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Summary 
Both software quality assurance and software evolution are economically very important issues. Software evolution 
decision making includes evaluations of software systems and their parts. Methods, which enable improvement of the 
decision quality, are needed. Decision making has been considered in the context of large-scale industrial software 
changes. Methods have been developed reflectively by gradual improvement based on the feedback received from 
software industry. The paper outlines the followed method development approach. One of the developed methods, 
called VERDE, is presented in more detail. It is a checklist-based method for system change decision making support. 
The method ensures that essential issues are noted related to decision making. It enables evaluation of the decisions 
and long-term improvement of decision making. The checklist-based and hierarchical nature of the method has 
enabled meeting the requirement of uncomplicated use. 
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1.   INTRODUCTION 
 
The importance of software quality is well recognized. It is claimed that 50-60% of the effort 
involved in producing large software systems is devoted to quality assessment activities [1]. Typical 
problems in this context include ineffectiveness of practice and poor empirical validation of 
research results. On the other hand, modern successful legacy systems with long lifetime must meet 
the typically changing user and technical requirements [2]. Therefore, they inevitably evolve. It is 
claimed that software maintenance and evolution activities typically cause 50-75% of the total 
system lifecycle costs [3]. Therefore, there is a clear need to address software quality management 
aspects in the context of software evolution.  
 

This paper discusses supporting industrial software evolution decision making. The decisions 
concern evaluated software systems. Especially, decisions concerning large-scale software changes 
and evolution strategies are economically important. Available options may include e.g. further 
maintenance of the system, its modernization or replacement [4]. The decisions are based on 
software quality and other decision criteria. Software evolution and estimation of evolution options 
have been studied in an industrial cooperation project (ELTIS) funded by National Technology 
Agency of Finland (TEKES) and by industrial partners. The project has been carried out mainly 
within the Information Technology Research Institute of the University of Jyväskylä. Various 
approaches and methods have been surveyed, developed and experimented during 2003-2007.  
 

The paper is organized as follows. Section 2 briefly describes the background research conducted 
for developing the methods. The paper focuses on one of the developed methods. Section 3 outlines 
its development process, including: the requirements for effectively supporting software evolution 
decision making and improving its quality, main characteristics of the developed method, principles 
of its use, and its industrial feasibility testing. Section 4 then discusses decision making support 
further and relates the method to other main methods of the area. Section 5 concludes the paper. 
 
2. DEVELOPING METHODS FOR SUPPORTING SOFTWARE EVOLU TION DECISION 
    MAKING 
 
Developing effective methods for supporting decision making requires both theoretical and 
empirical knowledge. Four kind of research activities have been performed by us: theoretical 
method evaluations, empirical studies as a basis for method development, related industrial case 
studies, and iterative method formulation and development activities in cooperation with software 
industry. There are three earlier studies which are especially relevant in this context [4,5,6]. The 
study [4] reported empirical results concerning software modernization decision criteria. 
Information was gathered from industrial decision making experts. The study revealed the relative 
importance of about 50 criteria. The study [5] investigated the views of the decision makers further. 
Decisions were seldom confirmed after they had been made, which impedes process improvement. 
An empirical qualitative further study [6] revealed that intuition is often used in decision making. 
However, most of the decision makers did see intuition as an unpreferable way to make decisions, 
since it is generally assumed that decisions are made based on rational argumentation. If there are 
no rational arguments, there is a pressure to invent them. However, this clearly should be avoided in 
order to increase the quality of the decisions and to enable gathering reliable long-term information 
concerning them.  
 

Actual method development has been based on the results of the above cited studies where 
applicable. Three methods have been developed. Firstly, ISEBA (Information System Evolution 
Benefit Assessment) [7] views system evolution and change situations and supports selection of 
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suitable benefit assessment methods. It is an abstract-level framework. Secondly, MODEST 
(Modernization Pressure Estimation) [8] concerns early system modernization pressure estimation. 
It is based on the empirical data gathered in the study [4]. It is a low-effort, easy-to-use method for 
its purpose. The third method is described in the next section as an example of developing the 
methods. 
 
3. VERDE 
 
VERDE (Verified Decision) is a method aimed at supporting the process of system change decision 
making. VERDE is specifically aimed at supporting checking out that issues relevant to well-
grounded decisions are taken into account. The basic structure of the method has been presented in 
[9]. This paper extends the earlier study especially by describing the relations to the general method 
development approach, industrial requirements, other methods, and to the software evolution 
decision making improvements more thoroughly. 
 
3.1 Requirements 
 

At general level there is a need to register, monitor, verify, compare, and evaluate the made 
decisions. The process should, in an ideal case, be transparent, repeatable, and measurable. The 
method should take into account the practical realities of the companies using it, and be reflected in 
software industry. Detailed requirements were determined iteratively based on literature, multiple 
method inspections, and feedback from method representations. Definition of the requirements 
started based on the observations made related to an earlier industrial study [5] (ES). Additionally, 
there were five method inspections providing feedback from software industry. This feedback has 
gradually refined the structure of the method. The inspections were as follows: 
I1) One industrial partner, views of 2 persons. 
I2) One industrial project, views of multiple persons. 
I3) One industrial partner, views of 2 consultants. 
I4) Multiple industrial projects, views of multiple persons. 
I5) One industrial partner, views of multiple persons. 
 

The requirements for a useable method identified from these inspections were as follows, 
categorized based on the general nature of the single observations and organized into descending 
order of importance based on the amount of the observations: 
R1) Coverage of the essential questions, including argumentation, decision criteria, business 

aspects, and heeding views and needs of persons in different roles, and providing widened 
scope of thinking (ES,I1,I4). 

R2) Ease of use, including simplicity of the included questions, and comprehensibility, elimination 
of the unnecessary argumentation, and checklist-based support (ES,I1,I2,I3,I5). 

R3) Support for systematic decision making process (ES). 
R4) Support for opening and guiding a discussion based on a neutral, organization-independent 

view (I3). 
R5) Support for learning from the earlier decisions, and transparent (white-box) support (ES,I4). 
R6) Supporting elimination of fabricated arguments (ES). 
 
3.2 Main Characteristics 
 
VERDE is an abstract-level framework for managers and other decision makers. The method has 
been developed gradually based on the relevant software engineering literature, earlier empirical 
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studies, and received industrial feedback. It consists of a relatively large hierarchical checklist. The 
issues have been digested and formulated especially to evade typical neglections and antipatterns. 
There are four levels and seven top-level categories (A-G). The three top-most levels are described 
in [9]. For the sake of brevity, only the categories at the two top-most levels are first outlined here. 
They are the following: 
A) Identification of the background factors; (A.1) common understanding of the interest groups 

regarding the system's operation, and (A.2) motivation for the IS change. The issues to be 
checked-out have been gathered from the software engineering literature including especially 
[2,10]. 

B) Evaluation of the current system; (B.1) business value and (B.2) technical value. Separation of 
the issues related to business value and technical value has been used and some of the issues 
considered in [11,12,13]. Business value can be considered from different view-points, 
including roles such as: users, managers and customers, and different aspects, such as: 
economic value, data value, system quality and specialization value. Technical value can be 
considered regarding technical view point and operational environment. Technical view 
includes the typical software quality attributes such as: maintainability, degradation, 
reliability, stability, performance, complexity and integrity. Operational environment concerns 
issues such as: identification of the user groups, services, work-load, user scenarios, 
subsystem descriptions, interfaces, and interoperability. 

C) Objectives; (C.1) clarity of the objectives of system evolution, (C.2) clarity of the set 
requirements [10], and (C.3) their conformance to relevant business strategies [10]. 

D) IS change; (D.1) sufficiency of options, (D.2) sufficiency of resources, (D.3) assessment of 
the expected change bene-fits. These issues have been discussed e.g. in [10]. 

E) Evaluation of the target system; (E.1) business value, (E.2) technical value. This category is 
similar to B, but reflecting the issues relevant to the post-change situation. 

F) Argumentation; (F.1.1) decision criteria [4], (F.1.2) validity of arguments, (F.1.3) 
measurability of the related issues and (F.1.4) pros and cons of the system changes [11], 
(F.1.5) view-points [14], and (F.1.6) argumentative illusions, e.g. [15].  

G) Recording and follow-up, learning possibilities from the made decisions; (G.1.1) proper 
documentation of the decision and its context, (G.1.2) evaluation of the possibilities and 
policies including determination of the persons in charge and consequent actions, (G.1.3) 
learning possibilities, surveillance, comparison to previous decisions, and determination of the 
persons in charge. 

 

For example, the category F.1.6. regards identification of possible argumentative illusions. As an 
example, more detailed-level issues of this subcategory are listed here. These illusions and potential 
decisional problems are related to typical general cognitive, social, and personal decision making 
biases. They include:  
(F.1.6.1) Reciprocation; e.g. pending favors, coupling of issues, and escalating commitment may 

affect the decision out-come.  
(F.1.6.2) Consistency is generally expected; unwillingness to apply the same decision criteria in 

similar situations is symptomatic to unbalanced views.  
(F.1.6.3) Social validation is valued; this includes peer pressure and role fulfillment expectations.  
(F.1.6.4) Views of those who are liked are typically valued and those who are not liked are rejected. 

This includes typical liking of those sharing similar background and views on other issues.  
(F.1.6.5) Views of those having, or even seemingly having, authority usually tend to be valued and 

may be overvalued.  
(F.1.6.6) Scarcity; limited resources and information are valued and may be overvalued.   
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3.3 Usage 
 
The method is used by selecting a level of details which is convenient to the specific use situation. 
This is affected e.g. by the available input information, available resources and aspiration level of 
the decision quality. For example, the possibilities of each of the biases presented above related to 
the category F.1.6. should be carefully considered in case of making decisions with large-scale 
effects. The selected level may also vary among the categories such that e.g. the potentially varying 
method use experience among the users can be taken into account. The method can be used related 
to the preparation of the decision, actual decision making, its surveillance and evaluation. The use 
of the checklist is simple. The decision maker should ensure that all the listed issues at the selected 
levels are considered while preparing and making the decision. The decision maker has the final 
responsibility of deciding whether specific issues are taken into account and how. Evaluation and 
improvement of the decisions is also possible based on the coverage. The method use should be 
self-directive and feedback-preserving. The arguments used, and categories not considered should 
be registered. The question categories should be mapped to the phases of the actual applied 
organizational decision preparation and making processes by the organization.  
 
3.4 Feasibility Testing 
 
An industrial case study was conducted (3/2005-4/2005). The purpose of the case study was to test 
the feasibility of using the developed method in industrial context. The case regarded modernization 
decision making of one essential part of a large legacy system being in constant production use in 
one of the industrial partners. VERDE was used especially to evaluate and improve the system 
modernization decision, the decision making process, and to identify the applied decision criteria. 
The target was a typical database-centric legacy system; implemented in relatively old technology 
but invaluable to the continued business operations. Two method development case meetings in the 
industrial partner were organized regarding the applied decision criteria and other related issues. 
For the sake of brevity the following description exemplifies the use of VERDE's top-levels only. 
The examples characterize the issues revealed by applying the method.  
A) The category was well considered by the organization. The need for modernization had been 

identified earlier, consistency of the views of the involved parties had been ensured, and 
change requests had been processed according to the internal practices of the organization. 

B) The category, especially regarding system use environment (B.2.2) could have been 
considered more throughly by the organization, since the evolution situation was challenging 
due to limitations of the match of the current solution to the architectural needs of the user 
organization. 

C) The category was well considered by the organization, the relevant aspects were considered 
based on the relatively detailed information available. 

D) Options (D.1) should have been detailed better and earlier. Only system modernization as 
such was considered, but not alternative options. Benefits (D.3) were expected without any 
calculations, which is a typical antipattern in IT-evaluations. Although the expected benefits 
have been registered, that information has not been used further. 

E) The category was well considered. The main expected oncoming change was increases in the 
amounts of the data-flows to be handled by the target system requiring improved flexibility of 
the target system. 

F) The category could have been considered more thoroughly. Especially, criteria lists (F.1.1) 
should have been applied and argumentative illusions (F.1.6) at least considered.  
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G) The category was the most deficiently covered one. There were no traditions of follow-ups 
(G.1), which is a clear but unfortunately not unusual short-coming hindering decision making 
process improvement. 

 

VERDE as such was usable and enabled checking systematically the coverage of having considered 
the suggested general-level issues. The sub-parts of the requirement R1 have been satisfied more 
specifically by covering issues such as different view-points and roles (A.1, B, E, F.1.5), decision 
criteria (F.1), and business aspects (B.1, E.1). The method has been useful in supporting the 
identification of the detailed level decision criteria to be considered. R2 has clearly been met; the 
checklist-based approach has been applicable and sufficiently easy and fast to use. R3 has been met; 
the method has helped to systematize the decision process and to identify problems as described 
above. VERDE also enables improvement of the issues related to the requirements R4-R6. R5 is 
supported by the explicitness of the method, its normative nature for systematic decision making 
and especially by the category G. R6 is supported by the category F and especially by F.1.6.  
 

4. DISCUSSION 
 

There are nine earlier approaches which consider some of the related issues. Table 1 summarizes 
the answered main question, main strengths, and weaknesses of these approaches. Since VERDE is 
a checklist-based method aiming at good coverage of the relevant issues it deals with and gathers 
many of the issues represented in the other methods. The contribution of VERDE is that it considers 
those issues together systematically and extensively in the context of evaluating and improving the 
quality of decision making. VERDE is specifically suited to supporting reduction of risks by 
directing the decision makers to pay attention to the potentially relevant and problematic issues. 
Due to the simplicity of its use the method suits well to the needs of typically busy organizational 
decision makers.  
 

It should be noted that VERDE is an abstract-level method in a sense that it does not include 
techniques for calculations or other kind of numerical evaluations. When due, other methods should 
be called upon and applied to gather more detailed level information characterizing the options 
under consideration. For example, motivation and need of the IS change (A.2) relates to 
modernization pressures, which can be evaluated by MODEST [8]. Similarly, in case of evaluating 
the business (B.1) and technical value (B.2) of software components, VDM [12] could be applied. 
The main strategies considered by it are: system maintenance, modernization, and replacement. A 
method for identifying potential risks is presented in [10]. It is a checklist-based method like 
VERDE. It addresses issues belonging to multiple VERDE categories (A,C,D) but covers only 
reengineering. 
 

Methods presented in [12,13,14,16] consider various kind of evolution strategies. Objectives and 
their relation to business strategies (C.3) such as: providing system warranty, maintenance, upgrade, 
and their combinations, are considered in [16] related to the aspired customer satisfaction level. 
Especially [13,14] are versatile multi-purpose general-level approaches. SABA [14] is an abstract-
level framework for planning the evolution and migration of legacy systems. Similarly, Renaissance 
[13] is a method for iteratively evaluating legacy systems from various perspectives. The approach 
enables incremental improvement and integrates with project management. SABA and Renaissance 
support detailed-level characterizations of many of the categories of VERDE (especially B,D,and E). 
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Table 1. Methods for Evaluating Software Maintenance and Evolution Activities 
 

Method Answered main question Main strengths and weaknesses Main 
relations  
to VERDE's 
categories 

VERDE 
 

Relevant considered issues of 
system change decision making 

+ Supports decision quality evaluation and improvement, + Easiness of use,  
+ Industrial needs addressed, +/- Abstract-level framework 

A-G (abstract- 
level) 

MODEST 
[8] 

Modernization pressures + Supports early estimation, + Easiness of use, + Industrial needs 
addressed,  
- No refereed publications yet 

A.2 

VDM 
[12] 

Strategies regarding renewal of 
legacy systems 

+ Supports component-level analysis B 

[10] Risks of system reengineering + Easiness of application, + Considers risks, - No refereed publications yet A, C.2, C.3, D 
[16] Strategies regarding optimal 

maintenance service level 
+ Clear model with exact thresholds for actions, +/- Focuses on customer  
satisfaction effects, - Lacks empirical validation in industrial settings 

C.3 

SABA 
[14] 

Strategies regarding transition 
of legacy systems 

+ Covers both technical and organizational analysis B, D, E, F.1.5 

Renaissance 
[13] 

Strategies regarding evolution 
of legacy systems 

+ Very detailed diagnostic criteria B, D, E 

ISEBA 
[7] 

Benefits of information system 
evolution and their measures 

+ Considers benefits, + Supports selection of proper benefit estimation 
methods,  +/- Abstract-level framework 

D.3 (benefits) 

[11] Profitability of reengineering + Costs are considered in detail, + Benefits are covered, - Requires much  
versatile and reliable input data, - Lacks systematic empirical validation 

D.3 (costs and 
benefits) 

Softcalc 
[17] 

Costs and effort of maintenance 
tasks 

+ Considers costs, - Lacks systematic empirical validation B, D.3. 
(costs), 
F.1.4 

 
In case of the typically especially challenging estimation of potential future benefits of the options 
under consideration (D.3), ISEBA [7] can be applied in selecting proper evaluation methods. 
Evaluation of the economical aspects of the change as such (D.3) is supported at the level of 
calculations most notably by Sneed [11,17]. The process model represented in [11] is targeted at 
estimation of costs and benefits of reengineering. Softcalc [17] is a model and tool for estimating 
costs of incoming maintenance requests. It has been developed based on the best general-level 
software engineering cost models, i.e. COCOMO and function point analysis. 
 
5. CONCLUSIONS 
 
This paper has first addressed the clear need of developing methods for improving software 
evolution decision making. The research approach followed for developing such methods based on 
the multiple conducted industrial studies regarding large-scale legacy systems has been outlined. 
Such general approach is recommended while developing methods for challenging purposes. Each 
of the developed methods may be used to improve different kind of important facets of industrial 
decision making.  
 

The method development process has been exemplified in more detail in case of developing and 
applying one of the methods called VERDE. It is a checklist-based method for system change 
decision making support. It's development process, including determination of its requirements, its 
basic structure, the way it is used, and industrial feasibility evaluation have been described. The 
method ensures that essential issues are noted during decision making. It also enables systematic 
evaluation and comparison of the made decisions and supports long-term improvement of the 
quality of decision making.  
 

The paper has also discussed the relation of VERDE and other methods of the area. Different 
methods have different kind of focus areas, strengths and weaknesses. VERDE is an abstract-level 
method aiming at comprehensive inclusion of many of the important issues suggested by other 
relevant methods. Due to its abstract nature an obvious limitation is that VERDE does not provide 
means for the detailed evaluations such as techniques for conducting economical calculations. Other 
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methods can be applied to study the specific important issues more thoroughly when necessary. The 
conducted industrial feasibility evaluation has shown that VERDE is applicable and useful for its 
purpose. For industrial application it is essential that the process of using a support method is 
uncomplicated due to the typical busyness of the industrial decision makers. This requirement has 
clearly been met in case of VERDE thanks to its checklist-based and hierarchical nature.  
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