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Preface

While agile as well as user-centred software development has already become main-
stream in industry and a strong community has crystallized around the new way of
thinking, making the transition to the new mindset is still challenging for many
companies. Hence, there is a need for providing a platform for spreading best practices
and stories of successful transitions. The LASD (Lean and Agile Software Develop-
ment) and MIDI (Multimedia, Interaction, Design and Innovation) conference series
have become prominent forums where practitioners, researchers, and academics meet
to share and discuss their concerns, experiences, research findings, and trends.

This year, both LASD and MIDI took place under the umbrella of the 14th Fed-
erated Conference on Computer Science and Information Systems (FedCSIS 2019) in
Leipzig, Germany, during September 1–4, 2019. In total, we received 36 submissions,
out of which 9 were accepted as full papers and 3 as short papers. The accepted papers
were presented to a well-focused audience, thus the discussion provided the authors
with new ideas and directions for further research.

After the events, authors of 8 selected papers were invited to submit revised and
extended versions of their work to this post-conference monograph. Topics discussed
in this volume range from recent evolutions in the field (such as scaling agile, balancing
agile and plan-driven methods, agile methods for safety-critical systems), through agile
adoption and trends, to human issues (such as elements of the agile mindset,
empowering agile teams with collaborative games, and gamification).

We would like to express our gratitude to everyone who made LASD 2019 and
MIDI 2019 successful. First of all, we thank all the authors for their contributions, the
many attendees for creating fruitful discussion, as well as the members of the Program
Committees for taking the time and effort to provide insightful remarks. We
acknowledge the chairs of MIDI 2019, i.e. Krzysztof Marasek, Andrzej Romanowski,
and Marcin Sikorski, for their collaboration. We are also deeply grateful to the chairs
of the FedCSIS conference series, namely Maria Ganzha, Leszek Maciaszek, and
Marcin Paprzycki, for their help with the organization of our events. Moreover, we are
indebted to Karolina Walaszek for typesetting assistance. Finally, we would like
to thank the team at Springer (especially Alfred Hofmann, Ralf Gerstner, and Christine
Reiss) for making this volume possible.

We hope that you find this monograph useful for your professional and academic
activities, and we wish you a stimulating read. We also cordially invite you to visit our
conference websites at https://www.fedcsis.org/2020/lasd and https://midi.pja.edu.pl,
and to join us for the upcoming editions.

November 2019 Adam Przybyłek
Miguel Ehécatl Morales-Trujillo
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Scaling Agile – A Large Enterprise
View on Delivering and Ensuring

Sustainable Transitions

Alexander Poth1(&) , Mario Kottke1, and Andreas Riel2

1 Volkswagen AG, Berliner Ring 2, 38436 Wolfsburg, Germany
{alexander.poth,mario.kottke}@volkswagen.de

2 Grenoble Alps University, G-SCOP Laboratory, 38031 Grenoble, France
andreas.riel@grenoble-inp.fr

Abstract. Established large enterprises have to address their existing culture
and their huge amounts of people during an agile transition. An approach based
on coaching supported by a toolkit has been established at Volkswagen
Group IT in order to facilitate and scale agile transitions through systematic
coaching of agile practices and the agile mindset. Agility has been rendered
sustainable thanks to an inter-organizational facilitation network that leverages
team-independent and decentralized sharing and improvement of know-how and
experience. Furthermore, a measurement framework allows determining agile
maturity of teams during the transition and beyond for an enterprise grade
governance. The transition approach captures the organizational context of the
team during the transition. The capturing is mapped to current opportunities for
the transition to derive suitable actions and to coach adequate approaches and
relevant methods. The holistic approach ensures a high quality and sustainability
for scaling agile in an enterprise.

Keywords: Agile transition � Scaling agile � Agile governance

1 Introduction

In agile corporate settings, the objective of each team is to run their products and
businesses autonomously. To do this, the teams have to be empowered to deliver their
businesses in a reliable and safe way. The objective of an enterprise is to align people –
and teams of people – to contribute to the enterprise business vision and goals. To
balance this individualization of the teams, large enterprises have to find ways of
developing the teams’ autonomy yet ensuring their alignment with the enterprise’s
business goals. The purpose of the presented approach is to support scaling agile in such
enterprise environments. Each established enterprise has their own culture, i.e., their
ways of handling people and operations. Consequently, transition initiatives affecting
teams have to actively the cultural change processes towards an agile mindset while at
the same time preserving relevant parts of the established culture. Existing frameworks
are not sufficiently practicable because they fail to take into account systematically the
current organizational culture and setting both on global and individual team levels.

© Springer Nature Switzerland AG 2020
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Furthermore, a big challenge is to scale agile to all the different people and teams
with a limited amount of coaches for facilitating the transition. The main objective from
a corporate management’s point of view is to achieve the agile transition of the teams
with a minimum of coaching efforts. Therefore, the focus is on highly effective
coaching aiming at empowering teams to go ahead on their own after a short time of
highly targeted support. The context of the presented work is the coaching of several
diverse organizational units of the Volkswagen AG. Agile coaches from Volkswagen
Group IT have the mission to facilitate the agile transition of these units, which all
departed from very different agile maturity levels.

2 Research Question and Methodology

The presented novel approach is based on hypotheses derived from research questions,
and has been validated using innovative metrics.

2.1 Research Question

The research question focuses on how an effective, efficient and sustainable agile
transformation can be achieved by efficient usage of resources (like the facilitating by
coaches) in large corporate organizations characterized by a huge number of hetero-
geneous domains and an established enterprise culture.

Thereby, the effectivity shall be defined as the change of team maturity between the
start and the end of the coaching phase from an agile transition perspective. Sustain-
ability is indicated by the change of team maturity after a longer period of absence of
coaches. The efficiency can be derived from a trend of the amount of projects a coach
can facilitate per year.

2.2 Hypotheses

To find a holistic answer to the complex research question, the following hypotheses
were made:

H1: Coaching with a structured toolkit supports a minimum effectivity of the agile
transition.
H2: Coaching and toolkit are like a flywheel approach, because the coaches learn
working with the toolkit, and the lessons learned from the coaches help improve the
toolkit. Both lead to a higher effectivity of the agile transformation.
H3: A holistic toolkit that includes a maturity measurement and a self-service offer
facilitates the continuous improvement of teams without coaching assistance.
H4: The generalization of the teams’ agile transformation success is supported by
mapping the teams’ mindsets to a generic model.

2 A. Poth et al.



To be able to validate each of these hypotheses, the following quantitative indi-
cators were used:

HI1: The ramp-up time of new coaches diminishes with the enhancement of the
toolkit.
HI2: The alignment between the coaches’ demand and know-how about the arte-
facts provided by the toolkit increases over time.
HI3: The transition process governance structure facilitates knowledge management
and feedback of teams and aligns the toolkit with the organizational culture.
HI4: The mapping of the team’s maturity to the spiral dynamic model indicates a
continuous maturity growth over time.

3 Related Work

For an agile transition, different aspects are relevant for a holistic approach. In large
enterprises, the change management aspect is important to start moving people to new
horizons. In case of an agile transition, the lean and agile frameworks with their
methods and tools are relevant inputs, which need a selection about best fit to the
enterprise culture etc. Furthermore, on an enterprise level, a governance is needed to
ensure systematic development and enhancement of all the teams. Therefore, agile
maturity measurement approaches have to be evaluated to identify those methods and
artifacts that are most appropriate for each particular team.

3.1 Change Management

Change management is a structured way from a status-quo to a desired status of an
organization [1]. Often an action research approach is used to systematically enhance
an organization [2]. In case of a successful change process, the aspects in scope and
focus move over time [3]. Change management has to handle the resistance to change
adequately [4]. This leads to the demand that any organization has to develop a change
capability [5] with management support as a necessary condition [6]. Existing work is
more oriented on non-agile organizations [7, 8]. However, some work address the
differences of agile and non-agile organizations [9]. Furthermore, selected methods and
tools support systematic change progress [10]. Change management also addresses
automation in agile environments to reduce time to market [11].

3.2 Lean and Agile Frameworks

To start the transition process, Scrum or Kanban, as well as some artifacts like DoD are
often used to realize the basic quality demands [12]. Many lean and agile frameworks
exist like Safe [13], Less [14] and others. However, none of the established models
handles (process) governance systematically, which is why specific approaches have to
be defined and established [15]. Some of the aspects are addressed in [16]. Further-
more, enterprise aspects like quality assurance have to be added [17] to address specific
regulations [18].

Scaling Agile – A Large Enterprise View on Delivering and Ensuring 3



3.3 Agile Maturity Measurement

Maturity models for processes like CMMI or SPICE have been applied for many years.
These models are useful in complex process-driven development environments with for
example a large external supply chain. Some similar process-driven models have been
derived for agile environments [19, 20] and compared in [21, 22]. Agile organizations
are more team-focused and therefore necessitate maturity models that go beyond
processes [23] and provide more team- and organization-oriented criteria and indicators
[24]. These leads to a wide set of measurement aspects [25]. For more team- driven
development with an end-to-end responsibility for their outcomes the high process
orientation can be an inadequate overhead. Finally, also in agile organizations measures
focus on effectivity and efficiency [26]. Value and velocity have key importance [27],
and quality is focused on defect measures [28].

4 Targeted Transition Process

Delivering deterministic quality of transitions is based on a delivery process. The
process has to be designed to scale to support an enterprise scaling of agile. To ensure
scaling agile, the process has to be based on approaches, methods and tools fitting to
the enterprise culture and the maturity of the (product or service) teams.

The implementation of the transition process can be supported or better facilitated
by a coach, but also accomplished in a self-service approach in case of mature teams.
The coach has to identify the starting point of the team with respect to their agile
mindset and maturity. Based on the initial analysis, the coach co-develops with the
team an approach to achieving the desired team maturity, as well as the specific desired
outcomes of the transition. The coach supports the team to the point that the team is
capable to run the transition themselves. To realize the self-service transition early, the
coach provides the team with a toolkit aligned with the enterprise culture. The toolkit
has to be applicable to teams with different agile maturity levels. It has to be adequate
for the specific company culture and reflect the state of the art of lean and agile habits,
approaches, methods and tools.

4.1 Requirements to the Toolkit

For an agile toolkit to provide adequate support in the agile transition process, the
requirements derived from the above objectives are as follows:

– The toolkit shall contain best practice and state of the art artifacts.
– These artifacts shall comprise approaches, methods and tools to facilitate an agile

transition.
– The toolkit shall be like a “menu” allowing choosing adequate artifacts.
– The toolkit shall offer at least one artifact to support a transition team demand.
– The toolkit shall be structured by attributes to find adequate artefacts for the specific

demand.
– The structure and the artifacts shall be set up to be applicable as a self-service.

4 A. Poth et al.



– The toolkit shall have a life-cycle for aligning it with future demands and enhancing
it based on lessons learned which could thereby be concentrated in the toolkit.

– The life-cycle of the artifacts in the toolkit shall allow substituting “old” artefacts by
newer ones or artefacts fitting better to the company culture.

Based on these requirements, it becomes evident that not all possible artifacts have
to be evaluated and integrated in the toolkit. The artifacts are essentially based on a
first-fit approach based on the demand by the teams and the organization.

4.2 Governance of the Process and Its Self-service Toolkit

In an enterprise environment, standardization is often controlled by a governance
instance. Figure 1 from [29] shows the governance’s role and interdependencies. The
governance guides the team transition with the toolkit and collects their feedbacks to
enhance the toolkit over time. However, also the governance has to check the teams
outcomes like products or services for compliance derivations and handle their risks
adequately. This risk-handling can lead to e.g. an internal regulation action applied to
the toolkit to avoid systematic risks or failures.

To ensure that the transition process and its toolkit fits to the organization, a central
instance is responsible for the maintenance of the transition toolkit. The objectives of
these central governance are:

– to ensure that the toolkit contains artefacts aligned with the enterprise culture (the
current and the desired development direction of the culture in the future);

– to maintain the feedback and lessons learned procedure;
– to check the effectiveness of the toolkit in the transition teams, and
– to initiate changes to the toolkit and its artifacts if needed (also includes to fit new

external regulations etc.).

The governance instance has to be open for innovations and enhancement of the
toolkit and its artifacts, but also enforce fast changes to the toolkit if needed e.g. to fit

Fig. 1. Relationships between the team and its governance and product/service.

Scaling Agile – A Large Enterprise View on Delivering and Ensuring 5



new regulations. A further aspect is to offer a space for the company to develop their
own artifacts for specific demands that are not covered by the results of a (public)
search for approaches, methods or tools.

4.3 Generic Approach for Agile Transitions in Enterprises

The identified requirements for the toolkit and its governance process lead to a generic
approach to using the toolkit. Figure 2 [29] shows the approach, which is built on
initiating an agile transition within a systematic facilitation phase. The latter starts with
a readiness check to determine the current state of the team and its transition objectives.
A more or less intensive coaching phase helps the team to get the capabilities needed to
become an autonomous team. The autonomy readiness is given by the capability check
at the end of the coaching phase. The governance randomly selects teams and checks
their continuous transition to autonomy using project reviews during the life cycle of
the team or their organization.

This generic process offers systematic opportunities to collect feedbacks during the
coaching phase and the project reviews from the governance perspective.

5 Transition Kit Development

To develop the transition kit, the grounded theory [30] approach shall be used. As the
approach comes from sociology, it fits to the context with the team maturity and
enterprise culture as an important part of the setting of the agile transition. Grounded
theory uses as artifacts codes, concepts, categories and theory to derive the insights.
Codes are key points in the data gathered in the field. Concepts are the groupings of
similar codes. Categories are the derived patterns or insights from the concepts as a
basis for the theory.

The data is based on the selected artifacts that have been evaluated for the inte-
gration into the transition kit. The first step is to identify relevant artifacts. This is done
by scouting with a first fit approach artifacts. The scouting of publicly available

Fig. 2. A generic process to establish autonomous teams with an agile transition.
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artefacts (public data) shall be aligned with the toolkit requirements identified in
Sect. 4.1 for the selection. All of these pre-defined codes are positive indicators for a
particular artifact to fit into the transition kit. In a second step, the selected artifacts
shall be evaluated in the target enterprise during a transition with experienced coaches
to check how the pre-selection of artifacts fits to the culture and the real team settings.
The objective is to eliminate codes that are indicators or evidences for a mismatch.
Mismatch indicators are e.g. negative side-effects like silo-thinking of the team or
leverage of individual power instead of team creativity. These negative indicators
during artifact application depend on the environment which is driven by the team’s
maturity and the enterprise culture. The codes are used for deriving concepts like for
which team maturity level the artifact is useful to avoid the mismatch indicators. In case
of mismatch in all concepts, the artifact shall not be selected for the transition kit,
instead other alternatives shall be looked up and evaluated. The remaining artifacts are
grouped in categories like approaches for agile working, methods to identify require-
ments and deliverables or tools to structure requirements. The categories have to
support the life cycle of the team’s products and service in different team maturity
levels. The final setting of the transition kit is the grounded theory in the enterprise
setting which fits to the current teams and the enterprise culture. Furthermore,
depending on the enterprise specific concepts can be identified and grouped in order to
support their agile transition from their specific product settings.

5.1 Structure of the Transition Kit

The structure of the transition kit with its methods and tools for self-service is based on
two categories which are used to classify the different artifacts to address the team
maturity and their product or service complexity. For measuring team maturity, the
spiral dynamics model [24] is used. Product or service complexity is mapped to the
Stacey matrix [31].

Spiral Dynamics Model. The spiral dynamic model is used because it offers for an easy
explanation of the maturity levels (color) aspects like the people structure, their motives
and the characteristics of the teams. This helps teams to identify the current pain points
in their current structure and habits to grow, cf. Table 1 from [29].

Stacey Matrix. The Stacey matrix distinguishes four different categories: trivial,
complicated, complex and chaotic. These categories are applicable to technical and
social or organizational structures. This helps teams to map their products and services.

5.2 Outcomes of the Systematic Evaluation and Data Gathering

The outcome of the toolkit’s application to the Volkswagen AG Group IT is shown in
Table 2 from [29]. The first column lists the toolkit’s artifacts as methods and tools
resulting from the grounded theory derivation process. The second column represents
the team maturity rating according to the spiral dynamics model. The third column
shows the Stacey matrix mapping. It is certainly possible to apply methods/tools in
other settings of the spiral dynamics or Stacey mapping, however in the specific
enterprise setting this is not recommended.
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Table 1. Spiral dynamics model with its mappings for teams to see strengths and potentials.

Level-name Structure Motives Characteristics

Beige Loose bands Survival Archaic, instinctive, basic, automatic
Purple Tribes Magic, Safety Animistic, Tribalistic, Magical,

Mystical
Red Empires Power, Dominance Egocentric, Explorative, Impulsive,

Rebellious
Blue Pyramidal Order, right & wrong Absolutistic, Obedient, Purposeful,

Authoritarian
Orange Delegative Autonomy, achievement Materialistic, Strategic, Ambitious,

Individualistic
Green Egalitarian Approval, Equality,

Community
Relativistic, Personalistic, Sensitive,
Pluralistic

Yellow Interactive Adaptability, Integration Systemic, Conceptual, Ecological,
Flexible

Tortoise Global Compassion, Harmony Holistic, Global

Table 2. Example for a specific company’s transition tool kit derived with grounded theory.

Method/tool Spiral dynamic model team
maturity

Stacey mapping of
product/service context

Retrospective Purple or higher All
Design Thinking Blue or higher All
Minimum Viable Product
(MVP)

Orange or higher Complex & complicated

Simple Lovable and
Complete (SLC)

Blue or higher Complex & complicated

Business Model Canvas
(BMC)

Purple or higher Complex & complicated

Product Vision Board (PVB) Purple or higher Complex & complicated
INVEST Purple or higher Complex & complicated
Definition of Ready (DoR) Blue or higher All
Definition of Done (DoD) Blue or higher All
Levels of Done (LoD) Blue or higher Complex & complicated
Product Quality Risk (PQR) Ref or higher Complex & complicated
Scrum Purple or higher Complex & complicated
Extreme Programming Green or higher Complex & complicated
KANBAN Beige or higher Complex & complicated
SAFe Red or higher Complex & complicated
LeSS Blue or higher Complex & complicated
Nexus Orange or higher Complex & complicated
Scrum@Scale Orange or higher Complex & complicated
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6 Agile Maturity Measurement

To support the teams to reach the desired objective of the agile transition departing
from their current situations, the approaches, methods and tools recommended by the
toolkit have to fit to the teams’ specific maturity levels. A team develops maturity over
time. This is driven by group dynamics [32] as well as the demands of their product or
service life cycle. Furthermore, the enterprise culture develops at the same time, and
impacts the entire organization as well as the individual teams [33]. The transition kit
addresses culture with the governance approach, which triggers in/out-decisions of
artifacts to support the enterprise culture development. The specific team maturity is
addressed by the spiral dynamics model, which is mapped to each artifact of the
transition kit.

The key concept is that each team can be evaluated by a coach considered external
to the team, or alternatively by self-evaluation. In any case, evaluations are based on
the spiral dynamic model. This is a chance for each team to reflect their progress in
team maturity. The team maturity is important for the agile transition because the agile
working mindset is team oriented. This helps teams to use adequate approaches,
methods and tools that render their daily business more effective.

During the coaching phase, the coach as team facilitator makes the initial evaluation
of the current state of the team’s maturity to select with the team artifacts adequate for
their agile transition. The coach also prepares the team for carrying out this capability
check themselves in a self-service approach. Furthermore, during the team-external
project review, any team has the option to get an evaluation as a kind of feedback about
their current team maturity state in the context of the presented and applied agile
approaches, methods and tools during the review.

7 Case Study

The case study is taken from the Volkswagen AG Group IT. The Group IT offers a
wide range of IT services to the brands and is responsible for group wide IT services of
the Volkswagen AG. The Group IT implementation of the presented holistic agile
transition kit is based on an instantiation of the agile transition process applying the kit.
The established transition governance uses the measurements for making progress
transparent. Furthermore, the continuous improvement and enhancement is established
in conjunction with the governance and representatives of agile transitions, which
ensures addressing the real teams context and keeps the relevance of the kit’s “content”.

7.1 Instantiation of the Transition Process

The transition process has initially been established with the coaches of the Agile Center
of Excellence (ACE). The coaching team has been growing moderately over time and
offers coaching packages to support transitions [26]. In order to scale better, the ACE
established a 2-year trainee program for Coaches and Scrum Professionals (CSP). The
CSPs come from different business areas and coach transitions in a “localized fashion”.
Figure 3 shows the numeric growth of the ACE and CSP coaches over time. The CSPs

Scaling Agile – A Large Enterprise View on Delivering and Ensuring 9



are independent, however can use offers of the ACE like the Agile Community or Coach
Guide to stay up to date. The ACE implemented the process from Fig. 3 and established
a governance together with the quality team of the Group IT [16].

Over time, the ACE collected data from its coaching activities. Figure 4 shows the
proportions of conducted readiness and maturity checks over time. It shows that not all
readiness checks led to a coaching. Sometimes the team were not ready, sometimes the
ACE had to prioritize the transitions. In the last years, the ACE focused on transitions
of bigger programs and organizational units instead of individual teams, which is the
reason explaining that the amount of maturity checks did not grow fast (each coaching
program with more teams is count as one and is often handled by two coaches). The
project reviews established later on address the sustainability aspect to ensure that the
long-term effects have been reached, as well as to ensure that the “self-service” tran-
sitions (often supported by the CSP) are well aligned with the Group IT framework.
The project review checks different aspects like value delivery, delivery speed or
defects as quality delivery indicator of the product or service, as well as a set of process
and team aspects. The project reviews are also used for field analysis and for triggering
organizational improvement actions [29].

Validation Measures. The instantiation of the transition process supports HI1: coa-
ches get productive fast also in programs by the systematic process that guides teams
and coaches during the structures checks at the beginning and the end. This gives all
involved people – including the coaches as facilitators – focus and supports an effective
artifact selection to address the identified potentials. With each application, the coaches
learn more about the artifacts of the transition kit and can integrate their experience in
future toolkit versions to continuously improve and enhance it. This supports HI2. The

Fig. 3. Scaling of the ACE internal coaches and the trained coaches/scrum professionals (CSP).
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standardized transition process is used by the governance to address enhancements
about strategic (like culture aspects) and compliance (like new legal requirements)
demands, which supports HI3. The process design itself with the “check-points” at the
beginning and the end of the coaching, as well as the randomized project review gives
measuring points for the team maturity to address HI4.

7.2 Instantiation of the Transition Kit

The instantiation of the transition kit with “content” was done by a first-fit approach.
The focus for the initial version of the kit was to use state of the art “artefacts” which
are proven in use. This approach reduces the acceptance risk in the initial evaluation
phase and ensures a fast start with real life teams. Over time, experience and feedbacks
of the performed transitions extended the “content” for a better fit. The program aspects
are currently the biggest drivers for changes on the transition kit. The usage of the
spiral dynamics model and the Stacey matrix support to find the right options of the
transition kits offers. Figure 5 shows a sample of the maturity check evaluation mapped
to the Scrum values. The teams got a high understanding and adoption of agile and
Scrum values in their coaching phase with the application of the transition kit.

Validation Measures. The instantiation of the transition kit supports HI1 by giving
coaches an approach of making a relevant pre-selection of the wide set of available
methods and tools for application to a team having specific maturity and complexity
levels. By using the transition kit, with each instantiation of the artifacts in real team
transitions, the coaches will learn details about the selected approaches, methods and
tools in the specific team context. This alignment with the transition kit based on

Fig. 4. Scaling over time (with 2019 partly) of the 3 types of checks/reviews.
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lessons learned and application experience supports HI2. HI3 is supported by the
feedback of the coaches through their lessons learned and experiences made. The
coaches’ and teams’ feedbacks are used by the kit’s governance to improve and
enhance the kit for future use. The team maturity filter makes transparent what kind of
approaches, methods and tools are recommended based on the team’s current maturity.
This kind of making facts evident against the spiral dynamics model and other teams
leads to growing team objectives, which supports HI4 in a “competition” approach.
Reaching out for higher maturity levels will also lead to getting the chance for
experimenting with new methods and tools. Team externals can observe the speed of
the team’s progress.

7.3 Instantiation of the Measurement Framework

The measurement frame is established over time as the organization obtained the
maturity to collect (Fig. 4) and handle the data (Fig. 5). The interpretation of Fig. 5 in
the measurement context is that a 3 or higher score shows a clear indicator for orange or
higher team structures. The team leaves the red and blue mindset of the Taylorism
hierarchy’s. In a last step, the data is correlated between the teams, and trends are
visualized. Figure 6 shows a sample of different transitions and their average change to
focus on the agile values. The first value set is as expected: shifting to deliver software.
The second got a small push into planning which is motivated by the fact that at their
starting point, teams are often too enthusiastic on change handling and they learn to be
aligned with other teams in the release process as a kind of maturity. We can observe a
similar behavior with the customer interaction and contracting: the pendulum deflection
from one to the other end is initially often not based on the right momentum in less
mature teams.

Fig. 5. Average values on a range of 0 to 5 (best) of team maturity indicators from a sample.
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Validation Measures. The readiness check measures the team maturity for agile at the
beginning of the coaching and helps the coach to focus and deliver a fast ramp-up. The
constant focus to the transitions progress and the creation of team autonomy readiness
is measured at the end in the maturity check in the form of a final report of the
coaching. The focus reduces “waste” in lean thinking and thereby directly supports
HI1. The governance reviews the three types of team checks to ensure overall growing
maturity of the teams and initiates action in case of unacceptable derivations or missing
culture alignment. This supports HI3. HI4 is addressed inherently by applying the
transition kit and helps the teams to make the growing performance transparent.

7.4 Reflection of the Presented Transition Kit and Governance Approach

We challenged the transition kit with the participants of two international conferences,
each uniting more than a hundred representatives from industry and academia: the 3rd

Lean and Agile Software Development Conference, as well as the 26th EuroSPI con-
ference in its Experiences with Lean and Agile track. Both expert groups (more than 40
experts) identified that domain specific demands are not addressed. Examples are
domain specific requirements for finance or safety regulations. Such specific require-
ments or aspects have to be added to ensure that the relevant domain specific outcomes
are realized. In both conferences, the expert groups did not identify any issues linked
with the generic transition kit approach itself. This implies that it should be easy to

Fig. 6. Average change of agile value indicators on a range from −5 to 5 (more) from a sample.
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apply the transition kit concept in other enterprises after adaptation to the specific
domains and strategic cultural objectives. The experts came from all over the world,
including countries like Japan, Brazil, Turkey, Denmark and Spain. The experts’
domain know-how was widely spread to fields such as finance, insurance, semi-
conductors/sensor, medical, defense, automotive, and software consulting.

7.5 Experiences and Lessons Learned

The instantiation of the transition kit with the standardized process and measurement
framework as a holistic approach has clearly shown its effectivity in helping teams
getting their autonomy. The amount of teams grows, as does the throughput of coaches.
Figure 7 shows the trend of the efficiency of the ACE’s systematic facilitation approach
with the transition kit. The team transitions grow faster than the size of the ACE, cf.
Figs. 3 and 4. The chart shows the teams that reached the maturity to go ahead
autonomously with their transition. A big scaling factor is that for two years, the ACE
has been an accepted transition partner also in non-IT business areas for big programs
(including several hundreds of people) and their teams. This also led to the introduction
of a new Key Performance Indicator (KPI): the average number of teams per transition
coaching.

The sustainability of transitions is measured with the project review, which can be
correlated to the readiness check of the team to show the global growing of team
maturity.

The experience is that it is difficult to measure effectivity and efficiency in complex
social environments, since only indicators can be measured. The overall system has

Fig. 7. Scaling of the transition performance indicator: number of teams per transition.
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many unknown parameters that influence the effectivity and sustainability of the
transitions.

A lesson learned is that it takes a lot of time (even years for huge enterprises) to
establish an entire Deming cycle for a systematic and holistic check of agile transitions
on an enterprise level. The main issue was the establishment of the sustainability
monitoring via a governance approach. Furthermore, a lesson learned is that the
transition of teams is never really finished, and the coaches have to act as initial
facilitators to give the teams the maturity for acting in mastery and autonomy on their
individual agile journey.

8 Conclusion and Outlook

The conclusion summarizes the presented holistic transition approach including its key
contributions and the result evaluation. Finally, the limitations are discussed and future
enhancements are identified.

8.1 Key Contributions

The key contribution to scaling agile transitions in large enterprise is that sustainability
is reached by combining a generic transition process with a life cycle view of the
transition, a transition toolkit that is adaptable to the specific team’s demands, as well
as a team maturity approach to challenge and support the team’s agile mindset.

All together is delivered as a self-service approach, as well as with an offer for
coaching support. To ensure scalability, the coaching support is designed as a limited
support with focus on helping teams to reach a high level of autonomy fast. To ensure
sustainability of the transitions and keep the three key components up to date, a
systematic governance is established.

A key conclusion for establishing a governance in agile environments is that from
the outset, a focus has to be directed on teams and products more than on processes.
Moderation and facilitation are more essential than defining and controlling. Checks
shall be used as enhancement triggers more than as deviation measures.

8.2 Evaluation of Results

The key results are the life cycle view of the team transition during their agile journey
with a team-external enterprise governance view. The presented indicators about
effectivity and efficiency show that the approach works as expected. However, the
indicators only focus on specific aspects that are covered by the indicator design. In a
complex enterprise environment, however, it is difficult to define indicators and
measures proofing complex social, organizational and technical influencing factors.

8.3 Limitations and Future Research and Development

One limitation of the holistic approach is that the transition process as well as the kit
have to be aligned with the enterprise. There is no “one size fits all” out-of-the-box
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approach. Furthermore, the evaluation results are limited because an agile transition
and the sustainability of a team depends on much more factors than can be monitored
with a practical measure set. Often, external effects like the re-organization of the
business unit can destroy teams and their transition process in a small amount of time.

In the future, a more systematic team maturity model can help to better map social
and agile aspects together. Furthermore, agile transitions can be linked better to non-
product and service delivery aspects like finance processes to give mature teams more
degrees of freedom to act faster and more market-driven.
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Abstract. Context: Even regulated domains like the automotive domain
increasingly adopt agile software development. However, traditional sequential
processes are still in use and have to coexist with the new development
approaches. Collaboration between agile and hybrid projects within complex
traditional product development processes is challenging, especially regarding
the creation and synchronization of a qualification phase plan. Objective: The
aim of this study is to motivate research related to the combined use of agile and
traditional paradigms in release planning in the automotive domain and to report
challenges from industry. Method: We introduce and motivate the research topic
and discuss related work based on the results of a small literature study. Further,
an online survey with 56 respondents from an automotive Original Equipment
Manufacturer was conducted. Results: There is a clear research gap regarding
release planning for combined agile and traditional projects. The state-of-the-
practice survey identified challenges, such as a lack of transparency regarding
the status quo of related projects. Conclusions: The research gap as well as the
challenges from industry should motivate further research on this topic, in order
to improve release planning processes in this specific context.

Keywords: Automotive � Agile method � Challenges � Hybrid development
process � Hybrid project environment � Product development process �
Qualification phase � Release planning � Traditional process

1 Introduction

Agile software development approaches promise many benefits like increased trans-
parency, a faster response to change or a shorter time to market [1]. Nowadays, they
have become the most commonly used software development approach, especially in
information systems domains [1]. Companies from the strongly regulated automotive
domain realize these benefits. Most companies have already started their evolutionary
bottom-up transition to agility [2] by using agile development in pilot projects. In
reality, these agile projects often use hybrid processes [3]. How does a hybrid envi-
ronment look like? Automotive domains are situated in a hybrid project environment
with two conflictive parts. On the one hand, there are processes with many milestones
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planned long time in advance, before the projects go live and serve the production and
the distribution. On the other hand, there is the operational level. On this operational
level, the projects try to act in a way that fits best to their project character. The
majority of teams in regulated domains prefer adopting single agile practices [2] or
strongly adapting existing agile methods like Scrum instead of adopting methods in
their pure form [4].

Nonetheless, traditional approaches like waterfall or the V-model are still pre-
dominant in the automotive domain. Within these domains, the adoption of agile
practices is hard to achieve and even not always desired [5]. This inevitably leads to a
mixture of different processes ranging from completely traditional processes to agile
adaptations. With these so called hybrid development approaches [3, 6], it becomes
more and more complex to handle the interfaces [7] between all involved
methodologies.

Especially in the automotive domain, the complexity of software and systems is
constantly increasing [8]. Causes are increasing connectivity, increasing distribution of
functionality to control units inside the car as well as new technologies like connected
services or cloud services. Due to their complexity, automotive projects are large
projects with many subprojects and suppliers. One of the many challenges in such
projects is to speed up the software release cycles [5]. Creating and updating a common
release plan that considers all dependencies is challenging, even more when multiple
parties work with different processes and timelines. Agile approaches can cause chaos
in release planning, because the two paradigms differ largely.

Thus, we want to motivate the investigation of release planning in the context of
system development with coexisting agile and traditional projects and propose the
following high-level goal: Identify and analyze challenges in qualification phase
planning in order to identify improvements in the context of system development with
coexisting agile and traditional projects from the perspective of an automotive original
equipment manufacturer (OEM). The research questions below are possible ways to
investigate the research field:

• What are challenges concerning qualification phase planning in a hybrid project
environment?

• What are the challenges of agile projects that are embedded in a traditional
development context?

• What are the challenges of traditional projects, having to synchronize with agile
projects?

• What are solutions for the identified challenges?
• How should a release planning process look like to optimize synchronization in a

hybrid project environment?

This work extends a previous publication [9]. The contribution of this paper is to
detail and motivate the research topic by presenting an extended background and
related work. We extended the results of the survey study [9] with the data from 17
additional respondents, and provide more insights into the comments of participants.
By presenting these updated results, we highlight common challenges that show the
need to investigate potential solutions and come up with a suitable release planning
process in a hybrid project environment.
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The remainder of this paper is structured as follows: The background and related
work is presented in Sect. 2. Section 3 presents the research approach of the survey
study, and the results are presented in Sect. 4. We conclude our work and outline future
research in Sect. 5.

2 Background and Related Work

In this section, we present the background of our research and the related work. First,
the hybrid project environment is presented together with our understanding of release
planning. Afterwards, we provide insights into the agile initiative of an automotive
OEM and present the identified related research.

2.1 Hybrid Project Environment

In the automotive domain, a hybrid project environment consists of two conflicting
parts (see Fig. 1). There is the strategic framework on one side consisting of processes
with many milestones planned a long time in advance before projects related to pro-
duction and distribution go live. This strategic framework (shown in the upper part of
Fig. 1) represents the time and content requirements, such as the product development
process and thus defines a superordinate process. The Qualification Phase (QP) is the
repetitive integration and testing process of an Electronic Control Unit (ECU) network,
its sensors and actuators. This phase is typically defined at the beginning of a project.
The maturity level is determined to release the ECU network for further testing, usage,
and development. The maturity levels provide information about the development
progress of functions and ECUs in relation to the target state.

The Additional Qualification Phase (AQP) is an extra qualification phase with a
reduced testing scope if the level of maturity is found to be insufficient and refers to a
reduced scope of ECUs. The reduced test scope refers to the inadequate target state and
is defined application-specifically. An AQP is not planned in advance but established
depending on the quality level of the QP. An AQP has to be executed only in case of
low quality. For this reason, an AQP is not represented in Fig. 1. The selection of the
test cases and the duration of the tests depend on the errors identified during the QP.

On the other hand, there is the operational level: the development of ECUs and
associated software. Here projects are performed in the way that best fits the project’s
character (see bottom part of Fig. 1). On this level, projects are developed in an agile,
hybrid or traditional way. However, all projects have one milestone in common, which
triggers them to serve the next release. Represented by the grey milestone. Reality
demonstrates that coordination and synchronization of these two parts no longer works
successfully (symbolized by the different colors of the flashes).

A solution has to be found that synchronizes both levels and which enables
coordinated release planning.
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2.2 Release Planning

Release planning, in an agile way, contains all decisions to feature content of the next
releases and deals with planning to develop the features [10]. Several aspects need to be
considered in order to guarantee a successful release:

• Planning: Planning the content that is supposed to be realized in the next release is
challenging, since the work has to be distributed on several teams. It is certainly not
easy to come up with a reliable plan upfront, so that all planned content can be
integrated in the end.

• Coordination: The dependencies between several teams need to be considered and
managed. Transparency is necessary to know the relevant stakeholders and to
synchronize work with them.

• Integration: Integrating the results from several teams into the final product.
Sometimes, errors are only found when integrating, causing bug fixing and addi-
tional integration effort.

• Testing: Fully testing the results of all teams individually is already a challenge, but
also the integrated product needs to be checked in order to assure all parts work
together like expected.

The automotive domain is a strongly regulated domain. Therefore, this combination
cannot start in a green field, as strategic frameworks define different phases of the
development process.

2.3 Agile@Porsche

The benefits of agile development methods have also arrived at Dr. Ing. h.c. F. Porsche
AG. For a stepwise introduction of agile practices, a set-up team called Agile@porsche
was established. This team consists of representatives corresponding to the individual
departments, such as development, marketing or controlling.

specification
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qualification phaseprocess
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produc-
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Givenframework
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Fig. 1. Coordination between strategic and operational level
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The Agile@Porsche team agrees upon common objectives and activities to
strengthen an agile organization. Six dimensions characterize the Porsche-specific
approach of agility (see Fig. 2) [11].

The first dimension contains a defined understanding of cultural values and
framework conditions and provides the basis. The second dimension includes a tool kit
for the use of agile methods. This tool kit comprises various methods and practices that
can be applied in projects. Organization is the topic of the next dimension that ensures
the development of an agile overall structure and the self-organization of individual
teams. The development of qualification strategies and the taking of relevant steps for
an agile establishment is specified in the fourth dimension that is named competences.
The fifth dimension called leadership is characterized by a changing role of leader-
ship. The management has to learn handing responsibility over to the developers. For
this purpose a definition of new roles is required and necessary. In an agile environ-
ment, the team makes the decisions and a vertical commitment is needed. The usage
and implementation of agile practices is only feasible with a suitable environment. For
this purpose, a dedicated infrastructure consisting of different IT-tools and physical
elements is required and seen as a fundamental condition.

Guidelines for the practical implementation of these six dimensions can be found in
a document [11] that offers a standardized definition of agility and a common under-
standing of agility at Porsche. The transition to a holistic agile organization will be
implemented step by step. The state of the practice of using agility results in imple-
menting agile methods in larger scaled projects and the development of supporting
processes and organizational structures for anchoring. For the near future, the company
targets at having an efficient coexistence of traditional and agile teams.

2.4 Related Work

To investigate how the proposed research topic is already covered by research, we
investigated the related work. Besides considering the sources, the authors already
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Fig. 2. Six dimensions of agility at Porsche [11]
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knew, a small literature review was conducted. We defined three aspects (c.f. Fig. 3)
based on our research goal and tried to identify related work about release planning that
in addition covers at least one of those aspects:

1. Release Planning in Systems Engineering
2. Release Planning in the automotive domain
3. Release Planning in a hybrid project environment

For each category, we defined a search string (see Fig. 4) and searched on Scopus1.
We assessed the resulting list of literature based on the title and included every liter-
ature that seemed to address any of our categories. This final list of papers was then
mapped to the three categories and checked for relevancy.

In the following, we present related work and analyze research gaps. There is a
research gap considering this hybrid project environment where projects with different
development paradigms meet. The HELENA study [3] investigates the combined use
of agile and traditional practices in hybrid processes, but does not consider the coex-
istence of agile and hybrid projects and their synchronization. Theobald et al. [7]

Fig. 3. Research aspects

Fig. 4. Search strings

1 www.scopus.com.
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investigates and classifies problems at the interface of agile and traditional environ-
ment. Our work in this paper can be classified in the problem field “project planning” at
the interface “project-team”. We could only identify one source dealing with release
planning in a hybrid project environment. [12] identified “an obvious gap in the
research of release planning in large-scale agile software development organizations”
in a literature review.

There is some work on release planning in the automotive domain. [13] describes
software release and configuration management in the automotive domain. [14] define
requirements to control and monitor dependencies with other release processes with the
help of workflow support. [15] define requirements for IT-support to improve release
management in the automotive domain. [16] identified key aspects of release planning
in the context of software and system development projects and also captured the state
of the practice for release planning in industry. There is no explicit work on release
planning in systems engineering, but the contributions dealing with an automotive
context mostly also cover release planning in systems engineering.

There is literature dealing with release planning in agile software development
projects: single project as well as scaled projects. [17] evaluates the methods that are
used by companies to plan for new software releases. [18] presents a case study where
the agile release planning process in a scaled Scrum environment was evaluated. [19]
describes the practice qualification phase planning and presents a case study of multi-
team agile release planning with the help of this practice. [20] conducted a systematic
literature study to identify agile release engineering practices. [21] conducted a liter-
ature study to report on software release planning models.

The focus of the majority of publications on release planning models aim at several
kinds of mathematical models and simulations [22], which are ineffectual in complex
industries [23]. Practitioners said that these approaches are either too simple to generate
a benefit or so difficult that they cannot reconstruct the whole process created [24, 25].

In total, there is no direct related work that considers release planning in coexisting
traditional and agile processes in the automotive domain. Some work deals with agile
release planning, but none of the identified sources deals with the hybrid project
environment that is targeted. In order to better understand release planning in such a
hybrid project environment, we conducted a survey study at an automotive case
company [9] and present the updated results in the following sections.

3 Research Approach

The research approach is presented including the research questions and design, the
data collection and analysis procedure, the research site and participants, as well as the
threats to validity.

3.1 Research Questions

The survey study aims to answer the following research question: What are the chal-
lenges and consequences of the qualification phase in an automotive hybrid project
environment? To answer this question, three research questions were defined:
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• RQ1. What are challenges concerning the qualification phase in a hybrid project
environment?

• RQ2. What are the specific challenges of agile projects embedded in a traditional
development context?

• RQ3. How could agility address the identified challenges?

3.2 Research Design

To answer the research questions, we selected a two-step research approach. First, we
set up an exploratory, qualitative interview study within a German automotive OEM.
An interview guide for identifying challenges and problems with regard to the release
planning process was specified. The interview guide was tested in a pilot interview.
Emerging issues, such as vague phrases, were addressed before the qualitative inter-
view study was conducted. In the second step, an online survey questionnaire was built
to validate the challenges identified from the qualitative interview study in detail.

The data collection instrument was a questionnaire that contained 31 open and
closed questions structured into six categories (cf. Table 1).

Table 1. Survey questionnaire

Category ID Question
Context 1 What is your current role? [free text]

2 How long have you been working in that role? [free text]
3 What are you working on in your project? [E/E ECU, software

component, function, connect service, vehicle project]
4 Please select a sector to classify your project. [powertrain electronics,

body electronics, infotainment, project is safety-critical, others]
5 What kind of development method do you use? (agile, hybrid, or

traditional) [use of adapted agile methods, hybrid methods, traditional
approaches]

6 If you are using agile or hybrid methods, please specify the method.
[free text]

Qualification
phase

7 What do you think about the current number of qualification phases
(incl. additional qualification phase)? [too high, adequate, too low]

8 How often are you able to generate current software versions ready to
deliver? [never, seldom, often, always]

9 Do you receive feedback about the qualification phase on time?
[never, seldom, often, always]

10 How often should a qualification phase take place in order for you to
be ready to deliver? [every week, once a month, every 3 months, at
larger intervals]

11 Would additional releases in terms of partial composites with reduced
test scope be helpful for safeguarding dependent ECUs? [yes,
partially, no]

(continued)
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Table 1. (continued)

Planning 12 Is an initial planning of content possible? [never, seldom, often,
always]

13 Does an initial planning of content make sense? [never, seldom, often,
always]

14 How often is the content of the initial planning still up-to-date at the
beginning of a qualification phase? [never, seldom, often, always]

15 How difficult is it to get planning information for the relevant
counterparts? [very difficult, difficult, easy, very easy]

16 To what extent do management decisions, external influencing
factors, or externally determined decisions influence your
development process? [no impact, weak impact, strong impact, very
strong impact]

Integration 17 To what extent does bug fixing affect the timely implementation of
planned functionalities for the next qualification phase? [no impact,
weak impact, strong impact, very strong impact]

18 It is inevitable that software versions are released that are suboptimal
concerning quality or content. [yes, partially, no]

19 What kind of activities dominate your daily routine during a
qualification phase? [free text]

20 Rate the following statement: Additional qualification phases are
necessary. [yes, partially, no]

21 Rate the following statement: Additional qualification phases are
reasonable. [yes, partially, no]

Coordination 22 Is the status of development transparent to you at any time? [yes,
partially, no]

23 Is the status of development of your stakeholders transparent to you at
any time? [yes, partially, no]

24 How important is the transparency of the development status of your
relevant counterparts to you? [totally unimportant, unimportant,
important, very important]

25 Rate the following statements:
- Stakeholder/Interfaces are known [Disagree, rather disagree, rather
agree, agree]
- Quality of coordination is good. [Disagree, rather disagree, rather
agree, agree]

Testing 26 Development can no longer handle the high number of bug reports.
[Disagree, rather disagree, rather agree, agree]

27 Problem resolution management can no longer handle the high
number of bug reports. [Disagree, rather disagree, rather agree, agree]

28 What are the reasons for the high number of tickets? [free text]
29 Do all planned changes to the ECU network have to be fully tested for

each qualification phase? [yes, partially, no]
30 Do all types of tests have to be performed for every ECU for each

qualification phase? [yes, partially, no]
31 When do all ECUs have to be fully tested? [every qualification phase,

depending on the changes, not mandatory]
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The categories and questions were derived from the insights gained in the previous
interviews and match the four aspects of release planning (c.f. Sect. 2.2). The questions
were originally written in German. The questionnaire went through four review cycles
by an independent researcher as well as by a specialist from the case company. The
authors discussed the review comments and improved the questionnaire.

In the first category, we elicited the “Context”, such as role and experience of the
participant, as well as project type, area, and the development method used (traditional
vs. agile). The second category, “Qualification Phase”, aimed at evaluating how many
qualification phases are feasible. The third category, “Planning”, was for evaluating the
need to have an initial plan as well as external influences on such a plan. At a certain
point in the development process, an initial planning of the functional scope of an ECU
must be submitted for each release. In addition to general ECU information, deviations
from the required functional, network and diagnostic maturity levels must also be
specified. We examined the need for additional qualification phases in the fourth
category “Integration”. Integration is an upstream part of the actual process and rep-
resents the integration of one or more ECUs into a whole network. Transparency of the
status quo and the quality of coordination were the focus of the fifth category,
“Coordination”. Finally, we covered all questions related to “Testing” in the last cat-
egory, trying to evaluate which kind and intensity of tests are necessary and if and why
there are so many bug reports. The test phase focuses on the execution of the quali-
fication phase and is therefore a main activity.

3.3 Data Collection and Analysis Procedure

To identify the main challenges, the first researcher conducted 26 semi-structured
interviews, which took between 30 and 60 min each. The information from each
interview was incorporated into later interviews. Because these interviews did not
allow for quantitative results, an online survey was conducted to confirm the challenges
and to draw a more complete picture by consulting different participants. This allows
for quantitative results, but gave every participant the chance to provide further
qualitative results by sharing their experiences.

During the first run of the online survey (results presented in [reference]), 95
potential participants were selected based on their roles, to cover all perspectives. Then
the participants were invited via an email motivating the goal of the study and outlining
the contents and the time expected to answer the questionnaire. A reminder email was
sent after one week. Also, one of the participants forwarded the questionnaire to an
additional group of 25 people. The survey was open from November to December 2018
and resulted in 55 respondents of which 39 completely filled out the whole
questionnaire.

In addition to [9], we run the online survey a second time. Reasons were to give
everyone who missed the first round an opportunity to share their experiences, and to
increase the number of respondents in order to increase the validity of the results. The
survey was opened up at the end of February 2019 for a duration of two weeks.
Afterwards, combined with the results of the first round [9], we ended up with 94
respondents, of which 56 completely filled out the questionnaire.
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After extracting the data from the online survey tool into an Excel document, we
analyzed the answers for completeness. There were 56 complete responses, meaning all
six pages of the questionnaire had been answered and thus the survey had been offi-
cially finished. In addition, there were 38 incomplete answers where the questionnaire
was not finished. Of these 38 incomplete answers, 11 respondents only finished the first
category (Context), while 20 respondents did not even finish the first questions. Only
three respondents finished the second category (Qualification Phase), two respondents
stopped after category 3 (Planning) and 4 (Integration) each. Although we had access to
the incomplete data sets, we decided to only consider the complete data sets for further
analysis. Afterwards, we conducted a descriptive analysis of the individual questions
and analyzed the textual answers to identify common opinions.

3.4 Research Site and Participants

This study was conducted at Dr. Ing. h. c. F. Porsche AG, a manufacturer that builds
sports cars for everyday driving. The division EE within Dr. Ing. h. c. F. Porsche AG in
Weissach, Germany, is responsible for the development process of electronic systems
and its integration into the development process of the complete vehicle. For achieving
this goal, transparent development processes and hence accurate release planning are
essential.

The target population of our survey included all roles involved in the qualification
phase process of automotive products where the subprojects differed in terms of the
development approaches used, including agile as well as traditional methods. The
sample selected consisted of stakeholders from Dr. Ing. h. c. F. Porsche AG involved in
release planning activities. The participants were expected to be motivated enough to
answer the comprehensive questionnaire because they anticipated improvements based
on the findings that reflect their current situation.

3.5 Threats to Validity

As the results only represent one specific case, it might not be possible to generalize
them. However, the fact that the case company has the same framework conditions
(regulated domains, complex supplier relationships and high safety requirements) as
similar OEMs, others could benefit from the findings. The issues that were identified in
the earlier interviews were addressed in the questionnaire, whereas new survey par-
ticipants did not have a chance to add more individual problems during the online
survey. There might be a bias concerning the stakeholders who participated. Some roles
are overrepresented, while other relevant roles were not represented by many partici-
pants. This might have led to results that are skewed towards the opinion of certain
roles. Nonetheless, many different roles participated in the study, providing answers
from many perspectives. As in all surveys, non-response bias could have led to missing
the opinions of certain participants. The second round of the interview study was
conducted at a later point of time, which could have led to a difference in the perception
of the participants. However, a comparison of results of the first with the second round
showed that the answers of all participants followed the same trend.
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4 Survey Results

This section contains the demographics and context of the respondents, followed by the
presentation and discussion of the results of this work structured along the research
questions.

4.1 Context

The respondents’ professional experience in their current role (Q1) was slightly below
six years on average, with a minimum of one year and a maximum of 20 years (Q2).
18 respondents (32%) had management roles related to projects, products, functions,
integration, testing, quality, data, processes, or other related disciplines. 22 participants
(39%) represented the operational level. The remaining respondents had roles with
responsibilities related to the environment of qualification phases (n = 16; 29%).

The respondents described their working environment using one or more categories
(Q3). Most participants reported working in vehicle projects (n = 29), development of
E/E components (n = 23), development of functions (n = 22), development of software
components (n = 17), and connected services (n = 16). Others (n = 7) dealt with IT
backend, cross-project integration, distributed functions, or quality.

27% (n = 15) of the respondents answered that their project was safety-critical.
Most participants assigned their project to the area of infotainment (n = 26), followed by
electronics for car bodies (n = 14) and electronics for engines (n = 8). Regarding the 25
individual answers, ten participants reported working on crosscutting topics (Q4).

Most respondents reported using traditional development or project management
approaches such as the V-model or sequential approaches (n = 34). Only twelve
respondents used adapted agile methods, and ten persons used hybrid approaches,
which was defined as strongly adapted agile methods or use of only single agile
practices (Q5). This showed that about 40% of the participants were using agile con-
cepts at the time.

Agile implementations were based on Scrum or the Porsche-specific adaption of
agile methods. One person even reported scaled agile and lean at the unit level com-
bined with an adapted Scaled Agile Framework (SAFe). Single agile practices like
daily standups, user stories, backlogs, retrospectives, or the Scrum Master role were
used in traditional projects. Some respondents reported using both agile and traditional
approaches at different project levels. One answer stated that agile was being used at
the team level together with the V-model for whole projects, while another respondent
reported using a sprint-like approach within the V-model due to highly dynamic
changes in requirements. Another respondent indicated the use of different develop-
ment paradigms in different life cycle phases (Q6).

4.2 RQ1: Current Challenges

In the following, the current challenges concerning the qualification phase in a hybrid
project environment will be presented and discussed along the categories of the survey
questionnaire.
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(1) Qualification phase. The majority of all participants (n = 30; 54%) stated that
the current number of releases (p.a.), including all additional qualification phases
(AQPs) and special qualification, is too high (Q7). On the other hand, there are 14
participants that claim that this number is too low, while another 12 perceive this
amount as the right number of releases. An analysis of the comments field of this
question shows results relating to the regulated defined number of releases. It emerged
from the free text that the regular number of QPs (without AQPs and special qualifi-
cations) is appropriate. Nevertheless, AQPs and special qualifications are inevitable in
the project phase relating to the start of series production. The developers confirmed
their opinion and asked for a higher number of qualification phases. The management
group agreed with the regulated defined numbers.

Further information concerning the ordinary number of qualification phases was
given by the group of developers using agile methods. For the majority of those
participants, the absolute number of qualification phases is too low to use agile methods
properly. They complained about the too great distance between two QP to integrate
and test the new version more quickly.

The next issue concerned the delivery results (Q8). 52% of the survey participants
answered that the required deliverable is seldom available in the required quality. On a
closer look of these 52%, n = 12 of the management level answered that the deliverable
is seldom available. In contrast, 46% of all participants replied that it is always (11%)
or at least most of the time (35%) possible to create a delivery version for every
requested release. Hence, there is a different perception of the definition of ‘required
quality’ and what exists in reality.

45% of all participants (n = 25) answered that they mostly receive feedback about
qualification phases on time (Q9), while ten participants (18%) claim to always be
informed in time. A minority never receives feedback on time (n = 7; 12%), another 14
participants only do seldom (n = 14; 25%). A deeper analysis of the answers related to
this question showed that it depends on the stakeholder and its required feedback. The
management level wants to have early feedback in order to be able to intervene in time.
However, the operational level needs feedback about the testing results in more detail,
which takes time. Receiving feedback on time and in the required quality depends on
different expectations and fixed targets.

The next question dealt with identifying a suitable number of qualification phases
with regard to being able to generate a releasable software version (Q10). Half of the
participants (n = 29; 52%) stated that qualification phases should take place at least
each quarter of the year. Six participants (11%) said that the QP should take place each
week, 14 participants (25%) wanted the QP to take place once a month. Only seven
participants (12%) said that the QP should take place less often than each quarter of a
year. In the comments, the participants emphasize that a regular QP should target
testing on vehicle level. Therefore, a QP should serve the qualification of the whole
vehicle network. In order to avoid big bang integration, smaller integration loops
should be carried out in advance in order to achieve the greatest possible maturity for
the QP.

In the last question (Q11) of this category, 50% of participants called for additional
qualification phases with reduced test scopes. Only five participants (9%) said that such
additional QPs would not be helpful, the remaining 23 respondents (41%) agreed in
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parts. On a closer look, 68% of all participants of the operational level want to have a
higher number of QPs on condition that not the whole scope has to be tested.
Nonetheless, this statement raises concerns, since the operational level answered in Q8
and Q10 that they are not always able to release good quality with the regular number
of QPs.

(2) Planning. This category highlights the characteristics around planning. The first
question (Q12) aimed at evaluating the feasibility of initial planning at the beginning of
the project. 48% of the participants in our study reported that initial planning is mostly
or always possible, and the others (52%) answered that such a plan is rarely or never
possible. At the beginning of a project, the decisions for or against a supplier have
sometimes not been made yet. That is one reason why it is difficult to generate an initial
planning. Another person replied that requirements for functions are the results of
testing, which is done further on in the development process.

In a further question, the participants were asked if such initial planning would be
meaningful (Q13). A majority (n = 34; 61%) stated that planning at the beginning of a
project is mostly (20%) or always (41%) reasonable because it is a resilient starting
point for further steps. On a closer inspection, only 18% of all developers are in favor
of an initial planning. The other half do not consider planning effective. Participants
also mentioned the existing change management process as an argument for initial
planning, which permits updates at any time.

The next question (Q14) regarding this topic dealt with the projected content before
the next release in terms of timeliness. The results show that scheduled content is
frequently impossible to implement in practice (80%). No participant stated that the
content is still up to date at the start of a new release, only 11 participants (20%)
claimed it is up to date most of the time. The majority of the participants stated that
awareness still exists for high quality in planning. Planning updates have to pass a
committee, which is one reason why change requests are not implemented in the
current release. Also some areas, such as the area “connected car”, are very dynamic,
which is another reason for the bad current state of planning, which is not up-to-date.

Receiving information about planning details from the relevant stakeholders is
perceived as challenging (Q15). Most of the respondents replied that obtaining infor-
mation on time is difficult (59%) or very difficult (14%), because there are no regulated
tasks nor a consistent workflow for changing the relevant information. The remaining
participants perceived it to be easy (23%) or very easy (3%) to receive planning
information.

Another issue is the impact of management decisions during the development cycle
(Q16), which implies that these cannot be implemented easily. A significant majority of
the respondents rated the influence of external decisions on the course of development
as strong (50%) or very strong (43%) and reported that the development of new
functionality suffers from having to deal with unexpected changes demanded by
management. Some respondents complained about management decisions that change
the backlog priority and have severe effects on further procedures. Only four partici-
pants perceive the influence to be weak (7%), no participant stated that there is no
influence.

(3) Integration. This category contains the results relating to the challenges of
software and hardware integration during a development cycle. During a qualification
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phase, new software versions are tested at different levels of integration. The test results
and even bug fixing have a great impact on the subsequent procedure (Q17). Most of
the participants answered that bug fixing has a strong effect (50%) or very strong effect
(29%) on their timely implementation related to the next release. Only three partici-
pants (5%) claimed that there is no influence. The remaining 16% reported a weak
influence. 73% of the operational level stated that debugging has a strong effect on the
upcoming tasks. Since the project plan does not consider an extra buffer, fixing bugs
can even lead to delays of the next scheduled functions.

This non-existing hold is one of the main reasons for bad quality releases (Q18).
Almost all interviewees admitted that delivering software versions with high quality is
infeasible (46%) or partly infeasible (50%) when they also have to provide the content
planned for the next release. The results considered for integration have low maturity,
due to the increasing pressure of costs and deadlines.

Another question in this category dealt with the activities during a qualification
phase (Q19). The main activities or tasks linked to the respective role are: Management
is engaged in coordination and ensuring the scheduled scope with regard to the next
release. At the operational level, tracking of test results and analysis of upcoming bug
tickets are the main concerns. Both groups have to handle the subsequent deliveries.

For this reason, additional qualification phases (AQP) have been established sub-
sequent to the original deadline. We wanted to know if such AQPs are necessary (Q20)
and reasonable (Q21). 64% of all participants considered AQPs necessary, 29% partly
necessary and there were only 7% of participants that claimed that AQPs are not
necessary. After taking a closer look, 60% the operational level call for AQPs as a
necessary action. 41% of all participants were convinced that AQPs are reasonable,
30% stated that they are partly meaningful. There were 29% of respondents that
claimed that AQPs are not meaningful. However, 27% of the operational level con-
sidered AQPs to be of partly use. The main reasons given by the participants for
subsequent integrations were poor software quality, lack of adherence to delivery dates
on the part of the suppliers, poor scheduling without buffering, and no complete bug
fixing from the previous qualification phase.

(4) Coordination. Transparency and coordination were the relevant aspects in this
category (Q22). We asked whether the current development status of the respondents’
own team or dependent teams is sufficiently transparent. Only 28% of all participants
(n = 9) reported that their own development is transparent. The majority of respondents
rated transparency as only partially existent (n = 30; 54%) or non-existent
(n = 10; 18%).

The next question (Q23) dealt with the transparency of the status of projects by
relevant stakeholders and relevant counterparts. Here, only 14% (n = 8) of the
respondents answered that the development status of other projects is transparent for
them. Most participants (n = 27; 48%) reported partial transparency, while 38%
(n = 21) reported a lack of transparency. Reasons for the lack of transparency were
missing time and coordination mechanisms, and the use of outdated content of the
release plans. The free text fields reveal that developers agree that generating trans-
parency is a management task.

The transparency of the status quo of a certain development project is very
important and closely linked to the quality of a release (Q24). 93% of the respondents
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supported the statement that having a transparent software version at any time is
important (45%) or very important (48%). Transparency is necessary due to the
complexity, dependency, and connectivity of software engineering.

Another question aimed at getting information about the communication structures
within the company and involved persons from the release planning process (Q25). The
participants had to rate whether they knew their interfaces and relevant stakeholders
and whether the quality of the coordination was good. This rating had to be done for
several interfaces: within the team, between team and testing, within the case company,
within the company group, as well as towards external suppliers. The results presented
in Fig. 5 (bottom figure) demonstrate that communication quality decreases with longer
communication paths: Communication within a project was perceived as good, but the
quality was perceived as decreasing in communication within the company and even
worse in communication with suppliers (internal means company group and external
suppliers). Similarly, the relevant stakeholders and interfaces of the wider project
context were reported less known than those within the team (see Fig. 5, top figure).
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(5) Testing. This category assesses the testing situation. The first question aimed to
evaluate whether the number of bug reports is still controllable by development (Q26)
or problem resolution management (Q27). Overall, the majority of the participants
agreed (20%) or rather agreed (36%) that development is able to control the high
number of bug reports. The remaining respondents had a tendency to disagree (25%) or
disagreed (19%). Concerning problem resolution management, most participants dis-
agreed (21%) or had a tendency to disagree (39%) that resolution management is able
to cope with the number of bug reports. The minority of the participants agreed (14%)
or rather agreed (25%).

Furthermore, the participants were asked about reasons for the high number of bug
reports/tickets (Q28). The survey revealed that identifying errors is usually not done
before the upcoming release due to insufficient development time, cost, and deadline
pressure. It was reported that the intensity of testing by the supplier was not adequate.
Other reasons given for the high number of error tickets were the rising complexity of
the product itself, a lack of coordination within the team, and inadequate requirements
engineering. Generally, it can be stated that the quality before a qualification phase is
insufficient and questionable, endangering the success of the qualification phase.

Software changes may have severe effects on interfaces, which is why tests have to
be done. The need for testing the software changes to the full extent for every quali-
fication phase (Q29) was not seen by 13% of the respondents, who claimed that this is
not necessary. Most respondents (55%) said that changes have to be tested to the full
extent for every planned release. The remaining 32% partially agreed that testing is
always necessary and specified in the comments specific situations where more testing
was necessary or less testing was acceptable. Some stated that the scope of testing
depends on the number of changes made or on the development phase. One respondent
commented that it is not possible to test all changes; another one said that full testing is
always necessary because cross-dependencies only become visible by testing within a
release. Only 16% of the respondents agreed that all types of tests have to be performed
in every release cycle (Q30). 36% disagreed with this statement and about half of them
(48%) partially agreed. The participants further pointed out that conducting all tests is
not feasible or that the necessary types of tests are predefined in the test strategy and
depend on the change itself. Others reported that regression tests are often sufficient, or
that full releases need to be tested more accurately than partial releases.

To save testing effort, it is important to know when comprehensive testing (in-
cluding all types of tests) of all ECUs needs to be done (Q31). 79% of the respondents
answered that testing needs to be done dependent on the software, hardware, or
functional changes. Some respondents (16%) claimed that the ECUs have to be tested
once per qualification phase, either at the beginning or at the end. 5% said that testing is
not always necessary. One participant commented that due to the high product com-
plexity and low software quality, all ECUs have to be tested as an integrated system
with all possible tests, or at least with good regression tests. Another one claimed that
comprehensive testing is not possible for all system parts, but major parts can be
covered with a good testing strategy.
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4.3 RQ2: Agile-Specific Challenges

Existing vehicle development processes emerged at a time when agility was not present
yet and were formalized based on traditional development methodologies. Due to the
regulations, strict production deadlines and the complexity in vehicle development, the
need to have formal processes will remain. However, the potential to integrate agile
processes must be evaluated in order to exploit the benefits of agility. New technologies
such as cloud services implicate a stronger customer focus, to be able to respond more
flexibly to customer needs, which results in conflicts with the slow and unresponsive
traditional development. Innovation is happening fast in the automotive domain, and
companies have to react in time to stay competitive.

Iterative cycles are already incorporated into many processes, but other concepts of
agile methods initially designed for small teams are more difficult to integrate or
synchronize with the existing rigid processes. The OEMs are currently performing a
balancing act between fixed framework conditions and scope for flexibility. On the one
hand, legal requirements, standards and production requirements must be observed and
on the other hand, developers want to act more freely without being restricted by
guidelines. The results of this survey indicate that this is not a simple procedure.

The survey revealed that if departments are already working with agile methods,
they only use them to a certain extent. Our initial expectation was that agile methods
are commonly used at least in fields such as connected car, with its digital services and
shorter development cycles. The differences between our expectations and reality may
be caused by the lack of a common understanding of agile methods. This is confirmed
by the inconsistency of the answers by the respondents, who considered additional
qualification phases necessary but at the same time did not demand more qualification
phases. The reason for this may be a lack of knowledge about agile methods.

There is also a lack of suitable means of communication for short, regular
exchanges aimed at establishing transparency between all participants. Such possibil-
ities for fast feedback would also increase the overall quality of voting and benefit the
flow of information. Respondents from agile projects reported that the length of release
cycles is too long and does not suit agile approaches.

The fact that management decisions have such a strong influence on the further
course of development illustrates that decisions are made at higher levels of hierarchy.
In an optimal agile environment, the development team makes the decisions. Based on
the priorities set by the Product Owner and the requirements dependencies identified by
the development team, a Scrum team knows best how to achieve the best solutions. At
the beginning of each iteration, they commit to a product increment that is valuable and
achievable. If management forces decisions upon the team during an iteration, results
can be expected to be suboptimal.

However, this is only the point of view of a single team. If each single team cannot
meet their commitments, the qualification phase of an integrated product is going to
raise problems. One reason is that the release plan, which considers dependencies
between different projects, gets unofficially changed without being updated. That
means the developers change their release plans on the operational level without having
the change approved and without informing the affected interfaces.
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4.4 RQ3. Improvements with Agile Methods

There are many challenges that are predestinated to be solved with agility. The survey
revealed that transparency and coordination are highly important for a successful
qualification phase. Some of the interviewees stated that the communication path in
their department is too long, which causes loss of time and a lack of coordination. This
argument is supported by the fact that some participants reported not knowing their
interfaces and relevant stakeholders, resulting in bad synchronization and integration
structures. By using agile development and by having small working groups with no
typical hierarchy, interface management as well as short communication paths could
become possible [26].

Currently, additional qualification phases are started to fix the remaining bugs or to
finish some functionalities that had been planned for the previous release cycle. Due to
the increased effort for these activities, the planned results for the next release cycle
cannot be fully achieved, pushing a wave of additional efforts, e.g., for coordinating
additional qualification phases, through the whole project. Increased transparency
regarding the content that was finished in an iteration can be achieved with a definition
of done and by incorporating time-boxed sprints. At the end of each sprint, the status
quo is assessed, and unfinished requirements can be planned for the next sprint.

Another characteristic of sprints is that requirements are usually not changed,
especially not from outside the team. This would also help to stabilize the release plan,
which would help to achieve higher-quality products delivered for integration by each
single team. Sprints are usually short iterations of several weeks. Respondents from
agile projects reported that the length of release cycles is too long, and that they would
prefer receiving feedback earlier. This issue leads to work overload and defined
timelines not being achieved, which ultimately leads to lower software quality. In
addition, development costs increase due to many additional qualification phases. By
using agile methods and more intermediate steps, including regular assessments of the
project state, discrepancies could be identified earlier.

Agile teams use face-to-face communication and daily standups to synchronize
their work in order to achieve their sprint goal. In a scaled environment, so-called
Scrum-of-Scrums are scaled daily standups where representatives of different teams
synchronize their development status and plan their dependencies. The Scaled Agile
Framework (SAFe) uses an architectural runway to coordinate architectural decisions
between the single development teams to facilitate integration.

Continuous integration is commonly used in agile projects and could be of benefit
in qualification phases. Integrating smaller work products incrementally can replace a
larger and more complex final integration and provides early transparency about the
finished content of the release as well as raising awareness of dependencies.

In general, regular retrospectives can be held at the end of each sprint, helping the
team to raise issues impeding their work and improve their development process.
Conducting retrospectives together with relevant stakeholders and dependent projects
helps to continuously improve collaboration between teams.
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5 Conclusion and Future Work

Agile development has its origins in the information systems domain. Organizations
from regulated domains like the automotive domain also want to benefit from agility.
Due to regulations and the complexity of systems, traditional sequential processes are
still in place and have to be synchronized with the coexisting agile and hybrid
development approaches. Qualification phases of traditional, hybrid as well as agile
projects are difficult. Release planning in such a hybrid project environment needs to be
improved. In this research, we presented this research topic by formulating research
goal and questions and by detailing the research background. An investigation of
related work showed that there is a research gap concerning this topic. We elicited the
state of the practice from 56 respondents of a German automotive Original Equipment
Manufacturer. The identified challenges, such as lack of transparency, show the
problems related to release planning in this specific context. We outlined how agile
concepts could improve some of the identified challenges and thus provided recom-
mendations for practitioners.

In future work, the survey questionnaire can be adapted to collect experiences
outside the case company, in order to check whether there are similar problems at other
automotive companies or even companies from other regulated domains that are
developing complex systems in a hybrid project environment. Finally, solutions for the
identified challenges need to be identified in order to come up with a suitable release
planning process in the context of co-existing traditional and agile approaches.
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Abstract. In this paper we present the results of the identification and evaluation
of the elements of an agile mindset as well as its comparison to the competence
models for the roles of Scrum Master, Product Owner and agile analyst. We have
identified 70 unique agile mindset elements from literature and 5 interviews with
experts. Based on an opinion survey among 52 agile practitioners we evaluated
the importance of 26 selected elements of the agile mindset to the effectiveness of
an agile team. The competence models contain 29 competencies of a Scrum
Master, 16 competencies of a Product Owner and 40 competencies of an agile
analyst, divided into behavioral, technical and contextual ones. We discuss which
agile mindset elements are important to each agile role. This paper is an extended
version of the paper titled “On the Agile Mindset of an Effective Team – An
Industrial Opinion Survey” presented at the 3rd International Conference on Lean
and Agile Software Development LASD 2019 [28].

1 Introduction

Agile Manifesto [1] together with the principles behind the Agile Manifesto [2]
founded a set of driving values and key principles for the agile software development.
Agile practitioners emphasize that effective performance of an agile team requires not
only a given set of procedures, techniques and rituals, but, above all, a particular
attitude, way of thinking and behavior of both the individuals and the entire team – a so
called ‘agile mindset’ [3, 4].

Working in agile teams requires many non-technical and social competencies related
to communication, organization, business, improvement and many more [5]. These are
not the typical strong competencies among software engineers [6], which is why they
require support of Scrum Masters, mentors and coaches to develop deep understanding
of the fundamentals of Agile. Agile mindset, by addressing all of these competence areas
and by suggesting important factors to the effective teamwork, supports practitioners in
mastering Agile in their projects [4]. Altogether, developing the proper agile mindset
contributes to the increasing success of agile software projects [7].
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The principles behind the Agile Manifesto themselves [2] recommend such atti-
tudes and behaviors as focus on customer satisfaction, openness to change, face-to-face
communication, sustainable development, simplicity, self-organization and improve-
ment by frequent reflection. The agile methods such as Scrum [8], Kanban [9], SAFe
[10] and other elaborate these principles further on, however the evolution of the IT
industry since the Agile Manifesto calls for deeper and more current insight into the
concept of ‘being and working agile’. In our research, we assume the definition of ‘an
agile mindset’ as a set of one’s attitudes, behaviors and ways of thinking that enhance
their and their team’s effectiveness in working following the agile values and principles
to the benefit of the customers.

The importance of particular elements of an agile mindset may depend on the role
in an Agile team. The tasks and responsibilities of Scrum Masters, Product Owners,
developers, analysts, architects, and testers remain different and possibly require a
different way of thinking. The relation of agile mindset elements to the recommended
competencies of particular roles may provide additional dimension to the concept of
practical agile mindset.

This research aims at studying the elements of the agile mindset, their importance to
the effectiveness of an agile team and their relation to Agile Principles and preferred
competencies of selected agile roles. We have formulated the following research
questions:

• RQ1: What agile mindset should the members of an agile team have in general?
• RQ2: What is the importance of the particular agile mindset elements to the

effectiveness of an agile team?
• RQ3: What are the most important elements of the agile mindset to the effectiveness

of an agile team?
• RQ4: What is the relation of the important agile mindset elements to the principles

behind Agile Manifesto?
• RQ5: What agile mindset elements are recommended for the roles of Scrum Master,

Product Owner and agile analyst?

The main contribution of this paper is the broad identification of the elements of agile
mindset, the preliminary evaluation of their importance to the effectiveness of an agile
team as well as mapping the selected agile mindset elements onto the competencies of
the selected agile roles. This extends the reviewed literature with deeper understanding
of the concept of ‘agile mindset’, the relative importance of its elements in an entire
team and the importance of these elements to the roles of Scrum Master, Product
Owner and agile analyst.

The paper is structured as follows. Section 2 presents our research method of
identification and evaluation of the agile mindset elements as well as the methods of
constructing the competence models. Section 3 reports the results of the identification
and evaluation of the agile mindset based on the literature review, the interviews with
experts, and the survey. Section 4 presents the competence models of Scrum Master,
Product Owner and agile analyst. Section 5 shows the comparison of the agile mindset,
the agile principles and the competence models, and discusses the observations. Sec-
tion 6 discusses threats to the validity of this research as well as reports on the analysis
of confounding variables. Section 7 sums up the conclusions.
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2 Research Method

Our research comprised three steps: (1) identification of the elements of an agile
mindset and their categorization, (2) selection and evaluation of the relative importance
of the agile mindset elements to the effectiveness of an agile team, (3) comparison of
the evaluated agile mindset elements to the principles behind Agile Manifesto and
competencies of Scrum Master, Product Owner and agile analyst.

The first step involved the review of current literature and the interviews with
experts from industry. The literature review covered mainly grey literature (books,
blogs, portals), as the scientific databases such as Scopus or Web of Science provided
very few results. We have focused on Internet sources reporting on industrial practice
or written by agile practitioners and published by renowned publishers or portals. In
total, we analyzed 11 literature sources.

To identify the agile mindset elements more thoroughly, we have carried out 5
structured interviews with industry experts with 2 to 5 years of experience in agile
teams. They mostly worked as developers and Scrum Masters with various agile
methods. The characteristics of the interviewed experts are given in Table 1. Experi-
ence is given in years.

The interviews were carried out in late May – early June 2018 in a form of face to
face meetings. Experts A to C were not provided the interview questions in advance,
which resulted in limited answers. Thus, experts D and E were sent the questions
before the interview, which allowed them to think over their answers and generally
resulted in more original insight into the subject matter. We have applied the following
interview guide:

I. Preliminary questions:
(a) For how long have you been working in agile teams?
(b) What methodology are you using in your projects (Scrum, Kanban, XP -

Extreme Programming, others)?
(c) What is your role in the team (developer, tester, Scrum Master, etc.)?

II. General questions about the philosophy of agility:
(a) What is agility for you?
(b) What does “agile mindset” mean for you?

Table 1. Characteristics of the experts interviewed on the agile mindset [28]

ID Position Exp. Methods

A Developer 3 Scrum
B Developer, tester 2 Kanban
C Developer 2 Scrum
D Scrum Master, Agile Coach 5 Scrum, Kanban, XP
E Scrum Master 3 Scrum, Kanban, Scrumban
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III. Questions about agile mindset elements (at least 3 elements from each question):
(a) Which beliefs do you think are necessary to have the agile mindset?
(b) What are the most important values for a person with the agile mindset?
(c) What principles should be followed by a person with the agile mindset?

IV. Questions about the importance of agile mindset elements (at least 5 elements
from each question):
(a) What are the most important attitudes, rules and behaviors at the interper-

sonal level in an agile team?
(b) What are the most important attitudes, rules and behaviors in the work

organization of an agile team?
(c) What are the most important attitudes, rules and behaviors when dealing

with customers in an agile team?
V. Questions about the impact of agile mindset on work efficiency:

(a) What attitudes, behaviors and beliefs have the greatest impact on the effi-
ciency of agile teams (name at least 5)?

(b) Has your team worked inefficiently for reasons related to the agile mindset?
What were these reasons?

(c) Do you think it is necessary to have the agile mindset to work effectively in
an agile team? Why?

Categorization of the identified agile mindset elements was done a posteriori based
on keyword analysis in the results of the literature review. The same categorization was
used for the interview results. The final list of identified agile mindset elements was
elaborated by summing the sets of elements in the literature review results and interview
results in each category, followed by merging the duplicates. We have noted the number
of times each element was mentioned in the literature and the interviews (i.e. number of
literature sources and number of experts, respectively, see Tables 2, 3, 4 and 5).

The total number of identified agile mindset elements exceeded the capacity of a
practical survey, so we had to select a subset of elements for further evaluation. As we
aimed at one question per agile mindset element, we wanted to select no more than 30
agile mindset elements based on their frequency in sources (which is not equivalent to
importance, however). We have decided to include the elements found in at least 6 out
of 11 literature sources or provided by at least 2 out of 5 experts. These thresholds
assume the majority of literature sources and some minimal agreement of the experts.
Such thresholds favor the elements given by the experts, but this was our deliberate
decision. Finally, such criteria resulted in 26 agile mindset elements selected for further
evaluation. Other elements may be investigated in a separate study.

To evaluate the relative importance of the selected agile mindset elements to the
effectiveness of an agile team, we have run a survey among agile practitioners in the IT
industry. The survey was built on-line with Google Forms and distributed via e-mail,
Facebook, forums etc. Respondents were asked to give their opinion on the degree to
which a particular agile mindset element enhances the effectiveness of an agile team in
the Likert-type 6 level scale of 0 to 5, where 0 meant “no impact” and 5 meant “key
impact”. The answers were optional which accounted for the cases of respondents’
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indecision or insufficient knowledge. The survey was organized by agile mindset
categories. Additionally, we asked about the respondents’ experience and their role in
agile teams. Although basic Likert scale is ordinal, we used the Likert-type interval
scale with assigned values of 0 to 5 in the survey and the data analysis [11].

For the comparison we used the competence models of Scrum Master, Product
Owner and agile analyst elaborated by Miler and his students between 2013 and 2017.

The Scrum Master’s competence model was proposed by Wielemborek and Miler
in 2016 [29]. This model is based on data extracted from 9 literature sources. The
selected competencies were evaluated with an industrial opinion survey between June
2015 and July 2016. 56 respondents evaluated the importance of each competence to
the Scrum Master’s work in an ordinal scale of “key”, “major”, “minor”, “negligible”
with additional “I don’t know” escape answer. The evaluation of importance was given
as the summed percentage of “key” and “major” answers.

The competence model of a Product Owner was proposed by Jaszewski and Miler
in 2013 [30]. This model is based on literature and covers the perspectives of other
team members, the goals and responsibilities of this role, the tasks, the problems, the
context of Scrum, social interactions, and particular artifacts and events of Scrum. This
model has not been evaluated with a survey. The assessment of relative importance of
particular competencies is based on their definition, contents and relations to other
competencies.

The competence model of an agile analyst was proposed by Klima and Miler in
2017 [31]. This model is based on competencies identified with 5 interviews with
experts with at least 10 years of experience in IT. 40 selected competencies were
evaluated with the survey in August and September 2017. 50 participants evaluated the
usefulness of each competence in an interval scale of 1 to 5 with additional “I don’t
know” escape answer.

The mapping of Agile principles and competencies of the models followed the
keyword analysis and studying the definition of the particular competences in the
source models.

3 The Agile Mindset

3.1 Identification of the Agile Mindset Elements

We have found the following literature on the topic of agile mindset using generic
search engines such as Google:

1. “Agile Project Management: Managing for Success”, a book by Crowder and
Friess [12],

2. “The Agile Enterprise: Building and Running Agile Organizations”, a book by
Moreira [13],

3. “Being Agile: Your Roadmap to Successful Adoption of Agile”, another book by
Moreira [14],
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4. “The Agile Mindset – Making Agile Processes Work”, a book by Broza [4],
5. “Five Agile Factors: Helping Self-management to Self-reflect”, a research paper by

Stettina and Heijstek [15],
6. “Learning Agile: Understanding Scrum, XP, Lean and Kanban”, a book by

Stellman and Greene [16],
7. “What Exactly is the Agile Mindset?”, an on-line article by Susan McIntosh for

InfoQ portal [17],
8. “What does it mean to have an agile mindset?”, an on-line article by Leanne

Howard for AgileConnection portal [18],
9. “It’s All About the Mindset”, an on-line article by Parvatam for Scrum Alliance

portal [19],
10. “Fixed Mindset versus Agile Mindset”, an on-line article by Godugu for Scrum

Alliance portal [20],
11. “Agile Is Not a Process, It’s a Mindset”, an on-line article by Rich for

AgileConnection portal [21].

We have identified four categories of the agile mindset elements:

1. support for business goals,
2. relationships within the team,
3. individual features,
4. organization of work.

The first category, denoted by G symbol, focuses on the product value and relations
with the customer. The second category, denoted by the T symbol, covers the issues of
collaboration and relations within the agile team. The third category, denoted by the I
symbol, tackles the behavior and attitude of an individual in an agile team. Finally, the
fourth category, denoted by the O symbol, involves the aspects of methods, techniques
and rules.

Studying the literature, we identified 58 distinct elements of the agile mindset. The
list of these elements can be found in [28]. The 5 interviews with experts A to E
provided 16, 18, 16, 17, and 16 agile mindset elements, respectively. Repeating ele-
ments were merged. In total, we identified 39 unique agile mindset elements with the
interviews. Again, the list of these elements can be found in [28]. Finally, we merged
the lists of agile mindset elements identified from literature and with the interviews.

The resulting list of unique agile mindset elements comprises 70 entries: 7 in the
‘support for business goals’ category, 20 in the ‘relationships within the team’ cate-
gory, 24 in the ‘individual features’ category, and 19 in the ‘organization of work’
category. The elements in particular categories are shown in Tables 2, 3, 4 and 5. Each
element is given a unique identifier prefixed with the category symbol. We provide the
literature sources and the identifiers of experts who mentioned a particular element. nL
column presents the number of literature sources, while nE column presents the number
of experts mentioning each element.
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Table 2. Identified agile mindset elements in the ‘support for business goals’ category

ID Element Literature Experts nL nE
G1 Continuous delivery of a valuable product in short

intervals
[4, 12–14, 16,
17, 19]

A 7 1

G2 Cooperation with the customer based on partnership [16] B, C, D 1 3
G3 Attitude towards customer satisfaction and needs [12–14, 16, 18] B, D 5 2
G4 Belief that a working product is the basic measure of

progress
[12–14] – 3 0

G5 Continuous cooperation with the customer [4, 13, 14] – 3 0
G6 Accurate knowledge of who the customer is and what

are their needs
[14] – 1 0

G7 No assumption that the customer is always right – A 0 1

Table 3. Identified agile mindset elements in the ‘relationships within the team’ category

ID Element Literature Experts nL nE
T1 Mutual trust [4, 12–16, 19,

20]
A, B, C,
D, E

8 5

T2 Direct communication - face to face conversations [4, 12–16,
19]

B, D 7 2

T3 Focus on achieving common goal [12–15, 18,
19]

A, C, E 6 3

T4 Helping each other [12, 14, 15] B, C, D, E 3 4
T5 Sincerity [14, 21] A, B, C, E 2 4
T6 Mutual respect [4, 14, 15, 17,

19]
A, B, D 5 3

T7 Mutual listening – A, B, C 0 3
T8 Equality in the team [14] B, C, D 1 3
T9 Searching for a solution to the problem instead of

finding the guilty
[18] A, B 1 2

T10 Team responsibility [14, 16] C, E 2 2
T11 Taking into account the opinions of other people [13, 15] A 2 1
T12 Respecting the experience and skills in all team

members
[13, 14] – 2 0

T13 Listening to the opinions of other people [14, 15] – 2 0
T14 Treating team members as people, not a resource [14, 20] – 2 0
T15 Openness to others [14, 20] – 2 0
T16 A relaxed atmosphere [19, 20] – 2 0
T17 Sense of security [4] – 1 0
T18 Focus on people instead of on processes [16] – 1 0
T19 Not blaming each other [16] – 1 0
T20 Not covering up the failures [18] – 1 0
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Table 4. Identified agile mindset elements in the ‘individual features’ category

ID Element Literature Experts nL nE
I1 Continuous improvement and learning [4, 12–18, 20] B, C, E 9 3
I2 Openness to change [4, 12–14, 16–

18, 20]
A, B, C,
D, E

8 5

I3 Being motivated [12–14, 16, 19,
20]

A, B 6 2

I4 Positive attitude [18, 19] A, B, E 2 3
I5 Openness to criticism and feedback – A, D 0 2
I6 Openness to others – C, D 0 2
I7 Treating failure as an opportunity to learn, learning

from mistakes
[4, 16, 17, 20,
21]

– 5 0

I8 Creativity, innovation [13, 18, 19] D 3 1
I9 Ability to accept failure and deal with it [17, 18, 21] – 3 0
I10 Willingness to constantly acquire knowledge [15, 18] B 2 1
I11 Taking risks [4, 17] – 2 0
I12 Pragmatism [18] B 1 1
I13 Assertiveness [14] – 1 0
I14 Focus on the task being performed [4] – 1 0
I15 A sense of pride in the job [17] – 1 0
I16 Not giving up [18] – 1 0
I17 Inquisitiveness [18] – 1 0
I18 Individual initiative – B 0 1
I19 Courage – B 0 1
I20 Commitment – D 0 1
I21 Being a visionary – D 0 1
I22 Understanding the need for change – E 0 1
I23 Responsibility – E 0 1
I24 Understanding the significance of retrospectives – E 0 1

Table 5. Identified agile mindset elements in the ‘organization of work’ category

ID Element Literature Experts nL nE
O1 Self-organization [4, 12–16, 19] A, C,

D, E
7 4

O2 Maintaining a steady pace of work [4, 12–14, 16, 20] A, E 6 2
O3 Ability to collaborate [4, 12–14, 16, 17, 20] – 7 0
O4 Sharing knowledge and results [12–14, 18–20] C 6 1
O5 Asking questions in case of insufficient

knowledge
[20] B, C, D 1 3

O6 Finishing the current task before taking the
next one

[21] A, C, E 1 3

(continued)
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Table 6 shows the number of agile mindset elements in each category identified in
the literature and the interviews, the number of unique elements in our final list as well
as the number of elements selected for the evaluation survey.

3.2 Evaluation of the Selected Agile Mindset Elements

Based on the criteria presented in Sect. 2, we have selected 26 elements of agile mindset
for further evaluation with the opinion survey. We selected the top 3 elements in the
“support for business goals” category, top 10 elements in the “relationships within the
team” category, top 6 elements in the “individual features” category, and top 7 elements
in the “organization of work” category. Additionally, we observed that 13 elements in

Table 6. Summary of the agile mindset identification and selection

Category Literature Interviews Unique Survey

Support for business goals 6 4 7 3
Relationships within the team 19 11 20 10
Individual features 15 16 24 6
Organization of work 18 8 19 7
Total 58 39 70 26

Table 5. (continued)

ID Element Literature Experts nL nE
O7 Transparency in decision-making and actions [4, 12, 14, 20, 21] C, E 5 2
O8 Simplicity and maximization of unnecessary

work, simplifying tasks
[4, 12–14, 16] – 5 0

O9 Ability to make decisions together [12–15] – 4 0
O10 Interdisciplinarity [12–14] – 3 0
O11 Attitude towards working in short iterations

with small increments
[14, 16] – 2 0

O12 Applying retrospectives to identify areas for
improvement

[14, 16] – 2 0

O13 Understanding the purpose and vision of the
task before taking it

[4, 15] – 2 0

O14 Focus on cross-functional teams [15] E 1 1
O15 Expressing feedback on the work of other

people
[15] – 1 0

O16 Estimating the results for a given timeframe [16] – 1 0
O17 Determining possible tasks instead of looking

for excuses
[18] – 1 0

O18 Focus on one task instead of many at once [21] – 1 0
O19 Focus on the tasks performed – D 0 1
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the “individual features” category as well as 8 elements in the “organization of work”
category were mentioned only in one source, be it literature or interview.

The evaluation survey was carried out in late June and early July 2018. The
questionnaire was divided into 5 sections: an introductory section and 4 sections with
the agile mindset elements to evaluate grouped by their categories. In total, 52
respondents took part in the survey. Figure 1 shows the distribution of the respondents’
experience with agile. Most of the respondents (52%) had at least 2 years of experience.

Figure 2 shows the distribution of respondents’ roles in agile teams. Most of them
worked as developers (about 60%), while others worked mostly as Scrum Masters.

Table 7 presents the evaluation of the importance of selected agile mindset ele-
ments to the effectiveness of an agile team according to the respondents’ opinion.
E shows the mean evaluation of an agile mindset element in the Likert-type scale of 0
to 5 with standard deviation; n gives the sample size. The sample size slightly differs
for some elements due to the option to skip an element in the survey. The elements are
ordered by their decreasing evaluation.

7; 14%
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Fig. 1. Distribution of agile experience of the survey respondents

31; 59%
13; 25%

3; 6%
2; 4%

1; 2%
1; 2% 1; 2%

Developer

Scrum Master

Tester

Product Owner

Agile Coach

Analyst

UX Designer

Fig. 2. Distribution of roles of the survey respondents
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It can be seen that the top evaluated elements achieved the evaluation of about 4.5
out of 5. 14 out of 26 elements achieved the evaluation of 4.0 and above. They can be
considered the recommended agile mindset elements from our survey. The lowest
evaluated elements obtained the score of less than 3.5. However, it should be noted that
the standard deviation of the evaluations of the last 4 elements is the highest of our study
(about 1.3). Other elements were evaluated with the standard deviation of 0.69 to 1.06.

The top 5 evaluated agile mindset elements are: “Searching for a solution to the
problem instead of finding the guilty”, “Being motivated”, “Helping each other”,
“Mutual listening”, and “Focus on achieving common goal”. They belong only to two
categories: “relationships within the team” and “individual features”. This suggests that
effective agile teamwork requires a specific attitude towards the team and other people
as well as proactive and open mind of the individuals. This corresponds with the
“growth mindset” concept from Dweck [3].

Table 7. Evaluation of the importance of agile mindset elements to the team effectiveness [28]

No. ID Element name E n

1 T9 Searching for a solution to the problem instead of finding the
guilty

4.44 (0.79) 52

2 I3 Being motivated 4.44 (0.69) 52
3 T4 Helping each other 4.40 (0.63) 52
4 T7 Mutual listening 4.37 (0.71) 51
5 T3 Focus on achieving common goal 4.29 (0.77) 52
6 I5 Openness to criticism and feedback 4.23 (0.82) 52
7 O4 Sharing knowledge and results 4.21 (0.86) 52
8 T6 Mutual respect 4.11 (0.91) 52
9 T1 Mutual trust 4.10 (0.96) 51
10 T5 Sincerity 4.09 (0.97) 52
11 I1 Continuous improvement and learning 4.08 (1.00) 52
12 O7 Transparency in decision-making and actions 4.08 (1.03) 52
13 O1 Self-organization 4.04 (0.88) 52
14 I2 Openness to change 4.00 (1.02) 52
15 G1 Continuous delivery of a valuable product in short intervals 3.96 (1.04) 52
16 G3 Attitude towards customer satisfaction and needs 3.92 (0.83) 52
17 G2 Cooperation with the customer based on partnership 3.88 (0.97) 52
18 I6 Openness to others 3.88 (0.97) 52
19 O6 Finishing the current task before taking the next one 3.86 (1.06) 52
20 I4 Positive attitude 3.84 (0.77) 52
21 O3 Ability to collaborate 3.81 (0.90) 52
22 O5 Asking questions in case of insufficient knowledge 3.74 (1.06) 51
23 T2 Direct communication - face to face conversations 3.69 (1.26) 52
24 T8 Equality in the team 3.42 (1.28) 52
25 T10 Team responsibility 3.23 (1.31) 52
26 O2 Maintaining a steady pace of work 3.04 (1.34) 52
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The 5 least important mindset elements in our survey are: “Asking questions in case
of insufficient knowledge”, “Direct communication - face to face conversations”,
“Equality in the team”, “Team responsibility”, “Maintaining a steady pace of work”.
They are related to organizational issues as well as shared responsibility and equality.
This suggests that agile mindset is not about particular detailed practices or rituals. This
is consistent with earlier findings [21–24].

We have also calculated the mean evaluation of all agile mindset elements in
particular categories which is presented in Table 8. It can be observed that “individual
features” are evaluated as the most important category. Next is “relationships within the
team”, followed by “support for business goal”. “Organization of work” scored the
lowest mean evaluation of all categories. The number of samples n differs greatly due
to different number of elements in each category.

4 Competence Models

4.1 Scrum Master

The original definition and evaluation of the competence model for the role of Scrum
Master is presented in [29]. The competencies were divided into three groups following
the competence model of a project manager [32]:

• behavioral – attitudes, traits of personality, soft skills (prefix B),
• technical – doing certain tasks within the team, hard skills (prefix T),
• contextual – doing tasks outside the team on an organization level (prefix C).

Tables 9, 10 and 11 present the behavioral, technical and contextual competencies
of a Scrum Master, respectively. E gives the evaluation of importance of each com-
petence, while N denotes the number of answers (close to sample size). The compe-
tencies are ordered and numbered by decreasing evaluation of importance.

Table 8. Mean evaluation of the agile mindset categories [28]

Category E n

Support for business goals 3.92 (0.95) 156
Relationships within the team 4.02 (1.07) 518
Individual features 4.08 (0.91) 312
Organization of work 3.83 (1.09) 363

Table 9. Scrum Master’s behavioral competencies

ID Competence E N

SM.B1 Communication 100% 55
SM.B2 Building relationships 98% 55
SM.B3 Vigilance 95% 55
SM.B4 Involvement 89% 54
SM.B5 Assertiveness 89% 55

(continued)
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4.2 Product Owner

The definition of the competence model for the role of Product Owner is presented in
[30]. The competencies were divided into two groups following the competence model
of a project manager [32]:

• behavioral – attitudes, traits of personality, soft skills (prefix B),
• technical – doing certain tasks within the team, hard skills (prefix T).

Table 9. (continued)

ID Competence E N

SM.B6 Flexibility 87% 55
SM.B7 Supporting the team 87% 55
SM.B8 Emotional control 85% 55
SM.B9 Inspiration 82% 55
SM.B10 Logical and abstract thinking 78% 55
SM.B11 Dynamism in actions 76% 55
SM.B12 Influencing the team 73% 55
SM.B13 Initiative 65% 55
SM.B14 Creativity 62% 54
SM.B15 Self-reliance 60% 54

Table 10. Scrum Master’s technical competencies

ID Competence E N

SM.T1 Defending and protecting the team 89% 54
SM.T2 Solving conflicts 87% 55
SM.T3 Organizing and moderating Scrum meetings 87% 54
SM.T4 Negotiating 84% 55
SM.T5 Consistent implementation of the Scrum process 82% 54
SM.T6 Sharing knowledge 78% 55
SM.T7 Time management 78% 55
SM.T8 Planning 71% 55
SM.T9 Professional knowledge about the project 60% 55

Table 11. Scrum Master’s contextual competencies

ID Competence E N

SM.C1 Continuous education 89% 54
SM.C2 Understanding Scrum principles 82% 55
SM.C3 Scrum implementation and adaptation 75% 54
SM.C4 Training 60% 54
SM.C5 Promoting Scrum 56% 55
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Tables 12 and 13 present the behavioral and technical competencies of a Product
Owner, respectively. E gives the evaluation of importance of each competence in a
scale of 1 to 5, where 1 is the lowest importance and 5 is the highest. The importance
was derived from the number of activities the competence supported, denoted by “act.”
and the number of other competencies depending on a given competence, denoted by
“dep.”. The idea is that the higher the number of supported activities and the higher the
number of dependant competencies, the higher the importance of a competence. The
competencies are ordered and numbered by decreasing evaluation of importance.

4.3 Agile Analyst

The definition and evaluation of the competence model for the role of agile analyst is
presented in [31]. The competencies were divided into two groups following the
competence model of a project manager [32]:

• behavioral – attitudes, traits of personality, soft skills (prefix B),
• technical – doing certain tasks within the team, hard skills (prefix T).

Tables 14 and 15 present the behavioral and technical competencies of an agile
analyst, respectively. E gives the mean evaluation of importance of each competence in
a Likert-type interval scale of 1 to 5, where 1 is the lowest importance and 5 is the
highest. N shows the number of responses, which is close to sample size. The com-
petencies are ordered and numbered by decreasing evaluation of importance.

Table 12. Product Owner’s behavioral competencies

ID Competence E Act. Dep.

PO.B1 Communication skills 5 11 5
PO.B2 Creating product vision 4 8 6
PO.B3 Decisiveness 2 6 4
PO.B4 Inspiration 2 6 3
PO.B5 Leadership 2 6 3
PO.B6 Responsibility 1 6 2
PO.B7 Negotiating 1 4 3

Table 13. Product Owner’s technical competencies

ID Competence E Act. Dep.

PO.T1 Product backlog management 5 14 6
PO.T2 Requirements management 4 9 5
PO.T3 Taking care of the product value 3 8 4
PO.T4 Customer relationship management 3 6 5
PO.T5 Business context 2 6 4
PO.T6 Project measurement 2 6 3
PO.T7 Planning 2 6 3
PO.T8 Product domain specialist 2 6 3
PO.T9 Project administration 1 5 2
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Table 14. Agile analyst’s behavioral competencies

ID Competence E N

A.B1 Ability to ask questions 4.64 (0.53) 50
A.B2 Being able to admit mistakes and looking for solutions 4.56 (0.79) 50
A.B3 Effective reasoning from available information 4.56 (0.58) 50
A.B4 Understanding other points of view 4.52 (0.61) 50
A.B5 Establishing relationships with ease, building and maintaining good

customer relationships
4.48 (0.79) 50

A.B6 Adjusting the means of communication to the partners’ expectations,
using the right levels of abstraction, listening and understanding the
needs of the interlocutors

4.47 (0.65) 49

A.B7 Negotiating to agree mutually beneficial solutions, relaxed
requirements, faster delivery, lower estimates

4.37 (0.70) 49

A.B8 Ability to work out a compromise, reconciling the expectations of
stakeholders

4.30 (0.91) 50

A.B9 Distance and the ability to look from the outside 4.29 (0.82) 49
A.B10 Willingness and openness to change, ability to work in changing

conditions
4.26 (0.80) 50

A.B11 Close cooperation with all parties involved, uniting the client and the
team

4.23 (0.86) 48

A.B12 Openness to other design proposals and acceptance of team decisions 4.20 (0.88) 50
A.B13 Loyalty and honesty in order to maintain good relations 4.18 (0.88) 49
A.B14 Decisiveness 4.10 (0.91) 50
A.B15 Product focus, product-oriented approach 4.06 (0.82) 50
A.B16 Working in a methodical manner, being disciplined and requiring

discipline from the team, concentration in chaos
4.02 (1.01) 49

A.B17 Empathy towards the client and team 4.00 (1.11) 50
A.B18 Building the team’s commitment as a whole and a sense of

responsibility for the product, motivating
3.78 (1.10) 49

A.B19 Moderating discussions and meetings 3.73 (0.98) 48
A.B20 Positive attitude towards people, willingness to spend time with them 3.67 (1.23) 49

Table 15. Agile analyst’s technical competencies

ID Competence E N

A.T1 Collecting feedback and passing it on to the team 4.77 (0.47) 48
A.T2 Sharing knowledge with the team and stakeholders 4.60 (0.76) 50
A.T3 Setting priorities for requirements and tasks 4.56 (0.73) 50
A.T4 Defining functional and non-functional requirements 4.43 (0.68) 49
A.T5 Creating understandable, unambiguous and easy-to-maintain

documentation
4.42 (0.88) 50

A.T6 Having knowledge of the business domain 4.40 (0.70) 50
A.T7 Presentation of the product to stakeholders, conducting demos or

product reviews with the client
4.31 (0.92) 49

A.T8 Decomposition of business requirements into system functions 4.27 (0.92) 48

(continued)
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5 Comparison and Discussion

We have mapped the elements of agile mindset in our study onto the 12 principles
behind the Agile Manifesto [2] as well as the competencies of Scrum Master, Product
Owner and agile analyst presented in Sect. 4. We analyzed the relative position of the
agile mindset elements that map directly onto these principles and competencies. The
results are shown in Table 16. “No.” indicates the relative importance of the elements
based on our survey. P# shows the Agile principle number mapped to an element,
while SM, PO, and AA columns give the identifiers of the mapped Scrum Master’s,
Product Owner’s and agile analyst’s competencies, respectively.

Table 15. (continued)

ID Competence E N

A.T9 Defining scenarios (epics) 4.16 (0.80) 49
A.T10 Knowledge of software life cycle 4.16 (0.89) 50
A.T11 Communication with programmers and understanding the technical

language of the team
4.12 (0.87) 50

A.T12 Defining user stories 4.10 (1.09) 50
A.T13 Product and sprint backlog management 4.09 (1.10) 47
A.T14 Knowledge of issue management tools, creating documentation

(JIRA, Confluence, WIKI)
3.98 (1.00) 50

A.T15 Modeling of diagrams and business processes according to notation
(BPMN, UML) using tools (EA, Visual Paradigm, Visio, Draw.io)

3.88 (1.11) 49

A.T16 Good knowledge of development methodology (Scrum, PRINCE2,
Kanban)

3.71 (1.15) 49

A.T17 Knowledge of programming technologies on min. basic level,
general knowledge about application architecture

3.52 (0.97) 50

A.T18 Creating acceptance tests (UATs) 3.26 (1.14) 46
A.T19 Knowledge of SQL and databases 3.20 (1.34) 50
A.T20 Ability to install the application on a local (development)

environment and update the version
2.48 (1.13) 50

Table 16. Comparison of agile mindset, agile principles and competence models

No. ID Agile Mindset Element P# SM PO AA

1 T9 Searching for a solution to the problem instead of
finding the guilty

A.B2

2 I3 Being motivated 5 SM.B4
3 T4 Helping each other SM.B7
4 T7 Mutual listening A.B6
5 T3 Focus on achieving common goal PO.B2 A.B7
6 I5 Openness to criticism and feedback SM.B8 A.T1
7 O4 Sharing knowledge and results SM.T6 A.T2
8 T6 Mutual respect

(continued)
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It can be seen that only the I3 agile mindset element mapped to the 5th Agile
principle was evaluated very high (position 2, score 4.44). Elements mapped to most of
the Agile principles were evaluated in the middle range (positions 9 to 17, score 4.10 to
3.88). However, the agile mindset elements T2 and O2 mapped to 6th and 8th principle
respectively were evaluated very low (position 23 and 26 (last), score 3.69 and 3.04).
Remaining two Agile principles were mapped to the agile mindset elements that were
excluded from the survey.

This mapping shows an interesting discrepancy between what our respondents
think is important to “being agile” and what the creators of the Agile Manifesto pointed
out as the principles of Agile. We can hypothesize that this indicates insufficient
understanding of Agile by our respondents, partial or flawed implementation of Agile
in the respondents’ teams or companies, or even a shift in practical agility from the 18
years old principles of Agile. This may also be specific to Polish IT industry and have
some cultural background. Definitely, it calls for more research.

The comparison of the agile mindset to the competence models shows that only 3
agile mindset elements are recommended for all three studied roles. These are: G2
Cooperation with the customer based on partnership, T2 Direct communication - face
to face conversations, and O2 Maintaining a steady pace of work. All of them also

Table 16. (continued)

No. ID Agile Mindset Element P# SM PO AA

9 T1 Mutual trust 5 A.B11
10 T5 Sincerity A.B13
11 I1 Continuous improvement and learning 12 SM.C1
12 O7 Transparency in decision-making and actions PO.B3 A.B14
13 O1 Self-organization 11 SM.B15
14 I2 Openness to change 2 SM.B6 A.B10
15 G1 Continuous delivery of a valuable product in short

intervals
1, 3,
7

PO.T3

16 G3 Attitude towards customer satisfaction and needs 1 PO.T3 A.B15
17 G2 Cooperation with the customer based on

partnership
4 SM.B2 PO.T4 A.B5

18 I6 Openness to others A.B4
19 O6 Finishing the current task before taking the next

one
20 I4 Positive attitude A.B20
21 O3 Ability to collaborate SM.B12 A.B12
22 O5 Asking questions in case of insufficient

knowledge
A.B1

23 T2 Direct communication - face to face conversations 6 SM.B1 PO.B1 A.T11
24 T8 Equality in the team
25 T10 Team responsibility PO.B6 A.B18
26 O2 Maintaining a steady pace of work 8 SM.T7 PO.T7 A.B16
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mapped to Agile principles. These elements may constitute “the core of Agile” based
on our multiple studies.

It can be observed that the agile mindset related to the competencies of the Product
Owner is nearly entirely contained within the agile mindset related to the competencies
of the agile analyst. The G1 ‘Continuous delivery of a valuable product in short
intervals’ element is the only exception. The Product Owner’s point of view focuses
more on delivering the business value of the product. Nearly all behavioral compe-
tencies of agile analyst are mapped to the evaluated agile mindset elements.

Another interesting observation is that the agile mindset elements related to the
competencies of a Scrum Master contains some unique elements different from the sets
of elements related to the roles of Product Owner and agile analyst. The unique
elements are: I3 Being motivated, T4 Helping each other, I1 Continuous improvement
and learning, and O1 Self-organization. They are rather highly evaluated in our survey
(top half). This may result from a considerable number of Scrum Masters in our survey
sample.

It should also be noted that most of the competencies mapped onto the agile
mindset elements belong to the behavioral type. This is expected as this type of
competencies represents attitudes, behaviors, or traits of personality which is very close
to the understanding of the concept of a mindset.

6 Threats to Validity

6.1 Threats to Construct and Internal Validity

We have identified and reduced the following threats to the construct and internal
validity of this research related to the interviews and the survey: (a) interview mod-
erator’s bias and influence on experts, (b) misinterpretation of the interview outputs,
(c) learning and tiring of the survey respondents, (d) forced answers to the survey,
(e) subjective mapping of elements to principles and competencies.

We have controlled the interview moderator’s bias and their influence on experts
with the structure of the interview. Each interview followed the same protocol
(Sect. 2). To minimize misinterpretations, the interviews were recorded, transcribed
and thoroughly analyzed while relistening to the recordings, if necessary. The results of
each interview have been coded separately and only then merged together.

The survey questions were not randomized to minimize the impact of learning and
tiring of the respondents due to the limitation of the Google Forms tool. However, the
survey was conveniently divided into 5 sections and contained only 26 evaluation
questions. The survey also allowed the respondents to skip the evaluation of a par-
ticular agile mindset element when unsure.

We followed the keyword analysis method while building the mapping between the
agile mindset elements, the agile principles and the competencies of the analyzed roles.
When in doubt, we referred to the detailed definition of a competence in the source
model. Additionally, in some cases we allowed some principles and competences to be
mapped onto more than one agile mindset element.
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6.2 Threats to External Validity

We have identified the following threats to the external validity of the interviews and
the survey: (a) low number of interviewed experts and survey respondents, (b) insuf-
ficient experience of interview experts and survey respondents, (c) interview experts
and survey respondents as a convenience sample, (d) interview experts and survey
respondents sample limited to Polish IT industry, (e) competence models with limited
validation.

We have interviewed 5 experts from the industry. The interviewed experts had 2 to
5 years of experience in Agile. We aimed at covering various roles in an agile team and
experiences with various agile methods. We engaged 2 Scrum Masters with broad
experience (see Table 1) Altogether, the input from experts supplemented the list of 58
agile mindset elements from the literature by 22 new elements (38%), which can be
considered a substantial contribution (see Table 6).

We have collected data from 52 respondents in the survey, which definitely
exceeded the typical threshold sample size of 30 for the choice of the statistical tests
[11]. 52% of the respondents had at least 2 years of experience. 13.5% of the
respondents had more than 5 years of experience (see Fig. 1). The respondents rep-
resented various roles in the agile team, which covered diverse points of view (see
Fig. 2). Moreover, we have analyzed the impact of the respondents’ experience and
role as the confounding variables on the validity of our results, which showed marginal
impact (Sect. 6.3).

Our survey sample is not statistically random – it is a convenience sample, although
we invited the respondents through various channels like personal and business con-
tacts, interest groups, social media, and recommendations. This method provided for a
fairly diverse group of experts and respondents with different experience. The experts
and respondents used many agile methods such as: Scrum, Kanban, Scrumban,
Extreme Programming, SAFe.

The survey was in Polish and possibly attracted most of the respondents among the
peers of one of the authors (P. Gaida) working in the Tricity region of Poland, so the
results it may exhibit some cultural or regional bias, which needs to be studied further.
Comparison of the perception of the concept of agile mindset in Poland and other
countries may bring valuable insights.

We have asked our respondents only for their (self-declared) experience in agile
and their role in an agile team. We have not collected other data such as company size,
age, industry sector or type of projects they worked on. Thus, our study provides only
preliminary insight into the conceptual structure of the agile mindset.

We have compared the evaluated agile mindset elements to the competence models
of Scrum Master, Product Owner and agile analyst. However, the models were built
based on limited number of sources and evaluated with a relatively small survey
samples. The surveys were conducted in Poland, which, again, may expose the data to
some cultural or regional bias.
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6.3 Analysis of Confounding Variables

We have analyzed the respondents’ experience and role as confounding variables in the
evaluations of agile mindset elements. The detailed results are presented in [28]. We
have used the t-Student test for independent pairs. Treating our data as interval, this test
is suitable for such analysis [11]. We assumed equal variances of the grouped samples
and the confidence level of 95% (a = 0.05).

The tests showed that the impact of both experience and role on nearly all of the
evaluations could not be considered statistically significant with the assumed confi-
dence level of 95% and sample size of 52. However, two agile mindset elements stood
out. The evaluation of I6 element “Openness to others” exhibited statistically signifi-
cant difference in the evaluation depending on respondents’ experience. It was eval-
uated much higher by the respondents with less than 2 years of experience compared to
those with more than 2 years of experience (4.24 compared to 3.56). Our working
hypothesis is that it is related to learning and gathering experience at the start of the
professional career. However, “openness” in general is crucial to being agile [2].

The evaluation of T2 element “Direct communication - face to face conversations”
exhibited statistically significant difference in the evaluation depending on respondents’
role. It was evaluated much lower by the developers compared to the non-developers
(3.39 compared to 4.14). Our working hypothesis is that they may see the meetings as
(partial) waste of time that diverts them from coding. This may also indicate some
overuse or misuse of meetings in the agile teams of our respondents.

Our study is based on limited data on the respondents themselves. The under-
standing of the agile mindset may also vary by the industry sector, company size,
company culture and maturity, type of projects, national and regional culture and
possibly more. Our initial set of agile mindset elements and its mappings to the
competence models may be used in such further studies.

7 Conclusions

We have identified 70 elements of the agile mindset studying the literature and
interviewing the industry experts, which answer our research question RQ1. We
grouped the elements into 4 categories. Then, we have obtained an opinion-based
evaluation of the importance of each agile mindset element to the effectiveness of an
agile team, which answers our research question RQ2. Next, we have analyzed the
evaluations to point out the most and least important elements based on the opinions of
our respondents, which provides a preliminary answer to our research question RQ3.
Further and more detailed study of the impact of agile mindset on the team effec-
tiveness requires careful observation of a number of different types of projects and can
be done in future research.

Finally, by mapping the evaluated agile mindset elements onto the principles
behind Agile Manifesto and the competencies of Scrum Master, Product Owner and
agile analyst we were able to identify the coverage, the cross-relationships and key
differences between the mindsets from different points of view. This provides the
answer to our research questions RQ4 and RQ5.
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The detailed contribution of this paper is the identification of the elements of agile
mindset, the preliminary evaluation of their importance to the effectiveness of an agile
team based on an industrial opinion survey as well as the analysis of this mindset by
comparison to agile principles and competencies of agile roles. This contributes to
filling the gap in the literature related to the definition and scope of the agile mindset
and the relative importance of its elements in the industry and education [22–25].

The evaluated list of agile mindset elements and its comparison to the agile prin-
ciples and competencies of roles may be used as guidance for developers, Scrum
Masters, Product Owners, and agile analysts to:

• improve the understanding of Agile,
• improve the understanding of other roles in an Agile team,
• improve the agile process and solve problems identified during retrospectives,
• educate and train both in the industry and academia,
• self-develop, in particular to switch to Scrum Master or Agile coach.

Full results of the research on the Agile mindset are available in [26]. The raw data
from the agile mindset evaluation survey are available in [27].
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Abstract. In this paper we explore the problem of introducing agile practices to
projects dealing with systems with high security requirements. We also propose
an approach based on AgileSafe method and OWASP ASVS guidelines, that
could support such introduction. What is more, we present the results of two
surveys aimed at analyzing IT practitioners’ views on applying agile methods to
security reliant systems as well as evaluating the set of agile security-oriented
practices which are a part of the proposed approach. This paper is an extended
version of the paper “Security-oriented agile approach with AgileSafe and
OWASP ASVS” that was published as a part of LASD 2019 conference pro-
ceedings [36].

Keywords: Agile � Security � Software development methods

1 Introduction

The concern for providing secure systems has become increasingly important
throughout the years. With the rapid progress in the IT domain, expansion of the
internet solutions and the level of general computer science knowledge, the problem
with security is no longer restricted to government organizations and banking, it
involves even small companies that store any private data or engage in the IoT projects.

At the same time, the changing markets and need for flexibility encourages many
companies to adopt agile approach [1]. While such approach is known for its benefits
concerning effectiveness and client satisfaction [1], when it comes to the security aspect
the potential advantages are not that obvious. The core agile methods, such as Scrum
[2], eXtreme Programming [3] or Kanban [4] do not mention explicitly security-
oriented practices. On the other hand, most of the readily available security frameworks
were created with a more disciplined approach in mind.

Taking into consideration the unflagging popularity of agile methods and an
increasing concern for security in the IT domain, an approach that would allow to
incorporate more security-oriented practices into agile software development would be
of value [5].

The goal of the research described in this paper was to identify security-focused
agile practices, evaluate their usability and impact so that the positively assessed
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practices could be incorporated into an OWASP ASVS [6] compliant process, as a part
of AgileSafe method [7].

2 Background

2.1 Agile Methods

Ever since the announcement of the Agile Manifesto [8], the agile methods have been
growing increasingly in popularity. The reports of the benefits experienced by numerous
companies [9, 10] encouraged the trend to shift from traditional, plan-driven methods to
the agile ones. What is important, this shift has not only concerned small and evolving
companies which are considered a target of the agile approach. Bigger organizations
with larger teams or corporate structures have also sought the ways to incorporate agile
approach, which resulted in methods such as SAFe [11] or DevOps [12].

2.2 Security Frameworks and Standards

Since the 1990’s there have been attempts to formalize guidelines and standards
concerning software security. In 1999 ISO [13] proposed Common Criteria for
Information Technology Security Evaluation – ISO 15408 [14]. Recognizing the value
of unified security standard, governments of Canada, France, Germany, Netherlands,
United Kingdom and United States were involved in the creation of this document. The
main goal of ISO 15408 was to present formal criteria for security assessment of
computer systems. There are other standards that address more specific security con-
cerns such as ISO 27032 [15] and NIST Cybersecurity Framework (NIST CSF) [16]
which focus on cybersecurity.

While providing vital information and formal methods to assess security in com-
puter systems, these standards are not directly applicable to agile software development
processes. Agile methods are not inherently equipped with security assurance practices.
Should such methods be applied in their basic forms, they would struggle to provide
conformance evidence for security standards. At the same time, adding traditional
security-oriented practices to agile software development process might weigh it down
and advantages of the agility could be lost. This opens a room for researching towards a
solution which enables to meet the recommendations and to follow the related best
practices of secure software development processes while still not backing down from
being agile unless it is necessary.

2.3 OWASP ASVS

The name of the OWASP Application Security Verification Standard (OWASP ASVS)
comes from the organization with same name, which created it - The Open Web
Application Security Project [17]. OWASP is a non-profit organization whose goal is to
improve software security. Its mission is defined as improving the visibility of the
security problem, both among individuals and organizations, so that they can make
decisions on this subject consciously [17]. The organization operates as an open
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community in which anyone interested in security issues can participate. It publishes
tools and documents that are available under open licenses. Due to the lack of con-
nection with commercial companies, OWASP describes itself as impartial.

OWASP ASVS is directed both to people involved directly in the development
process (developers, architects, testers, security experts) as well as their clients. Its two
main goals are to help creating and maintaining secure software and help in defining
requirements between service providers and their clients. A straightforward language
and accessibility make it a practitioners’ friendly standard.

The standard distinguishes three levels of requirements for various purposes and the
degree of security provided: Level 1: Opportunistic, Level 2: Standard and Level 3:
Advanced.

OWASP ASVS has been chosen for this research based on its versatility, open
access and popularity among practitioners [18]. The domain of web applications is at
the forefront of security issues, with frequent news about major security breaches [19].
For this reason, catering a solution that would allow combining agile security practices
with OWASP ASVS requirements could be of interest to many organizations.

2.4 Related Work

Attempts to address the new hybrid approach for security aware agile development are
carried out in various ways. One of the ideas is to create new, extended methodologies
based on the existing agile ones. An example of this is the Secure Scrum method 20,
which extends Scrum. It’s been created as an extension to Scrum to support the security
assurance. This method presents some valuable practices (such as S-Tag and S-Mark)
but focuses only on Scrum and does not address the norms and standards conformance
aspect.

Other propositions include frameworks that can be used with any agile method-
ology - this approach has been used by the aforementioned AgileSafe method but in the
safety aspect as well as the method proposed by Veracode. It involves performing
Veracode services on user’s code to detect vulnerabilities. The service is offered in the
cloud and the details of the tests are not visible to the users. Veracode allows security
verification to be carried out in several different ways.

The operation of this type of solution is based on the observation that agile
methodologies are a set of certain practices. It is possible, therefore, to extend them to
new practices, as long as they do not conflict with the existing ones.

3 AgileSafe

The need for hybrid approaches that would allow reconciling regulatory requirements
with agile practices is not exclusive to the security context. Safety-critical software
development is another, if only more so, highly constrained domain. In the safety
context, quite similarly to the security one, norms and standards are vital to ensure the
level of trust and quality of high-integrity systems. In order to enable safety-critical
software companies to adopt hybrid agile approach while satisfying the regulatory
requirements of applicable standards, AgileSafe [21] method has been proposed.
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It presents a framework for collecting and suggesting the most suitable agile practices
for a given project, as well as the means for managing and monitoring conformance
with the applicable regulatory requirements. In this article we present how AgileSafe
can be adapted to the security aspect of software development projects and support
introduction of hybrid agile approach to such projects while ensuring the compliance
with security norms and standards, using OWASP ASVS as an example.

3.1 Overview

As shown in the Fig. 1, as an input to AgileSafe takes the characteristics of a project in
which the new approach will be implemented (Project Characteristics) as well as a list
of regulations (Regulatory Requirements), which the project needs to comply with.

Based on this information, the user is guided through the process of practices
suggestion as well as the process of preparing a set of assurance arguments [22] that
will help the user to maintain conformance with given norms and standards. As a result,
the user obtains a tailored Project Practices Set, which would suit best a project with
given characteristics and regulation restrictions as well as a set of assurance arguments
to monitor compliance with the chosen regulations.

Fig. 1. AgileSafe overview
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3.2 Project Practices Knowledge Base

The information about practices available in AgileSafe, their capability to answer given
Project Characteristics and Regulatory Requirements, is kept in the Practices Knowl-
edge Base. Each practice is described using the same template that is then translated
into OWL and managed using Protégé tool [23].

An example of a practice description and its capability (type of project for which it
works best) for different project factors is presented in the Fig. 2.

At the moment of this research, there were 50 software development practices in the
Practices Knowledge Base, including safety-oriented ones.

3.3 Assurance Arguments

In order to ensure that the Regulatory Requirements will be met when applying the new
agile approach, AgileSafe uses a set of assurance arguments. The highest level of
abstraction is represented by Practices Compliance Argument (and its template Prac-
tices Compliance Argument Pattern). It is created separately for each standard added to
the method and collects all of the practices from Practices Knowledge Base that have a
potential to answer the standard’s requirements. Such practices are arranged accord-
ingly in the argument structure for a given standard requirements. Based on these
arguments, Project Practices Compliance Arguments are created for each standard that
a given project need to comply with, leaving only these practices that will be used in
this project. Project Compliance Argument serves as an argument for collecting actual
artifacts of the planned practices that serve as evidence in a conformance process. The
arguments structure is presented in the Fig. 3.

3.4 AgileSafe in the Security Context

The potential of applying AgileSafe to the projects concerned with security issues has
already been presented in [24] based on a case study for clinic appointment/queue
management system and IEC 62443-4.1 standard [25]. The promising results of this
case study allowed to form another step to further adapt AgileSafe method to cater for
security-critical projects and present hybrid security-oriented practices to the Practices
Knowledge Base.

4 Security-Oriented Agile Practices

In order to propose agile security practices that could extend the Practices Knowledge
Base of the AgileSafe method, a review of the scientific literature and articles on blogs
and industry portals was carried out.

4.1 Identification of Security-Oriented Agile Practices

While there are many well-known security-oriented practices such as threat modelling
or attack trees, in this research we wanted to expand this list and focus on less obvious,
agile inspired practices, to enrich the Practice Knowledge Base of AgileSafe method.
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Id 1
Name Abuser stories
Description Abuser stories are a way of documenting system 

security requirements. They describe how the sys-
tem might be attacked and how assets might be put 
in risk.

Procedure: Abuser stories are similar to regu-
lar user stories - informal and lightweight. They 
should be written by customers cooperating with 
developers. The reason is different field of exper-
tise that makes them likely to notice different secu-
rity issues. Good starting point for writing Abuser 
stories may be considering system assets. Every-
thing that has value to customer and is accessible 
by the system might become a target of attack. 
Another beneficial approach is to try to identify 
possible attackers, as they characteristic determine 
nature of attack. Customer industry history is 
a good resource for such speculations – it contains 
information that can help identify popular motiva-
tions and attack techniques.

Abuser stories should be assigned a value cor-
responding with user story scores. Their score 
should be estimated considering how much damage 
can be done and probability of successful attack. 
Abuser story and user story scores should be equal 
when successful attack described in abuser story 
devaluates benefits from user story. Assigned 
scores might be changed as the conditions change 
(e.g. environment change). Abuser stories should 
be chosen for sprints to mitigate risks created by 
developing user stories.

Discipline Architecture No 
Deployment No
Development Yes
Environment No
Project Management Yes
Requirements Yes
Test No

Capability Factor Values
Team Size A – Under 10 developers; 

B – From 10 to 50 develop-
ers;

Geographical 
Distribution 

A – Co-located; B – Same 
building; C – Some working 
from home; D – Within driv-
ing distance; E – Globally 
distributed

Domain Com-
plexity  

A – Straightforward; B -
Predictable; C – Quickly 
changing; D – Complicated; 
E – Intricate/Emerging

Organisational 
Distribution 

A – Collaborative; B – 
Different teams;

Technical 
Complexity  

A – Homogenous; B - 
Multiple technology; C –
New technology; D - Sys-
tem/embedded solutions; E – 
Heterogeneous/Legacy

Organisational 
Complexity  

A – Flexible, intuitive; B 
– Flexible, structured; C –
Stable, evolutionary;

Enterprise Dis-
cipline 

A – Project focus; B –
Mostly project focused; C –
Balanced; D – Mostly enter-
prise focused; E – Enterprise 
focus;

Fig. 2. Abuser Stories practice description
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The first step to identify the practices was to develop queries that allowed finding
suitable sources. The following queries: “secure agile practices”, “xp security”, “scrum
security” were selected through the elimination and trial searches. The search was
carried out in the IEEE Xplore digital library, ResearchGate portal and Google Scholar
and Google search engines. The initial selection of articles was performed based on the
following criteria: titles, summaries (if available) and access to the entire text. The
sources were selected based on the fact whether they addressed the subject of security
in agile methodologies. The next step was to inspect them for the presence of the agile
practices. For further analysis, those articles that described such practices or those that
only mentioned them were selected, provided they contained a reference to the source
with further information about the practice. A similar selection process was carried out
for articles found on the basis of sources obtained in the previous step. As a result, 10
articles were selected to be used in further work [20, 26–28, 30–34].

4.2 Selected Practices Description

Based on the articles identified in the research, 10 hybrid agile security-oriented
practices were identified:

Abuser Stories. They describe, using a form similar to regular User Stories, how the
system might be attacked and how assets might be put in risk. They should be esti-
mated in accordance to how much damage they may potentially cause and probability
of a successful attack [26].

Evil User Stories. This practice describes actions of malicious user (e.g. “As a hacker
I want to steal payment information of other clients, so I can sell it.”). They may be
used as a starting point for threat modelling [27].

Fig. 3. AgileSafe assurance arguments
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Misuse Cases. They are negative use cases. They illustrate behavior not wanted in the
system, that can cause a security breach and can be described using UML diagrams [28].

Protection Poker. This is a software security game intended to create a list of each
requirement relative security risk. It derives form Planning Poker technique of esti-
mation [29].

Second Delivery. This is a process, that aims to integrate security related solutions to
the project that already satisfies functional requirements. It is based on XP method-
ology [30].

Security Engineer. It calls for adding an expert role, that brings up-to-date security
knowledge to developers’ team. His insight is useful during multiple phases and actions
in project.

Security Sprint. This is a practice inspired by Scrum. It’s similar to regular Sprint
except that it focuses on security issues [31].

Security-Focused Code Reviews. Such reviews should be performed for every story
separately – no story can be completed without security review, fixing findings from
review and then passing re-review [32].

S-Mark and S-Tag. Originating from Secure Scrum, they are a way to document
identified security issues in Scrum Backlog by creating system of tags (security issues)
and markings for stories related to respective tags [20, 34].

Spikes. They are a way to include security analysis and design within Scrum. They
accommodate activities that don’t produce customer-valued product, like security
analysis or system designing [33].

5 Surveys

In order to evaluate the usability and accessibility of the selected security-oriented agile
practices in projects with high security requirements two surveys were conducted. The
first one (Survey A), analyzing more general security in agile aspects, was focused on
gaining information about expected average user awareness of problems and chances
related to using agile approach in such projects. The second survey (Survey B) tackled
10 specific agile security-oriented practices, asking the respondents to rate their
respective ease of use and security enhancement potential.

Subjects chosen to participate in the surveys were 24 IT practitioners (both
development and operations) from 7 different software companies, ranging from small
to corporate ones, from Poland and UK. The questionnaire was distributed mostly by
emails and direct messages in social networks, eliminating probability of acquiring
responses from random, unrelated to the field respondents. The survey was created
using Google Forms infrastructure, utilizing both open and closed questions. The
respondents were also provided with the practices detailed descriptions.
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5.1 Survey A

First three survey questions were used to evaluate participants’ experience in agile
methods and security related topics. The next two questions assessed benefits and
problems related to using agile practices in projects with security requirements. Then
respondents were asked about their preferred methodology. All of 24 participants
answered those questions.

First question was about years of experience in agile methodologies. The results are
presented in the Fig. 4. Almost half of participants declared 1–3 years of experience in
agile. Less than ¼ had experience of up to 1 year. Almost 40% had been working with
agile methodologies for more than 3 years. Those results suggest that most of the
survey participants had at least basic knowledge about agile.

The second question, which results are presented on Fig. 5, was about experience
in security reliant projects. Similarly, to the previous questions result, largest group had
1–3 years of experience. ¼ of participants declared experience shorter than 1 year. 17%
had more than 3 years of experience, but none had more than 10 years. According to
those results participants should have had some knowledge about security related
issues.

The third question was about participation in projects with security requirements
and utilized methodologies. 75% of respondents participated in such project and out of
those 83% used agile methodologies, 11% used traditional methodologies, and 11%
worked with different solutions (e.g. hybrid methodologies). For agile practices users,
results are shown on Fig. 6. Among agile participants the most popular methodology
was Scrum, then Kanban ex-aequo with agile methodologies modification. 13% of

21%

42%

17%

17%

4%

How long have you been working with agile 
methodologies (e.g. Scrum, Kanban)?

0 - 1 year 1 - 3 years 3 - 5 years 5 - 10 years over 10 years

Fig. 4. Experience in agile methodologies
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respondents didn’t mention any specific agile methodology. It’s worth noting, that none
of the respondents who used traditional methodologies had less than 3 years of
experience in security.

25%

58%

4% 13%

0%

How many years of experience do you have with IT 
security and secure applica ons development?

0 - 1 year 1 - 3 years 3 - 5 years 5 - 10 years over 10 years

Fig. 5. Experience with security and secure applications development

53%

20%

13%

20%

0% 10% 20% 30% 40% 50% 60%

Scrum

Kanban

Not specified

Modified agile

Agile methodologies used in project with security 
requirements

Fig. 6. Agile methodologies used in project with security requirements
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The next question was an open one about threats related to use of using agile
practices in projects with security requirements. The most popular answers were:

• problems with documentation and conforming to security standards (21%),
• allowing client to prioritize features (17%),
• using User Stories to express security requirements (17%),
• using TDD (due to problems with defining appropriate tests) (17%),
• slowing down development (17%),
• pressure to release product early (13%),
• difficulty to keep some parts of the system secret (13%).

Half of respondents mentioning slow down blamed for it security requirements and
only some noticed that it’s not dependent on the methodology. Among other mentioned
threats were uneven level of knowledge in the team, lot of refactoring and usage of
external tools. Also, worth noting is the fact that 17% of the respondents didn’t come
up with any problem – all of them had less than 3 years of experience in security.

Fourth question was complementary to the third one – it was about the benefits of
using agile practices in projects with security requirements. The most popular answers
where:

• frequent deployments, pair programming (25%),
• increased speed of development (25),
• increasing security knowledge level in the team – better communication (21%),
• User Stories and Backlog to document security requirements and raise awareness of

security issues (21%),
• fast security patches release (17%),
• continuous integration (17%),
• addressing changes in requirements (17%).

Among other answers were also TDD, DDD, preventing errors and rising team
awareness. 17% of respondents didn’t see the difference in benefits for security and
non-security projects and 4% didn’t see a possibility to use agile practices in projects
with security requirements at all.

Respondents were also asked about their preferred methodology for security related
projects. Results are presented on Fig. 7. The vast majority chose agile methodologies,
but most did not provide any justification except for curiosity. In that group the most
popular was Scrum, then Kanban and their modified versions. The rest didn’t mention
any specific agile method. 17% of all respondents would use more traditional approach
(e.g. V model or Waterfall) due to importance of documentation and planning for
security. 75% of them had less than 3 years of experience in both agile and security. 8%
would use hybrids of traditional and agile solutions. 4% of participants would match
the methodology to project characteristic and the same amount answered that it makes
no difference to the developer.

The results of the first survey showed that a lot of projects with security require-
ments are currently developed using agile methodologies, despite the fact that they are
not perfectly suited for the task. Traditional methods created to fit this very purpose are
rarely used anymore among the respondents of the survey. Also, most of the partici-
pants would like to use agile methodologies for future projects. This shows the need to
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develop new, more agile methods of secure software development. The threats that
respondents noticed in agile practices were mostly related to using unmodified versions
of those practices, not adjusted to security needs – a place for improvement in this area
is clearly visible. Also, it’s important to notice that a lot of participants had little or no
knowledge of security issues, despite their study and work in IT field. That calls for an
effort to popularize the topic among both students and professionals.

5.2 Survey B

For each practice two closed questions were asked about its ease of use and if it’s
improving security in the project. In total, 15 of the participants made their choices in
those questions. Also, each practice was open to comments from the respondents. The
results are presented in the Figs. 8 and 9.

Abuser Stories. None of respondents chose negative answer for this practice security
improvement potential and not many had doubts about its positive influence. But 27%
believed it would not be easy to use - as the reason they mostly described difficulty in
estimating attack probability. Despite this fact, this practice has potential benefits in the
projects wanting to comply with OWASP.

Evil User Stories. This practice was also positively rated in terms of security
improvement. What’s more, only 20% expressed doubts or were undecided about its
ease of use. Those results categorize it as both efficient and easy to get started with.
Respondent commented on possible threat to project agility in case of creating a large
number of evil user stories.

67%

17%

8%

4% 4%

In which methodology would you like to work in a 
security related project?

Agile Heavyweight Hybrid No preference It depends

Fig. 7. Methodology choice for security related project
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Protection Poker. Majority of respondents found this practice easy to use – among the
benefits they listed possible automation of prioritization. The doubts of 27% of sur-
veyed were similar to those for Abuser Stories practice – difficulty in estimation of
attack ease and probability. Another noticed difficulty is the necessity for security
experts to participate in the process. Despite that problems only 7% didn’t rate the
practice positively in terms of security.

Second Delivery. This practice didn’t occur as easy to use to most respondents (60%).
A lot of them were concerned about the need to re-implement huge parts of system in
order to satisfy security requirements. 67% of answers in question about security were
positive, but considering its difficulty, this practice might not cause some problems in
actual development process. Also, a significant problem with security was noticed.
During the first development unexpected security flaws might be introduced to the
system that are not addressed in the second delivery.

Security Engineer. Most of respondents (80%) rated this practice positively in terms
of easiness to use, as it wouldn’t require additional amount of work from the team and
it would be beneficent to have an expert that is not writing the code himself. Among
listed problems were difficulty in finding the suitable person for this role and risk of
putting all of responsibility for security on one person. Despite those issues, rating in

0% 20% 40% 60% 80% 100%

Abuser stories

Evil user stories

Misuse cases

Protection Poker

Second delivery

Security engineer

Security sprint

Security-focused code…

S-mark and S-tag

Spikes

Is this practice easy to use?

Definitely Very probably Undecided

Probably not Definitely not

Fig. 8. Practice ease of use
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security improvement area was very positive, with only 7% of participant undecided
and none rating it negatively.

Security Sprint. The majority of respondents (67%) rated this practice as easy to use,
but doubts were expressed that it could lead to development work duplications. Also,
the question was asked about the case in which not enough security tasks are defined to
fill the whole sprint. 47% of answers were positive in terms of security improvements,
but as much as 33% of participants were undecided. This can indicate that practice
description should be clarified when added to the Knowledge Base.

Security-Focused Code Reviews. Opinions on this practice’s ease of use are divi-
ded – the results for definitely and definitely not are equal (20%). Among mentioned
problems were difficulty with finding a suitable expert and a lot of additional effort
required for conducting such reviews. Despite that, most of respondents decided that
this practice improves security in the project (80%). But the expected improvement
seems not to be worth the effort required.

0% 20% 40% 60% 80% 100%

Abuser stories

Evil user stories

Misuse cases

Protection Poker

Second delivery

Security engineer

Security sprint

Security-focused code…

S-mark and S-tag

Spikes

Does this practice improve 
security in the project?

Definitely Very probably Undecided

Probably not Definitely not

Fig. 9. Practice security improvement
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S-Marks and S-Tags. None of the respondents found this practice definitely easy to
use, and 40% decided it’s probably easy to use. Considering amount of answers
“Undecided” in both questions, this practice might be too complicated to take up
without previous training. Practice gained no negative rating in terms of security, but
concerns were raised that it might be possible to lose track of some tags and marks and
therefore omit some security issues in development. Also, the question was asked about
support in existing project management tools, which could solve tracking problem.

Spikes. Although the majority of respondents (53%) rated this practice as easy to use,
33% doubted it – some commented that it’s difficult to understand. However, in terms
of security, most of participants expressed no concern about its influence on project
security. A question was also asked about other practices that can be used in security
projects development. Only two answers were provided – bug bounty and security
hackathon. This shows that it’s not a common knowledge among developers.

The results show that, although not all practices are easy to use, most of them serve
their purpose well by explicitly requiring some security assurance activities. Some of
those that scored lowest in terms of easiness might be improved by description clari-
fication, training or providing supporting tools.

6 OWASP Assurance Argument

Because of the positive results of practices security assurance evaluation, the next step
was to add them to the Practices Knowledge Base. The selected practices were ana-
lyzed according to the AgileSafe practice description template and incorporated into the
knowledge base. An example of such description is presented in Fig. 2. Newly added
security practices were assessed with respect to their OWASP conformance potential.
An example of such assessment is presented in the Fig. 10.

OWASP ASVS requirements has been added to the method and based on the
Practices Compliance Assurance Argument Pattern, were mapped to the Practices
Compliance Assurance Argument using NOR-STA tool [35]. An excerpt of this
argument is presented in the Fig. 11.

All of the OWASP ASVS requirements were successfully mapped into the struc-
ture. The practices that were able to answer specific requirements were attached with a
relevant rationale in the NOR-STA tool. None of the requirements were left without a
practice that might be able to provide conformance.

It is worth noting that there was not one practice that would sufficiently address all
of the OWASP ASVS requirements, which means that in a project wishing to comply
with the standard, implementing a combination of the analyzed practices would be
needed.

The prepared Practices Compliance Argument has been accepted as a part of the
AgileSafe potential extension for security assurance domain. Based on this argument,
depending on a given project’s Project Characteristics, a new hybrid approach with
OWASP ASVS compliance potential could be suggested.
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Id 1
N

ame
Abuser stories

Us
ed in: 

Name of the Regula-
tion and regulatory re-
quirement

General 
Practice

Fact

OWASP ASVS / 1.10 
Verify that there is no 
sensitive business logic, 
secret keys or other 
proprietary information 
in client-side code.

Abuser 
stories cover-
ing attacks 
that use 
sensitive 
business 
logic, secret 
keys or other 
proprietary 
information 
in client-side 
code can be 
created.

Abuser sto-
ries document 
security re-
quirements for 
the project. 
Those re-
quirements are 
addressed 
during devel-
opment. 

OWASP ASVS / 2.19 
Verify there are no de-
fault passwords in use 
for the application 
framework or any com-
ponents used by the 
application (such as 
“admin/password”). 

Abuser 
stories cover-
ing attacks 
that use 
default pass-
words can be 
created.

Abuser sto-
ries document 
security re-
quirements for 
the project. 
Those re-
quirements are 
addressed 
during devel-
opment.

OWASP ASVS / 2.23 
Verify that account 
lockout is divided into 
soft and hard lock status, 
and these are not mutual-
ly exclusive. If an ac-
count is temporarily soft 

Abuser 
stories cover-
ing attacks 
that use lack 
of hard lock, 
soft lock and 
their mutual 

Abuser sto-
ries document 
security re-
quirements for 
the project. 
Those re-
quirements are 

locked out due to a brute 
force attack, this should 
not reset the hard lock 
status.

exclusivity 
can be creat-
ed. 

addressed 
during devel-
opment. 

OWASP ASVS / 2.27 
Verify that measures are 
in place to block the use 
of commonly chosen 
passwords and weak 
passphrases.

Abuser 
stories cover-
ing attacks 
that use 
commonly 
chosen pass-
words and 
weak pass-
phrases can 
be created.

Abuser sto-
ries document 
security re-
quirements for 
the project. 
Those re-
quirements are 
addressed 
during devel-
opment.

OWASP ASVS / 2.31 
Verify that if an applica-
tion allows users to 
authenticate, they can 
authenticate using two-
factor authentication or 
other strong authentica-
tion, or any similar 
scheme that provides 
protection against 
username + password 
disclosure.

Abuser 
stories cover-
ing attacks 
that use 
username and 
password 
disclosure 
can be creat-
ed. 

Abuser sto-
ries document 
security re-
quirements for 
the project. 
Those re-
quirements are 
addressed 
during devel-
opment. 

Fig. 10. Abuser stories practice assessment
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7 Conclusions

During the literature review, 10 security-oriented agile practices were identified. The
practices were positively assessed in the conducted surveys and successfully enriched
the Agile Practices Knowledge Base. The OWASP ASVS was mapped into the method
and formed, along with the identified practices, the Practices Compliance Argument,
which after updating it with all of the other applicable practices available in AgileSafe,
might be further used to support practices selection in specific projects. A case study
carried out with such projects, going through the whole practices selection process of
AgileSafe might be performed as next step of the research.
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Abstract. Scrum provides many benefits to organizations requiring a project
management framework for complex adaptive problems. Some of these benefits
include improved teamwork, improved time to market, and a noticeable decrease
in software defects. The primary objective of this paper is to test nineteen
research hypotheses that require a quantitative analysis of the Scrum framework.
In order to test these hypotheses, the findings of a survey questionnaire was used
to gather response data from Scrum practitioners on their perceptions of factors
affecting Scrum adoption. Exploratory factor analysis and Cronbach’s alpha
analysis confirmed the validity and reliability of the measuring instrument.
Following these analyses, a correlation matrix was used to test the relationship
strength among the different factors. The Spearman correlation analysis revealed
statistically significant correlations. Multiple linear regression statistical models
were developed to examine the existence of factors and constructs impacting
Scrum adoption. Our findings indicate that four of the nineteen hypotheses are
statistically significant. The factors Change Resistance, Sprint Management,
Relative Advantage, and Complexity are shown to have a significant linear
relationship to Scrum as perceived by Scrum Practitioners working within South
African organizations. Future research could incorporate a larger population
sample to improve the generalizability of the findings.

Keywords: Scrum � Agile methodologies � Conceptual framework � Multiple
linear regression � Project management � Significant factors � Quantitative
analysis

1 Introduction

Scrum is regarded as one of the most under researched Agile methodologies [1], and
the majority of research literature in this field is found to be qualitative in nature [2].
This paper focuses on quantitatively analyzing the Scrum framework for constructs and
factors that are hypothesized to have a significant relationship with Scrum adoption.

A previous paper on Scrum adoption challenges focused on developing a model
that can be used to test and evaluate challenges to Scrum adoption [3]. The previous
paper also describes the nineteen factors that are tested in our hypotheses. To test and
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evaluate these adoption challenges a narrative review was conducted on the existing
Agile and Scrum adoption challenges experienced globally and by practitioners in
South Africa (SA) in particular. The narrative review was used to extract and syn-
thesize the challenges. The synthesized challenges were used as the independent
variables of the model. The first iteration of the Conceptual Framework (CF) is known
as the Scrum Adoption Challenges Detection Model (SACDM). This CF is a custom
model adapted from the Diffusion of Innovation (DOI) theory and a study of the
adoption of new technology by Sultan & Chan [12].

A previous paper entitled “Factors that contribute significantly to Scrum adoption”
[36] described the process behind the three iterations of the CF. The online survey
questionnaire serving as a Likert-type scale, gathered response data through 78 ques-
tionnaire items. A set of 207 valid responses to this survey was used to perform
Exploratory Factor Analysis (EFA) and Cronbach’s alpha analysis, which confirmed
the validity and reliability of the questionnaire as the measuring instrument. The results
from the correlational and Multiple Linear Regression (MLR) statistics were used to
identify factors that have a significant linear relationship with Scrum adoption.

From these responses we were able to test the 19 hypotheses, and discuss the
findings for each of the predicted statements.

1.1 Research Hypotheses

We collected and analyzed data to test whether the following hypotheses for the
nineteen factors, could be accepted:

• H1 - Escalation of Commitment: There is a significant linear (negative correlation)
relationship between Escalation of Commitment and Scrum adoption.

• H2 - Experience: There is a significant linear (positive correlation) relationship
between Experience and Scrum adoption.

• H3 - Over-Engineering: There is a significant linear (negative correlation) rela-
tionship between Over-Engineering and Scrum adoption.

• H4 - Communication: There is a significant linear (positive correlation) relationship
between Communication and Scrum adoption.

• H5 - Teamwork: There is a significant linear (positive correlation) relationship
between Teamwork and Scrum adoption.

• H6 - Specialization: There is a significant linear (negative correlation) relationship
between Specialization and Scrum adoption.

• H7 - Sprint Management: There is a significant linear (positive correlation) rela-
tionship between Sprint Management and Scrum adoption.

• H8 - Change Resistance: There is a significant linear (negative correlation) rela-
tionship between Change Resistance and Scrum adoption.

• H9 - Training: There is a significant linear (positive correlation) relationship
between Training and Scrum adoption.

• H10 - Recognition: There is a significant linear (positive correlation) relationship
between Recognition and Scrum adoption.

• H11 - Quality: There is a significant linear (positive correlation) relationship
between Quality and Scrum adoption.
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• H12 - Resources: There is a significant linear (positive correlation) relationship
between Resources and Scrum adoption.

• H13 - Collaboration: There is a significant linear (positive correlation) relationship
between Collaboration and Scrum adoption.

• H14 - Management Support: There is a significant linear (positive correlation)
relationship between Management Support and Scrum adoption.

• H15 - Organizational Culture: There is a significant linear (positive correlation)
relationship between Organizational Culture and Scrum adoption.

• H16 - Organizational Structure: There is a significant linear (negative correlation)
relationship between Organizational Structure and Scrum adoption.

• H17 - Relative Advantage: There is a significant linear (positive correlation) rela-
tionship between Relative Advantage and Scrum adoption.

• H18 - Complexity: There is a significant linear (negative correlation) relationship
between Complexity and Scrum adoption.

• H19 - Compatibility: There is a significant linear (positive correlation) relationship
between Compatibility and Scrum adoption.

1.2 Research Limitations

There is no restriction to the geolocation of the responses within SA. However, the
majority of SA’s organizations and Scrum practitioners are in the provinces of Gauteng
and the Western Cape. Another limitation of this study is the lack of a systematic
review used to extract and synthesis adoption challenges. The narrative review results
in the data being unreproducible. This study investigates Scrum adoption from the
perspective of the individual Scrum practitioner perceptions, which further limits the
influence of these findings on the organization’s or team’s decision to adopt Scrum.
The last limitation is in the small sample size, which impact the generalizability of the
research outcomes.

1.3 Research Scope

Excluded from this research, are adoption research of other Agile software develop-
ment methodologies, as well as non-agile methodologies. No research was conducted
outside the borders of the SA software organization, since the focus of interest is
specific to the adoption factors by Scrum practitioners working in SA organizations.
Within SA borders, there was no data collection from most of the nine provinces since
the use of Scrum or similar methodologies occurs in provinces where such project
development is most prevalent. Data collection hence mainly derived from the Gauteng
and Western Cape provinces.

Implementation challenges were excluded since these challenges were considered
to be beyond the scope of this research. A qualitative methodology was not used even
though the respondents’ opinions were recorded. The reason for this decision was that
the research focus was not on the semantics of the questionnaire responses.
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1.4 Research Significance

This paper aims to make the following research contributions on Scrum adoption:

• The use of constructs at the individual, team, organization, and technology level to
identify factors that contribute significantly to Scrum adoption.

• Based on the empirical findings, provide suggestions for future research.

The remainder of this paper comprises the following sections: Sect. 2 provides
background to the topic; Sect. 3 presents the research methodology including the
statistical analysis techniques used to analyze and validate the data collection instru-
ment. The results of data collection are presented in Sect. 4 and a discussion of the
research findings is provided in Sect. 5. Section 6 concludes the paper and provides
recommendations for extending this work.

2 Background

2.1 Software Development Methodologies

Migrating from non-agile to Agile methodologies poses many challenges. Some of
these challenges are changes in management style, communication methods, and
process changes within organizations [11].

Before discussing the Agile challenges presented in current literature, a non-
exhaustive list of Agile methodologies used in practice, are briefly described. These
methodologies provide some contextual background for Scrum.

Adaptive Software Development. Adaptive Software Development (ASD) was
introduced by Jim Highsmith and it provides a technique to increase the success rate of
developing complete, customer approved complex software and systems [18]. The
cornerstones of the methodology are collaboration and team self-organization, as is
evident in ASD’s adaptive life cycle. The three phases of the life cycle are speculation,
collaboration and learning.

Dynamic Systems Development Method. The Dynamic Systems Development
Method (DSDM) is an Agile software development approach that does not focus
primarily on system writing but instead, has a more abstract software development
focus [19]. DSDM is considered to be an incremental method and is often compared to
the Rapid Application Development (RAD) model which emphasizes a short devel-
opment cycle [18]. DSDM follows what is termed the 80% rule, where 80% of the
system is developed in 20% of the time and generating only the work required for each
increment to be able to proceed to the next increment. The DSDM methodology
includes steps for feasibility, business study, functional model iteration, and
implementation.

Extreme Programming. Extreme Programming (XP) has been a widely adopted
Agile software development method, and was first publicized by Kent Beck [18]. The
key practices of XP are the following:
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• A team of five to ten programmers work at one location with customer represen-
tation on-site.

• Development occurs in frequent builds or iterations, which may or may not be
releasable, and delivers incremental functionality.

• Requirements are specified as user stories, each being a chunk of new functionality
that the user requires.

• Programmers work in pairs, follow strict coding standards, and perform their unit
testing.

• Customers participate in acceptance testing.
• Requirements, architecture, and design emerge over the course of the project.

XP is prescriptive in scope and customers are often readily available on-site for
communication and collaboration purposes. The learning outcomes by paired pro-
grammers are invaluable, as the one developer that is not programming guides the one
who is programming and this results in higher software quality in a shorter time interval
[20].

Feature-Driven Development. Originally conceived by Peter Coad and his col-
leagues, Feature-Driven Development (FDD) is an Agile method for object-oriented
software engineering [18]. “A feature is a small, client-valued function expressed in the
form: <action><result> <object> with the appropriate prepositions between the action,
result, or object” [21]. FDD places greater emphasis on project management than most
of the other Agile methodologies, with ad hoc project management becoming inade-
quate as the project grows in size. FDD defines six milestones during the design and
build of a feature to improve the likelihood of success of scheduled software incre-
ments [18]. The milestones for each feature are the following:

• Domain walkthrough.
• Design.
• Design inspection.
• Code.
• Code inspection.
• Promote to build.

Lean Software Development. Lean Software Development (LSD) is not an Agile
methodology but rather a set of tools and principles that “make the software projects
leaner” [19]. LSD draws its origins from the vehicle manufacturing industry, where
productivity is measured by maximum reduction in unnecessary resource use, rather
than increased throughput. Koch [19] explains that LSD is characterized by seven lean
principles. LSD’s principles are further expanded into 22 lean software development
tools.

2.2 Scrum Defined

We present a description of Scrum because of its significance in the development of the
CF. The quantitative analysis performed on the developed custom model includes
factors such as Relative Advantage, Complexity, Compatibility, Sprint Management,
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and Teamwork. The significance of the relationship between these factors and Scrum
are moreover influenced by the Scrum practitioner’s use and understanding of Scrum.

Scrum is one of many Agile software development methodologies available. This
methodology has seen exponential growth in its application over the past decade [7].
As a framework, Scrum allows organizations to improve on their project delivery
objectives [17]. The Scrum guide written by Ken Schwaber and Jeff Sutherland
describes this framework as lightweight, simple to understand, but extremely difficult to
master [8]. Scrum embodies iterative and incremental development, and the framework
comprises six artifacts, five roles, and four predominant activities [8]. The Scrum
process as depicted in Fig. 1, displays some of the artifacts and activities involved in
the Scrum process.

The following lists the items within each of the three components of artifacts, roles,
and activities that make up the Scrum process:

The six Scrum artifacts are:

• Product Backlog: The list of product items requested by the customer; for whom the
software development team needs to complete. The managing of the product
backlog is the responsibility of the product owner [22].

• User Stories: A user story is the increment of value to the customer written on a
card. The product backlog is a collection of user stories [22, 23]. See Heikkila and
others [22] for a detailed explanation of how product requirements are broken down
into smaller and more manageable user stories and tasks, from the features and
epics.

• Backlog Sizing: The size generation of the product backlog.
• Sprint Backlog: The amount of work that needs to be completed by the develop-

ment team within the current sprint (the sprint is usually 30 days in length). The
sprint backlog is a subset of the product backlog [23].

• Burndown Chart: Displays how the remaining work of the sprint task completion is
progressing in graphical format.

Fig. 1. A depiction of the components of the Scrum process.
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• Acceptance Criteria: Seen as a secondary artifact, which provides the developer
with steps to follow before a story is considered done. The acceptance criteria are
created with the assistance of the product owner.

Scrum roles can be broken up into five categories as listed below:

• Scrum Master: This person is responsible for ensuring that the entire Scrum process
team are kept informed of, and adheres to the Scrum practices. This position is seen
as the Scrum mentor and its role is to also be the intermediary between the
development team and the customer. The Scrum master provides the development
team with the administrative support of Scrum, although a member of the devel-
opment team often fills this position [24].

• Product Owner: The product owner is responsible for the product backlog and
ensuring that the development team fulfils the requirements of the customer [22].

• Customer: This role is that of the organization or individual for whom the product is
developed.

• Development Team: Usually a group of 5 to 9 members (although subgroups of
these numbers may exist in large organizations with multi projects) from various
professions such as developers, testers, business analysts, designers, and DevOps
engineers [25]. The team is responsible for ensuring that the product backlog
shrinks in size as the number of sprints increases.

• Other Stakeholders: These are individuals such as the project managers, directors,
and sponsors who do not actively contribute towards the Scrum process. Customers
are often included as other stakeholders [23].

The four activities that most Scrum teams and Scrum organizations deploy are
sprint planning, daily stand-ups (Scrums), sprint reviews and sprint retrospectives.
Other activities are not mentioned here, including activities that are specific to an
organization and the Scrum team.

• Sprint Planning: This is the major four-hour long meeting which includes many of
the Scrum roles. The length of the meeting might vary based on organizational
preferences. The roles that must be present are the Scrum master, product owner and
development team. The meeting will determine which stories to include into the
next sprint and which to exclude. The sprint usually lasts for 30 days. However, this
can be amended to suit the organization. What is included or excluded in the Sprint
is decided between the product owner and the development team, with greater
influence coming from the latter.

• Daily Stand-ups (Scrums): The Scrum is a brief fifteen-minute meeting for the
development team and the Scrum master. The daily stand-up time of commencement
during the day is irrelevant; however, it usually takes place as the first activity in the
morning. Matters discussed by each member of the development team are [24]:

1. What have you done since yesterday?
2. What are you planning to do today?
3. What obstacles are preventing you from achieving your goal?
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• Sprint Review: The review happens at the end of the sprint and gives the oppor-
tunity for the development team to present the work of the completed sprint to the
customer and other stakeholders. The completed sprint is presented in the form of a
demo, and the customer provides feedback.

• Sprint Retrospectives: Retrospectives is a time-boxed meeting for the development
team and the Scrum master, to discuss ways in which the last sprint can be
improved.

2.3 Adoption Challenges

The introduction of new methodologies typically poses challenges for individuals and
organizations who make use of them [9]. The adoption of Agile methodologies creates
additional challenges such as management style, software development process, and
software developer resistance [2].

The challenges in the context of this paper is taken from a previous paper entitled
“Scrum Adoption Challenges Detection Model (SACDM)” [3]. These challenges were
derived from Agile, Scrum, software development methodology, and information
systems literature. These challenges are encountered both within SA and globally
elsewhere.

Due to Scrum research being primarily qualitative in nature [10], other Agile
methodology challenges were considered as well in order to attain a more compre-
hensive model. Common issues such as lack of experience, the organizational culture,
and lack of communication have been identified during the narrative review.

2.4 Theoretical Framework

Research by Chan and Thong [11], and Mohan and Ahlemann [9] explain that previous
information technology adoption studies focused on the technical aspects of the
innovation. These studies made use of technology adoption models, such as Tech-
nology Adoption Model (TAM). However, with complex Agile methodologies such as
Scrum where collaboration between individuals within teams and organizations are
important, a more inclusive model was required. The mixture of factors that affect
adoption led to the selection the DOI theory as the theoretical lens for the Conceptual
Framework (CF) [13].

The DOI theory is used in both organizational and individual adoption studies, with
the DOI model composed of five characteristics of innovation. The five characteristics
of innovation are Compatibility, Complexity, Observability, Relative Advantage, and
Trialability [13].

In our custom model, as shown in Fig. 2, Compatibility, Complexity, and Relative
Advantage are the three characteristics of innovation that have been retained. This
decision was based on the strength of the relationship between these three character-
istics and adoption behavior as identified in innovation studies [14].
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3 Methodology

3.1 Research Design

The research design starts with a narrative review and the results from a survey
questionnaire. This review was conducted due to the lack of quantitative literature on
Scrum adoption. However, the factors of the CF were extracted and synthesized from
the review of Scrum and Agile adoption challenges.

The quantitative survey design effectively operationalized the factors identified
through the review as the independent variables, and Scrum adoption as the dependent
variable. The online survey was used as the scale to measure the opinions of the Scrum
practitioners in SA organizations [16].

The validity of the scale was tested using a pilot study, and the application of
Exploratory Factor Analysis (EFA), Bartlett’s test for Sphericity, and Kaiser-Meyer-
Olkin (KMO). Bartlett’s test for Sphericity, EFA, and KMO are discussed in the data
analysis subsection. For reliability, the Cronbach’s coefficient alpha was used to
measure internal consistency of the scale [16].

Fig. 2. Scrum Adoption Challenges Conceptual Framework (SACCF) [36].
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3.2 Population and Sample

Units of Analysis. The population in this paper refers to the activities, cases, events,
objects, phenomena, and subjects used for sampling [26]. The sample group (n = 207)
is from the population consisting of all Scrum practitioners in SA organizations. To
clarify further, Scrum practitioners in the context of this paper refers to any professional
employed within a SA organization who is using Scrum while being involved in the
Software Development Life Cycle (SDLC). Professionals include developers, testers,
management, clients, Scrum masters, and product owners. A SA organization is any
organization located within South Africa that have individuals or teams that practice
Scrum as an Agile methodology.

Sampling Method. With reference to sampling, Floyd and Fowler [27] list five
essential characteristics of a suitable sampling method:

• Deciding to select a probability or non-probability sample.
• The sample frame, and its generalization.
• The sample size.
• The sample design, and its implementation strategy.
• The response rates.

With above in mind, the sampling types that were considered for inclusion were, self-
selection sampling, purposive sampling, and quota sampling. It was decided to conduct
the survey using a non-probability, self-selection sampling method mainly because
(a) it takes less time to complete in comparison with other methods, and (b) it presents a
greater chance to obtain a more considerable number of responses.

3.3 Measuring Instrument

Survey Questionnaire. A sound survey questionnaire is defined to be one that
complies with the following pertinent criteria:

• Questions are relevant and well-structured.
• The questionnaire is evaluated by means of a pilot study.
• The required response data is elicited from the sample.

The end goal of a good questionnaire is to determine what the sample’s biographical
details, attitudes, behavior, opinions, beliefs and convictions are toward independent
variables [16]. Since the questionnaire was self-administered, it was of greater
importance that the questions in the questionnaire were unambiguous, clear, under-
standable and straightforward [28]. The questionnaire also included ordinal measure-
ments for ranking.

The rationale for using a questionnaire as a survey instrument can be summarized
as follows:

• Inexpensive to administer.
• Less time-consuming to manage.
• Offers greater anonymity than other, e.g., face-to-face methods.
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• A greater number of respondents are reachable.
• Data can be pre-coded.

Attitude Scales. One of the main aspects that the questionnaire focused on, was the
attitude of the practitioner. “Attitude” for the purpose of this study is taken to be a
particular mindset or disposition towards a particular issue, the issue being the so-called
attitudinal object. Examples of an attitudinal object are, political issues, a single
individual, a group of people or a custom [16]. The measuring scale for attitudinal
aspects toward Scrum is the Likert-type scale. This scale is most popular due to its ease
of compilation [16]. A seven-point Likert-type scale was used to measure the
respondent’s attitude toward adoption challenges of Scrum. The designed scale is as
follows:

• 7 = Strongly agree
• 6 = Agree
• 5 = Agree somewhat
• 4 = Neither agree nor disagree
• 3 = Disagree somewhat
• 2 = Disagree
• 1 = Strongly disagree

The rationale for using this scale is to obtain an indication of the respondent’s
attitude in terms of the relationship of the independent variable with Scrum. The
correlational relationship between the independent variables and the dependent vari-
able, is evaluated by the analysis subsequently performed on the collected data.

3.4 Data Analysis

Exploratory Factor Analysis (EFA) is a statistical method used to describe the vari-
ability of observed variables in terms of unobserved constructs [4]. The validation of
the questionnaire items against the initial 19 factors in the SACCF required a first and
second order EFA to be conducted. In the first order EFA we considered the 78 survey
questionnaire items to construct the newly validated 14 factors. These factors were
subjected to a second order EFA in order to develop the four constructs.

The validity analysis proceeded by generating the first order EFA scores, and once
these scores were summarized, the second order EFA followed. To test the sampling
adequacy, the KMO measure of sampling adequacy was used. The KMO value
obtained was 0.88. The Bartlett’s test for Sphericity was conducted to determine if it
was useful to conduct factor analysis. The Bartlett’s test for Sphericity significance
level was determined to be 0.00. These test results indicated that it was justifiable to
conduct the EFA on the dataset.

In order to determine the number of factors derived from the individual statements,
Eigenvalues greater than or near one, and the Scree plot were used. The constructs’
cumulative percentage was 75.8%.

The Principal Axis Factoring (PAF) extraction method with oblique rotation was
used to seek a parsimonious representation for the common variance (correlation)
between variables by latent factors. The oblique rotation implemented the Oblimin with
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Kaiser Normalization method since it was required to explore the correlations between
the factors.

In summary, of the 78 questionnaire items, 14 factors were retained for rotation due
to their Eigenvalues being greater than or near one. The first 14 factors as a collective
accounted for 75.8% of the total variance.

Because of the factor loading cut-off criteria of 0.40, a total of 12 items were found
to load on the first factor, and these were subsequently labelled “Organizational
Behavior”. Eight items loaded on the second factor, labelled “Sprint Management”.
Nine items loaded on the third factor, labelled “Relative Advantage”. Four items loaded
on the fourth, fifth, sixth, and the seventh factor respectively, labelled “Experience”,
“Training”, “Specialization”, and “Recognition”. Seven items loaded on the eighth
factor, labelled “Customer Collaboration”. Three items loaded on the ninth factor,
labelled “Compatibility”. Five items loaded on the tenth factor, labelled “Over-
Engineering”. Three items loaded on the eleventh and twelfth factor respectively,
labelled “Escalation of Commitment”, and “Complexity”. Eight items loaded on the
thirteenth factor, labelled “Teamwork”, and four items loaded on the fourteenth factor
labelled “Resource Management”. Table 1 shows the mapping of the initial 19 CF
factors to the validated 14 factors.

The second order EFA was conducted on the 14 factors derived from the first order
EFA output. The PAF extraction method and the Oblimin with Kaiser Normalization

Table 1. Mapping of the initial 19 factors to the validated 14 factors [36].

Fourteen factors loaded from questionnaire
items

Nineteen factors based on literature
review

Organizational Behavior ➢ Organizational Structure
➢ Management Support
➢ Organizational Culture

Sprint Management ➢ Sprint Management
➢ Change Resistance

Relative Advantage ➢ Relative Advantage
Experience ➢ Experience
Training ➢ Training
Specialization ➢ Specialization
Recognition ➢ Recognition
Customer Collaboration ➢ Collaboration

➢ Quality
Compatibility ➢ Compatibility
Over-Engineering ➢ Over-Engineering
Escalation of Commitment ➢ Escalation of Commitment
Complexity ➢ Complexity
Teamwork ➢ Teamwork

➢ Communication
Resource Management ➢ Resources
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(oblique) rotation method were used to calculate the scores. The second order EFA
generated the KMO measure of sampling adequacy test result of 0.78 and a Bartlett’s
test for Sphericity significance level of 0.00 which made it viable to conduct an EFA.
The Eigenvalues generated from the PAF extraction method resulted in 4 constructs,
with the Eigenvalues greater than or near 1 and the Scree plot identifying the valid
constructs. The cumulative percentage explained by the four constructs is 67.8%.

In summary, the second order EFA was applied to the 14 factors calculated in the
first order EFA. The PAF method was used to extract the factors, followed by the
Oblimin with Kaiser Normalization (oblique) rotation method. Of the 14 input factors,
only four factors were retained for rotation, because of their Eigenvalue being greater
than or near one. The first four factors as a collective accounted for 67.8% of the
cumulative variance. These four factors are consequently referred to as the four con-
structs of the SACCF.

4 Results

The previous section described the methodology used to derive to the validated factors
and constructs of the CF. A statistical analysis of the results derived with this
methodology, is presented in this section.

4.1 Statistical Techniques that Answer the Hypotheses

Testing the Fourteen First Order Factor Relationship Strength. Correlation anal-
ysis was used to test for the relationship strength among the different factors. The
Spearman correlation analysis was conducted on all the factors as opposed to a Pearson
correlation analysis, due to the skewness of the data discovered during the normality
tests. The Spearman correlation analysis revealed statistically significant correlations
for the relationships between Scrum Adoption and all the factors at the 0.01 level,
except for Teamwork which was significant at the 0.05 level (p = 0.018), and Over-
Engineering with no significance (p = 0.514), as shown in Table 2.

Testing the Four Second Order Factor Relationship Strength. A Spearman cor-
relation matrix was used to test the relationship strength among the four constructs, as
well as between the four constructs and the dependent variable. Once again, Spearman
correlation analysis was selected, instead of a Pearson correlation analysis, due to the
skewness of the data indicated by the normality tests. This analysis revealed statisti-
cally significant correlations between Scrum Adoption and the four constructs at the
0.01 level as shown in Table 3.

Testing the Statistical Significance of the Factor Relationship. All the normality
assumptions were met when a regression analysis was conducted on the 14 factors.
Tolerance values were above .01, and all the Variance Inflation Factor (VIF) values were
below 10, and the assumption of non-multicollinearity was met. The Durbin-Watson
statistic fell within an expected range, which suggested that the assumption of no
autocorrelation of residuals was met. The assumptions of linearity and homoscedasticity
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were also met, since the scatterplot of standardized residual and standardized predicted
value did not curve or funnel out. The normal probability plot of the residuals was
approximately linear, which suggests that the assumption of normality of residuals was
also met.

Of the 14 factors, MLR was conducted to examine whether Over-Engineering,
Relative Advantage, Recognition, Experience, Teamwork, Specialization, Escalation of
Commitment, Compatibility, Resource Management, Customer Collaboration, Com-
plexity, Training, Sprint Management, and Organizational Behavior impact on Scrum
Adoption. The overall model (predictors: Over-Engineering, Relative Advantage,
Recognition, Experience, Teamwork, Specialization, Escalation of Commitment,
Compatibility, Resource Management, Customer Collaboration, Complexity, Training,
Sprint Management, Organizational Behavior) explained 52.9% of the variance of
Scrum Adoption, which was determined to be statistically significant (F(14, 206) =
15.40, p < 0.0001).

An inspection of the individual predictors of the overall model revealed that Rel-
ative Advantage (b = 0.688, p < 0.0001), Sprint Management (b = 0.109, p < 0.05),
and Complexity (b = 0.041, p < 0.05) are significant predictors of Scrum Adoption (as
shown in Table 4). Higher levels of Relative Advantage are associated with higher
levels of Scrum Adoption; higher levels of Sprint Management are associated with
higher levels of Scrum Adoption, and higher levels of Complexity are associated with
lower levels of Scrum Adoption.

For the four constructs, MLR was conducted to examine whether Individual Fac-
tors, Technology Factors, Team Factors, and Organization Factors impact on Scrum
Adoption. The overall model explained 33.40% of the variance in Scrum Adoption,
which was shown to be statistically significant (F(4, 206) = 25.34, p < 0.0001). An
inspection of the individual predictors revealed that Technology Factors (b = 0.580,
p < 0.0001) and Team Factors (b = 0.126, p < 0.05) are significant predictors of
Scrum Adoption (see Table 5). Higher levels of Technology Factors are associated
with higher levels of Scrum Adoption, and higher levels of Team Factors are associated
with higher levels of Scrum Adoption.

Table 3. Correlations between the four constructs and Scrum adoption [36].

Scrum adoption Individual Organization Team Technology

Scrum Adoption 1.00 .29** .30** .20** .53**
Individuala .29** 1.00 .39** .16* .38**
Organization .30** .39** 1.00 .25** .42**
Teama .20** .16* .25** 1.00 .07
Technology .53** .38** .42** .07 1.00

N Missing 0
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
a = the factor’s negatively phrased questions were recoded.
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5 Discussion of Findings

5.1 The Conceptual Framework Factor Loadings Affecting
the Hypotheses Testing

It is important to note that initially, the SACCF had 19 factors (independent variables).
However, during the validation of the scale, the Exploratory Factor Analysis

Table 4. Regression coefficients of the 14 factors [36].

Coefficientsa

Model Unstandardized
coefficients

Standardized coefficients T Sig.

B Std. error Beta

1 (Constant) .506 .454 1.114 .267
Experience −.021 .051 −.026 −.419 .676
Organizational Behavior .000 .062 .000 .003 .998
Sprint Managementb .109 .049 .178 2.239 .026
Relative Advantage .688 .068 .702 10.168 .000
Training −.031 .052 −.045 −.604 .547
Specialization .004 .042 .006 .103 .918
Recognition −.019 .047 −.032 −.410 .682
Customer Collaboration .118 .062 .151 1.900 .059
Compatibility .085 .058 .099 1.477 .141
Escalation of Commitment .011 .041 .018 .280 .780
Complexity −.116 .056 −.146 −2.061 .041
Teamworkb −.013 .047 −.021 −.279 .781
Resource Management −.042 .051 −.059 −.830 .407
Over-Engineeringb .004 .039 .005 .092 .927

a Dependent Variable: Scrum Adoption
b = the factor’s negatively phrased questions were recoded.

Table 5. Regression coefficients of the four constructs [36].

Coefficientsa

Model Unstandardized
coefficients

Standardized coefficients T Sig.

B Std. error Beta

1 (Constant) 1.197 .445 2.692 .008
Teamb .126 .062 .123 2.040 .043
Technology .580 .064 .566 9.009 .000
Individualb .016 .053 .019 .303 .763
Organization −.033 .054 −.039 −.616 .539

a Dependent Variable: Scrum Adoption
b = the factor’s negatively phrased questions were recoded.
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(EFA) applied to the questionnaire items extracted 14 factors. The loading of the
questionnaire items to new factors meant that the initial predicted model had to be
evaluated. The questionnaire items with its commonalities and corresponding factor
loadings were studied and it was found that the initial 19 independent variables loaded
correctly into the 14 factors. The new factor loadings, therefore, made logical sense. In
Table 1, as discussed in Sect. 3, the 19 hypothesized factors are mapped to the newly
validated 14 factors.

While most of the mappings in Table 1 is self-explanatory, it is necessary to give an
explanation of the four factors that have more than one independent variable.

These four factors are:

• Organizational Behavior
• Sprint Management
• Customer Collaboration
• Teamwork

The term Organization Behavior (OB) is defined as the actions and attitudes of
individuals that work within an organization. OB is an indication of human behavior
within the organizational environment, how human behavior interacts with the orga-
nization, and the organization itself [5]. George et al. [5], also states that the manner in
which managers manage others is significantly affected by OB. Given this perspective
of OB, it is reasonable to load Organizational Structure, Management Support, and
Organizational Culture as a single factor under the heading OB.

The loading of Sprint Management and Change Resistance into a single factor is
also logically sensible since firstly, Sprint Management is a time-boxed activity. Scrum
practitioners would be performing their tasks within a Scrum sprint under most cir-
cumstances although it is recognized that this may not be the case for every task
performed. Consequently, if a team is resisting change, it would manifest when the
change is requested or performed during the Scrum sprint. Secondly, the fourth value
of Agile development, being “responding to change over following a plan”, it is
therefore appropriate that Sprint Management and Change Resistance loaded as the
Sprint Management factor, since Change Resistance occurs by default, within the
Sprint Management cycle [6].

The loading of Collaboration and Quality into the Customer Collaboration factor
was unsurprising since Customer Collaboration entails working closely with the client
in order to deliver a requested output at the expected quality. The last merged factor
loading was Teamwork which consists of Teamwork and Communication. This factor
loading was also a simple decision and with hindsight, these two factors had to be
grouped together from the outset. The reason for this is because Teamwork requires
individuals to work together to complete tasks, and communication is a critical com-
ponent to complete sprint tasks within the team. It is important to note that the
Resources factor has been renamed to Resource Management because resource
shortage or surplus is a management related concern.

Figure 3 displays the third and final iteration of the CF. The hypothesized rela-
tionships between the independent variables and the dependent variable are shown in
the parenthesis. As is evident from the diagram, the conceptual model is much more
refined than the previous iterations. The Specialization factor which was previously
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under the team construct is now under the individual construct, and Over-Engineering
which was an individual factor is now a team factor. The reason for these realignments
is because Specialization or specialized skills can be narrowed down to the individual
level. Over-Engineering, if encountered and allowed within a Scrum team environment,
means that the team was not vigilant enough during their communication sessions to
identify when an individual was doing more than what was required.

While the authors are pleased with the validated CF factors and constructs, the
effect it has on the evaluation of the initial hypotheses is of concern. The authors,
however, believe that while the factors have changed from 19 to 14, it should not affect
the hypotheses testing. The reason why the authors believe this to be the case was
evident in Table 1. In the table, the reader will note that none of the initial 19 factors
are removed from the SACCF. Those that are no longer a discrete factor have merged
with other factors. However, based on the factor loadings and the opinion of the
authors, these merged factors make sense. As a result, the authors strongly feel that the
initial 19 hypotheses can be tested as individual hypotheses. However, the reader
should note that some of the initial factors are loaded into a new factor as mentioned
above.

5.2 Answering the Research Hypotheses

We discuss the statistical results and whether the hypotheses, as stated in Sect. 1, can
be accepted or rejected. This subsection focuses on the outcomes of the 19 hypothe-
sized statements, and a discussion of the individual findings.

Fig. 3. Final iteration of the conceptual framework [36].
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Escalation of Commitment. Escalation of Commitment was hypothesized to have a
significant linear (negative correlation) relationship with Scrum adoption. While the
research by Stray et al. [29] indicates the alarming effect of this factor on software
project outcomes, with up to 40% of projects experiencing it, the regression results
indicate no significant correlation with Scrum adoption. The coefficients from the MLR
dictates that not only is there no significance with Scrum adoption, but the direction-
ality of the relationship is positive. The hypothesis, that there is a significant linear
(negative correlation) relationship between Escalation of Commitment and Scrum
adoption, can thus be rejected.

Experience. The lack of experience was included as a potential barrier to Scrum
adoption based on the literature of Agile challenges [30]. Mastery of skills contributes
to the performance of individuals [31], which we believe, would allow the Scrum
practitioner to experience a lesser challenge in understanding and adopting a project
management framework such as Scrum. While there is a weak correlation with Scrum
adoption, there is no significant linear relationship. The hypothesis that there is a
significant linear (positive correlation) relationship between experience and Scrum
adoption, can hence be rejected.

Over-Engineering. Over-Engineered solutions, as defined in the literature, is often
due to lack of communication, and limited domain knowledge by the team executing
the task [32]. It should be noted that Over-Engineering as a factor, has moved to the
team construct from the individual construct of the SACCF. From the results, it can be
concluded that Over-Engineering has no correlational and no significant linear rela-
tionship with Scrum adoption. It is the only factor to exhibit such a characteristic. The
hypothesis that there is a significant linear (negative correlation) relationship between
Over-Engineering and Scrum adoption, can hence be rejected.

Communication. Our view is that Communication is arguably one of the most crucial
skills to have as an individual, team or organization. The results in Sect. 4 suggested
that although Communication is a prominent adoption challenge, it is not statistically
significant with Scrum adoption. While Communication has been loaded into the
Teamwork factor as mentioned, we can still conclude, based on the research results,
that Communication does not have a significant linear (positive correlation) relation-
ship with Scrum adoption. Communication, therefore, has a very weak correlation with
Scrum adoption (at the 0.05 level).

Teamwork. Our view is that working together to complete tasks, and achieving a
common goal is what most organizations should be striving. In our opinion, a greater
level of team cohesion increases the probability of successful project outcomes. It was
anticipated that the Teamwork factor, which was a factor loading of the initial
Teamwork and Communication factors, would have had a significant linear relation-
ship with Scrum adoption. The reason for this view was simply because Teamwork and
Communication are regarded as essential aspects of any Agile method [10]. It was
surprising to note that Teamwork has no significant correlation and no notable sig-
nificant linear relationship, with a p-value of 0.781. We can therefore reject the
hypothesis as there is no significant linear (positive correlation) relationship between
Teamwork and Scrum adoption.
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Specialization. As mentioned earlier, due to the questionnaire item factor loadings,
Specialization has been grouped under the individual factors construct. With hindsight,
we completely agree with this change, as skill levels can and should be evaluated at the
individual level, allowing for a more refined analysis of the factor. The reason for the
inclusion of Specialization as a Scrum adoption challenge is that specialist roles in the
Scrum team could hinder the successful completion of a Scrum sprint due to a lack of
overlapping skills [33]. The correlation between Specialization and Scrum adoption is
significant at the 0.01 level. However, the linear relationship is far from significant. We
can therefore reject the hypothesis as there is no significant linear (negative correlation)
relationship between Specialization and Scrum adoption.

Sprint Management. This factor is part of the Team construct and is generally
considered an essential aspect of the sprint cycle. It is of the utmost importance that a
professional Scrum practitioner in the form of a Scrum Master is appointed within
organizations to facilitate the Scrum framework and sprint process. A mismanaged
sprint can lead to other problems for the Scrum team [34]. The authors believe that
Sprint Management should play an essential role in Scrum adoption by Scrum prac-
titioners. Based on the research findings, Sprint Management has a significant corre-
lation with adoption at the 0.01 level. A significant linear relationship with adoption
was recorded, with a p-value < 0.05 and the t-statistic of 2.24. What this means is that
an increase in Sprint Management relates to an increase in Scrum adoption. We accept
the hypothesis of a significant linear (positive correlation) relationship between Sprint
Management and Scrum adoption.

Change Resistance. Change resistance, as mentioned earlier, has loaded with Sprint
Management. Our opinion is that this newly loaded factor is sensible since a change
affecting the Scrum team usually affects their sprint planning and management.
However, because of the new factor loading, it is not definitive as to whether Change
Resistance on its own has a significant linear relationship with Scrum adoption. The
narrative review suggests that change resistance is a re-occurring adoption challenge
experienced both globally and within SA [3]. Because Change Resistance carries equal
weighting under the newly loaded Sprint Management factor one can accept that
Change Resistance contributes significantly to Scrum adoption. The hypothesis that
there is a significant linear (negative correlation) relationship between Change Resis-
tance and Scrum adoption, is acceptable. An increase in Change Resistance results in a
decrease in Scrum adoption.

Training. Our view is that Training is essential for developing and up-skilling
employees of an organization. The narrative review of global Agile adoption challenges
demonstrated that Training, knowledge and learning, are indeed challenges to over-
come. Within SA, Training was noted to be an insignificant challenge [3]. Our view is
that Training could contribute to the adoption of Scrum, since Training can be regarded
as a method of decreasing the challenges encountered during task completion. The
results indicate that while Training has a weak significant correlation with Scrum
adoption (at the 0.01 level), it does not have a significant relationship with adoption.
The hypothesis being that there is a significant linear (positive correlation) relationship
between Training and Scrum adoption, is rejected.
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Recognition. This factor is under the Organizational construct (see Fig. 2). Our view
is that the lack of Recognition for an individual affects their willingness (or disposition)
to attempt and complete tasks. The lack of Recognition has been shown to affect the
productivity levels of the individual [35]. We believe that a lack of individual
Recognition affects the individual’s willingness to adopt any innovation, not just
Scrum, especially if the individual is not interested in the innovation. Based on the
empirical findings, Recognition has a weak correlation with adoption (significant at the
0.01 level), as well as having no significant linear relationship. We reject the hypothesis
because there is no significant linear (positive correlation) relationship between
Recognition and Scrum adoption.

Quality. Quality refers to the quality of software delivered to meet client and business
expectations [3]. Since the client is the receiver of the level of Quality produced, it is
loaded with Collaboration to form the Customer Collaboration factor. In our opinion,
the quality delivered during the project milestones can determine whether the project
succeeds or fails. The narrative review identified Quality as an infrequent adoption
challenge. Software quality, on the other hand, is a prominent global Scrum adoption
benefit [3], suggesting that quality of software is a result of Scrum adoption. The results
indicate that there is a significant correlation between Customer Collaboration and
Scrum adoption. Of interest, is that Customer Collaboration is just below the p < 0.05
significance level, with a p-value = 0.059. More research on Customer Collaboration
as an independent variable of Scrum and Agile adoption, would be helpful in order to
confirm any consistency with the finding of this study. We can reject the hypothesis as
there is no significant linear (positive correlation) relationship between Quality and
Scrum adoption.

Resources. An organization requires Resources in order to generate products and
services. Without a sufficient supply of Resources, for example, a lack of capital, lack
of strategic direction, and inadequate resource management the organization might
incur losses and setbacks. The narrative review identified a lack of documentation,
budget constraints, high management overheads, and lack of infrastructure and tools as
resource challenges for Scrum and Agile adoption [3]. During the second iteration of
the SACCF the Resources factor has been renamed to Resource Management although
the definition remains the same, as mentioned earlier. Based on the results, Resource
Management was found to have no significant linear relationship although its corre-
lation was significant. This result is unsurprising as it is difficult to conclude that poor
Resource Management on its own will be pivotal in an individual to reject a framework
such as Scrum. This hypothesis is rejected as there is no significant linear relationship
between Resources and Scrum adoption.

Collaboration. The research findings for Customer Collaboration is no different to
most of the factors discussed thus far. As mentioned under the Quality factor, Customer
Collaboration, which includes Quality, is below the significant linear relationship
threshold by a narrow margin, and it would be useful to conduct a deeper evaluation of
this factor. The narrative review identified Customer Collaboration and lack of busi-
ness, customer, and product owner involvement during Agile adoption as some of the
biggest challenges experienced globally [3]. However, results obtained in this study

102 R. Hanslo et al.



indicate that Collaboration has no significant linear (positive correlation) relationship
with Scrum adoption.

Management Support. The definition for Organizational Behavior (OB) was pro-
vided earlier in this section. Sultan and Chan [12] states that Management Support has
a direct effect on innovation adoption. While not all innovations are equal, for example,
Scrum requires Customer Collaboration, iterative and incremental development, while
object-oriented programming as an innovation might not. We hence recognize that the
statement by Sultan and Chan [12] might not necessarily hold in particular for the
Scrum adoption results presented in this paper. As a newly loaded factor with Orga-
nizational Structure and Organization Culture, Management Support has an insignifi-
cant relationship with adoption. Our impression was that OB would have manifested a
significant relationship should be re-evaluated in further Scrum adoption studies,
perhaps with a larger population sample size. The hypothesis is rejected, since no
significant linear (positive correlation) relationship between Management Support and
Scrum adoption was evident in the results of this study.

Organizational Culture. The authors appreciate the importance of an Organizational
Culture that promotes innovative thinking, as innovation adoption and implementation
often depends on the culture of the organization [9]. Organizational Culture identified
as one of the most common Scrum and Agile adoption challenges [3]; however, as
mentioned by Hoda and others [15], literature on the influence of Organizational
Culture on Scrum teams is limited. Although OB has a significant correlation with
Scrum adoption, it has no relationship of linear significance. The reason for this lack of
linear significance may be because teams implement Scrum even when culture is
problematic, and teams continue to adopt Scrum regardless of the prevalence of such
challenges within the organization. The hypothesis that there is a significant linear
(positive correlation) relationship between Organizational Culture and Scrum adoption
is therefore rejected.

Organizational Structure. We predicted that the lack of a hierarchical Organizational
Structure improves the innovation adoption rate. This sentiment is aligned with find-
ings in literature such as by Sultan and Chan [12]. However, when we consider the
research findings for Scrum as innovation, the correlation significance at the 0.01 level
is weak, and the MLR significance is virtually non-existent (p = 0.998). The hypoth-
esis that there is a significant linear (negative correlation) relationship between Orga-
nizational Structure and Scrum adoption, is hence, rejected.

Relative Advantage. Relative Advantage as discussed in Sect. 2 is one of the five
innovation characteristics of the DOI theory. Rogers [13] noted that Relative Advan-
tage and Compatibility are the two characteristics of innovation which contribute the
most toward adoption. We concur that Relative Advantage is an essential contributor to
innovation adoption, as suggested and it was reassuring to discover that the research
results supported our sentiment. The value of this finding is that it strengthens the
rationale to include Relative Advantage in other innovation adoption studies. Relative
Advantage has a moderate to strong correlation with adoption, significant at the 0.01
level. The coefficients taken from the regression model indicate a significant linear
relationship (p < 0.001) with a t-statistic of 10.168. We can, therefore, accept the
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hypothesis by stating that there is a significant linear (positive correlation) relationship
between Relative Advantage and Scrum adoption. An increase in Relative Advantage
results in an increase in Scrum adoption.

Complexity. While Complexity, according to Kishore and McLean [14], is not one of
two characteristics which contribute the most toward innovation adoption, it exhibits a
relatively consistent relationship with adoption. We agree that Complexity affects an
individual’s decision to adopt and implement innovation. Our findings indicate that, the
correlation with Scrum adoption is significant at the 0.01 level, with a linear rela-
tionship at the 0.05 significance level with a t-statistic of −2.061. We can, therefore,
accept the hypothesis by stating that there is a significant linear (negative correlation)
relationship between Complexity and Scrum adoption. An increase in Complexity
results in a decrease in Scrum adoption.

Compatibility. Compatibility is said to be the other most important contributor,
besides Relative Advantage, to innovation adoption [13]. However, research also
indicates that the five characteristics of innovation adoption have characteristics of
flexibility [12]. This suggests that the significance of Compatibility is dependent on
several factors, including conditions such as the individual’s stage of adoption, the
individual’s experience, and the type of innovation adopted. Although Compatibility
has been shown to have a consistent relationship with adoption in other innovation
research, our findings differ. The idea that these results might be due to poorly con-
structed questions related to the Compatibility factor was considered. However, a re-
examination of the clarity and construction of the relevant questions, does not indicate
that this statement holds. A possible explanation for the inconsistency of our findings
with the literature, is that the decision to adopt Scrum often does not depend on the
individual but the team or organization. This notion suggests that although the indi-
vidual does not perceive Scrum to be compatible with them, they still end up adopting
it. Compatibility has a moderate correlation with Scrum adoption (p < 0.01) with an
insignificant linear relationship with p = 0.141. We reject the hypothesis since no
significant linear (positive correlation) relationship between Compatibility and Scrum
adoption is evident.

In summary, four of the initial 19 factors were identified as having a significant
linear relationship with Scrum adoption. These four factors are Relative Advantage,
Complexity, Change Resistance, and Sprint Management. The factor that came close to
having a significant relationship with Scrum adoption was Customer Collaboration
with p = 0.059. Because of the new factor loadings, both Sprint Management and
Change Resistance loaded onto Sprint Management, as noted earlier. Figure 4 shows a
parsimonious model of all the significant factors and their hypothesized relationship
with Scrum adoption in parenthesis.
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6 Conclusion

This paper aimed to contribute to the field of Scrum adoption by conducting quanti-
tative analysis to test the hypotheses predicting constructs and factors of significance
with Scrum. The findings in a previous paper [36] confirmed the validity and reliability
of the CF.

The results of the validity and reliability of the CF allowed us to continue with a
statistical analysis of the questionnaire responses. The results obtained after applying
Spearman correlation analysis and MLR, revealed that three of the 14 factors have a
statistically significant relationship with Scrum adoption. These three factors are Sprint
Management, Complexity, and Relative Advantage. This contribution is of significance
both to Scrum adoption research and to the greater body of knowledge on Agile
methodologies.

6.1 Recommendations

The findings from this paper adds value to organizations practicing Scrum. The liter-
ature and this paper confirm the importance of the innovation’s technical characteris-
tics, namely, Relative Advantage and Complexity. In this paper, however, we also
report new insights into Scrum adoption and its challenges as perceived by the indi-
vidual Scrum practitioner. Based on the empirical findings, the following recommen-
dations are made:

• Organizations that are in the adoption stage of Scrum should consider the findings
in this paper, particularly the identification of Sprint Management as having a
significant linear relationship with Scrum adoption.

• Organizations should look to increase their Scrum adoption success prospects by
implementing strategies that also consider significant factors.

SCRUM 
ADOPTION

TECHNOLOGY 
FACTORS

- Relative Advantage (+)
- Complexity (-)

TEAM FACTORS
- Sprint Management (+)

Fig. 4. Scrum adoption parsimonious model.
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6.2 Further Research

Given the limited scope of this study, additional research on the topic in the following
areas would contribute further knowledge to this topic:

• A systematic review of the Scrum adoption challenges experienced by Scrum
practitioners to support (or debunk) the validity and reliability of the Scrum chal-
lenges and factors included in the CF.

• While we confirmed factors of significance influencing Scrum adoption through the
SACCF, additional research that make use of a much larger sample, would improve
the generalizability of the findings.
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Abstract. The International Conference on Agile Software Develop-
ment (XP) was established almost sixteen years ago. Based on data from
Scopus database, a total of 789 papers have been published in between
years of 2002 and 2018. We employed bibliometrics analysis and topic
modeling with R/RStudio to analyze these published papers from various
dimensions, including the most active authors, collaboration of author-
ship, most cited papers, used keywords and trends of probable topics
from the titles and abstracts of those papers. The results show that the
first five years of XP conference cover nearly 40% of the papers published
until now and almost 62% of the XP papers have been cited at least once.
Mining of XP conference paper titles and abstracts result in these hot
research topics: “Coordination”, “Technical Debt”, “Teamwork”, “Star-
tups” and “Agile Practices”, thus strongly focusing on practical issues
and problems faced by the practitioners in the industry. The results high-
light the most influential researchers and institutions, and the collabora-
tion between the authors in the conference papers. The approach applied
in this study can be extended to other software engineering venues and
can be applied to large-scale studies.

Keywords: Bibliometrics · Software Engineering · Publication
mining · Citation analysis · International Conference on Agile Software
Development

1 Introduction

“Publish or perish” is a commonly used idiom in the academic community. The
phrase frames the pressure for rapid publishing to sustain or move forward in
one’s academic career. Research articles and other papers are being published in
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various venues such as conferences and journals. Such published work is taken
seriously into consideration in almost all types of research funding for researchers
in the academia and other research institutes. In addition, in academia, it is
common to quantify the impact of published papers by analyzing the number of
citations for those. Citation is one way to judge influential work and build new
studies on existing research results. Citations may be helpful in observing the
most popular and influential work in the field [6,21,23]. However, as pointed out
by Wohlin [22], outcome and trustworthiness of the findings can be very much
dependent on the actual tool(s) or source(s) used for collecting the data for the
citation analysis.

Garfield put systematic effort to track the citations in scientific literature
and published the Science Citation Index [7]. Further, bibliometrics methods
use statistical analysis of publications to shed light on quantitative analysis [19].
Bibliometrics based identification of active authors and institutions has many
benefits, e.g., in helping students and researchers to identify active and rele-
vant institutes for their areas of interest, and in enabling employers to assess
and recruit the most qualified potential researchers [1,21]. Citation analysis and
bibliometrics have been used to identify influential work and researchers e.g., in
Medicine, Physics, Software Engineering (SE), Social Sciences and other fields
of science [1,3,10,12–15,18,21,23].

In the last decade, a number of citation and bibliometrics studies have been
published in the field of SE. For instance, between 1999 and 2002, Wohlin pub-
lished a series of papers with a goal of identifying the most cited papers, and
invited authors of the most cited papers to contribute to a special section of
the Information and Software Technology journal [22–24]. Kitchenham [16] con-
ducted study with a focus on software metrics and identified the most cited
papers published between 2000 and 2005. The study further classified the main
topics, goals and empirical content of those papers [16]. Further, a number of
bibliometric studies have been conducted identifying the top SE scholars and
institutions in various timelines. For example, Garousi and Varma [11] present
a bibliometric assessment of Canadian SE scholars and institutions. Farhoodi et
al. [5] reported the most active authors in the area of development of scientific
software to be located mainly in the US, followed by the Canadian and British
researchers. Recently, a study by Garousi and Fernandes [8] identified and classi-
fied the top-100 highly-cited SE papers in terms of two metrics: total number of
citations and average annual number of citations. In the context of agile software
development, a study by Chuang, Luor and Luo [3] reported top publications,
institutions, and scholars in the agile software development field from 2001 to
2012 based on the publication of such works in Science Citation Index journals.
However, there are only a few citation or bibliometrics SE studies conducted in
small-scale, i.e., focusing only on a selected venue or a subset of venues [8,21]. A
small-scale study on a selected venue may reveal interesting insights not only into
the emerging research topics within but also into the authorship of the papers,
i.e., collaboration among the authors regarding the research topics.
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One of the key outlets for Agile research, “Agile Software Development Con-
ference (XP)”, has not been evaluated under the lens of citation analysis alone
or as a sub-field of its own (processes). XP Conference (“International Con-
ference on Extreme Programming (XP)”, formerly known as “Conference on
Agile Software Development (AGILE)”) was included in a bibliometrics study
of Karanatsiou et al. [15] in the general domain of SE. In that study, XP confer-
ence was the only process oriented conference [15]. In fact, XP conference is the
premier Agile software development conference combining research and practice.

This paper is an extension of our previously published paper [1] entitled
“Preliminary Citation and Topic Analysis of International Conference on Agile
Software Development Papers (2002–2018)” published in 14th Federated Con-
ference on Computer Science and Information Systems (FedCSIS 2019). This
study provides an overview of the literature published in all XP conference pro-
ceedings (n = 789). This study helps readers to understand the development and
evolution of the XP conference from three main aspects: (i) the citation land-
scape and the most cited papers, (ii) the most active authors, institutions and
countries, in terms of number of publications, and (iii) the identification of emerg-
ing research topics in XP conference publications and use of indexed keywords.
Furthermore, this paper extends our prior study [1] by comparing the results
to other researches, in more detail, and by analyzing the collaboration of the
authors within the XP conference papers.

This paper is organized as follows: First, we discuss the research method and
the data extraction technique. Second, we present the results of the analysis
including findings on authorship trends, active individuals and institutes, highly
cited papers and authors, trends in the covered topics, most common keywords
in the papers and collaboration of the authors within the conference. Third, we
discuss the threats to validity of the study. Finally, we summarize the findings
and provide recommendations for future research.

2 Data Extraction and Research Method

The data for the analysis was fetched from Scopus1 on September 2nd, 2018. Sco-
pus is claimed to be the largest abstract and citation database of peer-reviewed
literature and designed to serve the needs of academic, business and government.
Thus, anyone having access to Scopus data has the possibility to perform similar
queries without having to have technical skills for e.g., some Application Pro-
gramming Interface (API). Scopus also provides citation data and allows saving
the search results to a csv-file for further analysis. We used two search queries
to obtain all XP conference data from the Scopus database, see Table 1.

The first query was used with an assumption that it would provide us with
all the published XP conference papers. However, the search resulted in 758
papers and it became evident that the data set did not include the papers from
the year 2011. One reason was the year 2011 does not include the information
about the XP conference in the Scopus database. Thus, we formulated another
1 https://www.elsevier.com/solutions/scopus.
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Table 1. Search queries for extracting papers from Scopus

No. Query string (as to be given in Scopus) and its explanation Papers

1 CONF(“XP”) AND DOCTYPE(“cp”)
Select XP conference and conference papers only

758

2 SRCTITLE(“lecture notes in business information processing”
AND VOLUME(77) AND DOCTYPE(“cp”)
Select “Lecture Notes in Business Information Processing”
and only volume 77 (which includes conference papers for XP 2011)

31

Total 789

search query to obtain the missing papers from the Scopus database. The second
search query (for 2011 only) retrieved 31 papers. The two search queries together
retrieved 789 papers (758 + 31), covering the years of 2002–2018 (published by
September 2nd, 2018). The Fig. 1, shows the distribution of papers published by
September 2nd, 2018.

The data acquired from Scopus (included e.g., names of the authors, title,
publication year, source title, number of citations, link and abstract) were stored
in a csv-file. The Scopus database also provided features to extract data for
the analysis of the affiliations and countries related to the authors (analysis of
the search results in Scopus) as well as the top 20 cited papers (overview of
the citations in Scopus). First, the data allowed us to study the affiliations,
countries and authors contributing to the research the most. Second, regarding
the authors, we could count the number of papers for each author as well as the
degree of collaboration among those authors. Third, the number of citations for
all papers and data for the top 20 most cited papers allowed us to analyze the
overall citation landscape, the highest cited papers and annual citations for the
top cited papers. Additionally, we used topic modeling for the trend analysis (of
the titles and abstracts in the data), see Sect. 3.4.

Fig. 1. All Publications for the XP conference in Scopus (2002–2018)
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Fig. 2. Publications in Scopus (2002–2018), bubble size representing the number of full
papers and the values within showing the number of full vs. all papers for each year.

We used MS Excel and R/RStudio for analyzing statistics and trends from
the data. Many times, a table of data may serve the purpose of presenting the
results, but sometimes a figure may be more descriptive or provide perspective
on an issue. Thus, in addition, we used Cytoscape2, an open source software
platform, for visualizing the relationships of keywords and networks of authors
in the data.

3 Results

The first “XP Universe” took place in Raleigh, North Carolina, on July 23–25,
2001. The conference hosted a number of lectures, tutorials, panel discussions,
posters, workshops, and other less traditional discussions. A year later, the 2nd

“XP Universe” and 1st “Agile Universe” were brought together to attract soft-
ware experts, educators, and developers3, in general. In 2003 and 2004, the two
conferences, “Extreme Programming and Agile Methods - XP/Agile Universe”
and “Extreme Programming and Agile Processes in Software Engineering” were
organized separately, but reported together in a Springer database. In 2005, the
conferences were merged and formed a single venue: “Extreme Programming and
Agile Processes in Software Engineering”. Since 2007, the conference has been
called as “Agile Processes in Software Engineering and Extreme Programming”.

The Scopus database search yielded 789 papers in the proceedings of XP
conference published between 2002 and 2018. In the bubble chart, see Fig. 2, the
year is displayed along the horizontal axis, the number of all conference papers
is shown along the vertical axis and the total number of “full papers” indexed
in the Scopus database is represented by the size of the bubble. The values in
the bubbles, in Fig. 2, represent the number of full papers vs. the number of all
papers (included in this research per year). The high number of papers for 2004
(n = 96 including 23 “full papers” that year) is explained by the fact that the
two aforementioned conferences are recorded together.
2 https://cytoscape.org/.
3 http://www.xpuniverse.com/.

https://cytoscape.org/
http://www.xpuniverse.com/
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Table 2. Top 20 countries with most papers (2002–2018)

Region Country Papers Country Papers

North America United States 116 Canada 57

Europe United Kingdom 110 Austria 20

Italy 81 Netherlands 20

Finland 66 Spain 20

Sweden 61 Denmark 15

Norway 58 Poland 13

Germany 50 Switzerland 12

Ireland 37 Belgium 8

Others New Zealand 39 Australia 14

Brazil 25 Israel 13

The first five years of the XP conference cover about 38% and the first 10
years cover nearly 70% of all those papers. In XP conference, the average number
of papers per year is 46.4 with a standard deviation of 20.3, using STDEV.P.
The lowest number of all papers are from year 2012 (n = 15). The low num-
ber of papers may be an indication of rigorous selection process. Alternatively,
some of the volumes include only research papers and short papers, whereas,
some include e.g., abstracts of the posters or the position papers of the PhD
symposium. Such variations are quite normal in various publication forums. The
first values in Fig. 2 are the values from Scopus (number of all papers) and the
second values represent the number of accepted full papers retrieved from the
prefaces of the relevant conference books. Two of the conference proceedings,
XP2014 & XP2012, did not report the number of submitted full papers. How-
ever, the acceptance rates for the conference varied between 20% (XP2011) and
49% (XP2003), arithmetic mean of the rates being 32%.

The results of the number of published papers were divided into three dif-
ferent regions, i.e., North America, Europe and Others, to provide visibility to
XP papers country-wise. The analysis shows that majority of the XP conference
papers originated from Europe and North America. The countries on the top
of the contribution are: United States (116), United Kingdom (110), Italy (81)
and Nordic countries (Finland (66), Sweden (61) and Norway (58)), see Table 2.
Based on the contribution of those countries to XP conference papers it is rea-
sonable to assume there exists a strong culture of agile in software development.

The Table 3 shows the most frequent contributing institutions in XP confer-
ence. It was noticed that authors have reported their affiliations in a variety of
ways such as: SINTEF, SINTEF Digital and SINTEF Norwegian Inst. of Tech.
However, the top three affiliations contributing to the papers are University of
Calgary, Canada, SINTEF, Norway and Free University of Bozen-Bolzano, Italy
and Università degli Studi di Cagliari, Italy. It is notable, that the number of
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Table 3. Affiliations with minimum 15 papers

Country Affiliation Papers Total

Canada University of Calgary 39 39

Norway SINTEF, Norwegian Institute of Technology 22 57

SINTEF Digital 16

Norges teknisk-naturvitenskapelige universitet 19

Italy Free University of Bozen-Bolzano 29 57

Universita degli Studi di Cagliari 28

New Zealand Victoria University of Wellington 20 20

Sweden Chalmers University of Technology 17 17

United Kingdom Open University 16 16

countries and affiliations is related to the number of related authors for each
paper. The study of Chuang et al. [3] did not report the total number of papers
per country, but reported the top publishing institutions to be from the United
States, Norway and United Kingdom.

3.1 Authorship Trends

We studied the number of authors for the papers year-wise. The results show that
1263 unique authors contributed to the 789 papers in XP conferences until 2018.
The minimum number of authors for a XP paper was one whereas maximum
was nine. Majority of the XP papers in 2018 (almost 35%) have four authors. In
general, about 30% of all papers have two authors, 25% have one author, and
9% of the papers have five or more authors, see Table 4. The number of authors
having contributed to three or more XP papers is rather small, as most authors
have contributed to just one or two papers. About 75% of the authors (944) have
an authorship to just one paper and about 88% of the authors (1108) have an
authorship to only one or two papers, as a single or as a co-author. Chuang et
al. [3] also reported a finding of a core intellectual pool contributing to the agile
research realm.

During the first three years (2002–2004) of the conference, most papers were
published by a single author. For the years 2005–2009, most papers were pub-
lished by two authors, and for the years 2010–2012 and 2013–2014 by three and
four authors, respectively. We consider the different number of authors for the
papers as an indication of increased, high (international) collaboration among
the contributors. In the 1970’s, the average number of authors per paper in
SE was around 1.5, while after 2010, the number of authors has typically been
three [8]. The average number (i.e., arithmetic mean) of authors for the papers
in XP conference is 2.6.
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Table 4. Proportion of the number of the authors per year

Year Number of authors

1 2 3 4 5 6 7 8 9

2002 46.2% 30.8% 9.6% 1.9% 5.8% 1.9% 1.9% 0.0% 1.9%

2003 44.0% 30.0% 12.0% 6.0% 2.0% 4.0% 2.0% 0.0% 0.0%

2004 41.7% 32.3% 13.5% 7.3% 1.0% 3.1% 1.0% 0.0% 0.0%

2005 26.8% 36.6% 21.1% 9.9% 2.8% 0.0% 1.4% 1.4% 0.0%

2006 14.7% 32.4% 17.6% 26.5% 8.8% 0.0% 0.0% 0.0% 0.0%

2007 22.6% 37.7% 15.1% 17.0% 7.5% 0.0% 0.0% 0.0% 0.0%

2008 9.8% 39.0% 29.3% 9.8% 4.9% 0.0% 4.9% 0.0% 2.4%

2009 24.1% 34.5% 19.0% 13.8% 3.4% 1.7% 3.4% 0.0% 0.0%

2010 25.0% 19.6% 33.9% 17.9% 1.8% 1.8% 0.0% 0.0% 0.0%

2011 16.1% 19.4% 41.9% 19.4% 3.2% 0.0% 0.0% 0.0% 0.0%

2012 6.7% 33.3% 53.3% 0.0% 6.7% 0.0% 0.0% 0.0% 0.0%

2013 5.9% 23.5% 17.6% 47.1% 5.9% 0.0% 0.0% 0.0% 0.0%

2014 14.3% 21.4% 17.9% 25.0% 10.7% 10.7% 0.0% 0.0% 0.0%

2015 13.1% 27.9% 23.0% 21.3% 6.6% 3.3% 1.6% 3.3% 0.0%

2016 25.9% 27.6% 25.9% 8.6% 5.2% 6.9% 0.0% 0.0% 0.0%

2017 10.6% 21.3% 29.8% 23.4% 8.5% 4.3% 2.1% 0.0% 0.0%

2018 9.5% 23.8% 23.8% 33.3% 9.5% 0.0% 0.0% 0.0% 0.0%

Total 24.7% 29.8% 21.8% 14.6% 4.8% 2.4% 1.3% 0.4% 0.3%

Asknes [2] studied a large body of Norwegian articles, nearly 50000 arti-
cles having at least one Norwegian address. He concluded that at an aggregated,
general level the “highly cited papers typically involve more collaborative research
than what is the normal or average” [2]. However, in our study, the correlation
between the number of authors and the number of citations for a paper, consid-
ering all papers, is weak (r = 0.13, df = 787, p = 0.0002. However, for the set of
top 20 cited papers (see Table 6), the correlation between the number of authors
and the number of citations for a paper is 0.59 (r = 0.59, df = 18, p = 0.0064.
Thus, the correlation coefficient suggests a strong positive correlation between
the number of authors and the number of citations for those top 20 cited papers.

Table 5 includes the 16 most active authors in the XP conference who have
minimum number of 10 papers each. Maurer F. has been the most active author
compared to the other top contributors of the XP conference. There are four
authors that have their most cited papers published in 2010’s (the publication
year for the most cited paper in parenthesis), namely Abrahamsson P. (2015),
Wang X. (2015), Concas G. (2012) and Bosch J. (2012); the rest of those most
cited papers have been available for ten years or more. Interestingly, in a study
“Institutions, scholars and contributions on agile software development (2001–
2012)” by Chuang et al. [3], the list of the 18 most active authors included four
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of the 20 most active authors in this study, namely Abrahamsson P., Dingsøyr
T., Moe, N.B. and Sharp H. However, the list of the most active authors in that
study [3] included also Boehm, B., Robinson H., Williams L., Dingsøyr T., Moe,
N.B. and Sharp H. who were among the authors of the top 20 most cited papers
in this study.

3.2 Citation Landscape and Most Cited Papers of XP Conference

A high citation count of a scientific work is an indication of an influential work
and impact of a given paper [2,25]. Our analysis shows that 62% (n = 488) of the
XP papers have been cited at least once, leaving about 38% (n = 301) as uncited
papers, see Fig. 3. This is an indication of high visibility of XP conference papers.
When focusing on the first ten years of the XP conference, i.e., the papers prior
to 2012, nearly 65% of those papers (352/542) have been cited at least once. The
findings are in line with prior studies [9,10] in which about 43% of the papers
were uncited (in a study of large body of SE publications). Similarly, about 42%
of the papers of “International Symposium on Empirical Software Engineering
and Measurement” [21] were uncited.

Garfield [6] argues about citation count being the measure of importance or
impact of a scientific work. He claims that a citation count is rather a measure of
utility, i.e., usefulness of the work for a large number of people or experiments [6].
Furthermore, a citation count can also be a measure of scientific activity and
not necessarily related to the significance of the scientific work itself [6]. As
in reality, only a rather small portion of the XP conference papers retrieved
from Scopus are full research papers, the high number of uncited papers is not
a surprise. Thus, it can be claimed that the samples from indexed databases
may not be as representative as expected for citation analysis without rigorous
filtering. However, such sample papers may well be valid for analysing author
activity as well as research trends and topics. The number of citations for all
conference papers per year is shown in Fig. 4. The visual information in the
bubble graph embeds the timeline (years in the horizontal axis), the number of
all conference papers (vertical axis) and the size of the bubble shows the number
of citations for the papers published that year. Pearson’s correlation coefficient
between years passed and the number of citations for the papers of a specific year
is 0.76 with p-value 0.00041 (which is less than the significance level alpha 0.05).
We can conclude that years passed and the number of citations are significantly
correlated in this particular conference. Thus, some of the papers from the early
years of the conference seem to have been pioneering work and fertile ground for
later research.

The Table 6 shows the top 20 most cited XP conference papers (each paper
having minimum 23 citations). The total number of citations for the top 20
papers covers almost 25% of all citations (680/2920) which are mainly from ear-
lier years of XP conference (2002–2009). However, one paper is published in 2015
and five papers among the top 20 papers are published in 2002. Table 6, shows
that 92% of citations (624/680) are from papers not written by the authors
(of the cited paper) themselves. Such trend indicates high interest towards a
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Table 5. Most active authors with minimum 10 papers

Author # Years (papers) Citations 1st or 2nd

authorcTotal Avg. Maxa % of Allb

Maurer F. 29 2011 (2), 2010 (4), 2009 (5),

2008 (5), 2007 (6), 2006 (2),

2005 (1), 2004 (1), 2002 (3)

178 6.14 27 (2007) 6.10 17 (29)

Abrahamsson P. 18 2017 (3), 2016 (2), 2015 (2)

2014 (1), 2013 (1), 2009 (4),

2008 (2), 2007 (1), 2005 (1),

2004 (1)

85 4.72 21 (2015) 2.91 8 (18)

Marchesi M. 17 2018 (1), 2016 (2), 2015 (2),

2014 (1), 2013 (1), 2012 (1),

2011 (2), 2008 (1), 2007 (3)

2006 (1), 2004 (1), 2003 (1)

113 6.65 29 (2004) 3.87 5 (17)

Fraser S. 16 2015 (2), 2010 (1) 2009 (1),

2008 (1), 2007 (1), 2006 (2),

2005 (2), 2004 (2), 2003 (3),

2002 (1)

26 1.63 8 (2003) 0.89 16 (16)

Wang X. 14 2017 (3), 2016 (1), 2015 (2),

2014 (2), 2013 (1), 2010 (1),

2009 (2), 2008 (1) 2006 (1)

56 4.00 21 (2015) 1.92 7 (14)

Noble J. 13 2015 (1), 2014 (1), 2013 (1),

2012 (1), 2011 (2), 2010 (3),

2009 (1), 2008 (1), 2007 (1),

2004 (1)

105 8.08 28 (2007) 3.60 12 (13)

Sharp H. 13 2018 (1), 2017 (1), 2015 (1)

2014 (1), 2012 (1), 2011 (1),

2010 (2), 2008 (1), 2006 (2),

2005 (1), 2004 (1)

215 16.54 92 (2006) 7.36 10 (13)

Concas G. 12 2014 (3), 2013 (1), 2012 (1),

2011 (2), 2008 (1), 2007 (2),

2006 (1), 2005 (1)

69 5.75 14 (2012) 2.36 9 (12)

Dingsøyr T. 12 2018 (3), 2017 (1), 2016 (1),

2015 (2), 2013 (1), 2011 (1),

2009 (2), 2008 (1)

71 5.92 32 (2008) 2.43 7 (12)

Holcombe M. 12 2008 (1), 2005 (8), 2004 (1),

2003(2)

19 1.58 7 (2005) 0.65 8 (12)

Succi G. 12 2011 (2), 2009 (3), 2008 (1),

2007 (2), 2005 (2), 2004 (1),

2003 (1)

52 4.33 18 (2008) 1.78 4 (12)

Bosch J. 11 2018 (1), 2017 (3), 2016 (1),

2015 (3), 2014 (2), 2012 (1)

36 3.27 15 (2012) 1.23 6 (11)

Hussman D. 11 2008 (1), 2007 (2), 2006 (1),

2005 (2), 2004 (5)

4 0.36 1 (2005) 0.14 6 (11)

Martin A. 11 2017 (1), 2008 (1), 2007 (1),

2006 (1), 2005 (3), 2004 (3),

2003 (1)

28 2.55 12 (2005) 0.96 10 (11)

Moe N.B. 10 2017 (2), 2016 (1), 2015 (1),

2013 (1), 2012 (1), 2011 (1),

2009 (2), 2008 (1)

71 7.1 32 (2008) 2.43 10 (10)

Mugridge R. 10 2005 (5), 2004 (3), 2003 (2) 16 1.60 5 (2003) 0.55 8 (10)
aMaximum number of citations for a single paper & publication year of that paper
bPercentage of the total number of citations (2920 for all publications)
cNumber of times as first or second author in the publications
# Total number of publications
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Fig. 3. Distribution of citations (0–100 at the time) for the papers

Fig. 4. Distribution of citations per year for all papers (2002–2018)

study from the research community, although self-citations may sometimes be
expected and worthwhile (e.g., when building on previous results of one’s own
research). Typically, a paper is cited the first time during the year of its publi-
cation or during the following year. However, the two top cited papers, “Empir-
ical findings in agile methods” by Lindvall et al. (2002) and “Towards a frame-
work for integrating agile development and user-centred design” by Chamberlain
et al. (2006), have been published over ten years ago, and have received the most
citations since 2015. Chamberlain et al. (2006) had only a few citations right
after its publication. After 2010 until 2015 the paper has received attention
from both industry and academics in various fields of science, e.g., Computer
Science, Mathematics, Decision science, Business, Management and Accounting,
Social sciences or Psychology. In 2017, Chamberlain et al. (2006) received the
most citations among the top 20 cited papers, and was the second most cited in
2018 (after Lindvall et al. 2002), at the time of the study.
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Table 6. Top 20 cited papers (2002–2018, sorted by the column “All”, All = All Cita-
tions, NS = All Citations excluding self-citations

# Author(s) and Title (Year) 0203040506070809101112131415161718All NS

1 Lindvall, M., Basili, V., Boehm, B., Costa, P., Dangle,

K., Shull, F., Tesoriero, R., Williams, L., Zelkowitz, M.:

Empirical findings in agile methods (2002)

1 2 4 8 8 6 6 5 6 8 6 6 4 6 9 9 6 10096

2 Chamberlain, S., Sharp, H., Maiden, N.: Towards a

framework for integrating agile development and

user-centred design (2006)

1 2 2 5 8 9 7 171210145 92 89

3 Baheti, P., Gehringer, E., Stotts, D.: Exploring the

efficacy of distributed pair programming (2002)

1 4 2 2 3 3 5 7 2 1 2 1 3 1 0 37 33

4 Moe, N.B., Dingsyr, T.: Scrum and team effectiveness:

Theory and practice (2008)

1 3 4 3 5 2 6 4 4 0 32 28

5 Robinson, H., Sharp, H.: The characteristics of XP

teams (2004)

4 3 1 3 3 2 1 6 3 3 1 1 1 32 28

6 Turner, R., Jain, A.: Agile meets CMMI: Culture clash

or common cause? (2002)

1 2 1 2 3 2 1 4 4 1 4 1 2 2 30 30

7 Mannaro, K., Melis, M., Marchesi, M.: Empirical

analysis on the satisfaction of IT employees comparing

XP practices with other software development

methodologies (2004)

2 1 1 1 4 4 2 3 2 2 3 4 29 27

8 Ferreira, J., Noble, J., Biddle, R.: Up-front interaction

design in agile development (2007)

2 3 2 2 5 2 4 1 2 3 2 28 24

9 Sfetsos, P., Stamelos, I., Angelis, L., Deligiannis, I.:

Investigating the impact of personality types on

communication and collaboration-viability in pair

programming - An empirical study (2006)

1 1 2 2 5 2 3 2 3 3 1 2 1 28 23

10Abbas, N., Gravell, A.M., Wills, G.B.: Historical roots

of agile methods: Where did “Agile thinking” come

from? (2008)

2 3 4 4 1 5 3 2 3 27 27

11Tessem, B., Maurer, F.: Job satisfaction and motivation

in a large agile team (2007)

1 2 3 5 2 4 3 2 3 2 27 26

12Stotts, D., Lindsey, M., Antley, A.: An informal formal

method for systematic junit test case generation (2002)

1 3 5 7 4 2 1 1 1 1 1 0 27 27

13Bryant, S., Romero, P., DuBoulay, B.: The

collaborative nature of pair programming (2006)

1 1 2 4 3 5 1 4 3 2 0 26 25

14Hussain, Z., Milchrahm, H., Shahzad, S., Slany, W.,

Tscheligi, M., Wolkerstorfer, P.: Integration of extreme

programming and user-centered design: Lessons learned

(2009)

2 3 2 4 2 4 1 5 2 0 25 21

15Haikara, J.: Usability in agile software development:

Extending the interaction design process with personas

approach (2007)

3 2 3 2 3 1 4 5 1 24 24

16Middleton, P., Flaxel, A., Cookson, A.: Lean software

management case study: Timberline Inc. (2005)

1 4 3 5 3 4 1 2 1 24 23

17Diebold, P., Ostberg, J.-P., Wagner, S., Zendler, U.:

What do practitioners vary in using scrum? (2015)

4 5 104 23 8

18Melnik, G., Maurer, F.: Comparative analysis of job

satisfaction in agile and non-agile software development

teams (2006)

1 3 3 5 4 1 3 3 23 22

19Koch, S.: Agile principles and open source software

development: A theoretical and empirical discussion

(2004)

1 1 5 5 4 3 1 2 1 23 21

20Melnik, G., Maurer, F.: Perceptions of agile practices:

A student survey (2002)

1 1 4 1 1 4 2 5 1 2 1 0 23 22
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Table 7. Top cited papers per year (2002–2018)

Year Author(s) and Title Cites C-Norma #b

2002 Lindvall, M., Basili, V., Boehm, B., Costa, P., Dangle, K.,
Shull, F., Tesoriero, R., Williams, L., Zelkowitz, M.: Empirical
findings in agile methods

100 6.25 4

2003 Lowell C., Stell-Smith J.: Successful automation of GUI
driven acceptance testing

8 0.53 17

2004 RobinsonH., SharpH.: The characteristics of XP teams 32 2.29 12

2005 Middleton, P., Flaxel, A., Cookson, A.: Lean software
management case study: Timberline Inc

24 1.85 14

2006 Chamberlain, S., Sharp, H., Maiden, N.: Towards a framework
for integrating agile development and user-centred design

92 7.67 1

2007 Ferreira, J., Noble, J., Biddle, R.: Up-front interaction design
in agile development

28 2.55 10

2008 MoeN.B., DingsyrT.: Scrum and team effectiveness: Theory
and practice

32 3.20 7

2009 Hussain, Z., Milchrahm, H., Shahzad, S., Slany, W., Tscheligi,
M., Wolkerstorfer, P.: Integration of extreme programming and
user-centered design: Lessons learned

25 2.78 9

2010 FerreiraJ., SharpH., RobinsonH.: Values and assumptions
shaping Agile development and User Experience design in practice

14 1.75 15

2011 DorairajS., NobleJ., MalikP.: Effective communication in
distributed agile software development teams

15 2.14 13

2012 StaronM., MedingW., PalmK.: Release readiness indicator for
mature agile and lean software development projects

21 3.50 5

2013 HeikkiläV.T., PaasivaaraM., LasseniusC., EngblomC.:
Continuous release planning in a large-scale scrum development
organization at ericsson

12 2.40 11

2014 LiskinO., PhamR., KieslingS., SchneiderK.: Why we need a
granularity concept for user stories

12 3.00 8

2015 Diebold, P., Ostberg, J.-P., Wagner, S., Zendler, U.: What do
practitioners vary in using scrum?

23 7.67 1

2016 OrtuM., DestefanisG., CounsellS., SwiftS., TonelliR.,
MarchesiM.: Arsonists or firefighters? Effectiveness in agile software
development

7 3.50 5

2017 TaibiD., LenarduzziV., JanesA., LiukkunenK., AhmadM.O.:
Comparing requirements decomposition within the Scrum, Scrum
with Kanban, XP, and Banana development processes

7 7.00 3

2018 OyetoyanT.D., MilosheskaB., GriniM., SoaresCruzesD.: Myths
and facts about static application security testing tools: An action
research at telenor digital

1 1.00 16

aC-Norm=Citations divided by the number of years a paper has been available
bRank according to column “C-Norm”
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3.3 Highest Cited Papers Per Year

Many countries and evaluating bodies (for funding, promotions or appointments)
are using figures like publication records or citation counts in decision-making [3].
Such evaluations have two sides; firstly, it is fair to see the influential and trendy
work of a specific researcher, and secondly, the appropriateness of such trends
or counts can be questioned on scientific grounds. Rapid growth of citations for
a paper may be a sign of a popular topic, or active author(s) building on their
existing research, or both. Eight of the year-wise most cited papers are the same
as reported in Table 6 as the top 20 most cited papers. Those papers have been
available for the public for a long period of time, from years 2002 (5), 2004 (3),
2005 (1), 2006 (4), 2007 (3), 2008 (2), 2009 (1) and 2015 (1). The average number
of citations for top cited paper per year in Table 7 is 26.6, which is less than the
average from top 20 most cited papers, 34 in Table 6.

To compare the general interest on the published papers, we normalized the
number of citations for years, see column C-Norm in Table 7. The values for nor-
malized citations varied between 0.53–7.67. The highest number of normalized
citations, 7.67, are for the paper “What do practitioners vary in using scrum”
by Diebold et al. (2015) which received 23 citations in three years (ranked #8 in
Table 7 considering purely citations). Similarly, the paper “Empirical findings in
agile methods” by Lindvall et al. (2002) has been available for twelve years and
has 92 citations (similarly, ranked as #2 in Table 7). The paper also ranked the
highest for the number of citations (100, see Table 6) and has the fourth highest
normalized citation count (6.25).

Garousi and Fernandes [9] claim that newer papers will first get to be known
in the communnity. According to Raulamo-Jurvanen et al. [21] the longer the
paper has been available the better are the chances to be cited. However, accord-
ing to our results, recent papers have received more attention in terms of cita-
tions. One reason can be that the SE community has grown over the years and
recent topical papers may have a slight advantage when it comes to the number
of citations per year.

We were curious to see whether the length of the title had impact on the
number of citations for a paper. In the findings of Letchford et al. [17], the
relationship between the lengths of paper titles and citations (across various
journals) concluded a short title for a paper to be an advantage for receiving
citations. However, they also noted that the evidence is not as strong when it
is adjusted for the journal where the paper is published. For the XP papers,
the correlation between the length of the title, either in words or in characters,
and the number of citations is weak (r = 0.03, df = 787, p = 0.415 and r =
0.04, df = 787, p = 0.235, respectively). The top 5 cited papers have rather short
titles (length varying from 31 to 77 in characters and from 5 to 10 in words).
The median length of all titles, in characters and words is 62 and 8, respectively.

3.4 Topical Issues

With topic modeling, we analyzed the abstract topics in the combined text of
abstracts and titles of the papers. Topic modeling is a statistical way to analyze
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contents of a collection of papers. First, we removed 66 papers from the original
pool of 789 papers, as the data retrieved from Scopus did not include abstracts for
those 66 papers. Thus, the set of papers for trend analysis included 723 papers.
To have an overview of the topics covered in the papers, we combined the titles
and the abstracts of the papers, converted the text to lowercase and removed all
(English) stopwords from the text in R. (A stopword is a commonly used word,
a useless word like “the”). For the trend analysis we utilized topic modeling and
Latent Dirichlet Allocation (LDA) as described by Griffiths and Steyvers [13]
with R scripts based on an approach of Ponweiser [20]. LDA is an algorithm used
for classifying the text in a paper to some topics (mixture of topics) and each
topic to a mixture of terms (words). Our approach was identical to the process
used by Raulamo-Jurvanen et al. [21] and Garousi and Mäntylä [10]. We created a
document term matrix from the corpus (using R “text2vec”4 package), excluding
words having less than two characters or appearing in less than three papers.
We generated a LDA model (using R “topicmodels”5 package) by running the
topic models from 2 to 100 by one, yielding 35 as the optimal number of topics.

In the analysis of the trend slopes (by publication year) the topics gaining
interest among the authors are the “hot topics” and the topics declining inter-
est are the “cold topics”. The five hottest and coldest topics, interpreted by the
topic-specific words (and related titles), and 10 significant terms for each of those,
are shown in Table 9a and b, respectively. The topics gaining the most interest
are “Coordination” and “Technical Debt”, which include issues like largescale
coordination and interteam objectives as well as metrics and automation. Cold
topics such as “Education”, “Methods and Practices” (including pair program-
ming) and “Testing”, have been of less inspiration for the submissions during
the recent years of the XP conference (Table 8).

In 2012, the key research themes in agile software development at the
time, reported by Dingsøyr et al. [4], were Case Study Methodology, Tradi-
tional Software Engineering, CMM, Project Management, Software estimation,
Pair Development, Distributed Cognition, Agile methods, User-centered design,
Agile methodologies and Patterns. Some of those themes seem still topical, e.g.,
software estimation as “Technical Debt” and some not, like Pair Development
or Agile Methods as “Methods and Practices” (see Table 9a and b). In that
study, the research topics worth further research were collected from academics
attending the Agile2011 conference [4]. Pair programming in educational settings
and reuse of code were considered as fading topics while topics like agile across
projects and across organizations and distributed agile development were consid-
ered as important topics, requiring further research. “We concur that these are
exciting research areas that can further our understanding of the effectiveness
of agile methods and practices, particularly in different project/organizational
contexts” [4]. Such trend was also visible in our prior study, as “Education”
and “Methods and Practices” (including pair programming) were found to be
cold topics and topics like “Coordination” and “Teamwork” were among the

4 https://cran.r-project.org/web/packages/text2vec/index.html.
5 https://cran.r-project.org/web/packages/topicmodels/index.html.

https://cran.r-project.org/web/packages/text2vec/index.html
https://cran.r-project.org/web/packages/topicmodels/index.html
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Table 8. Hot and cold topics and number of papers for each topic

(a) Hot topics

Coordination
24

Technical Debt
21

Teamwork
23

Startups
18

Agile Practices
30

largescale technical meeting startup scrum

coordinate debt retrospective devops kanban

mechanism metric reflection prototype board

tailor evolution standup stage barriers

interteam td commitment speed wip

userstory production workshop sprints selforganizing

standard automatic education monitoring multitasking

story stakeholders scalability pressure automotive

objectives monitored guideline theoretical optimization

human influencing enhance attempts transformations

(b) Cold topics

Process
Simulation
52

Education
28

Coaching
& Experimenting
17

Testing
21

Methods
and Practices
31

xp student coach acceptance pair

simulation teach languages executable programmer

integrate university transition version experiment

budget education mock regulations skill

units curriculum panel workshop tester

leadership skill standard testdriven switching

waterfall classroom tutorial packages assist

events testable certified technical standard

tester selforganizing exercises classify structures

userinterface comprehensive shares methodological expectations

hot topics [21]. Questions related to topics of interest, for both academics and
practitioners in the field, should be asked from those stakeholders on a regular
basis, to support the needs or interests in the industry, too.

3.5 Indexed Keywords

To study the published topics from another perspective, we collected the indexed
keywords from Scopus. It is notable that we used the indexed keywords (not the
author keywords), as in the data set the indexed keywords outnumbered the
author keywords, providing more details. Additionally, there are papers that are
not only missing abstracts (see Sect. 3.4) but also keywords (see Scopus e.g.,
a conference paper “Agile acceptance testing” by Pettichord and Marick from
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2002). There were 720 papers with indexed keywords. The minimum number
of indexed keywords for a paper was 3, the maximum was as high as 25 (for
one paper) and arithmetic mean 9.4. We checked the correlation between the
number of indexed keywords and the number of citations for a paper, but that
correlation is weak (r = 0.028, df = 718, p = 0.459).

We paired the keywords for each paper (e.g., a paper having four keywords
would eventually yield 6 unique keyword pairs). Any spaces in between words
of a single keyword were removed (to generate a single combined word) and
those keywords were then converted to lower case and capitalized. The pairing
resulted in 32131 keyword pairs which we then stored in a csv-file. We used
Cytoscape for visualizing the network of the paired keywords (after removing
duplicates), see Fig. 5. The lighter the background color of a keyword, the more
the keyword had connections (pairs). The keyword “software engineering” was,
unsurprisingly, the most used keyword, see Fig. 5. The nine other most used
keywords were “software design”, “agile software development”, “agile meth-
ods”, “computer programming”, “project management”, “computer software”,
“agile development”, “extreme programming”, “agile” and “software testing”.
The keywords are rather generic, but still quite nicely represent the key research
themes identified by Dingsøyr et al. [4]. However, a more detailed analysis of
the keywords, to view the overall importance and reveal the topicality of the
keywords, would be required to see the trends in the area of XP.

Fig. 5. Visualization of the most used indexed keywords (31)
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3.6 Author Collaboration

Table 5 presents the most active authors and Table 4 the proportion of the num-
ber of authors yearly. We were also interested in analyzing the “clusters of collab-
oration” among the authors of the XP. The collaboration between the authors is
measured with the total number of different co-authors in their papers (within
the scope of the XP papers). For analyzing the collaboration, we changed the
author names to lower case letters and combined the first initial(s) to make a
difference between two authors with the same last name (e.g., Poppendieck M.
is “poppendieckm” and Poppendieck T. is “poppendieckt”). Then, we paired the
author names for the papers (just as we paired the keywords for each paper,
as explained in Sect. 3.5). From observing the collaboration, we could conclude
that roughly half of the authors (about 47%) have written their papers either by
themselves or with just one collaborator. There are a few “clusters of authors”,
indicating that there are groups of researchers and/or practitioners that work
together on the topic of XP. It would be interesting to study whether those
different “clusters of collaboration” have e.g., focused on different topics, used
different research methods or cited each other’s papers in their research. (Of
course, it is notable that not all papers in XP are “full papers”).

The 15 “top collaborating authors” (i.e., those having the most co-published
papers) have been contributing to the forum from early on and they have from
17 to 54 collaborators within the forum, see Table 9. Many of those authors have
not only collaborated with different researchers and/or practitioners but have
also been active publishing in the forum, see the column “Rank in Table 5” in
Table 9. It seems the top collaborating authors have many connections, but the
collaboration network among those top authors themselves has not been very
active, see Table 10. There are two authors among the top collaborators that
have not collaborated with any of the other top collaborators, namely Sharp H.
and Dingsøyr T. On the other hand, there are three top collaborators that have
collaborated with several other top collaborators: Fraser S. (9), Martin A. (7)
and Eckstein J. (7). Collaboration, or lack of it among the top collaborators (and
among all authors) could be due to various reasons, e.g., different affiliations or
differing research interests (e.g., specific research topic-wise or research method-
wise).

We selected the top three authors having the most collaboration (i.e., the
most co-authors, see Table 9) and the co-authors in their XP papers. Those
authors form a “cluster of collaboration”, a network of 117 authors. To get an
overview of their collaboration, we used Cytoscape for visualizing the network of
the paired authors (after removing duplicates) for the top three authors of the
Table 9: frasers, abrahamssonp and maurerf, see Figs. 6, 7 and 8, respectively.
The lighter the background color of the author name, the more it has connec-
tions. From the figures we can observe that Fraser S. is collaborating a lot with
authors that are very collaborative themselves, too, while e.g., the co-authors
for Maurer F. have less connections among the other authors of the XP papers.
A high number of collaboration among authors is not only a sign of interest in
publishing but also implies high level of expertise in the topic. However, when



126 M. O. Ahmad and P. Raulamo-Jurvanen

Table 9. Top collaborators in the papers (2002–2018)

Author #a Sinceb Allc

papers
Rank in
Table 5d

# of papers
in Table 6e

# of papers in
Table 7f

Fraser S. 54 2002 16 4 — —

Abrahamsson P. 36 2004 18 2 — —

Maurer F. 36 2002 29 1 3 —

Marchesi M. 29 2003 17 3 1 2016

Wang X. 28 2006 14 5 — —

Concas G. 28 2005 12 8 — —

Martin A. 23 2003 11 14 — —

Eckstein J. 21 2002 8 — — —

Hussman D. 20 2004 11 13 — —

Succi G. 20 2003 12 11 — —

Poppendieck M. 19 2003 9 — — —

Sharp H. 19 2004 13 7 2 2004, 2006, 2010

Dingsøyr T. 18 2008 12 9 1 2008

Holcombe M. 18 2003 12 10 — —

Wild W. 17 2004 6 — — —
a# = Number of Collaborators in the forum
bPublished in the forum since the given year
cNumber of papers published by the author in the XP conference (2002–2018)
dRank in Table 5, active authors
eNumber of papers in Table 6, most cited
fNumber of papers in Table 7, most cited per year

looking at the big picture, there are clear “clusters of collaboration” among the
authors implying those authors may focus on slightly different topics within the
field of agile software development. From studying author collaboration, other
researchers, students or those researchers themselves may also find new names
for collaboration or follow-up.

We decided not to analyze the collaboration between the different affiliations
for three main reasons. Most importantly, the information about affiliations was
not available (in the raw data from Scopus) for all papers. Secondly, the names of
the affiliations may be lengthy and thus difficult to differentiate without infor-
mation about the location. Thirdly, it is the researchers doing the work and
our intention is not to study e.g., funding related issues. For example, a person
interested in finding authors writing about specific topics, could do a topic anal-
ysis or find papers with specific keywords from a database, and then analyze
the related authors and their collaboration. We studied the collaboration of the
authors among the topics presented in Sect. 3.4 and list the ten authors having
the most collaboration within those topics combined, see Table 11. Academic



Analysis of XP Papers 2002–2018 127

Table 10. Collaboration of top collaborators in the papers (2002–2018)

Author F
ra

se
r

S
.

M
a
u
re

r
F
.

A
b
ra

h
a
m

ss
o
n

P
.

M
a
rc

h
es

i
M

.

W
a
n
g

X
.

C
o
n
ca

s
G

.

M
a
rt

in
A

.

S
h
a
rp

H
.

H
o
lc

o
m

b
e

M
.

E
ck

st
ei

n
J
.

S
u
cc

i
G

.

H
u
ss

m
a
n

D
.

D
in

g
sø

y
r

T
.

P
o
p
p
en

d
ie

ck
M

.

W
il
d

W
.

T
o
ta

l

Fraser S. + − + − − − + − + + + + − + + 9

Maurer F. − + + − + − − − − − − − − − − 3

Abrahamsson P. + + + − + − − − − + − − − − + 6

Marchesi M. − − − + − + − − − − + − − − − 3

Wang X. − + + − + − − − − − − − − − − 3

Concas G. − − − + − + − − − − − − − − − 2

Martin A. + − − − − − + − + + + + − + − 7

Sharp H. − − − − − − − + − − − − − − − 1

Holcombe M. + − − − − − + − + − + − − − − 4

Eckstein J. + − + − − − + − − + − + − + + 7

Succi G. + − − + − − + − + − + − − − − 5

Hussman D. + − − − − − + − − + − + − + − 5

Dingsoyr T. − − − − − − − − − − − − + − − 1

Poppendieck M. + − − − − − + − − + − + − + − 5

Wild W. + − + − − − − − − + − − − − + 4

Total 9 3 6 3 3 2 7 1 4 7 5 5 1 5 4

Fig. 6. Authors collaborating with Fraser S. (54).
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Fig. 7. Authors collaborating with Abrahamsson P. (36).

Fig. 8. Authors collaborating with Maurer F. (36).

research is not just about citations but about finding interesting results that can
be shared with stakeholders, either with researchers or with practitioners in the
industry, or with both. It it interesting to see that researchers working on more
fresh, “emerging topics” are collaborating actively, too.
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4 Threats to Validity

Every research study is prone to a variety of validity threats. We used the guide-
lines presented by Wohlin [25] to analyse the threats to validity. Internal validity
reflects the extent to which a causal conclusion based on a study is warranted [25].
In our study, the data collection and analysis is presented comprehensively in
Sect. 2 along with a link to access the raw data (https://bit.ly/2LiqQ3S) and
used scripts. In this way, we were aiming to ensure repeatability and repro-
ducibility of our study.

Construct validity is concerned with issues to what extent the object of study
truly represents the theory behind the study [25]. Scopus claims to be to be “the
largest abstract and citation database of peer-reviewed literature”6. Our data set
is extracted from the Scopus database and we rely on that data as it is pro-
vided to all users of that service. However, we noticed that that the papers of
year 2011 were not properly indexed and that forced us to fetch those missing
papers manually (see Table 1). We present the previous finding as a limitation
and explain that data retrieved from a database like Scopus may not be 100%
accurate considering e.g., citation counts or author names. Regarding the cita-
tions counts, we used only the figures available from Scopus. The author names
may be problematic in a bibliometrics analysis like this, as names may be spelled
in a different way in different papers and special characters may need to be pro-
cessed for analysis tools (for example, a Finnish name “Päivi” can be written
in English as “Paivi”, or there may be cases where the name of an author may
cause confusion, e.g., in the case of “Nguyen-Duc A.” or “Duc A.N.”). Such
problems may be extremely difficult to observe in cases where the data set is
very large.

Table 11. Top collaborators in the papers covering topics presented in Sect. 3.4

Author Within Hot Topcis

Marchesi M. 17

Wang X. 17

Concas G. 14

Taibi D. 10

Abrahamsson P. 9

Kuvaja P. 9

Rodriguez P. 9

Dingsøyr T. 8

Ahmad M.O. 8

Bosch J. 8

Martini A. 8

(a)Hot Topics

Author Within Hot Topcis

Fraser S. 20

Holcombe M. 13

Crispin L. 11

Gregory J. 11

Lundh E. 11

Rising L. 10

Beck K. 9

Maurer F. 9

Williams L. 9

(b)Cold Topics

6 https://www.elsevier.com/solutions/scopus.

https://bit.ly/2LiqQ3S
https://www.elsevier.com/solutions/scopus
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Conclusion validity of a study deals with whether correct conclusions are
reached through rigorous and repeatable treatments [25]. The results of this
study were elaborated with quantitative measures and statistics based on the
extracted data. Based on such approach, any replications of this study will not
have major deviations from our results. External validity is concerned with the
extent the results of this secondary study for generalization [25]. This study
was based on the analysis of the XP conference publications and cannot be
generalized to the whole software engineering field. However, our approach was
to identify the top cited papers, the emerging hot topics, the citation landscape
and the most active and collaborative authors of the XP conference papers in
SE area.

5 Conclusions and Future Work

This paper identifies and classifies: the highly cited papers, topic trends, top
individuals, authors collaboration and institutes who have significantly published
in the XP conference since 2002 until 2018. The trend of the papers shows that
the XP conference has received interest from both the academic community
and industry. The papers highlight that much of research is stirred by practices
emerging in industry. Overall, 62% of the XP conference papers received at least
one citation, which is a sign of good visibility relevance of the published papers.
However, about 38% of the XP papers so far have received no citations at all.
This raises questions such as: what are the reason(s) of non-cited XP conference
papers? Does this have anything to do with paper or venues quality? Or, is it
about the topics of the papers, the indexed keywords, or the keywords provided
by the author(s)? The data, which we make publicly available, can be used
to conduct various analysis (i.e., characteristics of highly cited papers) on XP
conference papers.

The analysis shows that XP community interest has been moving away from
“Process Simulation”, “Education” and “Coaching & Experimenting” related
topics to more practice and process oriented topics. According to the trend
analysis, the hottest research topics, i.e., the topics gaining the most interest are
“Coordination”, “Technical Debt”, “Teamwork”, “Startups” and “Agile Prac-
tices”. The identified trends are helpful for both researchers and practitioners to
see topics that have more impact and to align their future research activities.

The study found an active core intellectual pool of authors along with their
highly cited work. The newbie researchers can start their journey from these
papers and follow listed active researchers to stay up to date about latest trends
in the Agile world. Additionally, the active publishing institutes in the XP con-
ference can be helpful for doctoral students to approach experts on the specific
topic for further research and doctoral studies. We hope that this paper encour-
ages further discussions in the SE community towards further analysis and formal
characterization of the highly-cited software engineering papers in general and
specifically in XP conference community. The important thing about citation
count is that it is an “objective measure of the utility or impact of the scientific
work” [6].



Analysis of XP Papers 2002–2018 131

Our future work directions include replication of this analysis for other SE
publication venues in order to conduct comparison between research venues and
provide more depth to our analysis. In addition, we intend to mine typical fea-
tures for highly cited papers and to assess the extent to which the inner quality,
external features and the reputation of both the authors and journals of the
papers contribute to generation of highly cited papers in the future. Further-
more, we consider studying the indexed keywords within a publication venue, in
more detail, e.g., by years, to see whether we could find trends from those, too.
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Abstract. The Sprint Retrospective is a vehicle for continuous process
improvement. Even though it is a well established agile practice, running
effective retrospective meetings is challenging. There have been a lot of iden-
tified problems that commonly occur during these meetings. To address them,
Przybyłek & Kotecka [20] successfully revitalized retrospective meetings by
adopting collaborative games, which represent a powerful tool in improving
interactions among team members. In this paper, we report on a replication of
their study in Bluebay Poland and IHS Markit Gdańsk. The received feedback
confirms the original findings and indicates that game-based retrospectives
improve team members’ creativity, involvement, and communication as well as
produce better results than the standard retrospectives. This paper is an extended
version of our previous work [25].

Keywords: Retrospective � Collaborative games � Agile � Scrum

1 Introduction

Agile methods emerged as a response to traditional ways of software development and
acknowledged that in today’s competitive environment, which creates demand for high
quality services at lower costs and with shorter cycle times, customers are not able to
definitively express their needs up front [16, 17, 22]. In agile software development
requirements and solutions evolve through the collaboration of all stakeholders. The
Agile Manifesto [8] promotes principles and values such as face-to-face conversation
within a development team, motivated individuals, self-organizing teams, and retro-
spectives at regular intervals. Besides, agile team members are expected to be proactive
and creative in solving complex software development problems [3, 7, 11, 15, 21, 22,
26]. Nevertheless, agile methods do not define techniques to support these attitudes.
Responding to this challenge, Przybyłek and his team [19–22, 26] suggested to equip
agile teams with collaborative games.

Collaborative games are structured techniques that help a team think together. They
are inspired by game play, but designed for the purpose of solving practical problems
[20], for instance they are quite widely used as a requirements gathering technique [14,
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22]. By involving visual activities like moving sticky notes and drawing pictures, they
provide multiple dimensions of communication, which results in deeper, richer and
more meaningful exchanges of information [9, 21]. Furthermore, several research
indicates that fun is a powerful tool in unleashing creativity and facilitating collabo-
ration [6, 9, 24].

Przybyłek & Kotecka [20] showed that the promised benefits of collaborative
games were materialized when running a game-based retrospective in 3 teams in Intel
Technology Poland. The Sprint Retrospective is a postmortem meeting at the end of a
Sprint in which the team inspects and adapts its way of working [10, 23]. It aims to
recognize the successes and failures of the last Sprint and to define steps to improve the
process in the future. The importance of retrospectives for the agile community is
reflected in one of the principles of the Agile Manifesto [8]: “At regular intervals, the
team reflects on how to become more effective, then tunes and adjusts its behavior
accordingly”. While retrospectives can positively impact teamwork, productivity, and
work satisfaction, findings presented in the literature [4, 5, 12] suggest that running
successful retrospectives is challenging.

In this paper, we report on a replication of the study carried out in Intel by Przy-
byłek & Kotecka [20]. The feedback received from 3 Scrum teams confirms the
findings from the original work and indicates that collaborative games improve par-
ticipants’ creativity, motivation, communication, knowledge sharing, make participants
more willing to attend Scrum meetings, and produce better results than the standard
retrospective.

The rest of this paper is organized as follows. Section 2 provides an overview of the
previous studies. Section 3 explains the employed research methodology. Sections 4
and 5 report the research project and its results. Finally, the last section concludes the
paper.

2 Related Work

There has been lots of interest in adopting collaborative games to support agile teams.
Trujillo et al. [24] proposed a game-based workshop used as an alternative for the
Inception phase of a project. The workshop combines classical and game-based
techniques to increase stakeholders’ involvement and improve collaboration between
stakeholders and the team.

Przybyłek & Olszewski [19] proposed an extension to Open Kanban, which
comprises of 12 collaborative games divided into four categories in accordance with
four Open Kanban principles. The extension was proved to help inexperience team
members better understand the principles of Kanban and promote teamwork.

Przybyłek & Zakrzewski [22] elaborated a framework for extending Scrum with 9
collaborative games. This framework was proved to improve agile requirements
engineering.

Besides, a web portal which provides 8 collaborative games to be used in agile
software development was implemented by Przybyłek & Kowalski [21].
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Przybyłek & Kotecka [20] adopted 5 collaborative games to support running an
effective and enjoyable retrospective meetings. Our study is a continuation of their
work, since we evaluate these games in other companies and teams.

3 Research Method

Our study was carried out as Action Research [1]. In Action Research, the researcher
plays the role of a facilitator to coordinate a group of practitioners, so as to solve a real-
world problem while simultaneously expanding scientific knowledge [22]. The
researcher contributes his knowledge of action research while the practitioners provide
their practical knowledge and context [1]. A precondition for Action Research is to
have a problem owner willing to collaborate to identify a problem, engage in an effort
to solve it, analyze the results, and determine future actions [22].

There are two independent problem owners in this research: (1) Bluebay Poland,
which is a software development house; and (2) the Product Development & Delivery
department of the Gdańsk-based office of IHS Markit. IHS Markit is a global infor-
mation provider specializing in conducting economic, financial and subject analyses on
financial and capital markets as well as supporting decision-making processes for both
business and institutional clients across 165 countries. Both organizations were inter-
ested in auditing their work practices related to the Sprint Retrospective and improving
identified deficiencies. As for Bluebay Poland, two Scrum teams participated in the
study. Team 1 developed a web store for Aclari Diamonds, which is a jewellery
company, while Team 2 developed print management software for POSperita, which is
a printer & advertising agency. When it comes to IHS Markit Gdańsk, one team
engaged in our research. The team was responsible for developing shared components
and libraries of IT platform used by IHS Markit and its clients. The participated teams
are presented in Table 1. All teams worked in two-week sprints.

Table 1. Participating teams (role, experience in years); SM denotes Scrum Master.

Team 1 - Bluebay Poland Team 2 - Bluebay Poland Team 3 - IHS Markit Gdańsk
Team Leader & SM, 10 Team Leader & SM, 10 Team Leader & SM, 8
Developer, 5 Developer, 8 Front-end developer, 1
Developer, 3 Developer, 6 Front-end developer, 1
Tester, 2 Developer, 5 Front-end developer, 3

Tester, 5 Full-stack developer, 3
Back-end developer, 6
Tester, 3
UX Designer, 7
UI Designer, 6
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4 Diagnosing and Planning

Teams 1 and 2 held regular Sprint Retrospective meetings. As for team 3, several
members considered the Sprint Retrospective as useless, so it was run only every few
sprints. Moreover, only three members of team 3 actively contributed to the discussion
during retrospective meetings, while others seemed to be boring. Overall, we discov-
ered that the participated teams encountered similar issues related to the Sprint Ret-
rospective as those presented in the original study [20] and these issues hindered the
teams in realizing their retrospective’s full potential. Therefore, we decided to imple-
ment all the games introduced in the original study. In addition, we decided to
implement one new game, i.e. 360° Appreciation.

360° Appreciation [2] is a game to promote a conducive working environment that
strengthens people relationship and boosts team morale. It allows team members to give
open positive feedback as well as appreciating the time and effort contributed by the
team members. In other words, it focuses only on the developers’ strength instead of
their weaknesses. The game is easy to be conducted in any environment. What is more,
no additional equipments such as blackboards, posters and sticky notes are required. In
order to run this activity, the facilitator asks every participant to write down their
appreciations about one another on a piece of paper. After that, the team forms a circle
with one team member sitting in the middle. The other participants will then read their
appreciation feedback to the one in the center. The same process is repeated until
everybody in the team has received appreciations.

5 Action Taking and Evaluating

Each game was run twice in each team. An explanation of the rules of the game was
given before the team plays the game for the first time. After each game session, we
distributed a questionnaire to collect feedback from the participants. The responses
were made on a five-point Likert scale. Finally, the results were analyzed and discussed
with the respondents.

6 Bluebay Poland

Besides 5L’s and 360° appreciation, all games were evaluated positively with respect to
all categories. This is due to the fact that playing 5L’s consumed too much time, while
the obtained results were worse when compared to Starfish, Sailboat or Mood++. As for
360° appreciation, although low scores were obtained for questions 3–6, it is still
successful overall, because it was not designed to promote these issues. This game was
considered helpful in relieving the tension or getting to know new team members. Since
this game does not provide any feedback on the issues during the Sprint, it should be
carried out together with another collaborative game during one retrospective session.
As for Sailboat, it was especially appreciated for allowing participants to identify risks
in a project. The detail results obtained from both teams are presented in Fig. 1. Note
that in Bluebay Poland we did not implement Mad-Sad-Glad, which was depreciated in
the original study and revised by Mood++.
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Fig. 1. Aggregated results for the teams in Bluebay Poland.
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Fig. 2. Aggregated results for the team in IHS Markit Gdańsk.
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6.1 IHS Markit Gdańsk

All games except 360° appreciation were evaluated positively with respect to all cat-
egories. The detail results scores are presented in Fig. 2. The 360° appreciation game
was considered useful only in the context of improving communication. Other con-
clusions on 360° appreciation were consistent with the findings from Bluebay Poland.
As for Sailboat, it was praised for its game board which unleashes imagination, cre-
ativity and introduces well defined, unambiguous areas. The team even named the
painted sailboat with the team’s name. On the other hand, the team claimed that Starfish
and 5L’s introduce ambiguous categories and provide unattractive game boards. When
it comes to Mad-Sad-Glad and Mood++, they were praised for covering different
aspects than had been usually discussed during a retrospective. Indeed, both games
focus on feelings and emotions instead of organizational or technical issues. At the
same time, this explains why both games performed worse than Sailboat, Starfish and
5L’s with regard to knowledge sharing. To summarize, the social and entertaining
aspects of the proposed games, except 360° appreciation, improved motivation in
retrospective meetings.

7 Conclusions

This paper reports on Action Research projects carried out in Bluebay Poland and IHS
Markit Gdańsk. In accordance with the best practices developed by Przybyłek &
Kotecka [20], we freshened retrospective meetings by introducing collaborative games.
The feedback gathered from three Scrum teams confirms the positive influence of
collaborative games in the Sprint Retrospective. Game-based retrospectives provided
structure and guided teams through the meeting. They enforced balanced participation
and led to a variety of measurable societal outcomes. The most successful games, i.e.
Sailboat, Mad-Sad-Glad, Mood++, and Starfish improved team members’ creativity,
motivation, communication, knowledge sharing and make them more willing to attend
retrospective meetings. The results obtained form both companies are very consistent
except 5L’s, which received high scores only from the team in IHS Markit Gdańsk.
Moreover, the participated teams intended to continue playing collaborative games
after the research finished.

As future work, we intend to conduct a control experiment with settings similar to
[18] whether game-based retrospectives are more effective than standard retrospectives.
Moreover, we would like to spread the use of collaborative games in other companies.
After collecting more data from more teams, we plan to build a recommender system
[13] that will help scrum teams to choose a retrospective game suitable for a given
context.
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Abstract. Augmented Reality (AR) is expanding its application field
through many areas, including marketing, education, and medicine. Fur-
thermore, industrial training and instructional support, especially in the
context of maintenance and assembly, are also among the key field of
application. Also, evidence has shown that good user experience and
engagement leads to better performance, an engaged employee delivered
a better result than those who not. Gamification is one of the various
methods to enhance user experience and engagement. In this work, we
present a training approach to guide novice users through an assembly
task of changing batter for a robot arm. The training is developed as
an augmented reality training with and without a gamification design.
Furthermore, we evaluated the designs with 22 objects to validate if user
engagement and performance of one design is better than the other. The
result indicates a better outcome on the gamified application, however,
the difference is not statistically significant.

Keywords: Augmented reality · Gamification · Gamified training ·
Gamified assembly task · Augmented reality training

1 Introduction

With a global market size estimated at 198 billion dollars by 2025 [1], Aug-
mented Reality (AR) is expanding its application field through many areas,
including marketing, education, and medicine. Furthermore, industrial training
and instructional support, especially in the context of maintenance and assem-
bly, are also among the key field of application [2]. AR applications aim to
provide personnel different levels of in situ guidance either from on-site support
or remote experts. This technology enables users to manipulate in real-time the
virtual objects which are superimposed upon the physical world. AR training
and support reduces staff cognitive load, improve performance while minimizing
mistakes, therefore, efficiency is increasing. In the new era of Industry 4.0 where

This paper is an extended version of work published in Federated Conference on Com-
puter Science and Information Systems 2019 [5].
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products and processes are highly complex and diverse, AR is particularly one
of the most essential technologies [3].

“It’s the total experience that matters” is how the usability engineering pio-
neer Don Norman said about the importance of user experience. Evidence has
shown that good user experience and engagement leads to better performance,
an engaged employee delivered a better result than those who not [4]. Among
various methods to enhance user experience and engagement is the idea of turn-
ing the prosaic tasks into more fun and exciting version by borrowing tools and
knowledge from the game industry into other domains, so-called gamification.
While the academic world is still debating on the consensus of definition and
scope, hereby we agree with the most widely accepted definition from Sebastian
Deterding [15]:

“Gamification is the use of game design elements in non-game contexts.”
In this work, we combine the two techniques to create a gamified AR training

for an assembly task. Our main hypothesis is that users will significantly prefer
the gamification version of the training to the non-gamification one. Moreover,
we expect a significantly better performance in the gamification training over
the non-gamification.

The paper is structured as follows: Sect. 2: we provide the related work.
Section 3: we describe the design of the application as well as gamification design.
Section 4: we present the experiment design. The result of the study is presented
in Sect. 5, followed by a short discussion in Sect. 6. Lastly, Sect. 7 concludes the
paper.

2 Related Work

Although the term “gamification” is relatively new, since around 2003, its appli-
cations have already widespread across many industrial as well as scholarly fields.
Recently in the Gamification 2020 report, Gartner predicted that gamification in
combination with emerging technologies will create a significant impact on sev-
eral fields including the design of employee performance and customer engage-
ment platform [13]. In this context, there are numerous examples of studies for
either AR training or gamified training, yet there was hardly any work on the
combination of those.

A recent survey of Seaborn et al. [19] provides a good overview of gamifi-
cation from a Human-Computer-Interaction perspective in both theoretical and
practical lights. The work showed that gamification is primarily practiced in
the domain of education, e-learning especially. In the theoretical foundations,
there was a dynamic movement towards carving the boundaries between gam-
ification and other similar concepts. The applied research, meanwhile, painted
a positive-leaning but mixed picture about the effectiveness of gamified sys-
tems. Despite usual expectation, similar gamified designs under different settings
returned clashing result over user experience along with performance. The reason
was believed to be highly context-specific requirements. Furthermore, learning
about the effects of gamification on the human is a complicated subject. The
overall effort toward this direction is still nascent.
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While the gamified system was well accepted in business contexts, it is not
necessarily the case in production training, left alone Augmented Reality train-
ing. Lee [18] showed that AR for education and training innovation was leaning
towards the “serious game” pole while gamification was left outside of the pic-
ture. According to Lee, AR games were particularly interested in by both “edu-
cators and corporate venues.” A role-playing game for teaching history [16], for
example, proved the benefit of enabling students for problem-solving, increasing
collaboration and exploration via the virtual identities.

However, whether we like it or not, production training is different from
traditional classroom training. When transforming the operational work into a
game, a serious game, there will always be a risk of taking the focus away from the
task at hand. This is when gamification comes to play as integrating gamification
can provide the fun aspect while still keeping the workers’ full attention on the
operative job [17].

Probably the most well-known gamification in production is a series of works
from Korn et al. [17,20–22]. The center of his works is to evaluate users’ accep-
tance of gamification in modern production environments. Different designs,
“Circles & Bars” and “Pyramid,” were proposed [17]. Both designs were used to
visualize work steps as well as their sequences. Color-coded from dark green to
yellow, orange and read is employed to indicate user specific time progression.
Later on, they were projected into users’ working space as an assistive appli-
cation for impaired individuals. The result indicated a good acceptance level
for gamification designs and the “Pyramid” approach was favorable in general.
While the study showed a promising outcome, it focused on user acceptance and
did not measure the quantitative factor of gamification on task completion time
and error rates.

3 Implementation

In this section, we present the implementation of the application under study.
A process of replacing the battery for a robot arm was implemented based on
the instruction manual of the Mitsubishi Industrial Robot RV-2F Series. Two
prototypes were made, one with the gamification design and the other without.
The designs were named Gamification AR (GAR) and Non-Gamification AR
(NGAR) according to their characteristics.

The application ran on the Microsoft HoloLens (Fig. 1). Microsoft HoloLens
is a standalone mixed reality device which showcases a field of view of 30 degrees
by17.5 degrees. Due to Microsoft HoloLens small field of view, here we provide
the user interfaces captured from Unity Editor to showcase the whole scene
setup. Figs. 3 and Figure 2 illustrate the GAR and NGAR design respectively.



Comparison User Engagement 145

Fig. 1. HoloLens - the mixed reality head-mounted display (HMD) from Microsoft. [23]

Fig. 2. The NGAR design with no gamification elements. Only text instruction was
provided. [5]

3.1 The Application

The process for changing the battery was identically built for both prototypes.
There were 21 actions made up 10 steps. Disassembling the cover of the bat-
tery compartment, for example, included two steps of removing the screws and
removing the cover. While removing each of the screws was counted as an action.

For navigating the process, we augmented the instruction text for each step
as a head-up display which was always facing the user at the top right corner
of the user view. An instruction manager was used to control the flow of text
visualization. The requirement from the instruction manual specified that the
steps of the process had to be performed in a fixed order that’s why only one
instruction was displayed at a time. The next instruction triggered when the
user carried the current step correctly.
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Fig. 3. The GAR design with gamification elements: points, progress bar and signpost-
ing. [5]

Two main interaction types were used to simulate different interactions. Air
tap [23] was used for interacting with static objects (e.g. pressing a button) while
we utilized drag and drop for assembling actions (e.g. removing the screw).
Similar to the real working space, disassembled objects were designed to be
placed at a specific location. For instance, the screws needed to be placed inside
a designated tray instead of dropped on the floor.

To simulate a sense of reality, sounds such as robot arm were running or
turned off were used.

3.2 Gamification Design

The game design elements were implemented only for the GAR version. It allows
to isolate and analyze the effect of gamified system on the user. This could be
reflected by comparing the outcome of the two experiments.

As a result of Korn’s investigation [17], gamification in the production envi-
ronment has its own specific requirements. To avoid resistance from users or the
potential of taking away their main focuses, we followed the identified require-
ments in designing gamified application for production settings. First, “keep the
visualization of gamification simple.” This focuses mainly on avoiding anima-
tion, moving elements and using complex graphical structures. The second and
third requirements come together as “avoid explicit interaction with gamifica-
tion elements” and “support implicit interaction with gamification elements.”
For that matter, in our designs we did not ask for any user’s effort to direct
input or reach out to the gamified items.

Point System. The point system was built based on users’ actions. There was a
maximum of 21 points according to 21 actions. Points were rewarded to the user
when the action was done. As the first attempt to study the effect of gamification
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design on user engagement, we did not implement a complex point system with
losing points or rewarding extra points at this stage.

Progress Bar. While the points were based on actions, progress bar visualized
the steps. As stated as one of the requirements, the user interface was intention-
ally kept simple with only one color. Additional text was in place for indicating
the percentage.

Signposting. Signposting aims to direct the user in the right direction. While
users without background knowledge could be confused with the mechanical part
names (e.g. Controller box), signposting highlighted the part corresponding to
the currently displayed instruction. It provided the “just-in-time” hints for the
trainees, especially the totally beginner one.

Sound System. Audio cues are employed to exemplify achievement. A coins
collect sound effect plays simultaneously to acknowledge that users receive a
point. It also indicates that users have just finished a step.

4 Experiment Design

The experiment was conducted to investigate how gamification in AR train-
ing impacts user engagement and performance. The studies for both conditions
(GAR and NGAR) took place in the same room at our research laboratory. To
avoid the learning effect, we employed the between-group design in which each
participant randomly exposed to only one design, either GAR or NGAR.

Due to the fact that Microsoft HoloLens requires specific hand gestures for
interaction, the participants were asked if they have experience with this device.
In the case of none, the participant used the default HoloLens “Learn gesture”
application. This was especially important because the main task could not be
carried on without this step. Before the experiment, regardless of the HoloLens
experience, we repeated the main information about the interactive gestures to
all participants.

Once the participants were confident interacting with the device, the main
experiment task proceeded. When the user hit the “Start” button at the first
scene of the application, the timer for measuring task completion time was
started until the last step completed.

As we focused on the user engagement we used a post-study questionnaire
with the refined User Engagement Scale (UES) [24]. UES is a five-point rating
scale: strongly disagree, disagree, neither disagree nor agree, agree and strongly
agree, respectively from 1 to 5 point. Given the task was not complicated, the
level of fatigue after that was expected not to be high so that we decided to use
the UES long form (UES - LF). The UES - LF consists of 30 items covering 4
factors:
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Fig. 4. User engagement score as a bar chart with indicated standard deviations. [5]

1. FA: Focused Attention
2. PU: Perceived Usability
3. AE: Aesthetic Appeal
4. RW: Reward Factor

As constructed in the guide to use of UES, all items were randomized and
the indicators (e.g. AE.1) were not visible to the users.

5 Results

Most of the participants reported having little or none experience with AR tech-
nology, in particular, Microsoft HoloLens, before this experiment. So, a potential
novelty effect when initially establishing interaction with new technology might
influence the research result. The test population was 22 participants with 11
regarding each condition. Participants ages vary from 18 to 34 years old, 15 male
and 7 female subjects. Although some unease and uncertainty were expressed
at the beginning, all participants were more certain after the learning gesture
phase.

Figure 4 displays that the GAR design was rated better in all sub categories.
In general, it was clearly preferred to the NGAR approach. The overall Engage-
ment score was 15.2 (SD = 1.8) in GAR and 13.3 (SD = 3.5) in NGAR. However,
this did not make up a statistically significant difference between the two groups.
Table 1 provides the results in more detail, looking at the average score, standard
deviation and also the result of a t-test for both the overall engagement score
and its factor.
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Table 1. Comparision of user engagement score

Factor Mean score (SD) p value

Design GAR NGAR GAR vs. NGAR

Focused attention 3.5 (0.6) 3.2 (0.8) 0.418 not significant

Perceived usability 3.7 (0.5) 3.4 (0.7) 0.281 not significant

Aesthetic appeal 3.9 (0.7) 3.3 (1.2) 0.162 not significant

Reward factor 4.0 (0.5) 3.4 (1.2) 0.128 not significant

Overall score 15.2 (1.8) 13.3 (3.5) 0.153 not significant

The standard deviation in the overall user engagement score was much lower
in the GAR design (SD = 1.8), versus SD = 3.5 in NGAR, which shows that the
GAR subjects more homogenously perceived the result throughout the group.
This tendency, lower standard deviation, remained true for all four subfactors
in the GAR design as shown in Fig. 4. On the other side, the opinions of NGAR
subjects seem to be more diverse.

Looking at the training performance, the difference regarding average task
completion time (in seconds) between the two study conditions is statisti-
cally significant. The t-test resulted in p< 0.032. The average time was 306.9
(SD = 123.2) and 439.5 (SD = 134.4) for GAR and NGAR groups respectively.
This positive outcome probably directly influenced by the signposting design
element.

6 Discussion

Besides the required surveys, participants often complained about the cumber-
some of the hardware. Even though Microsoft HoloLens is one of the mixed
reality device market leaders, it is still heavy for constantly wearing. A miss-
ing of ergonomic design makes it difficult for the device to stably seating on
user’s heads, especially those with small heads. To interact with the device, it is
mandatory to learn the hand gestures. These fix hand gestures are not intuitive,
as reported by participants, leads to the result that users often forget them along
the way.

As a preliminary result, this work demonstrates the potential of gamified
AR training for assembly tasks in improving user engagement and performance.
Nevertheless, there is a need for further investigation focusing on both short-term
and long-term training effectiveness. A consideration over skills and knowledge
acquisition should be taken into account. To serve this goal more complex tasks
should be implemented with a higher level of gamification, different training
levels and challenges design for individual specific demands for example.
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As we focused on the improvement of user engagement in gamified AR train-
ing, we did not take in to account the isolated effect of how each game design
elements affects the user. As mentioned in the Related Work, gamification design
is highly context-specific so that the next important step will be a qualitative
study on how the users perceive different design elements and their impacts.

Points, Badge and Leader Board are the most common elements of gamifi-
cation, one of the reason is due to their ease to implement. The use of these
external rewards recently raises an ethical question in academia. When a user
is exposed to external rewards for a long time, disappointment and frustration
may appear once these elements are absent. Turning the research direction to
investigate the use of implicit motivation is believed to provide an enduring
effect on user engagement. However, how to design a meaningful and relevant
user experience requires great effort and long-term design studies.

7 Conclusion

As the Literature review reveals a shortage of using gamification in the modern
industrial environment, our goal is to fill the gap. In this project, we developed an
assembly training system using gamified Augmented Reality. Firstly, we created
two versions of the same training, with and without game design elements. The
training guides novice users through a process of changing a robot arm battery.
Then, we reported a study over 22 participants with none to limited knowledge of
this assembly task. The study’s goal is to confirm our hypothesis if the gamified
training creates better user engagement and performance over the non-gamified
version.

As a result, the gamified version returned a better score on user engagement
and performance over the non-gamified version. However, the difference in user
engagement score is not statistically significant. Even though, the outcome of the
gamified group indicates a more homogeneous effect on the users. This suggests
potential in using gamification in industrial training. To obtain a more in-depth
result, the study should be extended with more complex training on multiple
platforms (HMD, mobile) and a bigger population.
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