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ABSTRACT

So� ware development consists of a complex process, with numerous approaches, which 
suggest management proposals in well-defi ned phases, aiming at a produc� on that guar-
antees products with the quality desired by its customers. Based on the various exis� ng 
technology op� ons and the growing demand in diff erent areas of society, companies must 
adopt models that allow them to evaluate the process of so� ware development and pro-
duc� on. This paper presents a model to evaluate the so� ware quality of organiza� ons’ 
business scenarios, based on systems dynamics. The model allows simula� ons of scenar-
ios, evalua� ng the percentage of so� ware development capacity, contribu� ng to the im-
provement of management processes. During the research valida� on phase, a case study 
was carried out in three companies, and the results obtained were promising in terms of 
preference, usefulness and eff ec� veness.

Keywords: IT service management; so� ware quality management; system dynamics; bu-
siness-oriented IT management.
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1. INTRODUCTION

Globalisa� on and the massive expansion of internet ac-
cess, associated with the growth of Informa� on Technology 
(IT) areas in companies, have generated a con� nuous and 
growing demand for a specifi c service: so� ware produc� on. 
More and more, businesses depend on IT services involving 
so� ware. Thus, there is a concern in managing and main-
taining these services eff ec� vely (OGC, 2007). The managers 
of successful organiza� ons recognize that IT is as signifi cant 
for the business as any other part of the organiza� on (Fer-
nandes and Abreu, 2012).

IT services whose results can be measured (Lahtela et al., 
2010) are required in mobile applica� ons, in the work tools, 
as well as in the integra� on of the various types of equip-
ment that can connect to the Internet. So� ware is the essen-
� al component of an IT service. Without eff ec� ve so� ware 
support, business processes (ABPMP, 2013) do not happen. 
When an event is triggered, whether in the form of a meet-
ing appointment reminder, a control alert or simply obtaining 
electronic informa� on, there is the use of programming code, 
where, depending on the degree of cri� cality, the slightest 
error can generate devasta� ng consequences for the organ-
isa� on. A so� ware problem can compromise the image of an 
organisa� on and put its credibility in check. The predic� on of 
process behaviours has been studied and evaluated with the 
proposi� on of several techniques (de Mello, 2010).

The current global scenario has indicated an increasing 
use of computer systems (so� ware) integrated into the dai-
ly life of all sectors of society, reaching a large and diverse 
number of users. The search is for a so� ware product with 
quality (Guerra and Colombo, 2009).

Cri� cal points related to the so� ware include processing 
capacity, accuracy and precision, among others. It should be 
considered that there is a wide variety of so� ware segments 
that cover commercial applica� ons, military simula� ons, 
educa� onal products, among other types. When analyzing 
many items and considera� ons that involves the complex-
ity of making so� ware, it is possible to make the following 
ques� ons: 

• Which business aspects should be considered in 
so� ware quality management?

• How to treat so� ware quality in service manage-
ment?

• What is the infl uence/contribu� on of the quality 
models in the business vision?

• What is the need of the evaluator/manager regarding 
the eff ec� veness of management support tools?

There is a need to analyze diff erent business scenarios 
involving so� ware quality so that managers can make ef-
fec� ve decisions about what should be tested to meet the 
needs of stakeholders. The present research presents a new 
model to simulate and quan� ta� vely es� mate the evalua-
� on of so� ware quality, suppor� ng management and deci-
sion making. The contribu� on of this work consists of the 
possibility of performing simula� ons for quality evalua� on 
based on informa� on from real business scenarios. The in-
forma� on generated is useful for decision making by quality 
and service managers.

The contribu� ons generated by this research are prac� cal 
(model design and implementa� on) and empirical (model 
valida� on). The following specifi c contribu� ons can also be 
listed:

• Proposal of a business-oriented and innova� ve mo-
del that enables the realiza� on of simula� ons to 
support decision making in so� ware quality mana-
gement;

• Alignment between business objec� ves and infor-
ma� on generated by the model in the simula� ons.

This ar� cle consists of six sec� ons. The fi rst presents the 
introduc� on, whilst the second sec� on presents the theo-
re� cal founda� on that guided the research and shows some 
related works. In the third sec� on, the proposed model is de-
tailed. The methodology is presented in the fourth sec� on. 
The case study carried out and the analysis of the results are 
discussed in the fi � h sec� on.  The sixth sec� on presents the 
research conclusions and future work.

2. THEORETICAL FOUNDATION AND RELATED WORK

In 1977 the fi rst steps towards so� ware quality were tak-
en. McCall’s model evaluated so� ware in three levels: the 
fi rst level considered the external view of the so� ware, as 
seen by users; the second level evaluated the internal view 
of the so� ware, as seen by the developer; and the third level 
considered the metrics used to provide a scale and methods 
for measurement. The Hewle� -Pachard model, on the other 
hand, based on McCall’s model, considered two more qual-
ity a� ributes, func� onality, a set of program features and 
capabili� es, the generality of func� ons, in this case, overall 
system security, and usability, which took into considera� on 
human factors, overall aesthe� cs, consistency, documenta-
� on.

This research was guided by the principles of Busi-
ness-driven IT management (BDIM) (Bartolini and Stefanelli, 
2011), involving the applica� on of a set of models, prac� ces, 
techniques and tools to map and quan� ta� vely assess inter-
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dependencies between business performance and IT solu-
� ons. Theory and prac� ce in BDIM are discussed from a de-
cision-making perspec� ve in Bartolini and Stefanelli (2011) 
and Lima et al. (2018). BDIM research is also presented in 
Sousa et al. (2018) and Nóbrega et al. (2014). The guides CO-
BIT - Control Objec� ves for Informa� on and related Technol-
ogy (ISACA, 2014) and ITIL - IT Infrastructure Library (OGC, 
2007) design guidelines for the classifi ca� on and priori� -
za� on of investments that should be made in services. The 
Project Management Body of Knowledge - PMBOK Guide 
(PMI, 2012) guides the management of projects involving IT 
services.

Software quality

The demand for so� ware solu� ons has grown consider-
ably in recent years. Increasingly, there is a growth in the 
complexity of the solu� ons off ered and greater demand in 
terms of product quality. According to Bartolini and Ste-
fanelli (2011), quality refl ects the degree to which a set of 
characteris� cs inherent to an object sa� sfi es its require-
ments. The higher this degree, the greater the customer sat-
isfac� on. The concept of quality was ini� ally applied in the 
industry. As � me went by, other areas adopted the terminol-
ogy, such as transporta� on (ISO 14.001 and 28.000), food 
(ISO 22.000), safety and health (ISO 45.001), among others.

In the IT area, eff orts at the interna� onal level to en-
sure the quality have resulted in the crea� on of standards 
such as ISO 20,000 for IT services, the series of ISO 27,000, 
which deals with informa� on security, in addi� on to several 
guidelines such as OGC (2007) and ISACA (2014), which ad-
dress aspects related to the IT Corporate Governance and 
ABNT (2015), which deals with the aspects related to the IT 
infrastructure services.  According to Guerra and Colombo 
(2009), so� ware quality cons� tutes an area whose demand 
is growing signifi cantly, because users increasingly demand 
effi  ciency and eff ec� veness, among other important qual-
ity characteris� cs for a product as special as the so� ware.  
In parallel with the market demand, there is a na� onal and 
interna� onal movement towards establishing standards in 
So� ware Engineering, as is the case of ISO - Interna� onal Or-
ganiza� on for Standardiza� on, in the So� ware Engineering 
Subcommi� ee, and ABNT - Brazilian Associa� on of Technical 
Standards.

In Brazil, since 1993, government, universi� es and indus-
try ini� a� ves have emerged in product quality and so� ware 
processes. Since its crea� on, the Brazilian Associa� on of 
Technical Norms (ABNT) has been expanding ac� ons relat-
ed to so� ware quality. An example of this was the crea� on 
of the so� ware subcommi� ee (ABNT, 2016), responsible for 
elabora� ng standards to generate Brazilian standards relat-
ed to so� ware quality.

If on one hand, the industry has been con� nuously im-
proving its products and aligning criteria with the most rig-
orous standards in use in the world, the IT governance area 
needs to follow this evolu� on to off er support and condi-
� ons for an eff ec� ve alignment between IT and business. 

When considering the various ISO standards related to 
the subject from a so� ware perspec� ve, it is possible to 
iden� fy that the subject of quality is quite extensive. The 
ISO/IEC 9126 standard refers to a set of a� ributes that have 
an impact on the so� ware’s capacity to maintain its perfor-
mance level within the established condi� ons for a given pe-
riod. This standard is divided into four parts:

1. ISO 9126-1:2001 - Emphasis on usage guidelines and 
so� ware product quality characteris� cs;

2. ISO 9126-2:2003 - Refers to external metrics to de-
termine the implementa� on rate of the func� ons 
defi ned in the requirements specifi ca� on and the 
control of the occurrence of failures;

3. ISO 9126-3:2003 - Refers to internal metrics, verifi es 
if the func� ons are adequate to what was specifi ed, 
determines the number of expected failures, es� ma-
tes the response � me of the applica� on and verifi es 
if changes are properly recorded;

4. ISO 9126-4:2004 - Refers to in-use quality metrics 
based on eff ec� veness, produc� vity, security and 
user sa� sfac� on.

The ISO/IEC 9126 standard was replaced in 2011 by ISO/
IEC 25010 (ISO, 2016), which defi nes the quality characteris-
� cs that all so� ware must-have. This replacement intended 
to bring even more benefi ts, such as compa� bility and se-
curity. In addi� on to the set of ISO standards, the so� ware 
industry has methodologies to help in the quality assurance 
process.  

The Capability Maturity Model Integra� on (CMMI) is an 
interna� onal model of specifi c best prac� ces for the devel-
opment of so� ware products (da Silva, 2016). As presented 
in Figure 1, the CMMI model is organized into fi ve levels: 
1 - Ini� al, 2 - Managed, 3 - Defi ned, 4 - Managed and 5 - 
Op� mized. CMMI is based on the best prac� ces for product 
development and maintenance. Companies that adopt this 
prac� ce have greater chances of producing more stable, re-
liable and secure so� ware since the model ensures that the 
company follows strict so� ware development process stan-
dards. 
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From the existence of CMMI at an interna� onal level, it 
was created in Brazil the model called Brazilian So� ware 
Process Improvement - MPS.BR (PROMOVE, 2016). It is a 
Brazilian program proposed by the SOFTEX organiza� on, to 
develop and disseminate best prac� ces in so� ware devel-
opment.

As shown in Figure 2, the MPS.BR model is organized into 
seven levels of maturity. Contrarily to the CMMI, the MPS.
BR uses le� ers, from G to A, to determine the maturity level 
of the organiza� on. These levels serve as a roadmap for con-
� nuous improvement.

As � me went by, so� ware produc� on ceased to be ac-
� vity-based only on intui� on or on the experience of de-
velopers, having been the object of numerous studies. The 
aim is to off er models that enable produc� on management 

and ensure the quality desired by its consumers. Despite the 
growing and acknowledged complexity involved in so� ware 
development, some companies seem to be unaware that 
they need to create or even improve their internal processes 
(Mecenas and de Oliveira, 2005).

System dynamics

System dynamics (SD) theory, an aspect of systems theo-
ry, was created to model and analyse the complex behaviour 
of systems (Sterman, 2000). The method is based on the rec-
ogni� on that the structure of any system (o� en circular and 
closed), some� mes with delays between the rela� onships of 
its components, is as important in determining its behaviour 
as the individual components themselves. The technique 

Figure 1. CMMI Model Stages
Source: da Silva (2016)

Figure 2. MPS.BR Stages
Source: PROMOVE (2016)

1. Ini� al - Processes are unpredictable, 
poorly controlled and reac� ve

2. Managed - Processes are 
characterised by Project and ac� ons 
are o� en reac� ve

3. Defi ned - Processes are 
characterised for Organisa� on and 
are proac� ve

4. Quan� ta� vely managed - Processes 
are measured and controlled

5. Op� misa� on - Con� nuous focus on 
process improvement

Level A: in op� misa� on
Level B: Quan� ta� vely managed
Level C: defi ned
Level D: Broadly defi ned
Level E: Par� ally defi ned
Level F: Managed
Level G: Par� ally managed
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allows modelling and analysing behaviour in complex sce-
narios of social systems. DS had more specifi c applica� on in 
the industrial context in its fi rst applica� ons. However, the 
technique has been used for the development of models of 
the most diverse types of systems: social, economic and en-
vironmental, where a holis� c view has a relevant role and 
the feedback links are fundamental to understand the com-
plex interrela� onships (Rodrigues, 1996).

DS is based on a direct structure of fl ows and stocks, 
designed to model systems with numerous variables and 
with delayed feedbacks between variables. A model for a 
process of demands received by an IT sector is presented in 
Figure 3. DS foresees the use of two types of models: infl u-
ence diagrams or causal-link diagrams (qualita� ve models) 
and computer-based models or stock-fl ow diagrams (quan-
� ta� ve models). The former is considered the core of DS. 
Many studies adop� ng the DS methodology have created 
only infl uence diagrams. These diagrams are suffi  cient for 
the iden� fi ca� on of the various feedback loops (reinforce-
ment and balancing) and the factors infl uencing the fl ow of 
the modelled system. However, only through computer sim-
ula� on (quan� ta� ve models) can one have a vision of the 
real dynamic eff ects of these feedback loops and a greater 
understanding of the system under analysis. In this way, the 
possibili� es aff orded using possible simula� ons subsidize 
the explora� on of experimenta� on with the model (Ster-
man, 2000; Rodrigues,1996).

Importantly, SD models present a dynamic view of the 
performance of business systems (Sterman, 2000). The mod-

els are of the “ac� vity on the arrow” diagram type rather 
than “ac� vity in the box” diagrams like other nota� ons and 
are especially useful in developing dynamic life cycle models 
that focus on the overall performance of systems and the 
impact of changing key variables that aff ect the overall per-
formance. The models seek the business view (Morecro� , 
2008) and are most commonly used when modelling an en-
� re organisa� on or a line of business, and infrequently used 
for low-level workfl ow models.

Related work

A model that uses system dynamics is not sta� c, since it 
presents the movement and refl ects how the change in vari-
ables aff ects a process (Bezerra et al., 2014).

The work of Oliveira (2010) suggests a model quan� -
fy the value of an IT service, while the work of Lima et al. 
(2012) sought to quan� fy the percentage of quality of an IT 
service, considering that the same infl uences its value. In 
Bezerra et al. (2014) it is proposed a decision-making model 
for IT outsourcing. In Wan et al. (2011) it was presented a 
model that evaluates the dynamic capabili� es and benefi ts 
management to assess IT resources management in public 
companies that need outsourcing. In Fernandes (2003) it 
was presented a proposal for incorpora� ng the system dy-
namics methodology with the strategic planning steps, using 
the BSC model.  The use of the system dynamics technique 
in problems related to so� ware processes was proposed in 
Macachy (2007) and Abdel-Hamid (1989).

Figure 3. modelling with DS for an IT sector
Source: The author(s)
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The proposed model

The quality of the so� ware product can be evaluated in 
several ways. The assessments will vary according to the size 
of the company, business cri� cality and type of segment 
of the organiza� on. There are diff erent visions of so� ware 
quality and its metrics. These metrics may vary according to 
the stage of the so� ware life cycle.

The proposed model considers interac� ve ac� vi� es based 
on the vision of the ITIL OGC (2007) guide. These ac� vi� es 
can be executed in a con� nuous improvement cycle, similar 
to the PDCA (Plan-Do-Check-Act) cycle (Lima et al., 2012).  The 
model uses ISO/IEC 25010 (ISO, 2016) as a reference. Prod-
uct quality categorises product quality proper� es into eight 
characteris� cs (func� onal suitability, reliability, performance 
effi  ciency, usability, safety, compa� bility, maintainability and 
portability). Each characteris� c is composed of a set of related 
sub-characteris� cs (ISO, 2016). Figure 4 shows the evalua� on 
characteris� cs and sub-characteris� cs of ISO/IEC 25010.

The proposed model considers each of the sub-charac-
teris� cs indicated in Figure 4. The modelling of the scenario 

with the use of the principles of system dynamics, through 
the specialized so� ware tool (Isee Systems, 2016), used in 
this research is presented in Figure 5.

The proposed model is generic and can be used by any 
company that needs to apply quality criteria to evaluate its 
so� ware product having as reference the ISO 25010 stan-
dard. The model considers the most generic aspects of eval-
ua� on. Very specifi c characteris� cs of each company were 
not considered in this proposal.

Data entry

The user (manager) must provide various informa� on so 
that the model can perform the simula� ons. Figure 6 shows 
the ini� al screen where the evaluator/manager provides the 
data, se�  ngs required for simula� on.

In this stage, the manager must supply the largest amount 
of data possible so that the simula� on reaches a higher de-
gree of accuracy. The informa� on must be confi gured in the 
following characteris� cs:

Figure 4. Features and subfeatures of ISO 25.10
Source: ISO (2016)

Figure 5. Modelling the sub-characteris� cs of ISO 25010
Source: The author(s)
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Functionality

The model allows the evaluator to confi gure informa� on 
considering the so� ware func� onality characteris� c (Figure 
7). This func� onality addresses issues of adequacy, accuracy, 
access safety and func� onal completeness.

Performance effi  ciency

In addi� on to the func� onality characteris� cs, the mana-
ger must provide informa� on on the performance effi  ciency 
characteris� c of the so� ware (Figure 8). This characteris� c 
considers points such as behaviour � me, resource u� liza� on 
and capacity. 

The confi gura� on parameter inputs presented show the 
process in the system dynamics model, having an interface 
that facilitates data entry, as presented in Figure 9.

Reliability and Compatibility

So� ware quality may vary considerably depending on: the 
compa� bility feature, which assesses coexistence, interoper-
ability; and reliability, which assesses the maturity, availability, 
error tolerance and recoverability features (Figure 10).

Usability and Security

In this step, the manager must inform parameters related 
to the characteris� cs of usability and security. The usabili-
ty addresses sub-characteris� cs related to apprehensibility, 
operability, accessibility, protec� on from user error and aes-
the� cs of the user interface, while security addresses the as-
pects of confi den� ality, integrity, non-repudia� on, account-
ability and authen� city (Figure 11).

Figure 6. Informa� on confi gura� on screen
Source: The author(s) 

Figure 7. Confi gura� ons of func� onali� es features
Source: The author(s)

PT - EN
Adequacao - Adequacy
Acuracia - Accuracy
SegurancaDeAcesso - Security of 
Access
CompletudeFuncional - Func� o-
nal Completeness
FuncVariaveis - FuncVariables
FuncDadosEntrada - Fun-
cEntryData
Funcionalidade - Func� onality
FuncDadosSaida - FuncOutput-
Data
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Figure 8. Confi gura� ons of the performance effi  ciency characteris� cs
Source: The author(s)

Figure 9. Interface with the confi gura� on parameters
Source: The author(s)

Figure 10. Confi gura� on of the characteris� cs of Reliability and Compa� bility
Source: The author(s) 

Maintainability and Portability

Finally, the manager will provide the last informa� on for 
a so� ware evalua� on, which are the maintainability charac-
teris� cs, which evaluate the aspects related to analyzability, 
stability, modifi ability, testability, portability and, fi nally, the 
portability characteris� cs, which will consider the adaptabil-
ity, installa� on and replacement aspects (Figure 12), thus 

comple� ng the evalua� on items recommended by ISO/IEC 
25.010.

If the scenario evaluated does not contemplate the need 
for all the informa� on, for example, the company’s tests 
do not consider sub-characteris� cs such as coexistence, in-
teroperability, non-repudia� on and accountability, it will be 
enough for it to leave zero for these items and the system 

TempoDeComportamento - Time of 
Behaviour
U� lizacaoDeRecursos - Resource Usage
Capacidade - Capacity
Efi DesemVariaveis - Effi  DevVariables
Efi cienciaDeDesempenho - Performance 
effi  ciency
Efi DesemEntrada - Effi  DevInput
Efi DesemSaida - Effi  DevOutput

Func� onality Performance 
Effi  ciency Reliability

Suitability Behaviour 
� me Maturity

Accuracy Capacity Availability
Access Secu-

rity Compa� bility Error Tole-
rance

Func� onal 
Complete-

ness
Coexistence Recoverabi-

lity

Interopera-
bility

PT - EN
Maturidade - Maturity
Disponibilidade - Availability
ToleranciaErro - Error Tolerance
Recuperabilidade - Recoverability
Interoperabilidade - Interoperability
Coexistencia - Coexistence
CompatVariaveis - Compa� ble Variables
CompatEntrada - CompatInput
Compa� bilidade - Compa� ble
ComaptSaida - CompatOutput
Confi abVariaveis - Reliable Variables
Confi abilidade - Reliability
Confi abEntrada - ReliInput
Confi abSaida - ReliOutput
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will disregard the data referring to these parameters to gen-
erate the results.

PT – EN
Apreensibilidade – Apprehensibility

Operabilidade – Operability
Acessebilidade – Accessibility

ProtecaoDeErro – Error Protec� on
Este� caDeInterface  - Interface aesthe� cs 
UsabilidadeVariaveis - Usability Variables

Usabilidade – Usability
UsabEntrada – UsabInput
UsabSaida – UsabOutput

Confi dencialidade – Confi den� ality
Integridade – Integrity

NaoRepudio - no repudia� on
PrestacaoDeContas – accountability

Auten� cidade – Authen� city 
SegVariaveis – Safe Variables

Segurança – Safety
SegEntrada – Safe Inputs
SegSaida – Safe Outputs

Figure 11. Confi gura� on of usability and security characteris� cs
Source: The author(s)

Modifi cabilidade - Modifi ability
Analisabilidade - Analysability

Testabilidade - Testability
Estabilidade – Stability

ManuVariaveis – Maintenance Variables
Manutebilidade – Maintainability

ManuEntrada – MaintInput
ManuSaida – MaintOutput

Adaptabilidade – Adaptability
Instalacao – Installa� on

Subs� tuicao – Replacement
PortabVariaveis – Portable Variables

Portabilidade – Portability
PortabEntrada – PortabInput
PortabSaida - PortabOutput

Figure 12. Confi gura� on of maintainability and portability
Source: The author(s) himself

3. METHODOLOGICAL ISSUES

Aiming at the evalua� on of the quality monitoring model, a 
mul� ple case study was carried out in three companies special-
ised in so� ware crea� on, development and deployment.  

• The research carried out involved the following phases:

• Literature review;

• Development of the model;

• Mee� ng with the managers of the companies;

• Data collec� on;

• Use of the model with diff erent scenarios in each 
company;

• Presenta� on and discussion of results;

• Tabula� on of results;

• Valida� on of the model with the managers/evaluators;

• Dissemina� on of results.

The present research involved a triangula� on between lit-
erature review, observa� on and the conduct of a case study 
Yin (2005). Throughout the process of verifying and validat-
ing the model, diff erent calibra� ons were used as part of the 
design of the experiments, allowing an ideal environment to 
be created, real environments to be reproduced and alter-
na� ve environments to be tested. The model improvement 
was defi ned from valida� on (external correctness) and ver-
ifi ca� on (internal correctness) strategies, with calibra� on 
performed by running simula� ons.

The verifi ca� on and valida� on process should be con-
cerned with crea� ng suffi  cient confi dence in a simula� on 
model so that its results are accepted by users and stake-
holders (Radzicki, 2020). As for the topic of validity in sim-
ula� on models with system dynamics (Barlas, 1989), it can 
be stated that there are no fully valid models because they 
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are all something smaller than the object or system being 
modelled. A priori, it is prac� cally impossible to prove the 
correctness of a simula� on model that aims to generate un-
expected behaviour that has never been observed before 
(Rebs et al., 2019). Behaviour valida� on was performed to 
determine whether the behaviour pa� erns generated by 
the model would be close enough to the main pa� erns ex-
hibited by the real system. During learning valida� on, there 
was an evalua� on of the usefulness of the model, aimed at 
provoking refl ec� on and broadening the understanding of 
the problem.

4. CASE STUDY AND ANALYSIS OF RESULTS

For reasons of informa� on secrecy, the companies evalu-
ated in the case study will be named Alpha, Beta and Ome-
ga. Each one of these companies selected a product to sub-
mit to the model.

So� ware quality assessment, seeking a common consen-
sus (for instance, which metrics need to be considered) is 
s� ll a challenging problem, especially when people are un-
aware that there are globally tested models available in the 
market. Many of these evalua� ons are based on qualita� ve 
criteria, which makes measurement diffi  cult because they 
do not have numerical accuracy.

The proposed model aimed to be a tool to support de-
cision making regarding so� ware improvements, aiming to 
reach an acceptable level of quality.   The proposed model 
has input parameters that are divided into two groups, the 
fi rst one being the input parameters of the product and the 
second one the input parameters of the product.

The proposed model has input parameters divided into 
eight groups of characteris� cs, or categories: func� onality, 
performance effi  ciency, compa� bility, reliability, usability, 
safety, maintainability and portability.

For the model to be used, the manager will need to pro-
vide several parameters that characterize his so� ware quali-
ty scenario to be achieved. There are parameters for internal 
and external demands, qualita� ve criteria (level of knowl-
edge, mo� va� on of resources) and subjec� ve criteria such 
as abandonment rate, people turnover and absenteeism.

Figure 6 shows the parameteriza� on screen of the simu-
la� on system that automated the model. Users gave scores 
through concepts that ranged from 0 to 5 with the following 
parameteriza� ons: 0 - no evalua� on, 1 - very bad, 2 - bad, 
3 - average, 4 - good, 5 - very good.

In case one of the parameters is not part of the evalu-
ated scenario, such as, for instance, user error protec� on, 
it is enough to leave zero in the informa� on, and it will be 
disregarded in the evalua� on process. 

The proposed model generates results that seek to sim-
ulate the expected result of so� ware products in terms of 
quality concerning the input data.

Case 1 – Alpha Company

The Alpha company has a staff  of over 150 employees 
working specifi cally on the development of commercial sys-
tems, 10 of which are formed exclusively by the so� ware 
tes� ng and quality assessment team. 

Regarding the ISO/IEC 25.010 standard, Alpha considers 
the criteria presented in Table 1 for its assessment.

The informa� on in Table 1 was reported by the evaluator/
manager of the area, who considered Alpha’s current sce-
nario for the repor� ng of informa� on. By repor� ng these 
data to the model, the result generated with the current 
scenario is presented in the graph of Figure 13.

Considering Alpha’s current scenario, there is a so� ware 
quality defi ciency in the characteris� cs of Effi  ciency and Re-
liability. 

Alpha must, as a priority, work on aspects related to � me 
behaviour, resource usage, capacity, maturity, availability, 
error tolerance and recoverability. This will make it reach 
a balance in all the quality characteris� cs of the so� ware 
product, according to the guidelines of the ISO/IEC 25.010 
standard.

Figure 13. Evalua� on scenario of company Alpha
Func� onality - Effi  ciency - Compa� bility - Reliability - Usability - Security - 

Maintainability – Portability
Source: The author(s)
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Table 1. Scenario of Company Alpha

Parameters Initi al informati on 
from the evaluator

IT Resources 150
Quan� ty for tes� ng 10

Product Submi� ed Accoun� ng 
system

Evalua� on Criteria following ISO/IEC 25.010
Func� onality

Appropriateness 5 Security of 
access 1

Accuracy 1 Func� onal com-
pleteness 1

Performance effi  ciency
Time behaviour 2 Capacity 1

Resource u� lisa� on 1
Compa� bility
Co-existence 5 Interoperability 5

Reliability
Maturity 1 Error tolerance 2

Availability 2 Recoverability 0
Usability

Understandability 5 Accessibility 5

Operability 5 User error 
protec� on 5

User interface aesthe� cs 5
Security

Confi den� ality 5 Non-repudia� on 5
Integrity 5 Accountability 5

Authen� city 5
Maintainability

Analyzability 5 Modifi ability 5
Stability 5 Testability 5

Portability
Adaptability 5 Installa� on 5

Replacement 5 Security of 
access

Source: The author(s)

Case 2 – Beta Company

Beta serves customers in the logis� cs and distribu� on 
segment. It has a staff  of 80 employees, with 8 of these 
working specifi cally with so� ware quality.

The informa� on in Table 2 was reported by the evaluator/
manager of the area, who considered the current scenar-
io of the evaluated product of Beta. When these data were 
reported to the model, the result shown in Figure 14 was 
obtained.

If, on the one hand, the quality of the so� ware product 
of Beta presents an excellent performance in the criteria of 
func� onality, effi  ciency, compa� bility, reliability and securi-
ty, there is a defi ciency in terms of usability, manageabili-
ty and portability. Accessibility, user error protec� on, user 
interface aesthe� cs, stability testability and adaptability are 
some of the sub-characteris� cs that need to be improved to 
decrease this considerable diff erence between the so� ware 
quality characteris� cs.

Figure 14. Evalua� on scenario of the Beta company
Func� onality - Effi  ciency - Compa� bility - Reliability - Usability - Security - 

Maintainability – Portability
Source: The author(s) 

Table 2. Beta Company Scenario

Parameters Initi al informati on from 
the evaluator

IT Resources 80

Quan� ty for tes� ng 08

Product Submi� ed Accoun� ng system

Evalua� on Criteria following ISO/IEC 25.010

Func� onality

Appropriateness 5 Security of access 5

Accuracy 0 Func� onal 
completeness 5

Performance effi  ciency

Time behaviour 4 Capacity 3

Resource u� lisa� on 5

Compa� bility

Co-existence 5 Interoperability 5

Reliability

Maturity 5 Error tolerance 4

Availability 4 Recoverability 4

Usability

Understandability 1 Accessibility 1

Operability 1 User error protec� on 2

User interface aesthe� cs 2
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Security

Confi den� ality 5 Non-repudia� on 5

Integrity 5 Accountability 5

Authen� city 5

Maintainability

Analyzability 0 Modifi ability 0

Stability 0 Testability 0

Portability

Adaptability 0 Installa� on 0

Replacement 0
Source: The author(s)

Case 3 – Ômega Company

The company Ômega has a medium size, with a board su-
perior to 200 employees, of which 20 are allocated in the IT 
area, being 3 from the tests and quality area. The compa-
ny has its so� ware and outsourced ones. Its ERP system is 
outsourced. Some products, such as the customer service 
so� ware, evaluated in this research, are of in-house devel-
opment.

The informa� on in Table 3 was reported by the evaluator/
manager of the area, who considered the current scenario 
for so� ware product quality evalua� on. Unlike the compa-
nies Alpha and Beta, it is important to point out that IT is 
not the end ac� vity of the company Ômega, a fact which 
was considered in the analysis of the results. By informing 
the company’s data in the model, the result of the current 
scenario of product quality.

Figure 15. Evalua� on scenario of the company Ômega
Func� onality - Effi  ciency - Compa� bility - Reliability - Usability - Security - 

Maintainability – Portability
Source: The author(s)

Table 3. Scenario of the Company Ômega

Parameters Informação inicial do 
avaliador

IT Resources 80

Quan� ty for tes� ng 08

Product submi� ed Accoun� ng system

Evalua� on Criteria according to ISO/IEC 25.010

Func� onality

Adequacy 5 Security of access 0

Accuracy 0 Func� onal 
completeness 0

Performance Effi  ciency

Time behaviour 4 Capacity 3

Resource u� lisa� on 5

Compa� bility

Co-existence 5 Interoperability 5

Reliability

Maturity 5 Error tolerance 4

Availability 4 Recoverability 4

Usability

Understandability 1 Accessibility 1

Operability 1 User error protec� on 2

User interface aesthe� cs 2

Security

Confi den� ality 5 Non-repudia� on 5

Integrity 5 Accountability 5

Authen� city 5

Maintainability

Analyzability 2 Modifi ability 2

Stability 3 Testability 2

Portability

Adaptability 2 Installa� on 0

Replacement 1
Source: The author(s)

As indicated in Figure 15, except for the characteris� c 
safety, the company Ômega must work in all the other seven 
quality characteris� cs for so� ware product oriented by the 
standard ISO/IEC 25.010. 

In this scenario, it is indicated the revision of the so� ware 
process. In this case, the adop� on of models such as the Ca-
pability Maturity Model - Integra� on (CMMI) and the Brazil-
ian So� ware Process Improvement (MPS.BR) may consider-
ably infl uence the results in the next simula� on.
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5. CONCLUSION

The present research involved the triangula� on between 
literature review, observa� on and case study in three real 
companies. A simula� on model based on system dynamics 
was proposed as a solu� on to deal with the complexity in-
herent to the so� ware product quality assessment process, 
aiming at improving the understanding of the problems in-
volved and genera� ng refl ec� on points that may increase 
the management eff ec� veness. The model presented al-
lowed the simula� on of scenarios, aiming at suppor� ng the 
evalua� on of so� ware products in companies. To test the 
model, a case study applied to the companies Alpha, Beta 
and Ômega was carried out. 

During the case study, it was considered the work de-
mand, altera� ons, tests and behaviour of the system in the 
last 6 months. The objec� ve was to evaluate the product’s 
characteris� cs, having as metrics reference the ISO/IEC 
25.010 norm. The research team had access to records and 
reports that showed the number of calls related to product 
maintenance. In the behaviour valida� on, it was evaluated if 
the behaviour pa� erns generated by the model were close 
enough to the main pa� erns exhibited by the real system. 
The following aspects were evaluated: behaviour replica-
� on, visual adequacy and sensi� vity of the output a� ribute 
to changes in the input variables. 

The sensi� vity tests of the input variables and the calibra-
� on of the proposed model were performed in three dis� nct 
moments: a) during the execu� on of the structural tests, to 
correct equa� ons; b) during the behavioural tests, to elimi-
nate parameters of li� le relevance and correctly calibra� ng 
the model and; c) during the execu� on of the learning tests, 
to generate uncertainty in the inputs and analyzing risks. 
The results obtained with the behavioural tests were pre-
sented to the users and subsidised the model refi nement. 

For the use, maintenance and evalua� on of the model’s 
eff ec� veness, ac� vi� es were performed in the fi nal phase of 
this research, through model use sessions with managers. The 
synthesis of strategies used for model verifi ca� on and valida-
� on, executed during this research, is presented in Table 4.

The model valida� on process included interviews with 
ten managers working with so� ware services and quality 
and, addi� onally, 11 managers from IT areas. The exercise 
included the presenta� on of the model and its results. The 
three hypotheses analysed were related to the usefulness, 
preference and eff ec� veness of the proposed model. The 
appearance validity exercise (Runerson and Host, 2009) con-
ducted refuted the nega� ve hypotheses. To perform the hy-

pothesis tes� ng, sta� s� cal inference (Berger, 1987; Casella, 
2002) was used by running a Berger (1987) binomial sta� s� -
cal test at 5% signifi cance, as shown in Table 5. 

As a fi rst threat to the validity of the research, restric� ons 
from the budgetary and logis� cal point of view are point-
ed out. About construct validity, there are always doubts as 
to whether the variables are well understood by managers 
and it may not be possible to obtain simula� on results that 
correspond to reality. It was possible to observe during the 
experiment involving the simula� ons performed, that com-
panies priori� ze aspects and characteris� cs that are more 
related to func� onality, effi  ciency and safety.

Table 4. Strategies for verifi ca� on and valida� on

Verifi cati on of 
model imple-

mentati on

Assess whether 
the model 

implementati on was 
error-free

Strategy 
adopted

Dimensional 
Consistency

Variable sizes are 
consistent and units are 

correct

Model tes� ng 
and so� ware 

implementa� on

Syntax valida� on
Behaviour - model 

management es� mates 
are free of syntax errors

So� ware 
Tes� ng and 

Implementa� on

Seman� c valida-
� on

Behaviour - model 
management es� mates 

are free of seman� c 
errors

So� ware 
Tes� ng and 

Implementa� on

Conceptual 
valida� on of the 

model

Evaluate model 
structure

Model tes� ng 
and so� ware 

implementa� on

Structure 
confi rma� on

Model es� mates 
correspond to actual 
process rela� onships

Literature review, 
observa� on 

and appearance 
validity Runerson 

(2009)

Parameter con-
fi rma� on

Evalua� ng model 
parameters against 
process knowledge

Literature review, 
observa� on 

and appearance 
validity Runerson 

(2009)

Extreme condi-
� ons

Evalua� ng model 
behaviour under 

extreme condi� ons

Literature review, 
observa� on 

and appearance 
validity Runerson 

(2009)

Sensi� vity of the 
behaviour

Iden� fi ca� on of process 
parameters where the 

model is highly sensi� ve

Literature review, 
observa� on 

and appearance 
validity Runerson 

(2009)
Source: The author(s)
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Table 5. Hypotheses to Test Model Appearance Validity.

Hypotheses % who 
believe

Is there suffi  cient 
stati sti cal 

evidence to 
accept the 

hypothesis?
Preference: managers 

preferred the model presented 
over the current form used.

90 Yes

U� lity: Managers considered 
the model useful. 100 Yes

Eff ec� veness: Managers 
considered the model to 
be eff ec� ve in suppor� ng 

decision making  

92 Yes

Source: The author(s)

Among the research limita� ons, we can highlight that 
there was diffi  cult access to companies and professionals 
who knew the ISO/IEC 25.010 standard or who, at least, al-
ready had some kind of knowledge about it. It was no� ced 
during the observa� on phase a somewhat vague knowledge 
of some of those involved regarding the development pro-
cess models CMMI and MPS.BR. The percep� on of users and 
assessors regarding the assessment metrics also stands out. 
Some managers/evaluators, when asked about which met-
rics could be applied to assess the quality of the so� ware 
product, demonstrated uncertainty, due to the limita� on of 
their tests to the retrieval of records from the database and 
the accuracy of calcula� ons.

As future work, it is intended to extend the model to per-
form a sugges� on of points, characteris� cs and sub-charac-
teris� cs that can be used for quality increment, aiming at 
greater user sa� sfac� on.
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