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ABSTRACT 

 
If organizational purposes or functions changes then 

usually we are concerned with information system 

modernization. However, there are difficulties of 
making information system modernization decisions 

because of suppliers and clients may have different 

notions about modernization. In this paper, we present 

a review and qualitative analysis of statements for 
information system modernization. The objective of 

this review is to describe current reported knowledge in 

terms of what kind of modernization is defined, what is 
the domain of modernization, is modernization a 

synonym for reengineering, and does modernization 

include replacement situations. We found 42 
statements for modernization from 36 papers. These 

findings show that the concept of modernization is 

unestablished. However, if we want to have similar 

notions about information system modernizations then 
we have to be transparent where the changes have 

effect. Therefore, one solution based on the analysis of 

relationships between the entities of enterprise 
architecture is presented to help for making 

information system modernization decisions. 
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1 INTRODUCTION 
 

When something is becoming modern or 

something is made modern, it might mean that 

something is more suitable for present styles or 

needs, or the newer information, methods, or 

technology is used [1]. Nowadays, we are 

dependent on various information systems. The 

information systems can be seen as a collection of 

people, processes, data, models, technology and 

partly formalized language, which serves an 

organizational purpose or function [2]. If the 

organizational purpose or function changes, then 

we have to make something modern and quite 

often we are concerned with information system 

modernization.  

 

Many information systems can be called legacy 

systems. Legacy systems are typically described as 

mission critical systems, systems that are in an 

important role in an organization, and systems 

which are vital but unmanageable [3, 4]. Bennett 

[4] has further described that legacy systems may 

contain years of accumulated experience and 

knowledge and, in some cases, the system may be 

the only place where an organization’s business 

rules exist. Wallace et al. [5] cited that system 

“modernization is a specialized application of 

system reengineering, which is the disciplined 

evolution of a system from its current state to a 

new one”. Weiderman et al. [6] present five 

activities which can be used with legacy systems: 

assessment, maintenance, transformation (can be 

seen as reengineering), replacement and combined 

strategies. Comella-Dorda et al. [7] divided the 

system evolution activities into the following 

categories: maintenance, modernization and 

replacement. Furthermore, they define that 

modernization involves more extensive changes 

than maintenance and the system must be replaced 

when it can no longer be evolved.  

 

In this paper, we are interested in information 

system modernization. Our earlier studies have 

discussed decision-making in modernizations [8-
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10], but during our research we have been 

doubtful about the concept of modernization. 

Suppliers and clients may have different notions 

about modernization[11], which causes difficulties 

of making modernization decisions.  

 

Although modernization has been studied from 

different perspectives, the concept of 

modernization is vague. Our motivation is to find 

what modernization is. A definition can be 

described as “a statement expressing the essential 

nature of something” [12]. Suonuuti [13] states: 

“Definitions are statements describing a concept”. 

In this study, we review and analyze the 

statements of information system modernization. 

We collect the statements by using a literature 

review. In our review, a statement is something 

which tells us what modernization is. Our search 

returned altogether 1056 hits of which 36 papers 

included some kind of a statement or statements of 

modernization. Statements were further analyzed 

with qualitative methods. The key findings present 

the variations of the modernization concept and 

the need for defining concepts consistently. 

 

This paper is organized as follows: Section 2 

introduces our research methods, explains how 

literature review was conducted and the limitations 

of the study; Section 3 presents the data extraction 

and synthesis, as well as, explains further analysis 

and finally Section 4 discusses our results, and 

presents one solution based on the analysis of 

relationships between the entities of enterprise 

architecture to help making information system 

modernization decisions. 

 

2 METHODS 

 

We are interested in the statements of information 

system modernization. Therefore, we need to find 

out how the concept of modernization is defined in 

scientific papers. The data collection method in 

this study is literature review. Qualitative methods 

(content analysis and creating themes) are used for 

analyzing the collected material.  

 

Research literature can be reviewed for different 

purposes: to provide a theoretical background for 

research, to learn the breadth of the research field 

or to answer practical questions by finding out 

what is said in existing research literature [14]. In 

our case, the purpose for the literature review is to 

learn what is said in the existing literature. Our 

review has been conducted by adapting two 

systematic review guidelines [14, 15]. Okoli and 

Schabram [14] describe that a literature review is 

systematic, when it 1) follows methodological 

approach systematically, 2) explains explicitly 

how review has been conducted, 3) includes all 

relevant material comprehensively, and 4) can be 

reproduced by other researchers. Kitchenham and 

Charters [15] define systematic literature review as 

“a form of secondary study that uses a well-

defined methodology to identify, analyse and 

interpret all available evidence related to a specific 

research question in a way that is unbiased and (to 

a degree) repeatable”. In our review, we have 

decided not to assess the quality of the studies and 

thus, our review is not systematic in the means of 

Kitchenham and Charters [15]. Moreover, in our 

case, we look for statements of modernization and 

we use all the scientific articles, not only primary 

studies, from the computing field which can be 

retrieved from the electronic databases we have 

chosen. However, we have defined our review 

process as follows: 

1. Specifying the search terms 

2. Selecting the databases  

3. Creating the selection criteria 

4. Searching the papers 

5. Appraising the hits and selecting the papers 

6. Citing the definitions from the papers 

 

Our research strategy is a mix of exploratory and 

descriptive strategies. Exploratory strategy tries to 

find out what is happening, seeks new insights and 

generates new ideas and hypotheses for future 

research and descriptive strategy describes the 

current status of a phenomenon or a situation [16]. 

A systematic literature review aims at identifying, 

evaluating and interpreting all available research 

material to answer a research question [15]. In our 

study, we collected all scientific papers from the 

field of computing using the databases we have 

access to. We did not use books or grey material 

or manual searches. However, we used all the 

databases, which were available to us.  
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Typically, the quality of the material accepted to 

the review should be assessed [15]. However, we 

did not assess the quality of the accepted papers. 

We were interested in the statements (if they exist 

or not), not the quality of the papers. Therefore, 

we decided to include all statements which tried to 

explain what modernization is. In our opinion, our 

accepted statements represent well the statements 

and their quality in the field of computing. 

 

After going through the literature, we started the 

further analysis. First, we used content analysis 

and second, created themes. Content analysis is 

the quantification of qualitative text material [17]. 

Content analysis starts when the researcher creates 

codes. The codes are sets of words and phrases 

found from the text. After that, the researcher 

searches for occurrences of those codes from the 

text. Themes are created from the text by paying 

attention to the interesting attitudes, words and 

phrases which describe the research subject well 

[18]. 

 

We wanted to find out how the concept of 

modernization has been defined. Our main 

research question is: How is software/system 

modernization defined? To answer the question, 

we conducted pilot searches with different search 

terms to find out the best terms. We used ACM 

Digital Library as a pilot database and we tried 

different search terms e.g. (software AND 

modernization), (system AND modernization), 

(software AND modernization) OR (system AND 

modernization), “software modernization” OR 

“system modernization”. We had decided to 

search all fields, not only the abstract or the title, 

because a paper can include a statement although 

the terms are not mentioned in the title or the 

abstract. After we piloted our search, we decided 

that the best way to search for the answer to our 

question is to use the search term “software 

modernization” OR “system modernization”. We 

came up this search string, because we were 

interested in what is modernized: the software, the 

information system, the software system, the 

legacy system or the legacy software. Our search 

string finds all of these terms.  

 

We used the following databases to conduct our 

search: 

 ACM Digital Library
1
  

 IEEE Xplore
2
 

 SpringerLink 
3
 

 Elsevier Science Direct
4
  

 EBSCOhost Academic Search Elite
5
  

 Wiley Online Library
6
  

 Emerald
7
 

 

We did not use manual searches. We included the 

papers which  

 are scientific conference or journal papers 

 come from the field of computing 

 are available in full versions 

 are written in English 

 include a statement of (software/system) 

modernization 

 

We excluded papers which are written by the 

authors of this paper or are found an earlier search 

from other databases (Figure 1).  

 

Altogether, we received 1056 hits from the 

selected databases. Finally, after going through all 

the databases, we had 36 articles where 

modernization was defined (Table 1).  

 
Table 1. Searches 

 
Database Number 

 of hits 

Selected  

articles 

ACM Digital Library 

IEEE Xplore 

SpringerLink 
Elsevier Science Direct 

Wiley Online Library 

Emerald 

EBSCOhost 

108 

296 

228 
220 

122 

18 

64 

23 

9 

- 
2 

2 

- 

- 

Total 1056 36 

 

                                                
1 http://dl.acm.org/  
2 http://ieeexplore.ieee.org/Xplore/home.jsp 
3
 http://link.springer.com/  

4
 http://www.sciencedirect.com/  

5
 http://www.ebscohost.com/academic/academic-search-

elite  
6 http://onlinelibrary.wiley.com/  
7 http://www.emeraldinsight.com/  
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Figure 1. The paper acceptance process 

 

 

 

3 EXTRACTING AND SYNTHESIZING THE 

DATA 

 

Modernization is named software modernization 

in 13 statements, ADM in 9 statements, 

modernization in 7 statements, and system 

modernization in 5 statements. In eight cases 

modernization is named divergently: LIS 

modernization, modernization of enterprise 

systems (in two cases), modernizing a legacy 

system (in two cases), model-driven 

modernization (in two cases) and software system 

modernization. We compared the modernization 

domains to the defined modernizations (Table 2).  

 
Table 2. Comparison of modernization domains and defined 

modernizations 
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aged legacy system 
  

 
   

1 
  

aging software 

system   
 

   
1 

  

enterprise system 
  

 
     

1 

existing applications 1 
 

 
      

existing IT assets 
  

 
 

2 
    

existing software 1 
 

 
      

existing software 
artifacts   

 
   

1 
  

existing software 
assets 

4 
 

 
   

3 
  

existing system 2 
 

 1 
  

1 
  

legacy information 
system 

1 
 

 
   

1 
  

legacy software 
  

1 
      

legacy system 
  

1 1 
  

2 
  

LIS 
 

1  
   

3 
  

software system 
  

 1 
   

1 
 

system 
  

 4 
 

2 
  

4 

 

In system modernization and modernization, the 

domain is typically some kind of system. In 
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software modernization the domain can be some 

kind of system and the software artifacts or assets. 

In ADM the possible domains are some kind of 

system, the applications, the software and the 

software assets. 

 

The use of the statements is not straightforward. In 

three papers [19-21], the writers use the term 

software modernization, but they define it with the 

statement of Architecture-Driven Modernization 

[22]: “ADM is the concept of modernizing existing 

systems with a focus on all aspects of the current 

systems architecture and the ability to transform 

current architectures to target architectures.” 

Instead of “ADM” the writers use “software 

modernization” [20, 21] and “the software 

modernization paradigm” [19]. The writers have 

replaced “existing systems” with “LISs” [20, 21] 

and “legacy information systems” [19]. Also, in 

one paper [23], the writers use different terms 

synonymously: first software modernization, then 

modernization of legacy software systems.  

 

Comella-Dorda et al. cite Weiderman et al. [6]. 

Weiderman et al. do not use the concept of 

modernization, but transformation. Weiderman et 

al. further explain that transformation can be seen 

as reengineering [6]. Comella-Dorda et al. divide 

modernization into white-box and black-box 

modernization. This idea was also first presented 

in Weiderman et al.’s report [6]. Seacord et al. 

[24] define modernization similarly to Comella-

Dorda et al. Comella-Dorda et al. use the concept 

“system modernization” whereas Seacord et al. 

use the concept “software modernization”. 

Seacord is one of the writers in Comella-Dorda et 

al.’s paper. The statement of modernization seems 

to have been developed in Software Engineering 

Institute during the research project of 

reengineering. 

 

Recent articles [19, 25-29] seem to cite OMG’s 

statements of Architecture-Driven Modernization 

(ADM). In Architecture-Driven Modernization 

Task Force Glossary of Definitions and Terms 

[22] the following definition is used “ADM is the 

concept of modernizing existing systems with a 

focus on all aspects of the current systems 

architecture and the ability to transform current 

architectures to target architectures”. However, 

in ISO/IEC 19506 -standard [30] Architecture-

Driven Modernization is defined as follows: 

“ADM is the process of understanding and 

evolving existing software assets of a system of 

interest. ADM focuses at collecting, sharing, 

utilizing, transforming, presenting, maintaining 

and storing models of the architectural aspects of 

existing systems. ADM does not preclude source-

to-source migrations (where appropriate), but 

encourages user organizations to consider 

modernization from an analysis and design 

perspective. In doing so, project teams ensure that 

obsolete concepts or designs are not propagated 

into modern languages and platforms”. 

 

In two papers, modernization and reengineering 

are discussed as synonyms [31, 32]. Chung et al. 

[32] write that the “term, “modernization,” was 

used for software reengineering of a legacy 

system”. Cho et al. [31] present the reengineering 

method and tools, but the paper is named “The 

MARMI-RE methodology: a method and tools for 

legacy system modernization”. 

 

In two papers [7, 33], however, reengineering is 

presented as a subtopic of modernization. Canfora 

et al. [33] summarize: “the problem of 

modernizing a legacy system […] was addressed 

by several authors […] who concentrated their 

efforts on three main research topics: the 

reengineering of a traditional (i.e. not Web-based) 

system into a Web-based one”.  Comella-Dorda et 

al. [7] state: “There are different approaches to 

the modernization of legacy assets including 

reengineering”. 

 

Further, five papers describe that modernization is 

based on reengineering, but model-driven 

development principles have been added to 

traditional reengineering [19, 20, 28, 29, 34]. In 

these papers, it is said: “Software modernization 

does not replace traditional reengineering, but it 

combine it together with new model-driven 

development principles” [20], “ADM is based on 

reengineering, but it considers different models as 

input and output artifacts of the process” [28], 

“ADM […] advocates carrying out the 

reengineering process but considering model-
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driven development principles” [29], 

“Architecture-driven modernization advocates 

carrying out reengineering processes by following 

the MDA standard” [19], and “ADM […] 

advocates carrying out reengineering processes by 

considering model-driven development principles” 

[34].  

 

Three papers [7, 35, 36] distinguish modernization 

and replacement. Modernization is typically 

described as a solution to lengthen the life cycle of 

a business critical system or software and to avoid 

their replacement. However, in two papers [37, 38] 

modernization is described as the replacement of a 

system. 

 

When we went through the statements we noticed 

that there were similarities in the statements. We 

wanted to analyze the statements to find out their 

origins because it seemed that most of the used 

statements came from the following sources: 

Comella-Dorda et al.’s paper [7] and from the 

sources of OMG’s Architecture Driven 

Modernization Task Force. We also noticed that 

some of the statements brought up reengineering. 

Therefore, we wanted to find out if our 

observations were trustworthy and we started with 

a content analysis. Our codes were phrases from 

the original statements of Comella-Dorda et al. 

and OMG. We also looked for the term 

“reengineering”. The following themes 

characterized the following phrases which were 

used as codes:  

 Comella-Dordaish. “more […] changes 

than maintenance” or “business value that 

must be preserved” or “changes” or 

“represents greater effort than […] 

maintenance” [7] 

 ADMish. “understanding and evolving 

existing software” [30] or “all aspects of 

the current system’s architecture and the 

ability to transform current architectures 

into target architectures” [22] 

 Reengineering. “reengineering” 

 Different. 

 

We have citied the statements as they were in the 

original text. We underlined the defined 

modernization. Furthermore, we bolded and 

italicized the domain of the modernization.  

 

Statements, which described well the theme 

Comella-Dordaish were similar as following: 

1. Modernization involves major changes to a 

system, but which preserve a significant 

amount of the old system [39]. 

2. These system evolution activities can be 

divided into three categories: maintenance, 

modernization, and replacement […] 

Repeated system maintenance supports the 

business needs sufficiently for a time, but 

as the system becomes increasingly 

outdated, maintenance falls behind the 

business needs. A modernization effort is 

then required that represents a greater 

effort, both in time and functionality, than 

the maintenance activity. Finally, when the 

old system can no longer be evolved it must 

be replaced  [31]. 

3. Software system evolution activities can be 

divided into three categories: maintenance, 

modernization and replacement […] 

Modernization involves extensive and 

pervasive changes, requiring a 

significantly greater effort than during 

maintenance activities [40]. 

 

The theme ADMish was created from similar 

statements as following: 

1. ADM is a process for understanding and 

evolving existing software assets in order 

to restore the value of existing applications 

[27]. 

2. Software modernization is the concept of 

evolving LIS with a focus on all aspects of 

the current system’s architecture and the 

ability to transform current architectures 

into target architectures  [21]. 

3. We refer to the software modernization as 

the process of understanding and evolving 

existing software assets in order to: 

maintain, integrate, refactor, reuse, 

migrate, or replace [41]. 

 

Statements which described the theme 

Reengineering were: 
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1. System modernization is a specialized 

application of system reengineering, which 

is the disciplined evolution of a system 

from its current state to a new one  [5]. 

2. The term, “modernization,” was used for 

software reengineering of a legacy system. 

Software reengineering in this case 

consists of reverse engineering and 

forward engineering  [32]. 

3. Software modernization, and particularly 

Architecture-Driven Modernization, has 

become the best solution in the legacy 

systems’ evolution […] Software 

modernization is a new specific kind of 

evolutionary maintenance paradigm to 

solve reengineering problems [29] 

4. Reengineering has normally been used to 

obtain new improved versions of aged 

legacy system […] Software modernization 

helps to solve the formalism and 

standardization problems of reengineering 

[34]. 

 

Following statements described the theme 

Different: 

1. A key area in software modernization is 

renovating aging software systems to take 

advantage of today’s parallel and 

distributed computing environments [42]. 

2. Software modernization converts legacy 

systems into component-based systems. 

The process involves program 

understanding, business rules extraction, 

and software transformation [43]. 

3. Modernization of enterprise systems 

creates new opportunities for corporations 

to transform their existing IT assets into 

the service-oriented architectures (SOA) 

[44]. 

4. The immediate effect of software ageing is 

that information systems become Legacy 

Information Systems (LIS) and must 

therefore be replaced with a new, 

improved system. This activity is known as 

software modernization [37]. 

 

Ten statements in [7, 11, 31, 33, 35, 36, 39, 40, 

45] belong to the theme “Comella-Dordaish”, also 

Comella-Dorda et al.’s own statements, sixteen 

statements in [19-21, 23, 25-28, 38, 41, 46, 47] to 

the theme “ADMish”, four [5, 29, 34, 48] to the 

theme “Reengineering”, and twelve in [36, 37, 42-

44, 49-55] to the theme “Different”. These themes 

highlight that 16 statements resemble OMG’s 

statements of Architecture-Driven Modernization, 

10 statements are similar to Comella-Dorda et al.’s 

statements, 4 statements bring up the relations 

between modernization and reengineering, and 12 

statements differ from the others.  

 

4 DISCUSSION 

 

We noticed that the defined modernization 

(system, software, architecture-driven) does not 

reveal what the domain of modernization is. In the 

statements of system modernization or 

modernization, the domain of modernization was 

some kind of system. However, in the statements 

of software or architecture-driven modernization, 

the domain of modernization varied from system 

to software assets and system architecture. 

Furthermore, we noticed that contradictory 

statements were used. Sometimes it seems that it 

does not matter what word comes before 

modernization. System and software 

modernization can be defined similarly as well as 

software and architecture-driven modernization. 

Our findings reveal the vagueness of the term 

modernization  

 

This study has revealed that typical sources of 

modernization statements are Comella-Dorda et al. 

and OMG’s Architecture-Driven Modernization 

statements. If we look at how the statements have 

evolved it seems that the term modernization was 

at the beginning system modernization [5, 7, 56], 

then came software modernization and finally 

OMG started to talk about Architecture-Driven 

Modernization [57].  

 

If we want to have similar notions about 

information system modernizations, then the 

changes have to be transparent. Therefore, we 

have studied enterprise architecture frameworks, 

especially TOGAF Content Metamodel [58], and 

how to make information system modernization 

decisions based on the analysis of relationships 

between the entities. We have identified at least 
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four entities (Figure 2), which should be taken into 

account when making the decision.  

 

 
Figure 2. Entities which the changes in the operation affect 

Services provide governed interfaces to access 

organizational functions, as well as, they provide 

and consume data entities. Therefore, if 

organizational purposes or functions are going to 

be changed, it is reasonable to list all data entities 

which are provided and consumed by services to 

be changed. Furthermore, we have to be familiar 

with the logical components of the information 

system because the services are realized through 

logical application components and implemented 

on logical technology components. 
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