4 presents
the quantitative comparison. Section 5 presents the instru-
ments’ semantic comparison. Section 6 presents the Discus-
sion of the results. Section 7 covers the study’s limitations
and threats to validity. Section 8 presents the study impli-
cations. Lastly, Section 9 presents our final remarks, dis-
cussing potential future work.

2. Background
The topic of TWQ assessment has garnered considerable

attention in the ASD research community [8, 22, 9, 30, 33].
This section provides an overview of the main concepts re-
lated to this field of research relevant to our study. Sec-
tion 2.1 defines what is a “teamwork instrument” in the scope
of our research and elucidates the distinction between the
concepts of “Team effectiveness” and “Team performance.”
Secondly, Section 2.2 presents a comprehensive overview of
the eight ASD teamwork instruments objects of our study.
We identified such instruments through a Systematic Liter-
ature Review (In press). Lastly, Section 2.3 discusses the
theoretical evolution of ASD teamwork instruments.
2.1. Teamwork Models

This section defines what is “teamwork instrument” in
the scope of our research and discusses fundamental con-
cepts of teamwork models in software engineering.

Definition of a “teamwork instrument”. A teamwork
instrument is an assessment tool designed to capture and
evaluate various factors pertaining to teamwork. Typically,
it comprises questions or statements specifically crafted to
gather information and assess specific aspects of team col-
laboration, communication, coordination, and other relevant
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Table 1
Teamwork Quality Instruments used in Agile Software Development.

Instrument
Number Year Title Instrument

I1 2001
Teamwork Quality and the Success of Innovative

Projects: A Theoretical Concept and Empirical Evidence TWQ - Teamwork Quality

I2 2009
Putting Agile Teamwork to the Test – An Preliminary Instrument for Empirically

Assessing and Improving Agile Software Development Radar Plot

I3 2010
A teamwork model for understanding an agile

team: A case study of a Scrum project ASTM-Agile Scrum Teamwork Model

I4 2018
A Bayesian networks-based approach to assess and improve

the teamwork quality of agile teams TWQ-BN - Teamwork Quality - Bayesian network

I5 2020 Evaluation of Agile Team Work Quality aTWQ - Agile Teamwork Quality

I6 2020
An Instrument to Assess the Organizational Climate of Agile

Teams - A Preliminary Study TACT - Assess the Organizational Climate of Agile Teams

I7 2022
A teamwork effectiveness model for

agile software development ATEM - Agile Team Effectiveness Model

I8 2022 A Theory of Scrum Team Effectiveness STEM - Scrum Team Effectiveness Model

dimensions. Through administering such instruments, re-
searchers or practitioners can systematically measure and eval-
uate different facets of teamwork, identify potential issues
or barriers, and make informed decisions to enhance team
performance and productivity. The prevalent technique em-
ployed in constructing these instruments is Structural Equa-
tion Modelling (SEM) [24], a large sample technique where
a sample size of at least 200 is preferable [14]. For further
guidance on building a teamwork instrument, readers can re-
fer to the work of Marsicano et al. [17].

Team effectiveness x Team performance. The distinc-
tion between Team effectiveness and Team performance is
highlighted in the work of Salas et al. [25]. Team perfor-
mance is characterized as the outcome of a team’s actions,
irrespective of the approach employed to complete their task.
In the context of software development, team performance
encompasses meeting project goals, adhering to budgets and
schedules, and delivering high-quality software. On the other
hand, Team effectiveness is defined in a more comprehen-
sive manner, encompassing how the team collaborates and
interacts while accomplishing their tasks. This includes var-
ious team interactions, such as planning meetings, reviews,
retrospectives, pair programming, and the use of coordina-
tion artifacts like iteration and product backlogs. In essence,
team effectiveness considers not only the end result but also
the dynamics and cooperation displayed during the task ex-
ecution.

Team effectiveness models find frequent application in
software engineering studies. Examples of such models in-
clude the Big Five model [25], which is utilized in various
studies such as [6, 20, 30]), the Teamwork Quality model [13],
featured in studies like [15, 22], and the Input-Process-Output
(IPO) model [18], which is employed in studies like [19]. A
comprehensive overview of these three models can be found
in the work of Strode et al. [30].

In this work, we considered the TWQ instrument [13]
as a comparative base because it has been extensively refer-
enced in ASD [13, 8, 22, 15]. Also, we recognize that “team-
work quality” and “teamwork effectiveness” are closely re-
lated concepts that are commonly evaluated through measur-
able results [13, 33, 30, 22, 7]. Therefore, we refer to these
concepts as “teamwork quality” or simply “teamwork”.

2.2. Teamwork Instruments in ASD
This section summarizes the eight ASD teamwork in-

struments under study: TWQ instrument [13] (I1), Radar
Plot instrument [21] (I2), ASTM [20] instrument (I3), TWQ-
BN [8] instrument (I4), aTWQ) [22] instrument (I5), TACT [9]
instrument (I6), ATEM [30] instrument (I7), and STEM [33]
instrument (I8). Table 1 showcases a comprehensive list of
all the teamwork instruments, along with the associated ar-
ticles and their respective creation years.

TWQ - Teamwork Quality instrument (2001) [13]: Hoegl
and Gemuenden [13] presented a comprehensive concept of
collaboration in teams called Teamwork Quality (TWQ). This
construct has six facets (i.e., Communication, Coordination,
Balance of Member Contributions, Mutual Support, Effort,
and Cohesion). Based on these facets and data collected in
their study, the authors proposed a way for measuring the
TWQ where the high order factor (i.e., TWQ) is the depen-
dent variable, and the construct facets are the independent
variable.

Radar Plot instrument (2009) [21]: Moe et al. [21] pro-
posed an instrument that addresses key concerns and char-
acteristics of agile teamwork and presents them along five
dimensions: Shared Leadership, Team Orientation, Redun-
dancy, Learning, and Autonomy. The instrument outputs a
radar plot of the teamwork’s status. To assess the teamwork’s
current status, it is necessary to answer a set of questions for
each dimension and, based on these answers, assign a score
on a scale from 0 to 10 for the dimension.

ASTM - A teamwork model for understanding an ag-
ile team: A case study of a Scrum project instrument
(2010) [20]: Based on Dickinson and McIntyre’s [4] team-
work model, Moe et al. [20] focused on the interrelations be-
tween essential teamwork components. Problems with team
orientation, team leadership, and coordination, in addition to
highly specialized skills and corresponding division of work,
were important barriers to achieving team effectiveness.

TWQ-BN - Teamwork Quality Bayesian networks (2018)
[8]: According to the agile principles and values, teamwork
factors are critical to achieving success in agile projects. The
TWQ-BN has a predicting and diagnosis purpose using Bayesian
Networks. According to agile principles and values, team-
work factors are critical to achieving success in agile projects.
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However, teamwork does not automatically arise. There are 
some existing instruments with the purpose of assessing the 
teamwork quality based on Structural Equation Modeling 
(i.e., empirically derived) and Radar Plot [21]. TWQ-BN 
instrument has 17 questions.

aTWQ - Agile Team Work Quality (2020) [22]: Based 
on Hoegl and Gemuenden’s study [13] and a systematic lit-
erature review about challenges and success factors for large-
scale agile transformations performed by Paasivaara et al. [5]. 
Poth et al. [22] derived the aTWQ at the initial team-level ap-
proach covering the following six factors: communication, 
coordination, balance of contribution, mutual support, ef-
fort, and cohesion. These six quality aspects lead to team 
performance [15], legitimating economically the effort for 
measurement and further TWQ improvement. They com-
bined these aspects with those of TCI [2] and defined 19 
related questions to develop a holistic team evaluation ques-
tionnaire for aTWQ [22].

TACT - An insTrument to Assess the organizational
ClimaTe of agile teams (2020) [9]: TACT allowed for clas-
sifying the organizational climate of teams into the Commu-
nication, Collaboration, Leadership, Autonomy, Decision-
Making, and Client Involvement dimensions. Some items
were assessed negatively or neutrally, which represents points
of attention. TACT captured the lack of agile ceremonies,
the difficulty of the product owner in planning iterations, and
the distance in leadership.

ATEM - Agile teamwork effectiveness model (2022) [30]:
Teamwork is crucial in software development, particularly
in agile development teams which are cross-functional and
where team members work intensively together to develop a
cohesive software solution. Effective teamwork is not easy;
prior studies indicate challenges with communication, learn-
ing, prioritization, and leadership. Nevertheless, much ad-
vice is available for teams, from agile methods, practitioner
literature, and general studies on teamwork to a growing body
of empirical studies on teamwork in the specific context of
ASD. The ATEM [30] model is based on evidence from fo-
cus groups, case studies, and multi-vocal literature and is a
revision of a general Big Five [25] team effectiveness model.
The ATEM [30] model comprises shared leadership, team
mentoring, redundancy, adaptability, and peer feedback. Co-
ordination mechanisms are needed to facilitate these compo-
nents. Coordination mechanisms are shared mental models,
communication, and mutual trust. ATEM instrument has 31
questions.

STEM - A Theory of Scrum Team Effectiveness Model
(2022) [33]: The STEM model [33] proposes that the effec-
tiveness of Scrum teams depends on five high-level factors
- responsiveness, stakeholder concern, continuous improve-
ment, team autonomy, and management support - and thir-
teen lower-level factors. The main finding is the interplay
between stakeholder concern and responsiveness as drivers
of agile team effectiveness. In turn, this requires a high de-
gree of team autonomy, continuous improvement, and sup-
port from management.

2.3. Theoretical Evolution of Teamwork
Instruments in ASD

Since the emergence of the TWQ instrument [13] in 2001,
several other instruments have emerged in the literature. In
this context, researchers have proposed instruments for as-
sessing TWQ in the agile context, such as (i) a Radar Plot [21]
that considers five dimensions for assessing TWQ (Shared
Leadership, Orientation, Redundancy, Learning, and Auton-
omy); (ii) Moe et al. [20] used ASTM [20] that considers
seven factors: Team orientation, Team leadership, Monitor-
ing, Feedback, Backup, Coordination, and, Communication,
(iii) a Structural Equation Model [15] (TWQ-SEM), based
on a differentiated replication from Hoegl et al. [13], which
considered that the teamwork construct is comprised of six
variables: Communication, Coordination, Balance of Mem-
ber Contribution, Mutual Support, Effort, and Cohesion. All
the instruments mentioned are generic and cannot represent
specific situations in the agile context because the instrument
questions are not focused on agile terms.

Since 2018, specific instruments for ASD have emerged:
a Bayesian networks-based model (TWQ-BN) [8] was de-
veloped based on the TWQ [13] instrument. The aTWQ in-
strument [22] was developed based on the TWQ [13] instru-
ment. The ATEM instrument [30] was developed based on
the Big Five theory [25]. The TACT instrument [9] was de-
veloped based on the TCI instrument [2]. The ATEM instru-
ment [30] was developed to measure team effectiveness in
the agile context. The STEM instrument [33] was developed
considering some specific factors in Scrum. All the men-
tioned instruments have something in common: they have
instrument questions directly associated with agile context
situations. In this work, we named these instruments Spe-
cific Agile Teamwork Instruments because they are specific
for ASD.

Based on this observation, we propose the classification
of agile teamwork instruments into two groups: Generic team-
work instruments and Agile-based teamwork instruments.
The generic ones were developed until 2018: TWQ, Radar
Plot, and ASTM. The Agile-based ones were developed in
2018: TWQ-BN, aTWQ, TACT, ATEM, and STEM.

We found that, generally, the instruments are built and
supported by a general theory in literature. Observing this,
we created a Level 1 in this architecture (Figure 1). As ex-
amples, we can cite the theories in Teamwork Literature:
the Teamwork Quality Theory [13], the Team Climate The-
ory [2], the Big Five Theory [25] and The Group Develop-
ment Theory [34]. In Level 2, the theories are combined
with empirical research to build the instruments, as examples
we have: the TWQ instrument [13], the TCI instrument [2],
the GDQ instrument [34], the ATEM instrument [30], and
the STEM instrument [33]. In Level 3, the theories and in-
struments are combined to build new specific ones. In the
case of our study, for ASD, as examples we have: the TWQ-
BN instrument [8], built taking as reference the TWQ in-
strument [13], the aTWQ instrument [22] taking as refer-
ence the instruments TWQ [13], TCI [2], and GDQ [34].
The TACT instrument [9] takes as reference the TCI instru-
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Figure 1: Evolution of Teamwork Instruments in ASD

ment [2]. Figure 1 illustrates the evolution of ASD Team-
work Instruments in ASD. In Level 4, we propose to inves-
tigate a unified theory and a unified taxonomy considering
that we found seven ASD instruments measuring the same:
the teamwork quality. Figure 1 depicts the Evolution of Ag-
ile Teamwork Instruments in ASD.

3. Study Configuration
This study presents a comprehensive study that aims to

examine, compare, and synthesize eight specific instruments
utilized for measuring Teamwork Quality (TWQ) in Agile
Software Development (ASD). In what follows, we provide
some details regarding research questions (Section 3.1). Then,
we point out the research activities configuration (Section
3.2).
3.1. Research questions

We aimed to perform a quantitative and qualitative com-
parison between Teamwork Quality instruments in ASD, iden-
tifying trends in this comparison by focusing on the follow-
ing research questions (RQs):

• RQ1. What is the quantitative relationship between
Agile Teamwork instruments (factors and questions)
and literature-based Agile Teamwork factors (themes)?

– RQ1.1 What are the factors used in teamwork
instruments in ASD?

– RQ1.2 What are the most frequent factor names
used in Teamwork instruments in ASD?

– RQ1.3 How are the frequencies of the instru-
ments related to the work of Freire et al. [7]?

• RQ2. How can the Agile Teamwork instruments (fac-
tors and questions) be semantically compared in ASD?

– RQ2.1 What are the semantic relationships be-
tween the teamwork instrument factors in ASD?

– RQ2.2 What are the relationships between the
evolution of teamwork instruments in ASD and
the evolution of teamwork instrument factors’ names
and questions?

RQ1: The quantitative relationship between Agile Team-
work instruments and literature-based Agile Teamwork fac-
tors is a crucial aspect to explore in this study. Understand-
ing how the factors and questions used in specific teamwork
instruments align with established literature-based themes
can shed light on the reliability and validity of these instru-
ments. By answering RQ1.1, we can identify the factors
commonly employed in teamwork instruments in Agile Soft-
ware Development (ASD). This knowledge is essential as it
provides a foundation for subsequent comparisons and al-
lows researchers to focus on key aspects of teamwork assess-
ment. RQ1.2 aims to pinpoint the most frequently utilized
factor names in ASD instruments, which is valuable for un-
derstanding the prevalent themes and language employed by
researchers in this field. Additionally, RQ1.3 investigates
how the frequencies of instrument usage relate to the work
of Freire et al. [7], a literature-based study. This compar-
ison serves as an important validation step, enhancing the
trustworthiness of the instruments’ application in real-world
contexts.

RQ2: The semantic comparison of Agile Teamwork in-
struments in ASD constitutes a fundamental aspect of this
research. Semantic alignment between instrument factors
and questions provides insights into the conceptual coher-
ence and consistency of the instruments. RQ2.1 delves into
the semantic relationships among teamwork instrument fac-
tors, revealing whether different instruments share common
themes and concepts. This information helps researchers
and practitioners in selecting the most appropriate instru-
ments for specific assessment needs. Furthermore, RQ2.2
explores the connection between the evolution of teamwork
instruments in ASD and the evolution of teamwork instru-
ment factors’ names and questions. This investigation of-
fers valuable insights into how the instruments have evolved
over time, potentially reflecting the changing nature of team-
work in the agile context. Understanding these relationships
can inform future instrument development and enhance their
relevance and effectiveness. By addressing RQ2, the study
contributes to a deeper understanding of the nuances and in-
tricacies of teamwork assessment, enabling researchers and
practitioners to make informed decisions in their Agile Soft-
ware Development projects.
3.2. Research Design

This study adopts a mixed-methods research design that
combines both quantitative and qualitative approaches to achieve
the research goals effectively. This dual approach enables a
comprehensive exploration of the semantic relationships be-
tween specific TWQ instruments for ASD. By integrating
quantitative and qualitative analyses, the study aims to pro-
vide a richer and more nuanced understanding of how these
instruments are related and aligned within the agile context.
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3.2.1. Data Collection
To ensure a comprehensive analysis, eight specific team-

work instruments tailored for ASD are selected (Table 1). 
The instruments are chosen based on their relevance and 
suitability to the agile context, considering their past usage 
and availability in the existing research literature. This rig-
orous selection process ensures that the chosen instruments 
represent the range of teamwork assessment tools applicable 
to ASD.

The next step involves data extraction from each selected 
teamwork instrument. Relevant data pertaining to the factors 
and questions used within each instrument is systematically 
gathered and organized for subsequent analysis. Addition-
ally, literature-based Thematic Network themes identified by 
Freire et al. [7] are compiled to serve as a basis for compar-
ison in the study. This addition enhances the study’s depth 
by comparing instrument factors with established thematic 
themes.
3.2.2. Quantitative Analysis

In the quantitative phase, the factors present in each of 
the eight ASD instruments are mapped and systematically 
compared. This step aims to identify and highlight the most 
frequently utilized factors across the selected instruments. 
The quantitative analysis provides insights into the preva-
lence and significance o f s pecific fa ctors wi thin th e agile 
context.

The quantitative assessment delves further into examin-
ing instrument questions associated with each identified fac-
tor. Through frequency analysis, the study determines the 
prominence and prevalence of individual instrument ques-
tions for each factor. This in-depth examination helps as-
certain the relative importance and weightage of different 
questions within the instruments.

Building on the literature-based Thematic Network themes 
identified by Freire et al. [ 7], the study compares with the 
factors extracted from the selected teamwork instruments. 
By aligning the identified factors with established thematic 
themes, the study seeks to identify potential overlaps, sim-
ilarities, and divergences, providing a holistic view of the 
thematic representation within the instruments.
3.2.3. Qualitative Analysis

The qualitative phase adopts a semantic perspective to 
delve deeper into the context-specific characteristics of the 
analyzed teamwork instruments. This approach enables the 
identification of nuanced relationships and alignment among 
the instruments, considering their specificity within the ag-
ile context. The analysis also considers the theoretical un-
derpinnings that support these instruments offering valuable 
insights into their semantic coherence and theoretical basis. 

The qualitative analysis goes beyond descriptive explo-
ration to identify emerging trends and patterns within the 
data. Drawing from the knowledge derived from the iden-
tified segments of agile i nstruments, the study investigates 
qualitative concepts that help uncover underlying themes and 
tendencies. This in-depth analysis supports the understand-

ing of the semantic connections among the instruments and
the contextual significance of specific factors.
3.2.4. Data Interpretation

The final phase of the study involves the interpretation
of results obtained from both the quantitative and qualita-
tive analyses. By collectively integrating the findings, the
study gains a comprehensive understanding of the seman-
tic relationships between the teamwork instruments in the
context of Agile Software Development. This data interpre-
tation stage provides valuable insights for researchers and
practitioners, facilitating a coherent presentation of the find-
ings in a manner that enhances their usability and applica-
bility.

4. ASD instruments’ factors (RQ1)
This section presents the factors we identified by analyz-

ing the ASD instruments. It describes the computed frequen-
cies of similar factors and discusses the results of a compar-
ative analysis between the frequencies of ASD instrument
factors and the teamwork thematic themes from the work of
Freire et al. [7].
4.1. Factors of each ASD Instrument (RQ1.1)

This section provides a comprehensive description of the
instrument factors identified in this study. Table 2 displays
the relevant information, including the instrument name in
the first column, the corresponding factor name in the sec-
ond column, the symbol “#” denoting the number of ques-
tions associated with each factor in the third column, and the
“Tot.” representing the total number of questions for each
instrument in the fourth column.

The TWQ instrument has six factors: Communication,
Coordination, Balance of Member Contributions, Mutual Sup-
port, Effort, and Cohesion. The Radar Plot instrument has
five factors: Shared Leadership, Team Orientation, Redun-
dancy, Learning, and Autonomy. The ASTM instrument
has seven factors: Team orientation, Team leadership, Mon-
itoring, Feedback, Backup, Coordination, and Communica-
tion. The TWQ-BN has 17 factors: Teamwork, Team Au-
tonomy, Cohesion, Collaboration, Self-Organizing, Coordi-
nation, Team Orientation, Communication, Daily Meetings,
Team Distribution, Means of Communication, Monitoring,
All Members Present, Personal Attributes, Expertise, Shared
Leadership, and Team Learning. The aTWQ instrument has
five factors: Participative safety, Support for Innovation, Vi-
sion, Task orientation, and Coordination. The TACT instru-
ment has six factors: Communication, Collaboration, Lead-
ership, Autonomy, Decision Making, and Client Involvement.
The ATEM instrument has eight factors: Shared Mental Mod-
els, Mutual trust, Communication, Shared leadership, Peer
feedback, Redundancy, Adaptability, and Team orientation.
The STEM instrument has five factors and fourteen sub-
factors: Responsiveness (Refinement, Release Frequency),
Stakeholder Concern (Stakeholder Collaboration, Shared Goals,
Sprint Review Quality, Value Focus), Continuous Improve-
ment (Shared Learning, Learning Environment, Psychologi-
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Table 2
Teamwork Instrument Factors.

Instrum. Factor # Tot.

TWQ

Communication 10
Coordination 4
Bal.of Member Contribut. 3 34
Mutual Support 3
Effort 4
Cohesion 10

Radar Plot

Shared Leadership 4
Team Orientation 4
Redundancy 5 19
Learning 3
Autonomy 3

ASTM

Team Orientation 2
Team Leadership 2
Monitoring 2
Feedback 2 14
Backup 2
Coordination 2
Communication 2

TWQ-BN 17 factors 17 17

aTWQ

Participative Safety 7
Support for Innovation 5
Vision 4 21
Task Orientation 4
Coordination 1

TACT

Communication 9
Collaboration 7
Leadership 9 49
Autonomy 9
Decision Making 8
Client Involvement 7

ATEM

Shared Mental Models 6
Mutual Trust 3
Communication 3
Shared Leadership 8 31
Peer Feedback 2
Redundancy 3
Adaptability 3
Team Orientation 3

STEM

Responsiveness 5
Stakeholder Concern 10
Continuous Improvement 15 37
Team Autonomy 5
Management Support 2

cal Safety, Quality, Sprint Retrospective Quality), Team Au-
tonomy (Cross-Functionality, Self-Management), and Man-
agement Support (Management Support).
4.2. Frequency of similar factors in teamwork

instruments (RQ1.2)
This section presents and analyzes the frequency of matches

among the teamwork instruments. In the first step, we cross-
referenced factors with identical names. For instance, Table
2 shows that both the Radar Plot instrument and the ASTM
instrument have a factor named “Team Orientation.” We
calculated the frequency of matches for all instrument fac-
tors and presented this information in Table 3. In Column

#F1 of Table 3, we listed the number of factors with the
exact same name in each instrument. For example, in the
“Team Autonomy” factor, a value of 1 in the TWQ-BN in-
strument indicates that it also has a factor named “Team Au-
tonomy.” On the other hand, Column #F2 represents cases
where the factor names do not match exactly but convey the
same meaning. For instance, the TACT instrument does not
have an exact match for the “Team Autonomy” factor, but
it does have a similar concept named “Autonomy.” We ac-
counted for this match in Column #F2. Finally, we combined
the values from Column #F1 and Column #F2 into a Total
column to determine that there were a total of 4 matches for
the “Team Autonomy” factor.

As seen in Table 3, the “Communication” factor has 5
matches; the “Coordination”, “Team Orientation”, “Team
Autonomy”, and “Learning” factors have 4 matches; the “Col-
laboration”, “Shared Leadership”, and “Mutual Support” fac-
tors have 3 matches; the “Leadership” and “Redundancy”
factors have 2 matches, and “Stakeholder Concern”, “Con-
tinuous Improvement”, “Team Autonomy”, “Feedback”, “Peer
Feedback”, and “Responsiveness” factors have only one match.

The factor that ranks highest with the most matches is
“Communication.” It secures the top position in the rank-
ing and is present in five instruments: TWQ, ASTM, TWQ-
BN, TACT, and ATEM, all of which include “Communica-
tion” within their variables. Following closely in the rank-
ing is the “Coordination” factor with four matches. The in-
struments TWQ, ASTM, TWQ-BN, and aTWQ all feature
a specific factor named “Coordination.” As for the “Col-
laboration” factor, TWQ-BN, TACT, and STEM show vary-
ing degrees of matching. Specifically, TWQ-BN has one
exact match, while TACT and STEM also exhibit matches.
When it comes to the factors of “Shared Leadership”, “Re-
dundancy”, “Feedback”, and “Stakeholder Concern”, STEM
and ATEM present more matches than the other instruments.

When considering the frequency of occurrence among
the instruments, it is worth noting that the STEM instrument
stands out with the highest number of specific factors, in-
cluding Team Autonomy, Continuous Improvement, Stake-
holder Concern, and Responsiveness. On the other hand, the
ATEM instrument features a unique factor, Peer Feedback.
A comprehensive overview in Table 3 highlights the fact that
only the ATEM and STEM instruments possess such dis-
tinctive factors. This observation suggests a trend towards
employing more concrete factors aligned with agile-specific
terminology. In contrast, the TWQ, ASTM, and TACT in-
struments exhibit a higher frequency of general factors, re-
flecting a prevalence of more generalized aspects.

We found instruments with different factor names but
with the same meaning. In “Team Autonomy” factor, there
is a “Autonomy” factor in the TACT instrument, a “Team
Autonomy Cross-Functionality” and “Team Autonomy Self-
Management” in the STEM instrument. All these questions
are related to the “Team autonomy” concept but with dif-
ferent granularity. The STEM instrument has subfactors:
Cross-Functionality and Self-Management for the “Team Au-
tonomy” factor. In the “Learning” factor, the Radar-Plot in-
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strument has a “Learning” factor. The TWQ-BN instrument 
has a “Team Learning” factor. The STEM instrument has the 
factors: “Continuous Improvement-Shared Learning” and 
“Continuous Improvement- Learning Environment”. Note 
that in STEM instrument has specialized subfactors: “Shared 
Learning” and “Learning Environment”, both related to “Con-
tinuous Improvement”. In the “Collaboration” factor, the 
TWQ-BN and TACT instruments have the “Collaboration” 
factor. In STEM instruments, there is a “Stakeholder Concern-
Stakeholder Collaboration” directly associated with Stake-
holder Collaboration. In TWQ-BN and TACT instruments, 
“Collaboration” is associated with team collaboration. In the 
“Mutual Support” factor, The TWQ and ATEM instruments 
have the “Mutual Support” factor, both associated with team 
collaboration. In the STEM instrument, there is a factor 
named “Management Support” associated with the support 
from people in management positions.
4.3. Comparing ASD Instruments Frequencies

with Freire et al. [7] teamwork thematic
network (RQ1.3)

Freire et al. [7] presented a literature-based Thematic
Network identifying themes and codes shown in Table 4. For
example, the theme “Coordination” is related to the codes
“Coordination”, “Performance Monitoring”, “Task Novelty”
and “Familiarity”. Table 4 shows that the most frequent
theme in the agile teamwork literature is “Team Orienta-
tion” with 22 matches, followed by “Coordination” with 16
matches. The third most frequent is “Expertise” with 15
matches, and so on. By comparing the results shown in Ta-
ble 4 and Table 3, we identified an important trend: “Team
Orientation” and “Coordination” are in the top 3 ranking in
both, Freire et al.’s work and our work, indicating that they
are key factors for agile teamwork quality.

5. Semantic Comparison between ASD
Instruments (RQ2)
This section discusses the results of the semantic com-

parison between the instruments (Section 5.1) and investi-
gates the relationship between the evolution of teamwork
instruments in ASD and the evolution of teamwork instru-
ments factors names and questions (Section 5.2).
5.1. Semantic relationship between teamwork

instruments factors in ASD (RQ2.1)
As previously discussed, Table 3 shows the frequency in

which we identified each of Freire et al.’s factors in the agile
teamwork instruments under study. For example, we identi-
fied the factor “Communication” in five instruments: TWQ,
ASTM, TWQ-BN, TACT, and ATEM. This result indicates
that such instruments are similar in terms of containing ques-
tions related to such a factor. To address RQ2.1, we went
beyond and performed qualitative analysis on the questions
of each instrument that were mapped to such a factor to con-
sider semantic aspects and have a more in-depth comparison
between the instruments under study.

Table 3
Frequency in each Instruments Factors.

Instrum. Factor Instrum. #F1 #F2 Tot.

Communication

TWQ 1 0
ASTM 1 0
TWQ-BN 1 0 5
TACT 1 0
ATEM 1 0

Coordination

TWQ 1 0
ASTM 1 0
TWQ-BN 1 0 4
aTWQ 1 0
ATEM 0 0

Team
Orientation

Radar Plot 1 0
ASTM 1 0 4
TWQ-BN 1 0
ATEM 1 0

Team Autonomy
TWQ-BN 1 0
TACT 0 1 4
STEM 2 0

Learning
Radar Plot 1 0
TWQ-BN 0 1 4
STEM 0 2

Collaboration
TWQ-BN 1 0
TACT 1 0 3
STEM 0 1

Shared Leadership
Radar-Plot 1 0
TWQ-BN 1 0 3
ATEM 1 0

Mutual Support
TWQ 1 0
ATEM 1 0 3
STEM 0 1

Leadership TACT 1 0 2
ASTM 1 0

Redundancy Radar Plot 1 0 2
ATEM 1 0

Stakeholder
Concern

STEM 1 0 1

Continuous
Improvement

STEM 1 0 1

Feedback ASTM 1 0 1
Peer Feedback ATEM 1 0 1
Responsiveness STEM 1 0 1

5.1.1. Communication
For the “Communication” factor, we compared TWQ,

ASTM, TWQ-BN, TACT, and ATEM. Ten questions from
Instrument 1 (TWQ) focus on team communication (Ques-
tions 1, 2, 3, 4, 5, 6, 7, 8, 9, 10), while Question 13 from
Instrument 3 (ASTM) is related to verifying information be-
fore making a report. Effective communication and infor-
mation exchange are also implicit in the questions from In-
strument 6 (TACT) and Instrument 4 (TWQ-BN), as they
inquire about freely talking, updating lists, listening to opin-
ions, and knowing team members’ skills. By analyzing these
questions, we identified the following themes:

Openness and Transparency: Three Questions from In-
strument 1 (TWQ) address the openness of communication
(Questions 5, 6, 7), and Instrument 6 (TACT) emphasizes
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Table 4
ASD Theme frequencies in Freire et al. work

ASD Theme ASD Code # Tot.

Team
Orientation

Orientation 7
Value Diversity 1
Goals 2
Roles 2 22
Holistic Team Involvement 1
Experience in the Organi. 1
Trust 5
Motivation 1
Norms 2

Coordination

Coordination 5
Performance Monitoring 9 16
Task Novelty 1
Familiarity 1

Expertise

Tools knowledge 2
Collective Knowledge 4
Adequate Skills 1
Redundancy 7 15
Experience with Work 1

Management
Mechanisms

Management 4
Planning 1
Discussion 1
Implementation 1 10
Evaluation 1
Information Radiators 1
Decision Making 1

Shared
Leadership

Shared Leadership 8 9
Formal Leadership 1

Communication Communication 9 9

Organization
Culture

Culture 4
Structure 1 8
Team Size 2
Organization Support 1

Collaboration Interdependence 1 8
Collaboration 7

Learning Learning 8 8

Members
Personality

Individual Differences 1
Heterogeneity 1 5
Personality 3

Team Autonomy Autonomy 4 5
Task Control 1

Feedback
Awareness 1
Acceptance 1 5
Feedback 3

Cohesion Cohesion 3 3

openness in freely talking about difficulties (Question 1).
Team Interaction and Understanding: Question 6 from

Instrument 1 (TWQ) and Question 6 from Instrument 6 (TACT)
both relate to understanding team members’ skills and exper-
tise and using them appropriately.

Project Progress and Information: Questions from In-
strument 7 (ATEM) focus on project progress and informa-
tion visualization (Questions 10, 11, 12), while Instrument 6
(TACT) has a question related to knowing project problems
and team difficulties through daily meetings (Question 7).

Information Accuracy and Precision: Question 9 from

Instrument 1 (TWQ) and Question 9 from Instrument 6 (TACT)
inquire about the precision and scope of information received.
5.1.2. Coordination

For the “Coordination” factor, we compared questions
from the following instruments: TWQ, ASTM, TWQ-BN,
aTWQ, and ATEM. Next, we present our results grouped by
the main themes identified while analyzing the questions.

Task Coordination: Questions from Instrument 1 (TWQ)
and Instrument 5 (aTWQ) both focus on task coordination
and harmonization: Question 11 from TWQ: “The work done
on subtasks within the project was closely harmonized". Ques-
tion 21 from aTWQ: “Is there a common understanding when
working on parallel subtasks and agreement on common work
breakdown structures, schedules, budgets, and deliverables?”.

Clarity and Acceptance of Goals: Instrument 1 (TWQ)
and Instrument 3 (ASTM) include questions related to goal
clarity and acceptance: Question 12 from TWQ: “There were
clear and fully comprehended goals for subtasks within our
team”. Question 11 from ASTM: “Passing performance-
relevant data to other members efficiently". Question 12
from ASTM: “Facilitating the performance of other mem-
bers’ jobs".

Synchronization and Integration of Tasks: Instrument 4
(TWQ-BN) has a question that relates to the synchronous
and integrated execution of tasks: Question 6 from TWQ-
BN: “The team executes its tasks in a synchronous and inte-
grated manner".

Conflict and Diverging Interests: Instrument 1 (TWQ)
includes a question about conflicting interests regarding sub-
tasks/subgoals: Question 14 from TWQ: “There were con-
flicting interests in our team regarding subtasks/subgoals".
These are some of the semantic similarities between the ques-
tions from the different instruments. The themes of task
coordination, goal clarity and acceptance, task synchroniza-
tion, and conflict are present in the questions.
5.1.3. Team Orientation

For the “Team Orientation” factor, we compared Radar-
Plot, ASTM, TWQ-BN, and ATEM. By analyzing these in-
struments questions, we identified the following themes:

Valuing and Considering Alternative Suggestions: Ques-
tions from Instrument 2 (Radar Plot - Team Orientation) and
Instrument 7 (ATEM-TC-Team Orientation) focus on how
the team values and considers alternative suggestions: Ques-
tion 5 from Radar Plot: How does the team take into ac-
count alternative suggestions in team discussions? Question
6 from Radar Plot: How does the team value alternative sug-
gestions? Question 29 from ATEM: “Taking into account
alternative solutions provided by teammates and appraising
that input to determine what is most correct".

Participation and Commitment to Team Goals: Instru-
ment 3 (ASTM - Team Orientation) and Instrument 7 (ATEM-
TC-Team Orientation) include questions related to team mem-
ber participation and commitment to team goals: Question 1
from ASTM: assigning a high priority to team goals. Ques-
tion 2 from ASTM: Participate willingly in all relevant as-
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pects of the team. Question 30 from ATEM-TC: Increased
task involvement, information sharing, strategizing, and par-
ticipatory goal setting.

Trust and Collaboration: Question 7 from Instrument 4 
(TWQ-BN - Team Orientation) and Question 31 from In-
strument 7 (ATEM-TC-Team Orientation) touch on trust and
collaboration within the team. Question 7 from TWQ-BN:
The team members trust each other and feel motivated to
work together to achieve the team’s goals. Question 31 from
ATEM-TC: The team sticks together and remains united.

Task and Individual Relations: Instrument 2 (Radar Plot
- Team Orientation) includes questions that inquire about the
relationship between team members and their tasks. Ques-
tion 7 from Radar Plot: How do team members relate to the
tasks of individuals? Question 8 from Radar Plot: What
kind of ownership do the team members have to the project?
These are some of the semantic similarities between the ques-
tions from the different instruments. The themes of valu-
ing alternative suggestions, participation in team goals, trust,
collaboration, and task relations are present in the questions.
5.1.4. Team Autonomy

For the “Team Autonomy” factor, we compared TWQ-
BN, TACT, and STEM and identified the following themes:

Autonomy in Decision Making and Planning: Questions
from Instrument 6 (TACT - Autonomy) and Instrument 8
(STEM - Team Autonomy) both focus on autonomy in decision-
making and planning: Question 28 from TACT: In the cur-
rent project, I can choose the tasks I want to execute in the
iteration. Question 34 from TACT: My team has the decision
authority and responsibility to plan the iteration. Question
36 from STEM: Most people in this team have the ability to
solve the problems that come up in their work. Question 38
from STEM: This team has control over the scheduling of
teamwork.

Autonomy in Technical Solutions: Instrument 6 (TACT
- Autonomy) and Instrument 4 (TWQ-BN - Team Auton-
omy) have questions related to autonomy in technical solu-
tions: Question 30 from TACT: In this organization, we can
suggest changing the team’s software process development.
Question 33 from TACT: My team can communicate with
the product owner and other relevant stakeholders. Question
2 from TWQ-BN: No external agent is interfering with how
the team executes its tasks. The external agent collaborates
with them to define what will be.

Protection of Team Autonomy: Instrument 6 (TACT -
Autonomy) includes a question about the team facilitator
protecting the team’s autonomy from external interferences:
Question 29 from TACT: “In the current project, the team
facilitator protects the team autonomy from external interfer-
ences". These are some of the semantic similarities between
the questions from the different instruments. The themes
of autonomy in decision-making, planning, technical solu-
tions, communication, and protection of team autonomy are
present in the questions but keep in mind that this analysis is
based on the questions provided, and there may be other con-
nections and interpretations depending on the specific usage

and context of these instruments.
5.1.5. Learning

For the “Learning” factor, we compared Radar-Plot, TWQ-
BN, and STEM and identified the following themes:

Learning and Improvement in Software Development: Ques-
tions from Instrument 2 (Radar Plot - Learning) directly re-
late to learning and improvement in software development:
[14] from Radar Plot: What are the arenas where you give
feedback on each other’s work? [15] from Radar Plot: “How
are software development problems identified, and do you
improve the development method?” [16] from Radar Plot:
Do you keep what works well in your development process?
[17] from Radar Plot: “How are artifacts in the development
process (burndown chart, backlog, daily meetings, sprint re-
views, and retrospectives) used to learn?”

Team Learning and Adaptation: Instrument 4 (TWQ-
BN - Team Learning) has a question related to team learning
and adaptation: [17] from TWQ-BN: The team adapts itself
to changes in the team environment and adjusts the strategies
as needed.

Shared Learning and Collaboration: Instrument 8 (STEM
- Continuous Improvement - Shared Learning) includes ques-
tions related to shared learning and collaboration with other
teams: [21] from STEM (Continuous Improvement - Shared
Learning): This team frequently works with other groups or
teams to solve shared problems; [22] from STEM (Contin-
uous Improvement - Shared Learning): Teams in this orga-
nization share what they learn with other teams; [23] from
STEM (Continuous Improvement - Shared Learning): Mem-
bers of this team frequently meet with other teams to identify
improvements.

Learning Environment and Support for Learning: In-
strument 8 (STEM - Continuous Improvement - Learning
Environment) also has questions related to the learning envi-
ronment and support for learning: [24] from STEM (Contin-
uous Improvement - Learning Environment): In and around
this team, people are given time to support learning; [25]
from STEM (Continuous Improvement - Learning Environ-
ment): In and around this team, people are rewarded for
learning.

The Radar Plot questions focus on aspects of software
development processes and feedback mechanisms, while the
STEM questions explore how teams collaborate, share knowl-
edge, and support learning. The TWQ-BN question touches
on the team’s adaptability and strategy adjustments in re-
sponse to changes in the team environment.
5.1.6. Collaboration

For the “Collaboration” factor, we compared TWQ-BN,
TACT, and STEM. Question 4 (TWQ) and Questions 10,
11, 12, 13, 14, 15, and 16 (TACT) all revolve around team-
work, collaboration, and how team members work together
to achieve common goals. As a result of analyzing such
questions, we identified the following themes:

Project Development: Question 4 (TWQ) talks about
success on project development, and some questions from
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TACT (e.g., Questions 14, 15, 16) mention specific aspects 
related to projects, such as project-related decisions, prob-
lem analysis, and software design.

Team Support: Questions 4 (TWQ) and Questions 11, 
12, and 13 (TACT) highlight the aspect of team members
helping each other and providing support whenever needed.

Knowledge Sharing: Question 10 (TACT) indicates team 
members’ consideration of sharing know-how with each other, 
which might be related to the collaboration and success men-
tioned in Question 4 (TWQ).

Semantic Similarities for Collaboration: The questions
from TACT (10, 11, 12, 13, 14, 15, and 16) are all related
to different aspects of team collaboration. They cover topics
like knowledge sharing, mutual support, efficient teamwork,
consistent decision-making, problem analysis, and software
design based on user stories. These factors indicate a strong
emphasis on collaboration and teamwork within the team.

Semantic Similarities for Stakeholder Concern - Stake-
holder Collaboration: The questions from STEM (11, 12,
and 13) all revolve around the team’s interactions with stake-
holders, users, and customers. They suggest a high level of
engagement and collaboration between the team and exter-
nal parties. These factors indicate that the team is attentive
to stakeholder needs and actively seeks their input and col-
laboration.

Overall, the semantic similarities between the questions
can be summarized as follows: TWQ-BN and TACT instru-
ments focus on collaboration within the team. TWQ-BN
specifically mentions “a high degree of collaboration”, while
TACT addresses various collaboration aspects like knowl-
edge sharing, support, efficient teamwork, and decision-making.
The STEM instrument, on the other hand, emphasizes stake-
holder concern and collaboration. It highlights the team’s in-
teractions with stakeholders, customers, and users, indicat-
ing a strong focus on understanding and meeting their needs.
In conclusion, the instruments TWQ-BN, TACT, and STEM
all share the theme of collaboration, but they approach it
from different angles. TWQ-BN emphasizes collaboration
within the team, while TACT covers various aspects of team
collaboration. STEM, on the other hand, emphasizes stake-
holder concern and the team’s collaboration with external
parties.
5.1.7. Shared Leadership

For the “Shared Leadership” factor, we compared Radar-
Plot, TWQ-BN, and ATEM. After analyzing these instru-
ments’ questions, we identified the following themes:

Decision-Making and Empowerment: Questions from In-
strument 1 (Radar Plot - Shared Leadership) and Instrument
2 (ASTM - Team Leadership) focus on decision-making and
empowerment within the team: Question 1 from Radar Plot:
Is everyone involved in the decision-making process? Ques-
tion 2 from Radar Plot: ”Do team members make important
decisions without consulting other team members?” Ques-
tion 3 from ASTM: explaining to other team members ex-
actly what is needed from them during an assignment. Ques-
tion 4 from ASTM: listening to the concerns of other team

members. Shared Decision Authority and Leadership: In-
strument 3 (TWQ-BN - Shared Leadership) has a question
related to shared decision authority and leadership: Ques-
tion 16 from TWQ-BN: The decision authority and leader-
ship are shared.

Team Facilitation: Instrument 4 (TACT - Leadership)
focuses on team facilitation and the role of a team facilitator:
Questions 17 to 25 from TACT include various aspects of
team facilitation, such as providing helpful feedback, elim-
inating barriers, listening to team ideas and concerns, dis-
cussing team problems, protecting the team from outside
interference, helping the team acknowledge and solve dis-
agreements, and assisting in understanding iteration objec-
tives.

Agile Team Practices: Instrument 5 (ATEM-TC-Shared
Leadership) is centered around agile team practices and ser-
vant leadership: Questions 13 to 20 from ATEM-TC focus
on various aspects of agile team practices, such as team problem-
solving, determining performance expectations, and interac-
tion patterns, synchronizing and combining individual con-
tributions using agile practices and automated tools, seek-
ing and evaluating information affecting team functioning,
determining team member roles based on agile values and
methodologies, determining the frequency and type of prepara-
tory meetings and feedback sessions, and the role of a ser-
vant leader in facilitating a boundary-spanning function. These
are some of the semantic similarities between the questions
from the different instruments. The themes of decision-making,
empowerment, shared leadership, team facilitation, and ag-
ile practices are present in the questions.
5.1.8. Mutual Support

For the “Mutual Support” factor, we compared TWQ,
ATEM, and STEM. We identified the following questions re-
lated to this factor: [18] TWQ: “The team members helped
and supported each other as best they could.”; [19] TWQ: “If
conflicts came up, they were easily and quickly resolved.”;
[20] TWQ: “Discussions and controversies were conducted
constructively.”; [7] ATEM-TCM: “Mutual trust - Informa-
tion sharing.”; [8] ATEM-TCM: “Mutual trust - Willingness
to admit mistakes and accept feedback.”; [9] ATEM-TCM:
“Mutual trust - Supportive team social climate.”

Mutual support and Trust: Questions [18], [19], and [20]
from TWQ and Questions [7], [8], and [9] from ATEM, all
address different aspects of mutual support and trust within
the team. TWQ focuses on supporting each other, resolving
conflicts, and constructive discussions, while ATEM high-
lights mutual trust through information sharing, feedback ac-
ceptance, and a supportive social climate.

Management support: STEM contains questions related
to management support: [41] STEM: “People in a manage-
ment position generally understand why this team works with
Scrum.”; [42] STEM: “People in a management position help
this team work with Scrum.”. Questions [41] and [42] from
STEM, both pertain to management support in the context of
the team working with Scrum. They suggest that people in a
management position know the team’s utilization of Scrum
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and provide assistance in this regard.
Overall, TWQ (Instrument 1) and ATEM (Instrument 7) 

emphasize aspects of mutual support and trust within the 
team. While TWQ addresses support, conflict resolution, 
and constructive discussions, ATEM focuses on information 
sharing, feedback acceptance, and a supportive team social 
climate. STEM (Instrument 8) questions center around man-
agement support, particularly regarding the team’s use of 
Scrum.
5.1.9. Leadership

In the “Leadership” factor, we compared TACT and ASTM. 
Based on the questions provided by Instrument 3 (ASTM) 
and Instrument 6 (TACT), we identified s emantic similar-
ities in the next questions. Team Leadership: [3] ASTM: 
“Explaining to other team members exactly what is needed 
from them during an assignment.”[4] ASTM: ”Listening to 
the concerns of other team members.” [17] TACT: “In the 
current project, the team, the product owner, and the team 
facilitator work excellently together to plan the iteration.” 
[18] TACT: “The team facilitator gives me helpful feedback 
on how to be more effective.” [19] TACT: “The team facili-
tator eliminates barriers, encourages, and facilitates the use 
of agile methods.” [20] TACT: “The team facilitator listens 
to my ideas and concerns.” [21] TACT: “The team facilita-
tor discusses the problems of the team.” [22] TACT: “The 
team facilitator protects the team from outside interference.” 
[23] TACT: “The team facilitator helps my team to acknowl-
edge and solve our disagreements.” [24] TACT: “The team 
facilitator assists in understanding whether the iteration ob-
jectives are clear and whether the team agrees with these ob-
jectives.” [25] TACT: “The team facilitator gives the team 
helpful feedback on how to be more agile.”

Both ASTM (3 and 4 questions) and TACT (17 to 25 
question) instruments include questions related to team lead-
ership. ASTM focuses on team leadership involving explain-
ing assignments clearly and listening to team members’ con-
cerns. TACT addresses leadership in the context of the team 
facilitator’s role and their collaboration with the team and 
product owner. The TACT questions highlight various as-
pects of effective l eadership, s uch a s p roviding feedback, 
encouraging agile methods, protecting the team, resolving 
disagreements, and promoting agility.

Overall, ASTM (Instrument 3) and TACT (Instrument 6) 
have questions related to team leadership. ASTM focuses on 
leadership involving task explanation and listening to con-
cerns, while TACT addresses leadership in the context of 
the team facilitator’s role and their impact on the team’s per-
formance, collaboration, and agile practices.

In conclusion, the instruments ASTM and TACT touch 
on different a spects o f t eam l eadership. A STM addresses 
leadership in terms of task communication and listening, while 
TACT emphasizes the team facilitator’s role and their influ-
ence on team dynamics, problem-solving, and agile prac-
tices.

5.1.10. Redundancy
For the “Redundancy” factor, we compared Radar Plot

and ATEM. Based on the questions provided by Instrument
2 (Radar-Plot) and Instrument 7 (ATEM), we seek to iden-
tify the semantic similarities between them: Redundancy:
[9] Radar-Plot: “How easy is it to complete someone else’s
task?”; [10] Radar-Plot: “If you are stuck, do you get help?”;
[11] Radar-Plot: “Do you help others when they have prob-
lems?”; [12] Radar-Plot: “How are tasks allocated?”; [13]
Radar-Plot: “If someone leaves the team, is it easy to sub-
stitute this person?”; [23] ATEM-TC: “Recognition by po-
tential backup providers that there is a workload distribu-
tion problem in their team.”; [24] ATEM-TC: “Shifting of
work responsibilities to underutilized team members.”; [25]
ATEM-TC: “Completion of the whole task or parts of tasks
by other team members.” Semantic Similarities for Redun-
dancy: The questions from both Radar-Plot (9 to 13) and
ATEM-TC (23 to 25) instruments touch on the concept of
redundancy within the team. Radar-Plot questions focus on
how easy it is to complete each other’s tasks, provide help,
and allocate tasks. They also inquire about the ease of sub-
stituting team members if needed. On the other hand, ATEM
questions address redundancy in terms of recognizing work-
load distribution issues, shifting work responsibilities, and
task completion by other team members.

Overall, both Radar-Plot (Instrument 2) and ATEM (In-
strument 7) have questions related to redundancy within the
team. Radar-Plot addresses the ease of completing tasks,
providing help, task allocation, and substitution of team mem-
bers. ATEM questions highlight redundancy in terms of rec-
ognizing workload issues, shifting responsibilities, and task
completion by other team members. In conclusion, the in-
struments Radar-Plot and ATEM touch on different aspects
of redundancy within the team. Radar-Plot addresses the
ease of task completion and support, while ATEM empha-
sizes workload distribution, task shifting, and task comple-
tion by various team members.
5.1.11. Stakeholder Concern

For the “Stakeholder Concern” factor, we investigated
the STEM instrument. Based on the questions provided by
Instrument 8 (STEM), we identified the semantic similari-
ties between the following questions: Stakeholder Collabo-
ration: [11] STEM: “Members of this team frequently meet
with users or customers of what this team creates.”; [12]
STEM: “People from this team often invite or visit people
that use what this team works on.”; [13] STEM: “People
in this team closely collaborate with users, customers, and
other stakeholders.”; Shared Goals: [14] STEM: “This team
generally has clear Sprint Goals.”; [15] STEM: ”During Sprint
Planning, this team formulates a clear goal for the Sprint.”;
Sprint Review Quality: [16] STEM: “The Product Owner of
this team uses the Sprint Review to collect feedback from
stakeholders.”; [17] STEM: “During Sprint Reviews, stake-
holders frequently try out what this team has been working
on during the Sprint.” Value Focus: [18] STEM: “The Prod-
uct Owner of this team has a clear vision for the product.”;
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[19] STEM: “The Product Backlog of this team is ordered 
with a strategy in mind.”; [20] STEM: “Everyone in this 
team is familiar with the vision for the product.”;

Further, STEM’s questions [16] and [17] are related to 
the quality of Sprint Reviews. They discuss the involve-
ment of stakeholders in providing feedback and trying out 
the team’s work during the Sprint Review, indicating a focus 
on gathering valuable input from stakeholders. Value Fo-
cus: Questions [18], [19], and [20] relate to the team’s value 
focus. They touch on aspects such as the Product Owner 
having a clear vision for the product, the strategic ordering 
of the Product Backlog, and everyone in the team being fa-
miliar with the product’s vision. These questions suggest a 
strong orientation toward delivering value to stakeholders.

The questions from Instrument 8 (STEM) can be grouped 
into several categories based on their similarities: Stake-
holder Collaboration: Questions [11], [12], and [13] all per-
tain to stakeholder collaboration. They highlight the team’s 
frequent interactions with users, customers, and other stake-
holders, focusing on engaging and working closely with them. 
Shared Goals: Questions [14] and [15] revolve around shared 
goals. They address the team’s clarity on Sprint Goals and 
the formulation of clear goals during Sprint Planning, which 
indicates a strong emphasis on having well-defined objec-
tives.

Overall, STEM (Instrument 8) questions address stake-
holder collaboration, shared goals, sprint review quality, and 
value focus. The instrument focuses on actively involving 
stakeholders, defining clear goals, obtaining valuable feed-
back during reviews, and delivering value through a well-
defined product vision and ordered b acklog. In conclusion, 
the instrument STEM (Instrument 8) focuses on various as-
pects of stakeholder engagement, goal-setting, review qual-
ity, and value-driven development, all contributing to effec-
tive project execution and successful product delivery.
5.1.12. Continuous Improvement

For the “Continuous Improvement” factor, we investi-
gated the STEM instrument. Based on the questions pro-
vided by Instrument 8 (STEM), we identified the following 
themes:

Shared Learning: [20] STEM: “This team frequently works 
with other groups or teams to solve shared problems.”; [21] 
STEM: “Teams in this organization share what they learn 
with other teams.”; [22] STEM: “Members from this team 
frequently meet with other teams to identify improvements.”; 
Continuous Improvement - Learning Environment: [23] STEM: 
“In and around this team, people are given time to support 
learning.”; [24] STEM: “In and around this team, people are 
rewarded for learning.”;

Psychological Safety: [25] STEM: “In and around this 
team, people give open and honest feedback to each other.”;
[26] STEM: “In and around this team, people listen to others’ 
views before speaking.”; [27] STEM: “In and around this 
team, whenever people state their view, they also ask what 
others think.”; [28] STEM: “In and around this team, people 
openly discuss mistakes to learn from them.”; [29] STEM:

“In and around this team, people help each other learn.”.
Quality: [30] STEM: “Members of this team have a shared

understanding of what quality means to them.”; [31] STEM:
“People in this team frequently talk about quality and how
to improve it.”;

Sprint Retrospective Quality: [32] STEM: “The Sprint
Retrospectives of this team generally result in at least one
useful improvement.”; [33] STEM: “During Sprint Retro-
spectives, this team openly discusses improvements.” Se-
mantic Similarities: The questions from Instrument 8 (STEM)
can be grouped into several categories based on their simi-
larities.

Shared Learning: Questions [20], [21], and [22] all fo-
cus on shared learning and collaboration. They highlight
how the team works with other groups or teams, shares knowl-
edge within the organization, and engages in cross-team meet-
ings to identify improvements. Continuous Improvement -
Learning Environment: Questions [23] and [24] pertain to
the learning environment. They address the provision of
time and rewards for supporting learning, which fosters a
culture of continuous improvement.

Psychological Safety: Questions [25] to [29] all relate
to psychological safety. They emphasize the importance of
open and honest feedback, active listening, inviting others’
views, openly discussing mistakes, and helping each other
learn. Continuous Improvement - Quality: Questions [30]
and [31] are related to the team’s understanding of quality
and how they frequently discuss it and work to improve it.

Sprint Retrospective Quality: Questions [32] and [33]
focus on the quality of Sprint Retrospectives. They mention
the usefulness of improvements resulting from these retro-
spectives and the team’s open discussions during them.

Overall, STEM (Instrument 8) questions address vari-
ous aspects of continuous improvement. They cover shared
learning and collaboration with other teams, creating a sup-
portive learning environment, fostering psychological safety
for open communication, discussing quality improvements,
and the effectiveness of Sprint Retrospectives in generating
useful insights.

In conclusion, the instrument STEM (Instrument 8) high-
lights different dimensions of continuous improvement within
the team, encompassing shared learning, learning environ-
ment, psychological safety, quality discussions, and Sprint
Retrospective effectiveness. These factors collectively con-
tribute to the team’s ability to continuously learn, evolve,
and deliver value.
5.1.13. Feedback and Peer Feedback

For the “Feedback” factor, we investigated the ASTM
instrument. For the “Peer Feedback” factor, we investigated
the ATEM instrument. Based on the questions provided by
Instrument 3 (ASTM) and Instrument 8 (STEM), we iden-
tified the following questions: [7] ASTM: “Responding to
other members’ requests for information about their perfor-
mance.”; [8] ASTM: “Accepting time-saving suggestions of-
fered by other team members.”; [21] ATEM-TC: “Identify-
ing mistakes and lapses in other team members’ actions.”;
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[22] ATEM-TC: “Regular feedback regarding team member 
actions to facilitate self-correction.”

The questions from ASTM (7 and 8) and ATEM-TC (21 
and 22) instruments focus on different aspects of feedback 
within the team: ASTM questions emphasize the exchange 
of feedback between team members. Question 7 addresses 
how team members respond to requests for performance-
related information, while Question 8 focuses on their re-
ceptiveness to time-saving suggestions provided by others. 
ATEM-TC questions focus on peer feedback within the team. 
Question 21 mentions identifying mistakes and lapses in other 
team members’ actions, indicating a form of feedback that 
helps in recognizing areas for improvement. Question 22 
highlights the importance of regular feedback to facilitate 
self-correction, suggesting an ongoing feedback loop to en-
hance team performance.

Overall, ASTM (Instrument 3) and ATEM (Instrument 
8) have questions related to feedback within the team. ASTM 
focuses on responding to information requests and accepting 
suggestions, while ATEM emphasizes the identification of 
mistakes, providing regular feedback, and facilitating self-
correction.

In conclusion, the instruments ASTM and ATEM ad-
dress different aspects of feedback within the t eam. ASTM 
highlights feedback exchange and acceptance of suggestions, 
while ATEM focuses on peer feedback for recognizing errors 
and supporting ongoing improvement through regular feed-
back.
5.1.14. Responsiveness

In the “Responsiveness” factor, we analyzed the STEM 
instrument (Instrument 8). We intended to identify the se-
mantic similarities within the provided questions. In the do-
main of Responsiveness and Refinement, the questions were:
[6] STEM: “The team’s Sprint Backlog typically comprises 
numerous small items.”; [7] STEM: “This team allocates 
time during the Sprint to elaborate on the work slated for 
the succeeding Sprints.”; and [8] STEM: “Throughout the 
Sprint, this team commits time to decompose work for up-
coming Sprints.”

Regarding Responsiveness and Release Frequency, the 
questions were: [9] STEM: “The bulk of this team’s Sprints 
lead to software that is prepared for deployment to produc-
tion.”; [10] STEM: “For this team, the majority of Sprints 
culminate in an increment ready for user release.”

For Responsiveness and Refinement, questions [6], [7], 
and [8] collectively denote the team’s adaptability and re-
sponsiveness. They underline the team’s approach of main-
taining a Sprint Backlog with numerous smaller items and 
dedicating time within the Sprint to clarify and decompose 
work for future Sprints. Responsiveness and Release Fre-
quency are addressed in questions [9] and [10], where the 
focus is on the team’s aptitude to regularly produce software 
or increments that can be released to users, showcasing the 
team’s capacity to deliver value frequently.

In essence, the STEM instrument (Instrument 8) queries 
examine various facets of responsiveness. Questions related

to refinement underscore the team’s competency in decom-
posing and elucidating work during the Sprint, enabling adapt-
ability. Questions associated with release frequency empha-
size the team’s consistent delivery of software or increments
prepared for deployment or user release.

In summary, Instrument 8 (STEM) emphasizes distinct
aspects of responsiveness, including refinement practices that
foster adaptability and the team’s ability to deliver valuable
software or increments regularly. These factors collectively
enhance the team’s agility and capacity to deliver user value.
5.2. Relationship between the evolution of

teamwork instruments in ASD and evolution
of teamwork instruments factors names and
questions (RQ2.2)

Given the results presented in Section 5, we found that
the instruments ATEM, STEM, aTWQ and TWQ-BN brought
new concepts directly associated with the agile context, among
them: daily meetings, retrospective meetings, and Sprint Re-
view. STEM brought other concepts like Cross-Functionality
and Self-Management associated with Team Autonomy.

We suggest classifying agile teamwork instruments into
two groups: Generic teamwork instruments and Agile-based
teamwork instruments. The generic ones were developed
until 2018: TWQ, Radar Plot, and ASTM. The Agile-based
ones were developed later: TWQ-BN, aTWQ, TACT, ATEM,
and STEM. We noted that the factors and questions from
the Agile-based one included a terminology closely related
to agile concepts. Further, ATEM (with seven factors) and
STEM (with five factors and 14 subfactors) present a trend
toward increasing the number of factors and subfactors com-
pared to the older instruments.

6. Discussion and Findings
This section discusses this study’s research questions and

the trends observed. In summary, we mapped the factors
of the eight teamwork instruments, then we compared them
with the Themes found by Freire et al. [7]. The objective was
to understand how the themes and instrument questions are
quantitatively related. Then, we intended to identify trends
in these factors. Considering the Themes analysis in Section
4.3. The results showed that Team Orientation and Coordi-
nation were identified among the top three rankings, both in
the frequency of instrument questions and the frequencies
of literature-based Thematic Network developed in Freire
et.al [7].

We found in our semantic analysis important themes as-
sociated a many instrument factors. In Communication we
found the themes: Openness and Transparency, Team In-
teraction and Understanding, Project Progress and Informa-
tion, Information Accuracy and Precision. In Coordination
factor, we found: Task Coordination, Clarity and Accep-
tance of Goals, Synchronization and Integration of Tasks,
etc. In Team Orientation we found: Valuing and Consider-
ing Alternative Suggestions, Participation and Commitment
to Team Goals, Trust and Collaboration, Task and Individ-
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ual Relations, etc. In Collaboration we found: Team Sup-
port, Knowledge Sharing, etc. In Mutual Support, we found: 
Trust, and Management support. The present study can be a 
starting point for the development of new studies exploring 
the relationships between the instruments’ factors and the 
themes identified in this study.

The researchers could investigate whether lower frequen-
cies are, in fact, less important for teamwork quality. In this 
way, researchers will already know which subparts of the in-
struments to use. It was found the frequency of appearance 
of each factor related to the teamwork quality and the number 
of corresponding questions for each instrument. With this 
knowledge, this work can support other works that need to 
use ASD teamwork instruments for a specific p urpose. For 
example, if a researcher needs to investigate the relationship 
between Communication and Shared Leadership in a com-
pany, he can choose specific ASD i nstruments: For Com-
munication (TWQ, ASTM, TWQ-BN, TACT, and ATEM) 
and Shared Leadership (Radar Plot, TWQ-BN, and ATEM) 
in the investigation based on the requirements. Qualitative 
concepts can be investigated in future works focusing on in-
vestigating the ASD factors from the knowledge of the iden-
tified parts of the agile instruments.

This study can support using a Teamwork Instrument for 
a specific purpose. For example, if a researcher needs to in-
vestigate the relationship between Feedback and Team Au-
tonomy, he can choose what parts of the instruments to use. 
This work highlights that the ASD literature codes: Task 
Control, Communication, Coordination, and Team Auton-
omy are the most used in ASD Teamwork Instruments. This 
is an important result, as it confirms that the factors identi-
fied by Freire et al. [7] are, in fact, those that are being used 
more frequently in specific A SD i nstruments, w hich were 
developed based on strong literature theories and empirical 
studies. Additionally, we identified a nd c ompared t he re-
ferred questions in the eight ASD instruments analyzed in 
this work. We noted that finding a standard terminology for 
ASD Teamwork factors remains challenging, and there is a 
need for further investigation into this area. Finally, practi-
tioners can benefit from the study’s findings by better under-
standing the importance of Teamwork instruments in ASD.
7. Limitations and threats to validity

In this study, we explored various validity threats that
may arise during the realization of our research, encompass-
ing internal, external, construct, and conclusion validity.

Regarding internal validity, potential issues may arise
from selection bias, history effects, instrumentation, and mat-
uration. To mitigate these threats, we employed random sam-
pling techniques and defined clear inclusion criteria for se-
lecting ASD instruments and research articles. Additionally,
we carefully control external events and changes by collect-
ing data over a consistent time period and conducting longi-
tudinal studies. Standardization and pilot testing of instru-
ment administration and interpretation help address poten-
tial instrumentation concerns.

Construct validity threats may arise from conceptual clar-
ity, instrument validity, and measurement errors. We take
measures to address these concerns by providing a clear def-
inition of the constructs of interest and employing a con-
ceptual framework. Established and validated teamwork in-
struments are used to ensure accurate measurement of con-
structs. Additionally, we employed reliable data collection
methods and appropriate techniques to minimize measure-
ment errors.

External validity threats revolve around generalizability
and timeframe relevance. To address these concerns, we
clearly define the target population and context of our study.
Efforts are made to replicate real-world conditions in the
study design to enhance validity. We ensure that data col-
lection and analysis are up-to-date and reflect current prac-
tices in the field. Moreover, the study relies on solid theories
that support the analyzed teamwork instruments. The results
may not fully capture the variability or applicability of other
theoretical frameworks, potentially limiting the external va-
lidity of the conclusions to different theoretical perspectives.

Regarding conclusion validity, the study analyzes eight
specific teamwork instruments for Agile Software Develop-
ment (ASD). The findings may not fully represent the en-
tire population of ASD instruments, potentially limiting the
generalizability of the results to other instruments that were
not included in the analysis. Moreover, the study focuses
on teamwork instruments specifically designed for an agile
context. The results may not directly apply to teamwork in-
struments used in non-agile contexts, reducing the external
validity of the findings for broader applications.

By proactively addressing these validity threats and im-
plementing appropriate actions, we aim to enhance the qual-
ity and reliability of our study, providing more robust and
meaningful findings for the scientific community.

8. Implications
In light of the findings from this study, we have identi-

fied several implications for both research and practice in the
context of measuring TWQ in ASD.

Implications for research. This study sheds light on the
evolution of TWQ instruments, providing valuable insights
for further research. The findings highlight the existence
of multiple models with different constructs and measures
for assessing TWQ and TWE. This prompts researchers to
delve deeper into understanding the relationships between
these instruments and how they have evolved over time. The
study also emphasizes the need for standardization of termi-
nology, as semantically similar factors are often labeled dif-
ferently across instruments. This calls for future research to
focus on developing a conceptual framework that integrates
instrument factors within the agile context, facilitating better
alignment and comparison of results. Moreover, the identi-
fied gaps and specialized factors specific to the agile context
present opportunities for researchers to develop new instru-
ments and further advance the understanding of teamwork
in ASD.
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Implications for practice. The findings of this study hold 
practical implications for organizations engaged in ASD. 
Classifying teamwork instruments into generic and specific 
agile instruments guides practitioners in selecting appropri-
ate instruments based on their specific context and require-
ments. The evolution of instruments with specialized fac-
tors underscores the importance of considering these factors 
when evaluating and managing teamwork in agile projects. 
Furthermore, the identified need for terminology standard-
ization emphasizes the importance of consistent and clear 
team communication. Organizations can benefit from adopt-
ing a unified taxonomy derived from this research to ensure 
consistent understanding and usage of teamwork concepts. 
The study also emphasizes the value of developing new in-
struments that align with the agile context, allowing orga-
nizations to assess and improve their teamwork practices ef-
fectively. Overall, the insights gained from this study can in-
form and guide practitioners in selecting and implementing 
appropriate teamwork instruments and strategies to enhance 
collaboration and team performance in ASD projects.

9. Final Remarks
Our study significantly contributes to the teamwork liter-

ature by exploring the relationship between ASD literature-
based codes identified by Freire et al. [7] and Agile Instru-
ments factors in ASD. By comparing eight specific ASD in-
struments and showcasing the frequency of matches, we of-
fer insights that can inform further research. Moreover, our
identification of ASD instrument questions through seman-
tic analysis enables broader coverage for future studies, po-
tentially leading to new discoveries and advancements in re-
search. Moreover, our findings demonstrate that researchers
have employed numerous factors to measure Teamwork Qual-
ity (TWQ) and Teamwork Effectiveness (TWE) in ASD. Ad-
ditionally, the observed similarity in questions across differ-
ent instruments suggests the need for standardizing termi-
nology. By highlighting the most frequent questions of each
instrument, our results support the development of a unified
Teamwork instrument in ASD.

The presented results offer valuable insights for both prac-
titioners and researchers. For practitioners, this paper serves
as a practical guide in utilizing the presented teamwork in-
struments, as it provides detailed information about their char-
acteristics. This facilitates their practical application in Ag-
ile Software Development (ASD) projects. For researchers,
this work highlights identified gaps and specialized factors
specific to the agile context, offering opportunities to de-
velop new instruments and advance the understanding of team-
work in ASD.

Future research endeavors should focus on establishing a
unified taxonomy for teamwork instrument factors in ASD,
creating a standardized framework to categorize and orga-
nize these factors consistently. Conducting longitudinal re-
search can provide valuable insights into the evolution and
effectiveness of teamwork instruments over time, enhancing
our understanding of their performance in various contexts

and identifying opportunities for adaptation and improve-
ment. Additionally, investigating the relationship between
specific teamwork instruments and project outcomes in ASD
can shed light on how effective teamwork, as measured by
these instruments, influences project success, productivity,
and overall performance.

Supplementary Material
To ensure the study’s transparency and completeness, we

have provided a Supplementary Material 1 that contains the
eight teamwork instruments factors, and questions. The ad-
ditional methodological details and a comprehensive presen-
tation of the results.
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