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Abstract

Principles  of agile information  systems
development (ISD) have attracted the interest of
practice as well as research. The goal of this
literature review is to validate, update and extend
previous reviews in terms of the general state of
research on agile ISD. Besides including categories
such as the employed research methods and data
collection techniques, the importance of theory is
highlighted by evaluating the theoretical foundations
and contributions of former studies. Since agile ISD
is rooted in the IS as well as sofiware engineering
discipline, important outlets of both disciplines are
included in the search process, resulting in 482
investigated papers. The findings show that
quantitative  studies and  the theoretical
underpinnings of agile ISD are lacking. Extreme
Programming is still the most researched agile ISD
method, and more efforts on Scrum are needed. In
consequence, multiple research gaps that need
further research attention are identified.

1. Introduction

Agile methods for software and information
systems development (ISD) such as Scrum [1] or
Extreme Programming (XP) [2] are very popular in
industry. Those methods complement the iterative
approach to ISD [1, 3, 4] and have been suggested as
a way to react quickly to changing requirements by
emphasizing small release cycles and through
continuous integration of the customer [5-7]. In
contrast to traditional methods, flexibility and
autonomy is considered important, the overall project
is not planned and scheduled upfront, and the
development process is split in small iterations, while
encouraging constant feedback of the customer [5, 6].
Consequently, agile ISD methods appear to
incorporate many lessons learned about ISD during
the past [7, 8].

Following the guidelines of Webster & Watson
[9] and Peterson et al. [10], this literature review
provides insights into the general state of research on
agile ISD in terms of research approaches, methods,
data collection techniques, and focus of the studies.
The state of theory in the field of agile ISD is also
evaluated by looking at theoretical contributions,
employed theories and definitions of agility. The goal
of this review is to identify research areas that
deserve future attention of the research community.
Consequently, the following two-part research
question is investigated: What is the state of research
on agile ISD, and in consequence, what are the
implications for future studies?

The remainder of this paper is structured as
follows. First, related literature reviews on agile ISD
are briefly discussed, followed by the review design
including details on the data collection process. As a
next step, the results of the literature review are
presented. In the last section, the findings are
summarized and implications for future research are
presented, including several research gaps that entail
opportunities for future work.

2. Related work

The first reviews were provided by Abrahamsson
et al. [11], Cohen et al. [12], and Erickson et al. [13].
These reviews focus on the employed agile practices
and methods in industry. For example, Erickson et al.
[13] review the state of research on XP and agile
modeling. The study finds that most empirical
research is concerned with the XP practice pair
programming, and other practices are neglected. A
more holistic review of agile ISD is provided by
Dyba & Dingseyr [14] who investigate studies up to
and including 2005. The authors classify research on
agile ISD in four main themes: introduction and
adoption, human and social factors, perceptions on
agile methods, and comparative studies. They find
that there is a need for more rigorous, high quality
empirical studies. Another finding is that there is a
need for conducting research based on other methods
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besides XP because empirical evidence on popular
methods such as Scrum is missing.

Most recently, Dingseyr et al. [15] provide an
overview of the theoretical perspectives that are
employed by research on agile ISD, but as the
authors state themselves, the search results are
limited because only the topic of studies were
searched, and the search strings were based on a
previously defined keyword list of twenty theoretical
perspectives, including lightweight theoretical
perspectives such as knowledge management and
personality. The study concludes in a call for a more

theory-based research approach in the field of agile
ISD.

3. Review design

3.1. Search categories

Table 1 describes the search categories and the
contributions of this review. The search categories
are adapted from previous literature reviews [14, 15,
18, 19].

Table 1. Definition of search categories

Data Collection
Methods

(e.g., case study research) and employed data
collection methods (e.g., interviews) is conducted.

Unit of Analysis

The following units of analysis are distinguished:
group, individual, organization, method and tool.

Search Category Description Contribution
General
Characteristics
Research Approach In order to classify research approaches, qualitative Since research efforts on
research and quantitative research is distinguished. A | agile ISD increased
third category named conceptualization is used in significantly in recent years
order to classify purely conceptual papers that do not | [15], there is a clear need for
include the evaluation of empirical data. an updated as well as
Research Method An inductive search for employed research methods extended systematic

literature review on the
characteristics of research on
agile ISD.

ontent of Studies

Focus An inductive search for the focus of the studies on This review refines and
agile ISD is conducted by manually scanning each updates the categorization of
paper. Dyba & Dingseyr [14].
Agile Methods and The literature is searched for the employed agile Previous systematic reviews
Practices methods. The individual practices of the most [13, 14], which only include

investigated agile method XP are also examined.

studies up to 2005, are
updated.

heory

Theoretical An open search for theoretical foundations is This review extends
Foundations conducted. This is achieved by scanning the whole previous theory assessments
studies and not only the topics. Lightweight [15,17].
theoretical perspectives were discerned in order to
investigate the application of strong theories and
frameworks as defined in Whetten [16].
Theoretical As a measure for theory contribution, this review
Contributions examines whether any hypotheses are either
developed or tested.
Definition of Agility | This review examines inductively which definitions Insight into whether

of agility are used in the literature on agile ISD.

research-based definitions
are actually employed in the
literature is provided.
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3.2. Data collection

The sources of this literature review are presented
in Table 2. Since agile ISD is fundamentally about
developing IS, the eight IS journals of the Senior
Scholars’ Basket of Journals' are taken into account,
as well as the proceedings of the International
Conference on Information Systems (ICIS). The most
popular journals and conferences in the software
engineering discipline that deal with agile ISD
(according to [15]) are also included. The latest
included journal issues are the March 2013 issues,
and the conference proceedings are included up to
and including 2012.

Table 2. Literature review sources

Search | Selected

Results | Papers
IS Outlets: 80 38
EJIS’ 17 10
1SJ 8 6
ISR 8 8
JIT 12 0
JMIS 3 2
JSIS 0 0
JAIS 2 0
MISQ 5 2
ICIS 25 10
SE Outlets: 755 444
ESE 17 14
IEEE ToSE 10 6
IET Software 6 5
IST 31 27
JSS 31 24
JSA 5 1
Agile 92 85
ESEM 25 11
EuroMicro 37 21
EuroSPI 18 5
ICGSE 31 13
IFIP 143 14
ICSE 69 15
LESS 5 5
PROFES 61 35
XP 174 153
Total: 835 482

'http://home.aisnet.org/displaycommon.cfi?an=1&subarticlenbr=
346
? Please consult Appendix 1 for the full names of the outlets.
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Within each outlet, all papers that deal with agile
ISD are searched (see Appendix 2 for the search
string). Based on the initial search results, the titles
and abstracts of the papers were scrutinized and
papers that did not focus on agile ISD were excluded.
In addition, only full research papers were included
in the review. Experience reports, editorials, short
papers, and education-related outlets (e.g., CSEE&T
conference) were excluded from the analysis in order
to focus on the main findings of the literature that are
based on rigorous scientific research. Practitioner-
oriented magazines (e.g., IEEE Software or IEEE
Computer) were also omitted because those papers
usually do not give detailed information on the
research design which is the focus of this study. This
search process resulted in 482 selected papers.

4. Results

4.1. General characteristics

4.1.1. Research approach. In terms of the research
approach, a tendency towards qualitative research
(47.5%) is identifiable. Quantitative research (34%)
and conceptualization (23%)” have not attracted the
attention of the research community to the same
extent. In rare cases, both qualitative and quantitative
techniques are combined in a single contribution, for
example in Lee & Xia [20]. The high number of
papers employing a conceptual research approach is
caused by many conference papers that deal with
tools and testing approaches (e.g., [21, 22]).

4.1.2. Research method. Table 3 presents the results
of the category research method, including the
number of papers, percentages, and examples. The
dominant qualitative research method is the case
study design which accounts for 38.5% of the
contributions. The second most frequently employed
research method is experiment which accounts for
13% of the studies. Only 8% of the papers carry out
questionnaire-based surveys. The high number of
experiments is mostly caused by experiments that
investigate different facets of pair programming.
Experiments are also conducted concerning the unit
testing practice. Research methods such as
ethnography (3.5%), action research (2.5%), or
grounded theory (5%) do not entail a large extent of
the research efforts.

* In the following, percentages do not necessarily always add up
to 100% because papers can contribute several times in the same
category, for example, a paper can employ a qualitative as well as
quantitative research approach.
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Table 3. Research methods

# % Examples
Case Study 185 | 38,5% | [6, 23, 24]
Experiment 62 13.0% | [25-27]
Survey 39 8.0% | [28]
Ethnography 16 3.5% | [29]
Simulation 18 4.0% | [30]
Literature Review 25 5.0% | [18]
Grounded Theory 22 5.0% | [31]
Action Research 12 2.5% | [32]
Focus Group 6 1.0% | [33]

4.1.3. Data collection methods. Table 4 illustrates
the primary data collection methods of the research
papers. The salient technique for collecting data is
interviews  (34%). Log files (20.5%) and
questionnaires (15%) are also used, but there is a
strong imbalance towards interviews. Log files and
questionnaires are mainly analyzed as results of
experiments. 4.5% of the contributions do not state
their data collection method, and the classification
does not apply for 22% of the papers, mostly
conceptual.

Table 4. Primary data collection methods

# % Examples
Interviews 163 | 34.0% | [34,35]
Log Files 99 | 20.5% | [36]
Questionnaire 73 15.0% | [28]
Field Notes 34 7.0% | [37]
Literature 25 5.0% | [18]
Video Recordings 7 1.5% | [38]
Audio Recordings 4 1.0% | [39]

4.1.4. Unit of analysis. The results show that the
most frequent unit of analysis is the group / team /
project level (51.5%), followed by the method (26%)
and tool (7.5%) level. For example, McAvoy &
Butler [37] use the unit of analysis ‘team’ in order to
examine the decision making process in agile teams,
whereas Qumer & Henderson-Sellers [40] employ
the unit of analysis ‘method’ for assessing the degree
of agility of several agile methods. Agile tools and
their usage are a less investigated unit of analysis
(e.g., [41]). The individual (6%) and organizational
(5%) level are the least investigated. First empirical
findings are provided by Hong et al. [42] who
investigate individual user acceptance of agile
information systems, and Lyytinen & Rose [43] who
examine ISD agility on the organizational level.
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4.2. Content of studies

4.2.1. Focus. The inductive approach for identifying
the focus of the studies resulted in 19 different
categories, as presented in Table 5. Most research on
agile ISD is concerned with the evaluation of agile
practices, as well as with the adaption, combination,
or extension of agile ISD methods.

Due to space restrictions, a detailed discussion of
each category is not attempted here. Please consult
the author for more information concerning the
categories and the full list of papers in each category.

Table 5. Focus

# % Examples
Evaluation of Agile 96 | 20.0% [28]
Practices
Adaption / 551 11.5% [44]
Combination /
Extension
Tool Support 49 | 10.0% [41]
Team Characteristics 49 | 10.0% [36]
Adoption 44 | 9.0% [45]
Testing 40 | 8.5% [27]
Agile vs. Plan-based 39 | 8.0% [46]
Customer Perspective 29 | 6.0% [47]
Measurement 29 | 6.0% [48]
Communication 17| 3.5% [35]
Definition of Agility 17 3.5% [18]
Collaboration 11| 2.5% [49]
Hybrid Approach 10 | 2.0% [30]
Success Factors 7 1.5% [50]
Release Scheduling 7 1.5% [51]
Coordination 6 1.0% [52]
Agile vs. Lean 6 1.0% [53]
Organizational Culture | 5 1.0% [54]
Requirements 4 1.0% [34]
Engineering

Consequently, the guidelines of Petersen et al.
[10] are followed in order to create a systematic map
for the focus of the studies and the employed research
methods (cf. Figure 1). The map shows that first
qualitative findings on many topics already exist, but
confirmatory studies in almost all research areas are
lacking.
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Figure 1. Systematic map for the focus of studies and employed research methods
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4.2.2. Agile methods and practices. The findings
report that the most frequently reported agile method
is Extreme Programming (XP) (49%), followed by
Scrum (22%). One third of the research is dealing
with agile ISD in general. Research on other ISD
methods related to agile methods is scarce.

Table 6 illustrates the extent to which the research
community has investigated the practices of the most
investigated agile method XP. The results show that
pair programming (35.5%) is the most frequently
researched XP practice. Other practices such as unit
testing (including test-driven development and
automated acceptance testing) (30.5%) and
refactoring (25.5%) are nearly as popular as pair
programming, but research on those practices is
mostly concerned with conceptual papers that deal
with the development of models and tools for testing
purposes (e.g., [22]). The three practices that are the
least examined are simple design (10%), system
metaphor and sustainable pace (7.5% respectively).

Table 6. XP practices

# % Examples
Pair Programming 172 | 35.5% | [36]
Unit Testing 147 | 30.5% | [27]
Refactoring 122 | 25.5% | [29]
Planning Game 90 | 18.5% | [35]
Continuous Integration | 78 | 16.0% | [23]
On-Site Customer 75 | 15.5% | [47]
Collective Code 71 | 14.5% | [5, 55]
Ownership
Coding Standards 52 | 11.0% | [55]
Small Releases 52 | 11.0% | [45]
Simple Design 47 |10.0% | [40]
Sustainable Pace 37 | 7.5% | [23,32]
System Metaphor 36 | 7.5% | [32,40]
4.3. Theory

4.3.1. Theoretical foundations. 57 different theories
and frameworks were identified which are employed
as theoretical foundations of studies on agile ISD.
Table 7 provides an overview of the three most
frequently applied theories and how they were used
in the studies. Besides the theories illustrated in Table
7, two studies respectively use the theories adaptive
structuration theory, home ground theory, transactive
memory systems, and the distributed cognition for
teamwork. The rest of the theoretical foundations are
only used in one single paper. The largest part of the
literature, accounting for 60% of the papers, relies
solely on related work without a strong theoretical
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background. 25.5% of the literature does not even
consult related work.

Table 7. Applied theories in agile ISD

Complex Adaptive Systems Theory (CAS)

Vidgen & Wang [6] use CAS theory in order to
develop an agile organizing framework that
identifies enablers and inhibitors of agility, as
well as emergent capabilities of agile teams.

Kautz & Zumpe [56] use the key concept ‘edge
of chaos’ from CAS theory in order to investigate
the beneficial balance between stability and
instability of a concrete project.

Meso & Jain [57] use CAS theory in order to
understand how agile practices influence the
adaption to changing business needs [15].

Sacho & Walter [58] use CAS theory to describe
the differences between software design and
other designs [15].

Control Theory

Harris et al. [59] apply control theory to
understand when flexibility in software
development teams is needed.

Maruping et al. [28] use control theory in order to
investigate agile methodology use and
requirements change.

Cram & Brohman [60] propose a new typology
of ISD control on the basis of control theory.

Coordination Theory

Strode et al. [52] use coordination theory to
analyze the dependencies and associated
coordination mechanisms in agile ISD projects.

Li & Maedche [61] use coordination theory to
explain coordination strategies in distributed
agile ISD projects.

Pikkarainen et al. [35] use coordination theory in
order to investigate the communication of agile
ISD teams.

4.3.2. Theory contribution. The results show that
67% of the investigated papers do not contribute to
theory. Of the remaining papers, 20% are categorized
as theory testing and 11.5% as theory building. For
example, Hong et al. [42] propose and test several
hypotheses in order to examine the drivers of user
acceptance in agile ISD, whereas Vidgen & Wang [6]
build theory by developing an agile organizing
framework which emerged out of qualitative case
study-based research.
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4.3.3. Definition of agility. The findings show that
there is no widely accepted definition of agile ISD
because a multitude of different definitions can be
found in the literature. 17 different definitions of
agility, agile ISD and agile methods are inductively
identified in this review. Most of those definitions are
utilized in only one paper. 55% of the papers do not
define the concept of agility at all and 25% describe

only some basic properties of agile ISD
methodologies, without explicitly defining the
concept of agility.

The most commonly used definition of agile ISD
is the Agile Manifesto [62] (9.5% or 45 papers),
which states four values and twelve principles of
agile ISD that were derived from experiences of
practitioners. The second most cited definition is the
research-based definition of definition of Conboy
[18] (six papers), followed by the definition of
Abrahamsson et al. [11] (five papers).

5. Discussion and concluding remarks

In this study, a systematic, structured literature
review in the field of agile ISD was conducted. The
data collection resulted in 482 papers that were
published in the most popular outlets on agile ISD.
This review extends findings of previous reviews [14,
15, 17] by introducing new perspectives and by
including contributions until early 2013.

The results show that the state of research on
agile ISD is still nascent because there is an
imbalance in terms of the employed research methods
towards interview-based case studies. Those
qualitative research designs are essential for
providing first evidence on important factors and
relationships, but confirmatory studies testing the
qualitative findings are lacking. More studies are
needed that are based on quantitative approaches
such as field studies or experiments in order to ensure
that the qualitative findings are generalizable.

Furthermore, this review exposed promising
research areas by presenting a systematic map on the
focus of the studies and the employed research
methods. Some of these areas, for example the
communication patterns of agile teams, are highly
important for the successful implementation of agile
practices [6, 62] and first qualitative findings exist
[e.g., 35], but research remains scarce. The same
proposition holds for other research areas such as
agile vs. lean, hybrid approaches and organizational
culture. In consequence, we need more studies that
address the following research gaps:

o What are the implications of agile ISD on the
coordination, collaboration and communication
mechanisms within agile teams?

o How are agile ISD and lean
development related?

o What is the impact of agile practices on the
organizational culture?

e How can agile methods and traditional, plan-
based methods be combined?

o What are the implications of agile ISD on release
scheduling and requirements engineering?

o What are the success factors underlying agile
ISD?

software

Despite the popularity of Scrum in industry, most
researched is based on XP, more specifically on the
pair programming, unit testing and refactoring
practices. One possible reason for this emphasis on
XP is that studies on pair programming may be set up
inexpensively in an academic setting with small
teams of students. In terms of unit testing and
refactoring, many studies propose tools that may
support those practices. Future research should focus
on other XP practices such as collective code
standards and on-site customer. Furthermore, more
research is needed that provides theoretically
grounded guidance for industry on the adoption,
adaption and success factors of Scrum.

Furthermore, this in-depth and rigorous literature
search validates the initial findings of Dingsayr et al.
[15] in terms of the limited theoretical foundations of
the studies on agile ISD. Findings of the literature are
mostly based on experiences which lack empirical
and theoretical support. Although 57 theories were
inductively identified, a large part of the literature is
not testing or building theory. CAS theory, as well as
control theory and coordination theory are found to
entail the most research efforts.

The definition of agility remains one of the most
salient problems of agile ISD. A universal
understanding of what constitutes ‘agility’ is not
observable. Attempts of research-based taxonomies
for pinpointing the concept of agility [18, 33] build
the basis for a common definition, but most papers
still rely on the Agile Manifesto [62] that consists of
unverified principles and practices of practitioners
which are not suitable as a solid theoretical
grounding. The use of research-based definitions of
agility should be extended in order to enable a better
comparison of studies and to increase the value of
research on agile ISD.

This review has several limitations. There is only
a selection of journals and conferences of the agile
ISD domain included in the review, but the essential
insights of the literature are captured by consulting
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the most important outlets of agile ISD. Second,
some contributions may have been missed due to the
search procedure. For example, the focus is on the
two most popular agile ISD methods Scrum and XP,
whereas other agile ISD methods such as Kanban
were not included in the search string. Third, the
selection of search categories may not be complete
but established categories of related literature reviews
are employed.

To sum up, this review serves as foundation for
future studies by opening up several research
possibilities. This is achieved by identifying several
research gaps that need further investigation of the
research community. Furthermore, an in-depth
literature analysis of the exposed under-researched
aspects of agile ISD is promising important insights.
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