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What do we know about the role
of enterprise architecture in

enterprise integration?
A systematic mapping study

Negin Banaeianjahromi and Kari Smolander
School of Business and Management,

Lappeenranta University of Technology, Lappeenranta, Finland

Abstract
Purpose – Constant changes in the environment seem to have become the biggest challenge
of a modern enterprise, which emphasizes the constant need to integrate the enterprise into
its changing environment. Aiming at eliminating the integration challenges, EA is proposed
as a solution. The purpose of this paper is to survey and analyse the available literature
on determining the role of EA in EI and also to identify gaps and state-of-the-art in
research.
Design/methodology/approach – This paper presents a systematic mapping study that found 50
papers in the intersection of EA and EI, these papers were surveyed, analysed, and classified with
respect to research focus, research method, and paper type.
Findings – Based on the analyses of the final 50 articles, the authors realized that “EA
framework” is the dominating research focus of these studies. “Evaluation research” is recognized
as the most common paper type in this area. However, “Experience paper” was a rare paper type
in this research domain. “Constructive research” and “Case study/multiple case studies” are widely
applied as the research method. “Survey”, “Delphi study” and “Grounded theory” are the least
employed research methods. The conclusion was that there is a need for empirical research in this
area. After analysing the articles based on their publication year, the authors also noticed a
significant growth between 2004 and 2010. After 2010 the number of publications had a downward
trend.
Originality/value – To the knowledge of the authors, this study is the first systematic literature
study regarding the role of EA in EI. There are several systematic literature reviews about the EA or
EI separately but none of them has addressed the specific realm of the research. Hence, the goal of this
study is to provide a map of existing literature to enable improvement of the practice with the known
research results and to identify gaps for future research.
Keywords Enterprise architecture, Enterprise integration, Systematic mapping study
Paper type Literature review

1. Introduction
Constant change is the inseparable and the most important characteristic of today’s
enterprises. To survive in this competitive era, the enterprises need to adapt themselves
to the change. Enterprise integration (EI) is the task of performance improvement in
complex organizations by managing the participants interactions (Huat Lim et al.,
1997). EI provides a discipline to organize all the knowledge that is required to identify
and carry out the change in the enterprises (Bernus and Nemes, 1997). To achieve EI
many scholars have believed in enterprise architecture (EA) as the ultimate solution
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(Anaya and Ortiz, 2005; Chen et al., 1997, 2008; Erol et al., 2009a; Hoogervorst, 2004;
Kang et al., 2010; Lam, 2005a; Noran, 2013; Panetto et al., 2012; Peristeras and
Tarabanis, 2000; Vernadat, 2007).

Conventionally, EA has been used for EI to align business and Information
Technology (IT) in the organizations (Bernus and Nemes, 1997; Chen et al., 1997;
IFIP-IFAC TF, 1999; Sowa and Zachman, 1992; Zachman, 1987). EA provides
organizations means to cope with the core challenges of the ICT age (Chen et al.,
2008; Goel et al., 2009; Kim et al., 2006): integration; interoperability; agility;
and change.

While the strategic alignment between business and IT in companies
generate added value to business processes, technological complexities will arise
(Henderson and Venkatraman, 1993) and meanwhile the companies should also
achieve integration and coordination to ensure survival among their competitors.
Attaining these goals is tough. EA is believed to provide appropriate concepts,
methods, models, and tools to facilitate business IT alignment and integration
(Vargas et al., 2014).

In order to get a perspective of existing research we conducted a systematic
mapping study (SMS). To the knowledge of the authors, this study is the first SMS
study regarding the role of EA in EI. Although, there are several systematic literature
reviews (SLR) about the EA or EI separately (Boucharas et al., 2010; Giachetti, 2004;
Lucke et al., 2010; Sedek et al., 2011; Stelzer, 2010; Tamm et al., 2011), but none of them
have addressed the specific realm of our research. Hence, the goal of this study is to
provide a map of existing literature to achieve useful results for practical use and
to identify gaps for future research.

The objective is to form a background for further research as well as obtain a deeper
insight about the topic. The complexity of the EI has been cited in many sources
(Chalmeta et al., 2001; Lim et al., 1998; Ngeru et al., 2009). Also EA is known as a holistic
approach to manage complexity (Armour et al., 1999; Ross et al., 2006; Winter and
Fischer, 2006). This understanding of the complexity of EA and EI motivated us to
conduct this study to find out how the EI issues have been addressed by the
EA in literature. Since we found only 50 articles determining the role of EA in EI,
choosing SMS as the research approach seems appropriate, because SMS is a valid
approach when there is limited number of literature available (Kitchenham, 2007;
Petersen et al., 2008).

In total, we analyse the results of 50 scientific papers in this study. The main
answered research questions in this study include:

RQ1. What research focuses on determining the role of EA in EI are prevalent?

RQ2. What methodologies and paper types are utilized?

RQ3. How publication trends changed over time?

The outcomes of this study deliver a comprehensive research approach in determining
the role of EA in EI as well as implications and guidelines for both scholars and
practitioners.

The paper is organized as follows: Section 2 describes EA and EI and the role of EA
in EI based on the pervious literature. In Section 3 the applied research method
including research questions, search steps, selected publication forum, search
string, and exclusion/inclusion criteria are clarified. The classification process and
schema are illustrated in Section 4. The results of the mapping study are discussed
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exhaustively in Section 5. Section 6 summarizes the findings of the study, discusses
about the validity threats, and reports the limitations of this study. Finally, Section 7
contains the conclusions and discusses research.

2. Background
2.1 EI
A variety of definitions have been proposed to clarify the meaning of EI. Lim et al.
(1998), describe EI as a very complex task to achieve an overall organizational
improvement by emphasizing on the unification of enterprise functions. In another
study, EI is defined as the organizational function that comprises activities, resources,
decisions, and information flow and provides coordination in order to satisfy global
objectives and improves performance (Chalmeta et al., 2001). EI, sometimes referred to
as system integration, is the process of interconnecting silo business functions
to streamline organizational processes (Umapathy et al., 2008). Ngeru et al. (2009), refer
to EI as a technology that promises to rapid information sharing among business
processes both intra and inter organization. All in all, EI refers to the terms, such as
coordination, performance improvement, information flow, and processes.

Some studies contrast EI with enterprise interoperability. Enterprise interoperability
addresses the ability of interactions between enterprise systems, which is seen as a
technical problem (Chen et al., 2008; Vernadat, 2009). In contrast, EI is the task of
performance improvement in a complex organization by managing the interactions
of participants (Huat Lim et al., 1997). Therefore, EI is a process to ensure the
interaction between various entities of the enterprise to attain domain objectives
(Chen et al., 2008).

According to Enterprise Integration Council, the ultimate goals of EI are flexibility
and agility in order to swiftly respond to new business opportunities. The Enterprise
Integration Council proposes benefits of EA as cycle time reduction, cost reduction, and
cost containment (Lee et al., 2003).

2.2 EA
Although there are different perspectives to describe EA (Niemann, 2006; Ross et al.,
2006; Simon et al., 2014; Winter and Fischer, 2006; Zachman, 1987), they all explain
EA as a strategic instrument to control and manage the complexity in an organization
through structured description of the enterprise and its relationships. EA has tended
into a holistic management of information systems in organizational approaches
(Ross et al., 2006; Winter and Fischer, 2006). All the entities, such as systems,
stakeholders, relationships and dependencies, and business strategies can be
included in an EA effort. In order to minimize the existing gap between business and
IT, EA performs as a mediator to improve integration (Wu, 2007). In organizations,
EA is placed between IT and business strategy, and it is responsible to translate
the strategic principles, capabilities, and goals into the systems and processes
(Tamm et al., 2011).

EA is based on the business and IT models with systematic frameworks which
detail enterprise structures. EA can be built with a specific architectural framework or
adopt and customize a previously defined framework (Plazaola et al., 2008). The
outcome of EA is a set of artefacts that describe what business does, how it operates
and what resources it requires, these artefacts are often presented graphically
(Lankhorst, 2009; Ross et al., 2006; Zachman, 1987).
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Several benefits of EA have been recognized, including complexity management,
faster adaptability, a comprehensive enterprise view, improved change management,
and increased interoperability and integration (Armour et al., 1999; Hoogervorst, 2004;
Jonkers et al., 2006; Morganwalp and Sage, 2004; Niemi, 2008).

2.3 EA and EI relationship
EI and interoperability have become one of the major concerns of today’s enterprises.
To achieve a competitive advantage and to facilitate integration processes, the
enterprises must rethink the whole process of EI. Several integration approaches have
been proposed since the companies realized the critical role of EI. However, at some
point these approaches (such as Enterprise Application Integration, Enterprise Service
Bus, and middleware) cannot fulfil EI issues due to tightly coupled applications, lack of
interoperability, and poor scalability and security (Tang et al., 2010). For these
problems EA approach is proposed to solve EI problems. Several studies explicitly
refer to EA as a solution to solve EI issues (Erol et al., 2009b; Goethals et al., 2006; Kang
et al., 2010; Kim et al., 2006). To cope with the dynamic business environment, these
studies suggest that adopting EA is one of the most successful approaches. Also,
companies cannot gain alignment, flexibility, or integration if they do not architect their
enterprises.

One of the many benefits of EA reported by Tamm et al. (2011) is the improvement
of integration. EA has also been suggested to enhance information sharing through EI
(Boh and Yellin, 2007; Ross et al., 2006; Spewak and Hill, 1993).

3. Research method
SLR is a secondary study, which has its roots in medical research (Kitchenham, 2004).
The application of SLR is to identify, evaluate, and interpret all the available and
relevant literature related to a research question or domain of interest (Kitchenham,
2004, 2007; Petersen et al., 2008). The most common reasons for undertaking SLR are:
first, to summarize the existing evidence about the topic; second, to identify gaps in
current research and provide suggestion for future investigation; and third, to provide
background to position new research activities (Kitchenham, 2004).

A SMS or scoping review is another type of literature review that complements SLR
(Kitchenham, 2004, 2007). A SMS study is applied to outline the types of research activity
that have been engaged in the study. Unlike SLR, SMS describes the study in a high level
and “map-out” the research rather than investigating research questions in details
(Brereton et al., 2007; Budgen et al., 2008; Petersen et al., 2008). In other words, a SMS can
be considered as a method to get an overview of an specific research area (Kitchenham et
al., 2011), because, it narrates the studies rather than extracting detailed information
(Brereton et al., 2007). A SMS is preferred if during the examination of a domain and
before initiating SLR, it is realized that, there is little existing research or the topic is too
broad (Kitchenham, 2007; Petersen et al., 2008). Since, our goal is to prepare an overview
of the topic, SMS seems to be a viable approach to get an overview of existing research in
the intersection of EA and EI.

3.1 Research questions
Research questions in SMS are much broader than in SLR to address the wider scope of
study (Budgen et al., 2008; Kitchenham, 2007). The research questions of this study
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concentrate on categorizing and structuring the intersection of EA and EI. Table I
shows all the research questions of this study.

3.2 Search steps
In order to augment the accuracy of this SMS study the searching and analysing
processes have to be as transparent as possible. Thus, the following sections
characterize the processes of selecting data sources, the applied strategy for creating
the search string, and defining the exclusion and inclusion criteria. We adopt the
process of search steps from Petersen et al. (2008) study. In this process each step has
an outcome and the systematic map is the final outcome of the process. Figure 1
illustrates the complete SMS process used in this paper, which was done according to
instructions by Petersen et al. (2008) and Wendler (2012).

3.2.1 Data sources and research strategy selection. We did electronic searches in the
following databases: ACM Digital Library, Citeseer, Business Source Complete and

No. Research question Description

RQ1 What are the main research focuses on the
literature about the role of EA in EI?

The answer provides an overview of main fields and
research focuses regarding the role of EA in EI
studies

RQ2 What are the most common research
methods and paper types applied?

Investigations on types of paper and applied
methods, determine the most important designs and
methods and reveal gaps in the previous studies

RQ3 How has the number of publications
changed over time?

This question reveals study trends and publications
timeline

Table I.
Research questions
of this study

Process step

Definition of research
questions

Review scope All available literature

404

270

167

63

50

All papers

Unique conference and
journal papers

Potentially relevant
papers

Relevant papers

Finally analysed papers

Conduct research

Removing of duplicates and
any papers other than
conference and journal

Reading of title, abstract,
and keywords

Scanning of the whole
content

Further exclusion due to
irrelevance

Outcome Number of papers

Figure 1.
Search process
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Academic Search Elite of EBSCO, Emerald Insight, IEEEXplore Digital Library,
ScienceDirect, and SpringerLink. These digital libraries were selected because they are
common and important libraries in the field of information systems.

The search string was created using the strategy from Barbosa and Alves (2011):
first, we defined the main keywords; second, checked the already known papers in this
area; third, looked for alternative forms of the keywords; fourth, we used Boolean
operator to synthesize them into one search string. The final search string is as follows:

“enterprise architecture” AND (“enterprise integration” OR “enterprise interoperability“ OR
“enterprise coordination” OR “enterprise coherence” OR “integration of enterprise” OR
“coordination of enterprise”)

This search string was applied to search within the all article parts, such as title,
abstract, keywords, and main body. The search process began in May 2014.

The search string synonyms for “EI” were taken from dictionaries. After that we
went through some sample articles and confirmed the synonyms. Besides “EI”,
the synonyms used were “enterprise interoperability”, “enterprise coherence”, and
“enterprise coordination”. In order to limit the number of search results and to have a
more accurate set of search results from the databases, we placed each part of the
search string in quotation marks to find the exact phrase.

3.2.2 Exclusion and inclusion criteria. The inclusion and exclusion criteria step is
one of the activities of a mapping study to exclude irrelevant and include relevant
studies (Petersen et al., 2008). In other words, it ensures that only appropriate articles
will be analysed.

For this study, the authors applied the following criteria for exclusion and inclusion
of the articles (Table II).

We excluded book sections and theses because the number of search result would
otherwise become too high it would be impossible in practice to analyse all of them.
Besides, original scientific research is typically published in scientific journals and
conferences for the first time. Thus, we minimized our search scope to only journal and
conference papers.

To minimize the risk of excluding relevant articles, the articles that were not clear
cases to exclude were read in detail at the last step of the SMS process. This process
took place in Step 6 of SMS process, where 13 articles were excluded at last (refer to
Figure 1).

Inclusion Exclusion

Papers that focus both on
EA and EI
English Language papers
Only journal and
conference papers
Peer reviewed papers

The papers that lie outside of the EA and EI domain
Papers in other language than English
Dissertations, theses, book sections, product descriptions, presentations,
work reports, trade literature, editorial notes, newsletters, grey literature,
and indexes
Non-peer reviewed papers
Duplicate papers

Table II.
Inclusion and

exclusion criteria
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We used Zotero as the reference management software application to manage the
references and to assist us in the third step of this mapping study to remove
the duplicates. To remove the duplicates by using Zotero, first we sorted all the initial
404 articles based on the author’s name and then by going through the author’s name
column, if the author’s name was repeated in sequence then we checked the titles and
the years and in case of repetition one of the articles that was not downloaded from one
of the main publishers, such as Springer, ACM, IEEE, Emerald, and ScienceDirect had
deleted. For instance, when we found a duplicate, one from Citeseer and the other one
from ScienceDirect, and the original publisher of the article was ScienceDirect, then we
deleted the article, which was downloaded from Citeseer database. In this way,
we ended up having unique articles.

4. Classification scheme
To analyse and classify the articles, a classification scheme was developed. We took the
idea of a classification scheme from Petersen et al. (2008) study. The process of
classifying the articles is illustrated in Figure 2.

We created three facets to classify the studies. One facet categorized the articles
based on their research methods. For research methods we were inspired by the
classification provided by Palvia et al. (2004) for methodologies in MIS research and
modified it based on our needs. The second facet defined the paper type based on the
classification presented in Wieringa et al. (2006). In addition, we identified five
categories of research focus by applying the keyword method described in Petersen
et al. (2008). Table III describes the classification schemes of this study.

5. Mapping results
In the following sections based on the mapping results the research questions are
answered. The results are based on the 50 selected articles. Table IV shows the
categorization of the 50 articles based on their research focus, paper type,
research method, and database. In total, 11 of these articles are conference papers
and 39 journal papers.

Selected
articles

Reading of
articles

Classification
scheme

Update
scheme

Systematic
map

Classify articles
according to

scheme

Final
classification

Figure 2.
Classification process
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5.1 Research focuses (RQ1)
To answer RQ1, the classification of 50 articles per research topic and focus area is
conducted by going through the title, abstract, and keywords. We categorized the
research focus in five different categories of EA framework, EI framework, enterprise
interoperability, service-oriented architecture (SOA), and enterprise engineering (EE).
Description of each research focus is provided in Table III.

The categorization revealed five main topic areas (see Table III). The distribution of
these research focuses is presented in Figure 3. We decided to classify each article only
by its main research focus.

EA framework with 20 articles and EI framework with 15 articles are the two
dominant topic areas. In comparison, only three articles had focused on EE.
For instance, Cuenca et al. (2010) propose EE as a way to provide alignment
between business and IT by utilizing EA to ensure the coherency and integration.
Kosanke et al. (1999) discussed EE as an enterprise life-cycle oriented discipline to
provide EI through modelling.

Paper type
Validation research Investigated methods are new and not yet implemented in practice
Evaluation research Investigated methods are implemented in practice and the evaluation of the

method is presented
Solution proposal A solution for a problem is proposed, this solution proposal can be either

new or applies and existing approach
Philosophical paper These papers introduce a new perspective of an existing things by using

taxonomy or conceptual framework
Experience paper Personal experience of the author about what and how something has been

done in practice

Research method
Case study/multiple
case studies

Study of a single phenomenon in one or more than one organization over a
logical timeframe

Constructive study Research that intends to construct a new framework, software artefact or
conceptual model

Literature study Research that analyses and extends existing literature
Discussion paper Research that discusses an argument or a phenomena
Grounded theory Research that aims towards theory development through the analysis of

data
Survey Research that uses predefined and structured questionnaires to capture

data from individuals
Delphi study Research that consists of two or more rounds of questionnaires answered

by experts and it is based on forecasting methods

Research focus
EA framework Articles that their focus are on EA frameworks, methods, models, and tools

that provide EI and interoperability
EI framework Articles that their focus are on EI frameworks, methods, models, and tools

by paying special attention to the role of EA
Enterprise
interoperability

Articles that contains information about enterprise interoperability and its
relation with EA and EI

Service-oriented
architecture (SOA)

Articles that introduce SOA as an approach towards EI

Enterprise engineering Articles that apply enterprise engineering approaches to reach to the EI by
considering the special role of EA

Table III.
Classification scheme
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References Research focus Paper type
Research
method Database

Conference/
journal

Anaya and Ortiz
(2005)

EA framework Case study Solution
proposal

ACM Conference

Rohloff (2008) EA framework Case study, discussion Philosophical
paper

ACM Conference

Chen et al. (2005) EA framework Constructive research,
case study

Experience
paper

ACM Conference

Boh et al. (2003) EA framework Grounded theory,
case study, survey

Evaluation
research

Citeseer Conference

Buckl et al. (2009) EA framework Case study Solution
proposal

Citeseer Conference

Goel et al. (2009) EA framework Discussion Solution
proposal

Citeseer Conference

Hoogervorst (2004) EA framework Literature studies Philosophical
paper

Citeseer Journal

Kilpeläinen (2007) EA framework Constructive research,
case study

Evaluation
research

Citeseer Conference

Peristeras and
Tarabanis (2000)

EA framework Constructive research Solution
proposal

Citeseer Journal

Umar (2007) EA framework Constructive research,
case study

Evaluation
research

Citeseer Journal

Erol et al. (2010) EA framework Constructive research,
literature studies

Philosophical
paper

EBSCO Journal

Bernus and Nemes
(1997)

EA framework Constructive research,
discussion

Validation
research

ScienceDirect Journal

Bernus and Nemes
(1996)

EA framework Constructive research,
discussion

Validation
research

ScienceDirect Journal

Kang et al. (2010) EA framework Constructive research Solution
proposal

ScienceDirect Journal

Pulkkinen et al.
(2007)

EA framework Case study Philosophical
paper

ScienceDirect Journal

Toh et al. (2009) EA framework Case study Evaluation
research

ScienceDirect Journal

Zheng and Zheng
(2013)

EA framework Literature studies Philosophical
paper

ScienceDirect Journal

Kim et al. (2006) EA framework Constructive research Solution
proposal

Springer Journal

Goethals et al. (2006) EA framework Constructive research,
discussion

Validation
research

Springer Journal

Vargas et al. (2014) EA framework Constructive research Validation
research

Springer Journal

Chalmeta (2000) EI framework Constructive research Validation
research

Citeseer Journal

Soomro and Awan
(2012)

EI framework Literature studies,
discussion

Evaluation
research

Citeseer Journal

Lam (2005b) EI framework Case study Evaluation
research

EBSCO Journal

Wu (2007) EI framework Constructive research Validation
research

Emerald Journal

Lam (2005a) EI framework Grounded theory Philosophical
paper

Emerald Journal

(continued )

Table IV.
Systematic map
overview
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References Research focus Paper type
Research
method Database

Conference/
journal

Wang et al. (2011) EI framework Literature studies Philosophical
paper

IEEE Conference

Chen et al. (1997) EI framework Discussion Philosophical
paper

ScienceDirect Journal

Li et al. (2010) EI framework Constructive research,
case study

Evaluation
research

ScienceDirect Journal

Li et al. (2013) EI framework Constructive research,
case study

Evaluation
research

ScienceDirect Journal

Ni et al. (2007) EI framework Constructive research,
case study

Evaluation
research

ScienceDirect Journal

Noran (2013) EI framework Constructive research Validation
research

ScienceDirect Journal

Panetto et al. (2012) EI framework Discussion Philosophical
paper

ScienceDirect Journal

Namba and Iijima
(2003)

EI framework Constructive research,
case study

Evaluation
research

Springer Journal

Moynihan (1997) EI framework Constructive research,
case study

Evaluation
research

Springer Journal

Wang et al. (2012) EI framework Literature studies,
discussion

Philosophical
paper

Springer Journal

Maheshwari and
Janssen (2012)

Enterprise
interoperability

Constructive research,
case study

Evaluation
research

ACM Conference

Chen et al. (2008) Enterprise
interoperability

Literature studies,
discussion

Philosophical
paper

ScienceDirect Journal

Chituc et al. (2008) Enterprise
interoperability

Constructive research,
case study, literature studies

Evaluation
research

ScienceDirect Journal

Panetto and Molina
(2008)

Enterprise
interoperability

Discussion Philosophical
paper

ScienceDirect Journal

Mezgár and
Rauschecker (2014)

Enterprise
interoperability

Constructive research,
case study

Evaluation
research

ScienceDirect Journal

Vernadat (2007) Enterprise
interoperability

Discussion Philosophical
paper

ScienceDirect Journal

Utomo (2011) SOA Case study Experience
paper

Citeseer Journal

Erol et al. (2009b) SOA Constructive research Validation
paper

EBSCO Journal

Pahl et al. (2009) SOA Constructive research Solution
proposal

EBSCO Journal

Erol et al. (2009a) SOA Constructive research Validation
research

IEEE Conference

Umar and Zordan
(2009)

SOA Case study Evaluation
research

ScienceDirect Journal

Tang et al. (2010) SOA Constructive research,
multiple case studies

Evaluation
research

Springer Journal

Cuenca et al. (2010) Enterprise
engineering

Case study, literature studies Solution
proposal

Citeseer Conference

Kosanke and Nell
(1999)

Enterprise
engineering

Delphi study Philosophical
paper

ScienceDirect Journal

Kosanke et al. (1999) Enterprise
engineering

Discussion Philosophical
paper

ScienceDirect Journal
Table IV.
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Six articles contain descriptions about applying SOA approach to provide integration.
Besides EI, enterprise flexibility, enterprise resilience, enterprise application
reengineering and enterprise SOA were the other topics that are included in this
category (Erol et al., 2009a, b; Pahl et al., 2009; Tang et al., 2010).

Finally, six articles discussed about the role of EA in enterprise interoperability.
Among these six articles some of them explicitly mentioned the difference between EI
and enterprise interoperability (Chen et al., 2008; Panetto and Molina, 2008), whereas
some other articles refer to the enterprise interoperability as a kind of EI (Chituc et al.,
2008; Mezgár and Rauschecker, 2014). Despite all the similarities and differences
between EI and enterprise interoperability, all of the articles in this classification
have emphasized on the role of EA as a concept, method, or entity to reach to the
integration.

5.1.1 EA framework. This category contains articles that have their emphasis on an
EA framework. This included description of different EA frameworks and conceptual
models in order to either manage EA or to implement and develop EA.

The significant role of EA in integrating an enterprise could be perceived even from
the primary literature of EA. For instance, Richardson et al. (1990), referred to EA as an
opportunity to support business functions and manage decision making by interrelating
data, hardware, software and communications resources. In another study, Bernus and
Nemes (1996) proposed a generic enterprise reference architecture to design and maintain
enterprises for their entire life-cycle and to organize existing EI knowledge in the
frequently changing environments. According to Kim et al. (2006) in order to solve
information systems’ integration problems, enterprises adopt the EA frameworks as an
optimal solution. The criticality of change in enterprises and the role of EA can be
realized from Zachman (1997) study that declared, quality, timeliness, and change as the
issues that force us to consider EA more seriously. Therefore, it is crucial for an
enterprise to be constantly re-architected to achieve integration (Goethals et al., 2006).

The majority of the studies in the EA framework category have focused on
frameworks and methodologies suggested to achieve EI (Bernus and Nemes, 1996;
Chen et al., 2005; Erol et al., 2010; Goethals et al., 2006; Hoogervorst, 2004; Kilpeläinen,
2007; Kim et al., 2006; Peristeras and Tarabanis, 2000; Rohloff, 2008; Vargas et al., 2014).
The rest of the studies in this category have focused on tools, methods, and
descriptions on how EA can help enterprises to achieve EI (Anaya and Ortiz, 2005;
Buckl et al., 2009; Goel et al., 2009; Kang et al., 2010; Pulkkinen et al., 2007; Toh et al.,
2009; Umar, 2007; Zheng and Zheng, 2013).
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5.1.2 EI framework. Integration issues have attracted much attention among
scholars during the past decade (11 out of 14 articles in this category are between 2005
and 2013). This category contains the articles that emphasize on EI frameworks,
methods, tools, and models. For instance, Chen et al. (1997) presented GERAM and
GRAI, the two frameworks which assist to build integrated enterprise. In another
recent attempt Noran (2013) proposed an EI framework to support integration. Besides
EI frameworks enterprise modelling has mentioned as another approach to achieve EI,
for instance, Moynihan utilized enterprise modelling to provide integration in
manufacturing systems (Moynihan, 1997). Ni et al. (2007) proposed an approach to
achieve business process integration in an enterprise applying modelling of business
information model.

5.1.3 Enterprise interoperability. This category includes studies that distinguish
integration from interoperability. For instance, the early study conducted by
Papazoglou et al. (2000) referred to enterprise interoperability as one of the important
requirement in order to achieve integrated value chain, and they defined
interoperability as “the ability of one system to process information from and to
another at a syntactic and semantic level without requiring either system to make
changes to accommodate the other”.

As mentioned in Section 2, some studies consider integration and interoperability as
two different concepts (Chen and Doumeingts, 2003; Kosanke, 2006; Panetto and
Molina, 2008; Vernadat, 2003). These studies argue that interoperability has
the meaning of coexistence, autonomy, and federated environment, whereas they
referred to integration as coordination, coherence, and uniformalization. In terms of
coupling degree, Chen et al. (2008) referred to integrated systems as tightly coupled
and interoperable systems as loosely coupled. In other words, they interpreted
enterprise interoperability as loose integration of systems. This view includes that two
integrated systems may be interoperable but not necessarily integrated (Chen and
Doumeingts, 2003).

5.1.4 SOA. This category contains articles that have emphasized on SOA to gain EI.
In spite of being only about ten years old as a concept, SOA has been applied widely as
an approach to enterprise information systems development and EI. According to Erol
et al. (2009a) SOA is recognized as a solution to overcome integration and
interoperability issues.

Aiming to solve integration and interoperability problems, SOA provides novel
integration patterns and infrastructures (Li et al., 2010). The primary idea of SOA is to
decompose applications into reusable components to deliver the business services
(Umar and Zordan, 2009).

Pahl et al. (2009), referred to SOA as an integration architecture solution that
supports various application scenarios. In their study, Pahl et al. presented a solution to
integrate business information systems applying SOA and web services.

5.1.5 EE. The category of EE contains only three but important articles that
highlight the significance of EE in EI. EA is considered to be the foundation of EE, and
EI is an essential part of EE. In other words, gaining and maintaining EI are parts of
EE tasks; therefore, EE project managers should constantly evaluate the current
situation and be prepared for future optimal state (Cuenca et al., 2010; Kosanke, 2005;
Kosanke et al., 1999; Lillehangen and Krogstie, 2008; Noran, 2013; Panetto and Molina,
2008). Managers can benefit from EA to manage the on-going EE efforts to achieve and
maintain EI (Cuenca et al., 2010; Kosanke et al., 1999; Kosanke and Nell, 1999).
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5.2 Paper type and research method (RQ2)
Paper type indicates the classification of papers with the categorization proposed by
Wieringa et al. (2006), in which research is classified into six categories: validation
research; evaluation research; proposal of solution; philosophical papers; opinion
papers; and personal experience papers. To provide an answer to RQ2, we categorized
the final 50 papers with this classification, but because we were not able to find any
papers that can be fitted in the criteria of opinion papers, we did not include this type in
our classification. Opinion papers are the type of papers that contain the author’s
personal opinion about something. The explanation of each category can be found in
Table III.

Figure 4 illustrates the distribution of paper type based on the research topic of the
paper. The most frequent paper type is evaluation research with 32 per cent. The next
most frequent paper type is philosophical paper with 30 per cent. Validation research
and solution proposal are the third and fourth most frequent paper type with 18 and 16
per cent, respectively. However, only 4 per cent of the papers are experience reports.

The research method classification is based on Palvia et al. (2004) classification of
MIS research. While analysing the selected 50 articles additional research methods,
such as Delphi study, grounded theory, and discussion paper are added. We identified
seven research methods in the 50 analysed papers (refer to Table III for explanation of
each category). We analysed the employed research methods for each paper. For
example Boh et al. (2003) applied three research methods in their study. They used
grounded theory to develop hypotheses and they used case study and survey to test
their hypotheses. In this situation we considered all of these three applied research
methods in our analysis for this paper.

Figure 5, shows the distribution of research method based on the research topic of
this paper. Constructive research with 35 per cent is recognized as the predominant
research method. After that case study or multiple case studies with 30 per cent ranked

Experience
paper
4%

Philosophical
paper
22%

Solution
proposal

16%

Evaluation
research

34%

Validation
research

24%

Figure 4.
Distribution of
paper types
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in the second place of the most frequent research methods. Discussion paper
and literature study with 18 and 12 per cent are the third and fourth most used research
methods. Grounded theory with 3 per cent, survey and Delphi study both with
1 per cent are the least applied research methods.

Another way of analysis regarding RQ2 is to disclose the distribution of research
content over the research method and research type (see Figure 6). The bubble chart
diagram in Figure 6 displays the mapping of the 50 studies based on the research
content. This mapping chart illustrates the concentration of the articles. From this
bubble chart we can conclude that constructive research and case study are the two
most frequent research methods; evaluation research and solution proposal are the
two most frequent paper types for the papers focused on an EA framework.
Constructive research and case study are the most applied research methods for the
papers in the EI framework category and evaluation research is the dominant paper
type. Surprisingly, there is only one survey and one Delphi study conducted among the
papers in the intersection of EA and EI. Grounded theory is not applied often. Also, the
experience paper type is rarely employed in this research topic.

To analyse the distribution of articles from another dimension, Figure 7 presents the
number of articles per research method combined with paper type. Constructive
research is the predominant research method for the validation research articles
(nine articles). For instance, Erol et al. (2009b) proposed a conceptual model to create
enterprise flexibility using SOA approach. The second most common research method
in this mapping study is case study, which is the major research method for the
evaluation research type of papers. For instance, Li et al. (2013), proposed a framework
for the inter-organizational integration and discussed this framework in the content of a
real-world case study. Constructive research and case study are the two most frequent
applied research methods for the papers considered as solution proposal. As for the
philosophical papers, literature studies and discussion are the dominant research
methods. Case study and constructive research are the only two research methods
applied in the experience papers.

Case study /
Multiple case

studies
30%

Delphi study
1%

Survey
1%Grounded theory

3%

Discussion paper
18%

Literature study
12%

Constructive study
35%

Figure 5.
Distribution of

research methods
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5.3 Research trends (RQ3)
To answer RQ3, the distribution of 50 analysed articles is illustrated in Figure 8 in
periods of three years from 1996 to the beginning of 2014. Starting from 2004, a steady
rise is noticeable, reaching in peak with 16 articles by the end of 2010. This result
indicates that the topic to determine the role of EA in EI have become more important
for the scholars during the last few years. One reason for this increase could be that
governments force organizations to develop EA. However, the number of published
articles in this area declined to nine articles between 2011 and 2013. At this time we
cannot discuss only about 2014 articles since our time scope is three years.

0

2

4

6

8

10

12

14

16

18

1996-1998 1999-2001 2002-2004 2005-2007 2008-2010 2011-2013 2014

Validation research Evaluation research solution proposal
philosophical paper experience paper

Figure 8.
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The downward trend in the number of publications from 2010 to 2013, could be due to
the economic recession (Mayall, 2009), because management may often consider
EA development as a low-priority and costly task. Therefore, in situations like in an
economic recession CIOs postpone the development of EA and consider it as a
low-priority task.

Figure 8 also illustrates the number of paper types in each year. From this stacked
column chart we may note that between 1996 and 2001 the dominate paper types were
“Philosophical paper” and “Validation research” which means that during these years
new frameworks and models were developed but they were not validated in practice.
However, from 2002 to beginning of 2014 number of “Evaluation research” papers has
increased significantly, which means that during these years new frameworks were
developed and evaluated in practice. The number of “Solution proposal” papers have
also noticeably growth, which can imply the importance of the role of EA as a solution
to facilitate EI.

6. Discussion
6.1 Summary of findings
This study is a SMS that provides a comprehensive overview on the intersection of EA
and EI. Researchers and experts, for instance, may use the result of this study as an
initial point for their research and projects.

During this study, after defining our research strategy we searched through the
selected databases and found 404 articles. Not all of these were relevant and unique,
therefore we defined the exclusion and inclusion criteria. Then we had 50 relevant and
unique articles to analyse. To analyse the 50 papers, we developed a classification
scheme. We classified the articles based on their research focus, paper type, and
research method (refer to Table III).

Regarding the research focus, we concluded that “EA framework“ with 20 articles is
the dominant research focus and “EI framework” with 15 articles is the next dominant
one. Regarding the paper type, “Evaluation research” is the most frequently employed
paper type. We identified only two papers that can be categorized in the “Experience
papers” category, which is the least used paper type.

“Constructive study” and “Case study/Multiple case studies”, respectively with
35 and 30 per cent of the papers were the most used research methods in this area.
However, “Survey”, “Delphi study”, and “Grounded theory” were used less often.

“Solution proposal” and “Evaluation research”were the two most employed paper type
for papers focused on “EA framework”. Employing bubble chart illustration, the gaps in
this research area were discovered and highlighted the current emphases in this research.

We concluded that the majority of “Evaluation research” papers employed “Case
study/Multiple case studies” as the research method. Moreover, most of the “Validation
research” papers were “Constructive research” and majority of the papers that used
“Constructive research” as their research method, were “Evaluation research”. This
means that the articles proposed new framework or conceptual model and they
implemented and evaluated the novel proposal in practice. However, the numbers of
“Validation research” in this category was still noticeable.

“Validation research” and “Philosophical paper” were the most common paper type
between 1996 and 2004, and after that “Evaluation research” was the dominant
research paper type. This indicates that the research has been more practical during
the last decade. We noticed that number of publications between 2010 and 2013
declined, which may be because of the economic downturn.
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6.2 Threats to validity
In this kind of research it is necessary to identify potential problems of bias and
validity to permit readers to verify the credibility of the presented results. On account
of the fact that there are some threats to the validity of our study, it is crucial to
evaluate the validity of this mapping study. There are at least three kinds of threats
that should be addressed to validate the credibility of the results (Perry et al., 2000):
construct validity; internal validity; and external validity.

Construct validity refers to what extend the inferences can be made with respect to
research questions of the study. Construct validity measures the operability of a
construct against theory (Perry et al., 2000). To assure construct validity of this article,
we explicitly defined the research questions and objectives of the current work in the
research method steps, therefore, it helps to provide the same interpretations for other
scholars who are interested in replicating this research process in future. To find the
maximum number of relevant articles for mapping study regarding our research
questions, we defined and refined our search queries based on the obtained results and
considered synonym words in our search string and performed the queries in the most
well known and related electronic databases.

Another aspect of construct validity that should be taken into account is to assure
that all the relevant articles are included (Mohabbati et al., 2013). Thus, we strove to
incorporate as many articles as possible by using only the electronic databases.
However, it is possible that we might have missed some articles that electronic
databases could not find them.

It is also crucial to address internal and external validity threats on a study. Internal
validity is related to the extent to which the designing and conducting of the study
minimizes the systematic error or bias results. Whereas external validity is related
to the extent to which the result of a study can be applied to other situations outside of
the study.

Replication of mapping study is one way to mitigate the threats of internal and
external validity (Shull et al., 2008). Moreover, in terms of internal validity, to extract
data we limited ourselves to the specific techniques mentioned in the research method
section and unveiled the results by charts, graphs, and tables. In other words, applying
a well defined methodology minimized bias of the study. The external validity is
guaranteed since we did not make any generalizations, claims, and projections.

6.3 Limitations
This SMS study suffers from few limitations. First, we limited ourselves to only seven
scientific databases, thus we could not cover all the existing journal and conference
databases. Moreover, we considered only peer reviewed articles, such as journal and
conference papers, and we did not include any book sections or magazines in our study.

In the realm of search keywords, we strove to apply synonym terms as much as
possible in order to get maximum amount of results. For instance we used
“interoperability”, “coordination”, and “coherence” as the alternatives for “integration”.
However, it is possible that we miss some articles that have used other terms, such as
“enterprise unification”.

7. Conclusion remarks and future work
The main motivation of the presented study was to provide an overview of
existing literature that have investigated the role of EA in EI. We applied
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a SMS method (Kitchenham, 2007; Petersen et al., 2008) in order to determine
what issues have been studied in this research domain. We classified the
existing studies based on the employed research methods as well as the paper types.
The adopted research method (SMS) is a practical research method to recognize
the areas where there is adequate information about a topic, as well as those
domains where more research is required. The results of this study provide a
guideline to assist researchers in planning future research through the discovery of
research gaps.

The presented study, analysed the content of 50 articles and categorized them based
on their research focus, research method, and paper type; it also examined the research
trend and the distribution of paper types over the years.

By conducting this SMS study we realized that almost two-third of the previous
studies were focused on frameworks and conceptual models. Despite the importance
of some topics, such as SOA, enterprise interoperability, and EE, however, the
modest role of research in these areas is quite surprising. Regarding the paper type we
noticed that experience papers appeared rarely in the literature. The significant number
of “Evaluation research” in the last decade, emphasizes the development and
implementation of EA and EI in practice.

Our research has implications for both researchers and practitioners. Going through
the papers categorized as “Evaluation research” in Table IV, practitioners can realize
which EA or EI methods are implemented and evaluated in practice. For researchers,
this paper provides a good insight into the existing research in the intersection of EA
and EI. Also, this study indicated the gaps in this area of research. For instance, the
need for having more research using empirical research methods has been realized.
Considering the publication trend researchers can realize the tendency in publication of
“Evaluation research” in the last decade.

Primary implications for future research include a need for more research using
empirical methods, such as surveys and interviews. Delphi study as a research method
that employs questionnaires has been applied very rarely in this area of research.
Surprisingly, we identified only two papers that applied grounded theory. It is notable
that qualitative approaches, such as ethnography and action research are completely
missing from the population of the selected 50 articles.

It is important that enterprises can solve their integration issues rapidly and
efficiently. Therefore, one important aspect is to first realize the integration challenges
and barriers in a company. For future research we can employ empirical research
methods, such as surveys and ethnographies to collect data and experience about
integration challenges. After that, we can provide solutions on how EA can help
enterprises to eliminate the EI challenges. It is also possible in the future to investigate
how the trends and attention change in this research domain.
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