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ABSTRACT 
Software sustainability has generated much interest in the 
software engineering field in recent times, and has been widely 
investigated across different fields and from different standpoints. 
The relationship between software quality and software 
sustainability is still an open question. In this study, a literature 
survey and comparison was conducted using three-phases, having 
as a starting point the comparison of basic models for software 
quality. A follow-up study, conducted at a more comprehensive 
level to cover both basic models and the most cited tailored 
models. , Software sustainability literature is investigated to find 
the most frequent characteristics. Finally, data gathered from 
these studies and a comparison shows a similarity in the top level 
of these characteristics between software sustainability and 
software quality, and the emphasis on sustainability, 
maintainability and portability. The study suggests that ISO 25010 
can be utilised by software sustainability. As a future work, the 
findings will be investigated empirically to support designing 
software sustainability framework identifying the most important 
criteria in the technical dimension. 

CCS CONCEPTS 
• General and reference~Surveys and overviews  • Social and 
professional topics~Sustainability  

KEYWORDS 
Software sustainability, Software quality, Software sustainability 
characteristics, Quality characteristics. Quality models 

1 Introduction 
There is a growing interest with regard to sustainability and the 
claims for sustainable development are escalating [1]. 
Sustainability is widely considered to have three main dimensions 
which called the triple bottom line: social, economic and 
environmental [2]. The most widely accepted definition of 
sustainable development is that of the UN Commission on 
Economic Development  [3] [2]; whose 1987 Brundtland Report 
defines it as “development that meets the needs of the present 
generation without compromising the ability of future generations 
to meet their own needs” [4] . 
Similarly, there is no agreed definition of software sustainability 
[2] [5]  however, many authors, including [6] cite [7] definition.  

Dick et al. focused their definition of software sustainability on 
the impact (positive or negative) of software on various 
dimensions (economy, society, human beings, and environment) 
when using, deploying or developing software. Considering the 
previous argument, this study aims to understand the difference 
between software quality and sustainability in terms of 
characteristics and priority based on data collection from 
literature to support the design of a future software sustainability 
framework.   

2  Software sustainability and software quality 
models 

Some authors believe sustainability is a Non-Functional 
Requirement, or NFR [8]. Software quality characteristics 
correlate with each other, including sustainability as NFRs. 
Software sustainability is an umbrella term that covers various 
software quality characteristics; however, there is no agreement 
about how to relate sustainability to software quality [9]. 
It is essential to consider NFRs not just in isolation but in 
combination due to their criticality in software development [10]. 
Sommerville [11] states that failing to meet NFRs can cause 
instability in an entire system, affecting sustainability. However, 
NFRs are controversial for various reasons. According to Adams 
[10] there is no single agreed definition of NFRs, there is no 
complete list and there is no single universal classification, 
framework or taxonomy to support them. [12] states that it is very 
difficult to model: NFRs usually contradict each other, are hard to 
enforce throughout development, and are hard to appraise. [13] 
identify 252 NFRs, whereas [10] states that there are more than 
200.  [14] report 530 NFRs collected from 11 industrial 
requirements. As a result, there is no agreement about how many 
exist. 
According to  [15] the quality of software could be best described 
through NFRs. This necessitates a way to identify the most 
important software characteristics for a piece of software. If we 
claim that characteristic X is more important than characteristic 
Y, we need evidence to support this claim. As a result, software 
quality models have provided a first step in defining the vital 
characteristics of software quality, which reflect the stability and 
consistency of software. Poor-quality software could have serious 
consequences, such as financial loss and mission failure [16]; such 
effects directly influence software sustainability. Therefore, 
consideration of software quality models in this study leads to a 
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specification of which characteristics most important for 
sustainability. 

3  Quality models Types 
Many quality models have been defined and published [17], and 
each of these models contains various characteristics or factors 
[18][19]. Dubey et al.[20] state that software quality can be 
categorised into two areas, namely software procedure (process) 
quality and software product quality. Software process quality is 
described as software engineering-related components such as 
technology, people, tools and organisation, whereas software 
product quality comprises many aspects, such as the clarity of 
documentation and integrity, design traceability, application 
reliability and test integrity as its basic characteristics. [15] and 
[21] categorise quality models into two types, namely basic (1977–
2001) and tailored (2002–2011) models.  
The purpose of basic models is to define quality in a new way that 
covers various aspects of software quality, taking into 
consideration different points of view regarding the evaluation of 
software products [15]. Both [21] and [15] argue that basic quality 
models are hierarchical in structure. The former argues that the 
basic models are McCall, Boehm, FURPS, Dromey and ISO 9126. 
However, [21] and [22] point out that the FURPS model is a 
private model since it was developed by Hewlett Packard for 
quality control of their own software.  
Basic quality models are generic and can be adjusted for any 
software [21], whereas tailored models are designed for specific 
applications and domains [15]. Tailored models started to appear 
in 2001 with the Bertoa model [21]. It has been argued that most 
of the basic quality models, especially ISO 9126, are the base of 
tailored models [21]. [23] argue that tailoring reference models is 
an important way of reducing their size, which in turn leads to a 
reduction in the complexity of the model.  

4  Methodology 
The sustainability stakeholders for software development 
encompass a wide range of perspectives and interests [24]. In 
addition, the scope of software development is itself broad, with 
tailored models only existing for a small subset of domains. As a 
result in order to provide a fair comparison this paper explores 
basic quality models rather than tailored domain specific ones. In 
order to provide a more detailed understanding of the evolution 
of these model’s comparisons are provided on historic as well as 
more recent models. This paper follows the approach of [21]which 
defines the timeline from 1977–2013 for software quality models.  
Searches for quality models were conducted to define timelines, 
model types and model content. Google Scholar, Springer, Web of 
Science, Scopus, Google Books, IEEE and Copac were used for 
this. The key words used in this search were ‘software quality’, 
‘software quality models’, ‘comparing software quality models’, 
‘basic models’, ‘software product quality models’ and ‘software 
quality models review’.  

The main objective of this research is to determine the most 
important characteristics of software sustainability. To that end 
the criteria outlined in Table 1 were used to identify appropriate 
models for comparison. 

Table 1: Methodology criteria 
No Criteria Justification 
1 All are well-known 

quality models. 
They should be complete and 
fully documented as well as 
discussed and critiqued by 
many authors. 

2 All are quality models, 
or are standards 
containing reference 
models for quality. 

IEEE 1061 / IEEE730 for 
example contain a software 
quality model in their 
appendices.  

3 All are hierarchical. All basic models are hierarchal 
in structure, enabling 
comparison of factors (high-
level) with each other. 

4 All are from different 
sections of the timeline 
(history). 

This shows how the focus & 
scope has shifted between 
software characteristics over 
time. 

5 The comparison is 
conducted in two 
dimensions: 
characteristics and 
models. 

The study focuses on the most 
important characteristics 
(factors) in each quality 
model, so the criteria and 
metrics are discarded in this 
comparison. 

6 The analysis is 
conducted according to 
the frequency of each 
characteristic. 

Only characteristics which 
appear in half the models 
examined are put forward, for 
scoping reasons. 

7 The findings from the 
basic models study are 
compared to those of 
other studies. 

To verify and support our 
findings. 

5  Software quality models 

In order to determine software quality, software quality models 
have been developed and published [25]. These models differ in 
terms of characteristics, sub-characteristics and metrics. There are 
many software quality models, which will be discussed in the 
following section according to the date of their appearance.  

5.1  McCall’s software quality model 
McCall’s quality model was published in 1977 [17]. Developed by 
the US Air Force, it was the first model for software quality [25]. 
It is called an FCM (factor criteria metric) model [25]; its structure 
is hierarchical, and it defines quality attributes (quality factors, 
quality criteria and quality metrics) [17]. The model bridges the 
gap between users and software developers, concentrating on a 
collection of factors that express users’ views and developers’ 
priorities[10][26]. McCall’s has three main viewpoints for 
defining and identifying software quality: product operation, 
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product revision and product transition. These viewpoints contain 
11 quality factors[25][26]. McCall’s quality model has its criteria, 
which are connected to quality factors, and they are both reflected 
in tree-style [25]. 
[25] argue against McCall’s quality model; they state that defining 
accurate quality requirements for software products may be 
problematic, as some metrics are subjectively measured. The 
quality measurement is based on a Boolean Yes or No [21]. 
McCall’s quality model is one of the leading models, since it has 
been used as a base for creating other quality models. Its 
measurement method ensures there is no halfway measurement, 
i.e. there is not 50%, or even 100% or 0%, which could make the 
judgment biased or inaccurate. However, it is arguable that some 
software factors may not be objectively measured, such as 
usability. [27] argues that in spite of its age, McCall’s model is still 
relevant today. 

5.2  Boehm’s software quality model 
In 1978, Boehm presented his quality prediction model [25] [26], 
which was the result of a study conducted by Boehm and two of 
his colleagues [10].  Boehm and his colleagues identified 23 non-
functional requirements, or software quality characteristics, [10]. 
It has been argued that while there is a similarity between 
Boehm’s and McCall’s quality models in terms of structure [28], 
Boehm’s model represents an improvement over McCall’s model  
[25]. There is increased emphasis on the needs of stakeholders 
within Boehm, including users, developers, testers and 
maintainers [25]. According to [28], Boehm addressed defects 
within existing quality models, which provided a quantitative 
evaluation of software quality [26]. [28] point out that a set of 
attributes and metrics are given in order to define software. The 
structure of this model is divided into three sections, namely high-
level, intermediate and primitive characteristics[28][25]. 
The high-level characteristics show software as a general utility 
which contains three sub-characteristics: utility as-is, 
maintainability and portability; the intermediate level contains 
seven quality factors: portability, reliability, efficiency, usability, 
testability, understandability and flexibility; and the primitive 
level defines the metrics and is the base of defining quality metrics 
[25]. 

5.3  Evans and Marciniak’s quality model 
Evans and Marciniak’s quality model, developed in 1987, is an 
enhancement to McCall’s model [29]. This model covers 12 factors 
that are categorised into three categories, namely design, 
performance and adaptation [30][19]. This model has removed 
testability from McCall’s model [29] and added two new 
characteristics, namely verifiability and expandability [30]. For 
[27], testability can be seen as an element of maintainability, so its 
mere elimination distinguishes neither the Evans and Marciniak 
model nor that of Deutsch and Wills (discussed next) from 
McCall’s model; they are distinct only in the new factors added to 
them. 

 

5.4  Deutsch and Wills’ quality model 
Deutsch and Wills’ quality model emerged in 1988 as an enhanced 
version for McCall’s quality model [29]. The relationship between 
main characteristics and sub-characteristics is many-to-many. 
This model contains 15 characteristics that are grouped into four 
categories: operating (functional), performance, change and 
management [30]. 
Deutsch and Wills eliminated testability from McCall’s model [29] 
and added five new characteristics, namely verifiability, 
expandability, safety, manageability and survivability [30]. 
Verifiability and expandability appear in Evans and Marciniak’s 
quality model; therefore, Deutsch and Wills’ model is essentially 
an Evans and Marciniak quality model with three added 
characteristics: safety, manageability and survivability. In other 
words, it is a version of McCall’s model with five new 
characteristics. Both Evans and Marciniak’s quality model and 
Deutsch and Wills’ quality model are alternative quality models 
[30][19] because they have been derived from McCall’s model. 

5.5  FURPS 
The FURPS quality model was introduced by Robert Grady and 
Hewlett-Packard Co. in 1992, and was later extended to become 
FURPS+ by IBM Rational Software [31]. The characteristics of 
FURPS are classified into two categories, functional (F) and non-
functional, according to user requirements (URPS); the model 
focuses on user requirements and disregards the perspective of 
the developer [31]. The aforementioned categories are used to 
assess product quality and product requirements[25]. The 
structure of this model is the same as that of McCall’s and 
Boehm’s quality models, but it is less well-known and less 
regarded than those models [28][25]. According to [32], the 
FURPS criteria are categorised into five sections, namely 
functionality, usability, reliability, performance and 
supportability; each category has its attributes. [10] has stated that 
FURPS+ covers 218 non-functional requirements. However, this 
model does not cover architectural integrity [22]. [19] explain that 
the FURPS+ model covers four characteristics, namely design 
requirements, implementation requirements, interface 
requirements and physical requirements. 
[22] points out that FURPS has some drawbacks; for example, 
domain-specific attributes are not addressed in this model. 
Similarly, portability is not taken into consideration [25]. 
However, [32] add portability to their list of FURPS+ attributes as 
it is part of supportability. Moreover, [31] argue that 
maintainability is also not taken into account as a key 
characteristic of this model. In addition, [18] points out that 
FURPS is a quality model for a specific purpose, since it was built 
by IBM Rational Software Company for the company’s own use. 
In others words, it is not a general basic model, but one built for a 
specific company and use. However, arguing that FURPS+ is not 
a basic model bias appears untenable given it is used widely 
within the software industry even if it is less known compared to 
McCall and Boehm quality models.  
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5.6  Dromey’s quality model 
Dromey’s model, introduced in 1995, is similar to McCall’s, 
Boehm’s and the FURPS+ quality models [28] but is more recent 
[26]. [25] state that it was designed to work generically for a wide 
range of systems. Therefore, the idea behind the model is to focus 
on product quality because each software product has different 
attributes in terms of quality evaluation from other software 
products [26]. According to [33] the proposed model set up a 
linkage between tangible product characteristics and less tangible 
quality attributes[26]. It has been argued that this model 
concentrates on the relationship between quality attributes and 
sub-attributes [26].  
[22] argues that Dromey proposed a framework for evaluating 
three things: definition of requirements, design, and 
implementation; as a result, the framework consists of three 
models: a requirement quality model, a design quality model and 
an implementation quality model. Dromey’s quality model is 
divided into two layers, namely high-level attributes and 
subordinate attributes [31]; it defines seven quality attributes [26]. 
Moreover, [22] states that high-level product attributes for the 
implementation model cover four attributes, namely correctness 
(functionality, reliability); internal attributes (maintainability, 
efficiency, reliability); contextual attributes (maintainability, 
reusability, portability, reliability); and descriptive attributes 
(maintainability, reusability, portability, usability). [22] mentions 
one disadvantage of this model: maintainability and reliability 
cannot be evaluated before the software is in operational. 
Furthermore, domain-specific attributes are not addressed in this 
model. 

5.7  ISO/IEC 9126 quality model 
ISO/IEC 9126 is a standard developed by Subcommittee SC7 - 
Software and Systems Engineering of International Organization 
for Standardization [34]. This standard was designed in order to 
build a model for software by providing collections of guidelines 
and measurements for software characteristics[25]. 
ISO 9126 is a respected model among other software quality 
standards[25]. It is derived from McCall’s quality model [26], 
Boehm’s quality model [28] and the FURPS model [22].  
According to [25], ISO 9126, Version 4 (revised version) defines 
three aspects, namely quality in use and internal quality and 
process quality [32]. 
The model contains six characteristics of product quality [26], and 
each one of them is divided into sub-characteristics [17]. The 
high-level of this model contains quality characteristics (six 
characteristics) and the low-level contains software quality 
criteria (21 sub-characteristics) [31][34]. The main characteristics 
of this model are portability, maintainability, efficiency, 
functionality, reliability and usability [34]. 
[34] state that the ability to use ISO/IEC 9126 across many systems 
is a major strength of this model. [35] point out that a comparison 
between this model with other models shows that ISO/IEC 9126 is 
more complete than other models. 
Even though ISO/IEC 9126 is the best available model to date [37], 
it does have some drawbacks. [34] outline the main drawbacks of 

ISO 9126. In their opinion, the major disadvantage of this model 
is generality; moreover, an important shortcoming of this model 
is that it does not describe business manager needs that are 
defined in the return investment and sustainability quality factors. 
Traceability of software and consistency of data are not outlined 
in this model, and the measurement method is not included. 
Furthermore, [37] argued that there is inconsistency in this model 
between classical terminology in measurement and the 
computing domain, which leads to increased concern about the 
validity of suggested measures. Moreover, there is a conflict 
between ISO/IEC 15939 measurements information model with 
regard to several cases that have arisen with ISO/IEC 9126: some 
measures are not identified and/or are classified as base or derived 
measures. Furthermore, ISO/IEC 9126 does not provide guidelines 
for setting up a good predication system [17]. 

5.8  ISO/IEC 25000 quality model 
ISO/IEC 25000 is a standard for SQuaRE which an acronym for 
System and software Quality Requirements and Evaluation [38]. 
The first version was published in 2005 and was replaced by the 
second version in 2014 [38]. 
According to [38][39], SQuaRE is divided into five standards; our 
focus in this study in the quality model division ISO/IEC 2501n. 
ISO/IEC 25010 is the replacement for ISO/IEC 9126 and was 
officially introduced in 2010 [40]. The goal of ISO/IEC 25010 
quality model is to provide guidance during the development of 
software products with a specification and evaluation of quality 
requirement [21]. [39] developed this model with the mandate of 
providing a quality model for computer systems and software 
products, based on quality in use, data and the provision of 
guidance on the use of the quality models. 
Since ISO/IEC 25010 is a revised version of ISO/IEC 9126, it 
contains many changes and additions. Firstly, internal and 
external quality factors have been combined into a product quality 
factor in ISO/IEC 25010. Secondly, security has become a main 
characteristic rather than the sub-characteristic it was in ISO/IEC 
9126. Thirdly, compatibility has been added as a new main 
characteristic [40]. This brings the total number of main 
characteristics to eight, compared to six for ISO/IEC 9126. These 
eight characteristics are further divided into several sub-
characteristics [41]. 
According to [42], ISO/IEC 25010 is based on two models, namely 
the quality in use model (five characteristics) and the product 
quality model (eight characteristics). The quality in use model 
comprises effectiveness, efficiency, satisfaction, freedom from risk 
and context coverage. The product quality model contains the 
following characteristics: functional suitability, performance 
efficiency, compatibility, usability, reliability, security, 
maintainability and portability [41]. 

5.9  IEEE Std. 1061–1992, IEEE Std. 1061–1998, 
IEEE Std. 730–2014 

IEEE Std. 1061 was approved in 1992 as a standard dealing with 
software quality metrics [43]; the IEEE Std. 1061–1998 is a revision 
of the IEEE Std. 1061–1992 [44]. According to the IEEE Standards 
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Association [45], the IEEE Std. 1061–1998 is the active version and 
it was reaffirmed in 2009, whereas the IEEE Std. 1061–1992 is now 
an inactive version. The IEEE Std 1061–1998 is a standard for 
software quality metrics methodology [46]; it is a framework, and 
its methodology is applicable to all types of software in all phases 
of the software life cycle [47]rather than being prescribed for 
particular metrics [44]. According to [43], it is vital for users to be 
aware that this is a process standard and does not mandate 
specific metrics for use. It is a quality model with associated 
framework [48]. 
Using this standard enables an organisation to carry out the 
following tasks [43]: 
 Assess achievement of quality goals. 
 Establish quality requirements for a system at its outset. 
 Establish acceptance criteria and standards. 
 Evaluate the level of quality achieved against the established 

requirements. 
 Detect anomalies, and highlight potential problems  
 Predict future quality levels. 
 Monitor changes in quality when software is modified. 
 Assess the ease of evolutionary change to the system.  
 Validate a metric set. 
According to [47], the main goal for this standard is to ‘establish 
software quality requirements, identify software quality metrics, 
implement the software quality metrics, analyze the software 
metrics results and validate the software quality metrics’ (p. 811). 
Three categories are covered by this standard, namely measures, 
process and target and goals; however, standard coverage is not 
complete or comprehensive since this is not the main purpose for 
this standard [44]. 
The metrics framework has been designed to be flexible. Addition, 
deletion and modification of quality factors and sub-factors are 
allowed in this framework, thereby allowing expansion of various 
sub-levels [43]. [49] states that using metrics does not preclude 
the need for human judgment in many cases. 
The IEEE Std. 1061–1992 provides a usable list of definitions for 
factors and sub-factors; however, this illustration is mentioned in 
the Annex section, which is not part of the standard. It is 
nonetheless interesting to examine this list of definitions, since it 
mentions that these factors and sub-factors are not exhaustive and 
that other possible metrics, factors and sub-factors can be used. 
The main factors here are efficiency, functionality, 
maintainability, portability, reliability and usability[49][50,p.20]. 
The list of definitions for Std. 1061–1992 should be taken into 
consideration as it is included in the IEEE’s official 
documentation; [51] also state that in order to identify general 
quality characteristics and related criteria, the classic models of 
McCall, Boehm, ISO 9126 and the IEEE 1061 should be considered. 
[44] argue that there is an overlap between this standard and the 
IEEE 610.12 due to the different definitions for terminologies; even 
though both models are produced by the IEEE, the definition for 
metrics is different in these two standards. 
A further standard that should be taken into consideration is IEEE 
730–2014. This is an active standard for the Software Quality 
Assurance Plans Working Group [52]. Based on the IEEE 1219 

[29], it can be described an iterative process for the management 
and execution of software maintenance activities [20]. Extra 
supplementary standards are defined, such as software quality 
assurance, verification and validation, and software configuration 
management which contains associated processes (external 
processes) [29]. This standard contains six major characteristics, 
namely efficiency, reliability, functionality, maintainability 
(supportability), portability and usability [20]. A closer look at the 
IEEE 730 Std. and its characteristics and sub-characteristics shows 
that it shares the same structure as the IEEE 1061, which is an 
example for that standard in its appendixes. 

5.10 Discussion of quality models 
In his discussion of hierarchical quality models, [53] points out 
several issues that have been raised by critics, such as the fact that 
decomposition principles for quality models, which are used for 
quality characteristics, are usually vague and ambiguous. The 
accuracy for measuring software quality characteristics is usually 
not high enough for them to be measured directly. In a study of 
the adoption of these models among companies, Wagner found 
that 28 percent of companies had used these models, whereas 71 
percent had developed their own models. This suggests that there 
is a real need for customisation in the use of quality models. 
Many studies have been conducted to compare software quality 
models; one example is provided by [21], which compares basic 
software quality models. Another study, conducted by [46], 
compares the criteria of three models, namely McCall’s, Boehm’s 
and ISO 9126. Further comparisons have been conducted by [18] 
and by [25]. 
An analysis of these comparative studies shows that the selection 
of characteristics varies from study to study. For example, in 
Miguel, et al.’s study[21], 27 characteristics of ISO 25010 are 
selected, whereas this model has eight characteristics. For 
Boehm’s model, six factors in Miguel, et al.’s study, whereas 17 
characteristics in Milicic’s study [46],  and eight in Davuluru’s 
study[25]. However, as shown in Al-Qutaish’s study[18], Boehm 
shows seven main characteristics for this model. 
These studies, therefore, appear contradictory as a result of 
differences in the understanding and selection of criteria. This 
may be caused by different definitions of the terminologies used 
for defining these characteristics. [31] discuss this issue in their 
comparison of various studies. [31] explain that the comparisons 
are not accurate due to various perspectives at the factor level. 
These occur as a result of inconsistency in definitions of quality 
factors; this, in turn, leads to poor understanding and 
subsequently low adoption rates of these models.  
Other studies that compare quality models have been conducted; 
however, some of them do not state their methodology for these 
comparisons. Examples are [18],[20],[54], [25] and [16]. 

6  Results of the studies 

After an investigation of these models, a comparative study was 
conducted to enumerate all the main characteristics of the best-
known quality models; this is seen in Table 2 (in appendixes). The 
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table shows that reliability and usability are characteristics that 
exist in all models, and portability and maintainability exist in 
nearly all (eight of nine models). The total number of 
characteristics in the nine models under investigation is 23. The 
ranking for these characteristics can be seen in Figure 1. 
As Figure 1 shows, the most common characteristics in these 
models are reliability, usability, portability, maintainability, 
efficiency, functionality and reusability; these appear in nearly 
half of the models. This does not imply that security is a marginal 
characteristic; it simply suggests that security in some models is a 
sub-characteristic of functionality or is another characteristic. 
According to [55], one of the problems related to software quality 
models is that some are now quite old; given recent breakthroughs 
in technology, the level of importance for some of the 
characteristics featured in the models may change as a result of 
changing priorities. The fact that priorities within these models 
have changed is a reflection of the demands placed by users and 
industry for certain characteristics. ISO 25010 considers security 
to be a major characteristic as it is an essential feature today. 
Quality cannot be achieved without security; for example, an 
insecure bank application will be not adopted by customers if it is 
considered too risky and a potential threat to their personal 
security. Likewise, if security is violated, the bank itself risks 
becoming a victim of theft, which in turn leads to higher bank fees 
and possible bankruptcy. It is, therefore, impossible to achieve 
software quality without considering reliability and security [26]. 
[56]state that security has attracted increased attention in the 
software engineering field as a result of an increase in security 
threats which have led to global identity theft and financial fraud. 
Moreover, national security is also a key consideration; this leads 
to increased efforts to protect the community against harm and 
consequently to an increased involvement of software in each 
facility.  
Other key characteristics in some models are testability, 
interoperability and understandability; testability is a sub-
characteristic of maintainability, and understandability is a sub-
characteristic of usability in ISO 9126, and it has been renamed to 
be “Appropriateness recognizability” in ISO 25010 which also falls 
under usability [54]. Interoperability is a sub-characteristic of 
functionality in ISO 9126, whereas it is a sub-characteristic of 
compatibility in ISO 25010. As a result, the coverage for ISO 25010 
seems to be more extensive than for other models due to its 
consideration of security as a main characteristic. Indeed, [21] 

state in their quality models comparison that ISO 25010 is the 
most complete basic model due to its coverage of characteristics.  
The most common characteristics in our study are reliability, 
usability, portability, maintainability, efficiency, functionality and 
reusability. Reliability and usability are found in all models, 
whereas portability and maintainability are found in all models 
except FURPS+; maintainability is a sub-characteristic of 
supportability, and FURPS was criticised for not considering 
portability [25]. Efficiency appears in seven out of nine models. It 
is considered a major characteristic in ISO 25010 on quality-in-use 
model and a sub-characteristic of performance in FURPS. 
Functionality is absent from only four of the nine models: those 
of McCall, Boehm, Deutsch and Willis, and Evans and Marciniak. 
Reusability is found in almost half of the quality models in this 
study. FURPS, Boehm’s model, ISO 9126, ISO 25010 and the IEEE 
1061 and 730 do not address reusability as major characteristic; 
however, in the IEEE 1061 and 730, it is included as a sub-
characteristic of portability. In other models, it is addressed as a 
major characteristic. A further study was conducted, which 
supports our findings by providing the same results. This study 
comprises a combination of four comparative studies of quality 
models. In this study, we collected as much as we could from 
quality models, regardless of their classification. In other words, a 
combination of all types of models – basic, tailored and 
commercial – was analysed to discover the frequency of each 
characteristic in the study. The first and second study covered 27 
models; this is outlined by Dreheeb et al. in two articles [57][16]. 
A further two models, those of Sharma and Kumar, have been 
added to the 27 models from [20]. [19] carried out a comparative 
study of basic, well-known software quality models; their report 
adds a model that was not included in previous studies, namely 
the Software Engineering Institute’s 1995 model.  
Finally, we added the SPARDAT commercial banking model to the 
set of quality models because it was designed for software 
development in the banking environment [31] [55]. The total 
number of these models is 31, which cover 35 software quality 
characteristics. Results are seen in Table 4 (in appendixes). 
It can be seen from Figure 2 that usability is the most frequent 
characteristic, appearing in almost all models; this is followed by 
reliability, as seen in Figure 2. 
The result of this study support the findings of the former study 
but in a different order. However, if we apply the same conditions 
for choosing the nominated characteristics, reusability should be 
excluded because the total number of models in this study is 31, 
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Figure 1: Frequency of occurrence of characteristics over nine SQMs. 
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and the frequency of reusability across the models is less than half.  
As a result, the most frequent characteristics of quality models, in 
order of frequency, are as follows: usability (28), reliability (25), 
maintainability (24), efficiency (23), portability (23) and 
functionality (16). Moreover, reusability (12) and flexibility (11) 
can be considered candidates for major characteristics of software 
quality since they appear in over a third of these models.  
[13] conducted an investigation of the most common NFR 
characteristics, finding that performance, reliability, usability, 
security and maintainability are the most frequent NFRs in quality 
models. [10] outlines the results of a study conducted to analyse 
criteria in eight historical models with regard to NFRs. These 
models are Boehm’s model (1976), Cavano and McCall (1978), 
McCall and Masumoto (1980), Bowen (1985), Grady and Caswell 
(1987), Grady (1992), Blundell (1997), Somerville (2007) and 
ISO/IEC Std. 25010 (2011). The total collected NFRs criteria is 96 
NFRs. The result shows that reliability, maintainability and 
usability are most frequent in these models, followed by 
efficiency, interoperability and portability. This result supports 
our study but with minor differences in the order for the top three 
characteristics. Half of these models include accuracy, 
completeness, consistency, correctness, integrity, testability, 
modularity, operability and reusability. 
Considering the characteristics identified by Adams’ study [10], it 
can be seen that testability and modularity belong to 
maintainability according to ISO 9126, ISO 25010 and McCall’s 
model. Operability belongs to usability according to ISO 9126, 
Deutsch and Willis’ model, McCall’s model and ISO 25010. 
Moreover, accuracy belongs to reliability according to Boehm’s, 
McCall’s and Deutsch and Willis’ models, whereas it is a sub-
characteristic of functionality in ISO 9126 and IEEE 730 and 1061. 
Furthermore, integrity belongs to reliability according to Boehm’s 
model, whereas in the SEI model and ISO 25010, it belongs to 
security. Interoperability is a sub-characteristic of functionality 
according to ISO 9126, and IEEE 730 and 1061, whereas it appears 
as a sub-characteristic of compatibility in ISO 25010. 
Completeness is a sub-characteristic of functionality in IEEE 730 
and1061 and ISO 25010, whereas it belongs to correctness in 
Deutsch and Willis’ model. Moreover, correctness is a sub-
characteristic of functionality in ISO 25010, whereas it is a sub-
characteristic of maintainability in IEEE 730 and 1061. 
Consistency is a sub-characteristic of reliability, verifiability and 

correctness in Evans and Marciniak’s and Deutsch and Willis’ 
model, whereas it is a sub-characteristics of reliability and 
correctness in McCall’s model. 
As a result, Adams’s study [10] has mixed factors (major 
characteristics at the high level in the models) with criteria (sub-
characteristics at the lower level); after refining them according 
to various models as argued previously, it is clear that the main 
characteristics are reliability, usability, maintainability, 
portability, efficiency and reusability. Functionality is also a main 
characteristic that covers several sub-characteristics (accuracy, 
completeness, interoperability and correctness). Therefore, since 
these sub-characteristics exist in the majority of the models 
discussed in Adams’ study[10], and as explained before, these 
characteristics are the criteria for functionality, it is necessary to 
add functionality as a major characteristic that covers all these 
sub-characteristics in many models. Security also should be 
considered a major characteristic since integrity has been 
accounted for, as one of its sub-characteristics. 
As a result, the major characteristics that should be taken into 
consideration based on Adams’ study [10] are reliability, usability, 
maintainability, portability, efficiency, reusability, functionality 
and security. 
Looking at the results of previous studies, it is worth mentioning 
that there are similarities between the results of these studies and 
ISO 25010 quality model. All characteristics that have been 
suggested by the two studies to be the most frequent 
characteristics appear as main characteristics in ISO 25010. The 
only characteristic that is not frequent in comparative studies of 
quality models and that is a main characteristic of ISO 25010 is 
compatibility, which covers two sub-characteristics, namely 
interoperability and co-existence. Reusability is a sub-
characteristics of maintainability. Figure 3 shows the mapping 
between our results in previous studies and ISO 25010 quality 
model. 
As a result, it is strongly suggested that ISO 25010 be considered 
the most complete quality model. It is the most recent quality 
model, it has gained widespread acceptance in the field of 
software engineering, and it is a substitute for ISO 9126, a 
successful quality model. 

7  Software Sustainability study results 

Figure 2: Frequency of occurrence of software quality characteristics in four studies. 
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Moving from quality models to what the software sustainability 
literature has stated with regard to the characteristics of software 
sustainability; [56] (2014) argue that sustainability in software 
engineering not only encompasses energy efficiency and green IT, 
but must also consider the second- and third-order impacts of 
software systems. To do so, sustainability must be considered as a 
first-class quality attribute and specified as a nonfunctional 
requirement of IT systems. 

 
Figure 3: Mapping between study results and ISO 25010 
Software sustainability is considered a first-class quality attribute, 
and it should be taken into consideration like other quality 
attributes such as security and safety[56]. However, software 
sustainability is not mentioned in all the basic quality models 
which have been discussed, having attracted relatively little 
attention in the past compared to other major attributes such as 
reliability. The closest similarity is security, which rarely existed 
in the criteria of older quality models but which is present as a 
major attribute in ISO 25010, which was developed in 2005. 
Security has moved from a sub-attribute in ISO 9126 for 
functionality to a main attribute in ISO 25010, and one which 
includes five sub-attributes. 
The same situation is happening now for sustainability as a result 
of its importance in the field of software engineering. Cost and 
time are the most critical attributes in industry, which means that 
sustainability has become an economic necessity. Socialability 
(ability to comply with social values) and its major values play an 
important role in expressing the importance of sustainability, 
which is reflected in many fields – software engineering is just 

one of them. Sustainability has been described as a non-functional 
requirement by [58], which means it is not a new characteristic 
but it has not gained more attention in the field of software 
engineering. [56] explain that the consideration of software 
sustainability in software engineering started in 2010. Therefore, 
a study was conducted to determine which characteristics of 
software sustainability have been most frequently mentioned in 
the literature.  
Looking at Table 3 (appendixes), it can be seen that the most 
frequent characteristics are portability and maintainability, 
followed by usability. This result is nearly the same with regard 
to characteristics compared in the previous studies, which have 
been discussed before; however, the order is different. This 
reflects the interest of sustainability authors in maintainability 
and portability more than in usability, as seen in Figure 4. 
In previous studies, the results suggest the usability and reliability 
are the most frequent characteristics because of their importance 
for software quality; from a sustainability point of view, however, 
maintainability and portability have attracted more attention than 
other characteristics due to the changing focus from quality to 
sustainability, which considers other factors such as cost. There 
are other characteristics that have attracted little attention for 
software sustainability, namely efficiency, performance 
efficiency, reliability, reusability, perdurability and extensibility. 
Moreover, some of the aforementioned characteristics are sub-
characteristics in quality models and have existed in many 
models; for example extensibility. Extensibility is a sub-
characteristic of expandability in Deutsch and Willis’ model and 
Evans and Marciniak’s model. Moreover, the FURPS quality model 
addresses extensibility as a sub-characteristic of supportability, 
while in the IEEE 730 and 1061, extensibility is a sub-characteristic 
of maintainability (supportability). This is an indication of the 
existence of this sub-characteristic in many quality models and of 
the fact that it belongs to various major characteristics. 
Poor quality leads to poor software, usually leading to low 
adoption rates [59], which is against the aims of sustainability. 
Quality is an important aspect of software sustainability, and 
software quality characteristics have to be considered in order to 
sustain software. The most important characteristics for 
sustainability are different from that of quality characteristics. 
From the previous studies, we can conclude that the major 
characteristics of software quality are usability, reliability, 
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Figure 4: Software sustainability characteristics: frequency of occurrence from literature. 
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maintainability, portability, efficiency, functionality, reusability 
and security, whereas the most frequent characteristics of 
sustainability are maintainability, portability, usability and 
efficiency, followed by reliability, reusability, perdurability and 
extensibility.  
In the same context, security cannot be ignored as a characteristic 
for software sustainability. Sustainability of any system is 
threatened when security is not taken into consideration. Despite 
the rank of security in the comparison, it is still a valuable 
characteristic which should be considered as a main characteristic 
for software sustainability. The overall characteristics for 
software sustainability are maintainability, portability, usability 
and efficiency, followed by reliability, reusability, security, 
perdurability and extensibility. 
It can be argued that reusability and extensibility are sub-
characteristics of maintainability as ISO 25010 shows that 
reusability is a sub-characteristic of maintainability. Perdurability 
is defined by [60] as ‘the degree to which a software product can 
be modified, adapted and reused in order to perform specified 
functions under specified conditions for a long period of time’. 
According to this definition, perdurability covers three 
characteristics, namely reusability, modifiability and adaptability, 
but with respect to time or software age (durability). Making a 
connection between durability and sustainability is important; 
however, some software is designed for a short lifespan. In other 
words, software can be reusable, modifiable and adaptable, and 
can take into account cost and time, but its age is very limited so 
a trade-off should be considered at this stage. This approach 
overlaps with the durability approach for software sustainability, 
which is a narrow approach to consider sustainability in software 
industry. 
As a result, two approaches are suggested to cover characteristics 
of technical dimensions for software sustainability. The first 
approach is to consider reusability and extensibility sub-
characteristics that could be covered by maintainability in ISO 
25010. Perdurability could also be covered by maintainability and 
portability since it consists of three characteristics as mentioned 
by [60]. Reusability and modifiability are covered by 
maintainability while adaptability is covered by portability. ISO 
25010 can cover all software sustainability characteristics with 
two more vital characteristics, namely functional suitability and 
compatibility. Functionality is a stakeholder demand. If the 
software is not functional, it can be argued that its adoption rate 
will drop accordingly. Compatibility can be a candidate for 
software sustainability.  
However, some of these characteristics can be covered by others 
from the same list. This brings us to another argument, which is 
how the software sustainability ranking of these characteristics 
reflects how the software sustainability scientific community 
considers these characteristics. An illustration for that is 
reusability, which is usually considered within maintainability; 
however, some software sustainability authors consider it a main 
characteristic, not a sub-characteristic of another characteristic. 
Considering the aforementioned argument, adopting a standard 
which provides full coverage for software sustainability 
characteristics could be beneficial, to avoid reinventing the wheel. 

As a result, ISO 25010 can provide abbreviated coverage for 
software sustainability characteristics. 

8  Conclusion 

This paper has taken an in-depth look into the literature regarding 
the differences between software quality characteristics and 
software sustainability characteristics. An investigation and 
comparison have been conducted for basic and tailored software 
quality models,  concluding that the most frequent characteristics 
are reliability, usability, portability, maintainability, efficiency, 
functionality, reusability and security.   
A further investigation followed analysing the most cited paper 
regarding software sustainability characteristics. The study 
concludes that the most frequent characteristics are 
maintainability, portability, usability and efficiency, followed by 
reliability, reusability, security, durability and extensibility. The 
order of the most important characteristics for sustainability is 
different from that of quality characteristics. Therefore, the 
technical dimension of software sustainability can utilise ISO 
25010. 
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No Characteristics Naumann model Calero ISO 25010+S Calero green model Hettrick Souza and Koçak Kern Venters Albertao Taina Khamis Koziolek SSI Total 

1 Product  sustainability  1

2 Reflectivity  1

3 Efficiency    3

4 Feasibility   2

5 Social Aspects   2

6 Portability       6

7 Functional suitability   2

8 Performance efficiency    3

9 Compatibility   2

10 Usability      5

11 Reliability    3

12 Security   2

13 Maintainability       6

14 Reproducibility  1

15 Reusability    3

16 Perdurability    3

17 Extensibility    3

18 Interoperability  1

19 Scalability  1

20 Modifiability   2

21 Supportability  1

22 Dependability  1

23 Accessibility  1

24 Predictability  1

25 Project’s Footprint  1

26 fit for purpose  1

27 Reduction  1

28 Beauty  1

29 Openness  1

30 Availability  1

31 Evolvability  1

32 Energy consumption   2

33 Resource optimization   2

34 Capacity optimization  1

6 9 9 3 2 4 7 11 3 1 5 3Number of characteristics

software sustainability characteristics 

Table 3  The presence of software sustainability characteristics in literature 
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1 Portability                        23

2 Reliability                          25

3 Efficiency                        23

4 Maintainability                         24

5 Usability                             28

6 Integrity          9

7 Correctness        7

8 Testability        7

9 Flexibility            11

10 Reusability             12

11 Interoperability         8

12 Understandability      5

13 Modifiability     4

14 Functionality                 16

15 Performance    3

16 Supportability   2

17 Compatibility  1

18 Security   2

19 Verifiability    3

20 Expandability      5

21 Safety   2

22 Manageability  1

23 Survivability   2

24 Human En  1

25 Accuracy   2

26 Robustness   2

27 Scalability   2

28 Modularity    3

29 Feasibility  1

30 Dependability  1

31 Applicability  1

32 Adaptability  1

33 Evolvabilty  1

34 Learnability   2

35 Simplicity  1

11 7 12 15 5 7 6 8 6 6 13 11 6 7 8 8 8 7 6 12 12 11 6 11 5 5 5 6 4 4 3Total Number

 (Dreheeb et al., 2016) , (Dreheeb, Basir, & Fabil, 2016b)
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Table 4 Comparison of four studies of quality models 


