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Abstract. Teams have become building blocks of organizations, leading to an
exponential increase in team studies, including teameffectiveness studies in Scrum
software development. However, research on measuring Scrum team effective-
ness based on objective measures, contrary to self-reporting with Likert scales,
is absent. Through a design science research methodology with literature review,
focus groups, interviews, and an expert panel, 29 objective measures were identi-
fied contributing to seven team effectiveness concepts. All measures can be quan-
tified or directly derived from work management systems, such as Jira or Azure
DevOps. Examples include the number of solved retrospective items after a new
sprint, contributing to the team effectiveness concept ‘Continuous Improvement’,
and the number of times a sprint goal has been achieved, contributing to both
‘Team Morale’ and ‘Stakeholder Satisfaction’. In this way, the study offers proof
of the benefits of agile, especially Scrum, software development through effec-
tive teams as well as providing practitioners a first insight in benchmarking their
Scrum team effectiveness.
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1 Introduction

Scrum is one of the most popular methods in software development [14]. The Scrum
framework consists of a framework that offers a way of team collaboration for solving
complex problems [20]. As a result of the popularity of Scrum, research on the topic of
teams has grown exponentially in the last decade, leading also to an increase in team
effectiveness studies in Scrum [12]. However, observations show that all studies that
address the topic of Scrum team effectiveness measure team effectiveness based on self-
reporting. In other words, providing a personal opinion on a situation or question. A
symptom of self-reporting is a Likert scale. A Likert scale is a rating scale that expresses
the subjectivity of individuals [9]. Subjectivity in measures can bring limitations [8].
First, subjective measures are difficult to aggregate and interpret because they are often
expressed on ordinal scales. Moreover, it has been noticed that these measures are not
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correlated with facts from the field. As a result, subjectivity in measures has limitations,
according to research [8]. Therefore, the objective of this research is to find out:

RQ: To which extent can team effectiveness in Scrum be measured based on objective
measures?

In this paper, measures that quantify team effectiveness in Scrum will be presented.
Previous findings on the topic of team effectiveness will be discussed in Sect. 2. In
Sect. 3, the research design is described. Section 4 presents the findings of the research.
In Sects. 5 and 6 the findings will be discussed, and validity threats will be examined.
Last, in Sect. 7, the conclusions of this paper will be presented.

2 Previous Findings

This section discusses previous findings on the definition of team effectiveness in the
literature. In addition, related work will be used to compile information on the different
methods to measure team effectiveness in other research areas and in Scrum.

2.1 A Definition of Team Effectiveness

There is a significant amount of ambiguity regarding the concept of team effectiveness
[3]. This is mainly since different organizations have different views on what defines
“effectiveness” [1].

Without giving a formal definition, Hackman [6] states that in addition to perfor-
mance outcomes, such as speed to solution and the number of errors, other outcomes
should also be taken into account, for example, group cohesiveness and member satis-
faction, to determine the effectiveness of a team. A general observation was that litera-
ture addressed the above-mentioned criteria for team effectiveness. However, a general
definition of Team Effectiveness is often lacking.

One of the few definitions of ‘team effectiveness’ found has been given by Fransen
et al. [5], and defines team effectiveness as, “the quality of team performance, as well
as the perceived satisfaction with individual needs of team members”. This definition
addresses team effectiveness at the team level (that is, performance) and the individual
level (that is, satisfaction of team members). As a result, the definition of Fransen [5]
can be applied in a broader context and has therefore been used during this research.

2.2 Measuring Team Effectiveness

Since the authors found no studies on measuring team effectiveness in Scrum based
on objective measures, other disciplines have been visited. In this case, an exploratory
literature review has been done in the fields of healthcare and engineering. These two
research areas comprised the majority of team effectiveness studies. Following the num-
ber of team effectiveness papers, it can be assumed that the papers in these research
areas have a respectable level of team effectiveness maturity.

Healthcare. Two meta-review studies provide an overview of measuring team effec-
tivenesswithin the healthcare discipline. One of the first studies in this research area [11],
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reviewed 22 studies and concluded that all 22 studies applied objectivemeasures and only
4 of the 22 studies also used subjective measures. A follow-up study [2] shows that this
trend has not changed. Examples of objective measures can be categorized into patient
outcomes (e.g., the functional status of a patient), and organizational outcomes (e.g.,
costs). Although no numbers are provided in studies that applied subjective or objec-
tive measurement, the study advised that research on the topic of team effectiveness in
healthcare includes outcomes less frequently used, such as professional well-being, that
is, staff satisfaction, and focuses on identifying possible deadly combinations between
outcomes.

Engineering. For engineering, the studies done only contained subjective measures.
Multiple studies have been conducted [25, 4, 7], and all of these studies applied Likert
scales and therefore subjective measures to measure team effectiveness. Unfortunately,
these papers do not elaborate on why they contain only subjective measures.

The general conclusion of this section is that there are a variety of methods of mea-
suring team effectiveness in the areas of engineering and healthcare research. Although
most healthcare research teams measure the effectiveness of the team based on objective
measures, most effectiveness studies of engineering teams apply subjective measures.

2.3 Measuring Team Effectiveness in Scrum

The first study to address the topic of team effectiveness in Scrum was by Moe et al.
[13]. In this study, to evaluate team effectiveness in Scrum, the “Big Five” teamwork
[19] has been applied. Although this paper included a small case study and is already
more than 15 years old, it provides a good understanding of the relationship between
team effectiveness and Scrum. Furthermore, the findings ofMoe et al. [13] form the basis
for future research in the area of team effectiveness in Scrum, such as the paper by Ver-
wijs [22]. Teamwork is only one component of the overall picture of team effectiveness
[22]. Therefore, Verwijs concluded that seven factors contribute to team effectiveness in
Scrum. These factors are continuous improvement, stakeholder concerns, team auton-
omy, responsiveness, management support, team morale, and stakeholder satisfaction.
In the paper, these concepts have been measured using Likert scales. A Likert scale gives
quantitative value to qualitative data [9]. Therefore, the study does not address objective
measures to measure team effectiveness, which can be implied as a research gap. Del-
gado et al. [3] explain why most team effectiveness studies contain subjective measures
instead of objective measures. He states that in most studies, subjective measures are
used to measure performance effectiveness and behavioral outcomes, as data are often
unavailable for objective measurement. As a result, it is difficult to make comparisons
of the different characteristics of the team [3].

3 Research Design

In this study, the design science research methodology created by Peffers et al. [15] will
be followed. Different phases are shown in Fig. 1. Each phase consists of activities.
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Fig. 1. Design Science Process Model adapted from Peffers et al. [15]

3.1 Literature Review Protocol

Before the different stages will be discussed, a literature review protocol will be elabo-
rated to guide the literature review. This protocolwas derived fromKitchenhamet al. [10]
andwas tailored for this research. The first step of this protocol was to apply search terms
in different search engines. These terms have been derived from the research question and
the defined problem statement. ‘Team Effectiveness Scrum’ and ‘Productivity Scrum’
are the main search terms derived from the research question and problem statement.
This step led to a selection of papers in which inclusion and exclusion were applied. The
exclusion criteria contained three elements. Studies written in another language than
English were excluded. Textbooks and papers that include student experiments were
also excluded. Papers were excluded if they have been published at conferences that
are grouped into categories less than C based on the core conference ranking. After
the exclusion criteria, the inclusion criteria were applied. These contained also of three
steps. First, the titles were being screened. The papers were selected if the title contained
‘team effectiveness’ and ‘Scrum’ or ‘productivity’ and ‘Scrum’. Second, the abstracts
of the papers that were selected after the first inclusion criteria step were analyzed. As
a third step, the selected papers from the second inclusion criteria step were thoroughly
read. Only papers were included that describe/discuss at least one of the following ele-
ments: Team effectiveness in Scrum, Productivity in Scrum, Method to calculate team
effectiveness productivity, or team effectiveness productivity metrics in Scrum teams.

Ultimately 24paperswere derived from theprotocol that canbeen considered suitable
for this paper.

3.2 Problem Identification and Solution Objectives

The main part of the Problem Identification & Solution Objectives is to identify the
problem and research gap and formulate objectives for the final created artifact. The
problem identification of this research is described in Sect. 1, and the SolutionObjectives
phase has been elaborated in Sect. 2.

3.3 Design and Development

The Design & Development phase consists of the data collection process, which is
elaborated in Sect. 4. Therewere several activities involved in the data collection process.
First, two focus groups were organized to generate objective measures related to team
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effectiveness and Scrum. In the first focus group, five Scrum experts were asked to
generate measures with objective measures related to Scrum and team effectiveness,
taking into account the definition of team effectiveness by Fransen et al. [5]. “the quality
of team performance, as well as the perceived satisfaction with individual needs of team
members”.

In the second focus group, the aim was to link the objective measures generated in
the first focus group with the seven concepts of team effectiveness, defined by Verwijs
et al. [22]. Verwijs proved that these seven concepts form the basis of Scrum team
effectiveness. Linking them to a certain team effectiveness concept indicated that the
measures canbe applied inmeasuringScrum teameffectiveness. Furthermore, the second
focus group was also applied to review the measures that were generated from the first
focus group. The last phase of data collection was to indicate whether the measures
derived from the focus groups could be measured in a practical setting. For this, work
management system interviews were conducted with Scrummasters to indicate whether
ameasure can be quantified inworkmanagement systems, such as Jira or AzureDevOps.

3.4 Demonstration and Evaluation

During focus groups in the previous phase, measures were collected and linked to the
seven concepts of team effectiveness. Expert interviews were conducted to define the
exact influence of a certain measure on team effectiveness, since this has not been
specified yet. As a result, information was collected on how a certain measure influences
teameffectiveness,which is described inSect. 5. In addition, these experts had at least five
years of experience in Scrum projects. The structured interviewmethod was used during
these interviews. This method involves scheduling questions in which the researcher will
ask each respondent the same questions in a similar way [17]. For each expert interview,
the following questionwas asked, taking into account the definition of team effectiveness
by Fransen et al. [5]:

How does this measure influence team effectiveness?
The last step of this phase is an analysis of the interviews. Each measure contains several
opinions on whether the measure affects team effectiveness. The purpose of the analysis
was to obtain information onwhether the four opinions were on the same line. Therefore,
a coding scheme was applied in which a specific color was applied to each measure.
The end result was an overview that includes the expert’s perspective on each measure.
Additionally, a color-coded analysis was also performed to indicate whether experts
were on the same line about the influence of each measure on team effectiveness.

4 Generating Objective Measures

In total, two focus groups have been conducted to generate objective measures. In addi-
tion, six interviews have been conducted to indicate whether the measures generated
from the focus groups, can be measured in a work management system.



238 K. Beek et al.

4.1 Focus Group 1

The first focus group consisted of five participants, in which each participant had at
least five years of experience in Scrum projects. In total, 54 measures were derived from
the first focus group session. After removing the duplicate measures, 54 measures have
been reduced to 39 measures. In addition to removing duplicates, the measures needed
to be divided into objective and subjective measures. Although participants were asked
to mention the objective measures down, the evaluation showed that there were also
subjective measures involved. As a result, a check was needed to remove the subjective
measures. This process was carried out by the researcher and validated by the focus
group participants. In this process, the 39 measures have been reduced to 30 measures.
Ultimately, 30 objective measures were collected after the first focus group.

4.2 Focus Group 2

The second focus group consisted of six participants. Similarly to the first focus group,
the objective was to gather participants who have more than five years of Scrum experi-
ence. However, one participant had less than five years of Scrum experience. Participants
in the second focus group were asked to relate 30 objective measures, from the first focus
group, to the seven concepts of team effectiveness. As mentioned in Sect. 2.3, the seven
concepts were continuous improvement, stakeholder concern, responsiveness, manage-
ment support, team autonomy, team morale, and stakeholder satisfaction. In addition,
participants could add objective measures to the concepts, as most of the participants did
not participate in the first focus group. In total, 10 measures were added, which resulted
that the number of measures grew from 30 to 40 unique measures. However, there was
noted that measures were applicable to multiple concepts. In total, 10 of the 40 measures
were applied to two concepts. As a result, 50 measures, of which 10 duplicate measures,
were distributed across the seven concepts. Table 1 provides an overview of the Team
Autonomy team effectiveness concept and the measures related to the concept. The first
column shows the team effectiveness concept that is related to the measures, and the
second and third columns show themeasure and the definition of themeasure. The fourth
column indicates whether the measures were derived from the first focus group, or were
added in the second focus group. An overview of all team effectiveness concepts and
their associated measures will be provided in Table 3 in Sect. 5.2.

4.3 Data Extraction Work Management Systems

The last part of the results section dives deeper into the objective measures that are
currently measured in work management systems such as Jira or DevOps. In total, six
interviews were conducted with four Scrum masters, a software engineer, and a delivery
manager. The purpose of the interviews was to review the measures and determine
whether they can be measured in work management systems. During interviews, it
became evident that it was not always that straightforward whether a measure can be
quantified in a work management system. As a result, five categories have been created,
in which each category contains a color.
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Table 1. Objective measures linked to the Team Autonomy team effectiveness concept.

– The measure can be quantified in a work management system. (GREEN)
– The measure can be quantified, but not in Jira or Azure DevOps. (BLUE)
– Themeasure cannot be directly derived from the workmanagement system. However,
data points are available in the system. (YELLOW)

– The measure can be counted manually and put into the work management system.
(ORANGE)

– The measure can neither be quantified nor visualized in a work management system.
(RED)

The first three categories contain measures that can already be computed in work
management systems or the data available to compute the measure. The last two cate-
gories are measures in which a large adjustment has to be made to the system to compute
the measure, or it is not possible to compute the measure. The number of measures and
the percentage of the total number of measures, which is 40, attached to a certain cat-
egory are shown in Table 2. The first column indicates the category. Columns 2 to 7
show the number of measures and the percentage related to the category, according to
the interviewee. Column 8 provides insight into the average percentage per category.
Table 2 shows that a variety of responses have been provided to determine whether a
measure can be quantified. Since the knowledge of the work management system differs
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among the interviewees, the most optimistic scenario has been chosen. This means that
whenever an expert mentions that the measure can be quantified, it is assumed that the
measure can be quantified. Table 3, one page 11 provides a more detailed overview of
whether a measure can be quantified taking into account the most optimistic scenario
mentioned above.

Table 3. Overview of each measure and color codes from the evaluation and data extraction
research phases.
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5 Evaluation of the Team Effectiveness Measures

In this section, the evaluation of the findings will be discussed. Additionally, measures
that contribute to measuring team effectiveness will be presented.

5.1 Expert Interviews

In total, four expert interviews were conducted to evaluate whether a measure provides
information on team effectiveness. In addition to the answers of the experts, a link has
been made to scientific literature to find out if the influence of a certain measure on team
effectiveness has already been investigated. However, not all measures could be linked
to scientific literature.

The analysis of the opinions on each measure showed that there is still much dis-
cussion among experts on whether a measure influences team effectiveness. Therefore,
categories have been assembled to distinguish measures.

– The color GREEN has been used if all experts agree that the measure has an effect on
team effectiveness.

– If the color is BLUE, this means that an expert disagreed and three experts agreed that
the measurement had an impact on team effectiveness.

– If two experts agree, YELLOW is used if the measure influences team effectiveness.
– The color ORANGE was applied if three experts disagreed and one expert agreed on

whether a measure influences team effectiveness.
– RED has been used if all experts state that the measure does not influence team
effectiveness.

In general, it can be concluded that measures in the first and second categories, the
colors Green & Blue, strongly influence team effectiveness. It could be argued that there
is too much debate on whether the measure impacts team effectiveness for the measures
that contain, theYellow,Orange&Red colors.Due to this discussion, it has been assumed
that there is no direct relationship between the measure and team effectiveness.

Ultimately, 35 of the 40 measures were assigned to the first and second categories
and thus influence or strongly influence team effectiveness.
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5.2 Relating the Evaluation Phase to the Work Management Data Extraction
Phase

The aim of this section is to indicate whether a measure provides information on team
effectiveness and can be measured in a work management system. The previous section
provided information on what measures can be related to measuring team effectiveness.
In this section, a link will be made between the evaluation of the measures and the
extraction of data from the work management systems.

The colors Green & Blue in Sect. 5.1 state that the measure influences or strongly
influences team effectiveness. For Sect. 4.3, Data extraction Work Management Sys-
tems, the color Green, Blue & Yellow indicate that a measure is measurable in a work
management system. Whenever a measure is attached to both categories mentioned
above, the measure provides information on team effectiveness, and the measure can be
quantified in a work management system. In other words, the objective measure con-
tributes to measuring team effectiveness in scrum. In the previous section, there was
described that 35 measures out of the 40 measures influence or strongly influence team
effectiveness based on the Green and ‘Blue colours. These 35 measures will be taken
to the expert interviews column. This column shows that out of the 35 measures, 29
measures also have the Green, Blue or Yellow colour. This means that, according to the
expert interviews, and whether a measure can be quantified in a work management sys-
tem, 29 measures contribute to measuring Team Effectiveness. These measures contain
a Yes, in the Contributes to TE? column. A complete overview of whether a measure
contributes to measuring scrum team effectiveness is shown in Table 3, which provides
the name of the measure, the evaluation color, the color to indicate if the measure can
be quantified in a Work Management System1, whether the measure contributes to mea-
suring Team Effectiveness2 and the concept(s), Continuous Improvement3, Stakeholder
Concern4, Responsiveness 5, Team Autonomy6, Management Support7, TeamMorale8,
Stakeholder Satisfaction9, of team effectiveness to which the measure is linked, based
on the second focus group.

6 Discussion

In this section, the 29 measures that contribute to team effectiveness will be examined
at the concept level, which is described in Sect. 2.3. Furthermore, observations during
the second focus group will further discuss the generated measures.

1 WMS
2 TE
3 CE
4 SC
5 R
6 TA
7 MS
8 TM
9 SS
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The second focus group showed that 40 unique measures were related to the seven
concepts of team effectiveness. The evaluation phase showed that 29 of the 40 measures
ultimately contribute to measuring team effectiveness in scrum. This shows that these
measures could provide a broad overview of measuring team effectiveness as a whole.
However, further analysis shows that not all concept can be fully measured. Verwijs [22]
states that there are seven concepts important in scrum team effectiveness. To ensure
that all concepts are covered in measuring team effectiveness, objective measures are
linked to the seven concepts of team effectiveness.

An analysiswas performed to identify differences in themeasurability of concepts. In
other words, whether a concept can be quantified. The analysis shows that two concepts,
stakeholder concern and management support, are the most represented. Three of the
seven measures (42.9%) related to stakeholder concerns do not contribute to measuring
team effectiveness. Four of the four measures (100%) related to management support
do not help measure scrum team effectiveness. For team morale, team autonomy, and
responsiveness these percentages are 25%, 20%, and 8.3% respectively. This indicates
that there is still a great difference in the measurability at the concept level. Verwijs [22]
concluded that all these concepts influence team effectiveness. It is important to note
that not all seven concepts can be fully measured on the basis of objective measures.
Therefore, this should be taken into account when measuring team effectiveness based
on these measures. Table 4 provides an overview of the measurability of each concept.

Table 4. Measurability overview concepts

Team Effectiveness Concept Measurability (%)

Continuous Improvement 100%

Stakeholder Satisfaction 100%

Responsiveness 91.7%

Team Autonomy 80%

Team Morale 75%

Stakeholder Concern 57.1%

Management Support 0%

In addition to the difference between concepts, another interesting note on measures
can be derived from discussions in the second focus group.

The discussion dealt with the idea that numbers alone do not mean anything. In
other words, if a measure provides a number, what does this number mean? Several
studies discuss the importance of providing meaning to a number [21, 24]. First, these
studies concluded that the meaning of vague quantifiers and numerical values can vary
greatly. Also, the problem with people is that each individual has his or her own internal
scale to make judgments. As a result, numbers can be interpreted differently and can
create confusion. During the focus group, a solution was already suggested. According
to a focus group participant, “to determine whether a given number is high or low, a
comparison should be made to, for instance, a predefined goal or a certain trend”, in
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other studies, benchmarking is defined as ‘enabling and motivating one to determine
how well one’s current practices compare to other practices [18, p 786]’. By applying
benchmarking, a number of ameasure canbeunderstood andhelps to understandwhat the
number means for certain standards or for a trend [16]. To apply this matter to this study.
As the authors point out, the 29 metrics identified may be related to team effectiveness,
but as they are just numbers they are not of use. In order to assess team effectiveness
and make comparisons, these measures will have to be converted into indicators, with
thresholds that determine when the team has a low, medium or high level, for example.

In general, Sect. 5.2 shows that 29 of the 40 measures help measure team effective-
ness. Although this is the majority of the measures generated from the focus group, it
does not mean that mapping these measures provides a complete picture of measuring
team effectiveness. There is still a great difference in the ability to measure the seven
concepts of team effectiveness. Furthermore, the measures have to be seen in series or
in a trend, or a certain benchmark has to be applied to provide context to a number of a
measure.

6.1 Validity Threats

In this section, threats to validity will be discussed. This concerns internal, conclusion,
and external validity threats [23].

The internal validity threat is related to the expertise of the participants and intervie-
wees in this research. However, for all interviews and focus groups, the participants had
multiple years of Scrum project experience. However, different groups formations were
used during both focus groups. As a result, most participants of the first focus group did
not participate in the second focus group. This harms the internal validity.

The conclusion validity threat relates to the sample size of the focus group and the
number of expert interviews. This can be seen as rather small.

The external validity threat relates to the generalizability of this research. This
research took place at one organization. Although this threatens generalizability, all
participants were consultants who also worked with or at other companies. As a result,
experiences derived from other organizations were also indirectly taken into account.
Therefore, this limits the external validity threat.

7 Conclusions and Future Research

In this research, results were presented on whether it is possible to measure team effec-
tiveness based on objective measures. Focus groups and interviews were conducted to
answer research questions:

“To which extent can team effectiveness in Scrum be measured based on objective
measure?”

We identified 29 measures that contribute to measuring team effectiveness in Scrum.
This signals that team effectiveness can indeed be measured to a large extent on the
basis of objective measures. However, a few notes have to be taken into account. First,
a number on its own of a certain measure has no meaning. Therefore, benchmarking
or a trend in numbers has to be applied to provide meaning or context to a number of
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a measure. Furthermore, there is a variety in the measurability of team effectiveness
concepts. For example, for one concept, all linked measures do not provide meaning to
team effectiveness or cannot be measured in a work management system; for another
concept, all linked measures are related and can be measured in a work management
system. Although not all concepts can be fully measured, five of the seven concepts can
be measured for at least 75%, providing a solid basis for measuring team effectiveness.
Last, this research can be considered an exploratory study on the topic of measuring
team effectiveness based on objective measures. The outcomes provide a first insight
into this topic, which can be built on.

Future works should focus on extending this research to other software companies
that apply scrum principles. This can result in new insights and new measures that can
be applied to measure team effectiveness. Furthermore, it would be interesting to apply
the measures in practice. As a result, feedback can be collected for new measures or
current measures can be reexamined.
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