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a b s t r a c t

Enhancing product quality might be a main goal of a software process improvement initiative (SPI). Quality

is, however, a complex concept, and experts recommend identifying relevant product quality characteristics

to satisfy users/customers’ needs. There is thus a need to understand how SPI initiatives contribute to the

improvement of software product quality characteristics. This paper aims to provide an overview of an

up-to-date state-of-the-art regarding initiatives that focus on promoting product quality improvement by

applying SPI approaches. This goal was achieved by conducting a systematic mapping study, as a result of

which we identified 74 primary papers including both theoretical (75.7%) and empirical (24.3%) papers. The

main product quality characteristics addressed are security, usability and reliability. Security-related process

models, on the other hand, are those most cited (53%). The empirical papers suggest that traditional process

reference models, such as CMM, CMMI or ISO 9001, moderately increase product quality characteristics,

these principally being maintainability and reliability. However, there is a need for more empirical research

to evaluate the impact of SPI initiatives on software product quality by considering contextual factors. SPI

initiatives should be more driven by performance goals related to product quality characteristics.

© 2015 Elsevier Inc. All rights reserved.

b

c

d

d

a

t

p

b

p

c

i

e

i

S

a

k

1. Introduction

Software organizations usually increase product quality by imple-

menting a software process improvement (SPI) initiative (Staples and

Niazi, 2008). The common approach used to assess the effectiveness

of the SPI program has traditionally been that of measuring the num-

ber of defects found in products. The assumption behind this is that an

end product with many defects lacks quality (Card, 1998). However,

this approach provides a narrow view of software quality (Ashrafi,

2003).

Industrial practice does in fact recognize the importance of ad-

dressing software quality characteristics such as usability, perfor-

mance, or reliability for product success (Berntsson Svensson et al.,

2012). But, methods with which to support the achievement of prod-

uct quality goals or requirements (in terms of quality characteristics)

are not usually described in process models and little is known about

the interaction of these methods with other process elements (Chiam

et al., 2013). Reference models such as the CMMI and ISO/IEC 12207
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arely address the specific practices used to improve product quality

haracteristics (García-Mireles et al., 2012), and there is still a need to

evelop process approaches with which to specify, achieve and vali-

ate product quality requirements (Allen et al., 2006). Indeed, trends

s regards developing software systems require quality management

asks to deal with nonfunctional requirements such as security and

erformance (Breu et al., 2014).

Since addressing the quality of software can be associated with

oth product and process, we use the following terms throughout this

aper: software quality, software product quality and software pro-

ess quality. Software quality refers to a general view of product qual-

ty without implying that any specific approach is used to measure or

valuate it. Software product quality means that there is an underly-

ng quality model that defines a set of product quality characteristics.

oftware process quality, on the other hand, refers to the capability of

software process to produce software with increased quality.

Given the importance of research on software quality, and the ac-

nowledgment that a software process can be a systemic approach

ith which to enhance product quality (Aaen et al., 2001), we have

arried out a systematic mapping study (SMS) with the aim of iden-

ifying those papers whose purpose is to enhance software product

uality within SPI initiatives based on process reference models. The

MS may additionally provide useful information about the strate-

ies applied, the product quality characteristics addressed and the
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mpact of software process reference models on such characteristics.

he SMS may also identify research gaps that could be addressed by

esearchers.

The remainder of this paper is structured as follows. Section 2

resents an overview of related work, while Section 3 describes

he method used to conduct the mapping study. Section 4 depicts

he results of the mapping and Section 5 presents the discussion.

ection 6 presents the study limitations. Finally, Section 7 depicts the

onclusions and future work.

. Related work

In this section we provide an overview of the main background to

he SMS conducted, along with related systematic literature reviews

nd/or SMS in the field of SPI and software product quality.

.1. Background

In the software industry, the main quality approaches applied in

rder to improve software quality correspond to the manufacturing

iew and the product view (Berander et al., 2005). In a manufacturing

iew the quality focuses on conformance to specification and adher-

nce to a software process (Berander et al., 2005). Concepts such

s defect counts, failure rates and rework costs are common when

esearchers or practitioners seek objective evidence with which to

easure quality. Quality improvement is achieved when the project

erformance obtains a reduction in software defects (Agrawal and

hari, 2007).

Studying the defects and their relationship with software qual-

ty is a common practice in the SPI field. For instance, Harter et al.

2000) reported that in customer oriented software development, an

ncrease in software process maturity also increases product qual-

ty, measured as the errors uncovered during system and acceptance

esting. Counting defects is useful as regards identifying improvement

reas within the software process, making decisions about testing ac-

ivities, and monitoring the effects of process changes (Kitchenham

nd Pfleeger, 1996).

The measurement of defects can therefore be used to assess either

rocess quality or product quality (Unterkalmsteiner et al., 2012). In

he former case, the number of defects found by a particular testing

echnique is an example of a process measure, while in the latter

ase, the number of defects found by KLOC in source code is a product

uality measure. This signifies that in order for a defect measure to be

ppropriately interpreted, it should describe the context in which the

easurement was taken (Unterkalmsteiner et al., 2012). Nonetheless,

efect counts alone, including those used in product quality, may re-

ult in either biased or restricted conclusions regarding the quality of

oftware systems (Allen et al., 2006; Ashrafi, 2003; Harter et al., 2012).

Improvement strategies can be classified as problem-driven or

orm-driven (Hansen et al., 2004). The former is focused on activi-

ies whose intention is to identify and resolve issues in the software

evelopment process, while the latter is focused on the alignment of

urrent software development practices with an underlying model of

est practices. In a similar vein, Paulk (2008) considers the analytic

aradigm and the benchmarking paradigm. While the benchmark-

ng paradigm considers best practices models specified in a reference

odel or standard, there is a slight difference as regards the defini-

ion of the analytic paradigm. In comparison with the problem-driven

trategy, Paulk (2008) additionally addresses the principles-based ap-

roach. Approaches such as Six-Sigma or Deming’s fourteen points are

hus categorized into the analytic paradigm. These two paradigms

r strategies can be complementary to each other. Benchmarking

aradigms do not typically specify performance levels while the ana-

ytic paradigm can deal with specific quality goals in accordance with

he business or project goals. Both paradigms are ultimately led by a

easurement based strategy (Paulk, 2008).
In a product view, quality is seen as fitness for purpose. This view

elies on product characteristics that meet user needs. Product qual-

ty is therefore measured by considering the task context or scenario

Kitchenham and Pfleeger, 1996). Software quality models describe

number of product quality characteristics which can be used to

dentify the relevant characteristics for each scenario addressed in

software project. Although several quality models have been pro-

osed, Coté et al. (2007) pointed out that ISO/IEC 9126 (ISO, 2001) is

good model with which to address a software product quality strat-

gy. The ISO/IEC 25010 (ISO, 2010), as a descendent of this model, can

lso be used with the same purpose.

In order to establish a product quality framework for this SMS,

e have considered the definition of product quality found in ISO/IEC

5010 (ISO, 2010) as a base reference. Software quality is defined

s the “degree to which a software product satisfies stated and im-

lied needs when used under specified conditions” (ISO, 2010). In or-

er to specify, measure, and evaluate those needs, a product quality

odel can be used. It is defined as a model which “categorizes prod-

ct quality properties into eight characteristics (functional suitability,

eliability, performance efficiency, usability, security, compatibility,

aintainability and portability). Each characteristic is composed of a

et of related sub-characteristics” (ISO, 2010). Software quality mod-

ls have, however, been researched independently from the SPI field

Ashrafi, 2003).

In summary, the ultimate goal of the SPI is to achieve an opti-

al software process which responds to business objectives. Despite

he diversity of goals that might be attained in an SPI initiative, a

iterature review found that software quality is the most common

Staples and Niazi, 2008).The SPI field has been strongly influenced

y the manufacturing perspective in which software quality can be

efined as “the density of post-release defects in a software program”

Agrawal and Chari, 2007). This view is useful as regards improving

he quality of software process and product quality, but it has weak-

esses when a customer’s requirements are not well defined (Harter

t al., 2012). Software quality, however, can be viewed from a product

erspective, in which the stakeholder needs can be related to specific

oftware product quality characteristics. Our work is thus focused on

he software product quality view within SPI initiatives.

.2. Previous literature reviews

Before carrying out the SMS we reviewed IEEE Xplore, Scopus

nd Web of Science digital libraries in order to identify systematic

iterature reviews that deal with SPI and software product quality. The

ist of synonyms for this methodology was adapted from de Almeida

iolchini et al. (2007). The search string used was:

("software process improvement" OR spi) AND ("systematic literature

review" OR “systematic review” OR “research review” OR “research

synthesis” OR “research integration” OR “systematic overview” OR

“systematic research synthesis” OR “integrative research review” OR

“integrative review” OR “mapping study” OR “scoping study”)

We identified two relevant papers that address software prod-

ct quality within an SPI initiative. The first (Lavallée and Robillard,

011) reviewed six journals from the Journal Citation Reports to study

hether SPI initiatives imply product quality improvement from the

eveloper perspective. These authors only considered four quality

ub-characteristics from ISO/IEC 9126 in their review: suitability, ac-

uracy, changeability and stability. The conclusion reported was that

hile a reduction in defects enhances product quality, it does not nec-

ssarily enhance architectural quality when factors such as change-

bility and stability are considered (Lavallée and Robillard, 2011).

The second review is focused on measurement and evaluation

pproaches applied in SPI initiatives (Unterkalmsteiner et al., 2012).

he majority of the studies reported (61% of 148 papers) rely on ref-

rence models such as CMM, Six-Sigma, CMMI, PSP, ISO/IEC 15504,
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TSP, QIP, Bootstrap, TQM, IDEAL and PDCA. A product quality success

indicator was found in 32% of papers. Product quality can be analyzed

from a general view or a specific view. The general view considers

those studies (19% of 148 papers) that lack information with which

to appropriately identify which quality characteristic was measured

or evaluated. This category can include papers that measure software

quality as a defect density in a software product. The specific view of

product quality considers quality characteristic described in ISO/IEC

9126 (10% of 148 papers) and reusability (3% of 148 papers). Reliabil-

ity, maintainability, and reusability were reported as being the most

common success indicator for product quality characteristics. In ad-

dition, roughly a quarter (24% of 148) of the papers uses defects as a

success indicator without relating them to process quality or product

quality. The findings also show a clear tendency toward measuring

quality at process level (57% of 148 papers). Few empirical studies re-

port the measurement of product quality characteristics as a quality

success indicator (10% of papers).

The scope of research is the main difference between this SMS

and the reviews discussed. Lavallée and Robillard (2011) focus the

impact of SPI on the software architecture and only consider CMMI

in their analysis. The selected journals, although relevant for the SPI

field, only represent a subset of the field. In addition, the paper is not

explicit as regards the set of 25 empirical papers. We are, however,

interested in the impact of SPI on all the characteristics described

in a product quality model, such as those described in ISO/IEC 25010.

Furthermore, we expect to identify the process reference models used,

and not only CMMI, in order to deal with product quality and report

the list of empirical papers.

The second literature review (Unterkalmsteiner et al., 2012) fo-

cused on the identification of measures and success factors for SPI

initiatives. This review also classifies the papers when the measures

are related to process, product or organization. Overall, the review

provides a comprehensive view of the measurement approaches in

SPI initiatives. However, measurement is only one aspect of an SPI

initiative. Our goal is to identify papers that address any of the activi-

ties considered in the SPI field whose purpose is to enhance software

product quality.

3. SMS of software product quality within SPI initiatives

We carried out this SMS by considering the recommendations

described in Kitchenham and Charters (2007). The changes made to

guidelines with which to carry out systematic reviews (Kitchenham

and Brereton, 2013) were also considered. A protocol with which to

support the work of this review was built on Oct 5, 2013. The goal of

this research is to provide an overview of the current approaches used

to enhance software product quality in the context of SPI initiatives

based on process frameworks. The SMS also considers those papers

which discuss the impact of SPI on product quality.

3.1. Research questions

The main research question is:

• Which approaches have been proposed or implemented in SPI

initiatives in order to enhance software product quality? What

results have been obtained?

An SMS was therefore conducted in order to answer this question.

The papers selected were reviewed in two phases. The first phase

classified the papers by considering the quality characteristic/quality

model addressed, process reference model used, and the type of re-

search contribution according to the types provided in Wieringa et al.

(2006). The type of research contribution was also used to breakdown

the set of primary papers into theoretical and empirical categories.

The latter category is composed of both evaluation and validation ar-

ticles types, according to the Wieringa taxonomy. The selected papers
ere also classified by considering their purpose and the potential im-

act on the Plan-Do-Check-Act (PDCA) improvement cycle (Deming,

992). The second phase analyzed empirical papers identified in the

revious phase in order to discover their rigor and relevance using

he model proposed in Ivarsson and Gorschek (2011). Furthermore,

he definition of quality characteristics was reviewed and the stake-

older’s quality perspective was also identified. Finally, the impact of

he SPI initiative on software product quality was considered.

In order to achieve the main objective of the first phase, we needed

o answer the following questions:

RQ1. What types of research have been reported to address software

product quality in SPI initiatives?

RQ2. What software product quality characteristics are managed in

SPI initiatives?

RQ3. What process references models are considered in SPI initia-

tives that deal with product quality?

RQ4. What activities in the PDCA cycle have been covered by the

primary papers selected?

The classification of empirical papers led us to identify the process

eference models researched in order to improve a software prod-

ct quality characteristic. An SPI initiative can be broken down into

arious stages. Each stage requires specific activities to be executed

sing supporting models and methods. The research approach may

lso show the maturity of the SPI field with regard to product quality

haracteristics.

The objective of the second phase was to answer the following

uestions:

RQ5. What is the rigor and relevance of studies reported?

RQ6. How are quality characteristics related to software product

defined in SPI initiatives?

RQ7. What stakeholders are considered in the SPI initiative?

RQ8. What is the impact of SPI on product quality characteristics?

.2. Search process

We applied an automatic search process to select relevant papers.

his approach has been used in other literature reviews on software

rocess improvement (Pino et al., 2008). The search process takes into

ccount the following resources: ACM Digital Library, IEEE Xplore,

copus and Web of Science. The records retrieved from the last three

esources were processed using EndNote. The records retrieved from

CM were processed manually. Although the search process began in

ctober 2013, and the first version of this paper was based on articles

etrieved in February 2014, the final list of retrieved papers includes

hose obtained in October 2014.The search process is presented in

ig. 1.

The search string consists of two groups of terms: software process

mprovement and product quality characteristics (Table 1). Since the

erms used in systematic literature reviews (Section 2.2) for software

rocess improvement are very broad and depend on the research

bjectives, we based this part of the search string on Pino et al. (2008).

n fact, other literature reviews have also used this search string to

resent an overview of the SPI field (Hansen et al., 2004; Müller et al.,

010).

The second group of terms relies on the product quality charac-

eristics described in the ISO/IEC 25010 and ISO/IEC 9126 software

roduct quality models. We also reviewed two literature reviews to

dentify relevant terms for synonyms for the quality characteristic

oncept (Barney et al., 2012; Svensson et al., 2010). The generic terms

or software quality can, on the other hand, support the identifica-

ion of papers addressing others product quality characteristics, or

ub-characteristics, which were not explicitly included in the search

tring.

The procedure used to retrieve records from digital libraries was

erformed in two steps. The first step, which we called automatic
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Fig. 1. Process for the SMS.

Table 1

Terms for the search string.

Terms Synonyms

Software process improvement “software process improvement” OR cmm OR cmmi OR 15504 OR spice OR 12207 OR 9001

Product quality characteristics 9126 OR 25010 OR usability OR maintainability OR security OR efficiency OR portability OR reliability

OR functionality OR compatibility OR “non-functional requirements” OR “nonfunctional

requirements” OR nfr OR “quality characteristics” OR “quality factors” OR “quality requirements” OR

“quality attributes” OR “software quality” OR “product quality”
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rocessing, extracted 2821 records from IEEE, Web of Science and

copus databases. These were then processed in a reference tool to

liminate duplicates. The second step was the manual processing of

he 482 records extracted from ACM in order to identify duplicated

ecords.

.3. Selection criteria

The records retrieved were reviewed against the selection criteria

escribed in the review protocol. The inclusion criteria applied were:

1. The article must be written in English and have been published

including December, 2013.

2. The article must address the topic of software process improve-

ment and software quality by considering the product perspec-

tive. This includes papers which directly or indirectly support any

of the activities considered in the SPI. Direct activities are those

described in SPI methods which assess or change a software pro-

cess in an organization. Indirect activities are those which provide

support for an SPI initiative such as the development of reference

models, the adaptation of reference models, assessment models

and methods, and the evaluation of process frameworks with re-

gard to software product quality.

3. The article’s abstract must include a quality characteristic, or sub-

characteristic, such as those described in ISO/IEC 9126 or ISO/IEC

25010. It may also reference a product quality model or product

quality term such as quality goals, quality requirements or quality

goals (Table 1). The decision to include generic product quality

terms was made because we reviewed the paper’s introduction in

order to identify any product quality characteristic or an approach

used to deal with it.

4. The articles must include a process reference model such as CMM,

CMMI, ISO/IEC 12207, among others.

5. The article must be published in a journal, conference proceeding

or workshop.
 c
The exclusion criteria applied were:

1. The article addresses the manufacture view of quality. Product

quality is measured as the number of defects found during the

software development lifecycle. This view lacks information about

the specific product quality characteristics enhanced as explained

in Section 2.1.

2. The article addresses a proposal for educational settings.

3. The article addresses issues/proposals for either process manage-

ment or software process quality.

4. The article only describes improvement results in terms of pro-

ductivity or reduced cycle time.

5. The article addresses characteristics described in the quality in

use model (ISO, 2010). We are interested in understanding how

process reference models can impact on quality during software

development rather than their effects when software is in the

operation stage.

6. Literature reviews about software process improvement.

7. Forwards, editorials, posters, books and theses.

8. Articles with an identical or similar contribution.

.4. Selection procedure

The selection criteria were applied by the first author when re-

iewing the 2441 articles. Most of papers were discarded after read-

ng only the title because the topic appertained to other fields such as

lectronics, networks or cryptography. After reading the abstract, we

dentified 187 candidates. These were read again to identify whether

hey complied with the inclusion criteria, and in some cases we also

ead the paper’s introduction to make a decision. The selection pro-

ess led to 74 primary papers being obtained. A random sample of

00 records was additionally checked by the second author in order

o verify the selection process. The results of this procedure were

onsistent with the outcomes reported by the first author.
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Table 2

The manual search procedure results.

Title Date range Records Candidate Primary Empirical

PROFES 2005–2013 402 4 0 0

EUROSPI 2005–2007, 2010–2013 186 9 4 0

SPICE 2011–2013 100 3 1 0

Journal of Systems and Software 1997–2013 2442 3 2 2

Journal of Software: Evolution and Process 2012–2013 121 0 0 0

Software Process: Improvement and Practice 2003–2009 261 0 0 0

IEEE Software 1997–2013 1824 0 0 0

Information and Software Technology 1997–2013 1571 3 1 1

Software Quality Journal 1997–1999, 2001–2013 380 4 3 3

Totals 7287 26 11 6
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In order to validate the set of 74 primary papers identified above, a

manual search was conducted. The use of a collection of known stud-

ies is recommended when validating the search process (Kitchenham

et al., 2011b; Zhang et al., 2011). The set of these papers were ex-

tracted from articles published in conference proceedings and jour-

nals addressing software process improvement topics (Table 2). Some

journals are general to the software engineering field.

The journals and conference proceedings used in the manual

search should also be accessed by the databases used in the auto-

matic search. The Scopus database was therefore selected in order

to ensure that the outcomes would be comparable. The name of the

conference or the title of the journal was used with an appropriate

command from Scopus. The range of years was based on the result of

the automatic search process, from 1997 to 2013.

As a result, Scopus retrieved 7287 records from three conference

proceedings and six journals. The range of years that can be accessed

by Scopus also is reported for each venue. Twenty-six papers were

selected as candidates using inclusion criteria. After applying inclu-

sion and exclusion criteria, 11 primary papers were selected. Of the

set of primary papers, six belong to the empirical category.

Empirical papers found in the manual search also appeared in the

outcome of the automatic search process. Of the primary papers iden-

tified, only one was not included in the theoretical group of selected

papers.

The manual search process found 11 papers, and 10 papers were

selected in the automatic search process. After applying the sensitivity

formula described by Kitchenham et al. (2011b), a sensitivity score of

90.9% was obtained.

3.5. Data extraction

In order to answer the research questions we extracted the fol-

lowing information from each article:

1. Quality characteristic. The quality characteristic described in the

paper. In some cases a quality model or generic quality terms are

reported (such as those depicted in Table 1).

2. Approach for SPI. We identified several types of approaches for

SPI. In order to classify the main contribution of each paper, we

used the PDCA stages (Deming, 1992) to formulate a categoriza-

tion scheme as regards whether the papers discuss an SPI initiative

in an organization or they discuss either a model or method sup-

porting each stage:

a. Plan. The papers discuss improvement methods, an SPI in-

frastructure, critical factors for implementing an SPI initiative,

aligning business needs with process improvement goals, co-

ordinating multiple SPI initiatives and mappings between pro-

cess models.

b. Do. The papers present solutions for improvement oppor-

tunities. These can be process models applied at operative

level, measurement process, pilot projects and the respec-

tive outcomes, and the deployment of improvement activities

throughout an organization.
c. Check. The papers present both models and methods with

which to assess the software process, assessment results, and

a profile of assessment models and methods. This category in-

cludes maturity models and any other process reference mod-

els that are used to compare the practices that a software or-

ganization carries out.

d. Act. The papers discuss approaches with which to improve the

SPI process carried out in the organization, to analyze organiza-

tional lessons learned, surveys from literature or organizations

with regard to SPI efforts, adoption of reference process models

in industrial settings, and experiences in continuous process

improvement.

3. Process framework. We identified the process frameworks, or SPI

model, explicitly included in the article.

4. Research approach. Research approaches are opinion papers, philo-

sophical papers, experience reports, proposals of solutions, valida-

tion research and evaluation research (Wieringa et al., 2006).The

first four research approaches were considered to be theoretical

papers, while the latter two were treated as empirical papers.

5. Venue. This describes whether the paper was published in a jour-

nal, conference or workshop.

6. Year. Year of publication.

The second part of the SMS analysis takes into account the em-

irical papers, which are classified as validation or evaluation. A vali-

ation type article “investigates the properties of a solution proposal

hat has not yet been implemented in practice” (Wieringa et al., 2006)

nd the paper discusses the research design and results. An evaluation

ype paper investigates a problem in industrial practice or an imple-

entation of a method or technique in industrial settings. It also

ncludes the discussion of the research design and results (Wieringa

t al., 2006). We therefore extracted the following information from

he empirical papers: goal of study, definition of quality characteris-

ics, kind of stakeholders involved, approach used to improve product

uality, and aspects used to assess rigor and relevance (Ivarsson and

orschek, 2011).

Two authors independently performed the classification of 74 pri-

ary papers as regards the research approach using the Wieringa

axonomy (2006).The classification had an agreement of 78.3%.The

appa value obtained was 0.634. Since this is a fairly good agree-

ent, the remaining 16 papers upon which an agreement had not

een reached were reviewed using a detailed guideline. The guide-

ines were developed on the basis of reviews of papers that did not fit

nto the same category.

A paper can include elements of diverse categories, e.g. it can

resent both a proposal and the validation in industrial settings. It can

herefore be classified in several categories (Wieringa et al., 2006). If a

aper includes empirical evidence, the decision as to which category

o place it in tends toward papers of the validation or evaluation types.

further disagreement was based on how mappings between process

odels are categorized. These papers were categorized as theoretical

roposals. If the mapping paper includes a validation in an industrial

etting it could therefore be considered in the validation-type papers.
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Fig. 3. Research approach found in articles.
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n the other hand, the validation category considers those papers

hat address a case carry out in industry, although few contextual

ata are provided. The list of arguments used to discuss the most

ppropriate category was extracted from the abstract, paper content,

nd classification of papers provided by Scopus. The list of arguments

as reviewed by the second and third authors in order to make a

ecision by consensus.

The first and the third author categorized the empirical papers

sing the rubrics for rigor and industrial relevance (Ivarsson and

orschek, 2011). The first comparison of both types of independently

xtracted data attained an agreement of around 66% for rigor and 55%

or relevance. The kappa value was 0.5518 for rigor while that for

elevance was 0.2763. Additional data from empirical papers were

herefore extracted in order to improve this classification. The rigor

ubric was improved by adding the contextual facets (Petersen and

ohlin, 2009). In order to assess the context as a strong description it

hould describe at least four features from the contextual facets and

wo from the product facet. A medium description includes two to

hree features and a weak description describes up to one feature of

ny contextual facet.

The study design was organized as aim/hypothesis, sampling, in-

trument design and procedure. Threats to validity were composed

f external, internal and other types (e.g. construct). A strong descrip-

ion of a study design includes at least three elements from the study

esign. A medium description includes up to two elements. On the

ther hand, a description of validity must consider at least two main

alidity threat categories such as, for instance, internal and external,

f it is to be considered as strong. Otherwise, a medium description

nly considers one of the main validity threat categories. The rele-

ance rubric can be applied as is in this SMS: It is only necessary to

dentify that relevant elements are presented in the empirical paper.

The first author extracted data using the new template and the

igor elements were filled in as regards the content of the empirical

aper under review. The 18 templates extracted were compared with

he third author’s comments in order to reach an agreement regarding

he rigor and relevance of the empirical papers.

. Results of the SMS

We identified 74 primary papers which were classified by publica-

ion year. Fig. 2 shows publications trends. The graph also shows the

rends of the empirical papers reported, which represent 24.3% of all

he papers selected. The year in which most articles were published

as 2009, and the main topics are mappings among process reference

odels and approaches used to deal with security.
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Table 3 depicts the empirical papers. Some empirical papers rec-

mmend either a product quality model or a process reference model

hat could be used in an SPI initiative. However, the papers lack vali-

ations of these recommendations (Asthana and Olivieri, 2009; Boegh

t al., 1999). These papers were included because they provide an ap-

roach that can be used to improve or monitor product quality goals.

The empirical papers were published in several conferences and

ournals. The articles published in conferences and workshops repre-

ent 73% of all papers. The conferences which contain most papers are

ROFES (6), ICCSA (3), EuroSPI (3), and SPICE (2), among others. Upon

onsidering journal papers, which represent 28%, they are published

n Software Quality Journal (4), Journal of System and Software (2)

nd Information and Management (2), Information Management &

omputer Security (2), Journal of Computer Science (2) among oth-

rs. These conferences and journals, however, represent roughly a

hird of the primary papers.

.1. Research approach (RQ1)

We classified the selected papers with regard to the main research

pproach reported in the article using the taxonomy described in

ieringa et al. (2006). We found that 64% of the papers belong to

he proposal category. Empirical studies represent 24% of the papers

evaluation 5% and validation 19%). The distribution of the papers by

esearch approach is depicted in Fig. 3.
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Table 3

List of empirical papers. QC/QM: quality characteristic/quality model.

PaperId Paper type PDCA stage PDCA topic QC/QM Process reference/SPI models

asthana2009 (Asthana and Olivieri,

2009)

Validation Do Measures Reliability CMMI

boegh1999 (Boegh et al., 1999) Validation Do Measures ISO9126 CMM, ISO9001 and SPICE

nunes2010 (Nunes et al., 2010) Validation Do Developing a process Security SSE-CMM, CC, ISO27002,

OCTAVE

ortega2003 (Ortega et al., 2003) Validation Check Assessment ISO9126, Dromey, McCall SPICE

wagner2011 (Wagner et al., 2011) Validation Do Developing a process Security SSE-CMM

zia2010 (Zia, 2010) Evaluation Act Adoption of SPI practices Security CobIT, ISO27002, COSO

zucatto2007 (Zuccato, 2007) Validation Do Developing a process Security SSE-CMM

ardimento2004 (Ardimento et al.,

2004)

Validation Do Measures Product goals Method used in ISO9001

certified organization

ashrafi2003 (Ashrafi, 2003) Evaluation Act SPI experience outcome Handbook of SQA CMM, ISO9000

balla2001 (Balla et al., 2001) Validation Act SPI experience outcome Quality product ISO9000

chen2009 (Chen and Huang, 2009) Evaluation Act SPI experience outcome Maintainability CMMI, ISO9001

kuilboer2000 (Kuilboer and Ashrafi,

2000)

Evaluation Act SPI experience outcome Handbook of SQA CMM, ISO9000

trienekens2001 (Trienekens et al.,

2001)

Validation Do Developing a process ISO9126 Generic process model

vanLatum2000 (van Latum and van

Uijtregt, 2000)

Validation Do Pilot project outcomes Reliability, fitness for use, and

predictability

BOOSTRAP

vanSolingen1999 (van Solingen et

al., 1999)

Validation Do Pilot project outcomes Reliability, fitness for use,

predictability, maintainability

BOOSTRAP

winter2010 (Winter and Rönkkö,

2010)

Validation Do Measures Usability ISO13407, ISO9241-11

oconnor2009 (O’Connor, 2009) Validation Act Adoption of SPI practices Usability Generic process model

zhou2004 (Zhou and Stålhane, 2004) Validation Act Adoption of SPI practices Reliability Generic process model

Fig. 4. Quality characteristics addressed by papers selected.

Fig. 5. Quality models used in primary papers.
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4.2. Quality characteristics addressed (RQ2)

In order to understand how quality characteristics are addressed,

we classified the primary papers by taking into account the main qual-

ity characteristic considered. We split the results into two groups:

individual quality characteristics which correspond to ISO/IEC 25010

or ISO/IEC 9126 (53 papers, 71.62%), and papers that present other

approaches (21 papers, 28.38%). It is important to note that the pa-

pers which address more than one quality characteristic, without

referencing a product quality model, are the least frequent (5 papers,

6.75%).

The most frequent quality characteristics from ISO/IEC 25010 or

ISO/IEC 9126 addressed by the primary papers were security (69%),

reliability (12%), usability (14%) and maintainability (5%). When the

empirical papers were analyzed we found a similar distribution: secu-

rity (33%), reliability (33%), usability (17%), and maintainability (17%).

The main difference between theoretical and empirical papers con-

cerns security quality characteristic (Fig. 4). This can be explained

by the number of mapping studies published that deal with various

security reference models without validating the mapping outcomes.

Other primary papers address quality models (21 papers, 28%).

The distribution of these models is depicted in Fig. 5. The ISO/IEC

9126 is the main quality model used (42%). Other quality models are

also addressed, which are principally the following: ISO/IEC 25010,

Handbook of SQA (HSQA) and McCall model.

The category named Others (Fig. 5) includes those papers which

consider several product quality characteristics that do not fit well

into the aforementioned categories. For instance, Fonseca et al. (2005)

deal with mappings between process standards that consider RAMS

(reliability, availability, maintainability, and security) as a set of qual-

ity characteristics to be addressed by railway systems. A similar sit-

uation occurs in the paper by von Wangenheim et al. (2012) which

points out that usability, portability, security and safety are relevant

quality characteristics for telemedicine systems. The other two papers

include fitness for use and predictability in addition to reliability. Fi-

nally, three primary papers were not included in this classification as

they do not consider specific quality models.

As can be observed in Fig. 5, we found nine papers that address

ISO/IEC 9126. Al-Qutaish (2009) performs a mapping between ISO/IEC
126 and ISO/IEC 12207 to identify cross-references between pro-

esses and measures from an internal quality model, an external

uality model and quality in use. Boegh et al. (1999) suggest that

specific quality model for a system component can be based on

he quality characteristics and measures from ISO/IEC 9126. Chandra

t al. (2011) define a measurement process based on GQ(I)M, ISO/IEC

126 and CMMI. Ortega et al. (2003) propose a systematic qual-

ty model and they develop a process framework with which to

valuate product quality (ISO/IEC 9126 is the main product quality
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Fig. 6. Process frameworks used in primary papers.
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Fig. 7. Process frameworks used in empirical studies.

Fig. 8. Classification of papers using PDCA stages.
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odel), considering the processes that contribute to product qual-

ty (from ISO/IEC 15504). Tzeng (2012) propose the use of fuzzy

uality Function Deployment (QFD) to identify quality requirements

five from ISO/IEC 9126) and seven processes from ISO/IEC 12207

hich have an impact on quality improvement in information system

aintenance. Hamann et al. (1998) describe a method that can be

sed to develop a product/process dependency model. GQM is used in

ombination with ISO/IEC 9126 for the hypothesis generation, anal-

sis and validation of product/process dependency (Hamann et al.,

998). Shubhamangala et al. (2013) use ISO/IEC 9126 as to relate

uality attributes with defect severity.

Trienekens et al. (2001) describe the experience of using the model

roduct focused SPI (P-SPI). The main conclusion is that P-SPI put

roducts to be developed in a central position in improvement pro-

rams. As a result, the specific quality goals of a company and project

ould be fulfilled. Satpathy et al. (2000) propose a model with which

o improve product quality by integrating activities from reference

odels and product quality characteristics. They also include a mea-

urement approach based on GQM.

ISO/IEC 25010 is used by García-Mireles et al. (2012) to map quality

haracteristics within practices described in both ISO/IEC 12207 and

MMI. The Handbook of SQA (HSQA) quality model is used to request

he effect of ISO 9001 or CMM on product quality (Ashrafi, 2003;

uilboer and Ashrafi, 2000).

In summary, when researchers cite several quality characteris-

ics, they are considering two main approaches: mappings between

eference models and measurement processes. On the one hand, map-

ings are carried out in order to propose a software process, assess-

ent model or maturity model. On the other hand, quality models

re used to identify relevant quality characteristics and their related

easures in order to evaluate product quality. Finally, some articles

lso use generic quality terms, such as product goals or quality goals

o propose a measurement process with which to monitor process or

roduct quality.

.3. Process frameworks (RQ3)

Since one of the main approaches used to deal with software pro-

ess improvement is to use a process reference framework (Hansen

t al., 2004), we identified the main process frameworks used in SPI

nitiatives that are focused on enhancing product quality (Fig. 6). More

han half of the primary papers deal with security issues (53%), and we

ave therefore identified a category namely security reference mod-

ls which includes: SSE-CMM, Common Criteria (CC), ISO/IEC 27002,

nd ISO/IEC 21827. ISO 9001, ISO/IEC 12207 and ISO/IEC 15504 stan-

ards are used in 25% of the papers. CMM and CMMI are used in 11%

f the papers. Other reference models (or assessment methods) are

ootstrap and COBIT.
However, when we reviewed the empirical papers we found that

ecurity-related reference models are the most frequent (33%). ISO

001 is used in 22% of the papers in addition to the CMM/CMMI

odels. ISO/IEC 15504 is cited in only 6% of the empirical papers.

pon comparing the outputs of the empirical papers with that of the

heoretical papers, we can suggest that ISO/IEC 15504 and ISO/IEC

2207 are considered when designing proposals, but these proposals

ave not yet been validated. The security reference models also have

roposals that have been not validated. The lack of empirical studies

n security and ISO frameworks signifies that CMM and CMMI play a

elevant role in this graph (Fig. 7).

There is a trend in the SPI field to focus on models such as CMMI,

SO/IEC 15504 and ISO 9001 (Pino et al., 2008; Unterkalmsteiner et al.,

012). Given the relevance of these models, we identified the product

uality characteristics addressed by them. We found that CMM has

een used with security practices and the HSQA quality model. CMMI

as been used with security, ISO25010, reliability, availability, and

aintainability. On the other hand, proposals based on ISO/IEC 12207

onsider security, usability, ISO/IEC 9126, ISO/IEC 25010 and generic

uality terms. ISO/IEC 15504 was used to propose the enhancement

f security, usability, reliability, and ISO/IEC 9126.

.4. Classification of SPI approaches used to deal with product quality

RQ4)

Using the PDCA stages as a classification scheme (Section 3.4), we

ound that the set of primary papers covers all the stages (Fig. 8):
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Fig. 9. Distribution of research papers by PDCA stages.
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the Plan stage (25%) principally contains proposals for a particular

form of framework mapping (Halvorsen and Conradi, 2001). There

are different degrees of comparison, from a discussion on a standard’s

purpose to a detailed mapping between practices. Mapping has also

been used to create a new process model which combines practices

from various reference models in an integrated proposal. Finally, some

proposals extend a process reference model, CMMI or ISO/IEC 15504,

principally to address security issues.

The main topics in the Do stage are how to develop a suitable pro-

cess model in order to carry out the activities in a software project (at

an operative level) and the development of processes and methods

with which to measure product quality. The measurement propos-

als deal with processes that can be used to support the monitoring

and quality control during the software development lifecycle. The

formulation of appropriate measures can be carried out with GQM.

There are other topics such as introducing specific practices from

other disciplines (e.g., Reliability Engineering), outcomes from pilot

SPI projects, tools to improve product quality, and the extension of

agile methods in order to support security and usability.

Almost half the papers in the Check stage address the development

of assessment models by considering standards and guidelines for

security practices (Cheng et al., 2007). The assessment models may

be maturity models. However, only two papers consider the quality

characteristics described in ISO/IEC 9126 (Ortega et al., 2003; Tzeng

and Chen, 2012). The assessment methods, on the other hand, include

questionnaires and some mechanisms with which to make decisions,

such as measures, the Analytical Hierarchy Process (AHP) or Quality

Function Deployment (QFD) (Cheng et al., 2007; Tzeng and Chen,

2012).

The Act stage (10%) contains papers which address either the adop-

tion of practices in order to improve specific product quality charac-

teristics or process performance with regard to quality characteris-

tics. The first group discovers specific practices with which to enhance

either usability or reliability in web systems that software organiza-

tions implement in their software projects. There is also a paper that

surveys organizations in order to understand the extent to which

security reference models are deployed in industry (Zia, 2010). The

last group of papers discusses findings concerning the perception as

regards software quality in organizations that implement process ref-

erence models. Since all the papers in this category also correspond

to the evaluation research type, they will be reviewed in Section 4.8.

The bubble graph (Fig. 9) shows the distribution between research

type and the PDCA-based categories. The majority of the papers cor-

responds to the proposal category and deal with topics in the Plan, Do

and Check categories. The graph shows a lack of evaluation studies for

practically all PDCA stages.
.5. Rigor and relevance of primary papers (RQ5)

In order to assess the quality of the empirical papers we used the

ethod proposed by Ivarsson and Gorschek (2011) to evaluate the

igor and industrial relevance of technology evaluations. Rigor refers

o both how an evaluation is performed and how it is reported. The

ramework is focused on the extent to which aspects related to rigor

re presented. The aspects used to evaluate rigor are: the extent to

hich context, study design and validity issues are described. These

spects are scored using an ordinal scale: weak (0), medium (0.5), and

trong (1). Relevance is, meanwhile, focused on the potential use of

esearch results in industrial settings and it considers that the envi-

onment in which the results are obtained influence the relevance of

sing a research result in an industrial context. The aspects taken into

ccount are: subjects, scale and context. The scoring scale considers

wo values: contributes to relevance (1) or does not contribute (0).

The 18 empirical papers were assessed using the framework pro-

osed by Ivarsson and Gorschek (2011) in order to describe the rigor

nd relevance of the articles. Data were extracted from each empiri-

al paper to determine the extent to which each rigor and relevance

actor was described. Table 4 shows the results. The mean for rigor

s about 1.30 which can be interpreted as the fact that papers re-

ort little information about the method employed to perform the

tudy. On the other hand, the relevance data show that research has

een conducted in an environment similar to an industrial context

mean of around 3.16). However, the lack of rigor reported hinders

he possibility of either achieving reliable conclusions or generalizing

he results. Fig. 10 presents a bubble chart showing the relationship

etween rigor and relevance.

.6. Definition of quality characteristics (RQ6)

Since defining and measuring quality is a difficult endeavor, we re-

iewed how the empirical papers deal with the quality concept. We

ound that a third of the papers lack a definition of the software qual-

ty characteristic being studied. Papers discussing security-focused

rocesses only make reference to standards and guidelines such as

he SSE-CMM and Common Criteria (Wagner et al., 2011). Other re-

earch takes a practical definition of a quality characteristic, such as

eliability, and relates the definition to any form of measure in a soft-

are project, such as defect trending graphs or the number of defects

n operational software (Balla et al., 2001; van Latum and van Uijtregt,

000).

Some proposals use the definition of quality characteristics as they

re described in standards. The models used to define quality charac-

eristics are the ISO/IEC 9126, ISO 9241, glossary of terms in IEEE, and
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Table 4

Rigor and relevance of empirical papers.

PaperId Context Study Validity Rigor Subjects Context2 Scale Research Relevance

design method

ardimento2004 0.5 0.5 0.5 1.5 0 1 1 0 2

ashrafi2003 0.5 0.5 0.5 1.5 1 1 1 1 4

asthana2009 0.5 0 0 0.5 0 1 0 0 1

balla2001 1 0.5 0 1.5 1 1 1 1 4

boegh1999 0.5 0.5 0 1 0 0 0 1 1

chen2009 1 1 1 3 1 1 1 1 4

kuilboer2000 0.5 0.5 0.5 1.5 1 1 1 1 4

nunes2010 0.5 0.5 0 1 1 1 0 1 3

oconnor2009 1 0.5 0.5 2 1 1 1 1 4

ortega2003 0.5 0.5 1 2 1 1 1 1 4

trienekens2001 0.5 0 0 0.5 1 1 1 0 3

vanLatum2000 0.5 0 0 0.5 1 1 1 0 3

vanSolingen1999 0.5 0 0 0.5 0 1 1 0 2

wagner2011 0.5 0.5 0 1 0 1 1 1 3

winter2010 1 0.5 0 1.5 1 1 1 1 4

zhou2004 1 1 0 2 1 1 1 1 4

zia2010 0.5 0.5 0 1 1 1 1 1 4

zucatto2007 0.5 0.5 0 1 0 1 1 1 3

Fig. 10. Rigor and relevance of empirical papers.
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andbook of SQA (Table 5). Some proposals recommend using the

uality characteristics as a basis to identify relevant quality project

oals (Boegh et al., 1999), while others recommend establishing tar-

et values in order to identify quality characteristics and to support

he specification of quality requirements (Balla et al., 2001; Boegh

t al., 1999).

.7. Participating stakeholders (RQ7)

The fitness for use quality perspective considers that different

takeholders have specific quality needs. It is thus relevant to un-

erstand how the stakeholders have been addressed in empirical pa-

ers (Table 5). The empirical studies consider case studies, the action

esearch approach and surveys in order to either validate their re-

pective proposals or evaluate the impact of SPI models on product

uality. A third of the papers, however, do not include a description

f the stakeholder sample. Another third take into account managers

nd software developers. Finally, the remaining studies report either

anagers or software developers. The majority of the studies do not

iscuss the impact on software quality by considering the stakeholder

rofile. The stakeholder profile is mainly used to establish sample de-

ographics (Ashrafi, 2003; Chen and Huang, 2009).

Only two empirical papers assign different activities to stakehold-

rs by considering their respective role. Ortega et al. (2003) use the

nstrument for assessing software quality by considering the roles
f stakeholders. Project managers’ answer questions about software

rocess activities, users answer questions about reliability, usability

nd efficiency, while developers can answer questions about func-

ionality, reliability, usability, maintainability, efficiency and porta-

ility. In a similar vein, the usability framework (Winter and Rönkkö,

010) considers users as usability testers who carry out the scenarios

escribed in each testing procedure and answer questionnaires in or-

er to assess the usability of a software product; usability experts an-

lyze quantitative and qualitative data and provide the project team

ith feedback regarding measures and experience-based suggestions.

hese articles, however, only describe the experience of developing

ssessment proposals without discussing the effect of methods on

ifferent stakeholders.

.8. Impact of SPI on product quality (RQ8)

To answer this question, we reviewed the surveys focused on eval-

ating the impact of SPI on product quality. We found three papers

hat analyze two datasets. Kuilboer and Ashrafi (2000) and Ashrafi

2003) analyze surveyed data to understand the impact of CMM and

SO 9001 on product quality. Chen and Huang (2009) analyze the

ffect of development problems on software maintainability and dis-

uss the effect of process maturity (based on ISO9001 or CMMI) in

rder to mitigate these problems.
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Table 5

Stakeholders and quality characteristics addressed in SPI initiatives.

PaperID Stakeholder sample Quality characteristic Quality definition Quality approach

boegh1999 N/A Develop a specific

quality model

Specific to project needs Measures and target values to improve requirements

specification and quality monitoring

kuilboer2000 Software developers Handbook of SQA Handbook of SQA Implementing SPI models moderately increases

perception of product quality because the model

considers specific product quality

ashrafi2003 Software developers Handbook of SQA Handbook of SQA Implementing SPI models moderately increases

perception of product quality because the model

considers specific product quality

ortega2003 Project managers,

developers and users

ISO9126, Dromey

model, McCall model

ISO9126 Measures and practices to improve product quality

chen2009 Project managers, software

engineers

Maintainability ISO9126 SPI initiatives can moderately improve software

maintainability because they reduce the level of

documentation and project management issues.

SPI projects have a significantly higher level of

software maintainability that non-SPI projects

ardimento2004 N/A N/A. Generic quality

term

N/A Measures considering stakeholder’s viewpoint in

GQM

balla2001 Project manager, project

leader, project members

N/A. Generic quality

term

N/A. Reduced number of

customers’ reclamations and

number of nonconformities

Defining process based on SPI models and product

quality requires definition of relevant attributes

and measures

ashtana2009 N/A Readiness criteria Measure-based. Functionality,

operational quality, stability

and reliability

Measures from product and process to determine

readiness criteria

vanLatum2000 Project manager, engineers,

test team

Reliability Lower number of defects in

operational software

Project quality goals and process assessment guide

the selection of practices to improve quality. GQM

to establish a monitoring process

vanSolingen1999 N/A Reliability Lower number of defects in

operational software

Project quality goals and process assessment guide

the selection of practices to improve quality. GQM

to establish a monitoring process

trienekens2001 N/A Reliability Measure-based. Number of

defect graph trend

Quality requirements support the identification of

measures and practices to customize software

processes

zhou2004 Project managers and

developers

Reliability, robustness Reliability not defined.

Robustness in IEEE Glossary

Reliability engineering provides methods to improve

software reliability

nunes2010 Software developers Security N/A Mappings between security-focused models can be

used to develop a software process

wagner2011 Project managers Security N/A Security practices from SSE-CMM can be associated

with security patterns

zucatto2007 N/A Security N/A Business needs drive the identification of security

requirements

zia2010 Software developers Security N/A Adoption of practices based on security governance

models

winter2010 Software developers,

usability experts, users

Usability ISO9241 Usability measures and usability testing practices

oconnor2009 Web development

managers

Usability ISO9241 UCD practices can improve software usability
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The majority of the respondents in these surveys pointed out that

the project size tended to be small to medium. Chen and Huang (2009)

reported that 76% of respondents stated that the project team size was

in the range of 1–10 members and that project duration was between

1 and 2 years. Kuilboer and Ashrafi (2000) reported that the average

range of a team was between 6 and 31 members. These authors also

found that companies which tend to implement process reference

models are those that develop software under contract or in-house. As

an explanation, the authors argued that organizations which develop

these types of projects are more interested in quality than in speeding

up the process (Kuilboer and Ashrafi, 2000). However, the authors do

not provide additional details in order to characterize the software.

The software type is relevant since it is known that certain quality

characteristics are more important than others with regard to the

software type category (Wagner et al., 2012).

Kuilboer and Ashrafi (2000) only surveyed software developers,

whereas Chen and Huang (2009) surveyed software developers and

project managers. However, the articles do not analyze the effect of

different type of participants on software projects. It is known that

employees have different priorities with regard to software quality

characteristics which may be influenced by the practices and compe-
ency which correspond to their respective work positions (Berntsson

vensson et al., 2012).

Process maturity is another factor that contributes toward im-

roving software quality. Chen and Huang (2009) asked about cer-

ifications or maturity level. They found that organizations that de-

elop projects with reference models have better maintainability than

rojects developed without reference models. Ashrafi (2003), on the

ther hand, found a wide variability in the responses from develop-

rs who use CMM and, as an explanation, argued that the process

apability is a factor which may cause that variability. However, she

nly reported that the time of an SPI initiative is roughly three years

or 75% respondents.

These studies show a moderate increase in software quality ac-

ording to the participants’ perception. Kuilboer and Ashrafi (2000)

eported a moderate increase in design quality while Chen and Huang

2009) reported a moderate increase in software maintainability

hen projects are developed in an SPI environment. Factors which

ontribute to this perception are the emphasis on documenting in-

ermediate products on software development, and improving the

oftware process to meet project objectives. Although the papers do

ot provide project data to show a stronger conclusion about the
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nhancement of product quality characteristics, perceptual attributes

re important to establish a basis for a general theory (Iivari, 1996).

The ideas with regard to improving software quality are sum-

arized as follows. We found that Kuilboer and Ashrafi (2000) and

shrafi (2003) argued that the improvement to software quality is ow-

ng to the quality characteristics that are included in the requirements

f reference models such as ISO 9001 and CMM. A reference model

ay be selected for the quality characteristics addressed in their re-

uirements. Software organizations could therefore select reference

odels if there is an artifact that shows the effect of a process ref-

rence model on product quality characteristics. The empirical data

rovided (Ashrafi, 2003), however, do not sustain this proposal, since

daptation quality factors are not found in CMM and respondents re-

orted an increased impact on quality factors from this category.

n the other hand, Chen and Huang (2009) found that reference

odels can enhance software maintainability at a moderate level

hen problems with documentation and process management are

ddressed.

Other approaches with which to improve product quality within

n SPI initiative are the outcomes of the PROFES project (van Latum

nd van Uijtregt, 2000; van Solingen et al., 1999). In this initiative,

he product quality required is the driver used to decide which ac-

ivities should be included in a software project. The PROFES method

elies on an assessment of current practices (Bootstrap), the estab-

ishment of product quality goals using GQM, and the definition of

ew software process. Product-Process Dependency models are the

ritical artifact in this method, since they describe the potential im-

act that a software process activity could have on particular product

uality characteristics. The method was applied to the development

f embedded systems and the authors reported an improvement in

he product quality and process maturity of three organizations. How-

ver, they also pointed out that it is very difficult to define and validate

roduct-process dependency models.

Although a measurement process has the goal of monitoring a

rocess or product, defining target values for product quality char-

cteristics and tailoring quality models to specific product are two

spects that can contribute toward improving product quality (Boegh

t al., 1999; Ortega et al., 2003). Defining target values for software

uality characteristics can be based on an experience repository. Soft-

are developers could therefore specify more reliable quality require-

ents. The tailoring of quality models meanwhile implies the need to
able 6

ain findings of the first phase of review.

Findings Remarks

RQ1. Research approaches • There is a lack of empirical s

64% proposals, 24% empirical papers • More work is required in this

implementing an SPI initiativ

RQ2. Product quality characteristics managed • Security, usability and reliab

gathered from standards or f

Security is considered in 69% of papers addressing one

quality characteristic. The quality model most often

used in measurement processes is ISO/IEC 9126

• Quality models are mainly u

product quality.

• Although product quality cha

for quality terms and qualit

objectively. In addition, this s

RQ3. Process reference models • A lot of proposals for security

propose processes at the ope

others on CMM/CMMI model

Security-based reference models are the most common

(53%), followed by ISO standards (30%) and

CMM/CMMI (11%)

• Traditional models for SPI (

improvements to product qu

RQ4. PDCA – classification of proposals • Majority of proposals in Plan

validated.

Plan (25%), Do (38%), Check (27%), Act (10%) • Do stage contains proposals f

security aspects.
• Check stage describes assess

product quality. The latter s

specific product quality chara
efine a specific quality model for a product, including indicators and

easures. The indicators can be a means to define and evaluate the

roduct quality. In both cases, software developers are required to

pend more time analyzing product quality requirements.

. Discussion

The main objective of an SPI is to optimize the software process

n order to achieve business needs. Enhancing software quality is

ne of the main arguments for starting a SPI initiative. However, we

ound few empirical papers that either evaluate the impact of an SPI

nitiative on product quality or enhance product quality within an

PI initiative. We believe that this is a very important area for further

esearch, but the outcomes in the studies reported show that the topic

s difficult to address.

The main findings of this SMS, along with some remarks, are de-

icted in Tables 6 and 7. In addition to remarks for RQ1 about the type

f research reported, the vast majority of the proposals show, as noted

y Barney et al. (2012), that the area is still in the development stage.

ndeed, the evidence collected does not provide conclusive results as

egards the effect of SPI initiatives on product quality characteristics.

Addressing product quality characteristics within SPI initiatives

RQ2) requires software organizations to implement specific activities

or practices) which should be combined with their respective soft-

are processes. The practices might be retrieved from both industrial

tandards and literature on the scientific discipline that addresses

he quality characteristic. In particular, a strategy based on multi-

odels can support the identification of the practices required when

mplementing solutions that address some specific quality character-

stics (Siviy et al., 2008). Furthermore, organizations need support to

se product quality models during the software development lifecy-

le. Product quality models can help in the specification of quality

equirements, measurement, monitoring, and the evaluation of prod-

ct quality.

When considering the process reference models used in SPI initia-

ives which deal with product quality characteristics (RQ3), we found

hat security-based reference models are the most common. This find-

ng contrasts with existing results of other related literature reviews

bout SPI. For instance, Pino et al. (2008) found that CMM and CMMI

re the most common models in SPI initiatives in small companies.

ansen et al. (2004) showed that the majority of papers discuss SPI
tudies dealing with SPI initiatives and product quality characteristics.

field to identify the relevant contextual factors to be considered when

e to improve a product quality characteristic.

ility require specific practices to be deployed in software processes. These can be

rom related disciplines.

sed to define measurement programs or to develop questionnaires to evaluate

racteristic definition helps to define product quality, the diversity of definitions

y models shows that it is difficult to define product quality in software projects

ituation hinders the comparison between outcomes of SPI projects.

are based on mappings between security-related standards. Some of them

rative level. On the other hand, several proposals are based on ISO standards and

s. Few empirical studies.

CMMI or ISO/IEC 15504) barely addressed when research works report

ality characteristics.

stage correspond to mappings between reference models. However, they are not

or measurement process and for tailoring software process to enhance (mainly)

ment methods while Act stage includes surveys to evaluate the impact of SPI on

tage requires more empirical studies to evaluate the impact of SPI initiatives on

cteristics.
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Table 7

Main findings of the second part of the review.

Findings Remarks

RQ5. Rigor and relevance

Rigor mean (1.30), relevance mean (3.16)

• Empirical studies are focused on defining process proposals. The rigor reported is poor in the majority of

empirical studies, although they were carried out in a context similar to industrial practice.

RQ6. Definition of quality characteristics • Lack of definition of quality terms makes it difficult to establish appropriate indicators and measures to

provide objective evidence that SPI initiatives actually enhance a particular quality characteristic.

A third of papers lack definitions of product quality

terms. Several quality models used

• There is no consensus as to the role of product quality models in SPI initiatives.

RQ7. Stakeholder preferences • Although it is known that stakeholders have different priorities as regards product quality, the empirical studies

only use stakeholders’ data to establish the sample profile.

Project managers and developers are the main

stakeholders surveyed

• There is a need to understand how SPI initiatives impact on product quality characteristics when stakeholders’

preferences are taken into account.

RQ8. Impact of SPI on product quality • There is a lack of empirical papers that study the impact of SPI initiatives on product quality. The existent

evidence is based on perceptions of developers and project managers gathered using questionnaires and

interviews.

Few empirical studies analyze the impact of SPI on

product quality. They report a moderate increase in

maintainability and design quality factors (correctness,

maintainability, and verifiability)

• Evidence based on measures can provide stronger evidence about the impact of SPI on product quality.
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initiatives based on CMM. Unterkalmsteiner et al. (2012) found that

CMM and CMMI are among the most common frameworks reported.

Indeed, the last work, which is the most recently published, does not

report security focused reference models. From a research perspec-

tive, this could lead to an in-depth study of the relationships that

can be established among traditional models for SPI and specialized

models such as those in the security area.

By using the PDCA cycle to classify the main contribution of the

primary papers in the SPI field (RQ4), we found that the primary

papers have been addressed in each stage. However, the Act stage,

which requires an evaluation of the results of implementing an im-

provement action, requires more research to evaluate the level of

improvement achieved in software product quality and the relevant

contextual factors that should be considered.

The second part of the research focused on empirical papers, and

we found that only 18 papers discuss issues concerning the improve-

ment of software product quality within SPI initiatives. The major-

ity of them show a lack of rigor in the documents reported (RQ5).

This finding hinders the formulation of trustworthy conclusions, al-

though the studies were performed in a context relevant to industrial

practice.

The next two questions focused on the definition of product qual-

ity characteristics within SPI initiatives (RQ6), and the role of stake-

holders when SPI initiatives impact on software quality is reported

(RQ7). We found that the difficulty in defining quality characteristics

is also apparent in SPI studies (Kitchenham and Pfleeger, 1996). Some

papers lack a definition of quality characteristics or quality terms.

Others papers make reference to standards such as ISO/IEC 9126 and

ISO 9241 without providing details about how they were adapted.

Since different stakeholders have distinct priorities when considering

quality characteristics (Berntsson Svensson et al., 2012), we expected

the empirical studies to take this aspect into account. However, the

stakeholder profile is only used to describe the study sample.

Although there is little evidence to support the impact of SPI initia-

tives on software product quality characteristics (RQ8), we identified

three main approaches that could be used in practice: capability-

based approach, measurement-based approach and combined ap-

proach. The capability-based approach relies on the implementa-

tion of practices to improve software quality; the main focus of the

measurement-based approach is that of monitoring quality levels us-

ing a measurement process. The combined approach uses elements

from the two aforementioned approaches.

The capability-based approach could be generic or specific. We con-

sider that an approach is generic when a software organization im-

plements software practices described in traditional reference mod-

els, such as CMMI and ISO/IEC 15504. The documentation practices,
roject management and quality assurance activities can contribute

o a perception of a moderate increase in software product quality.

he effects are particularly apparent in software maintainability and,

o some extent, in software reliability as reported in Ashrafi (2003),

hen and Huang (2009), and Kuilboer and Ashrafi (2000).

The specific focus attempts to identify relevant practices in disci-

lines related to software quality characteristics that are being im-

roved. For instance, User Centered Design and Reliability Engineer-

ng can provide methods and techniques that could be incorporated

nto software development processes (O’Connor, 2009; Winter and

önkkö, 2010; Zhou and Stålhane, 2004). Security practices described

n standards and reference models can be tailored before they are im-

lemented in software projects (Nunes et al., 2010; Zuccato, 2007).

owever, the empirical data showed a low adoption level of specific

ractices, and some proposals require that an expert in the discipline,

uch as a usability expert, be part of the development team.

The measurement-based approach promotes the usage of measures

n order to assess the quality of a software product. This can be im-

lemented using a quality model to identify the quality characteris-

ics and the appropriate measures to monitor the software project

Ardimento et al., 2004). The quality control mechanisms are more

ffective when a target value is assigned (Boegh et al., 1999; Ortega

t al., 2003). A variant of this approach is to introduce a measure-

ent program based on a customized quality model. The model can

e based on a standard, such as ISO/IEC 9126, but the specific quality

odel should identify relevant quality indicators and measures that

ake sense to project stakeholders. The customized quality model

an additionally support the identification of quality requirements

nd their respective specification (Boegh et al., 1999).

The combined approach includes elements of both previously dis-

ussed approaches. They are based on the introduction of software

ractices by considering project quality goals. The quality goals drive

he specification of quality requirements, the selection of relevant

ractices to meet the quality goals and the establishment of a mea-

urement process to monitor the effectiveness of a software process

Balla et al., 2001; Trienekens et al., 2001; van Latum and van Uijtregt,

000; van Solingen et al., 1999).

.1. Research implications

Several proposals are based on mappings between standards or

rocess models. The mappings are important when optimizing orga-

izational resources in SPI initiatives based on multi-models (Siviy

t al., 2008). However, the lack of empirical papers hinders the

valuation of proposals as regards understanding the benefits and

eaknesses of each method or model. Furthermore, more research
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s needed on the multi-model SPI initiatives that take into account

he most common process reference models (CMMI, ISO/IEC 12207,

SO/IEC 15504, and others) and standards focused on specific product

uality characteristics.

The dearth of primary papers in this SMS, and particularly the lack

f empirical papers dealing with software product quality, has also

een reported in others literature reviews. Barney et al. (2012) found

hat in the abstract section, most papers address software quality

spects generally. In the case of most publications it was not possi-

le to ascertain which specific qualities were studied, and only 8%

f the papers selected reported the ISO/IEC 9126. In similar vein,

nterkalmsteiner et al. (2012) found that 15 of 148 papers (10%)

ealt with quality characteristics as described in ISO/IEC 9126. These

eviews therefore provide strong evidence about the relevance of re-

earch on software product quality and the need to research the topic,

n our case, within the software process field.

The results of this review show that despite the broad range of

uality (sub-) characteristics that can be studied, few of them are con-

idered in SPI initiatives based on process reference models. Security

as the main quality characteristic addressed in this SMS using an

PI approach based on mappings. However, there is a need to under-

tand the effect of these mappings on the improvements made to the

pecific software quality characteristic. In addition, there are other

uality characteristics that should be studied in order for software

rganizations to be able to evaluate the effect of software processes

n product quality.

We found a lack of focus on the definitions of software product

uality characteristics. This topic is relevant as regards deploying a

easurement program within software organizations, because the

rst step is to rely on an agreement about the meaning of a product

uality characteristic and how it can be operationalized using indi-

ators and measures. On the other hand, the measurement program

ust be adapted to a specific organizational context, in which the

rocess maturity is a main factor. Some proposals, such as those of

rdimento et al. (2004) and van Latum (2000), propose using GQM to

easure product quality characteristics.

The ubiquity of software signifies that software organization must

ave processes that are able to deal with the levels of quality required

y the industrial sector and market demands. Quality demands can

e considered as a driver for research in this topic (Allen et al., 2006).

ealing with empirical data in order to assess the impact of a software

rocess on software product quality requires researchers to also re-

ort contextual data, such as the type of software, the organizational

ontext and the maturity level (Petersen and Wohlin, 2009). It is also

mportant to discuss the moderating effect of the type of stakeholders’

onstruct when the impact on product quality is analyzed.

.2. Implications for practitioners

These results showed that there are a variety of proposals that can

e used to consider software product quality within an SPI initiative.

f a software company wishes to improve its practices in order to

nhance how a quality characteristic is addressed in software devel-

pment, e.g. security, then various standards are available for imple-

entation. These can follow the steps of an improvement method in

rder to make changes in the software process. If the company has de-

loyed another process framework, a harmonization approach with

hich to deal with the implementation of multiple models could sup-

ort its efforts. This strategy belongs to the capability-based approach

Section 5).

If a software company has specific business goals with regard

o product quality and its customer expects specific quality val-

es and goals, then a measurement-based approach can be used.

his approach can provide data with which to monitor the perfor-

ance of the software products; however, it is necessary to intro-

uce a measurement program into the organization. The measure-
ent program should take into account the quality characteristics,

ub-characteristics, indicators, and measures that are relevant to the

oftware product under study. However, the target quality values

annot be achieved by using the measurement program alone.

Benchmarking and analytic approaches can complement each

ther (Paulk, 2008). Any SPI managers who wish to deal with product

uality characteristics can therefore base their improvement strat-

gy on a combination of both types of SPI approaches. The software

rocess perspective provides a holistic view of the factors that influ-

nce software development (Aaen et al., 2001) which can be used as

framework to establish product quality goals in accordance with

usiness goals. A combined approach, such as that described at the

tart of Section 5, could therefore be an appropriate strategy with

hich to deal with software product quality. However, this strat-

gy needs to be detailed in order to facilitate its use in industrial

ettings.

Although SPI literature has showed that process reference mod-

ls contribute toward improving product quality (Agrawal and Chari,

007), there is not sufficient sound empirical evidence to be able to

ssert that SPI can result in enhanced software quality when the prod-

ct view is taken into account. A few reports (Ashrafi, 2003; Chen and

uang, 2009; Kuilboer and Ashrafi, 2000) pointed out a moderate ef-

ect on some product quality characteristics. However, the evidence

s obtained as a result of qualitative empirical methods, based on

pinion surveys. In this situation it is therefore difficult to suggest an

PI approach based on solid evidence that can be used to improve

roduct quality.

. Study limitations

An SMS has different requirements to a systematic literature re-

iew. The main differences between an SMS and an SLR are dis-

ussed by Kitchenham et al. (2011a) and Petersen et al. (2008).

fter analyzing the work of the aforementioned authors we found

hat purpose, research question, selection of primary papers, data

xtraction procedures and analysis methods are the main factors

hat may differentiate one method from the other. In addition, SMSs

ave a limited dissemination because their main target audience is

omposed of peer researchers. A list of differences between SLRs

nd SMSs is presented in Table 8. Although these two types of

econdary studies are different, the procedures used to select pri-

ary papers in SMS should be the same as those used in SLRs

Wohlin et al., 2013).

This SMS therefore used the selection procedures of the SLR

ethod. We are interested in the trend in the SPI field since we

ish to address software product quality. The identification of rele-

ant papers may therefore be auditable but not necessarily complete

Kitchenham et al., 2011a). Furthermore, Petersen et al. (2008) sug-

est that a mapping study must include empirical and non-empirical

tudies.

Two of the main limitations in a review are the bias in se-

ection and data extraction procedures (Dybå and Dingsøyr, 2008;

itchenham and Charters, 2007). In order to mitigate the impact of

election bias, a protocol was built in the stages prior of this literature

eview. The protocol clearly identifies the research terms and the in-

lusion and exclusion criteria. During the execution of the selection

f papers, the protocol was refined in order to include only papers

ddressing product quality characteristics during the development

tage, as described in ISO/IEC 25010. This decision excluded papers

ddressing quality sub-characteristics described in a quality in use

odel, such as safety. However, during the manual and automatic

earch, several papers addressing safety using process models were

ound.

The search string used in this review could also have impacted

n the selection of primary papers. Software process improvement is

losely related to other concepts such as software process, software
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Table 8

Main differences between SLR and SMS.

Aspect SLR SMS

Purpose Identify best practices by comparing technologies Classification of software engineering studies about a research topic

Research question Specific. It compares the outcomes of empirical studies Generic. It could depict research trends.

Search strategy

requirements

Rigorous approach to identify all relevant studies Often less stringent if only research trends are of interest

Quality evaluation A strong conclusion can only be derived from high quality primary papers Is not essential because it could include non-empirical papers

Results Synthesis of outcomes of primary papers to answer specific research

question(s)

Classification of papers, considering diverse dimensions and taxonomies
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measures, standardization, maturity models, among others (Hansen

et al., 2004; Müller et al., 2010; Paulk, 2008). These concepts can in-

fluence the perspective with which papers address the topic of SPI

and whether they can be included in the literature survey. An SPI is,

on the other hand, a full concept that can be investigated indepen-

dently of other related terms. This argument also relies on a previous

literature review that selected literature based on this term (Hansen

et al., 2004; Pino et al., 2008). The specific process models consid-

ered in the search string were based on other reviews which found

that they were those most frequently used in the SPI field (Kelemen

et al., 2012; Pardo et al., 2011; Pino et al., 2008; Unterkalmsteiner et

al., 2012). The manual search showed, particularly in the papers con-

sidered as candidates, that this SMS is a high level review of the field

of SPI and software product quality. Narrower SMSs can be conducted

to explore each stage of an SPI initiative and each one of the product

quality characteristics. In addition, other SMSs could address charac-

teristics of the quality in use model and explore the contribution of

defects in order to characterize software product quality.

Keywords used in mapping studies dealing with quality require-

ments were also considered (Barney et al., 2012; Hansen et al., 2004;

Pino et al., 2008; Svensson et al., 2010; Unterkalmsteiner et al., 2012).

The number of quality characteristics and quality terms is huge. Stan-

dards such as ISO/IEC 9126 or ISO/IEC 25010 propose the most com-

monly used quality characteristics. Although these standards also

identify some sub-characteristics for each characteristic, we only con-

sidered the characteristics in the search string since they are those

most frequently used. We also included the quality models (ISO/IEC

9126 and ISO/IEC 25010) in the search string. Since we are dealing

with a product quality view in a field in which the manufacturing

view is the most common, we also selected papers that use generic

quality terms related to software products. This decision was made

in order to look at the introduction and manually search for a spe-

cific product quality characteristic or any approach used to deal with

software quality characteristics.

Additional actions were considered to mitigate the impact of selec-

tion bias. The second author reviewed 200 records from the collection

of retrieved papers. Her results are consistent with the selection of

the first author. In addition, the manual search was conducted and

found the same empirical papers. The estimate of completeness of

the search procedure is around 90%. However, since the automatic

and manual search was conducted by the first author there is risk

of selection bias. This bias was mitigated by manually labeling each

record with the main reason considered to reject it.

Guidelines for systematic reviews also consider other alternatives

for the selection of primary papers. In particular, the snowballing

procedure is suggested (Kitchenham and Brereton, 2013). The manual

search process was used to calculate the sensitivity of the search

process. The probable completeness of the search process was around

90%. Since this review is not an SLR it is not therefore necessary to

ensure a complete coverage of the papers addressing the topic under

study (Kitchenham et al., 2011b).

In order to control the publication bias, the SMS considered four

databases usually consulted in the Software Engineering field and rec-

ommended for use in this activity (Kitchenham and Brereton, 2013).

These databases include papers published in both conference pro-
eedings and journals. The SMS additionally includes both empirical

nd non-empirical studies.

In order to address the accuracy of the data extraction procedures,

template was built which was filled in with verbatim data from the

rimary papers. The data extracted was the basis used to carry out the

lassification of papers using the Wieringa taxonomy (Wieringa et al.,

006) and the classification of the research approach and the rigor

nd industrial relevance of empirical papers (Ivarsson and Gorschek,

011). In order to classify the SPI approaches we reviewed the main

ctivities used in SPI methods and developed a classification schema

ased on the PDCA cycle (Deming, 1992). Our classification schema

onsiders both the implementation of an SPI project in organizations

nd the development of methods and models that support each PDCA

tage.

There were some differences in the classification of the primary

apers. In order to reach an agreement as regards the categories in

hich each primary study belonged, the results of the first author

ere compared with the classification carried out by the second and

hird authors. The main differences were found in the research ap-

roach categorization based on the Wieringa taxonomy and the appli-

ation of the rigor rubric (Ivarsson and Gorschek, 2011). In both cases

dditional guidelines were built based on the original categories and

ubrics. This adaptation considers the current approach to report re-

earch results found in the primary papers. In order to address the

igor, an additional template was build considering contextual facets

Petersen and Wohlin, 2009), the main components of a research

esign, and the main validity threats. Guidelines with which to score

he data extracted also were included. After carrying out the refine-

ent of the extraction data procedures, it was easier to reach an

greement as to the classification of the papers. However, the lack

f information in empirical papers signified that the authors had to

ake interpretations about the papers’ content, and it is therefore

ossible that some papers were misclassified.

. Conclusions and future work

The present mapping study has reviewed the relevant literature in

rder to understand the approaches used to deal with software prod-

ct quality in an SPI context. We found 74 primary papers, of which

8 provide empirical data. The papers selected report the majority

f the proposals that deal with security-related process frameworks

uch as SSE-CMM, CC, ISO/IEC 27002. The main quality character-

stic addressed is the security aspect in software development. We

lso found that CMM, CMMI, ISO/IEC 12207 and ISO/IEC 15504 have

een used in SPI proposals. Other quality characteristics addressed

re usability, reliability and maintainability.

The main approaches used to improve software product quality

haracteristics are capability-based and measurement-based. In the

rst case, the research community is developing new process models

r assessment models based on the combination of different regula-

ions, standards or reference models. These models basically address

ne specific quality characteristic, such as security. However, few

roposals deal with the implementation aspects of these initiatives.

With regard to the measurement-based approach, we found that

ome papers provide high-level guidelines with which to combine
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iverse quality technologies, including measurement methods, to

upport product quality characteristics within a software process.

he causal relationships between process and product quality, how-

ver, are very difficult to establish and depend on software project

ettings.

The product quality view is barely addressed in SPI literature and

here is a lack of empirical studies that validate the current propos-

ls. The research implication Section allows us to suggest research

reas such as understanding the effect of traditional software process

odels on software product quality, studying the impact of mappings

etween reference models on the implementation of software pro-

ess, or developing methods with which to introduce specific prac-

ices oriented toward enhancing a product quality characteristic in

rganizational software processes. In addition, it is important to de-

elop methods that can identify when a product quality characteristic

hould be considered in particular industrial settings or domain ap-

lications areas.

There are other issues regarding software product quality that

hould be addressed by SPI initiatives, but we did not find any papers

hat consider them. For instance, software organizations are begin-

ing to realize that product quality characteristics should be managed

Berntsson Svensson et al., 2012). In order to provide software orga-

izations with support, we are currently developing a process frame-

ork focused on the management of interactions between product

uality characteristics (García-Mireles et al., 2013). Our proposal deals

ith the interactions, particularly the negative ones, which could arise

etween quality characteristics. The quality characteristics are taken

rom ISO/IEC 25010 and correspond to usability, maintainability and

ecurity. We have also considered the respective sub-characteristics.

he identification of conflicting interactions between product quality

haracteristics and the mechanisms used to resolve them requires

rocess support. The processes additionally provide a set of specific

ractices to be introduced in software process in order to improve a

articular product quality characteristic.
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