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“This is a love song

See where your heart is

Put it in the palm of your hand

You must offer

The most sincere love

The purest smile and the most fraternal look

The world needs

Know the truth

The past does not come back; we do not have a future and today is not over
So love more, hug more

Because we do not know how much time we have to breathe
Talk more, listen more

It is worth remembering that life is too short”

(Truths of the time - Thiago Brado)

From the original “Essa é uma can¢do de amor
Veja onde esta o seu coragdo

Coloque-o na palma da méo

E preciso ofertar

O amor mais sincero

O sorriso mais puro e o olhar mais fraterno

O mundo precisa

Saber a verdade

Passado ndo volta; futuro ndo temos e o hoje ndo acabou
Por isso ame mais, abrace mais

Pois ndo sabemos quanto tempo temos pra respirar
Fale mais, ouga mais

Vale a pena lembrar que a vida ¢ curta demais”
(Verdades do Tempo - Thiago Brado)

Vi



Acknowledgments
First of all, I would like to thank God for the gift of life and for the wisdom that has been given to me.

I would like also to thank my parents, Paulo and Maria Rita, for the support and participation that they
always have in my personal and professional life. Thank you very much for everything. I love you. Eu
amo Voces.

My thanks to my brothers Tiago and Tomas, and to my sister Talita. The best friends of a lifetime.
Also, my thanks to Carolina and Mayara for the care and support.

Thanks to Emanuele, Yago, and Augusto for making my life more joyful with their smiles.
My thanks to my grandmothers Brasilina and Virginie for her love and affection.

I would like to thank the love of my life, Salah-Eddine. Thank you very much for your love, affection,
dedication, support, encouragement, good teachings and good times. | love you to infinity. Together
we are more.

My thanks to all my family and my sweetheart’s family for the support, love and affection.

I would like also to thank my advisors, Kathia Oliveira and Christophe Kolski. With them | learned
how to do research in an effective and passionate way. Thank you for being always available, for your
help and valuable advice. Thank you also for all that you could bring me during these 3 years of
doctorate. Thank you very much for everything that you learned me and for the good times.

Thanks to Kathia Oliveira for your friendship, affection, dedication and good times. | hope that the
life holds us long years of friendship.

| particularly thank my “rapporteurs” Sophie Dupuy-Chessa and Jean Vanderdonckt for the interest
that they have shown in my thesis and for the valuable and rigorous evaluation that they have done. |
would like also to thank my examiners Ana Regina Cavalcanti da Rocha and Marco Winckler. Thank
you very much for your contributitions. I particularly thank Ana Regina Cavalcanti da Rocha for her
support and encouragement throughout this journey.

My thanks to my Valenciennes’ family (Adam, Ahlem, Ahmed, Ali, Amira, Aymen, Catalina, Elise,
Fadoua, Jocelene, Jose, Kathia, Nadya, Nour, Patrick, Ryma, Saif, Salah-Eddine, Samy, Sandro,
Shadab, Wassim, Yasmine) and to my friends of the University of Valenciennes. Thanks also to all
my Brazilian friends. Thank you very much for the good times and for the friendship.

I would like to thank Guilherme Travassos for his support and contribution with one part of the
experimental concepts.

Thanks to LAMIH colleagues and mainly to the InterA team (particularly Bako Rajaonah,
Emmanuelle Grislin, Houcine Ezzedine, Rene Mandiau, Said Hanafi, Sophie Lepreux, Sylvain
Piechowiak, Veronique Delcroix) for their hospitality and friendship.

My thanks to LAMIH for all financial support to participate in conferences and workshops.

Thanks to Corinne Aureggi, Isabelle Oliveira-Machado, Marlene Genevieve, Melanie Lecq, and
Sylvie Rubens for their collaboration in administrative procedures.

vii



My thanks to CAPES - Science without Borders Program, for the financial support to carry out this
thesis.

Finally, my thanks to University of Valenciennes for the opportunity to learn more about research.

viii



This thesis is dedicated to my parents.

They are and always will be the greatest influence in my life.



Abstract

Software process capability maturity (SPCM) models are currently widely used in industry. To
perform the practices defined in these models, software engineering approaches are applied. We also
have experienced a large definition of methods, techniques, patterns, and standards for the analysis,
design, implementation, and evaluation of interactive systems focusing on Human-Computer
Interaction (HCI) issues. Nevertheless, it is well known that HCI approaches are not largely used in
industry. In order to take advantage of the widespread use of SPCM models, this thesis proposes to
integrate HCI issues (concepts of design, implementation, and evaluation of interactive systems) in
the most known international SPCM model (CMMI-DEV — Capability Maturity Model Integration for
Development) and in the Brazilian SPCM model (MR-MPS-SW — MPS for Software reference
model). To that end, we have worked on (i) the identification of appropriate HCI approaches for each
practice of the engineering advocated by these models, (ii) the evaluation and improvement of the
identified HCI approaches with HCI experts, (iii) the validation of the proposition in an academic
environment, and (iv) the conduction of two empirical studies about the perception of knowledge and
use of HCI approaches in the industry. As a result, we got 14 categories of HCI approaches with
examples of methods, techniques, patterns, and standards adequate to perform each practice of
engineering activities of the both models when developing interactive systems. Moreover, the
empirical study, in Brazilian industry, confirmed statistically that consultants of those SPCM models
do not know and do not use HCI approaches as well as they know and use software engineering
approaches.

Keywords: Software Process Capability Maturity model; Human-Computer Interaction (HCI);
CMMI-DEV, MR-MPS-SW; HCI  methods, patterns, techniqgues and  standards.



Résumé

Les modéles d’aptitude et maturité de processus logiciel (AMPL) sont actuellement largement utilisés
dans I’industrie. Pour exécuter les pratiques définies dans ces modeles, des approches d’ingénierie
logicielle sont appliquées. On constate également une grande definition en termes de méthodes,
techniques, patrons et normes pour ’analyse, la conception, la mise en ceuvre et 1’évaluation de
systémes interactifs, axés sur les questions d’Interaction Homme-Machine (IHM). Néanmoins, il est
bien connu que les approches d’IHM ne sont pas largement utilisées dans 1’industrie. Afin de profiter
de I'utilisation des modéles AMPL, cette these propose d’intégrer les questions d’IHM (concepts de
conception, mise en ceuvre et évaluation de systémes interactifs) dans le modele international le plus
connu (CMMI-DEV — Capability Maturity Model Integration for Development) et dans le modéle
brésilien (MR-MPS-SW — MPS for Software reference model). A cette fin, nous avons travaillé sur (i)
I’identification des approches de I'THM appropriées pour chaque pratique de 1’ingénierie préconisée
par ces modeles, (ii) I’évaluation et I’amélioration des approches de I'ITHM identifiées avec des
experts en IHM, (iii) la validation de la proposition dans un environnement académique, et (iv) la
réalisation de deux études empiriques sur la perception de la connaissance et I’utilisation des
approches de ’IHM dans I’industrie. En conséquence, nous avons obtenu 14 catégories d’approches
de 'IHM avec des exemples de méthodes, techniques, patrons et normes propres a réaliser chaque
pratique des activités d’ingénierie des deux modeles lors du développement de systémes interactifs.
De plus, I’étude empirique avec I’industrie brésilienne a confirmé statistiquement que les consultants
de ces modeles AMPL ne connaissent et n’utilisent pas ou peu les approches de I’'IHM, comme ils
connaissent et utilisent des approches d’ingénierie logicielle.

Mots-clés : Modéle d’Aptitude et Maturité de Processus Logiciel ; Interaction Homme-Machine
(IHM) ; CMMI-DEV, MR-MPS-SW ; méthodes, patterns, techniques et standards de I’THM.
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Motivation

Human-Computer Interaction (HCI) and Software Engineering (SE) are important domains for the
development of interactive systems. The quality of an interactive system is usually considered
dependent of the user interface design and evaluation. That implies the use of adequate HCI and SE
approaches, and adequate software development process that includes end-users throughout all the
process.

Human-Computer Interaction Engineering has made great progress since the eighties defining
engineering approaches (methods, techniques, standards and patterns) to support the design,
implementation, and evaluation of interactive systems. We can cite methods for task analysis (e.g.
MAD, DIANE+ or CTT (Diaper & Stanton, 2004)), architectures patterns for HCI (e.g. Arch Model
(Bass et al., 1991); PAC (Presentation-Abstraction-Control) Model (Coutaz, 1987); MVVC (Model-
View-Controller) Model (Goldberg, 1984)), and techniques for the user interface evaluation (e.g.
usability tests, cognitive walkthrough, automated evaluation systems (Nielsen, 1993); (Shneiderman,
Plaisant, Cohen, & Jacobs, 2009) and (Ivory & Hearst, 2001)). ISO standards have also been defined
to support the software development, such as ISO 13407 (International Organization for
Standardization, 1999) and ISO/TR 18529 (International Organization for Standardization, 2000).
From hereafter in this document we will refer as HCI approach any method, technique, standard or
pattern from HCI domain used to support engineering activities in the development of interactive
systems.

Several usability capability/maturity (UCM) models (e.g., Usability Maturity Model: Human
Centeredness Scale (Earthy, 1998); KESSU Model (Jokela, 2008) and Open source usability maturity
model (Raza, Capretz, & Ahmed, 2012)) have also been developed to propose practices to introduce
usability or HCI concerns in industry. However, they not provide sufficient support to be applied in
practice (Lacerda & Wangenheim, 2018). Similarly, it is well known that HCI approaches are not or
are insufficiently used in industry ((Venturi, Troost, & Jokela, 2006); (Bevan, 2009); (Hao & Jaafar,
2011); (Scheiber et al., 2012) and (Ogunyemi, Lamas, Adagunodo, Loizides, & Rosa, 2016)).

On the contrary, software process capability maturity (SPCM) models are nowadays well established
in the industry ((Estorilio, Vaz, Lisboa, & Bessa, 2015) and (Wangenheim, Hauck, Salviano, & von
Wangenheim, 2010)). Some of the most known are the CMMI-DEV — Capability Maturity Model
Integration for Development (CMMI Product Team, 2010), an international model, and other national
SPCM models such as the MR-MPS-SW (Brazilian model (Softex, 2016c¢)); the MoProSoft (Mexican
model (Oktaba et al., 2005) (Oktaba & Vazquez, 2008); and the maturity model for the Spanish
software industry (Garzés, Pino, Piattini, & Ferndndez, 2013). These models are a collection of
software engineering best practices, organized in process areas or process, which help companies to
improve their software process. These best practices present “what” to do in the
development/maintenance of software systems but they do not specify “how” to do it.

A large number of official appraisals using these models indicate that software engineering practices
are actually used in industry. For instance, more than 10,000 official appraisals (CMMI Product
Team, 2015) using CMMI — Capability Maturity Model Integration (CMMI Product Team, 2010) are
reported covering more than 80 countries (see Figure 1). Other SPCM models created later go in the
same direction: there are more than 600 officially appraisals on the MR-MPS-SW Brazilian model
created in 2005 (Kalinowski et al., 2014); more than 300 organizations certified on the MoProSoft
Mexican model (Trujillo, Oktaba, Ventura, & Torres, 2013); and 38 enterprises certified on the
Spanish model (Garzés et al., 2013). To perform what is proposed in those models, well-known
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software engineering approaches (methods, procedures, standards, tools, techniques, and so on) are
chosen and applied.

Figure 1. Overview of the CMMI official appraisals (in orange) around the world*

We believe that probably UCM models are not used in the industry because they are not known as the
SPCM models. As consequence, we argue that one way to make HCI concerns reach the industry is to
explicitly integrate HCI approaches to support the SPCM models that are already widely used in
practice.

Research issues

The HCI Engineering is intrinsically linked to Software Engineering while applying for the interactive
systems projects. Jokela and Lalli (Jokela & Lalli, 2003) point out that several process areas from
CMMI-DEV - Capability Maturity Model Integration for Development (CMMI Product Team, 2010)
have a direct relationship with usability practices, which imply HCI engineering. The usability
engineering and software engineering shared common goals, such as (Helms, Arthur, Hix, & Hartson,
2006): understanding customer and user needs; transforming needs into system requirements;
designing to satisfy those requirements and testing to assure their realization in the final product.

Moreover, several works have discussed Human-Computer Interaction life cycles ((Hix & Hartson,
1993); (Nielsen, 1993); (Mayhew, 1999); (Kolski, Ezzedine, & Abed, 2001) and (Lepreux, Abed, &
Kolski, 2003)), and the integration of HCI and Software Engineering domains ((Gross, 2016); (Salah,
Paige, & Cairns, 2016); (Nogueira & Furtado, 2013); (Jokela, 2008); (Nebe & Zimmermann, 2007)
and (Seffah, Desmarais, & Metzker, 2005)) for performing usable and useful systems.

One can suppose that if the software engineering practices are used, HCI approaches will also be
used, when necessary, in the development of interactive systems. However, as previously mentioned
several studies show the HCI approaches are not or are insufficiently used in practice.

Considering this scenery and that SPCM models are widely used in the industry we raised the
following research question for this thesis:

L Figure font: http://cmmiinstitute.com/
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How to support the users of software process capability maturity models in the
development of interactive systems with the use of HCI approaches?

We believe that the indication of HCI approaches that can support the application of SPCM models in
the interactive systems development can facilitate the concrete application of HCI approaches in
industry.

Research Objectives

The main objective of this thesis is to integrate HCI approaches to support the analysis, design,
implementation, and evaluation of interactive systems when using software process capability
maturity models. In this context, we chose to work with two SPCM models: the CMMI-DEV since it
is the most known and used in several countries, and the MR-MPS-SW, the Brazilian model, since
this thesis is financed by the Brazilian research council.

To achieve the main objective, specific research objectives were defined:

o To identify HCI approaches to support interactive system development that follows CMM-
DEV and/or MR-MPS-SW models;

e To evaluate and improve the identified HCI approaches with domain experts;

e To conduct empirical studies in academic and industrial contexts with the proposal.

Research Methodology
To address research objectives we developed a methodology composed of five phases presented in
Figure 2.

In the first phase Study of the models, an in-depth analysis of the CMMI-DEV and MR-MPS-SW
documentation was performed to identify where HCI approaches should be used to implement the
practices of engineering process areas/ process since our goal is to focus on activities related to
analysis, design, implementation, and evaluation of interactive systems. We also studied the HCI
literature (second phase Identification of HCI approaches) to identify HCI approaches to support the
implementation of the practices. The results of these phases were a set of HCI issues, a list of HCI
approaches (methods, techniques, standards, and patterns) that were organized into HCI categories to
support the practices of engineering. A first proposition of which HCI category should support the
SPCM models engineering practices was also generated.

Once we have the proposition, we should validate it using some evaluation approach. According to
(Helgesson, Host, & Weyns, 2012) and (Salah, Paige, & Cairns, 2014a) an evaluation can be
classified into three types: author evaluation, domain expert evaluation, and practical setting
evaluation (for instance, case studies). An author evaluation is conducted only by the authors of the
proposition; the evaluation can be done based on their knowledge. In domain expert evaluation the
responsible is an expert in the domain that is intended to improve the propositions; interviews,
surveys, or simulated assignments are carried out in this type of evaluation. A practical setting
evaluation is conducted through real activities where the proposition is used in a practical setting.
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Figure 2. Research Methodology

Considering that the result of the second phase is an author proposition according to her knowledge
and study (author evaluation), we decided to start by doing an evaluation with HCI experts. We were
not expecting that all items in the proposition were perfectly correct, but that they could be used as
start point for an evaluation by the experts and improved with other experts’ suggestions. We planned,
therefore, the third phase (Evaluation and Improvement with experts). To that end, we prepared a
guestionnaire where the experts should answer about their level of agreement with the proposition
justifying their answer. The justifications would be used for the improvement of the proposition.
Considering that we could have a lot of items to validate (since we associate HCI approaches with
SPCM practices) and that we would like also to improve the proposition, we decided to interview the
HCI experts instead of simply asking them to answer the questionnaire. We set as a profile that the
experts should have a Ph.D., experience in HCI and should be well known in HCI community (e.g., be
program chair or member of program committee of HCI conferences). The results of the interviews
were analyzed quantitatively and qualitatively in a way that we could integrate as much as possible all
suggestions respecting the opinion of the experts. The detailed procedure and results of the first three
phases will be presented in Chapter 3.

We argue that the experts’ opinion is quite reliable to accept that the HCI approaches may support the
practices of the SPCM models. However, we would like also to perform a practical setting evaluation.
Aware that we could have a lot of propositions to validate since we were analyzing all practices of the
engineering process areas we accepted that applying all the approaches would be a long-term
validation. To confirm the effectiveness of each one of the propositions we should probably compare
results of the application using the approaches and not using them. The practical setting evaluation
requires therefore several projects requiring long-term studies what is not trivial in industry. As
consequence, we planned to conduct two empirical studies.

The first one is an observational study represented in the fourth phase of our methodology named
Long-term validation in academic environment. In this study we aim at validating the effective use of
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approaches of one HCI category (Task modeling) in an academic environment (iterations 1 and 2).
The details of this phase will be presented in Chapter 4.

The second study is a survey that aims to investigate the perception of knowledge and use of HCI
approaches by SPCM models users related to their perception of knowledge and use of software
engineering approaches. Considering that SPCM models are largely used in industry, which implies a
large number of developers that use it; we decided to focus our investigation in a particular kind of
users: the official consultants of both SPCM models. From our experience, the consultants usually
introduce the use of approaches in the organizations when assisting the developers in the
implementation of the SPCM models. Our goal with this study is to support our assumption that
integrating HCI approaches into SPCM may help HCI concerns reach industry. This study is
represented as the fifth phase of the methodology: Survey about the perception of knowledge and use
of HCI approaches with SPCM models consultants. The procedure and the results of this phase will be
presented in Chapter 5.

All these phases were supported by a continuous study of the literature that will be presented in
chapters 1 and 2.

Organization of the thesis
This general introduction provided an overview of the thesis. It presented the motivations, research
issues, objectives and research methodology. The structure of the chapters has also been delineated.

Chapter 1 will introduce the important fundamental concepts relevant to this thesis. These concepts
are related to Human-Computer Interaction (HCI) Engineering, some ISO Standards, and Software
Process Capability Maturity (SPCM) models.

Chapter 2 will present the state-of-the-art about Usability Capability/Maturity models, the integration
of HCI and Software Engineering domains, and the use of HCI approaches in practice in the industry
for the interactive systems development.

Chapter 3 will state the study related to the engineering practices present in the SPCM models and
the HCI literature. It will also present the identification, validation and improvement of which HCI
approaches support the development of interactive systems following SPCM models.

Chapter 4 will show how we have performed the long-term validation by presenting an observational
study, performed in two iterations, about the use of approaches of one HCI category (Task modeling)
in academic environment.

Chapter 5 will expose the results of two empirical studies about the perception of knowledge and use
of HCI approaches by SPCM models consultants.

A General Conclusion summarizes the work carried out by identifying our main contributions and
limitations in relation to the existing works and also present future research perspectives.
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1.1. Introduction

Human-Computer Interaction (HCI) Engineering has been progressed over the last 30 years in the
definition of models, methods, techniques and standards to support the analysis, design,
implementation and evaluation of interactive systems. For instance, different software development
life cycles as the star model (Hix & Hartson, 1993), the Nielsen’s usability engineering life cycle
(Nielsen, 1993) and the Mayhew’s usability engineering life cycle (Mayhew, 1999) have been
proposed. In addition, the classical life cycles of software engineering (such as, V-model (Thayer &
McGettrick, 1993), spiral model (Boehm, 1988), etc.) have also been enhanced in terms of HCI (see
for example (Kolski & Loslever, 1998); (Valentin, Valléry, & Lugongsang, 1993); (Kolski et al.,
2001) and (Lepreux et al., 2003)).

Besides these life cycles, the HCI literature ((Courage & Baxter, 2005); (Sears & Jacko, 2009a) and
(Sears & Jacko, 2009b)) offers methods, techniques and standards to support the implementation of
all steps of these development life cycles. The ISO standards propose human-centered design (HCD)
processes (e.g. 1SO 13407 (1999), ISO/TR 18529 (2000) and ISO/TS 18152 (2010b)) that include the
end-users in all development life cycle. Despite of this, we can cite methods and techniques for:

e Requirement analysis phase of process life cycles (e.g. task analysis methods (Diaper &
Stanton, 2004); techniques to identify user needs and requirements (Courage & Baxter, 2005);
prototyping techniques (Beaudouin-Lafon & Mackay, 2009));

e design and implementation phases (e.g. architecture patterns (Goldberg, 1984), (Coutaz,
1987) and (Bass et al., 1991); design patterns (Borchers, 2001), (van Welie & van der Veer,
2003), (Tidwell, 2010) and (Seffah, 2015));

e evaluation phase (e.g. techniques for validation and verification: usability tests (Shneiderman
et al., 2009); standardized usability questionnaires (Sauro & Lewis, 2012) and (Assila,
Oliveira, & Ezzedine, 2016); heuristic evaluation (Nielsen, 1994); cognitive walkthrough
(Mahatody, Sagar, & Kolski, 2010) and, automated evaluation (Ivory & Hearst, 2001).

In parallel the Software Engineering (SE) community has used concretely in industry the models,
methods, techniques and standards that have been developed for a long time. Software development
life cycles or process models (e.g. the waterfall model (Royce, 1970), the V-model (Thayer &
McGettrick, 1993), design methods (Céret, Dupuy-Chessa, Calvary, Front, & Rieu, 2013)) and 1SO
standards that provide processes for the development of a system or product have also been defined
(e.g. ISO/IEC 12207 (2008b), 1SO 25000 (2014)). We can also quote, for example, methods for
analysis and design (e.g. UML diagrams), evaluation methods (e.g. formal review, product testing).

In particular, part of the diffusion of the SE domain in industry is due to the large dissemination of
software process capability maturity (SPCM) models, for example: Capability Maturity Model
Integration for Development — CMMI-DEV (CMMI Product Team, 2010) and MPS for Software
reference model — MR-MPS-SW (Softex, 2016c¢), Brazilian model).

In this first chapter we propose an introduction about the basic concepts on top of which we
developed this thesis. First, we present some basic concepts of HCI. Then, we briefly describe some
ISO standards related to HCI and SE. Finally, we present the two SPCM maodels that are used in this
thesis.
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1.2. HCI: some basic concepts

Human-Computer Interaction (HCI) can be defined as the discipline responsible for the analysis,
design, implementation and evaluation of interactive systems for human use (Preece, Sharp, &
Rogers, 2015). This discipline has evolved since the 1980s and has built a rich literature that deals
with different approaches (models, methods, techniques and standards).

In our work, we will use the Human-Computer Interaction Engineering terminology knowing that
HCI Engineering is a branch of human knowledge that uses the approaches (models, methods,
techniques and standards) of the Human-Computer Interaction discipline to build interactive systems?.

Over time, the HCI discipline has evolved through various terminologies, such as: usability
engineering (Nielsen, 1993), usability methods (International Organization for Standardization, 2002),
process of human-system aspects (International Organization for Standardization, 2010b), human-
centered design or user-centered design (International Organization for Standardization, 1999,
International Organization for Standardization, 2010a), interaction design (Preece et al., 2015),

According to ISO 9241-210 (International Organization for Standardization, 2010a) user-centered
design (UCD) is a way of designing interactive systems. The goal is to make the systems usable and
useful having the users, their needs and requirements as central points of each phase of the design
process.

Another important concept in HCI discipline is usability. Usability is “the degree to which a software
can be used by specified consumers to achieve quantified objectives with effectiveness, efficiency,
and satisfaction in a quantified context of use” (International Organization for Standardization,
2010a).

With the evolution of HCI domain, the user experience (UX) concept was created. The user
experience can be translated as “a person’s perceptions and responses that result from the use or
anticipated use of a product, system or service” (International Organization for Standardization,
2010a).

A new concept (human-centered quality) is under development. Its objective is to implement the
processes of an organization so that the systems produced, acquired and operated have appropriate
levels of accessibility, usability, user experience, and mitigation of risks that could arise from use
(Bevan, Carter, Earthy, Geis, & Harker, 2016).

The development of an interactive system can be guided by processes that are normally focused on
the user. In this way, the development processes should focus on activities related to user-centered
design as suggested in 1SO 9241-210 (International Organization for Standardization, 2010a).

For each step (or activity) of a user-centered development process, we need approaches (models,
methods, techniques and standards) that focus on the user and allow us to have a usable interactive
system. The HCI literature is rich in these approaches. For instance, Bevan (2003) presents a set of
methods that can be used to support the user-centered design as described in ISO 13407 (International
Organization for Standardization, 1999). Maguire (2001) also provides a set of methods to support
human-centered design for each activity of the ISO 13407 (International Organization for
Standardization, 1999).

2 An interactive system is “the combination of hardware and software that exchanges data from and in the direction of a user,
in order to help the user to perform his/her task” (International Organization for Standardization, 1999).

9
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In addition, the ISO/TR 16982 (International Organization for Standardization, 2002) describes
existing usability methods that can be used independently or in combination to ensure design and
evaluation of a system. Guidance related to selection and use is provided, as well as guidance related
to the life cycle phase (International Organization for Standardization, 2002). The main goal is to help
project managers to make decisions about the choice of usability methods that support human-
centered design (defined by ISO 13407).

1.3. Human-Computer Interaction Standards

The ISO standards of the Human-Computer Interaction (HCI) described in this section, propose
processes and general frameworks to ensure the coherence, compatibility and quality of the
development of human-centered systems. These standards focus on users and in the construction of
usable solutions during the development.

1.3.1. IS0 13407 and 1SO 9241-210

The 1SO 13407 (International Organization for Standardization, 1999) provides a general framework
for human-centered design activities that can be integrated into different processes throughout the life
cycle of interactive systems. These activities are:

o plan the human-centered design process — a plan should be developed to specify how the
human-centered activities can be placed in the global system development process;

e understand and specify the context of use — the characteristics of users, tasks, and
organizational and physical environments define the context in which the system is used,;

e specify the user and organizational requirements — the user and organizational requirements in
relation to the description of the context of use are defined,;

e produce design solutions — the design solutions are produced using the experience of the
participants and the knowledge found in the literature, as well as the results of the context of
use analysis; and

e evaluate designs against requirements — the evaluation must be performed at all stages of the
System’s life cycle.

This standard offers a description of each activity and its tasks, presenting a guide to select methods
and techniques of human-centered design (International Organization for Standardization, 1999).

The need of a human-centered design approach is identified from the operational objectives of the
system (e.g., the satisfaction of user requirements in terms of usability (International Organization for
Standardization, 1999)). This standard has been developed as a set of processes that can be added to
ISO/IEC 12207 to constitute a complete set of processes necessary for the development of interactive
systems centered on the human (International Organization for Standardization, 2000).

The 1SO 9241-210:2010 (International Organization for Standardization, 2010a) cancels and replaces
the ISO 13407. This new version does not bring any changes related to the process level but just a
technical revision. Requirements and recommendations related to the principles and human-centered
design activities are provided in this standard. Its activities (see Figure 3) occur throughout the life
cycle of the interactive systems.

10
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Figure 3. Human-centered design activities (adapted from (International Organization for Standardization, 2010a))

1.3.2. ISO/TR 18529

The ISO/TR? 18529 (International Organization for Standardization, 2000) provides a model for the
improvement and evaluation of human-centered processes, i.e., it extends and formalizes the human-
centered processes defined in the ISO 13407 (International Organization for Standardization, 1999).

Seven processes for the development of human-centered systems are defined in this standard, where
each process contains practices and uses/generates work products (see Figure 4). These practices
describe what needs to be done to represent and include users of a system over the life cycle
(International Organization for Standardization, 2000). In addition, the model has been developed in
accordance with the ISO/IEC 15504 and an approach of evaluation can be carried out to determine the
process capability of an organization.

Nowadays, a draft of international standard* (ISO/DIS 9241-220.2 Ergonomics of human-system
interaction — Part 220: Processes for enabling, executing and assessing human-centered design within
organizations) is under development to replace the ISO/TR 18529.

According to Bevan et al. (2016) this draft of international standard (ISO/DIS 9241-220.2) is intended
to provide a comprehensive description of the processes that support the activities required in the
human-centered design. In this new version, the processes will be placed in four different areas
(levels) of an organization. The process groups linked to each level are called Human-Centered
Processes (HCP) Categories.

The implementation of these process categories can ensure that systems produced, acquired and
operated by an organization have appropriate levels of accessibility, usability, user experience and
risk mitigation that could result from its use (Bevan et al., 2016).

3 A Technical Report (TR) “is entirely informative in nature and does not have to be reviewed until the data it provides are
considered to be no longer valid or useful” (International Organization for Standardization, 2000).
4 https://www.iso.org/standard/63462.html
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Figure 4. Entity relationship diagram (adapted from (International Organization for Standardization, 2000))

1.3.3. ISO/PAS5 18152 and ISO/TS¢ 18152

The standard ISO/PAS 18152 (International Organization for Standardization, 2003) describes the
processes that deal with human-system (HS) problems and the results of these processes. It details the
practices and work products that are associated with the results of each process. Its development has
been done in accordance with ISO/IEC 15504 and an approach of evaluation can be carried out to
determine the maturity of an organization in the execution of the processes.

Its more recent version, ISO/TS 18152 (International Organization for Standardization, 2010b) does
not present many changes. The processes of this standard (the human-system process model or HS
model) present a compilation of good practices in ergonomics/human factors, human/user-centered
design, and integration of human factors from a range of industries into the whole world. In addition,
the standard extends and formalizes the human-centered processes defined by 1SO 13407
(International Organization for Standardization, 1999). Particularly, the “Human-Centered Design”
process of this ISO, defines basic practices for the four activities of the ISO 13407 general
framework.

An ISO/PAS or ISO/TS is reviewed after each three years in order to decide whether it will be
confirmed for a further three years, revised to become an International Standard, or withdrawn
(International Organization for Standardization, 2010b). If an ISO/PAS or ISO/TS is confirmed, it is
reviewed again after a further three years, at which time it must either be transformed into an
International Standard or be withdrawn (International Organization for Standardization, 2010b).

1.4. Standards for software development and process improvement
The software engineering standards’ described here are concerned with process to guide the
development and management of the software, and process improvement. ISO/IEC 12207 proposes a

5 An ISO/Publicly Available Specification (ISO/PAS) “represents an agreement between technical experts in an ISO
working group and is accepted for publication if it is approved by more than 50% of the members of the parent committee
casting a vote” (International Organization for Standardization, 2010b).

6 An ISO/Technical Specification (ISO/TS) “represents an agreement between the members of a technical committee and is
accepted for publication if it is approved by 2/3 of the members of the committee casting a vote” (International Organization
for Standardization, 2010b).
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set of processes for the software life cycle. ISO/IEC 15504 proposes the evaluation of these processes
by looking at the capability of the process and the maturity of the organization.

1.4.1. ISO/IEC 12207

The standard ISO/IEC 12207 (International Organization for Standardization/International
Electrotechnical Commission, 1995), which had its first version in 1995, provides a general
framework of processes for the software development and software management. Following this
version, in 2002 and 2004, improvements were made on the form of amendments (referred as
Amendments 1 and 2, respectively). These improvements have brought many advantages over certain
processes and their structure, as well as the representation of software engineering, the needs met by
users of the standard and the harmonization with the ISO/IEC 15504 family.

Its current version, ISO/IEC 12207:2008 (International Organization for Standardization/International
Electrotechnical Commission, 2008b), aims to establish a general framework for software life cycle
processes. This framework consists of: processes, activities, tasks, goals and results, which have been
proposed to be used throughout the software lifecycle (acquisition, provision, development, operation
and maintenance of software products).

Figure 5 presents the process groups of this standard focusing on the system context — considering
processes to support the agreement, project management and technical activities; and, on software
context — that considers process for the implementation and reuse of software and process to support
activities of the software process.

The ISO/IEC 12207:2008 does not define usability or a usability engineering process. However, the
Appendix E of this standard describes how to create a process view for usability. A process view can
be developed to organize the processes, activities and tasks selected from ISO/IEC 12207:2008 or
ISO/IEC 15288:2008 (International Organization for Standardization/International Electrotechnical
Commission, 2008c) in order to support a particular area so as to cover all or part of the life cycle
(International Organization for Standardization/International Electrotechnical Commission, 2008b).

At the moment, a new version® (ISO/IEC/IEEE FDIS 12207 Systems and software engineering —
Software life cycle processes) of this standard is being developed.

7 Draft International Standards “adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote”
(International Organization for Standardization, 2003).

8 https://www.iso.org/standard/63712.html
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1.4.2. ISO/IEC 15504 and ISO/IEC 330XX
The ISO/IEC 15504 (initially called SPICE project - Software Process Improvement and Capability
dEtermination, in 1993) provides a framework for process evaluation. This standard is based on the
lifecycle processes (ISO/IEC 12207 (International
Standardization/International Electrotechnical Commission, 1995)) and concepts inherited from
maturity models such as Trillium (Bell Canada, 1994) and Capability Maturity Model (CMM) (Paulk,
Weber, Curtis, & Chrissis, 1995). The framework can be used by organizations that are involved in
planning, management, monitoring, controlling, and improvement of the entire lifecycle of products
and services.
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Figure 5. Process groups of the 1SO 12207 (adapted from (International Organization for Standardization/International

Organization for

On one side, the ISO/IEC 15504-2:2003 (International Organization for Standardization/International
Electrotechnical Commission, 2003) defines the process capability as a six-point ordinal scale. This
capability can be evaluated at the beginning of the scale (incomplete level) at the end (optimized
level). This type of capability representation is called continuous representation and the process
capability measurement is based on a set of process attributes defined by this standard.
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On the other side, ISO/IEC TR 15504-7:2008 (International Organization for
Standardization/International Electrotechnical Commission, 2008a) defines organizational maturity as
an ordinal scale of six points. This scale is used to assess the maturity of the lower end (level O -
immature organization) to the upper end of the scale (level 5 - Innovative organization). The maturity
is the extent to which the organization has executed, managed, and explicitly and consistently
established its processes with predictable performance. In addition, it demonstrates the ability of the
organization to modify and adapt the performance of the fundamental processes to achieve its
business objectives (International Organization for Standardization/International Electrotechnical
Commission, 2008a). In this case the representation is called staged representation.

The ISO/IEC 330XX family provides a framework for evaluating characteristics of the process
guality. A set of requirements for the evaluation process and the resources needed to implement it
effectively are provided by these standards  (International  Organization  for
Standardization/International Electrotechnical Commission, 2015). This family of standards replaces
the ISO/IEC 15504 family and retains the goal of assessing capability process and organizational
maturity.

1.5. Software Process Capability Maturity Models

Software process capability and maturity (SPCM) models can be defined as a collection of software
engineering best practices, organized in process areas or process, which help companies to improve
their software process.

The concept of maturity is addressed in standards, models, methodologies and guides, and it can help
an organization to improve its operations. However, most of the available approaches are related to a
specific part of their activity. They do not have a systemic view of the problems of the organizations.
The improvement of a single sector contributes to perpetuating the barriers and divisions that exist in
the organizations (CMMI Product Team, 2010).

Some models (see Figure 6 where CMMI is one of the first models that served as basis for others)
offer the opportunity to avoid these obstacles and divisions transcending all disciplines. We can cite:
the Capability Maturity Model Integration for Development — CMMI-DEV (CMMI Product Team,
2010); the MPS for Software Reference Model — MR-MPS-SW (Softex, 2016c), Brazilian model; the
Processes Reference Model MoProSoft (Oktaba et al., 2005); (Oktaba & Vazquez, 2008), Mexican
model; and the Spanish maturity model (Garzas et al., 2013). These models are largely known and
used in the industry.

In the following sections, we present the general concepts of two of these models, CMMI-DEV and
MR-MPS-SW, which describe an evolutionary approach of process improvement.
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Figure 6. Software Process Capability Maturity Models

1.5.1. Capability Maturity Model and Capability Maturity Model Integration

Capability Maturity Model — CMM (Paulk et al., 1995) is a process improvement model defined by
the Software Engineering Institute (SEI) during the 1990s by request of the US Department of
Defense. This Institute has developed different models for several disciplines (e.g. systems
engineering, software engineering, and software acquisition) that describe a scalable improvement
approach, enabling organizations to move from immature processes to mature and better processes
(CMMI Product Team, 2010).

The Capability Maturity Model Integration — CMMI (CMMI Product Team, 2010) was an initiative of
members working in the industry, the US government and the SEI, that represents an evolution of
CMM models. The CMMI is composed of a constellation, in other words, a set of CMMI components
used to create models, training materials and evaluation documents for a given domain (such as
development, acquisition, services, etc.). CMMI models, training materials and assessment
components are provided through the CMMI framework (CMMI Product Team, 2010).

All CMMI models are based on the CMMI Model Foundation and provide good practices to help
organizations to improve their processes. These CMMI models are not software development
processes or process descriptions. They are used for the realization of any type of product (or system).
It is however in the development and maintenance of software that it is most used (CMMI for
Development, CMMI-DEV). Usually, CMMI-DEV is the basis for the definition of the software
process to be used in the development/maintenance of a specific software system.

In this work we are interested in the CMMI-DEV model (CMMI Product Team, 2010). In the next
section we discuss the main concepts defined in this model.

1.5.1.1. Capability Maturity Model Integration for Development

The Capability Maturity Model Integration for Development - CMMI-DEV (CMMI Product Team,
2010) provides a set of guidelines for applying best practices to the development of products and
services. It is structured in a set of components (see Figure 7) grouped into three categories (CMMI
Product Team, 2010): (i) required — the components (generic and specific goals) from this category
are essential to achieve process improvement in a given process area; (ii) expected — these
components (generic and specific practices) describe the activities that are important in achieving a
required component; and (iii) informative — these components (subpractices, example boxes, notes,
references, sources, typical work products, etc.) help users of the model to understand the required
and expected components and give suggestions to apply the activities.
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Figure 7. CMMI-DEYV structure (adapted from (CMMI Product Team, 2010))

The core element of CMMI-DEV is the process area (see Figure 7 — e.g. Requirements development)
that is a cluster of related practices in an area that, when implemented collectively, satisfies a set of
goals considered very important for making a significant improvement in that area. The version 1.3 is
composed of 22 process areas (the core element of the model) and brings together good practices of
development from the industry and government (CMMI Product Team, 2010). These process areas
are organized into four categories: project management, process management, engineering, and
support (see Table 1).

A process area has 1 to 3 Specific Goals - SG (see Figure 7 — e.g. SG3 Analyze and Validate
Requirements - The requirements are analyzed and validated). SG describes the unique characteristics
that must be present to satisfy the process area. It is composed of Specific Practices - SP (see Figure
7 — SP3.2 Establish a Definition of Required Functionality and Quality Attributes - Establish and
maintain a definition of required functionality and quality attributes) that describe the activities
expected to result in achievement of the specific goals of a process area. Generic goals and generic
practices are also defined to be applied in all process areas.

Moreover, CMMI-DEV uses the concept of levels to describe the evolutionary path for an
organization that wants software process improvement. Two types of levels are defined: capability
level and maturity level. The maturity level allows organizations to improve processes addressing a
set of predefined process areas. This approach to improvement is called staged representation. The
capability level allows the organization to improve processes in an individual (or group) process area,
and this way of improvement is called continuous representation. Table 2 illustrates the capability
and maturity levels of the CMMI-DEV model.
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Table 1. Categories and Process areas from CMMI-DEV

Category

Process Areas

Project management

Quantitative Project Management (QPM)

Integrated Project Management (IPM)

Risk Management (RSKM)

Project Monitoring and Control (PMC)

Project Planning (PP)

Requirements Management (REQM)

Supplier Agreement Management (SAM)

Process management

Organizational Performance Management (OPM)

Organizational Process Performance (OPP)

Organizational Process Definition (OPD)

Organizational Process Focus (OPF)

Organizational Training (OT)

Engineering

Product Integration (PI)

Requirements Development (RD)

Technical Solution (TS)

Validation (VAL)

Verification (VER)

Support

Causal Analysis and Resolution (CAR)

Decision Analysis and Resolution (DAR)

Configuration Management (CM)

Measurement and Analysis (MA)

Process and Product Quality Assurance (PPQA)

Table 2. CMMI capability and maturity levels (CMMI Product Team, 2010)

Level Continuous representation | Staged representation
(capability levels) (maturity levels)

Level O Incomplete -

Level 1 Performed Initial

Level 2 Managed Managed

Level 3 Defined Defined

Level 4 - Quantitatively Managed

Level 5 - Optimizing

1.5.2. Brazilian Software Process Improvement Program?

The MPS.BR is the Brazilian Software Process Improvement Program (Softex, 2016c), coordinated
by the Association for Promotion of the Brazilian Software Excellence (SOFTEX). The main
objectives of MPS.BR are: definition of models for the improvement and evaluation of software and
services processes, which the main focus is micro, small and medium-sized enterprises; the training of
consultants and institutions of implementation and evaluation of the MPS models. The MPS Models is
developed by MPS.BR.

Figure 8 illustrates the five components of the MPS Model (Softex, 2016c); (Kalinowski et al., 2015);
(Kalinowski et al., 2014): MPS for Software reference model (MR-MPS-SW); MPS for Services
reference model (MR-MPS-SV) which one of the technical basis is the CMMI for Services (CMMI-
SVC); the MPS for People Management reference model (MR-MPS-RH) which the technical basis is
composed of People Capability Maturity Model (P-CMM), PNQ — National Quality Award (Fundacéo

9 The abbreviations used for the components of the MPS model are those that were defined in the original model.
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Nacional da Qualidade, 2011), among others; MPS Assessment Method (MA-MPS); and the MPS
Business Model (MN-MPS). Each component is composed of guides and/or documents.

In this thesis we are interested in the MR-MPS-SW (Softex, 2016c). In the next section we discuss the
main concepts defined in this model.

1.5.2.1. MPS for Software reference model

The MPS for Software reference model (MR-MPS-SW) discusses the concepts of maturity levels and
process capability focusing in evaluation and improvement of the software/service quality and
productivity (Softex, 2016¢). This model was developed on the basis of ISO/IEC 12207 (International
Organization for Standardization/International Electrotechnical Commission, 2008b) and CMMI-
DEV (CMMI Product Team, 2010). It is composed of a MPS-SW general guide, MPS-SW
implementation guides and an MPS acquisition guide as shown in Figure 8.

[ [
| PQON
| N e —
| P-CMM ————— MPS model
[ MoProSoft ¢
| ¥
[ ]
[ 1SO 9001 ¢
|
[ iana e, [ [ iae e o [
| CMMI-DEV — | CMMI-SVC +—— ﬂ/—/ISO/IEC 330xx |
. 7
[ 1SO/EC 12207 ¢ [ ISONEC 20000 f—
|V ¥ |V
vy /v v Vv A A/ ad L4
. N MPS for People MPS Assessment MPS Business
feterence model | | reforence model A et Model
d MN-MPS
(MR-MPS-SW) (MR-MPS-SV) el (MAMED) ( )
A 4 A4 A, A4 A4
MPS-SW General MPS-SV General MPS-RH General MPS Assessment Documents of the
Guide Guide Guide Guide Program
MPS-SW MPS-SV MPS-RH
Implementation Implementation Implementation
Guides Guides Guides
A\ 4
MPS Acquisition
Guide

Figure 8. MPS model components (adapted from (Softex, 2016c¢))

The general guide describes the MR-MPS-SW model (Softex, 2016c) according to the following
aspects: MPS maturity levels that are a combination of processes and their capability; processes, as
well as its purposes and expected results; and process attributes (PA) that define the level of
process capability for each maturity level. On the other hand, this guide does not define the activities
and tasks required to meet the purpose and expected results (Softex, 2016c¢).

In addition, the MPS-SW implementation guides represent support for implementing the model. They
describe theoretical foundations related to the processes and how to implement their expected
outcomes. The acquisition guide offers good practices for organizations that desire to acquire software
and services.
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MR-MPS-SW model provides seven sequential and cumulative maturity levels, with a maturity scale
starting at level G and progressing to level A, as well as nineteen processes that are shared between
the seven maturity levels. Each maturity level represents a combination of processes and its
capabilities. Table 3 shows each maturity level.

Table 3. MR-MPS-SW maturity levels (Softex, 2016c)

MR-MPS-SW maturity levels
A - Optimizing
B - Quantitatively Managed
C - Defined
D - Widely Defined
E - Partially Defined
F - Managed
G - Partially Managed

The process definition of the MR-MPS-SW model follows the requirements of a process reference
model (purpose/goal and expected results) described in ISO/IEC 15504-2 (International Organization
for Standardization/International Electrotechnical Commission, 2003). The objective expected with
the execution of the process represents the purpose/goal. The expected results represent the
objectives that must be achieved with the actual execution of the process. The process capability is
represented by a set of attributes (see Figure 9) that measures it. To have a certain maturity level the
organization must meet all the process attributes required for all processes related to the maturity
level. Figure 9 shows the elements of the MR-MPS-SW model.

EEL}veIJ- — —+  Maturity level

o

\ég.i)Riequirements
Development (DRE) ~
S N Process Capability
W»e.gi.ﬁ{e purpose of the v v
Requirements Development - \ /,Processn\
process is to define the 4 Purpos ) \ S e )
customer, product, and product \ 4 NS >/
component requirements. N
S U
T _ A AN B e. 7PA773 1 — the process
B4 PRES= Ihe TGO / Expected N\ ’ is deflnedp
and non-functional y result ) PA 3.2 — the process is
requirements of each \ / implemented
product component are /;

refined, elaborated and
allocated.

Figure 9. MR-MPS-SW structure (adapted from (Softex, 2016b))
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1.6. Equivalence and synthesis of the models

The CMMI-DEV (CMMI Product Team, 2010) and MR-MPS-SW (Softex, 2016¢) models can be
used jointly by organizations wishing to improve their processes. This reality is possible thanks to the
document published by SOFTEX (Softex, 2016b) that presents the equivalences between the models.
CMMI-DEV is the main model studied in this thesis, as well as the MR-MPS-SW national model.
CMMI-DEV is used worldwide, and both models are used by Brazilian organizations.

As described in the previous sections, its models support the process improvement of systems
development organizations. In particular, the process areas (CMMI-DEV) or processes (MR-MPS-
SW) normally do not match one-to-one to those used in organizations. Depending on the needs of the
organizations, these process areas or process are integrated or adapted to the processes of the
organizations (CMMI Product Team, 2010).

Table 4 presents the compatibility between the maturity levels of the CMMI-DEV and the MR-MPS-
SW. The MR-MPS-SW model has three maturity levels (D, E, and G) more than the CMMI-DEV
model, to meet the needs of micro, small and medium-sized enterprises (Softex, 2016b).

Table 4. Equivalence between CMMI-DEV and MR-MPS-SW maturity levels

CMMI-DEV levels MR-MPS-SW levels
5 - Optimizing A - Optimizing
4 - Quantitatively Managed B - Quantitatively Managed
3 - Defined C - Defined
no equivalence D - Widely Defined
no equivalence E - Partially Defined
2 - Managed F - Managed
no equivalence G - Partially Managed
1 - Initial no equivalence

Besides the equivalence between the maturity levels, the implementation guide (Softex, 2016b)
presents the compatibility between the main elements of both models. Figure 10 presents the
equivalence between the elements of the models represented by the same colors as follows: a process
in MR-MPS-SW is equivalent to a process area in CMMI-DEV; the purpose of the process is
equivalent of the set of specific goals of the corresponding process area; and, an expected result MR-
MPS-SW is equivalent to a specific practice in CMMI-DEV.

The guide defined by SOFTEX (Softex, 2016b) associates each expected result of MR-MPS-SW
with each specific practice of CMMI-DEV, defining also if it is equivalent, jointly equivalent, not
equivalent and inexistent. Table 5 presents an example of the technical mapping made for
Requirements Development process of the MR-MPS-SW and the process area of the CMMI-DEV.
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Figure 10. Equivalence between the models

1.7. Synthesis and Conclusion

Human-Computer Interaction and Software Engineering represent two disciplines very rich in terms
of approaches (models, methods, techniques and standards) that are important for the development of
interactive systems. In this first chapter, we have introduced a general view about HCI and SE
concepts. We have presented HCI basic concepts and works that propose HCI approaches for
human/user-centered design. In addition, we were also interested in presenting I1SO standards for HCI
and SE. Finally, we presented two Software Processes Capability Maturity (SPCM) models and the
equivalence between these models.

Some concepts presented in this chapter will be very important for the next chapters. So the concepts
to be retained are:

e HCI approaches in this thesis are methods, techniques, standards and patterns to support the
analysis, design, implementation and evaluation of interactive systems;

e Process area (from CMMI-DEV) or process (from MR-MPS-SW) is composed of a set of
practices related to a particular software engineering area (e.g., project planning);

e Specific practice (from CMMI-DEV) or expected result (from MR-MPS-SW) describes what
should be addressed for the achievement of the goals of a process area or process;

e Maturity level allows organizations to improve their processes addressing a set of predefined
process areas Or processes.

In the next chapter, we will present a state-of-the-art about the alignment of the Human-Computer
Interaction Engineering with the Software Engineering.
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Table 5. Example of the mapping between MR-MPS-SW and CMMI-DEV (Softex, 2016b)

Requirements Development
process
MR-MPS-SW
Expected results of the process

Requirements Development

process area
CMMI-DEV

Goal and specific practice

Classificati

on and Considerations

SG1 |[Stakeholder needs, expectations, constraints, and interfaces are
collected and translated into customer requirements.

DRE1 |The needs, SP1.1 |Elicit stakeholder Not Both MR-MPS-SW and
expectations and needs, expectations, equivalent |CMMI-DEV require
constraints of the constraints, and identification of the
customer, both the interfaces for all phases needs, expectations and
product and its of the product lifecycle. constraints of the product
interfaces, are and its interfaces.
identified. However, the MR-MPS-

SW requires lifting only
with the client, while the
CMMI-DEV requires
lifting with stakeholders,
which may involve the
customer, end users,
suppliers, developers and
testers, among others.

DRE2 |A defined set of SP1.2 |Transform stakeholder | Equivalent -
customer requirements needs, expectations,
is specified and constraints, and
prioritized from the interfaces into
identified needs, prioritized customer
expectations, and requirements.
constraints.

SG2 |Customer requirements are refined and elaborated to develop
product and product component requirements.

DRE3 |A set of functional and| SP2.1 |Establish and maintain | Equivalent |Although the wording is
non-functional product and product not the same, DRE3 and
requirements of the component SP2.1 has the same
product and the requirements, which are requirements associated
product components, based on the customer with the definition and
that describe the requirements. maintenance of the
solution to the product and product
problem to be solved components
is defined and requirements, based on
maintained from the customer requirements.
customer’s
requirements.

DRE4 [The functional and SP2.2 |Allocate the Jointly MR-MPS-SW requires
non-functional requirements for each |equivalent |the refinement,

requirements of each
product component
are refined, elaborated
and allocated.

product component.

elaboration and
allocation of the
functional and non-
functional requirements
of each product
component. CMMI-DEV
only requires in this
practice the allocation of
requirements to the
product components,
which is only part of
what is required in
DRE4.
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2.1. Introduction

As described in Chapter 1, Human-Computer Interaction (HCI) engineering has made significant
progress in defining methods, techniques, patterns and standards to support the development of
interactive systems. However, there are few published documents mentioning or showing the effective
use of these in terms of practice in the industry. In another way, the Software Engineering (SE)
community began to use in the industry methods, techniques, patterns and standards that have been
developed since thirty years with the dissemination of software capability models (SPCM).

Although HCI engineering is not yet widely used in industry, in recent years several studies have
proposed to integrate HCI and SE. The HCI community seeks to show how their set of knowledge
(methods, techniques, patterns and standards) can be integrated into the classical SE processes. HCI
community has also benefits from SE research to propose their own models, for instance usability
capability/maturity (UCM) models.

Moreover, several studies have investigated the knowledge about HCI and/or the use of HCI
approaches in practice. However, these studies were not developed in the context of software
development with SPCM models implementations. They report the practice of HCI, usability and
User Experience in the industry for different countries, showing the difficulties and benefits found.

In this chapter we will present a review of UCM models (section 2.1), an overview of the works that
seeks to integrate HCI issues with SE (such as models, software development process, etc. — section
2.2), and also of the works that have investigated the practice of HCI in the industry (section 2.3).

2.2. Usability Capability/Maturity (UCM) Models

The literature presents some revision/survey/literature reviews that present and discuss the
characteristics of various UCM models. Taking advantage of these reviews we identified the set of
UCM models important for the context of this work. Thus, section 2.1.1 summarizes these reviews in
order to identify the whole set of UCM models that are analyzed according to specific criteria. Section
2.1.2 presents the most relevant UCM models.

2.2.1. The evolution of the Usability Capability/Maturity models

Several authors have performed reviews (surveys, state of art or literature reviews) about usability
capability/maturity models. In general, these studies identify any kind of software process, approach,
and model that deals with usability issues. These studies have been performed for three main groups
as presented in this section.

2.2.1.1. The studies of Jokela et al. (Jokela (2001), Jokela et al. (2006) and Jokela (2010))
Timo Jokela and other authors have performed reviews about UCM models since 2001. They carried
out three studies being the last one published in 2010.

In 2001, Jokela (2001) presented a review of six usability capability assessment (UCA)
approaches'® found in the literature, which are: (i) Trillium (Bell Canada, 1994); (ii) Usability
Leadership Assessment (Flanagan & Rauch, 1995) and (Flanagan, 1996); (iii) Human ware Process
Assessment (Gupta, 1997) and (Taylor, Gupta, McClelland, van Gelderen, & Hefley, 1998); (iv)

10'In this work, Jokela refers the models as approaches. A discussion about the use of this term will be presented in section
2.2.14.
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Usability Maturity Model: Human-Centeredness Scale - UMM-HCS (Earthy, 1998); (v) ISO/TR
18529 (International Organization for Standardization, 2000); and (vi) Quality In Use Processes and
Their Integration - QIU (Earthy, 2000a) and (Earthy, 2000b).

In general, these approaches address characteristics that are relevant to planning and implementing
user-centered design improvement actions (Jokela, 2001). According to the author, a common
characteristic between the approaches is the capability scale that makes possible rating the usability
capability of an organization (for example, 1 - poor capability, and 5 - excellent capability).

In another way, one difference between the approaches is the number of dimensions (organizational
characteristics) that are related to usability capability. For instance, Trillium (Bell Canada, 1994)
defines one dimension (“user-centered design”) that is placed in level 3; Usability Leadership
Assessment (Flanagan & Rauch, 1995) and (Flanagan, 1996) presents nine dimensions; Human ware
Process Assessment (Gupta, 1997) and (Taylor et al., 1998) presents ten dimensions; UMM-HCS
(Earthy, 1998) presents one dimension (“human-centeredness”) that is placed in level E; ISO/TR
18529 (International Organization for Standardization, 2000) presents seven dimensions called
processes; and Quality In Use Processes and Their Integration - QIU (Earthy, 2000b) and (Earthy,
2000a) presents thirteen dimensions.

The author summarize that usability capability assessments represent a basis for planning and
implementing improvement actions in development organizations about user-centered design.
However, little research results exist about the effectiveness and theoretical basis of the approaches.
ISO/TR 18529 gives the best basis as UCA. Finally, the implementation of an UCA in an organization
implies to follow the good practices of engineering (Jokela, 2001).

In 2006, Jokela et al. (2006) presented a new survey about UCM models identifying eleven models of
which five had not be presented in the study of 2001: User Centered Design Maturity - UCDM (by
Jokela et al. (2006)); KESSU Usability Design Process Model (Jokela, 2004) and (Jokela, 2008);
Procedures for usability engineering process assessment - DATech-UEPA (DATECH, 2002);
Human-centered design — Process Capability Model - HCD-PCM design (by Jokela et al. (2006));
Human-centered design — Process Capability Model - HCD-PCM visioning (by Jokela et al. (2006));
and for the model QIU they considered the most recent version of the model (Human Factors
Integration Process Risk Assessors — HFIPRA (Earthy, Bowler, Forster, & Taylor, 1999) and (Earthy,
2001); and ISO/PAS 18152 (International Organization for Standardization, 2003). The eleven models
(Jokela et al., 2006) were characterized according to different criteria, such as (see details in Table 6):

¢ Implementation of user-centered design in practice — this criterion examines the extent to
which usability engineering activities are implemented and managed in development projects;

e Practical guidance (documentation) — it examines the extent to which there is guidance for
practitioners to carry out an evaluation of the model;

e Empirical research — it examines whether a model is supported by research data.

In general, most of the models (8/11) did not report research results and six out of the eleven
presented little concrete guidance or were not writing in English.

After few years, Jokela (2010) presents a new revision of these models. According to the author these
models “are methods for the development of user-centered design processes in companies to facilitate
the usability methods for the creation of usable products”. In this work the author takes up the eleven
models analyzed in the previous work (Jokela et al., 2006) and adds a new model - Standardized
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Usability/User-Experience Maturity Model — SU/UXM (Marcus, Gunther, & Sieffert, 2009). These
models were categorized by the author into four types:

e Standard process models (standard process) — they are models that use the format of process
evaluation models as in software engineering (ISO/IEC 15504);

e Non-standard processes models (non-standard processes) — they are models that examine
processes with non-standard approaches;

e Generic models (generic) — they are models that include aspects of process, but also issues,
such as management awareness, skills, and organizational position on usability;

e Specific models (specific) — they are models that have limited focus.

Most of the models (4/12) were categorized as generic and three models were classified as standard
processes, including ISO/TR 18529 (International Organization for Standardization, 2000) and
ISO/TS 18152 (International Organization for Standardization, 2010b).

Some models (ISO/TR 18529, ISO/TS 18152, UMM-P, HFIPRA) presented in Jokela et al. (2006)
and Jokela (2010) use the format and requirements of the process assessment models used in software
engineering (ISO/IEC 15504 (International Organization for Standardization/International
Electrotechnical Commission, 2004b)). There are also models (UMM-HCS, UMM-P, ISO/TR 18529,
DATech-UEPA, KESSU, HFIPRA, ISO/TS 18152) based on ISO 13407 (International Organization
for Standardization, 1999) and models (Trillium, HPA) based on a previous version of CMMI (the
CMM (Paulk et al., 1995)). Trillium (Bell Canada, 1994) and HPA (Gupta, 1997) and (Taylor et al.,
1998) use the same structure of CMM/CMMI-DEV, that is process area, goals and practices, but they
do not consider any process area or practice based on CMM.

Figure 11 summarizes the studies performed by Jokela and other authors (Jokela et al.).

Year 4
2010 ISO/TS 18152
2009 SU/UXM
2004 KESSU KESSU
2003 ISO/PAS 18152
2002 HCD-PCM visioning ~HCD-PCM visioning
2002 HCD-PCM design HCD-PCM design
2002 DATech-UEPA DATech-UEPA
2000 ISO/TR 18529 ISO/TR 18529 ISO/TR 18529
2000 QIU
1999 HFIPRA
1999 UMM-P
1998 UMM-HCS UMM-HCS UMM-HCS
1997/98 HPA HPA HPA
1997 UCDM UuChM
1995/96 ULA ULMM ULMM
1994 Trillium Trillinm Trillium -
Jokela (2001) Jokela et al. (2006) Jokela (2010) Publication

Figure 11. The evolution of the studies performed by Jokela et al.
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Two models are evolution from the first version identified (in 2001 or 2006). They are highlighted in
blue (e.g. QIU in Jokela (2001), HFIPRA and ISO/PAS 18152 in Jokela et al. (2006)) and red
(ISO/TR 18529 in Jokela (2001), UMM-P in Jokela et al. (2006)). We noted that both studies
generated two standards that were presented in previous chapter: ISO/TR 18529 and ISO/TS 18152.

2.2.1.2. The study of Salah et al. (2014)

With the goal to explore and evaluate the role that usability maturity models can play in the
integration of agile processes and user-centered design, Salah et al. (2014) performed a review of
some usability maturity models. The authors described in few lines twelve models of which nine were
previously presented in Jokela et al. (2006) and/or Jokela (2010). The novelty of this work compared
to the previous works is the presence of two new models: Corporate Usability Maturity Model
(Nielsen, 2006a) and (Nielsen, 2006b), and Open Source Usability Maturity Model - OS-UMM (Raza
et al., 2012). In addition, HCD-PCM Design and HCD-PCM Visioning models quoted in the previous
study are considered as a single model by Salah et al. (2014).

The authors performed a comparative study of the models based on four criteria to compare the main
characteristics of the different models. According to the first criteria (lightweight), the model should
be lightweight, that means do not have overhead in the agile project schedule and the cost to carry out
the evaluation of the model should be low in relation to time and human resources. The second
criteria is about the detailed English documentation, defining that the model should provide detailed
documentation that provides guidance for practitioners and also the model should be documented in
English. The third criteria states that the model should be domain independent; i.e., it should be
suitable for utilization in all organizations regardless of their domain of business. The last criteria is
concerned with the empirically evaluation, establishing that the model should have been evaluated in
empirical studies.

As a conclusion, they found that three models are not available in English, only four models presented
detailed documentation, seven models were classified as a generic domain, only two models
(Nielsen’s model and UMM-HCS) were considered lightweight, and only three models were
evaluated with empirical studies. As consequence, the authors found only two models (Nielsen’s
model and UMM-HCS) to be used in their case studies that propose the integration of agile processes
and user-centered design.

2.2.1.3. The recently study of Lacerda & Wangenheim (2018)
Recently, (Lacerda & Wangenheim, 2018) performed a systematic literature review to identify
capability/maturity models that focus in usability engineering and assist the model assessment
process. They found fifteen usability capability/maturity models and they used the paper of Jokela et
al. (2006) as a control paper in their systematic literature review.

The authors found in their research five models that were previously presented by Jokela et al. (2006):
(i) Usability Maturity Model: Human-Centeredness Scale - UMM-HCS (Earthy, 1998); (ii) Usability
Maturity Model: Processes - UMM-P (Earthy, 1999) and ISO/TR 18529 (International Organization
for Standardization, 2000); (iii) Human Factors Integration Capability Maturity Model - HFICMM
(Earthy et al., 1999) or Human Factors Integration Process Risk Assessors - HFIPRA (Earthy, 2001);
(iv) Assessment of user-centered design processes basis for improvement action or KESSU Usability
Design Process Model (Jokela, 2004) and (Jokela, 2008); and (v) ISO/TS 18152 (International
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Organization for Standardization, 2010b). For this last one, Jokela et al. (2006) considered the version
of 2003 and this 1SO standard validates the HFICMM or HFIPRA model

They also considered one model previously presented in Jokela (2010): Standardized Usability/User-
Experience Maturity Model (Marcus et al., 2009), and one model previously presented in Salah et al.
(2014): Open Source Usability Maturity Model - OS-UMM (Raza et al., 2012).

As consequence, only eight new models out of the fifteen were identified in this study: (i) Introducing
usability engineering into the CMM model: an empirical approach (Vasmatzidis, Ramakrishnan, &
Hanson, 2001); (ii) Making User Experience a Business Strategy (Sward & Macarthur, 2007); (iii)
Corporate User Experience Maturity Model (Van Tyne, 2009); (iv) New Health Usability Model:
Implications for Nursing Informatics (Staggers & Rodney, 2012); (v) Maturity Models in the Context
of Integrating Agile Development Processes and User-Centered Design (Mostafa, 2013); (vi) UX
Maturity Model: Effective Introduction of UX into Organizations (Chapman & Plewes, 2014); (vii)
AGILEUX Model — Towards a Reference Model on Integrating UX in Developing Software using
Agile Methodologies (Peres et al., 2014); and (viii) STRATUS: a questionnaire for strategic usability
assessment (Kieffer & Vanderdonckt, 2016).

They analyzed the models following different criteria, such as: type of model — classification of the
model in “maturity” or “capability” model; validation — form of validation or evaluation of the model;
and domain — the domain for which the model was designed. As a conclusion, they found that twelve
models are maturity models; only six models presented a form of validation (expert evaluation, case
study, author evaluation); and nine models were developed to usability/UX domain.

According to the authors, although most of the models are in conformance with other models, such as
CMMI or ISO/IEC 15504, they do not provide support to be applied in practice. In this case, it is
necessary to seek other sources or make arrangements of different models and methods.

2.2.1.4. Synthesis about the literature of Usability Capability/Maturity models

As a total, twenty-two models were identified in the reviews previously presented. Some models have
evolved over time as the UMM-P and HFIPRA/HFICMM (see Table 6). These models were
published, respectively, by ISO/TR 18529 and ISO/TS 18152 (Jokela et al., 2006). In October 2017,
we found a new model — Assessment model for HCI practice maturity (Ogunyemi, Lamas, Stage, &
Léarusdottir, 2017) that is also included in Table 6. All works were deeply analyzed considering
several criteria presented in Table 6.

The first criterion presented in Table 6 was only the identification of the models that were used as
basis for the development of each UCM models. We note that some models used 1ISO 13407 and 1SO
18529 as basis, and three models used the CMM. Other models are in conformance, or are based on
ISO/IEC 15504.

The second criterion is the classification of the models by category. We used the same classification
defined by Jokela et al. (2006) and Jokela (2010): standard process, non-standard process, generic,
and specific. Twelve out of twenty-three models were previously classified by Jokela et al. (2006) and
Jokela (2010). Thus, we classified the eleven other models following the description for this
categories presented in section 2.1.1.1.

Based on the classification of Jokela et al. (2006) and Jokela (2010), we analyzed the models
considering the level of detail of the documentation and language. These results are presented in the
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Documentation column in Table 6. We note that nine models presented limited documentation and for
three models English documentation was not available. In addition, only three models presented
detailed guidance.

Recurrently the authors have named the models in different ways such as approaches, models or
process. Therefore, we decided to come back to the definition of capability and maturity to analyze
the models. We recall that the term capability/maturity model comes from the concept of process
improvement — that the purpose is “to continually improve the organization’s effectiveness and
efficiency through the processes used and maintained aligned with the business need” (International
Organization for Standardization/International Electrotechnical Commission, 2004b), and it was
created because the organizations needed to improve their software quality and process to become
more mature (Paulk, Curtis, Chrissis, & Weber, 1993).

A capability/maturity model for any domain presents two concepts:

(i) process capability — “a characterization of the ability of a process to meet current or
projected business goals” (International Organization for Standardization/International
Electrotechnical Commission, 2004a) that is measured as process capability level which
represents the capability of the process; each level builds on the capability of the level below
(International Organization for Standardization/International Electrotechnical Commission,
20044a). I1ISO 15504 proposes six capability levels; and,

(i) (organizational) maturity level — “point on the ordinal scale of organizational maturity that
characterizes the maturity of the organization in the scope of the organizational maturity
model used; each level builds on the maturity of the level below” (International
Organization for Standardization/International Electrotechnical Commission, 2008a). The
organizational maturity level rating is derived from the process profiles determined by the
process capability levels.

Following this definition, we analyzed all models to classify if they are considered as capability
and/or maturity models (see seventh and eighth columns of the Table 6). We note that three models
are neither capability nor maturity models. Thus, these models are developed to evaluate the current
state or the practice of usability of an organization, but not to improve the usability or UCD process.

The penultimate criterion is the classification of the models by domain. This criterion was used by
(Lacerda & Wangenheim, 2018). We analysed all other models indentifying each domain. Our
interest is only the models related to HCI issues in the context of software development. Only two
models are not for this domain: Trillium that is specific for Telecom and Health Usability Model for
Healthcare. Indeed, usability is considered as one of the aspects (such as skills, management
practices) inside the models.

Finally, we analyzed the works to identify if they were validated. This analysis was previously
performed by others authors (such as Jokela (2001) and Lacerda & Wangenheim (2018)). In this way,
we uptated this analysis with the models cited in Jokela et al. (2006), Jokela (2010) and Salah et al.
(2014). We used our own classification based in the other works as follows: not validated, validated
with case studies, and validated with experts. We note that fourteen models were not validated and
seven performed case studies. Considering the scope of our study we will present in the next section
more details about the UCM models classified as capability/maturity models and for the domain of
usability. There are two models (#7 and #21) that will be presented in section 2.3 because these works
discuss the integration of HCI approaches in SPCM models.
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Table 6. Usability Capability/Maturity models

# Model Date B2 Category* Documentation® Maturity. | Capability Domain Validation
models level level
1 [Trillium** 1994 CMM  |Non-standard Relatively detailed No Yes  [Telecom Not validated
version 1.1 |process
2 |Usability Leadership Assessment (ULA) or | 1995 - Generic Limited Yes No Usability Not validated
Usability Leadership Management Maturity | 1996
(ULMM)**
3 |Human Ware Process Improvement (HPI) or | 1997 CMM  [Non-standard Limited No No Human ware Not validated
Human Ware Process Assessment (HPA)** | 1998 PDCA  |process
4 User Centered Design Maturity (UCDM)** | 1997 - Generic Limited Yes No User-Centered Design |Not validated
5 |Usability Maturity Model: Human- 1998 | 1SO 13407 |Generic Rather detailed Yes No Usability \Validated with
Centeredness Scale (UMM-HCS)** * case studies
6 |Usability Maturity Model: Processes (UMM- { 1999 | 1SO 13407 iStandard process Detailed guidance No Yes  [Ergonomics of human- Validated with
P)** and training system interaction, case studies
ISO/TR 18529 * 2000 available Human-centered and experts
process
7 |Introducing usability engineering into the | 2001 CMM - Rather detailed Yes No Usability engineering  [Not validated
CMM model*
8 |DATech-UEPA** 2002 | 1SO 13407 [Specific In German Yes No Usability engineering  |Not validated
9 |Human-centered design — Process Capability | 2002 | 1ISO 18529 |Standard process |In Japanese No Yes  [Human-centered design|Not validated
Model (HCD-PCM design)**
10 [Human-centered design — Process Capability | 2002 | 1SO 18529 [Specific In Japanese No Yes  Human-centered design|Not validated
Model (HCD-PCM visioning)**
11 [KESSU Usability Design Process Model** * | 2004 | 1SO 13407 Non-standard Rather detailed No Yes  |Usability \Validated with
2008 | 1SO 18529 [process case studies
12 (Corporate UX Maturity 2006 - Generic Limited Yes No User experience Not validated
13 [Making User Experience a Business 2007 - Generic Limited Yes No User experience Not validated
Strategy”
14 |Standardized Usability/User-Experience 2009 - Generic Limited Yes No User experience Not validated
Maturity Model*
15 [Corporate User Experience Maturity 2009 | CMMI (Generic Limited Yes No User experience Not validated

Model
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4 Model Date Basis Category® Documentation® Maturity |Capability Domain Validation
models level level
16 |Quality In Use Processes and Their 2000 - Standard process Detailed guidance No Yes  [Ergonomics of human- Validated with
Integration (QIU) and training system interaction case studies
HFICMM or Human Factors Integration 2001 | 1SO 13407 available and experts
Process Risk Assessment (HFIPRA)* 1ISO 18529
ISO/PAS 18152, ISO/TS 18152** 2003 | 1SO 13407
2010
17 |Open source usability maturity model (OS- | 2012 - Non-standard Rather detailed Yes No Open source usability [Validated with
UMM) process case studies
18 [Health Usability Model: Implications for 2012 - Generic Limited Yes No Healthcare Not validated
Nursing Informatics®
19 |A Maturity Model for Integrating Agile 2013 | 1SO 13407 |Non-standard Detailed guidance Yes No Agile development, \Validated with
Development Processes and User Centered process User-centered design  experts
Design (AUCDI Maturity Model) ¥
20 [UX Maturity Model” 2014 - Generic Limited Yes No User experience Not validated
21 IAGILEUX Model* 2014| CMMI |Non-standard Rather detailed Yes No User experience, Agile Validated with
MR-MPS [process methodologies experts
ISO 18529
22 [STRATUS model: a questionnaire for 2016 - Generic Rather detailed No No Usability \Validated with
strategic usability assessment” one case study
23 |Assessment model for HCI practice maturity | 2017 - Generic Rather detailed No No Human-centered design|Validated with

case studies

e Based in Jokela et al. (2006) and Jokela (2010); ¢ Models presented in Jokela et al. (2006) and also in Jokela (2010); # Models presented in Jokela et al. (2006) and also Salah et al. (2014); #

Models

presented in Jokela et al.

(2006)

and

also in

Lacerda
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Models
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2.2.2. Non-standard process models
In this section we will present the models categorized as Non-standard process.

i) KESSU Usability Design Process Model
The KESSU model defines usability design through “processes” and “outcomes” (Jokela, 2004) and
(Jokela, 2008). For this model, usability methods are the practical means to execute the processes and
generate the outcomes. It examines the performance rather than the management aspects of user-
centered processes. Figure 12 presents the general view of the model, which includes seven processes
that are divided into two categories.

Identification of users f\ g
\ User goals

|
— ntext of .
——————  User groups SIS ‘ Task characteristics ‘
K analysis

\\ J 4 Environment of use ‘

Meeting regs /\ \ Business drivers
Vd Qualitative

S Formatwe : x feedback o
/ Summative evaluation — / \
| i Usability requirements

evaluation ¢ —
\\ Interaction design \ /

determination/
Prototypes =

Design drivers |~

User task
descriptions

User task design

Design guidelines, \ /
standards

e Final product

Figure 12. KESSU model (adapted from (Jokela, 2008))

The usability engineering process category (ellipses with white color) is composed for the following
processes: (i) identification of users; (ii) context of use analysis; (iii) usability requirements
determination; (iv) user task design; (v) summative evaluation; and (vi) formative evaluation. These
processes feed user-driven input to the interaction design. The user interaction design process
category (ellipse with gray color) is composed for one process: (vii) interaction design, which
produces the product solutions.

if) Open Source Usability Maturity Model (OS-UMM)
This usability maturity model is specific for open source projects and presented five maturity levels
(1- preliminary, 2- recognized, 3- defined, 4- streamlined, and 5- institutionalized) to evaluate the
usability maturity (Raza et al., 2012). Usability aspects are analyzed according to eleven “key
usability factors” that is composed of different “statements”. The key usability factors are shared
into four “dimensions” (usability methodology, design strategy, assessment and documentation).
Figure 13 presents the structure of the model.
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Figure 13. Structure of 0S-UMM

The maturity assessment is done using questionnaires for each maturity level and each key usability
factor is evaluated in each maturity level. Table 7 presents the dimensions and the key usability
factors. The authors recognize that the model does not provide explicit guidelines (such as CMMI) for
implementing the statements.

Table 7. Dimensions and key usability factors of 0S-UMM

Dimension Key usability factors
Usability methodology . Users’ Requirements

. Users’ Feedback

. Usability Learning

. User-Centered Design (UCD) Methodology
. Understandability

. Learnability

. Operability

. Attractiveness

. Usability Bug Reporting
10. Usability Testing
Documentation 11. Documentation

Design strategy

OO0 N 01 W —

Assessment

iii) AUCDI maturity model
AUCDI maturity model integrates agile processes and user-centered design (Mostafa, 2013) and
(Salah et al., 2016). It is composed of four dimensions:

e UCD infrastructure: composed of funds, staff, tools, methods, management support, training,
utilization of standards, patterns and style guides and colocation of developers and UCD
practitioners;

e AUCDI process: focuses on the planning and implementation of UCD activities and agile
development principles to achieve the integration;

e people involved in the integration process: customers, users, developers, UCD practitioners
and XP coach (in case of XP), scrum master and product owner (in case of Scrum); and
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e UCD continuous improvement: practices such as, the UCD monitoring process across
projects.

The AUCDI processes are: (i) planning the UCD process; (ii) user and task analysis; (iii) user and
user interface design requirements; (iv) lightweight documentation; (v) synchronization efforts
between UCD practitioners and developers; (vi) coordination and effective scheduling of UCD
practitioners and developers activities; (vii) interaction and user task design; and (viii) usability
evaluation.

Each process has a set of practices that utilize and produce associated work products that take the
form of designs, documents, prototypes, working code, training courses, or individual awareness. The
model provides also an assessment tool and presents six maturity levels (0- not possible, 1- possible,
2- encouraged, 3- enabled/practiced, 4- managed, and 5- continuous improvement).

2.2.3. Standard process models
In this section we will present the models categorized as Standard process.

i) Usability Maturity Model: Processes (UMM-P) and ISO/TR 18529:2000

The UMM-P model is composed of “human-centered processes” for the use in the assessment and
improvement of the human-centered processes in system development (Earthy, 1999). The model is
based and extends the ISO 13407. It presents seven processes that contain “base practices”. These
base practices are sub-processes of a process. The processes use/generate “work products” and the
base practices describe what is needed to be done in order to represent and include users of a system
throughout the life cycle. Figure 14 illustrates the components of the model, previously described. The
processes of this model are described in the format defined in ISO/IEC 15504.

Usability
__—|Maturity Model
/adds
Human-Centred .
Design organised in
Process Category S A
@x Capabilih
Levels
contains
can achieve
— assessed by
é/en Processes S
- / Management\‘
Use/gen(ée\ /}taining “\PraCtiCGS/“
@ Products/w @se Practi}sw

Figure 14. UMM-P Components (adapted from (Earthy, 1999))
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In Table 8 we presented the processes HCD.4, HCD.5 and HCD.6 that are related to HCI. We can
note that the process HCD.4 is related to the understanding and specification the context of use. The
model presents capability maturity levels according to ISO/IEC 15504,

Table 8. UMM-P processes

Processes

HCD.4 Understand and specify the context of use

HCD.4.1 Identify and document user’s tasks.

HCD.4.2 ldentify and document significant
user attributes.

HCD.4.3 ldentify and document organizational
environment.

HCD.4.4 Identify and document technical
environment.

HCD.4.5 Identify and document
environment.

physical

HCD.5 Produce design solutions

HCD.5.1 Allocate functions.

HCD.5.2 Produce composite task model.

HCD.5.3 Explore system design.

HCD.5.4 Use existing knowledge to develop
design solutions.

HCD.5.5 Specify system.

HCD.5.6 Develop prototypes.

HCD.5.7 Develop user training.

HCD.5.8 Develop user support.

HCD.6 Evaluate designs against requirements

HCD.6.1 Specify and validate context of | HCD.6.2 Evaluate early prototypes in order to

evaluation. define the requirements for the system.

HCD.6.3 Evaluate prototypes in order to improve | HCD.6.4 Evaluate the system in order to

the design. check that the system requirements have been
met.

HCD.6.5 Evaluate the system in order to check | HCD.6.6 Evaluate the system in use in order

that the required practice has been followed. to ensure that it continues to meet

organizational and user needs.

The ISO/TR 18529:2000 standard (International Organization for Standardization, 2000) presents a
definition of processes to provide a basis for planning the human-centered activities on a project.
Specifically, it involves the design, use and evaluation of life cycle processes of systems, hardware
and software. It consists of seven “processes” that contain “practices” and use/generate “work
products”. These practices describe what is needed to be done in order to represent and include users
of a system throughout the life cycle. The processes are described in the format defined in ISO/IEC
15504. Figure 15 presents the formal components of the model.

This ISO standard validates the UMM-P model previously described, the processes of which are the
same as those of the UMM-P model with some modifications. The practice HCD.5.5 in the ISO/TR
18529 is “Specify system and use”. As previously explained, the model presented capability levels
according to ISO/IEC 15504.
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Figure 15. Components of the ISO/TR 18529 (adapted from (International Organization for Standardization, 2000))

ii) Human Factors Integration Process Risk Assessment (HFIPRA) and ISO/PAS
18152:2003 - ISO/TS 18152:2010
The HFIPRA model allows improving the quality of user-centered design of a system (Earthy et al.,
1999) and (Earthy, 2001). This model is an evolution of QIU model proposed by (Earthy, 2000b) and
(Earthy, 2000a). It identifies and defines twenty-one “human system sub processes” (HS) that are
organized in four “super-processes” (e.g. HS.3 Usability engineering). These processes influence the
usability of a product and detail their “base practices” and “work products”. Each HS sub process
(e.g. HS.3.1 Context of use) contains various base practices (e.g. HS.3.1.BP1 Define the scope of the
context of use for the product system). Figure 16 shows the components of the model.

The super-process related to HCI issues is HS.3 Usability engineering, which is composed of four
processes: (i) HS.3.1 Context of use; (ii) HS.3.2 User requirements; (iii) HS.3.3 Produce design
solutions; and (iv) HS.3.4 Human factors evaluation.
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Figure 16. Components of the HFIPRA model (adapted from (Earthy, 2001))
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ISO/TS 18152 presents a human-systems (HS) model for use with ISO/IEC 15504. It describes
“processes” that address human-system issues and the “outcomes” of these processes. It also details
the “practices” and “work products” associated with achieving the outcomes of each process. This
ISO standard validates the HFIPRA model. Human-systems processes are divided into three
categories: HS.1 Lifecycle involvement, HS.2 Integrate human factors, and HS.3 Human-centered
design. The category HS.3 Human-centered design related to HCI issues is composed of four
processes: (i) HS.3.1 Context of use; (ii) HS.3.2 User requirements; (iii) HS.3.3 Produce design
solutions; and (iv) HS.3.4 Evaluation of use. This model presents capability levels such as ISO/TR
18529.

2.2.4. Generic models
In this section we will present eight models categorized as Generic.

i) Usability Leadership Assessment (ULA) or Usability Leadership Management Maturity
(ULMM)
This model has been developed with the aim of improving the state of usability in software
development projects (Flanagan & Rauch, 1995) and (Flanagan, 1996). It examines the organizations
according to three “Categories”: organization, skills and process. In each category we find
“Attributes of usability management maturity”, and as a total the model presents nine attributes:

o Organization category: 1- awareness, 2- activities, and 3- improvement actions;
o Skills category: 4- character, vitality, impact, and 5- resources;

e Process category: 6- early/continual user focus, 7- integrated design, 8- early/continual user
tests, and 9- iterative design.

In addition, the model presents five maturity levels (1 to 5).

ii) User-centered design maturity (UCDM)

This model was developed as a tool for benchmarking information systems capability in the UK
public sector (Jokela et al., 2006). According to Jokela et al. (2006) the model has five “Capability
Areas” (such as formative evaluation) and fifteen “Foci of assessment” (such as early usability
evaluation). Table 9 presents all capability areas and foci of assessment. It also presents five maturity
levels (1- uncertainty, 2- awakening, 3- enlightenment, 4- wisdom, and 5- certainty).

i) Usability Maturity Model: Human-Centeredness Scale (UMM-HCS)

This model assesses the maturity level of an organization according to its ability to achieve human-
centered design. Each maturity level is defined according to “process attributes” and “management
practices” (Earthy, 1998). It is composed of six levels: X- unrecognized, A- recognized, B-
considered, C- implemented, D- integrated, and E- institutionalized.

The management practices related to HCI are presented in Table 10. We can note “B.2 user focus
attribute” from level B that presented as practices “B2.1 user consideration training” and “B2.2
context of use training”.
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