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Abstract. Software quality has been a very critical issue in software engineer-
ing for the last four decades and still maintains its importance. Various quality
models with different characteristics have been proposed for quality evaluation
of software products. Also, static code analysis tools have been widely used to
measure specific characteristics of software in fixed quality models. In order to
combine the isolated views on software quality and its evaluation (SQIE), meta-
models that formalize whole or partial aspects of software quality models as a
base for tool support or further research have been proposed in literature. In this
paper, a Systematic Literature Review (SLR) to comprehensively examine the
meta-models proposed for SQIE in scientific literature is reported, with an aim
to understand their purpose of use, content, and structure. The most-known sev-
en digital libraries were searched, and 28 studies were identified out of 114 ini-
tially selected and 6488 initially retrieved in this area between 1997-2020. Re-
sults show that majority of meta-models are for general purposes, take 1SO
9126 as reference and propose for various types of software. Most of them
evaluate quality objectively using metric data and provide quantitative results.
Majority of them are structured to enable extension with new quality models.

Keywords: Meta-model, software quality, quality attribute, quality evaluation,
software metric.

1 Introduction

It is a challenging task to define the term ‘quality’ for a specific product or service,
since its meaning is different for customer, manager, tester, user, developer, etc. This
is also true in the field of software engineering, because stakeholders have different
expectations from software products or services. There are many definitions of the
term ‘software quality’ by different sources. For instance, IEEE [1] defines it as “the
degree to which a system, component, or process meets customer or user needs or
expectations”. The ISO 9001 standard [2], by contrast, defines it as “the totality of
characteristics of an entity that bear on its ability to satisfy stated and implied needs”.
The difference in definitions of software quality, in addition to its abstractness and
relativity, has made the evaluation of software a challenging task.
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Nevertheless, the lack of a common ground to define the term ‘software quality’
neither decreases its criticality nor the need for its evaluation in the field. In addition,
it increases the quality related costs, some of which are catastrophic. Poor quality of
software in sensitive systems, such as real-time systems and control systems, may
lead to loss of human life, permanent injury, mission failure, dissatisfaction of the
users, and increase in the cost of maintenance or financial loss [3]. To eliminate these
problems and guide people in evaluating software quality, quality models have been
proposed in the field. These quality models are generally composed of a set of quality
attributes and relationships between them. The models proposed by Boehm [4] and
McCall [5] are the first ones to define quality attributes. These models are followed
by international standards such ISO 9126 [6] and 1SO 25000 SQuaRE series [7],
which propose exhaustive definitions of quality attributes, measurement criteria, and
relationship between them. These models define ‘software quality’ by decomposing it
with well-known quality attributes such as reliability, usability, maintainability, etc.,
which in turn are subdivided into more specific sub-attributes.

Although many quality models have been proposed in the field as outlined above,
they are not comprehensive and complete and there are still many issues which pose
challenges to their adoption [8]. For example, some models do not cover the entire
life cycle of software and some of them do not have a clear vision to explain the cor-
relation between metrics and criteria [9]. Some quality models cover all aspects of
software quality but metrics are not consistent with their own conceptual definitions
[9]. Also, these quality models are stated to provide either abstract quality attributes
or concrete quality assessments. There are no models that seamlessly integrate both
aspects [10]. Besides, static code analysis tools are widely used to measure specific
characteristics of software quality in fixed quality models. Combining these isolated
models and heterogeneous results of code analysis tools to achieve a more complete
picture of software quality becomes a main challenge [9][11].

In coping with the ambiguities and problems mentioned, there seems a need to rep-
resent the concepts of software quality and evaluation more formally, and meta-
modeling can be a suitable vehicle to do this. Researchers have proposed meta-models
based on existing quality models, e.g., [10][12]. These meta-models are expected to
combine the isolated views to achieve a more complete picture of software quality
and in turn, to create a common understanding between stakeholders for proper quali-
ty management throughout the entire life of a software product. Accordingly, in order
to examine comprehensively the content and structure of the meta-models proposed
for software quality and its evaluation (SQIE) in scientific literature, a Systematic
Literature Review (SLR) study was carried out and its results are reported in this
study. An SLR is a means to evaluate and interpret available research relevant to a
particular research hypothesis, topic area, or phenomenon of interest [13]. In this re-
gard, the most-known seven academic search engines (namely Google Scholar, Sci-
enceDirect, Scopus, ACM, Web of Science, IEEE Xplore, and Springer) were used to
survey the literature and determine the primary studies for the SLR of the meta-
models for SQIE. Only 28 studies out of 114 initially selected and 6488 initially re-
trieved were identified for further analysis with respect to inclusion and exclusion
criteria. These primary studies were analyzed with respect to a number of research



questions. To the best of our knowledge, this is the first SLR study conducted on the
meta-models for SQIE.

The rest of the paper is organized as follows: Section 2 discusses related work. Re-
search method in conducting this SLR is described in Section 3. Results of SLR are
presented in Section 4. Important findings are discussed in Section 5. Threat to validi-
ty is discussed in Section 6 and finally, conclusion is stated in Section 7.

2 Related Work

Studies that systematically analyzed models for quality or its assessment are summa-
rized below, since meta-models are created considering those models.

Nistala et al. [14] conducted a systematic mapping of studies that proposed quality
models. They examined 238 primary studies and reported that 40 of these studies
suggested a new quality model. The authors analyzed these 40 studies in terms of
model elements and the support offered towards architecting quality using Bayer’s
reference architecture framework [15] which proposed an architecture paradigm con-
sisting of planning, realization, documentation, and assessment phases. They conclud-
ed that quality attribute and quality metric are the most common model elements in
quality models. They also concluded that quality planning and assessment phases are
well supported by various quality models, while quality documentation is moderately
supported and quality realization is least supported by quality models [14].

Tomar and Thakare [16] conducted a systematic mapping study of quality models,
which analyzed 70 relevant primary studies. They determined four research questions
and two of them are used to analyze the studies in terms of the most used investiga-
tion method and the most used research approach for software quality evaluations.
They concluded that most investigated methods are Genetic Algorithm, Neural Net-
work, Tree Decision, Fuzzy logic, Classification, and Regression Tree, while the most
used research approaches are Case Study and Experiment Design.

Yan et al. [17] conducted a systematic mapping study of quality assessment models
(QAMs) for software products. Their work focused on QAMs from the following
aspects: software metrics, quality factors, evaluation methods and tool support. In
particular, the authors emphasized the lack of tool support to use quality models in
practice throughout the software engineering lifecycle. They concluded that most
existing tools are not suitable for industrial requirements.

Cote et al. [18] compared four important quality models (namely 1SO 9126,
Dromey, Boehm, MacCall) to determine the model that is the backbone of the soft-
ware engineering field. They used three comparison criteria in their study: five differ-
ent perspectives of quality, usable from the top to the bottom of the lifecycle, and
from the bottom to the top of the lifecycle. The authors concluded that the most suita-
ble model for software engineering is the 1SO 9126 quality model. For the same pur-
pose, Al-Qutaish [3] compared five quality models according to the recommended
quality features in each model and similarly concluded that the 1SO 9126 quality
model is the most suitable quality model.



Miguel et al. [19] analyzed 14 quality models in their review article: 6 basics, 4 tai-
lored, and 4 open source. They compared basic and tailored quality models and con-
cluded that the 1ISO 9126 quality model is the most suitable quality model. They also
concluded that 1ISO 9126/1SO 25010 is the main reference model and that it is needed
to incorporate communications as a quality factor in the model [14].

Consequently, by looking at the studies that overview software quality models in
the literature, it is observed that some of them systematically investigate the quality
models and some of them are limited to comparing only a few quality models. Mean-
while, no systematic study on the studies proposing meta-models for SQIE has been
found. Therefore, this study aims to address this gap by a systematic literature review.

3 Research Method

In this study, Systematic Literature Review [13] is used as research methodology in
order to analyze studies that proposed meta-models for SQIE. The process performed
manually in this study is shown in Figure 1. First of all, research questions which are
detailed in Section 3.1 were determined, and the study progressed based on these
questions. Then, search strategy was developed and search string was identified to
determine publications. The most-known seven academic search engines were used to
run the search string, and the initial (1% set of publications was determined. Exclu-
sion/inclusion criteria were identified and applied while reviewing titles and abstracts
of the studies. Then, a refined (2") set of publications out of the initial set was identi-
fied. Afterwards, exclusion/inclusion criteria were developed and applied while re-
viewing full texts of the studies, and a limited (3™) set of publications were deter-
mined. Finally, backward and forward snowballing was applied on this set and the
research pool was finalized with 28 primary studies
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Fig. 1. Process steps used in SLR



Table 1. Research Questions of SLR

RQ# Description
RQ.1 What are the basic characteristics of the meta-model proposed in the study?
RQ.1.1 What is the main purpose of the meta-model proposed? (e.g. generic or specific)
RQ.1.2 Which type of software products are targeted for SQIE? (e.g. OSS, COTS, custom)
RQ.1.3 Is the meta-model taken as the base for tool development in the study? (yes or no)
RQ.2 Avre there any software quality models taken as reference for the proposal? If yes:
RQ.2.1 Which software quality model(s) are taken as reference? (e.g. ISO 25000)
RQ.2.2 Does the meta-model serve for SQIE with respect to all the models taken as reference?
RQ.2.3 Is the terminology of the software quality model(s) taken as reference mapped to the
terminology defined by the meta-model in the study?
RQ.2.4 Is the structure of the software quality model(s) taken as reference mapped to the
structure of the meta-model in the study?
RQ.3 What are the basic characteristics of SQIE as defined in the meta-model?
RQ.3.1 What methods/techniques are used as reference for SQIE? (e.g. GQM)
RQ.3.2 Does the meta-model support subjective or objective evaluation?
RQ.3.3 Does the meta-model support qualitative or quantitative evaluation?
RQ.3.4 Which data analytics methods are defined for SQIE in the meta-model? (e.g. statistical,
machine learning, expert evaluation, fuzzy)
RQ.3.5 How are the results of evaluation provided to users? (e.g. single index, table, graphic)
RQ.3.6 Does the meta-model support SQIE in a specific phase in software development? If
yes, which phase is it? (e.g. requirements, coding, field-use)
RQ.3.7 Does the meta-model support SQIE at a single point or throughout software evolution?
RQ.4 How is the meta-model structured?
RQ.4.1 s there a specific structure of the meta-model? If yes, what is it? (e.g. hierarchical)
RQ.4.2 What are the entities defined in the meta-model?
RQ.4.3 Is the meta-model structured to define/include new quality models in evaluation?
RQ.5 What are the means of data acquisition as defined in the meta-model? (e.g. manu-
al entry, batch import, automatic transfer from other repositories)
RQ.6 Has the meta-model been validated? If yes, what was the method of validation?
(e.g. case study, literature mapping, peer review)
RQ.7 How was the meta-model developed?
RQ.7.1 Was there a research method employed for development? If yes, what was it?
RQ.7.2 What were the challenges faced in developing the meta-model?
3.1 Research Questions (RQs)

The aim of this SLR was to examine comprehensively the meta-models proposed for
SQIE in scientific literature. In order to analyze these studies in detail, the research
questions (RQs) listed in the Table 1 were determined. While conducting this study,
the PICO template (Population, Intervention, Comparison, Outcomes) which was
proposed by [13] is followed:

» Population: Software Quality and Its Evaluation (SQIE)

« Intervention: Meta-models for SQIE



» Comparison: Characteristics of the meta-models proposed

» Outcomes: Purpose and software targeted, entities covered, software quality
models or evaluation methods taken as reference, structure and phases employed,
data acquisition and analytics methods, validation methods of proposals.

3.2 Search strategy

Before determining the search string to be used in this study, searches were conducted
with various combinations of search keywords to obtain the most relevant studies. As
a result, the following search string was obtained:

("Meta model" OR "Meta-model™) AND ("software quality'") AND
("evaluation" OR "assessment" OR "measurement")

We used this search string to retrieve publications in the following digital libraries:
Google Scholar, ScienceDirect, Scopus, ACM, Web of Science, IEEE Xplore, and
Springer. Among these libraries, Google Scholar was used to increase the coverage of
our search. Studies initially obtained from the digital libraries are shown in Table 2. It
was observed that the number of studies in Google Scholar was the highest before
applying the inclusion/exclusion criteria and Springer followed it. The least number
of studies was obtained from Web of Science database.

Table 2. List of digital libraries and number of publications retrieved

Digital Library URL Number of publications
Web of Science apps.webofknowledge.com 7

IEEE Xplore ieeexplore.ieee.org 19

SCOPUS WWW.SCOpUS.com 50

ACM Digital Library dl.acm.org 152

ScienceDirect www.sciencedirect.com 216

Springer WWW.Springer.com 374

Google Scholar scholar.google.com 5.670

TOTAL 6.488

3.3  Publication Selection

By applying the exclusion criteria, many studies from the 1st set of publications were
eliminated. SLR guideline [13] was taken as the basis when determining the exclusion
criteria. The following exclusion criteria were applied to the 1st set of publications: 1)
Duplicate articles; 2) Articles that are not in English; 3) Not formally reviewed arti-
cles such as tutorials, sessions, workshop, keynotes, corrigendum and panel; 4) Books
and thesis; 5) Articles that do not cover the meta-model for SQIE.

Inclusion criteria were applied to ensure that the publications were within the scope
of our study. It was considered that the studies are concerned with SQIE, they propose
meta-models accordingly, and they provide mature enough graphical representations
of the meta-models including a few entities and relationships between these entities.
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In order to apply the inclusion/exclusion criteria, both authors assigned numbers to
the articles as 0’ or “1°, independently, by reviewing title, abstract and keywords. The
number ‘0’ meant the study was to be excluded, while the number ‘1* meant the study
was to be included. Articles were included when a total of ‘2” was obtained, excluded
when a total of ‘0’ was obtained, and marked for later discussion when a total of ‘1’
was obtained. As a result, 114 studies were identified, including the conflicting stud-
ies (the 2" set of publications). After a series of discussions, conflicts were resolved.

Both authors reviewed the full texts of the studies in the 2™ set of publications, ap-
plying the inclusion and exclusion criteria, and 24 studies were selected (as the 3" set
of publications). Then, backward and forward snowballing [20] were applied to im-
prove the coverage and 4 more articles were included in the research pool. As a result,
a total of 28 publications listed in [21] were selected for detailed analysis.

3.4  Data Extraction

Before starting data extraction, the initial categories for each RQ shown in Table 1
were determined by the authors. When there was a need to add a new category during
data extraction, this was discussed by the authors and added as a category item in data
extraction sheet. The first author answered the RQs by reading the full texts of the
studies, and recorded elicited information by the categories in a tabular form. Then,
peer-review was performed by the second author and any conflict between the authors
was resolved in a series of discussions. Data extraction sheet can be reached by the
following link: https://tinyurl.com/ybz2ybky

4 Results

4.1  Basic characteristics of meta-models (RQ 1)

RQ 1.1: A meta model is defined as “a model of a well-defined language” [22] or “a
model of the models” [23]. As shown in Fig. 2 (a), 75% of the meta models were
proposed for general purposes. These introduce the fundamental concepts present in
every single approach to fixed quality models. They are abstract enough to be used in
several software engineering activities: specification, design, development, certifica-
tion, selection, etc [24]. Fig. 2 (a) also shows that 25% of the meta models were pro-
posed for specific purpose. These are either developed for a specific software type
(e.g. web services) or proposed for a specific phase in software development process.
RQ 1.2: As shown in Fig. 2 (b), more than half of the meta-models were proposed
to cover all types of software. Only 2 of them were proposed for open source software
(0OSS), 2 of them for commercial software (COTS), and 1 of them for microservices
(MS) software. In addition, 5 meta-models were proposed for web services (WS).

RQ 1.3: Time is a crucial factor in reducing software evaluation costs. Tools that
allow automatic evaluation and eliminate manual effort have critical importance dur-
ing software quality evaluation. As shown in Fig. 2 (c), less than half of the studies
developed tools to reduce the effort spent on software quality evaluation.
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Fig. 2. Basic characteristics of meta-models (RQ1): (a) Percent distribution of main purpose,
(b) Percent distribution of types of software products targeted, (c) Percent distribution of
whether meta-models are taken as the base for tool development.

4.2  Software quality models referenced in developing meta-models (RQ 2)

RQ 2.1: Existing quality models were taken as reference in creating most of the meta-
models. As shown in Fig. 3 (a), more than half of the proposed meta-models took 1SO
9126 as reference. Similarly, 6 of them took ISO 25010, 8 of them took McCall’s
model, 9 of them took Boehm’s model, 6 of them took Dromey’s model, 3 of them
took IEEE 10610 as reference, and 6 of them took other existing meta-models as ref-
erence. In 3 studies, quality models referenced are not explicitly specified. It should
also be noted that some meta-models took one or more quality models as reference.
Earlier meta-models were based on McCall and Boehm models, while later meta-
models were based on ISO 9126. All referenced quality models are hierarchical in
structure. Therefore, most of the meta-models examined the hierarchical structure of
the quality models, and their objective was to capture the knowledge on software
quality present in the hierarchical quality models in one comprehensive model.

RQ 2.2: As shown Fig.3 (b), 11 of meta-models serve for SQIE with respect to all
models taken as reference while 6 of them do not. The rest of them does not explicitly
specify if they serve for SQIE with respect to all quality models taken as reference.

RQ 2.3: As shown in Fig. 3 (b), while 11 studies map the terminology of software
quality models taken as reference to the terminology of the meta-models they pro-
pose, 5 studies do not perform this mapping. Also, 7 studies do not explicitly specify
whether they mapped the terminology of the quality models they referenced, and 5
studies make this mapping only partially.

RQ 2.4: As shown in Fig. 3 (b), 10 studies map the structure of the software quali-
ty model taken as reference to the structure of the meta-models they propose, and 6
studies do not perform this mapping. In addition, 10 studies do not explicitly specify
whether they map the structure of the quality models they referenced, and 3 studies
make this mapping only partially.
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Fig. 3. (a) Software quality model(s) taken as reference for meta-models (RQ2.1), (b) Number
of studies for RQ2.2, RQ2.3 and RQ2.4.

4.3 Basic characteristics of SQIE as defined in meta-models (RQ 3)

RQ 3.1: We observed 11 meta-models use Goal-Question-Metric (GQM) method and
3 meta-models use Factor-Criteria-Metric (FCM) method for quality evaluation. The
remaining (50%) studies do not explicitly specify the methods they use.

RQ 3.2: As shown in Fig. 4 (a), 14 meta-models evaluate quality objectively using
only metric data. Only 1 study does not explicitly specify whether it uses metric data
or user opinion in evaluation. The rest (46%) of studies make both objective and sub-
jective evaluations considering both metric data and user opinions. In almost all stud-
ies, meta-models use metric data in quality evaluation. To analyze the metrics, they
either develop their own tools or import data using the existing tools.

RQ 3.3: We observe from Fig. 4 (b) that only 1 study gives qualitative result after
evaluation, and 2 studies do not explicitly specify whether they provide quantitative
or qualitative results. Also, 7 studies give both quantitative and qualitative results
after evaluation. The rest of the studies (63%) provide quantitative results only. These
findings show that meta-models are generally aimed to produce quantitative values in
order to see concrete results after evaluating software quality.

RQ 3.4: As shown Fig. 4 (c), 3 studies use expert decision, 1 study uses survey, 2
studies use fuzzy logic, 1 study uses analytic hierarchy process (AHP), 2 studies use
statistical methods, 2 studies use human decision, and 1 study uses machine learning
(ML) to analyze data in their meta-models. The remaining studies (42.8%) do not use
any of these data analytics techniques.

RQ 3.5: As shown in Fig. 4 (d), 9 studies provide evaluation results as an index in
range [0,1] and 2 studies provide evaluation results as an index in range [0, max].
These results enable the comparison between the alternative products. Also, 3 studies
provide evaluation results in Likert scale, and 4 studies provide results in graphical
representation. However, 4 studies do not explicitly specify how the evaluation results
are provided. Overall, many studies (64.2%) provide numerical values. It should be
noted that one study might have one or more of the result types mentioned above.
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Fig. 4. Basic characteristics of SQIE in meta-models (RQ3): (a) Percent distribution of subjec-
tive/objective evaluation, (b) Percent distribution of quantitative/qualitative evaluation, (c)
Numeric distribution of analytics methods, (d) Numeric distribution of evaluation result types

RQ 3.6: We observed that 12 studies support SQIE in software delivery, and 10
studies do not support it in a specific phase. Only 1 study supports SQIE in implemen-
tation and 1 study in requirements; 4 studies do not explicitly specify a phase. Since
product delivery is important for end users, it is the most addressed phase.

RQ 3.7: We observed that only 5 studies support SQIE in the evolution of software
while the rest supports it at a single point. There are many changing factors in soft-
ware lifecycle. Since changes are inevitable, the software needs to keep up with those
factors. However, majority of meta-models support SQIE at a single point in time.

4.4 Structure of meta-models (RQ 4)

RQ 4.1: Most quality models have special structures such as hierarchical. Like quali-
ty models, meta-models also can have special structures. For instance, the meta-model
in study [10] consists of 2-layers for specification and evaluation. In another study
[24], the meta-model consists of 3-layers for fundamental concept, metric, and con-
text. In this SLR, it was observed that 12 studies propose meta-models having a lay-
ered structure and that the remaining (57%) studies do not have any specific structure.
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Table 3. Terms used in meta-models as entities with their frequencies

Category Names of entities in different meta-models Freg.

Data analysis Syn: Analysis model / decision criteria / interpretation rule / analysis 7

Entity Syn: Entity / component / quality artifact / measurable entity 18

Evaluation (E) Syn: Evaluation / assessment model 14
Agg: Formula/ rule / E. result / E. aspect / E. impact

Instrument Syn: Tool / instrument 5

Measure Syn: Measure / metric 23
Agg: Base measure / base metric / derived measure / derived metric

Measurement (M) | Agg: M. approach / measurable concept / 13

M. method / M. function / M. data / M. result / value / indicator
Property Syn: Property / quality aspect / quality dimension / quality type / feature 12
Quality attribute Syn: Quality characteristic / quality attribute / quality factor / 27

characteristic / attribute / factor / product factor
Agg: Sub-characteristic / sub-factor / base attribute / direct attribute /
derived attribute / indirect attribute

Quality goal Syn: Quality goal / goal / quality target / purpose / target / objective 7
Quality model Syn: Quality model 9
Requirement Syn: Quality requirement / requirement / specification 3
Scale Syn: Scale / type of scale / measurement scale 4
Unit Syn: Unit / measurement unit / unit of measurement 7
View Syn: Viewpoint / view / stakeholder 6

* Syn denotes synonymous concepts for a category, while Agg denotes sub-categories or aggregated concepts under a category.

RQ 4.2: Meta-models are diagrams that contain entities and relationships between
entities. Entities for SQIE were sometimes defined by different terms in meta-models,
even though they were defined for the same concept. Therefore, there seems a confu-
sion in literature in the terminology proposed for SQIE. The terms used for concepts
represented as entities in meta-models were analyzed in detail and assigned to catego-
ry groups shown in Table 3. Accordingly, ‘quality attribute’ and ‘measure’ are the
most commonly used entities, while ‘requirement’, ‘scale’ and ‘instrument’ are the
least frequently addressed entities in the meta-models.

RQ 4.3 Meta-models for SQIE are expected to cover all aspects of quality models
and be flexible enough to apply with modifications. They should be organized accord-
ing to the needs of users and enable inclusion of new models. Majority (24) of the
meta-models were structured to enable extension with new quality models when
needed. Also, we observed that only 2 studies do not allow to define new models and
2 other studies do not explicitly specify if they enable to define new quality models.

4.5  Data acquisition addressed in meta-models (RQ 5)

Some studies developed their own tools based on the meta-models as addressed in
response to RQ 1.3. In addition, the majority of the meta-models use metric data for
evaluation as specified in response to RQ 3.2, and obtain quantitative values as a re-
sult as addressed in RQ 3.3. In order to obtain quantitative values, the tools based on
the meta-models are related to some external analysis tools. Among the meta-models
examined in this SLR, 6 use batch import to acquire data from external analysis tools,
while 6 analyze data after automatic direct transfer from other repositories. Also, 7
meta-models allow manual data entry. Some of the meta-models support one or more
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data acquisition methods mentioned above. However, many studies (15) do not ex-
plicitly specify how their meta-models acquire data.

4.6  Validation method of meta-models (RQ 6)

Validation of the proposed meta-models is one of the most important steps in the
studies, since research validation is vital to ensure the research is clean, correct and
useful. According to the findings obtained, 13 meta-models were validated by design-
ing case studies and 6 meta-models by performing toy experiment. Also, 4 studies
conducted peer reviews by experts and 1 study used pilot project application to vali-
date its meta-model. While 5 studies did not explicitly mention the method of valida-
tion for their proposals, only 1 study did not use a validation method. A study might
have been validated with peer reviews along with a case study or toy experiment.

4.7  Development of meta-models (RQ 7)

RQ 7.1: Research methods employed in proposing the meta-models were classified
according to the scheme by Wieringa [25]: solution proposal, weak empirical study,
strong empirical study, opinion paper, experience paper, and philosophical paper.
While 13 meta-models were classified as solution proposals with either weak demon-
stration or hypothetical example, 10 meta-models developed under a lab experiment
were classified as weak empirical study. Remaining 5 studies, which implemented
research in practice by setting hypotheses, were classified as strong empirical study.
RQ 7.2: In the studies examined, it is mentioned that many challenges were faced
while creating the meta-models. These challenges, which arose especially from the
quality models taken as reference, were classified based on the suggestions of [26]. In
Table 4, the challenges faced in proposing the meta-models and the number of studies
(with percent distribution) facing these challenges are given. Accordingly, the poor
interpretation of interdependencies and measurements was one of the most common
challenge. Inconsistency among different terminologies was another important chal-
lenge. Only 4 studies reported the challenge of different expectations of stakeholders.

Table 4. Classification of challenges and the number of studies having faced these challenges

Description of challenge #studies

C1: Inconsistency in terminology: Most approaches that are not based on theoretical | 9 (24%)
grounds, lack a definition for quality concepts that is precise and concise [26].

C2: Partially defined: Most quality models are outlined but not fully developed. All | 7 (18%)
define measurable concepts, some of them also attributes, few of them include (most
often partial) measures and scarcely any defines decision criteria or indicators [26].

C3: Lack of focus: Most quality models provide an extensive (and mostly tangled) | 7 (18%)
coverage of stakeholders and levels of abstraction [26].

C4: Lack of clarity in interdependencies and measure interpretations: In most quality 11
models that are not based on theory, the degree of influence of individual internal quali- | (30%)
ty factors on the quality in use of the application, as well as their interdependencies, are
not well established [26]. Also, measure interpretations of some models are not clear.

C5: Different expectations of stakeholders: Stakeholders in the software process has | 4 (10%)
different expectations from meta-models
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5 Summary of Findings and Discussion

Regarding the basic characteristics (RQ1), 75% of meta-models were proposed for
generic purposes. This situation coincides with the purpose of proposing meta-models
in that they should have a general feature shaped according to the purpose of the user.
At the same time, the vast majority of meta-models were proposed to evaluate custom
software products. However, when the empirical studies for testing the validity of
meta-models are examined, it is observed that almost no meta-model used the specific
metrics of OSS such as mailing list, user reviews, etc. Therefore, it is not clear wheth-
er these meta-models are fully applicable to evaluate the quality of OSS products.

One of the most important contribution of the studies is tool support. Since code
analysis tools measure specific features of software quality in fixed quality models, it
might be necessary to combine the heterogeneous results of code analysis tools to
measure quality more comprehensively and completely. In such a case, inconsistent
results can be obtained. To eliminate this, tool support for meta-models is essential.
However, more than half of the proposed meta-models did not provide tool support.

Regarding the quality models taken as reference while developing the meta-models
(RQ2), 1SO 9126 was the leading model in 57% of the studies since: 1) it provides a
comprehensive specification and evaluation model for software product quality, 2) it
explicitly addresses user needs of a product by allowing a common language for spec-
ifying user requirements by various stakeholders, and 3) it evaluates quality of soft-
ware products objectively based on observation and not opinion [27]. However, this
quality model was withdrawn and replaced by ISO/IEC 25010 [7].

Regarding the basic characteristic of SQIE (RQ3), Goal-Question-Metric method
was used for quality evaluation in the meta-models. Also, metric data was very im-
portant in evaluating software, since majority of the meta-models support objective
and quantitative evaluations and obtain numerical values as the result of their evalua-
tions. However, there are very few meta-models that used the well accepted data ana-
lytics methods such as ML, Fuzzy, AHP etc. Generally, meta-models analyzed data
independent of these important methods.

There are many factors that change throughout the software lifecycle. Therefore,
changes to software are inevitable, as the software needs to keep up with these chang-
ing factors. However, most of the meta-models (82%) did not consider the evolution
of the software product and only focused on the last version when evaluating quality.
This may be desirable for end users, but it creates a difficulty for developers in moni-
toring the quality while maintaining the software product. Considering that 60% of
the total cost in software projects is spent for product maintenance [28], the im-
portance of this issue is better understood in meta-modeling of SQIE.

Regarding the structure of the meta-models (RQ4), 43% of them are layered with a
special structure, and the rest does not have a special structure. Majority (86%) of the
meta-models are structured to enable extension with new quality models, which is in
line with the purpose of meta-modeling. In addition, regarding the content of the me-
ta-models, ‘quality attribute’ and ‘measure’ are the most commonly used entities.

Regarding data acquisition (RQ5), while almost half (13) of the meta-models adopt
batch import (6), automatic direct transfer from other repositories (6), and manual
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entry (7), the rest of them (15) do not explicitly specify how they acquire data. Please
note that a meta-model may support more than one data acquisition method.

With respect to the empirical evidence (RQ6), meta-models were validated by ei-
ther hypothetical case studies or toy experiments. A real-world case was not used for
validation of any meta-model. Therefore, it is observed that there is no empirical evi-
dence sound enough to demonstrate usefulness of the meta-models for SQIE.

Regarding the research methods employed (RQ7) in developing the meta-models,
almost half of the studies (47%) are classified as solution proposal. It means that me-
ta-models were generally proposed as solutions for SQIE and argued for its relevance,
without a full-blown validation. Therefore, they offered either a weak, hypothetical
example or demonstration. Also, regarding the challenges faced in creating the meta-
models, it was observed that majority of the challenges arose especially from the
quality models taken as reference. Because most quality models are not based on
theory, the degree of influence of individual internal quality factors on the quality in
use of the application as well as their interdependencies are not well established [26].
Also, some quality models cover all aspects of software quality but metrics are not
consistent with their own conceptual definitions [9].

6 Threats to Validity

The purpose of this SLR was to focus on and analyze specific studies in literature.
This situation may lead to problems related to the acquisition of all relevant studies
and hence the validity of the results. Main threats might have been due to the choice
of search string as well as biases in study selection, data extraction, and classification.

In order to select the search string, first we piloted the searches and reviewed the
results in multiple iterations; then, we updated search keywords after the reviews. To
alleviate the threat of the search string, backward and forward snowballing were ap-
plied to obtain potentially relevant publications that were missed by the search string.

There might have been researcher bias in identifying the exclusion/inclusion crite-
ria for choosing the studies. To alleviate the threat in study selection, a systematic
voting process was carried out by the authors independently to decide which articles
should be included in the pool. In this way, it was aimed to minimize subjectivity and
bias in selecting the publications. The studies that the authors agree on were included
in the pool. Other studies were marked for later discussion, and conflicts were solved
between the authors after a series of discussions. Non-agreed studies were excluded.

To cope with the threat of data extraction, the first author answered the research
questions by reading the full texts of the studies in the final pool, and recorded elicit-
ed information by the categories in a tabular form. Then, peer-review was performed
by the second author in detail and if there was a conflict between authors, it was re-
solved after a series of discussions among the authors.

Some studies were used as reference to alleviate inconsistency in the schemes of
classification. For example, research methods used in developing the meta-models
were examined in RQ 7.1. While answering this research question, studies were clas-
sified according to the classification scheme by Wieringa [25]. Also, the challenges
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faced while developing the meta-models were investigated in RQ 7.2. To answer this
question, the study [26] for classifying the difficulties was taken as reference.

In addition, during SLR process depicted in Figure 1, search string, search process
and selection criteria were piloted first and refined in a series of iterations. Whenever
an update was required after an iteration, the whole process was repeated again.

7 Conclusion

In this paper, the results of an SLR study are reported in order to examine comprehen-
sively the content and structure of the meta-models proposed for SQIE in scientific
literature. The most-known seven digital libraries were searched, and 28 studies out of
114 initially selected and 6488 initially retrieved were identified for further analysis
with respect to the inclusion/exclusion criteria. These primary studies were analyzed
with respect to seven research questions. To the best of our knowledge, this is the first
SLR study conducted on the meta-models for SQIE.

This SLR study might help researchers and practitioners in understanding the state
of the art on the meta-models proposed for SQIE. The set of 28 studies in the pool
serves as a reference catalogue for researchers, and the detailed analysis provides a
kind of guide in seeing the weak aspects to propose further meta-models or design
further studies. The studies that propose tools based on the meta-models, on the other
hand, might be useful for practitioners for investigation and adoption for their use.
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