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Editorial

The mission of the IJISPM - International Journal of Information Systems and Project Management is the
dissemination of new scientific knowledge on information systems management and project management, encouraging
further progress in theory and practice.

It is our great pleasure to bring you the second number of the tenth volume of IJISPM. In this issue, readers will find
important contributions on agile projects, portfolio management, hybrid project management, and IS development risks.

The first article, “Tensions and ambidexterity: a case study of an agile project at a government agency”, is authored by
Carin Lindskog. According to the author, today’s dynamic business environment must continuously adapt its software
development methods to changing technologies and new requirements on the part of customers. Therefore, agile
methods are being used more and more because they emphasize both flexibility and the ability to change. However, at
the same time, the business-driven need for predictability and control remains. The purpose of this case study is to
explore and theorize on paradoxical tensions and ambidexterity during an agile software development project at a
government agency. The study empirically examines how tensions and the ambidextrous responses to these tensions are
related to agile values. Data was collected by conducting interviews and studying internal project documents. Four
categories of tensions (learning, organizing, performing, and belonging) were used for analytical purposes. The findings
suggest that most of the tensions perceived were in the categories of learning and performing. There are, furthermore,
several connections between the ambidextrous responses to these tensions and agile principles. A deeper understanding
of agile values and principles is required in order to make projects successful. The contribution made by the study,
therefore, is of great importance because agile methods are for leading projects, not only in agile software development
but also in other industries and sectors.

The title of the second article is “Can product modularization approaches help address challenges in technical project
portfolio management? — Laying the foundations for a methodology transfer”, which is authored by Thorsten Lammers,
Matthias Guertler, and Henning Skirde. Formalized Project Portfolio Management (PPM) models struggle to provide
comprehensive solutions to project selection, resource allocation and adaptability to dynamic technology project
environments. In this article, the authors introduce a vision for a novel Modular Project Portfolio Management (MPPM)
approach by drawing on well-established engineering methods for designing modular product architectures. The authors
show how systems theory can be used to enable a transfer of methods from the area of engineering design and
manufacturing to the area of PPM and how the concept of product modularity could help address the challenges of
existing PPM approaches. This lays the groundwork for the possible development of MPPM as a new and innovative
methodology for managing complex technology and engineering project landscapes.

The third article, authored by Janine Reiff and Dennis Schlegel, is entitled “Hybrid project management — a systematic
literature review”. Hybrid project management is an approach that combines traditional and agile project management
techniques. The goal is to benefit from the strengths of each approach, and, at the same time avoid the weaknesses.
However, due to the variety of hybrid methodologies that have been presented in the meantime, it is not easy to
understand the differences or similarities of the methodologies, as well as the advantages or disadvantages of the hybrid
approach in general. Additionally, there is only fragmented knowledge about prerequisites and success factors for
successfully implementing hybrid project management in organizations. Hence, the aim of this study is to provide a
structured overview of the current state of research regarding the topic. To address this aim, the authors have conducted
a systematic literature review focusing on a set of specific research questions. As a result, four different hybrid
methodologies are discussed, as well as the definition, benefits, challenges, suitability, and prerequisites of hybrid
project management. The study contributes to knowledge by synthesizing and structuring prior work in this growing
area of research, which serves as a basis for purposeful and targeted research in the future.
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“Risks associated with the development process of in-house information system projects™ is the fourth article and is
authored by Chia-Ping Yu and Wan-Ying Lin. To provide a risk management perspective for managers responsible for
in-house project development, the authors investigated how the risks associated with an in-house information system
project evolve during the software development process. They conducted interviews and content analysis to examine
the risks that affect project delivery quality. Three companies participated in this research. The results of this study
indicate that risks related to organizational structure persist throughout the software development process. Content
analysis indicated that in the conducted interviews, sentences regarding task- and actor-related risks characterized the
first two phases of this process, and sentences regarding technology-related risks characterized the last two (third and
fourth) phases. The results also suggest that different types of risks exert pressure on in-house project teams to reassess
the weaknesses and resource allocation in a project and the possible solutions to any potential problems. This research
explains risk dynamics throughout the life cycle of in-house information systems development. Moreover, the findings
of this study can help project managers identify the risks associated with the project development process that directly
affect the project outcome.

We would like to take this opportunity to express our gratitude to the distinguished members of the Editorial Board, for
their commitment and for sharing their knowledge and experience in supporting the 1JISPM.

Finally, we would like to express our gratitude to all the authors who submitted their work, for their insightful visions
and valuable contributions.

We hope that you, the readers, find the International Journal of Information Systems and Project Management an
interesting and valuable source of information for your continued work.

The Editor-in-Chief,
Jodo Varajdo
University of Minho
Portugal
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Tensions and ambidexterity: a case study of an agile project
at a government agency

Carin Lindskog

Karlstad University
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Sweden

carin.lindskog@kau.se

Abstract:

Today’s dynamic business environment must continuously adapt its software development methods to changing
technologies and new requirements on the part of customers. Therefore, Agile methods are being used more and more
used because they emphasize both flexibility and the ability to change. However, at the same time, the business-driven
need for predictability and control remains. The purpose of this case study is to explore and theorize on paradoxical
tensions and ambidexterity during an Agile software development project at a government agency. The study
empirically examines how tensions and the ambidextrous responses to these tensions are related to Agile values. Data
was collected by conducting interviews and studying internal project documents. Four categories of tensions (learning,
organizing, performing, and belonging) were used for analytical purposes. The findings suggest that most of the
tensions perceived were in the categories of learning and performing. There are, furthermore, several connections
between the ambidextrous responses to these tensions and Agile principles. A deeper understanding of Agile values and
principles is required in order to make projects successful. The contribution made by the study, therefore, is of great
importance because Agile methods are for leading projects, not only in Agile software development, but also in other
industries and sectors.
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1. Introduction

There is an ever-increasing demand for organizational agility and flexibility in order to gain competitive advantage [1],
[2]. At the same time, underlying business models and institutional and regulatory environments in the public sector are
primarily designed for robustness and stability [3]. Organizations and teams need to follow standardized procedures to
complete tasks effectively (i.e., exploitation). But at the same time, the development of new ideas for adapting to
changing situations (i.e., exploration) is also being encouraged. It is then understandable that it can be experienced as
tensions when: “the essence of exploitation is the refinement and extension of existing competencies, technologies, and
paradigms” and “the essence of exploration is experimentation with new alternatives” [4]. This indicates the importance
of a comprehensive ability to deal with (i.e., ambidexterity) these paradoxical tensions [5].

Inherently conflicting goals are typical of the activities of all public organizations [6]. For example, the public sector
has been associated with less flexibility but also greater public scrutiny, goals for social improvement, and a lack of
profit as a measure of performance (ibid.). Choi and Chandler [7] point out the lack of competition, the impact of
policies, and the diversity of stakeholders’ interests as the main differences in terms of characteristics between public
organizations and private organizations. In addition, software projects at government agencies are designed and built to
last a long time. However, planning and implementation have often taken so long that software is frequently obsolete on
finally being released [8].

The origins of the Agile concept lie in software development [9], where greater flexibility and changeability have
traditionally been requested [10], being seen as a reaction to traditional or planned software methods [11]. Agile
methods allow project teams to work in smaller steps, to review their work often, and to include feedback directly in
order to prevent costly mistakes [8]. Weber & Tarba [12] state that: “Agile organizations have the ability to initiate
continuous renewal that includes adapting existing competencies to an everchanging environment and simultaneously
reconfiguring themselves in order to survive and thrive for the long term”. However, Horlach and Drechsler [13] are of
the opinion that embracing the Agile way of working can produce a number of paradoxical tensions at the team and
organizational levels. The team members’ experiences can come from traditional project environments with stable
processes and predefined requirements based on detailed planning. In the Agile way of working, there is a radical
change in the way of working because this attitude strives for flexibility. Preserved experiences can thus lead to inertia
when it comes to these changes [13]. The ability of a project team to meet changes and overcome problems plays a
critical role in the organization’s reliability and success [14]. Managers must also be ready to give up their traditional
sources of power, and new skills must be developed throughout the organization [15]. A successful transition to the
Agile approach, therefore, requires a deeper understanding of the important Agile values, principles, and the specific
way of thinking [16].

This study responds to the call by Werder and Heckmann [17] that future research should be about “investigating
ambidexterity that thrives as a result of tension”. The lens of paradoxical tensions has developed in organizational
theory but has received too little attention in past research on software development [18] and project management [19].
A recent study by livari [19] introduces a framework of eleven paradoxical tensions concerning the priority, structure,
and execution of projects, wishing to encourage future research on the paradoxical tensions of project management.

Ambidexterity has also been a hot topic in organizational research for a long time, but there is still a lack of
understanding of “how” ambidexterity can be concretely supported by different types of organizations [20],[23]. For
instance, relatively few empirical studies have studied ambidexterity in the public sector context [24]. In addition,
Turner et al. [25] state that the project context is ideal for examining ambidexterity. The reason for this is that, in the
project work form, frameworks and tools are already available (i.e., exploitation), but projects also require knowledge
generation (i.e., exploration) (ibid.). Werder and Heckmann [17] argue, in turn, that more research on ambidexterity is
needed for projects, teams, and individuals (i.e., contextual ambidexterity) because projects and their teams help
organizations to solve complex problems and to handle complex tasks.

International Journal of Information Systems and Project Management, Vol. 10, No. 2, 2022, 5-23
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Based on the arguments made above and the growing use of Agile methods, this study examines how underlying
paradoxical tensions are linked to Agile values. In addition, the study also examines what ambidextrous responses
consist of. The question posed in this paper is: How do the concepts of tensions and ambidexterity relate to Agile
values? To answer this question, data from a project (referred to as the Alpha Project) was used at a government agency
conducting software development with a project setup (in-house and together with an external partner) that utilizes the
Agile way of working. To the best of our knowledge, this was the first time that the four Agile values [9], the four
categories of tensions highlighted by Smith and Lewis [26], and ambidextrous responses to these tensions, were
combined in order to investigate Agile software development.

The paper is structured as follows: Section 2 provides the theoretical background. Section 3 describes the research
methodology. Section 4 reports on the results of the study. Section 5 discusses these results, the limitations of the study,
and future work. Finally, Section 6 concludes the paper.

2. Theoretical background

This section aims to provide the initial theoretical understanding necessary in order to understand the analytical lens
used in this study. First, there is a brief introduction to the Agile way of working. Then, the focus is on the concepts of
paradoxical tensions and ambidexterity.

2.1 The Agile way of working

Agile methods dominate, with their ability to respond and adapt quickly in a changing environment, software
development [27]. Scrum [28] is currently the most widely used Agile method [27]. The Agile methods originate from a
set of values and associated principles outlined in a declaration, the so-called Agile Manifesto, aimed at providing better
ways of developing software [9], [29] using self-management and step-by-step development and delivery [30]. The four
central values and the twelve principles formulated in the Agile Manifesto are listed in Table 1.

Table 1. The Agile values and principles from the Agile Manifesto [9]

Agile values

Agile principles

1: Individuals and
interactions over
processes and tools.

2: Working software
over comprehensive
documentation.

3: Customer
collaboration over
contract negotiation.

4: Responding to
change over
following a plan.

1. Our highest priority is to
satisfy the customer through
early and continuous delivery of
valuable software.

2. Welcome changing
requirements, even late in
development. Agile processes
harness change for the customer's
competitive advantage.

3. Deliver working software
frequently, from a couple of
weeks to a couple of months,
with a preference to the shorter
timescale.

4. Business people and
developers must work together
daily throughout the project.

5. Build projects around motivated
individuals. Give them the
environment and support they need,
and trust them to get the job done.

6. The most efficient and effective
method of conveying information to
and within a development team is
face-to-face conversation.

7. Working software is the primary

measure of progress.

8. Agile processes promote
sustainable development. The
sponsors, developers, and users

9. Continuous attention to
technical excellence and good
design enhances agility.

10. Simplicity — the art of
maximizing the amount of work
not done — is essential.

11. The best architectures,
requirements, and designs emerge
from self-organizing teams.

12. At regular intervals, the team
reflects on how to become more
effective, then tunes and adjusts

should be able to maintain a constant
pace indefinitely.

its behavior accordingly.

Given the growing interest in the Agile way of working, it is invaluable to understand the Agile values and the
principles, as well as the factors that facilitate or hinder the acceptance and use of the Agile way of working at
organizations [31]. The understanding is needed that embracing the Agile way of working can produce a number of

International Journal of Information Systems and Project Management, Vol. 10, No. 2, 2022, 5-23
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tensions at the organizational and team levels [13]. Agile is described as “people-oriented” [32] rather than “process-
oriented” [33], and this can lead to tensions. For example, research conducted by the Scrum Alliance, an independent
non-profit organization with 400,000 members, showed that more than 70% of Agile practitioners report tensions
between their teams and the rest of their organizations due to a lack of knowledge about the Agile way of working [34].
Introducing Agile into an organization means changing the organizational culture, strategy, and structure, something
which is not always easy [35]. Therefore, it is important that the Agile way of working is accepted and supported by the
whole organization and all stakeholders at both the management and operational levels [36].

According to the Agile Manifesto [9], “the best architectures, requirements, and designs emerge from a self-organizing
team”. However, software developers working on the Agile team should not have specialized roles: Instead, decisions
are made jointly about “how” development work should be conducted [37]. This can cause problems given the lack of
basic domain knowledge of software developers. Conboy et al. [38] call this issue “masters of all and masters of none”.

“Being Agile”, according to Denning [16] and Prange [39], is about embracing the mindset, culture, values, and
principles. In contrast, “Doing Agile” refers to the adoption of either Agile methodology or a limited set of Agile
practices and tools (ibid.). Horlach and Drechsler [13] believe that in order to have a successful transition to the Agile
way of working, a deeper understanding of the important Agile values and principles is required. That is, the particular
mindset that characterizes “Being Agile” [16].

In the public sector, Agile studies are lacking because the adoption of Agile methods has been slower than in the private
sector [40]. An example here, however, is the study by Nuottila et al. [40], which identifies and categorizes the
challenges that may impede the effective use of Agile methods in public IT projects that embrace private software
vendors. The identified challenges related to documentation, staff training, experience and commitment, stakeholder
communication and involvement, Agile roles, the locations of Agile teams, legislation, and the complexity of software
architecture and system integration.

This subsection touches on the tensions that can arise when working Agile. The next subsection digs deeper into the
concept of paradoxical tensions.

2.2 Paradoxical tensions

The concept of the “paradox” provokes, confuses, and raises questions [41]. Perhaps we think of logical paradoxes that
are thoughtful contrasts or contradictions, or any problematic situation [42] that can never be resolved [17]. Therefore,
Poole and Van de Ven [43] suggest a difference between logical and social paradoxes. Socially constructed paradoxes
are created by actors and can be handled through acceptance, confrontation, and transcendence [44]. In addition, in this
study, the term paradoxical tensions is preferred to paradoxes. These paradoxical tensions are seen as two sides of the
same coin (ibid.). Dealing with paradoxical tensions is not always about compromises between flexibility and control,
but about an awareness of their contemporaneity [44]. In other words, managing paradoxes needs a creative both / and
approach that utilizes the advantages of each side separately, while utilizing their synergistic potential [45].

In the rest of the paper, the concept of tensions is thus used to denote socially constructed paradoxical tensions defined
as “conflicting but still interrelated elements that exist simultaneously and persist over time” [26]. The concepts of
tensions and ambidexterity are closely linked and should be seen in combination [46]. In the growing body of literature
on these concepts, different tensions are often described as exploitation versus exploration. This study follows the
advice of Pertusa-Ortega et al. [47], who claim that other types of tensions must also be emphasized. Examples of other
types of tensions are highlighted by Smith and Lewis [26], who propose an organizing framework in order to explore
rising plurality in research into paradoxes and who categorize tensions into four categories (with potential
combinations). Each category represents an organization’s core activities; i.e. learning (knowledge-related), organizing
(process-related), performing (goal-related), and belonging (identity/interpersonal relationship-related) (ibid.).

The most common category in the paradoxical tensions research field is learning tensions, which are tensions that arise
when dynamic systems change and renew [48]. “Learning requires using, critiquing, and often destroying past
understandings and practices to construct new and complicated frames of reference” [44]. A key source of learning
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tensions is precisely the tensions between old and new. Lewis [44] calls it: “A struggle between the comfort of the past
and the uncertainty of the future”. Limited resources or time pressure can increase learning tensions if employees are
required to learn new things (exploration) while maintaining a high level of performance (exploitation) [49]. A
noteworthy challenge facing organizations is the balance between exploitation and exploration [4].

From a paradoxical perspective, organizing itself is filled with different tensions, such as tensions between control and
flexibility [44] and routine and change [26]. The organizing tensions exists because organizations consist of several
subsystems which must act independently and which are nevertheless part of a mutually dependent overall
organizational system [50]. Organizing tensions often manifest themselves during periods of organizational
restructuring or change [51]. It is mainly in processes, routines, and collaborations that such tensions are experienced
(ibid.). For example, to compare contrasting forces that encourage commitment and trust, while at the same time
providing productivity and discipline [44]. As mentioned before, organizations and teams typically need to develop new
ideas in order to adapt to changing situations, but they also need to follow standardized procedures to complete tasks
effectively [5].

Tensions that arise between different stakeholders’ often conflicting demands, or conflicting expectations [52], can be
categorized as performing tensions [26]. These tensions can result in conflicting strategies and goals [51], [53].
Tensions can manifest themselves at the individual level as actors struggle to respond to either the conflicting demands
embodied in their roles or the conflicting demands that arise from the roles of others that they share everyday tasks with
[44], [50]. These tensions can arise especially during a change development process, when new goals are being set,
roles changed, and relations between actors redefined [50]. In the study by Lischer and Lewis [54], it turned out to be
the case that performing tensions arose when managers’ roles became more blurred and multiplied in response to
conflicting demands during major organizational changes. According to livari [18], the paradoxical lens has not been
explicitly used to understand software development and therefore the references mentioned have been taken from the
organizational research field. However, when implementing the Agile way of working as a replacement for a plan-
driven way, roles and responsibilities will change, something that affects everyone. For instance, compared to plan-
driven software development, the boundaries between the developer roles were less well defined in the Agile way of
working [38]. If the developers are expected to have a broad knowledge of all aspects of software development, this can
affect the balance between being “a generalist” and “a specialist” (ibid.).

Belonging tensions arise because people in organizations want to belong to a group but they also want to be
independent [51]. It is mainly in the areas of organizational culture, values, roles, and membership that such tensions
are experienced [26], [51]. Belonging tensions often arouse the emotions of the actors, and can also intensify conflicts
and polarization. This kind of tensions can arise when actors try to express their differences while still remaining valued
members of a group [44]. An example of a combination of belonging and performing tensions arises when role
identification and the goals of different stakeholders conflict [53].

It is worth noting that tensions can overlap organizational levels because the experience creates new challenges on one
level [53]. Tensions can also be combined (ibid.). A big change results if organizations that previously worked in a
more traditional or plan-driven way switch to the Agile way of working [55]. Inherent and latent tensions can be made
prominent through this process of change [26], [56]. Cooper and Sommer [57], Farjoun [58], and Pellegrinelli et al. [20]
report that more and more organizations are struggling to address rapidly changing environments, and that change can
result in “chaos” for the individual team members.

In the next subsection, the ability to handle these tensions is discussed.

2.3 Ambidexterity

An organization’s diversity in terms of its ways of handling tensions by doing two different things simultaneously is
captured in the concept of organizational ambidexterity [59], [60], [61]. The concepts of paradox, tensions, and
ambidexterity are closely connected [19], [46], but the ambidexterity literature often focuses on a single tension
between exploitation and exploration [18].
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The ever-increasing interest in studying ambidexterity is because ambidexterity has long been considered an important
driver of long-term results [7], [21], [62], leading not only to profitability but also to the survival of an organization [4].
Ambidexterity is also positively associated with performance when it comes to capacity utilization and employee
motivation [63]. An ambidextrous perspective is especially favorable when it comes to providing insight into how
organizations explore new opportunities while continuing to exploit their existing markets and resources [64]. Scholars
and practitioners have tried to identify different ways or strategies for striking an appropriate balance between tensions
[7]. In recent research, Luger et al. [65] reconceptualize the concept of ambidexterity as the ability to dynamically
balance exploration and exploitation. Most previous ambidexterity studies focus on organizational and static
mechanisms that enable organizations to build an ambidextrous capability (ibid.).

The most common forms of ambidexterity are structural (separation of units), sequential (time-based), and contextual
(behavior-based) [66]. Ambidexterity can be examined at different levels of analysis; i.e. the organizational,
group/team, and individual levels. Previous research on ambidexterity has mainly focused on the organizational level
because it has been shown that successful organizations have had the unique ability to balance both their current
business and market needs, and adapt to change [67]. A recent conceptual study in the context of Agile software
development identified and categorized ambidextrous factors as time-related, team-related, task-related, and transition-
related [68]. Another study, by Sailer [21], theorizes how project management methods affect ambidexterity on the
project level. This study shows that planning activities are more exploratory and that project implementation activities
are instead more exploitative in their nature (ibid.). But it is worth pointing out that ambidexterity is a “nested” concept;
i.e. it takes place on several levels within the organization at the same time [61].

3. Research methodology

Using a case study approach allowed us to capture rich details of the Agile way of working, as well as the tensions,
capabilities, and supporting factors associated with organizational ambidexterity in a “real-world” project setting. This
kind of project was chosen as public sector projects in themselves have conflicting objectives typical of this type of
organization [6]. In addition, there is also a lack of empirical studies of ambidexterity in the public sector context [24].
The interviews, together with the content analysis of the project documentation, functioned as a method of data
triangulation [69] aimed at improving the internal validity of the study.

The project under study, referred to as the Alpha Project, was conducted by a major Swedish government agency that
focuses on infrastructure. This government agency has thousands of employees and is split into several business
divisions and key functions. Just over 45 billion SEK is financed by government subsidies, while certain activities are
also financed using fees and income from commissioned work. The Alpha Project lasted from September 2015 to
January 2018. The Alpha Project’s main aim was to build and introduce a new IT system to replace three older IT
systems, but also contribute towards clarifying the division of responsibilities between two government agencies in that
particular field of activity. The project goal was broken down into ten sub-goals and nine impact goals. The project
members came from three departments at two different organizations. Two of these departments were at the government
agency, while the third was a partner, an IT company.

The Alpha Project was arranged into two teams, i.e. the lead and control team and the development team. People from
both teams were interviewed, and all the interviews were audio-recorded and transcribed. Data generation and analysis
took place in parallel. The respondents were anonymized. First, the main project manager was interviewed (alias PM in
quotations). The PM also gave a guest lecture on a university course and had a meeting about the current project. From
the PM, we received the names of potential respondents/team members from the lead and control team (i.e., snowhball
sampling), including the product owner (alias TM1, TM2, PO, in quotations). TM2 was hired from an IT company as a
resource consultant. Finally, the sub-project manager from the development team (alias SPM in quotations), was
contacted and interviewed. The project group containing the two groups was geographically spread across five Swedish
cities. The overall planning of the project used the waterfall model, with an Agile approach during the actual
implementation. During the project’s realization phase, the Agile method Scrum [28] was used. Figure 1 shows the
overall schedule for the Alpha Project.

International Journal of Information Systems and Project Management, Vol. 10, No. 2, 2022, 5-23
10



IJISPM

Tensions and ambidexterity: a case study of an agile project at a government agency

1 2
O & & & & &
aPr:::;:tls Henagemnet

Realization Parall.el-
Establishment operation

Gathering

N The development team Acceptance
requirements

The lead and control team + others test
M
Significant Package 1(9)

Use cases :kage 2 (9) Correction

ickage ... n regression test
—

Preparation and
implementation of handover

1/6-15 31/8-15 7/12-15 27/2 17 2/10-17 4/12 17

Fig. 1. The overall schedule for the Alpha Project (from a PowerPoint slide, translated into English)

Semi-structured interviews were conducted via Zoom due to the COVID-19 restrictions. In addition to predetermined
questions, the interview was supplemented with follow-up questions, and the respondents were asked to express
themselves openly and freely to define the world from their own perspectives [70]. An interview guide was designed,
with these tensions and responses to them in mind, but it did not include the specific concept of “ambidexterity”. The
reason for this was that the concept of ambidexterity is an academic construct [61] and could create confusion among
the participants. The interview consisted of questions about the respondents’ Agile experience and their perceptions of
the Agile mindset, culture, values, principles, and practices. The guide by Hancock and Algozzine [70] was followed in
order to break down the research question into interview topics. For instance, the following questions were asked: What
do Agile values mean to you? Are there any contradictions, tensions, or difficulties in following these values? How
were these tensions handled by the team/project? Also asked were questions about how the respondents remembered the
Alpha Project and how a typical working day during the project looked. The interviews took place between November
2020 and January 2021, lasting between 50 and 60 minutes. The interviews were conducted in Swedish, and thus the
quotes and texts presented in the paper have been translated. The secondary data consisted of internal project documents
of different kinds, see Table 2.

Table 2. Overview of dataset

Data Source Description Number
In-depth interviews Semi-structured 5
Additional meetings Web-meeting, guest lecture 2
Documents Project documents; project presentations, stakeholder analysis, project 22

financing, project planning, handover, review report, architecture report,
final report, requirements modeling report, annual reports, test strategy,
quality plan, follow-up, weekly diary, description of development work,
description of working methods, PowerPoint slides
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The coding activity was based on the research question: How do the concepts of tensions and ambidexterity relate to the
Agile values? Furthermore, coding was arranged into three steps: First, the tensions emerging from the interviews and
secondary data were identified, interpreted, and linked to the Agile values. Then, the Smith and Lewis framework [26]
was used to categorize the identified tensions into four tension codes (learning, organizing, performing, and belonging).
Each interview transcript and piece of project documentation was examined sentence by sentence and linked both to the
different Agile value codes and to the different types of tension codes. Last, the ambidextrous responses to the different
tensions were interpreted, coded, and linked to the Agile values. The qualitative research tool NVivo was used for the
data extraction process, as well as for the linking and coding. Figure 2 shows two examples from steps one and two.

Agile values Quotes Categories of tensions

Performing tensions

Belonging tensions

V1: Individuals and interactions over
processes and tools.

“The life cycle of our systems is often
long, and then the systems must be
manageable throughout that time. It is
impossible to handle something that is not
properly documented.”

V2: Working software over comprehensive
documentation.

“There must be some form of larger and
more formalized framework for project
management on the outside. It is clear
that there is a challenge to get to the
formalization while we want to be
lexible and make quick decisions.”

V3: Customer collaboration over contract
negotiation.

V4: Responding to change over following a
plan.

Fig. 2. Examples from steps one and two of the data analysis.
4. Results and analysis

This section provides an overview of the results with the aim of answering the stated research question: How do the
concepts of tensions and ambidexterity relate to the Agile values. Under each subheading (which is an Agile value),
both the tensions and the contextual (behavior-based) ambidextrous responses to them are present together with
quotations from the Alpha Project. The section ends with a summary and analysis of the results explaining the
differences and similarities between theory and practice.

4.1 Agile value 1 - Individuals and interactions over processes and tools

The focus in this value is on the individual’s talents, skills, processes, and tools that should suit the people [38].
However, working in self-organized teams can also lead to developers experiencing fear caused by a lack of
competence (ibid.). Tensions are categorized as belonging tensions because they relate to the complex relationships
between the self and others’ demands, concerning priorities, values and beliefs [26]. The PM of the Alpha Project
explains:

“Working Agile means an opportunity to be effective and make things happen, but it can also mean a “scary” feeling
for the team members who may not be so active. On an Agile team, there’s nowhere you can hide or “flatten the
curves”, because everything will be visible.”

Although all the respondents had experience of working Agile, there was still an underlying learning tension between
old and new ways of working. The PO says: “We as human beings might not be the most likely ones to want to change;
traditionally, we always want to keep track of the next step.”
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Another quote illustrates this (PO): “I usually say that there’s no system that’s as good as the previous one. Because, in
the old system, you know your way around, and when there’s something new, you have to change, and then you think
it’s a bit scary.”

During the Alpha Project, organizing tensions were both predicted and aroused. This type of project organization, with
several departments and a geographical spread, can make interactions more difficult to handle. In one of the project
documents (the architecture report), the following can be seen: “The fact that construction took place entirely using an
external partner who is also a fairly large geographical distance away from the rest of the project, has entailed certain
challenges of course.”

Ambidextrous responses to Agile value 1

In response to the tensions relating to this value, several respondents emphasized the importance of Agile experiences,
commitment, and a common understanding of the different goals and needs. They allocated their time and resources to
finding motivated and committed team members. Creating a “project culture” was something that the PM emphasized:
“With the different cultures of the companies, it’s important to be able to build a common culture and framework within
the project regarding how we should work Agile.”

It was essential for the PM to negotiate extra time to create or build this “project culture”. The PM said: “From the
beginning, we had a preparation phase that was two months long, but I negotiated for another month.”

The importance of team building can be gleaned from the final document: “At the beginning of the project, a workshop
was held with the project participants to set a game plan regarding how we want ourselves to relate to each other, and
how we contribute to a good working climate and results. All the project participants had a positive attitude toward
contributing and were committed to the project work, to fulfill their own roles and areas of responsibility, and to help
the project forward. A solid investment in creating two teams, where the project members have been given clear roles
and frameworks for their areas of responsibility, has given all the project participants challenging and interesting
tasks. Staff turnover has been low, based on resource planning for the project.”

The development team consisted of a team from the external IT company, who were also on a quest to find the right
resource composition. The SPM, acting in the role of sub-project manager, said: “We re dependent on the result, both
as a customer and a supplier, because if we as a supplier are unable to achieve the result the customer has requested,
then we won't get the references allowing us to sell more consultancy services to other agencies and companies. We
always want to provide good craftsmanship because it’s extremely important for us as a supplier to have satisfied
customers because the whole industry relies on trust. As a team member, you must be both technically and
professionally proficient. We also try to reuse the teams that we 've seen to be working well.”

Despite the geographical spread of the project participants, interactions and continuous meetings were maintained in
order to provide constant interaction. In one of the project documents (final report), the following can be seen:
“Physical meetings with the entire project group have been conducted twice a year — meetings in a smaller part of the
project every quarter. Weekly web conference meetings have worked when it comes to keeping the project together.”

Another response to managing tensions, according to the document (test strategy), was testing as an activity occurring
early on in the project: “This led to a good opportunity to set up a common test strategy where clear roles and
communication paths were described. This test strategy enabled good bridging between the two organizations. Early
involvement in the project also enabled the test practice to both influence and be included in the project requirements

i)

process.

4.2 Agile value 2 - Working software over comprehensive documentation

This value is interpreted thus: Choosing to spend less time documenting tasks and functions should make deliveries
faster. During the Alpha Project, the TM1 described the value thus: “You can say that it’s a trade-off; you do less
paperwork and administration and then you'll be able experiment more.”
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Less documentation means that communication and decision-making can be more difficult to achieve satisfactorily [37],
potentially leading to organizing tensions. One member of the lead and control team said: “7he lifecycle of our systems
is often long, and then they must be manageable throughout that period. It’s impossible to handle something that hasn'’t
been properly documented.”

The project document (working method) also said: “One challenge was being able to predict the scope of the new
system without any clear system specifications, and also welcoming changes, improvements, and innovations within the
scope of the project’s financial framework.”

This value is also linked to a performing tension between the different stakeholders’ goals and requirements. The PO
said: “We're also a government agency bound by laws and regulations, and if there’s a change in the law, or in an
ordinance, or a change, then we always have to look at it.”

For stakeholders unaccustomed to the Agile approach, this value also leads to learning tensions. TM1 explained:
“Many of our stakeholders have an expectation regarding, so to speak, classic reporting of time, cost, and content and
they aren’t used to the content not being fixed.”

Another team member (TM2) added: “They knew how much the system would cost but not what they’d get in the end.”

Ambidextrous responses to Agile value 2

A shared understanding between the two organizations and three departments is needed to deal with the tensions
relating to this value. A shared understanding can be created, for example, via continuous meetings. The SPM stated
that: “Understanding the business and relating to the customer’s major IT guidelines puts great demands on the team.
At the same time, it’s also important to have technical learning. In this project, we brought in senior developers with
great knowledge who would simultaneously be able to understand the similarities between industry-wide and other
solutions.”

An understanding is needed of what it really means to work Agile (i.e., to adopt a new way of thinking) in order to
balance the tension between an old way of working and a new one. Agile practices can also be used for a structure that
is necessary. Using sprints can, for instance, help to create a structure. TM2 described the purpose of the sprints:
“Something useful will come from the sprints; we build the functionality the whole time.”

4.3 Agile value 3 - Customer collaboration over contract negotiation

This value also emphasizes people in the successful adoption of Agile methodologies, being characterized by
communication and collaboration between people who trust each other [71]. During the Alpha Project, one respondent
experienced performing tensions that had arisen between the various stakeholders’ often conflicting goals and
strategies due to the project being conducted at a major government agency with an array of stakeholders. For
government organizations, all system development must comply with laws and regulations. TM2 described it thus: “The
project was conducted at a Swedish government agency, and when you build something at this type of organization, it
becomes part of something much larger, and there must be a more formalized project management framework outside
of the project itself.”

The context also implies that: “traditional contracting processes are oriented toward waterfall, which focuses on the
delivery of specified products in a stepwise fashion” [8]. In contrast, the Agile way of working requires a contract
management approach that is flexible and stretches beyond a fixed-price, one-time project (ibid.). Since the context of
this study is a government agency, that is largely funded by government subsidies, TM1 points out: “Those who
distribute the money for the project must be aware that the Agile method is quite expensive because many of the
alternatives that aren’t used are discarded.”

The Agile way of working assumes failure, with public sector managers being forced to abandon a zero-error culture so
that employees are allowed to make mistakes [8]. This changed approach to mistakes is described thus by the PO: “We
as a government agency are afraid of making mistakes, but if we dared to experiment a little bit more within the
framework we have, then we’d move forward. Our mission is to produce a system that brings the greatest benefit to
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both the customer and the business. In addition, the system must also be legally secure. My role as a product owner is
to make this system work, and to follow both the business process and technological development.”

Ambidextrous responses to Agile value 3

At the beginning of the Alpha Project, the PM negotiated for extra time to build trust and what was called a special
“project culture”. Despite, or thanks to, this extra time, the PM emphasized the fact that: “7The project came in under
budget and definitely managed to keep to schedule, delivering significantly more than was originally intended.” During
the project, the framework was set as regards how the teams wanted the work environment to be for this project. The
teams worked with documents and PowerPoint presentations that clarified communication so they could read what was
expected of each role. This documentation was addressed both externally to the stakeholders and internally to the
project, and had dialogs about the teams. Furthermore, the project culture was developed to create trust and facilitate
collaboration. This is especially important because the two organizations have different goals and strategies. The SPM,
acting in the role of sub-project manager during development, said: “In the IT industry, you have to win a procurement
and, to be able to do that, you have to have a low price. So, we must always be aware of what we have promised the
customer.”

Another way to respond to tensions between different goals and strategies is by clarifying roles. McHugh et al. [72]
emphasize that the product owner must trust the developers to do what they say they will do, and that the developers
must trust the product owner not to burden them with work. Drury-Grogan et al. [37] argue that the project manager’s
role, as a decision-maker, is greatly reduced and resembles that of a facilitator or coordinator. The SPM of the
development team claimed that one of the success factors of the project is an ever-present, knowledgeable and active
PO. The PO him-/herself also saw the importance of participating in all the meetings so that the developers would be
able to ask questions and discuss problems. The PO said: “In the role of product owner, you have to dare to relinquish
power and control to the organization, where the experts sit. Rather, you have to spend a lot of time continuously
following up.”

Continuous meetings in response to perceived tensions were described by several respondents. The SPM from the
development team had daily stand-up meetings with his/her team where they tried to capture both the big picture but
also what was important on the day, identifying the different roles and their different dialogues. The SPM continued:
“You have to have a motivated group that thinks this is fun. They have to want to build something together and to make
the customer feel like a hero. It’s no longer possible to just put together a project consisting of random people, you need
to create a team with the right players, players who want to become an innovative and welcome change, and who want
to deliver a bit extra and shine a bit for their own sake, but also for the customer’s. We also have to ask the customer
the corresponding question, that is, are you prepared for this? Do you understand this? Do you understand the power,
and do you understand the risks attached to everything we do in the event of this happening? It’s very important that we
agree on that. A success factor of this project was the development team being hired as an entire development team; not
as individual consultants paid on an hourly basis.”

4.4 Agile value 4 - Responding to change over following a plan

The fourth value of adapting to change entails the action’s iterative and incremental nature, with frequent product
releases, allowing teams to adapt and respond quickly. It was identified, however, that there are learning tensions when
changing working methods and mindsets. For instance, the document (working methods) emphasizes that: “a challenge
facing the project was being Agile while maintaining full control. ”

In order to deal with the uncertainty of not being able to predict the scope of the new system (from working methods),
one respondent’s (TM2) wish is as follows: “There must be some form of larger and more formalized framework for
project management on the outside. It’s clear that there’s a challenge in getting to the formalization while wanting to
be flexible and to make quick decisions.”
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An example of a combined (belonging-performing) tension from TM2 is: “On the development team, there were some
rather young system developers who could get a bit frustrated and impatient when it took time to decide that things had
to be dealt with formally.”

Ambidextrous responses to Agile value 4

To manage and balance the learning tensions identified in this assessment, the PO constantly asked him-/herself
questions such as: “Where are we today? Are there any new technologies we can use? Are there any new requirements
on the part of the customers or the business?”

The fact that the Agile way of working is a mindset was testified to by the PM thus: “Change is our main focus because
we know that we don’t know everything right from the start. We put a lot of time into goals and goal breakdowns to
gain an understanding of the project, but also to gain a shared understanding within the project team.”

All three departments involved were documented in a weekly diary throughout the project. The document (follow-up)
describes the purpose: “Writing a weekly diary enables reflection, and it also provides a very good brief summary of the
project’s progress on a weekly basis. Deviations from the plan are captured proactively. We see staffing of the project
on a weekly basis. This weekly diary facilitates the work of going back and seeing the reasons for deviations and
actions in a simple and clear way. Each resource responsible for a specific area writes briefly about its work for the
week.”’

Since the project used Scrum, the retrospective practice is also included, whereby, after each sprint, the team members
asked themselves the following questions: What went well? What went less well? What can we do differently next
time? TM2 described the benefits as follows: “It’s an extremely important part of working Agile practicing that
reflection so that you don’t repeat the same mistakes during the next sprint. The idea is for the team to be more efficient
during the project. If you neglect to do follow-up, there’s a risk that you'll continue working in the same way during the
next sprint.”

4.5 Analysis of the results

To help analyze the results, and explain the differences and similarities between theory and practice, Table 3 shows a
summary of the results.

Table 3. Summary of the results

Agile values Identified tensions Ambidextrous responses

V1: Individuals and Belonging tension; relationships between the self and others” demands. Creating a “project culture”. Team

interactions over Learning tension between old and new ways of working. Organizing building. Interaction and continuous

processes and tools. tension caused by several geographically-spread departments. meetings. Test occurring early on in

the project.

V2: Working Organizing tension caused by less documentation. Performing tension Continuous meetings. A common

software over between the different stakeholders’ goals and requirements. Learning understanding of the different

comprehensive tension between old and new ways of working. organizations. Adopting the Agile

documentation. way of thinking/working.

V3: Customer Performing tensions between the different stakeholders’ goals and Creating a “project culture”. Team

collaboration over requirements. All development must comply with laws and regulations. building. Clarifying roles and

contract negotiation. Furthermore, the government agency is largely funded by government responsibilities. Continuous
subsidies. meetings.

V4: Responding to Learning tension when changing working methods and mindsets. A An active and ever-present PO.

change over combined belonging-performing tension when individuals experience Understanding the Agile way of

following a plan. frustration due to different goals and strategies. working as a mindset. Using the

retrospective practice.
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The aim of the first part of the results is to answer how the concept of tensions relates to the Agile values (the second
column in Table 3). The results from the project show that there are perceived tensions in the various Agile values. This
may be because the Agile values have been written on an overarching level and can thus be interpreted in different
ways. Wang et al. [73] also point out that tensions exist because the existing Agile literature mainly adopts an “either /
or” perspective on these values. For example, in the Agile manifesto, Beck et al. [9] state: “While there is value in the
items on the right, we value the items on the left more”. Wang et al. [73] are also of the opinion that those tensions exist
in particular in values 1 and 4, i.e. people vs. processes, as well as in responding to change vs. following a plan. The
current study shows that tensions are experienced within each Agile value, and not just between numbers 1 and 4.

Tensions are hard to define and observe directly, and thus they can be difficult to recognize empirically [74]. This study
has gone a step further in explaining the different types of tensions that are perceived. This has been done with the help
of the theoretical lens highlighted by organizational researchers Smith and Lewis [26]. The current study confirms that
Agile is described as “people-oriented” rather than “process-oriented” [32], because most of the tensions are
experienced due to people changing their way of working and / or having different goals and strategies.

The aim of the second part of the results is to answer how the concept of ambidexterity relates to the Agile values (the
third column in Table 3). The study contributes by identifying ambidextrous responses to the identified tensions: It is
equally important here to both identify and make the ambidextrous responses visible. In contrast to previous
ambidextrous research, focusing on “what” ambidexterity is [68], this study has instead focused on “how” ambidextrous
responses can be expressed concretely. From this study, it may be concluded that ambidexterity is not realized through
behavior alone, but through a combination of creating both common goals and an understanding of the Agile approach,
together with the department’s prerequisites and the need for continuous meetings.

5. Discussion

This study aims to explore and theorize paradoxical tensions and ambidexterity during an Agile software development
project at a government agency. To fulfill this aim; a case study was conducted as a research strategy. The study clearly
shows that tensions exist which are related to the Agile values: An initial step towards being able to handle or balance
tensions is identifying and investigating them.

5.1 Tensions identified during the Alpha Project

One empirical observation made was that most of the tensions perceived were in the categories of learning and
performing. Even though all the project members had experience of working Agile, it was not always so easy to
completely switch to a new way of working. An Agile approach permeates not only the project team itself, but also all
the project’s stakeholders and the entire organization. Performing tensions arose because this major government agency,
with its multiplicity of stakeholders, is used to working on the basis of processes, laws, and regulations. Resetting the
course of a “large ship” takes time, and requires understanding and patience.

Given these tensions, we can ask ourselves the big question: Does the Agile way of working suit such a major
government agency? According to a recent study of Swedish government agencies, 87.8% (65 of the 73 government
agencies that responded) of these reported that their software development is more Agile than plan-driven [75]. The
results of the current study are in line with the fact that the Agile approach also suits government agencies because both
the interviews and the documentation testified to the project being successful, and not just on the basis of the three sides
of the project triangle; i.e. cost, quality, time [76]. Most of the identified success factors of the project can be
categorized as “people-focused”. This is in line with the study by Tam et al. [77], which states that personal
characteristics and societal culture are, directly or indirectly, the reason for Agile software development projects being
successful. Perhaps it is because of this “people-focus™ that a number of tensions were also identified during the Alpha
Project.

To further follow the call by Werder and Heckmann [17] to investigate the ambidexterity thriving as a result of
tensions, the ambidextrous responses found during the Alpha Project are discussed below.
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5.2 Ambidextrous responses identified during the Alpha Project

As a further explanation of the values of the Agile Manifesto, it was also accompanied by twelve principles (see Table
1). An interesting pattern found during the Alpha Project was that there are several connections between the
ambidextrous responses and the Agile principles. For example, the first principle is: “Our highest priority is to satisfy
the customer through the early and continuous delivery of valuable software” [9]. During the Alpha Project, the SPM, in
his/her role as a developer who came from a supplier, described the importance of having satisfied customers thus:
“Because the whole industry is about trust”. Another example is the fifth principle: “Build projects around motivated
individuals. Give them the environment and support they need, and trust them to get the job done” (ibid.). During the
Alpha Project, a lot of time and resources went into creating the special “project culture”. The third example is the
twelfth principle: “At regular intervals, the team reflects on how to become more effective, then tunes and adjusts its
behavior accordingly” (ibid.). This principle is about reflection, and it was found that the project members of the Alpha
Project wrote down their reflections in a weekly diary throughout the project. Even when it comes to the ambidextrous
responses in the study, there is a clear link that they are “people-focused”.

5.3 Limitations and future research

In case study research, the validity of the design concerns how well the narrative of the case represents reality. In the
current study, the team members actively involved in a completed project were interviewed. There are always risks
attached to what the respondents remember, as well as to personal opinions or social pressures. The empirical material
could have involved all the team members and the steering group in generating richer data. The validity of the design of
the study can be increased by triangulating data sources [69]. In the study, interviews and the project documentation
were both used as a method of data triangulation.

Although any generalizations based on this study should be made with caution, given its limitations, case studies are
particularly good when it comes to gaining a rich picture and an analytical understanding of the object of study [78].
However, in addition to the fact that use case studies can contribute rich insights, there is also a kind of generalization
whereby empirical statements can be generalized to concepts and / or to theory [79],[80]. Lee and Baskerville explain
that case studies are lacking in “particularizability” rather than in generalizability [79].

Four categories of tensions (learning, organizing, performing, and belonging) were used for analytical purposes. We
should be aware that there is a risk of using these four categories as a typology, or as a full-scale roadmap for the
paradoxical landscape [41]. It is worth noting that tensions are multifaceted and go beyond organizational levels, and/or
are made up of one or more of the four categories in unique ways (ibid.).

Looking at future research, there is a lack of empirical studies of ambidexterity in the public sector [24]. For future
research, further Agile case studies at government agencies are also proposed, given that research in this type of
organization is limited. Studying the Agile way of working seems to be very relevant to the major government agencies
that are “in the starting blocks” as regards changing their way of working to Agile. Achieving a successful transition to
the Agile way of working requires a deeper understanding of Agile values and principles [13]. In other words, the
special mindset that characterizes “Being Agile” is needed [16]. Our study also links success with “Being Agile” i.e.,
embracing its mindset, culture, values, and principles.

6. Conclusion

As more and more organizations have begun adopting Agile methaods, this study examines how underlying paradoxical
tensions are linked to Agile values. In addition, the study also concretely examines what ambidextrous responses consist
of. The question posed in this paper is: How do the concepts of tensions and ambidexterity relate to the Agile values?
The use case featured in this study was a project conducted by a major Swedish government agency, lasting from
September 2015 to January 2018. Data was collected by conducting interviews and analyzing internal project
documents. Four categories of tensions (learning, organizing, performing, and belonging), using the Smith and Lewis
framework [26], were used for analytical purposes. One empirical observation was that most of the perceived tensions
were in the categories of learning and performing. Even if all the project members had experience of working Agile, it
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was not always so easy to switch completely to a new way of working. It was also found, during the Alpha Project, that
there are several connections between ambidextrous responses and Agile principles.

The theoretical contribution made by this paper lies in how the analytical lens, consisting of four categories of tensions,
can be used for identifying, analyzing, and categorizing several of the tensions occurring during an Agile software
development project. In addition, the study also brings concepts together: From academic domains of knowledge
(organizational theory of paradoxical tensions and ambidexterity), and ambidextrous responses from practitioners’
domains of knowledge, to fresh insight into the complexity of system development. Thus, it can further develop
knowledge of which types of tensions exist and how ambidexterity can be related to the Agile values. Due to the fact
that the Agile values have been written on an overarching level, and can therefore easily be misunderstood, the practical
contribution made lies in identifying the different types of tensions that may exist within each value. This knowledge
can help organizations to deal with the competing demands that arise when Agile values are applied. The study also
helps in identifying ambidextrous responses to the identified tensions. In contrast to previous research into
organizational ambidexterity, which focuses on “what” ambidexterity is, this study has instead focused on “how”
ambidextrous responses can be expressed concretely. Studying the Agile way of working seems to be very relevant to
major government agencies that are “in the starting blocks” as regards changing their way of working to Agile.
Achieving a successful transition to the Agile way of working requires a deeper understanding of the Agile values and
principles. The contribution made will be of great importance to practice since Agile methods are a popular method of
managing projects, not only in Agile software development, but also in other industries and sectors.
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Abstract:

Formalized Project Portfolio Management (PPM) models struggle to provide comprehensive solutions to project
selection, resource allocation and adaptability to dynamic technology project environments. In this article, we introduce
a vision for a novel Modular Project Portfolio Management (MPPM) approach by drawing on well-established
engineering methods for designing modular product architectures. We show how systems theory can be used to enable a
transfer of methods from the area of engineering design and manufacturing to the area of PPM and how the concept of
product modularity could help address challenges of existing PPM approaches. This lays the groundwork for the
possible development of MPPM as a new and innovative methodology for managing complex technology and
engineering project landscapes.
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1. Introduction

Technology organizations operate in highly dynamic, volatile and uncertain environments. Those environments can
trigger changes to their strategy and performance, and they can affect how projects are designed and executed. In this
respect, VUCA (volatility, uncertainty, complexity and ambiguity) has become a common phrase in different domains
such as industry and military [1]. It can be caused by external changes (e.g. politics, market), internal changes (e.g.
technologies, strategies) as well as project-specific changes (e.g. customer needs, project delays) [2, 3]. The result is a
high level of project uncertainty that requires flexibility, fast-paced responses and frequent adaptations of projects and
project portfolios [1].

Traditional linear and rigid project and process management approaches are increasingly struggling to sufficiently
address these uncertainties and the need for frequent adaptations. This has led to the ongoing rise of agile approaches
like “Scrum” or “lean start-ups”, which are “able to change, or to be changed, rapidly and cost effectively* [4, 5]. Their
step-wise and iterative process structure, including an inherent reflection and learning process, allows for continuous
project evaluation and course adaptations [6]. In the context of continuous planning, more recent approaches have even
looked at evolving baselines for performance estimation to overcome shortcomings of traditional rigid methods [7].
However, lean, agile or “leagile” approaches also present their own challenges for companies and have a strong focus
on software projects [8]. Although they allow for the sufficient management of changes within projects, they are a
challenge for overarching programs because project outcomes, timelines and progress are less deterministic compared
to linear approaches.

In general, existing linear and agile program and portfolio management approaches tend to consider projects as the
smallest unit and focus on the strategic selection of suitable projects [2, 3, 9]. Besides these strategic considerations,
some companies use project portfolio management (PPM) on a tactical level with the aim of managing short-term
resource capacity as well as project dependencies and sequences [10, 11]. Challenges of PPM include efficiency gains
through standardisation of work packages within and reuseability across the project boundaries [12]. Risks to the
success of project portfolios have been studied and consolidated extensively in recent literature (for example [13, 14]).

We aim to contribute to the discussion on how to address those shortcomings by exploring new contributions to the
strategic and tactical dimensions of PPM, considering links between project activities, and supporting the derivation of
logical project modules and the reuse of interim outcomes [8, 15].

In the field of technology and engineering management, product modularization and platform approaches could be well-
placed to address these shortcomings. These approaches are well-established in fields such as the automotive industry,
where they are used to structure complex systems into more manageable subsystems, modules and components [16, 17,
18, 19]. Besides having modules with defined dependencies and interfaces, this enables for standardization across
platforms, which in turn allows for the cost-efficient use and re-use of components and modules [20, 21].

In the past, first attempts have been made to use the idea of modularity in order to describe projects in a conceptual way
[22]. More recently, the role of project modularity has been explored in the context of information systems development
[23]. Nevertheless, while product modularization theories and approaches have proven to be highly successful and
transferable to other contexts [24], they have not been fully adopted in a project portfolio management context to date,
despite a promising degree of similarities.

Therefore, in this article, we ask how concepts for designing flexible modular product architectures in engineering
design can be transferred to the realm of PPM and if they can help address current challenges.

In the next section, we provide brief backgrounds on both the management of project landscapes and product
modularization as focal fields of research. This is followed by a description of the applied conceptual research
methodology to explore the feasibility of a new Modular Project Portfolio Management (MPPM) approach in section
three. Then, we present the findings: In section four, we introduce a taxonomy based on systems theory to analyze the
characteristics of products and projects and to derive transfer criteria for modularization methods. In section five, we
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develop an overview of current challenges for PPM approaches and subsequently discuss how modularization could
help. For this assessment, we introduce an established product modularization methodology, called METUS, as an
example. In section six, we conclude with a discussion of our findings and their significance and outline potential next
steps and considerations for the development of an MPPM methodology.

2. Background

2.1 Strategic and tactical PPM

In organizational planning and management, PPM is defined as “the management of a multi-project organization and its
projects in a manner that enables the linking of the projects to business objectives” [25]. Program management refers to
“the integration and management of a group of related projects with the intent of achieving benefits that would not be
realized if they were managed independently”. In contrast, PPM — on a more aggregated level — does not only include
related projects, but also deals with the challenges of achieving strategic advantage by coordinating and aligning several
projects that draw from the same resources [26]. Therefore, program management focusses on “doing projects right”,
while project portfolio management focusses on “doing the right projects” [27]. Different key elements are [27]:

= Interdependencies: the identification and reduction of competition for resources among projects (also [28]);

= Prioritization, alignment and selection: the composition of a project portfolio, its scope and importance in line
with business strategic goals (also [29]); and

= Dynamic re-assessment of the portfolio: the possibility to abandon projects after initiation (also [30]).

In recent years, many efforts have been made to formalize programs and portfolios by generating standards,
frameworks, formal evaluation criteria and guidelines [31]. Integration of methods into technology and product
development have shown to be able to align business and technology innovation goals [32]. However, formalized
models are still struggling to provide comprehensive solutions for project selection, resource allocation and dealing with
dynamic project environments [33]. In this context, coaction and dynamics are key complexity drivers in the
configuration of projects.

Besides the focus of strategic PPM on aligning projects with the strategic objectives of the organization and determining
whether the organization should invest in the project, tactical PPM focusses on efficient product selection and
implementation [34]. On this level, areas of concern are a loss of interim results when projects are stopped, negative
side effects for other projects when focal projects are changed or stopped due to dependencies between projects, and the
neglect of synergy and learning effects when planning new projects [15]. Recent investigations have produced
comprehensive sets of risks to the success of a project portfolio, including sharing resources across and
interdependencies between projects, affecting smooth communication flow as well as portfolio fragmentation [14, 13,
11]. These sources of complexity and interdependency present a particular challenge in tactical PPM. Managing project
interdependencies in technical project portfolios tends to be a complex task [11]. Hence, there is a need for improved
methods to understand and manage project interdependencies since they form the foundation of project identification
and scoping [35]. We will build on this initial overview by creating a more detailed set of PPM challenges and
requirements as part of our analysis in section 5.1.

2.2 Product modularization — a source of inspiration to tackle PPM challenges?

In the field of engineering design and manufacturing, the challenge of managing complexity and interdependency of
physical modules has been successfully addressed by the introduction of modular product architectures [36]. In 1999,
Volkswagen saved US$1.7 billion on costs for product development and manufacturing using modular product
architectures [37].

Product modularization and platform approaches analyze dependencies between components and group them into
suitable modules, considering different module drivers across the entire product lifecycle [38]. Reducing dependencies
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between modules and the standardization of components and interfaces decreases uncontrolled side effects and allows
for flexible architectural changes. The use of standardized components across product platforms also allows the use
and/or reuse of existing component kits, which leads to cost savings through economies of scale and the division of
labour, an effective coordination of processes and the avoidance of bottlenecks [20, 21].

In order to address the specific demands of customers, product variants need to become increasingly individual.
However, this is in conflict with increased cost pressures in a globalized competitive environment [39]. Modular
product architectures address this conflict by allowing the creation of a broad variety of products (so called external
variance) using a limited number of interchangeable modules with standardized interfaces (so called internal variance)
as shown in Figure 1 [40].

INTEGRAL MODULAR

Fig. 1. Integral and modular product architectures [36]

In this context, an important characteristic of a system is its degree of modularity. The degree of modularity is located
within the gradual spectrum between a completely integral and a completely modular architecture [19, 41, 42, 43, 44,
45]. Modularization refers to the activity of rearranging a system in a way that an optimal (not maximal) level of
modularity for a certain purpose is achieved. In the modularization process, subsystems are created that are relatively
independent from each other [16]. By creating modules with standardized interfaces, manifold benefits in development
and production can be realized [36]. A degree of modularity that is too high, can however lead to numerous interfaces
between individual building blocks. The alignment among these building blocks becomes conspicuous and thus would
increase transaction costs.

The process of modularization generally follows a common workflow [46]:

= Decomposition of existing product structure and identification of product components as smallest unit of
analysis — depending on the desired granularity, a component could be a single part (e.g. a screw) or an assembly
group (e.g. a gear box);

= Analysis of components and their interdependencies (e.g. mechanical links, electrical links or information
exchange);

= Arrangement of components into modules as new smallest unit of analysis considering specific module drivers
(e.g. better functional alignment, improved mechanical interfaces etc.).

There is a range of different modularization methodologies that is used in engineering design and manufacturing (e.g.
[18, 41]). Several of those methodologies have been developed and implemented with the aim of identifying and
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shaping modules according to specific purposes and to assess the related costs. While following the broadly similar
workflow outlined above, different methodologies put emphasis on different aspects, such as functions, suppliers and
logistics [47], the strength of the coupling between components [48], and heuristic methods [40]. Mathematical models
to assess the level of modularity have also been developed [49]. More recent research initiatives are further
investigating the cost and complexity effects of modular product architectures and their impact on the design of
effective supply chains, and are creating a common language around the manifold approaches [20, 44, 50].

Product modularization approaches have already been used to successfully enhance management in other fields such as
logistics [51], supply chains and production systems [52], business modelling [53] and business services [54].

3. Method

Before transferring a methodology into a new research context, it makes sense to gather directional input on its potential
success [55, 56]. In order to gain this directional input and to provide a basis for eventually initiating the development
of an MPPM theory, we follow a conceptual approach in this article [57]. To enable the theory building, we aim to
create a theoretical framework that enables relationships between two distinct areas of research — product
modularization and the management of project portfolios [58]. To connect those two areas, we will first develop a
taxonomy for the transfer of parameters from modular product architectures to modular project portfolios,
systematically arranging those parameters in relevant categories [59]. For this, systems theory is introduced as the
bridging theory. From a methodological standpoint, systems theory will serve as a nomological network to enable the
identification of linkages and to explore new connections between the two constructs of modular products and PPM [60,
61]. This builds the foundation for transferring a modularization methodology from the domain of engineering design to
the domain of project management.

Next, we will review challenges of existing project management approaches from literature. Then, we refer back to
them and use the example of the “Management Engineering Tool for Unified Systems” (METUS) as an established
methodology for product modularization, to conceptualize the merit of a potential MPPM methodology towards
addressing those challenges [59]. Methodologically speaking, the set of challenges will help us to determine to what
extent, a new MPPM approach can provide supplementary value by bridging the observed gaps of the focal theory [58].
Figure 2 provides an overview of the applied research method.

Field of research Nomological bridge Field of research
“PPM” “Systems theory” “Engineering design”

Step 1: Transfer
Develop taxonomy for

parameter transfer (section 4)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Phase 2: Can it help address current challenges?

Step 3: Merit evaluation

Step 2: Challenges Evaluate the merit of a
Extract challenges of existing - potential MPPM methodology
PPM approaches from towards addressing PPM
literature (section 5.1) challenges using METUS

(section 5.2)

Fig. 2. Research design
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4. Developing a taxonomy for parameter transfer

In this section, we identify key parameters used in methodologies for product modularization and demonstrate how they
can be linked to equivalent parameters in the context of PPM. On a high level, product and project landscapes show a
certain degree of structural similarity, such as a high number of different elements (e.g. components and modules vs.
tasks and work packages) and a high number of different interdependencies (e.g. physical interfaces vs. information
flows), which form a complex and dynamic system. However, a direct adoption of existing modularization approaches
from products or technical systems to projects is not feasible due to the different nature of time dependencies and the
increased role of human interaction in project environments [62].

To establish such a link, systems theory is identified as a theoretical bridge between the two domains. To establish these
links, four aggregation levels are introduced to cluster the parameters. In systems theory, a system is made up of
elements, which are linked via connections and system boundaries, which separate the system from its environment
[63]. Systems consist of different modules, which are a kind of subsystem. They are defined by strong connections
between its comprised elements, but only few and often standardized connections to external elements and modules.
Systems are often part of overarching systems of systems [64].

Applying this systems theory lens to both product architectures and PPM, we see some general similarities between
both domains (Figure 3).

e Engineering design Systems theory PPM !

archtecure = IETEEIIED b ionn o
Product program  System of systems Project portfolioi 4
Single product System Project i 3
Productmodule ~ Module Work package i 2
Component Element Task i 1

Fig. 3. Transfer of modularization approach to PPM

These are explored in more detail below. Using this neutral systems theory layer allows us to identify key
characteristics of each domain and map them onto their equivalents in the other domain.

Aggregation level 1 — “Element”:

The element, as a component or constituent of a whole, is the lowest building block of a system and is not further sub-
divided [65]. In the context of this research, the element is represented by a physical component in engineering design
and manufacturing (e.g. a screw). In the context of PPM, we consider a single task/activity within a project as an
element.

Aggregation level 2 — “Module”:

The module is a set of standardized or independent elements, which can be used to build a more complex structure [66].
It ideally contains elements with strong interactions between them. To the outside, there are only few and standardized
interactions. In engineering design and manufacturing, components are merged into product modules based on their
individual contributions towards fulfilling the same functionality (e.g. the keyboard as a module of the system
“computer” fulfilling the function of a user interface). From a PPM perspective, a work package is the equivalent of a
module comprising different tasks that attribute to the same objective.
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Aggregation level 3 — “System”:

A system consists of interrelated and interdependent elements and modules, which are systematically organized and
structured [65]. In engineering design and manufacturing, this is represented by a single product consisting of elements
and/or product modules. The PPM equivalent is a single project.

Aggregation level 4 — “System of systems”:

The highest aggregation level considered in this research is the system of systems, defined as “an interoperating
collection of component systems that produce results unachievable by the individual systems alone”, including
resources and capabilities of the component systems [64]. This level allows for modules with standardized interfaces
and clearly defined functionalities to be replaced and/or shared across different systems. In engineering design and
manufacturing, this is represented by a product program comprising a set of related products. For PM, system of
systems corresponds to project portfolios consisting of individual projects.

The structure of corresponding system layers is the basis for a detailed analysis and mapping of system characteristics
on all four levels. In addition to the structure of four system layers, the identification of parameters was guided by the
definition of systemic properties (see Figure 3). In systems theory, systemic properties (such as complexity, flexibility
and robustness) can be described by types and number of elements and connections and their development over time
[67]. This structure allows us to search for context-specific representations of elements, connections and dynamics in
the areas of both engineering design and PM.

Systemic properties

T

System dynamics

i

Static properties

[ t |
Connections Elements

(connectivity) (varfiety)

[ | [ |
Types of Number of Types of Number of
connections connections elements elements

Fig. 3. Description of system properties (based on: [68, 69]])

The results and insights are consolidated in the Systems Transfer Taxonomy, illustrated in Table 1. Using the system
properties and building blocks as a framework, we can identify contextual specifications in both areas and on all four
aggregation levels, supporting a general transferability of methods based on the underlying structure and terminology.
Some of those specifications are very similar in both areas (such as the simple number of products vs projects in a
portfolio) and therefore might allow for a direct transfer of unchanged modularization methods. Others are different in
that they represent physical properties (such as product dimensions or material interfaces between components) in
engineering and intangible properties (such as project scope or information flows between tasks/work packages) in the
realm of PPM. These differences, together with the heightened importance of the human factor in PPM environments,
will necessitate a close examination of methods and appropriate changes in the process of adapting to the new context
of PPM [62].
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Table 1. Systems Transfer Taxonomy

Engineering design
(Contextual specification)

Systems theory layer
(General characteristic)

PM
(Contextual specification)

Aggregation
Level 4

(strategic)

“Product program”

“System of systems”

“Program”

Number of products

Usability of modules across products
in product program

Criteria for product modularisation
(e.g. functional, supplier/department
involvement, ability for concurrent
engineering)

Contribution of products to business
objectives

E.g. adaptivity, complexity,
maintainability

Number of systems
Degree of system standardisation

Criteria for modularisation

Contribution to overarching
objectives

Emergent system properties

Number of projects

Usability of work packages across
projects in portfolio
Criteria for project modularisation
(e.g. alignment of responsibilities,
project objectives, resources,
timeframes)

Contribution of projects to strategic
objectives

E.g. agility, complexity, flexibility

Aggregation “Product” “System” “Project”
Level 3
(tactical) Number of product modules Number of modules Number of work packages
Types of product modules Types of modules Types of work packages
Number of connections between Number of connections between Number of work package
product modules modules dependencies
Types of connections between Types of connections between Types of work package dependencies
product modules modules
Product innovation cycles System dynamics Evolving project scopes and
priorities
Value-oriented alignment of Importance of modules Prioritisation of work packages
customer priorities with module costs according to their contribution to
(target costing) project success
Definition of product dimensions Definition of system boundaries Definition of project scope,
objectives and timeframes
Degree of product modularity Degree of modularity Degree of project modularity
Aggregation “Product module” “Module” “Work package”
Level 2

(operational)

Number of components

Types of components

Number of connections (e.g.
interfaces)

Types of connections (e.g. energy,
data, material)

Product module innovation cycles

Number of elements (extent)

Types of elements (diversity)
Number of connections (density)

Types of connections (content)

Module dynamics
(change of above system properties
over time)

Number of tasks

Types of tasks
Number of task dependencies

Types of task dependencies (e.g.
reporting structures, prerequisites

Evolving work package scopes and
priorities

Aggregation
Level 1

(fundamental)

“Component”

“Element”

“Task”

Physical properties
(e.g. size, weight)
Functionality

Number and type of interfaces:
Capability to interact with other
components

Development, manufacturing efforts

Inherent system properties

Justification of existence

Number and type of interfaces:
Capability to interact with other
elements (information, material,
energy, spatial) (what can generally
be exchanged?)

Resource requirements

Required labour

(e.g. man-hours)

Scope/objective

Type and number of interfaces
(especially communication
interfaces): Capability to interact
with other tasks

Planning, execution efforts
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5. Can a new MPPM approach address challenges of existing PPM approaches?

5.1 An overview of PPM challenges

Resolving paradoxical tensions (such as between rigid or flexible approaches, control and autonomy, or individual and
team-based rewarding) has been identified as a crucial factor for success on a project level [70]. However, due to the
interplay of different projects with individual and interdependent uncertainties, dynamics and complexity, PPM cannot
rely on upscaled project management approaches [35]. It requires specific and structured approaches that can be tailored
to the specific application context [5, 35, 71]. It remains to be seen to what extent those challenges remain critical for
success. Traditional PPM approaches tend to focus on selecting projects on a strategic level to optimize the value of the
entire project portfolio [9]. However, this might not be sufficient for a more agile PPM [72]. There is a necessity for a
more detailed consideration of projects based on activity level, even though that means greater effort required as a result
[15]. A PPM approach should combine a strategic and an operational perspective. The strategic perspective includes the
alignment of portfolios with company strategies, adaptability to internal and external changes, and the insurance of
value proposition. The operational perspective includes project visibility to stakeholders, transparency in decision-
making and predictability of outcomes [73]. It is important to align PPM with organizational structures and processes
along with the company strategy [72]. From a decision-making perspective, multiple factors need to be considered for a
systematic ranking of projects such as project costs, timelines and necessary resources [35, 71, 72].

A key requirement of a successful agile PPM is the consideration of project dependencies [35, 74, 75]. This is
specifically true for high tech R&D environments [76]. Dependencies can be clustered into financial dependencies
(shared funding sources), resource dependencies (shared infrastructure and resources), market or benefit dependencies
(complementary or competitive effects), outcome dependencies (projects’ use of other project outputs), and learning
dependencies (projects’ use of the learnings from other projects) [35, 76]. These dependencies and interactions need to
be monitored in all phases of a project’s lifecycle to allow for performance to be controlled and risks to be managed [5,
71]. Along with dependencies between ongoing projects, it is also crucial to consider dependencies between ongoing
and potential projects in the project pipeline [71, 75]. For technology projects, a quantification of those
interdependencies can help to optimize project selection and evaluate changes to the portfolio [77]. In addition, it is
important to consider and involve different key stakeholders, such as project managers and middle and senior
management sponsors [78].

Table 2 takes into consideration the project portfolio risks (component, structural and general) shown in Hofman and
Grela [13] as a basis and consolidates them into a set of high-level challenges, clustered along different perspectives, in
order to initiate the assessment of a potential MPPM method.

Table 2. Challenges of PPM approaches

Perspective Challenge Additional
source
Agility Tailorable approach concerning different application contexts [35]
Adaptability to internal and external changes [72,73]
Continuous consideration of all project phases across the entire project lifecycle [5, 71]
Involvement of different key stakeholders [78]
Complexity Size of portfolio and consideration of multiple project criteria, such as costs, timeframes and | [71,72]
necessary resources
Consideration of project dependencies (financial, resources, market/benefit, outcomes, learnings) [35, 74, 76]
Consideration of dependencies between ongoing projects and potential ones in the project pipeline [71,75,77]
Structural Hierarchical structure of portfolio [5, 71]
alignment Alignment to company strategy and value proposition [72,73]
Alignment with organisational structures and processes [72]
Transparency | Consideration of project activities and methodical standards for portfolio element management [15]
Project visibility to key stakeholders and transparent decision-making process and information flow | [73]
Predictability of project deliverables and information transfer between portfolio elements [73]
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5.2 Assessing the merit of a modularization approach in addressing the PPM requirements

We now introduce an existing product modularization methodology as an example and assess its potential to address
those current challenges of PPM. This allows us to determine whether an MPPM method could be used as a desirable
alternative to fill the gap in current PPM approaches.

METUS is an established modularization tool that uses a solution-neutral modelling approach, is available as a software
for data handling and visualization, and is adaptable to different use cases. METUS originates from the German
automotive industry [79]. It structures and systematically enhances system development processes with a focus on

creating modules based on their functional alignment. Figure 4 illustrates the underlying principle.

Due to the modular and adaptable structure of the METUS methodology and software, they can be easily tailored to
different application contexts, companies, user needs and products. The ability to replace product structures with project

Functional structure Product structure
Component
Sub-
function Component
Module
Product Sub- Component Product
function function
e Module S
! Sub- Component - i
i function Functl_opal ‘
! decomposition
' Component and alignment !

Fig. 4. Product architecture for METUS [79]

portfolios makes METUS a promising candidate for exploring its applicability in a PPM context.

METUS substantiates the generic modularization workflow for product modularization outlined earlier [80]. Table 3

summarizes this workflow and shows, how it could be translated to the PPM context.

Table 3. High-level workflow of METUS-based MPPM

Step METUS METUS-based MPPM

1 Clarify objectives of a modularization project and identify the | Clarify objectives of technology project portfolio and identify
product requirements that reflect customer needs and market | the project requirements that reflect stakeholder needs and
dynamics alignment with company strategy

2 Create a solution-neutral functional structure that | Create a functional structure, free from organizational
hierarchically decomposes the main function of the product | limitations, that decomposes the overall strategic goal of the
into sub-functions (without mental constraints of an existing | technology portfolio into appropriate sub-goals based on
physical system) previously identified requirements

3 Create an existing product structure by identifying | Create an existing project structure by identifying tasks,
components, interfaces and assembly groups of the product | activities, organizational dependencies and information flows
(only if existing product is modularized; can be skipped if new | of the projects (only if current project landscape exists; can
product is being developed) be skipped if new portfolio is being developed)

4 Map sub-functions to components and create new modules | Map sub-objectives to tasks and create new modules that
that group components based on their functional alignment group tasks based on their strategic alignment

5 Optimize new product architecture based on product-specific | Optimize new project structure based on project-specific
variant drivers and alignment with company objectives (e. g. | variant drivers and alignment with company objectives (e. g.
optimise for supplier network, logistics, packaging, re- | optimise for resource allocation, budget constraints,project
useability of modules etc.) independence, re-useability of project results etc.)
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We can now assess METUS and its high-level workflow against the previously established challenge perspectives of
agility, complexity, structural alignment and transparency in the following sections.

Augility perspective

A METUS-based MPPM approach could be tailored to different contexts. It offers the freedom to adjust the structure of
the model and the Key Performance Indicators (KPIs) and is very flexible in terms of which data are fed into it. The tool
is built in a modular way and consists of solution modules that allow flexible adaption to different application scenarios,
such as project portfolios. Variant drivers define alternative customer-relevant product characteristics to address the
needs of different customers (such as different colors, engine performances or bodyworks of a car). In combination with
the product structure, the variant drivers help identify structural standard or platform elements (common in every
product variant), variant elements (different for each product variant) and optional elements (not in every product
variant, these elements may be standard or variant). Similar to modules and products, requirements are different
between projects and portfolios and depend on the needs of stakeholders. These changing requirements can be mapped
into variant drivers in METUS. Stakeholder alignment is also a core concept of METUS. A potential loss of agility can
arise however from the fact that METUS is often used sequentially in a project’s context. However, the methodology
allows for parallel processing, which would benefit overall agility.

Complexity perspective

A key weakness of METUS is its ability to consider dependencies between ongoing and upcoming projects. However,
the tool generally allows for mapping of inter-project dependencies. It also allows for the consideration of multiple
project success criteria such as cost, quality and time, which are widely similar to criteria from product modularization.
Addressing complexity requirements such as cost and effect relationships is a core feature of METUS, but successful
implementation requires a software to ensure correct application and visibility of dependencies. The new product
architecture concept is then assessed on its interface optimization, make-or-buy analysis and an enhancement of the
supplier structure, which would also become a step in the MPPM workflow (see Table 3). Overall, the METUS
approach comprises 18 steps, so called “solution modules”, which form a generic workflow that guides product
developers through the modularization process.

Structural alignment perspective

METUS has the ability to address requirements related to structural alignment of project portfolios. It can easily be
aligned with organizational structures and processes as projects need to fulfil a structure’s set of functions like products.
Instead of mapping this functional structure to a product structure, METUS can be adapted to PPM to map functional
structures onto project structures instead. Alignment to strategy and processes is possible as well in that way.

Transparency perspective

Visibility to key stakeholders is enforced within the tool, which has the effect of increased transparency. This
requirement also reiterates the necessity of using a software tool to provide transparency and highlights the need to
communicate deliverables clearly as this is not an integral part of the METUS workflow. METUS is generally
implemented through a dedicated software to allow for good usability, easy data manipulation and handling, testing of
different settings, transparency and the visualization of complex structures and dependencies. The software also enables
interdisciplinary experts to collaborate and consolidate their knowledge in one data model as well as capture the lessons
learnt.

6. Conclusion and outlook

Efficient PPM will be highly relevant to prepare new and existing industries in an era of digital transformation and ever-
increasing complexity for the challenges of increasing global competition and limited resources. In this article, we
explore the possibility and merit of transferring established modularization methodologies from the context of
engineering design and manufacturing to the context of PPM. To demonstrate that a transfer is possible, we develop a
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taxonomy based on systems theory to establish correlations between the central parameters of products and project.
After that, an exploratory analysis of an established product modularization methodology (in this case METUS) is
performed in order to assess its capacity to address PPM requirements for technology projects.

This research contributes to closing an open research gap around agile PPM approaches, which goes beyond approaches
focusing on single projects like Scrum. The Systems Transfer Taxonomy provides new insights into a systematic
transfer of approaches and methods between different disciplines and domains, which can also inform other research
fields such as cross-industry innovations. Therefore, MPPM also contributes to a better understanding of
transdisciplinary research initiatives.

The practical implications of a newly developed MPPM approach would be that companies could react more flexibly
and quickly to project changes and changing boundary conditions. This could support companies in better dealing with
known and unknown project uncertainties. In addition, the modular and standardized project setup with self-contained
work packages would increase the reusability of intermediate outcomes. In the medium-term, this allows for a better
exploitation of experience and knowledge and enhances the value from limited resources across multiple portfolios.

However, certain limitations have to be considered and can inform future studies on this topic. We have used one well-
established product modularization methodology (METUS) as an example to show how the concept of modularity can
help address PPM challenges. Other methodologies might be just as or even more appropriate for future works on
developing an MPPM methodology. Other approaches that could be considered include Modular Function Deployment
(MFD) [81] and Modular Engineering [82]. Further modularization methods (without a corresponding software tool) to
be taken into consideration are the ones by Baldwin and Clark [16], Pimmler and Eppinger [83] or Ulrich [36].

The next step will be to develop an executable MPPM methodology that effectively and efficiently addresses current
PPM challenges. In the process of developing this methodology, a set of empirical data should be collected to ensure it
includes and correctly prioritizes all relevant (potentially industry-specific) steps towards designing modular project
portfolios. In the context of developing the methodology, its viability will have to be considered to create a sustainable
business model for implementation and produce positive financial outcomes. Therefore, direct evaluations in different
organizations are suggested to ensure the applicability and benefits of this new MPPM methodology.
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Abstract:

Hybrid project management is an approach that combines traditional and agile project management techniques. The
goal is to benefit from the strengths of each approach, and, at the same time avoid the weaknesses. However, due to the
variety of hybrid methodologies that have been presented in the meantime, it is not easy to understand the differences or
similarities of the methodologies, as well as, the advantages or disadvantages of the hybrid approach in general.
Additionally, there is only fragmented knowledge about prerequisites and success factors for successfully implementing
hybrid project management in organizations. Hence, the aim of this study is to provide a structured overview of the
current state of research regarding the topic. To address this aim, we have conducted a systematic literature review
focusing on a set of specific research questions. As a result, four different hybrid methodologies are discussed, as well
as, the definition, benefits, challenges, suitability and prerequisites of hybrid project management. Our study contributes
to knowledge by synthesizing and structuring prior work in this growing area of research, which serves as a basis for
purposeful and targeted research in the future.
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1. Introduction

A main distinguishing feature of project management approaches is the division between traditional and agile project
management, which differ fundamentally in their structures and processes. Due to continued dissatisfaction with the
traditional plan-driven (heavyweight) approach, various agile (lightweight) methodologies have been introduced in
recent years [1], including Scrum, Kanban, eXtreme Programming (XP) and others [2, 3].

The term project management approach is the “highest level of abstraction used when describing how a project will be
designed” [4], whereas a project management methodology is more granular and provides specific guidance about how
to manage a project [4, 5]. In this paper, we use the term approach to distinguish between traditional, agile and hybrid
project management, whereas methodology refers to specific models such as Waterfall or Scrum. The terms methods or
practices refer to individual tools or techniques that are used within a methodology, such as individual planning
methods or specific types of meetings. However, in the literature, there is no uniform use or definition of these terms.

In the traditional project management approach, the project scope, time, and cost are determined in the early phases of
the life cycle. Any changes to the scope are carefully managed [6]. One of the key characteristics of traditional project
management is that it seeks to minimize changes during the course of the project through requirements gathering,
analysis, and design up front to achieve higher quality results [7].

Agile project management has increasingly grown in popularity in recent years, especially driven by the release of the
Manifesto for Agile Software Development at the beginning of the 21st century [8-10]. Agile project management
attempts to make project execution flexible to changes in the environment and scope of services. Agile requirements
tend to be primarily functional and reasonably informal [11]. This is mainly done with the help of short, sequential
planning and execution cycles [12, 13], with the aim of providing autonomous project teams, frequent and honest
feedback from clients and other stakeholders, as well as, flexibility of the project scope [14]. To complete projects, the
agile project management focuses on incremental, iterative development cycles [15]. The agile project management
approach is favored in many companies, especially in the IT sector. Agile methodologies are newer and come from
software development [16]. The main advantage of all these methodologies is their flexibility [5, 17-19]. The agile
approach is ideal for short-time project initiatives that need requirements to be discovered and new technology to be
evaluated [20]. On small, stand-alone projects, agile methodologies are less burdensome and more in tune with the
software industry’s increasing needs for rapid development and coping with continuous change [11].

Despite these advantages, the agile approach has increasingly been criticized in recent years. To make the development
process faster, the agile approach enables the software development teams to focus on the final product rather than
design and documentation [21, 22]. That can lead to the project documentation being neglected, since the development
of the solution can be very time-consuming, and the project documentation is often of lower priority [23]. Another
disadvantage of the agile approach can be a certain inaccuracy in time planning and budget scheduling, as the overall
overview of the project can become confusing due to the constant re-prioritization of tasks [14, 24]. Moreover, there are
numerous barriers and challenges that inhibit the realization of the agile benefits in an organizational context [10, 25].
Especially in large-scale transformation projects, basic agile principles such as team autonomy are hard to maintain
[26].

As both, the traditional and agile project management approach have their advantages and disadvantages [5, 7], the
hybrid approach has emerged that combines traditional and agile project management methodologies [1, 2, 4-6, 6, 15,
16, 18, 20, 27-29]. The aim of the hybrid project management approach is to bring together the best of the agile and
traditional approaches [8, 27]. This is supposed to lead to achieving flexibility without unsettling project planning and
to avoid the disadvantages of one approach with the help of positive elements from the opposite approach [19]. There
are different methodologies such as the Water-Scrum-Fall model [9], the hybrid V-model [30], the Waterfall-Agile
model [15], or the Agile-Stage-Gate model [13, 16]. Due to the variety and heterogeneity of hybrid methodologies that
have been presented in the meantime, it is not easy to understand the differences or similarities of the methodologies, as
well as, the advantages or disadvantages of the hybrid approach in general. Additionally, there is only fragmented

International Journal of Information Systems and Project Management, Vol. 10, No. 2, 2022, 45-63
46



IJISPM

Hybrid project management — a systematic literature review

knowledge about the suitability of the hybrid approach depending on firm and project characteristics, as well as, about
prerequisites and success factors for successfully implementing hybrid project management in organizations.

Hence, the aim of this study was to provide a structured overview of the current state of research regarding the topic of
hybrid project management. To address this aim, we have conducted a systematic literature review (SLR) [31], focusing
on a set of specific, pre-determined research questions that are outlined in the research design section of this paper.

In related studies, SLR on hybrid project management were previously conducted as well [32—-34]. Calavieri Barbosa et
al. [32] develop a hybrid “stage-gate — agile — design thinking” project management model taking into account the
results from an SLR. However, due to their focus on the stage-gate methodology, the search is comparably narrow and
not suitable for our purpose of providing an overview of the entire field of hybrid project management. Heimicke et al.
[34] also focus on a particular context, namely product development. Papadakis and Tsironis [33] have conducted a
SLR on hybrid project management in general. However, they define “hybrids” as a combination of “multiple methods,
between agile methods or agile and plan-driven” [35]. According to our understanding, the term hybrid means
combining the traditional and agile approach, which excludes tailored agile methods that do not integrate traditional,
plan-driven elements. Due to these different definitions and aims, our results are not directly comparable.

Our study contributes to knowledge by synthesizing and structuring prior work in this growing area of research, which
is a prerequisite of purposeful and targeted research in the future. Moreover, our research helps researchers to use
consistent terminology and definitions in future studies. Finally, our research serves to identify important research gap
that should be filled by future work.

The rest of the paper is organized as follows. Section 2 explains details of our research design. Subsequently, section 3
outlines the key findings from the literature review, reported along our research questions. After a discussion of the
results in section 4, we finally conclude by summarizing our research, as well as, discussing implications, limitations
and future research opportunities.

2. Research design

To search and analyze existing literature on hybrid project management, a systematic literature review (SLR) was
conducted. Literature reviews are a central part of scientific work and SLR is an established method in the information
systems and project management discipline (e.g., [36—38]). A SLR includes a systematic, explicit and reproducible
review and analysis of all thematically relevant sources. The available knowledge from the sources is collected,
analyzed and critically reviewed [31, 39].

For this research, the Web of Science (WoS) Core Collection database was searched to collect the literature, which is
one of the leading bibliometric databases and has a wide coverage of peer-reviewed articles from various publishers and
organizations [40], including for instance IEEE, Emerald and Springer. Following Webster and Watson’s suggestions
that “the major contributions are likely to be in the leading journals” [31], we have deliberately restricted our initial
search to the WoS database which has a high quality standard.

In our initial search, suitable literature was identified using a search string. The search string was structured in such way
that literature explicitly mentioning the term “hybrid”, as well as literature describing a combination of agile and
traditional project management was found (Table 1).

Table 1. Search string

Search string

(TS = (hybrid) OR (TS = (traditional) AND TS = (agile)))
AND (TS = ("project management")
OR TS = ("project approach™))
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The search and selection of literature took place in several steps. Firstly, the search with the search string yielded 474
relevant papers (Figure 1). After applying a filter that limited the results to English-language results, 453 papers were
left. Of the 453 papers, 4 were duplicates, so 449 papers remained. After analyzing the title and the abstract, 45 of the
449 papers were shortlisted. Of these, 28 were assigned to the category “suitable” and 14 to the category “unsure”. The
articles classified as category “suitable” were clearly about hybrid project management, noted in the title, keywords and
abstract, and the main theme of the article was relevant for our research questions. Articles classified as category
“unsure” were those where the main theme of the article was not about hybrid project management, but according to the
first screening the article might have contained some details or short paragraphs about hybrid project management. The
next step was to analyze the full text of the suitable and unsure papers.

Soarch In Wed of Stience Cove Collection! :
(Tan(fiybrict] DA [TS{traditional] AND TS«{agile})) AND [T5«(*project managsment*) Of
T~("progect approach”)}
Result: 474 potential papers from Wab of Scence Core Collection

Filter applying: longuoge “Frglish*
Result: 451 potential papers

Removing 4 duplicotes
Result: 445 potential papers

Anstract analysis

Result; 45 papers
(28 suitabde, 17 unsure)

Full-text gvailatle

Result: 40 papers,
NG Sctess to S papers

Full-text analysis
Result: 22 papers

Backward search
Result: 12 papers

= total: 34 papers

Fig. 1 Systematic literature review

During the analysis of the full texts, the selection of papers was limited to 22 pieces. In the second iteration, backward
searching was performed to increase the coverage of the literature and to extend the scope of the literature to include
papers that were cited by articles from the first iteration. Through the backward search, 12 articles were added to the
literature collection. The final sample of the systematic literature analysis was therefore 22 papers plus 12 papers from
the backward search, totaling in 34 papers [1-9, 11-22, 27-30, 32, 41-48].

The selection and analysis of articles was guided by six pre-determined research questions that can be found in Table 2.
During the search and analysis of the literature, the individual papers were manually searched for relevant content
related to the research questions. The literature was then systematically categorized with regard to the research
questions using a spreadsheet to track the selection process and facilitate the subsequent detailed comparison and
discussion.
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Table 2. Research questions

Research questions

RQ1: What is the definition of hybrid project management?

RQ2: How can traditional and agile methodologies be combined into a hybrid methodology?
RQ3: What are the advantages and benefits of hybrid project management?
RQ4: What are the disadvantages and challenges of hybrid project management?

RQ5: What type of projects or firms is hybrid project management suitable for?

RQ6: What prerequisites or success factors should be considered to successfully implement
hybrid project management?

3. Key findings

3.1 Definition of hybrid project management

When analyzing the literature, it was noticeable that there are two different streams regarding how hybrid project
management is defined. 20 out of 34 papers mention a combination/mix of agile and traditional project management
methodologies [1, 2, 4-6, 9, 15-18, 20, 21, 27-30, 41, 45-47]. By combining an agile approach at the operational level
and a traditional approach at the decision-making level, hybrid project management attempts to combine the advantages
of both management systems [27].

In contrast, the remaining 14 papers describe hybrid project management as resulting from an integration of an agile
approach into existing traditional project management methodologies [3, 7, 8, 11-14, 19, 22, 32, 42, 42-44, 48].
Organizations bring together their traditional approach with components of the agile approach for individual parts of the
projects. In this way, the project management approach can be individually adapted to the needs, using the best aspects
from both worlds [8].

3.2 Hybrid combinations

Based on the analysis of the papers, four different hybrid methodologies could be identified which systematically
combine traditional and agile project management phases. In order to systematically compare these methodologies, we
have summarized the methodologies in a uniform structure consisting of three generic project phases (Table 3). Besides
these systematic methodologies, companies often combine individual methods and practices from the different
methodologies. Often times, heavy-weight elements are combined with light-weighted agile elements. If a company
applies hybrid project management, then the traditional approach is often supplemented by the agile approach in
practice. Individual tasks of a project are then carried out agilely according to Scrum, for example, as firms are “cherry-
picking” agile practices into their project management style [30]. Such methodologies are also systematically developed
in research projects [6].

Table 3. Hybrid methodologies

Approach Reference Phases
Initial phase Development phase Final phase
Water-Scrum-Fall [91, [29] Waterfall Scrum Waterfall
- Requirements analysis - Design - Integration
- Planning - Development - Testing

- Implementation
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Approach

Waterfall-Agile

Hybrid V-model

Agile-Stage-Gate
(Scrum-Stage-Gate)

Reference

[15]

[30]

[2], [3], [16],
[22], [48]

Phases
Initial phase Development phase Final phase
Waterfall Agile approach Agile approach

- Requirements analysis
- Planning

V-model

- User requirements
- System requirements
- Planning

Stage-Gate for
administrative and
strategic activities

Scrum for operative
activities

- Discovery
- Idea generation
- Scoping

- Design
- Development
- Implementation

Scrum

- Design
- Implementation
- Unit testing

Stage-Gate for
administrative and
strategic activities

Scrum for operative
activities

- Development
- Implementation

- Testing

V-model

- Integration
- System testing

Stage-Gate for
administrative and strategic
activities

Scrum for operative
activities

- Testing
- Validation
- Launch

Water-Scrum-Fall

The Water-Scrum-Fall (Figure 2) methodology by West [9] combines the traditional Waterfall methodology with agile
Scrum. It is based on the view that there must be a structural framework for a project which is provided with the
established Waterfall methodology. Within this traditional process approach, agile phases are integrated. The complex
part of the project, the development, is done based on the Scrum methodology [9].

Water Scrum Fall
Requirements
3\
Planning ,*" 7775, Development

- 4 e \\

v

I Design Sprint :

'l
rr /

~

.
-~ -7 Implementation

I—- Integration ‘

— Testing ’

Fig. 2. Water-Scrum-Fall diagram. Source: adapted from [29]
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The Waterfall methodology is the best known and simplest process model of traditional project management and
operates in a sequential manner [15, 22, 27]. The individual project phases are completed one by one [15]. In order to
get to the finished product at the end, each phase must be completed before moving onto the next [9]. It is also feasible
to return to a previously completed phase if adjustments or corrections are required.

Scrum is one of the best known and most popular agile methodologies. Many Scrum aspects are common to agile
methodologies, such as iterations, incremental development, self-managed teams, and flexibility in the face of changing
requirements [3]. The term “iterative approach™ refers to the division of the project duration into iterations or sprints,
where the overall project is divided into several small projects [7]. Each sprint is structured in the same way: At the
beginning of the sprint, the team decides which features will be developed during the sprint, team members then work
on those features, and at the end of the sprint, the team meets with the customer to review and receive feedback on the
features developed during the sprint [3]. The customer actively participates in the development process and can
influence the course of the project throughout its duration. Sprints are usually two to four weeks long [48]. Each sprint
is based on a sprint backlog, which describes a set of priority features (or product increments) to be developed in the
current sprint, selected because they are high priority and can be completed within the specified timeframe of the sprint.
While a sprint is running, the sprint backlog must not be changed [48]. Scrum is adaptive because it allows the team to
respond to constantly changing requirements, market situations, changes in the project team, and other factors.
Changing the project plan and scope does not require renegotiation of the contract; the changes are continuously
adjusted.

In the initial phase of the Water-Scrum-Fall methodology, an upstream project planning phase takes place in which the
agile realization is prepared and plans for time, budget and scope management are set up [29]. In addition, user
requirements and system requirements are created in this phase. The upstream Waterfall phase makes it possible to
minimize initial doubts, as initial documentation is created, and an initial contractual commitment is made [9]. The
development is done according to agile methodologies in the second phase. Implementation takes place in iterative
development steps. This leads to short-term partial results. The agile phase minimizes the risk of rework, delays,
rescheduling and missed deadlines [9]. In the process, Water-Scrum-Fall can promote the separation between testing
and development, so that testing becomes part of the release process. As soon as all requirements have been
implemented by the development team, the agile part of the project is ended. In the final phase of the project, the agile
solution is again delivered using the traditional procedure based on establishing quality control gates to reduce the
frequency of software releases [29]. The product has typically already been tested to a certain extent at this point. This
helps to manage high level test and project acceptance criteria [21].

Water-Scrum-Fall is a good introduction for companies that have been used the traditional approach and are now taking
the first step towards agile. It also requires new roles that did not previously exist in the company. Scrum requires
beside the development team the filling of the roles of “Scrum Master” and “Product Owner” and the assignment of
specific rights and responsibilities [42]. The team itself is cross-functional, but there is no clear or strictly described
team architecture.

Waterfall-Agile

At first glance, the methodology of the Waterfall-Agile model (Figure 3) seems very similar to West's Water-Scrum-
Fall methodology. However, these two methodologies differ in the final phase. For example, West's final phase is based
on the traditional project approach. The final phase of a project which uses the Waterfall-Agile methodology [15] is still
within the agile approach. The project plan is scoped, and the first agile sprint planned before the start of the project
[15]. This requires a complete project plan, but specific details of each sprint are not defined until the first sprint is
completed. The development, design, and implementation are based on agile methodologies. At each iteration, the
requirements are defined, and customer feedback is sought. Tests are carried out and corrections made to allow for
continuous improvement. The contents of the individual project phases are sensibly selected and assigned before the
start of the project but can be exchanged in the further course of the project according to the specified amount of effort.
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Fig. 3. Waterfall-Agile diagram. Source: adapted from [15]

The formal and traditional approach is used to define the outcome for each iteration [15]. The implementation is very
agile within the individual phases. Agile shortens delivery time and facilitates early-stage feedback gathering to better
meet customer requirements. The development and the test take place with short agile sprints, which are often
implemented with Scrum.

According to Hassani et al. [15], there are various roles at Waterfall-Agile which are taken on by the project team. In
traditional shaped projects, the project manager is responsible for the planning and managing the project so that it is
successfully completed, and the project objectives are achieved. The project manager ensures compliance with defined
workflows and can realize the requirements fixed at the beginning of the project at defined costs and deadlines.
Developers are responsible for processing the individual work packages. The tester is responsible for monitoring the
achievement of quality objectives and testing the product. The Waterfall-Agile methodology is unique in that there is no
clear specification as to where, when, or how traditional planning transitions into agile implementation. This is
something that can be decided on a project-by-project basis. It is also quite possible that the project is defined and
planned with an agile approach, and then later developed and implemented according to traditional procedures [15].

Hybrid V-model

The hybrid V-model (Figure 4) by Hayata & Han [30] is similar to Water-Scrum-Fall in the sense that it uses a
traditional approach upfront and at the end, with an agile phase embedded in between. However, this methodology
should be considered as a new separate methodology as it is not based on the Waterfall methodology but on the V-
model, which is another traditional type of methodology. In this pattern, Scrum is inserted into a traditional software
development and IT project management process. The idea of this hybrid methodology is to conduct the phases with a
"higher abstraction level” according to the V-model, while the more detailed phases are done according to Scrum.
Scrum is particularly suitable for this, because here communication within the development team is exercised very
intensively and thus supports the implementation phase through joint iterative thinking [30].

The V-model is a process methodology for software development and, like the Waterfall methodology, it organizes the
software development process in phases. In contrast to the Waterfall methodology, it permits feedback to preceding
phase [23]. A further and important extension of the V-model are the quality assurance measures, as the individual
development phases are confronted with test phases and prototypes are provided during the development, which causes
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an improvement and a warranty of the quality [23]. By the iterative development not only project risks are minimized,
but one has a better overview of the total costs of the entire project and system life cycle [23].

V-model up-front V-model at-end
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Fig. 4. Hybrid V-model diagram. Source: adapted from [30]

In the hybrid VV-model, the traditional approach is applied to the project in the initial and final phases, where, according
to the authors, there is a greater need for planning. Then, the agile approach is applied to the development,
implementation, and testing phases, where the need for agility is greater [30]. On the left, user and system requirements
can be gathered, specified, and analyzed at the beginning of the development project [30]. This can minimize potential
disagreements over project goals as they are clearly stated. At the bottom of the V, the agile approach is used for design,
implementation and unit testing, establishing an iterative way of working and thus reducing the risk for delays [30].
Subsequently, on the right side, the implementation that has taken place is tested according to the specifications from
the left side. Through these tests, the VV-model provides a high level of product safety and quality [30].

Agile-Stage-Gate (Scrum-Stage-Gate)

The traditional stage-gate process introduced by Cooper [43] has become one of the standards in product development
worldwide. The original Stage-Gate process was created in the late 1980s to address the need to incorporate best
practices into new product projects in a more systematic and disciplined manner [12]. Sharp, early, and fact-based
product definition was a foundational principle of the original stage-gate methodology [13]. The methodology is based
on multiple stages. Each stage includes cross-cutting activities from the task spectrum of different functional areas or
departments of a company [13, 45]. Once the individual stages have been completed, the results are reviewed using
predefined criteria as part of a milestone analysis (gates) [45]. In the process, defined milestones are used to check
whether the planned development results have been achieved and whether they meet customer requirements [46]. The
aim of the methodology is to ensure process quality in innovation development. The traditional stage-gate process may
be too linear, too rigid, and too planned to handle today's more innovative, dynamic projects. According to critics, it is
not adaptive enough, it is not context-based and it is too bureaucratic [12]. This plan-driven methodology requires that
project decisions are made early and plans are adhered to during development. Deviations can only be detected after the
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fact and compensated for with a time delay. The stage-gate process is hardly capable of taking into account the new
dynamics and the increase in product complexity [46].

The hybrid Agile-Stage-Gate methodology (Figure 5) integrates agile sprints by breaking the development process
within stages into short increments driven by short-term, minimal planning [43]. Replacing traditional project
management tools, such as Gantt charts, milestones, and critical path planning, with agile tools and processes embeds
the agile way of working within Stage-Gate [13]. This seeks to add flexibility and speed while retaining the useful
structures of Stage-Gate. The use of Scrum does not necessitate the elimination of Stage-Gate. Instead, Scrum can be
combined with Stage-Gate to create a hybrid Agile-Stage-Gate methodology that contains features of both systems [48].
The existing Stage-Gate-system provides focus, structure, and control, with the benefits of an agile approach and
mindset like speed, agility, and productivity [13]. Each stage is composed of a series of time-boxed sprints. This
adaptivity is accomplished through the incorporation of iterative development cycles designed to get something in front
of potential users early and often. Each sprint begins with a sprint planning meeting, in which the project team
determines realistic goals for the sprint and then maps out an action plan to accomplish those goals [12]. Each day of
the sprint begins with a daily scrum, or stand-up meeting, in which the team members review what was accomplished
the previous day, what the plan is for today, and what problems have arisen. In each iteration something like a rapid
prototype or a representation of the proposed product, is built to show the customer [12]. At each stage, the adoption of
agile sprints helps to increase responsiveness and adaptability and minimizes drawbacks [19]. Its core element is a
continually evolving product definition that emerges through short-term, dynamic planning [13].

Srage-Gate Gl > 508 ¢ X (@ G4 > < G5
Discovery Testing
Scoping Development Implementation Launch
Idea generation Validation

Sprunt Sprint Sprint Sprint Sprint Sprint

\J \J U U \J

Sprints: Testing und customer feedback

«

Agile

Fig. 5. Agile-Stage-Gate diagram. Source: adapted from [2, 12, 48]

Within the stages, the project is driven forward on a tactical and operational level. In each stage, the traditional and
agile approach run simultaneously. Strategic decisions are made with the help of the stage-gate process. The
operational one is carried out by the agile approach The process follows a superordinate Stage-Gate process with the
usual five phases (1. idea generation, 2. prototype, 3. development, 4. validation, 5. launch) and any number of Scrum
iterations embedded in the stages. The Agile-State-Gate methodology is designed for one or several teams to perform
activities simultaneously. The work results are compiled by the teams at the end of the processing stage and analyzed
together.
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Typical agile roles are also relevant for Agile-Stage-Gate, including product owner, Scrum master and development
team [43]. The agile roles give new sense of ownership, increased motivation, and enhanced communication and
knowledge sharing. The Scrum master tasks range from communication between stakeholders to information gathering
to organizing adequate resources. In addition, so-called gate keepers, who dictate the progress or termination of the
project between the stages, can be added to the roles of the project team [43].

Frequently, the literature also refers to a Scrum-Stage-Gate methodology. This is not another hybrid methodology but is
the same as the Agile-Stage-Gate. The difference in the name is due to the fact that the agile sprints are carried out with
Scrum. In the Agile-Stage-Gate methodology, the agile approach is kept general and does not necessarily have to be
Scrum. The Scrum methodology is the particular agile approach that seems most appropriate for hardware development,
and indeed, is the methodology used for all the hardware case studies uncovered so far in industry [43]. Therefore, the
two methodologies Agile-Stage-Gate und Scrum-Stage-Gate have been summarized as one approach (see Table 3).

3.3 Advantages and benefits of hybrid project management

Hybrid project management is designed to maximize project success [17, 22]. Nevertheless, there are some advantages
and disadvantages of this project management approach. In this section, we analyze the advantages and benefits of
hybrid project management. We have defined “advantages and benefits” broadly as any positive effects that may result
for the project or the organization as a result of using the hybrid approach to project management. The advantages
include the increase in efficiency [5, 29]. Due to the larger selection of techniques and methods, a suitable tool can be
applied depending on the project type and project status. In this way, the project benefits can be increased under certain
circumstances, a better result can be achieved, and the goal can be reached more quickly with lower costs [13, 20]. At
the start of the project, it is often unclear how the project goals are to be achieved. Through the hybrid approach, the
project's target plan can concretize the objective step by step, even with long-term planning of time, costs and
milestones [15, 22, 29]. The focus is on customer requirements and benefits [4, 18]. Permanent feedback ensures that
the product will generate the highest customer benefit [17]. Another advantage of the hybrid approach is the higher
creativity in finding solutions. Through iterative detailed planning [15], the project team develops the optimal solution
variant for the current project status in individual iterations. If changes do occur, the hybrid approach can be used to
deal with these changes flexibly. Hybrid project management with an agile component in project implementation allows
to react much more flexibly than would be the case with purely classic project management [5, 8, 12, 15, 18, 32]. On
the contrary, changes in prioritization or new requirements can be incorporated flexibly without having to completely
reschedule the project. A side effect of the hybrid project management approach is motivated project teams [28]. By
eliminating the classic leadership roles, the employees will achieve the project goal on their own responsibility [4]. This
not only increases employee motivation, but also the personal development of team members in social as well as
professional competence [32].

3.4 Disadvantages and challenges of hybrid project management

Despite all the advantages, there are also disadvantages of the hybrid project management approach that should not be
ignored. For analytical purposes, we have defined “disadvantages and challenges” broadly as any “hurdle, barrier,
concern, or critique” [49] towards the hybrid approach. A major disadvantage is that comprehensive methodological
knowledge is necessary for the project management and the team [28, 41]. Everyone working on the project needs a
high level of methodological competence [32]. The challenge is to select the right tool in the first step and to apply it
correctly afterwards [22]. Only in this way can the advantages of hybrid project management unfold their full potential.
Therefore, an increased need for training and familiarization should be planned for [22]. The hybrid approach also
requires a high degree of transparency and communication [1]. Risks, problems, and errors are addressed directly,
constructive criticism is voiced, and solutions are sought together. By handling information transparently, hybrid project
management enables decisions to be made based on the most complete information possible. However, this is only
possible if there is comprehensive communication, particularly at the interfaces between the methodologies [24]. This in
turn leads to an increased administrative effort, through corresponding reports and documentation [20, 21].
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3.5 Suitability for type of projects and firms

In recent years, interest in the hybrid approach has increased. Hybrid methodologies are used more often regardless of
the size of the organization, industry sector or type of the project. According to research by Kuhrmann et al. [47], the
hybrid approach prevails and is used by companies regardless of their size and industry. However, it can be said that
large-scale organizations are more likely to adopt a hybrid approach, combing the traditional and agile project
management approach [16, 19]. As pointed out in the literature, hybrid project management is easier to implement in
large enterprises. Organizations with multiple teams display an increased use of hybrid methodologies [28]. Therefore
projects with a high number of team members might be best suited for hybrid project management [5]. Especially large
organizations with well-structured processes with systematic milestones are suitable for the implementation of an
hybrid approach [16]. Hybrid project management is particularly suitable for large projects, nevertheless Alves et al.
[21] state that the hybrid project management approach can also be used in small and medium-sized companies. Small
and Medium Enterprises (SMEs) usually need simpler solutions and easier-to-use-systems [21]. Very small projects do
not require a hybrid approach [15], the effort in implementing the hybrid approach and making them a success is not
worth it.

Hybrid project management methodologies are suitable for projects that involve great uncertainty or are risky. Brandl et
al. [8] add that the hybrid approach is particularly fitting for heavy-weighted, complex or business-critical innovation
projects [8]. Kosztyan et al. [50] mention that a software development project is more likely to survive the risk effects if
its project plan is managed by a hybrid project management approach [18]. The great benefit of the hybrid project
management approach is that they are suitable for all types of projects, regardless of company size or project
complexity [15]. The hybrid approach can be applied to physical products (hardware, not just software), from food and
toys to heavy industrial equipment [12]. Innovation projects in high technology-based companies also benefit from
hybrid methodologies [16]. Especially in software development or digital projects, there are hardly any limits with this
solution.

3.6 Prerequisites and success factors

Finally, there are several “prerequisites and success factors” to using hybrid project management, which we define as
any factors that enable the successful adoption of hybrid project management, or, should be fulfilled before being able
to successfully adopt the approach in an organization. The implementation of hybrid management requires a clear
alignment between the project team, the organizational objectives, and the project implementation team [19]. Often it is
not easy to combine different traditional and agile methodologies, because they are two completely different
approaches. The problem is determining which features or components (agile or traditional) are necessary for the hybrid
approach architecture to be developed [44]. This statement make sense considering that a major project can rapidly
become chaotic without at least a high-level planning and without documentation [21]. However, because the goal is to
achieve the best result, project teams may believe they need to apply more than one approach [6]. At the start of the
project, it must therefore be clearly defined which part of the project is to be pursued and which project management
methodology should be used. Both management and developers agree that actual development does not adhere strictly
to current methodologies anyway. Especially under deadline pressure, development proceeds spontaneously and
shortsightedly [45]. Nevertheless, adjustments or changes to the methodologies can always be made later, should
problems or changes in requirements arise. Organizations should therefore always decide individually which
methodologies and techniques are best suited for a project. This is the only way to achieve the desired goals in the team
in the long term. Customer-centric methodologies make sense in order to counter the sometimes difficult framework
conditions of hybrid touchpoints by having experienced consultants flexibly align the adaptation of proven agile
frameworks to the circumstances of the organization. Employees and team members should be open to new
methodologies in order to give the hybrid approach a chance. All team members who participate in hybrid project
management should have a broad knowledge of the agile approach, even if they have previously only worked
traditionally. The hybrid approach does not need to be completely relaunched. In most cases, it is sufficient to use the
existing processes, which is in majority of cases a traditional approach [5]. The team characteristic is typified by the fact
that the team present good tolerance for alterations and deal with frequent changes of scope, so are more appropriate for
the development of innovations [20].
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Before adopting or introducing hybrid methodologies, especially Agile-Stage-Gate, firms should have already
successfully used an traditional approach and methodology such as Stage-Gate-Systems [13]. This makes the transition
or change to hybrid methodologies easier. It is also recommended to first develop a landscape framework [20]. Hybrid
methodologies also requires a change in company culture, norms and processes [28]. The project team and its members
must be highly connected and engaged with the entire organization. It is difficult to manage when the team is globally
distributed, as much time is spent in meetings and large projects are split into smaller interconnected sub-projects. The
involvement of several consultants and partner companies facilitates the use of an hybrid project management approach
on top [20].

4. Discussion

In complex environments, project management requires the application of increasingly refined sets of techniques and
tools, which can be adjusted according to the particularities and the evolution of each project [20]. These adaptations
should consider the requirements and specific influences and wishes of the customer, which makes hybridity a suitable
solution in project management. The systematic literature research has shown that there are various hybrid project
management methodologies that combine different traditional and agile methodologies. There is no doubt that project
management will change even more and must have many new system components as well as methods and interfaces.
Today’s organizations need to balance the specific characteristics of their environments and their projects with the need
for greater agility to respond to the demands of innovation [20]. Traditional project management is no longer sufficient
on its own, especially against the backdrop of digitization and technological change and increasing complexity. The
agile approach assumes a flexible project structure, where dependencies between tasks can be flexible and lower-
priority tasks can be postponed until the next project [18]. Given the strengths and weaknesses of both approaches, a
combination seems to make sense, depending on the specific firm and project characteristics, as discussed above. In
order to give a structured overview of these findings, we have summarized the findings regarding our research questions
3,4 and 6in Table 4.

Table 4. Summary aspects of the hybrid project management

Advantages / benefits Disadvantages / challenges Prerequisites / success factors
Efficiency improvement Comprehensive methodological Clear coordination, high-level planning,
knowledge required detailed documentation
Maximization of project success, better Training and familiarization required High number of team members, well
result networked, open to new methods
Flexible response to changes Increased administrative effort (reports Use customer-centric approaches
and documentation)
Rapid achievement of project goals at High level of transparency and First develop a landscape framework
lower cost communication necessary
Higher creativity in finding solutions Good tolerance for alterations

Already successfully used traditional
approaches, a broad knowledge of agile
methods

Involvement of experienced consultants

When analyzing the specific advantages and benefits of hybrid project management, it seems that the advantages they
offer are very much associated with the agile approach. Consequently, that would mean that hybrid project management
only offers substantial benefits compared to traditional project management, but not compared to agile project
management. So what is the value of the hybrid approach? In our view, the hybrid approach enables companies to use
certain agile practices, even if there are constraints that impede the adoption of a pure agile approach. As previously
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noted in the literature [4, 9], there are several reasons why organizations only gradually move from traditional
methodologies toward the agile approach, including governance and compliance requirements, as well as, budgetary
and time requirements that need to be considered. Especially large-scale organizations tend to experience many
challenges when adopting agile methodologies, as the agile approach has been designed for smaller projects [51]. This
idea is consistent with the finding that hybrid project management is especially suitable for larger organizations and
projects (section 3.5). Hence, it can be said that hybrid project management helps certain types of organizations to adopt
agile practices that would otherwise not have been able to so.

Additionally, our review has shown that hybrid project can mitigate risks compared to pure agile approaches when
projects are exposed to great uncertainty or risks. Some papers demonstrate that a hybrid approach to project
management can provide potential improvements, that is, they can provide the same budget, time, scope and quality
outcomes as the traditional approach, while at the same time attaining the same level of stakeholder success that the
agile approach delivers [4]. Organizations aim to achieve more flexibility by integrating the hybrid project management
approach in their companies. A software development project is more likely to survive if a project plan is managed by a
hybrid project management approach [18]. Hybrid project management provides a way to manage and implement
projects more effectively and efficiently. Hybrid methodologies allow both planning and the flexible structure, and
therefore, it is assumed that this is the supreme technique of project management. This assumption is reinforced by the
fact that this technique provides the highest ratio of feasible solutions and the best scheduling performance [17].
Although agile thinking was first adopted in the context of software development, both agile and hybrid methodologies
are not limited to this domain and are suitable for various contexts [35].

Against the background of global and virtual working teams, project management will be even more in focus for
organizations to work productively. These hybrid systems that enable iteration and continuous evolution represent the
future, according to some authors [12]. Future application development professionals will likely apply the most
appropriate hybrid process to each problem. The hybrid approach might form a significant portion of the project
population in the future [4, 9].

5. Conclusion

5.1 Summary and implications

We have presented a synthesis of findings from a systematic literature review in order to provide an overview of
different definitions and methodologies to hybrid project management, including for example the Water-Scrum-Fall and
Waterfall-Agile methodologies. Additionally, we have discussed advantages and disadvantages of the hybrid approach,
as well as, their suitability and prerequisites. Important for the successful implementation of the hybrid approach are
certain structural requirements that enable a more agile project management approach to deal with the rapidly changing
requirements and the uncertain, highly complex, and turbulent environment [8].

This research highlights the increasing importance of the hybrid approach. This has important implications for both,
business organizations and academia. Organizations should consider the hybrid approach as an additional option to
traditional and agile project management when selecting a suitable project management approach. Above all, new
competence profiles for project control and implementation must be given greater consideration in the education and
training of project managers and project teams. Academia should incorporate the topic into their curriculums and
furthermore address the research gaps that are presented in the subsequent section.

5.2 Research gaps and future research directions

While we were able to find some answers to all of our pre-defined research questions, we also have identified a number
of shortcomings and research gaps. These are both, gaps in the content of the research, as well as, shortcomings in the
methodology and robustness of studies. In the following paragraphs, research gaps and opportunities will first be
discussed for the theme of development of hybrid methodologies, before the evaluation of the hybrid approach in
general, as well as, the evaluation of the different hybrid methodologies will be analyzed.
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Regarding the question how traditional and agile methodologies can be combined in a hybrid project approach, it can be
summarized that various new methodologies have been proposed by a number of authors. While these methodologies
are interesting and have advanced the discussion in the field, a general procedure to develop a hybrid approach or
criteria to guide a meaningful combination of traditional and agile elements are still missing. An interesting future
research opportunity is therefore to develop procedures, criteria or frameworks that help organizations to select
appropriate methods and design bespoke hybrid methodologies that are tailored to the specific project and
organizational context. This can include general recommendations to guide the process, as well as, specific factors that
influence the suitability of certain practices for the specific environment.

Moreover, we see major research gaps in the evaluation of the hybrid approach to project management, i.e. the question
of advantages, benefits, disadvantages and challenges. First, as explained in the discussion section of this paper, the
advantages of the hybrid approach that can be found in the literature seem to overlap with the advantages of the agile
approach. Therefore, more research is necessary to better distinguish between these two approaches in the evaluation.
Second, only few papers [4, 17] systematically evaluate the success of the hybrid approach. We acknowledge that
project success is a concept that is difficult to measure. Nevertheless, the scientific examination of the relationship
between project approaches and project success is essential for an overall evaluation of the project approaches. Third,
the robustness and academic rigour of some results in this category seem to be questionable. While the results appear
plausible, many findings seem to be based on personal experience and narrative evidence by the respective authors,
rather than empirical findings. Only few studies are based on quantitative empirical [4, 17] or qualitative empirical
methods [22]. We therefore recommend to increase the number of studies based on a robust research design to evaluate
the alleged superiority of the hybrid approach.

While we have made a first step to compare the different individual hybrid methodologies in a structured way, clearly
more research is necessary to validate these methodologies. Moreover, we recommend to evaluate the advantages and
disadvantages of the individual hybrid methodologies against each other, using a structured and rigorous research
design.

5.3 Limitations and threats to validity

We are aware that our research may have some limitations. As our results rely on prior research that was conducted in
specific contexts, the generalizability of some results might be limited. Additionally, limitations and bias from previous
studies might have been adopted into our research.

Moreover, some threats to validity may arise from the design of our systematic literature review. To identify and
discuss possible problems, we have taken into account typical threats to validity of systematic literature reviews, as
pointed out in the literature [52]. First, threats to validity may arise from incorrect or incomplete search terms. This may
also be applicable to our research, as designing a search string is always a trade-off between comprehensiveness and
feasibility in terms of the number of results that can be manually evaluated. However, we have tried to mitigate this risk
by experimenting with different search terms in several explorative searches, before determining the final search term.
Second, the choice of databases may be a threat to validity. In general, individual databases only include a selection of
the universe of literature due to incompleteness and deliberate selection. Our search was deliberately limited to the WoS
database which only includes high quality academic literature from various publishers and organizations. Using
additional databases which are less selective in terms of quality, as well as, integrating grey literature may bring up
additional findings. However, due to the backward search that we have conducted, we are confident that the selection
bias could be limited while maintaining a quality filter through the initial search. Third, in the manual screening of the
articles, subjectivity is inevitable. We have tried to increase objectivity by using guiding research questions as inclusion
criteria, as well as, by critically discussing the inclusion and exclusion of individual articles within the team of authors.
Overall, due to the transparency in the explanation of our research design, we are convinced that our study is replicable
and that other researchers will be able to evaluate the strengths and limitations of our research when interpreting the
results.
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Abstract:

To provide a risk management perspective for managers responsible for in-house project development, we investigated
how the risks associated with an in-house information system (IS) project evolve during the software development
process. We conducted interviews and content analysis to examine the risks that affect project delivery quality. Three
companies participated in this research. The results of this study indicate that risks related to organizational structure
persist throughout the software development process. Content analysis indicated that in the conducted interviews,
sentences regarding task- and actor-related risks characterized the first two phases of this process, and sentences
regarding technology-related risks characterized the last two (third and fourth) phases. The results also suggest that
different types of risks exert pressure on in-house project teams to reassess the weaknesses and resource allocation in a
project and the possible solutions to any potential problems. This research explains risk dynamics throughout the life
cycle of in-house IS development. Moreover, the findings of this study can help project managers identify the risks
associated with the project development process that directly affect the project results.
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1. Introduction

In-house projects are projects developed within a company, and companies frequently develop such projects [1]-[5]. In-
house projects are a competitive asset because they involve developing services, business knowledge, and governance
procedures that fit the organization [1]. Some researchers have identified the factors affecting whether companies
choose to develop in-house projects or outsource projects. These factors include contract problems, problems related to
power and politics, organizational structure, and business environment [3],[6]. Many studies have assessed the risks
involved in the evaluation of the decision-making in an in-house project, including those related to cost, service quality,
company strategies, or resource accessibility [7]-[9]. The primary concern related to in-house projects is the lack of
product quality, and the factors affecting the product quality in an in-house project must be subjected to risk
management in the project development process [5],[6],[9],[10]. Although a growing number of researchers have
investigated the risks involved in decision-making related to in-house projects, limited attention has been focused on the
risks in different phases of an in-house software development process.

Several studies [11]-[15] have suggested the existence of four types of project risks: those related to tasks, structures,
actors, and technologies. Task-related risks include task ambiguity, task complexity, continual requirement changes,
and wrong function design, all of which lead to an increase in cost caused by the requirement of additional or revised
functions [11]-[15]. Inefficient communication, incentive mechanisms, or governance; poorly defined responsibilities;
unrealistic schedules; and inappropriate workflow and coordination, are some structure-related risks [13]-[15]. Actor-
related risks include low skills, poor attitudes, low experience, and low capability as well as ethical issues among
project participants [12],[13]. Such risks entail an extra cost related to training or the extension of the project schedule.
Finally, technology-related risks include technical complexity, unreliable components, untried technology, and system
extendibility [11],[14],[15]. In in-house information system (IS) projects, skilled actors use flexible communication
channels and powerful business domain knowledge to reduce risks related to the organization structure and actors.
However, the creeping project scope or complexity of the integration between the new technology and legacy systems
may increase the risks involved in these projects [2],[16]. Therefore, these projects might involve different risks than do
those involving outsourcing. Thus, managers of in-house projects must identify task-, structure-, actor-, and technology-
related risks that might lead to unrealistic expectations or underperformance.

The participants of an in-house project use their domain knowledge and social capital to reduce task-, actor-, and
structure-related risks [2],[9]. This statement is valid under the premise that these participants are familiar with relevant
business processes and have formed the informal or formal social relationships required to clarify what the relevant
tasks involve and construct an effective communication system for the project [2],[8]. To face task-related risks,
managers of in-house projects define appropriate boundaries for the project. They solve a variety of unforeseen
problems related to the ambiguity of tasks because they understand the relevant business processes that must be
adopted; they also address the structured, unstructured, or nonroutine problems that might be encountered in the project
[2],[31,[27]. In an in-house project, smooth and effective communication structures play a critical role in the acquisition,
distribution, exploration, and utilization of core knowledge or internal information. The manager of an in-house project
must manage the risks of an ineffective coordination mechanism, an inappropriate job design, or actor turnover because
in-house projects involve interwoven business processes [1],[6]. Furthermore, the manager must reduce or avoid the use
of overly complex technologies to control technology-related risks. Incompatibility among legacy and new systems as
well as poorly designed interfaces may increase technical complexity. Moreover, the manager might face a limited
choice of methodologies and technologies [13], [18].

To achieve success, the manager of an IS project must be aware that different risk indicators must be emphasized in
different project types [13],[15],[19]. Effective risk management enables the successful implementation of an
Information Systems (IS) project [16]. The present study investigated the risks involved in in-house projects by
analyzing four project phases: the planning, analysis, design, and implementation phases. Social technology theory was
adopted to identify the risks involved in in-house IS project development. Effective risk identification can guide project
practitioners to focus on specific risks, identify possible threats in the development process of the in-house project, and
improve the quality of the in-house project. The results of this study can aid system developers in understanding what
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type of risks they might encounter throughout the system development process. Moreover, project members can use
these results as a guideline when proposing a comprehensive risk management plan for in-house project development.
Project managers can learn crucial lessons from the risk management process for an in-house project and then reassess
their previous development direction. In summary, the results of this study would enable the development of practical
risk management mechanisms for in-house projects.

2. Literature review

2.1. Project risk management

The main aim of risk management is to identify risks that are likely to compromise the success of a project and thus
must be controlled [20]-[23]. Lyytinen and Newman [15] suggested that the system development process involves the
interaction between technical and social subsystems. Their theory assumes that the outputs of an IS are affected by the
interactions between actors, tools, techniques, and tasks in the technical and social subsystems [13],[15],[24]. Therefore,
the problems associated with and failures of IS projects have been attributed to not only technical issues but also
organizational behavioral issues [21],[22]. When subsystems are dependent on each other, a plan must be developed to
ensure that all subsystems coordinate their work and that the performance of the organizational system is maximized
[13],[15],[24]. Therefore, technical and social perspectives must be considered in the risk management process related
to the system development life cycle.

On the basis of the sociotechnical model, studies have defined four types of risks for IS projects [14],[17],[25]: risks
related to tasks, structures, actors, and technologies. The task-related risks in an IS project include the requirements,
goals, approaches, and products. Wallace et al. [20] found that ambiguity and creeping scope are critical task-related
risks that affect the process outcomes of a project. Structure-related risks include risks related to communication
systems, government structures, authority relations, schedules, physical arrangement, coordination mechanisms, and
workflow in software development [21],[22]. According to Huang et al. [25], the risks involved in the enhancement of
the fitness between organizations and enterprise resource planning systems include organizational culture, business
processes, organizational adaptation, and resource allocation. These structure-related risks might lead to an increase in
project cost or delayed project delivery. Actor-related risks include any attributes and capabilities of groups or
individuals who affect or are affected by the achievement of project goals [12],[13]. These risks include unsatisfactory
outcomes from different participants, poor skills, ethical problems, or the lack of actors. Beranek et al. [12] focused on
user risks in the software development process and found that user participation is the primary actor risk. Finally,
technology-related risks include risks related to how work is performed or to the methods, tools, infrastructure, and
equipment used to develop and implement a software system.

Changes in any component of the sociotechnical model affect some or all the other components [15],[24],[26]. Risks
occur if the interdependent relationships between technical and social subsystems cannot be managed at critical times of
change. In the case of an in-house project, a structural change might affect the people involved, the technology that they
use, and their defined tasks. In this study, we attempted to identify the risks involved in in-house software development
projects.

2.2. Risks in the software development life cycle

Traditional project management methods, such as the waterfall method, and the Project Management Body of
Knowledge focus on large projects and involve considerable documentation, standardization, and numerous planning
and control processes; thus, they lack flexibility and agility for handling changes in management [28],[29]. Agile
project management is characterized by frequent feedback loops and iterative reviews; thus, agile risk management
emphasizes human factors, including communication, participation, and collaboration among stakeholders interested in
the project, as well as the control of relevant resources [19],[30],[31]. Consequently, risk management is a crucial part
of the software development process.
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According to several authors [1],[9],[24],[27], in an IS project, users’ requirements and the organization’s strategic
goals should be aligned with the developed technology applications and systems, which enables business needs to be
supported while maximizing performance and minimizing risks. In in-house projects, business needs are met through
the development of application systems, whose feasibility is examined through post-implementation reviews

[71.[81.[30].

In the planning phase of an IS project, the project team conducts a feasibility analysis for the required system and then
plans the project. Thus, risks related to system requirements, such as those related to uncertain, frequently changing,
inadequate, and unachievable requirements, are primarily managed in this phase [20]-[23]. The managers and
participants in an in-house project are insiders who are familiar with relevant business processes; therefore, these
insiders can identify business requirements more precisely than can external personnel. In-house system development
avoids the risk of escalated project cost caused by task complexity. The precise identification of business requirements
can positively affect the project development process and lead to appropriate scheduling and adequate staffing [13],[18].
The participants of an in-house IS project define project tasks from only a business viewpoint; however, the task
specificity and complexity might be higher than expected, and the designed IS might have inappropriate functions. The
managers of in-house projects might possess sufficient knowledge and experience related to specific relevant tasks
[4],[9]. Nevertheless, they face many challenges when integrating various business requirements and determining an
appropriate project boundary under limitations related to factors such as time, budget, and human resources.

The objective of the analysis phase of an IS project is to translate project requirements into explicit system inputs,
processes, outputs, and interfaces [18],[31]. In this phase, the project manager should consider the task-, structure-, and
actor-related risks [13],[26]. In an in-house project, the project manager might not be concerned regarding inappropriate
communication when identifying project requirements because the organizational cohesion might be high. Some project
managers might face political conflicts, which can lead to power plays or inefficient communication [1],[7]-[9].

The objective of the design phase of an IS project is to convert the descriptions of analysis models into logical and
physical system specifications. The risks related to the outcome of this phase include system functionality risks,
resource usage risks, technology-related risks, and performance risks [18],[32]. In an in-house project, the integration of
existing and new technologies leads to increased technology-related risks, such as those related to poor interfaces,
system extendibility, and system maintainability [6],[17], as well as actor-related and structure-related risks, such as
those related to inappropriate authority, poor coordination, and a lack of experience among staff in using a new
technology.

In the implementation phase of an IS project, the designed system is constructed, installed, and maintained [7],[18].
Risks related to the satisfaction criteria of the project, such as the scheduling and timing risks, personnel management
risks, and performance risks, are focuses in this phase [15],[16],[18],[32]. In an in-house project, when staff can
effectively acquire sufficient knowledge regarding existing systems, the risk of using old technology can be decreased.
However, the technical complexity and unfamiliarity toward new technologies are critical factors that lead to unrealistic
expectations or a decline in technical performance when members of in-house projects are inexperienced in using new
technologies. The characteristics of the different phases and risks involved in the software life cycle are summarized in
Table 1.

Table 1. Characteristics of the phases and risks involved in the software life cycle

Life cycle Phase Objectives Risks
1. Identifies the system request L Uncert_alnty requwements
. o ) 2. Changing requirements
Planning 2. Feasibility analysis .
. 3. Inadequate requirements
3. Plans the project . .
4. Ambiguous requirements
1. Translate the requirements specified into explicit L Chan_gl_ng requwemgnts'
. . 2. Inefficient communication
Analysis terms of system inputs, processes, outputs, and -
- 3. Poor physical arrangements
interfaces . ; -
4. Poor beliefs/skills/experience
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Life cycle Phase Objectives Risks
. . . 1. System functionality risks
Design L Cﬁ ns\ggtl tshestae r:ﬁlgSlesCinf}c;gteilsr::to logical and 2. Resource usage risks
phy Y P 3. Technology-risks
1. Build system 1. Scheduling and timing risks
Implementation 2. Install system 2. Personnel management risks
3. Maintain system 3. Performance risks

In-house projects involve various risks that must be managed in the system development process. Therefore, this study
examined the types of risks involved in in-house software development processes by investigating the frequencies of
sentences related to these risks in interviews conducted with relevant individuals.

3. Methodology

The primary purposes of this study were to investigate the risks involved in in-house software development projects and
to understand the evolution of these risks. In addition, we collected data that provide an experiential description of
events, situations, and interactions between risks and the project in the entire system development life cycle. We
conducted content analysis to identify differences in context, coded responses to open-ended questions in interviews,
identified the intentions and other characteristics of participants, assessed the risks in the system development life cycle,
and described the trends indicated by the data [33],[34].

We conducted a case study on in-house IS projects of different sizes conducted in different industries. Taiwanese
manufacturing companies had an annual production value of more than 20 trillion New Taiwan dollars in 2021, and
many Taiwanese companies have used technologies to enhance the efficiency, speed, and cost-effectiveness of
manufacturing. These technologies were developed through coordination between various departments and involved big
data sharing for supporting various business functions. In addition, the information technology (IT) service industry
uses complex information systems to conduct daily operational processes and adopts in-house projects to maintain its
competitive advantage. The risk management of these projects is critical when the manager faces challenges related to
limited resources, security threats, and technology complexity. Thus, manufacturing and IT service industries are
suitable cases for the present study. Cases related to power supply manufacturing, semiconductor foundry development
in a manufacturing company, and a cloud computing service company were examined in this study. Moreover, the sizes
of the projects selected for examination ensured that project portfolio analysis could be conducted on both a large and
small scale.

To acquire a broad understanding of the risks involved in the entire IS development process, we recruited seven
individuals from three companies who were working or had worked in different project roles. The responses of project
managers and senior programmers to interview questions related to project risks are crucial because these individuals
are involved in all phases of a software development project. All the participants in this study had at least 10 years of
experience in managing projects. Three of the seven participants were project managers, and four participants were
senior programmers. In this study, a “small” project was defined as one that lasted no more than three months, cost less
than $50,000, had low functional complexity, involved no more than four team members, and had low risk. A “large”
project was defined as one that lasted more than one year, cost higher than $500,000, had high functional complexity,
involved more than 10 team members, and had high risk. Table 2 presents some information related to the participants.

Two researchers conducted participant interviews according to a predefined framework. First, the researchers obtained
some basic background information regarding the project managers and the companies of these managers. Second, the
researchers obtained information on project characteristics, including the project goals, budget, duration, members, and
phases. Finally, the researchers obtained information related to risk management in the projects that the participants
were or had been involved in. The shortest interview session lasted approximately 30 min; the longest session lasted
approximately 90 min; and the average interview duration was 60 min.
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In all the interviews, the researchers took notes, and the participants were encouraged to identify which issues were
crucial to them in the context of their work. The coding scheme was defined according to the four components of the
sociotechnical model proposed by Lyytinen and Newman [15] and the four phases of the system development life cycle
proposed by Yu et al. [13].

Table 2. Information related to the participants and their companies

- Case ;
Case description (Project) Interviewees

Time >1 year > 1 Senior programmer
Cost >$500,000 = - -
Project team members >10 2 1 Project manager, 2 Senior programmer
Time: 3 months~1year 3** 1 Project manager
Cost: $50,000~$500,000 T -
Project team members: 4~10 1 Project manager
Time <3 months 5%
Cost <$50,000 1 Project manager

Project team members <4
Note: * semiconductor foundry development and manufacturing; ** power supply manufacturing; *** cloud computing service provision

The two research assistants were trained to ensure that they coded units (i.e., themes) into suitable categories for
reproducibility and reliability. The coding results of the coders were assessed by the authors of this study [33],[34]. To
solve conflicts between the two coders, each coder was first asked to refer to the coding book, which contained the
definition of each category, example, and keyword, to determine the correct category. The coders then had to explain
their coding results and communication to each other to clarify the coding rules. Subsequently, the researchers joined
the discussion to check each category's definition and helped solve the coding conflicts and eliminate coding
ambiguities. The training data comprised 10%-20% of the entire data, and training lasted for several sessions until the
intercoder reproducibility was approximately 90%. After training ended, the intercoder reliability values for software
development risk and software development process were 92.10% and 91.33%, respectively. Subsequently, the coding
rules were applied to all the data, and the official coding process began. Finally, after the official coding ended, the
coder reproducibility values for software development risk and software development process were 91.72% and
92.89%, respectively.

4, Results and discussion

A total of 1,602 verbal sentences related to the four phases of the projects of the three considered companies were
obtained in the interviews. The number of units used in the content analysis was 784. Of these units, 767 were classified
into the software development risk or software development process categories. Frequency analysis was conducted on
the four risk categories to compare the differences in project development patterns between the examined projects and
to identify the characteristics of the four project stages. In Fig. 1, the x-axis represents the project phase, and the y-axis
represents the frequency (in percentage) of sentences related to each risk category. Fig. 1 indicates that the frequencies
of sentences related to the four types of risks differed. In the entire software development process, the highest sentence
frequency was obtained for structure-related risks (38.1%). The frequencies of sentences regarding structure-related and
actor-related risks peaked in the analysis phase. The frequency of sentences regarding task-related risks peaked in the
implementation phase and was high in the analysis phase. The minimum frequencies of sentences regarding task-related
and actor-related risks were obtained in the planning phase, and the minimum frequency of sentences regarding
structure-related risks was obtained in the design phase. The frequency of sentences regarding technology-related risks
increased during the last two project phases.

Overall, the results indicated that structure-, task-, and actor-related risks were the primary risks in the entire software
development process. The participants mostly paid attention to task-related and structure-related risks during the first
two project phases and to technology-related risks in the last two phases. The personnel working in the examined in-
house projects had a common goal, worked under common staff management regulations, and adopted the same
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technology-based working process to achieve their aim. Thus, the project managers mainly focused on managing
structure-related risks in the entire software development process. In addition, the managers adopted informal and
formal communication systems to clarify projects tasks quickly. The administrative regulations might have aided the
managers in meeting the project schedule and accessing appropriate human resources.
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Fig. 1. Frequencies of sentences regarding task-, structure-, actor-, and technology-related risks in the four software development phases.

4.1. Task-related risks

The frequency of sentences regarding task-related risks was high in the analysis and implementation phases (Fig. 1).
The primary task-related risks were task ambiguity, continuous change, and task specification. The increase in the
frequency of the aforementioned sentences from the planning stage to the analysis stage indicated that task-related risks
were identified early in the projects and that the participants had strong business expertise and were familiar with the
relevant business process. The frequency of sentences regarding task-related risks decreased considerably in the third
phase. The increase in this frequency in the fourth phase indicated that task-related risks increased because of continual
changes in the project scope or task specificity, which might have led to increased system complexity.

The results of our study are consistent with those of previous empirical studies [13],[15] that have indicated that the task
requirements for users familiar with the relevant business domain are strongly associated with the task that is clarified at
the beginning of the project. The project teams emphasized the identification of tasks-related risks in the analysis phase.
Thus, the project team members might have quickly strengthened their business domain knowledge and experiences
with regard to specific system requirements [1]. These skilled and experienced members affected the effectiveness of
the requirements gathering and swiftly encouraged the individual part involved in the project. As such, a low level of
task-related risk may assure business units of the viability of the project and enable the fulfillment business needs.

Continuously changing requirements and task specificity were the main task-related risks in the implementation phase.
The project team members cooperated with other parties and exerted considerable effort in increasing the task
specificity to fulfill each party’s requirements. On the basis of system requirements, the task specificity changed in the
last project phase. Moreover, ambiguous task definition may limit the scope of the system, which has ripple effects on
function suitability and system complexity. Project manager B said, “Dealing with minor changes or discrepancies in
requirements is unavoidable. Our project team must rebenchmark procedures on the basis of [requirement] changes or
errors. At this point, we reassess the required workforce and adjust the schedule, hardware, and software....”
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High task-related risk may exist in the early project phases; however, an increase in task-related risk should not be
considered a negative phenomenon. The high frequency of sentences regarding task-related risks in the analysis phase
indicated that the participants focused on the project requirements by clarifying and promoting users’ involvement early
in the project. The managers relied on users to identify complete requirements for the entire system. In the
implementation phase, project team members frequently used sentences regarding task-related risks to indicate their
willingness to collaborate with other members to develop correct system functions.

4.2. Structure-related risks

Consistent with the results of previous studies [13],[15], the participants of the present study focused on structure-
related risks throughout the software development process (Fig. 1). The primary structure-related risks were an
inefficient or poor communication system, poorly defined responsibilities, an inefficient governance structure, and
inappropriate workflow and coordination. The sentences regarding structure-related risks guided the participants to
connect with others who rapidly committed to their interests or group goals. In an in-house project, if structure-related
risks are focused on throughout the entire software development process, a suitable communication system,
responsibility policy, and governance structure in addition to good coordination and an appropriate incentive system can
be maintained. For example, director E said, “We need smooth communication systems to access resources for our
project. First, we need to evaluate the feasibility of the IS project and assess whether it is worthwhile. Next, we have to
check who should be involved in the IS project and support the IT and business fields. Finally, the timetable for each
task should be arranged....”

As depicted in Fig. 1 the frequency of sentences regarding structure-related risks was high for the analysis and
implementation phases but low for the design phase. In the analysis phase [13],[23], task ambiguity lead to different
interpretations or conflicts. To understand the project requirements clearly, project members had to share relevant
knowledge and information through a communication structure, with most of them focusing on structure-related risks
such as task assignment, communication through the chain of command, and the coordination mechanism or incentive
system.

In the implementation phase, project members engaged in coordination or managerial processes, such as proposing the
development of an IT strategy or integrating new technology with existing systems. Director A said, “Based on the
schedule, weekly meetings are held to review the timetable. In the earlier phase, revisions are made to paperwork only
when miscommunication occurs... but the communication problems between IT staff and users are considerably more
serious (cause a higher risk) than are those between IT staff and consultants. Fortunately, serious communication gaps
between the technology and business units do not occur when they come to an agreement after frequent negotiations. In
fact, good communication plays an important role in solving problems.” Consequently, sentences regarding structure-
related risks frequently occurred throughout the software development life cycle, which indicated that the participants
prioritized the development of a strong social relationship among project team members or the reinforcement of
cooperative relationships to reduce any potential conflicts.

4.3. Actor-related risks

As illustrated in Fig. 1, actor-related risks were not a priority in the planning phase. The actor-related risks increased in
the analysis phase and remained stable in the later phases. The major actor-related risks were the lack of actors, actor
turnover, and ethical problems. Our data indicated that the actor-related risks were still serious during the last two
phases of the software development process. The frequency of sentences regarding actor-related risks peaked in the
analysis phase, which indicated that project team members had to manage coordination processes effectively to achieve
the common goals of their project.

Project team members identified the actor-related risks in their project and then reduced the level of these risks by
adopting appropriate human resources quickly and urgently coordinating with others. Project team members allocated
human resources to decrease actor turnover to ensure that sufficient skilled actors were available for implementing the
developed system. The project team members had to compete for resources against other teams within their
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organization. Specifically, human resources were the most critical resource within the organization. In the design and
implementation phases, the members had to acquire appropriate knowledge. They defined project requirements in the
analysis phase and transformed business needs into detailed specifications for guiding system implementation. Project
team members should examine problems from both business and technical viewpoints. Senior programmer D said,
“Perhaps only certain people hold...key skills... In the beginning, we would rather find some people who are more
familiar with IT because they can provide expertise. They see the whole picture of the IS project. Simply speaking, they
coordinate more closely with the IT unit because they do not examine problems from only a business point of view.”

According to the aforementioned text, sentences regarding actor-related risks paved the way for coordination and
conflict among project team members and allowed the manager to synchronize the functioning of business and technical
teams. Furthermore, when actor-related risks emerged and were appropriately assessed, the project manager could
effectively manage the low-level actor turnover, thereby solving conflicts among project team members. In summary,
sentences regarding actor-related risks allowed each project team member to assess and adjust their needs, skills,
responsibilities, and value in their project.

4.4. Technology-related risks

Consistent with previous research [13],[15], the frequency of sentences regarding technology-related risks peaked in the
implementation phase (fourth phase, Fig. 1). In a successful in-house IS project, customized services can be developed
by assessing the adoption of and satisfaction toward the newly developed system [1],[6],[19]. To provide high-quality
technical services to internal personnel, members of the technical unit focus on new technologies, novel methods,
technical complexity, technical maintainability, or scalability during the design and implementation stages. In an in-
house IS project, considerable technology resources must be used for developing system functions that fit the tasks of
the business unit. Thus, the project team members identified technology-related risks after the system requirements
were defined in the first phase of the software development process.

During the last two project phases, project team members had to address many technology-related risks. In practice,
technology-related risks include the need for alignment between legacy systems and the new system, the presence of
massive historical data, the resistance of users to new technology, and changes in business processes. Project managers
C said, “The development of new technology is a part of our work. But, frankly speaking, developing new technology
or using new technology components is not the priority.... in fact, we have diverse data formats, complex system
interactions, and different technology platforms...in the IS project, the critical activity is to take care of maintenance
issues and system integration...alongside these, [personnel] training is a bigger issue.”

An in-house project should never be treated as only an IT adaptation for managing technology-related risks. To develop
a compatible, maintainable, and customizable IS, project team members should not only assess technology-related risks
but also consider the possible interactions of technology-related risks with task-, actor-, or structure-related risks. These
interactions can lead to the failure of IS delivery for specific business users. Therefore, in the projects investigated in
the present study, in the final project phase, project team members identified and monitored all types of risks and more
deeply understood the gap between business needs and technology. Managers of in-house IS projects should be
proactive in ensuring that their existing systems and users can be integrated with the new technology platform and new
business process.

4.5. Risks involved in large, medium-size, and small projects

Fig. 2 illustrates the frequencies of sentences regarding the four types of risks in large, medium-size, and small projects.
No major difference existed between the frequencies of sentences regarding task-, actor-, and technology-related risks
in these projects. In the case of small projects, the frequency of sentences regarding structure-related risks peaked in the
planning and design phases; however, in the case of large and medium-size projects, this frequency peaked in the
analysis phase. Thus, small projects entail different structure-related risks than large and medium-size projects do.
Organizational culture, resource allocation, and communication structure might affect structure-related risks in an IS
project.
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Fig. 2. Frequencies of sentences regarding task-, structure-, actor-, and technology-related risks in different phases of large, medium-size, and small
projects

Table 3 presents the risks involved in general projects (examined in previous studies) and in-house projects (examined
in the present study). In in-house projects, task-related risks are not the main concern because project team members are
familiar with the relevant business process; however, in the last project phase, continual changes in project requirements
change the scope of the developed system and might result in the development of wrong functions and system
complexity. Although only insiders are involved in an in-house project, the level of structure-related risks, including
communication, coordination mechanisms, or membership conflicts, in such a project may not be lower than that in
general projects. Many actor-related risks are associated with the design phase of an in-house project. Project members
must compete for human resources against other units in their organization to transform business needs into system
specifications. The level of technology-related risks increases rapidly when the team members involved in an in-house
project focus on not only the use of the newly developed technology but also the integration of the new system with
legacy systems to deliver high-quality technology services to organization insiders.

Table 3. Risks involved in general projects and in-house projects

General projects (examined in previous studies)
= Task-related risks are the primary target for management in the planning phase [13],[18],[20]-[23].
= The project manager may be focused on task-, structure-, and actor-related risks in the analysis phase [1],[7]-
[91,[13],[18], [26],[30].
= The project manager focuses on technology-related risks in the design and implementation phases [6], [15]-[18], [31].
In-house projects (examined in this study)

Task-related The level of task-related risks remains relatively consistent throughout the system development process
risks and increases in the last project stage.

Structure-related | Structure-related risks are dominant throughout the entire project. However, these risks are not priority
risks risks.

Actor-related Actor-related risks are not priority risks in the planning phases, and the level of these risks remains stable
risks in the later phases.

Technology- The level of technology-related risks is high in the fourth (implementation) phase.

related risks
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In summary, the team members involved in the in-house projects examined in this study spoke sentences regarding
task-, structure-, actor-, and technology-related risks throughout the system development process; however, the
frequencies of these sentences were not the same. Sentences regarding structure-related risk dominated all the project
phases; sentences regarding task-related and actor-related risks characterized the first two project phases (i.e., the
planning and analysis phases); and sentences regarding technology-related risks characterized the last project phase
(i.e., the implementation phase). Each type of risk pressured the project teams to reassess their weaknesses, examine the
resource allocation in the project, and obtain possible solutions to problems. The managers of in-house projects must
deeply understand the signs of each type of risk to ensure successful project implementation.

5. Conclusion

The findings of this study are as follows. First, according to our empirical data, structure-related risks are the main risks
in the overall software development process. Actor-, task-, and technology-related risks interact with structure-related
risks in this process. Technology-related risks are pronounced during the last two project phases (i.e., the design and
implementation stages). Second, organization insiders participate in in-house projects, and these insiders work under the
same regulations and project objectives. Thus, in an in-house project, the project team focuses more on structure-related
risks than on the task-related and actor-related risks in the planning phase. Third, the project team of an in-house project
focuses on structure-related risks because the project parties are business oriented. To eliminate the knowledge gap
between the business and technology units, project team members must share their knowledge of their project domain
and reach a consensus regarding the project value.

This study makes several contributions to the literature on risk management in in-house IS projects. First, by using the
sociotechnical model, we identified four types of risks in the aforementioned projects: task-, structure-, actor-, and
technology-related risks. The results of this study provide a preliminary understanding of the risks involved in different
phases of in-house IS projects. We determined that the social subsystem is associated with actor-related and structure-
related risks, and insiders might possess deep understanding regarding the business goals, requirements, and system
functions associated with an in-house project. The technical subsystem is associated with task-related and technology-
related risks, and the participants in an in-house project might know how certain technologies fit their organization.
Second, this study examined the four identified risk types and found that structure-related risks are a major concern in
in-house projects. In such projects, the management of structure-related risks is a priority because effective coordination
may enable a clear definition of tasks, responsibilities, and incentives to align the actors, tasks, and technology in the
project. Managers must consider the characteristics of the project to identify the main risks in the system development
process.

In practice, project managers can manage risks effectively by adjusting the resource allocation appropriately to reduce
specific risks in each phase of the software development process. In an in-house project, the project team might initially
manage actor-related and task-related risks. However, project success is influenced by the coordination among various
departments, which should be facilitated through the development of appropriate structures in all project phases.
Therefore, managers of in-house projects should monitor structure-related risks. In addition, the participants of an in-
house project must adopt efficient new technology, minimize technology complexity, achieve precise requirements, and
use effective system development methods before the last project stage (i.e., the implementation stage).

Although this research offers valuable insights into the risks involved in in-house IS projects, it has some limitations.
First, a major limitation of our study is that our analysis relied solely on Taiwanese interviewees who had been critical
project participants for more than 5 years; thus, the results of this study may not be generalizable to all projects. Second,
our study was an exploratory study with an ex post facto design, which can only indicate what was happening or what
has happened. We used considerable data to understand project risks but could not determine the reasons that caused the
evolution patterns of these risks. Despite the aforementioned limitations, the results of this study have crucial
implications for the investigation of risks in in-house projects.
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