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Abstract

Measurement of both usability and accessibility is an important concern in software development today. However, while a
great amount of attention has been paid to product-based measurement, little attention has been paid to the process-based
one. Our research is based on the following concerns: on the one hand, we detect a lack of previous work focusing on usabil-
ity and accessibility together in order to evaluate process quality. On the other hand, it is possible to propose a model for
evaluating the capability maturity considering usability and accessibility practices. Starting with the motivation and problem
description, we have proposed conceptual hypotheses to conduct our research. This way, this paper describes the conception
of a capability maturity model named MODECUA, which provides a framework to evaluate development processes centered
on usability and accessibility. Together with a detailed description of MODECUA, we provide a study case to validate our
approach. MODECUA includes seven improved processes that we have contributed with eight new activities, 11 adapted
activities and processes, and 9 renamed activities. In addition, we have integrated 127 new work products. In addition, an
evaluation accomplished in a real company has provided relevant results concerning the application of our approach. Our
approach helps to determine the capability maturity of a development process focused on usability and accessibility. It ensures
that software products are usable and accessible, increasing user satisfaction and psychological wellness. Besides, it promotes
a user-centered approach in the organization, facilitating audits and minimizing costs, time and effort.

Keywords Usability - Accessibility - User-centered development - Capability maturity model - Software process quality

1 Introduction
1.1 Motivation

Usability and accessibility are currently considered as qual-
ity references in software development [1, 2]. In general,
most companies take into account quality attributes related
to usability and accessibility to develop software products.
However, quality concerning user-centered processes is
less common [3], and we have detected a lack of proposals
focused on improving usability and accessibility processes,
which would reduce errors, revisions and implementation
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time, allowing at the same time the systematic construction
of usable and accessible software products.

Development process assessments help to corroborate the
desired level of usability and accessibility in the systematic
construction of software products, increasing the level of sat-
isfaction and psychological wellness when the user interacts
with the software produced by a given process.

A common method to measure the quality of a software
process is based on the utilization of capability maturity
models, which provide a framework for continuous process
improvement based on the maturity level of the organiza-
tion’s software development processes. Each level has a
number of process areas that must be achieved. The achieve-
ment of these areas or stages is detected through the satisfac-
tion or dissatisfaction of several clear and quantifiable goals.
With the exception of the first level, each of the remaining
maturity levels is composed of a certain number of Key
Process Areas (KPA) identifying a set of interrelated activi-
ties and practices that, when carried out collectively, allow
reaching the fundamental goals of the process.
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However, although there are different capability maturity
models, most existing approaches are focused on the develop-
ment point of view rather than on a user-centered vision. There
are few capability maturity models centered on user and usabil-
ity, and they lack a joint conception of usability and accessibil-
ity practices, which heavily affects the quality of the products
resulting from such processes as accessibility and usability
together represent essential characteristics to ensure quality. In
addition, existing user-centered capability maturity models lack
a set of prescribed activities, work products (used and generated
by such activities), process attributes and management practices
to guide, measure and improve the capability of the processes.

1.2 Research hypotheses

According to the aforementioned motivation, our paper is
based on the following conceptual hypotheses used to con-
duct our research:

H; We detect a lack of previous works focusing on the eval-
uation of the quality of processes featuring usability and
accessibility together. Existing capability maturity models
lack a user-centered vision, which heavily influences the
quality of the products, as accessibility and usability rep-
resent essential characteristics to ensure quality. In addi-
tion, existing maturity models lack prescribed and detailed
activities, work products, process attributes and management
practices to guide in the achievement of quality through the
capability maturity evaluation of the development process.

H, It is possible to propose a model for the evaluation of
capability maturity in usability and accessibility centered
processes, which may help organizations ensure and man-
age a user-centric approach throughout the development life
cycle, integrating usability and accessibility characteristics
to improve quality during the software development overall.

H; The solution proposed can deal with process evaluation,
being useful for audits and process improvement overall.

1.3 Methods

Our research has been inspired by the scientific method. This
way, and starting with the motivation and problem descrip-
tion, we have proposed the initial aforementioned hypoth-
eses to conduct our research. Such hypotheses will be cor-
roborated throughout the paper as follows:

1. Inorder to corroborate H;, we have carried out a System-
atic Mapping Study [4]. Results obtained demonstrated
that there is lack of existing work based on measuring
usability and accessibility in development processes.
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2. To corroborate H,, we have developed MODECUA, the
Spanish acronym for MOdelo para la DEterminacion
de la Capacidad de mejora de procesos centrados en
la Usabilidad y la Accesibilidad. MODECUA com-
prises a model to determine the capability maturity of
processes specifically focused on usability and acces-
sibility. The main objective of MODECUA is to help
companies carry out a guided and systematized user-
centric approach for the development of usable and
accessible software products, allowing to determine and
improve the quality of their processes. MODECUA has
been created based on the improvement and integration
of different international quality standards. On the one
hand, it is based on the seven Human-Centered Design
(HCD) processes [5] established in ISO/TR 18529 [6],
and the standards ISO 9241-210 [7] and ISO 9241-20
[8] for usability and accessibility, respectively. On the
other hand, a contributed capability scale to determine
the process’s maturity based on the standard ISO/IEC
15504 [9], and denominated U + A SPICE, is provided.
This way, the main benefits from the application of our
model are the following:

e Determine the process’s capability maturity focused
on usability and accessibility, working out an opti-
mal quality level in user-centered development pro-
cesses;

e Ensure that software products are usable and acces-
sible to end users, thus increasing user satisfaction;

e Guarantee and promote a user-centric approach in
the organization, facilitating audits on user-centered
issues;

e Minimize costs, time and effort in software develop-
ment processes.

3. Finally, in order to corroborate Hj, a case study, based
on a real company, demonstrate the application of
MEDECUA. Results obtained helped to corroborate that
our approach is suitable for the intended purpose.

This paper is structured as follows. Section 2 includes
related work. Section 3 presents MODECUA in detail.
Section 4 presents the case study. Finally, Sect. 5 reports
on conclusions and future work.

2 Related work
2.1 Existing capability maturity approaches
There exist different proposals intended for measuring the

capability maturity in development processes. However,
most of them are little or not directly related to usability
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and accessibility, or they consider both quality character-
istics separately.

CMM [10] is a useful tool to help organizations improve
their processes. It defines a set of priorities to solve and
improve software development problems, providing a con-
ceptual framework to improve the development in a system-
atic way. However, it has several drawbacks, as the imple-
mentation process involves a long time and cost, and the
adoption of this model requires a great implication of all
stakeholders. On the other hand, it is not specifically focused
on usability and accessibility. Similarly, CMMI [11], a later
version of CMM, integrates different processes in the organi-
zation, also reducing the number of defects in the software
by detecting them in the early stages of the lifecycle. In addi-
tion, it supports agile processes and reduces maintenance
and support times, offering, in contrast to CMM, a system-
atic guide for the improvement. However, it is not specifi-
cally focused on usability and accessibility either.

A more human-related approach can be found in People
CMM [11], which is easier to integrate in organizations hav-
ing a previous adopted maturity process. It provides a guide
to solve problems of certain work practices, and it helps to
develop staff skills and increase the retention of talent in the
organization. In general, it promotes an organizational cul-
ture, improving internal and external communication. As for
drawbacks, People CMM requires the organization to previ-
ously have a certain level of maturity and, as well as similar
approaches, it is not focused on usability and accessibility.

ISO/IEC 15504 (known as SPICE) [9] is another popular
approach that allows organizations to increase the maturity
of their software development processes through continu-
ous improvement. This model is widely spread and adopted
by software development companies with formalized pro-
cesses, being widely compatible and easy to integrate with
other process models. ISO/IEC 15504 is the largest model
that has been tested and agreed, presenting two independent
dimensions for processes and capability. Nevertheless, it is
not specifically focused on usability and accessibility. This
standard has been revised by the new ISO/IEC 33000 [12].

2.2 Systematic mapping study

In order to look for more related approaches, we have
carried out a Systematic Mapping Study to find research
works related to the measurement of usability and acces-
sibility processes.

A Systematic Mapping Study comprises a structured
mechanism for searching bibliographical resources and
counting contributions that match a set of topics. The meth-
odology used was the following:

1. First, a comprehensive bibliographical search was car-
ried out, using different online libraries that provide
research contributions according to a specific set of
(search) topics;

2. Second, a screening phase was carried out, removing
duplicated papers;

3. Third, a refinement phase was accomplished. This way,
inclusion and exclusion criteria are applied in order to
obtain a more reduced set of papers, closer to the topics
pursued;

4. The reduced set of papers was analyzed in detail, in
order to investigate the contributions according to the
topics researched and create a state of the art.

This way, we have utilized the following bibliographical
resources:

1. ACM Digital Library;
2. 1EEE Xplore;

3. SCOPUS;

4. Google Scholar.

Also, we used a search string including the following
topics:

(“usability” or “usable “ or “user-centred” or “user-cen-
tered”) and

(“accessibility” or “accessible”) and

(“maturity” or “capability”)

However, we did not obtain results for the query pro-
posed, i.e., there were not significant results of research
works including usability and accessibility maturity propos-
als. This way, to analyze the problem, we split up the query
in order to investigate the terms in isolations, which helped
to obtain papers related to maturity and capability, some of
them related to usability or accessibility apart. These results
are summarized in Table 1.

In order to further refine the results and study similar
approaches apart based on usability and accessibility capa-
bility maturity, we proceeded to the screening phase, remov-
ing duplicated papers and applying the following inclusion
criteria:

1. Works selected must be based on a capability or maturity
proposal for usability measurement, preferably in form
of a descriptive or prescriptive approach for measuring
usability processes;

2. Works selected must be based on a capability or matu-
rity proposal for accessibility measurement, preferably
in form of a descriptive or prescriptive approach for
measuring accessibility processes.

Once applying 1 or 2, we found a few works related to
usability or accessibility maturity, lacking the capability
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Table 1 Results obtained by splitting up the initial search string and
considering the aforementioned bibliographical resources

Bibliograph- Search string terms
ical resource

Maturity or (Usability or usable (Accessibility or

capability  or user-centred accessible) and

or user-centered) (maturity or capa-
and (maturity or bility)
capability)

ACM 120 25 22

IEEE 97 15 18

SCOPUS 67 22 21

Google 264 56 46

feature. This is the case for Corporate Usability Maturity
[13], specifically focused on usability. It provides clear indi-
cators at each stage, which facilitates the identification of
maturity levels. However, this model presents some specific
drawbacks. To cite a few, it does not describe in detail the
related activities to reach maturity and it requires a great
deal of time, effort and resources for the organization to
get the highest level of maturity. Besides, it lacks formality
and detailed description to be widely adopted, and it does
not consider accessibility. Similarly, the Usability Maturity
Model [5] is another approach focused on usability. It is
suitable for incremental-iterative software development pro-
cesses, allowing to integrate usability practices in the model.
It is focused on quality and continuous improvement of the
processes, gradually describing the integration and usage
of the model by specifying processes, activities, input and
output products. This model is based on the standards ISO
13407 [14] and ISO/IEC 15504, providing also assessment
tools. As for drawbacks, it is not specifically focused on
accessibility, also lacking a quantitative assessment and the
detail of the usability techniques to apply. In addition, both
the structure and the execution of the processes are not suf-
ficiently detailed.

Other recent approaches provide recommendations for
improvement, though presenting low detail to be consid-
ered as integral models. This is the case for the Corporate
UX Maturity Model [15], which is focused on usability. This
model is easy and simple to understand, clearly specifying
the stages to be followed by the organization in the adoption
of the user experience. In addition, it describes key indica-
tors that help organizations achieve the necessary level of
maturity. However, this approach is not very formalized and
widespread, and does not specify the detail of the activi-
ties to reach the pursued maturity and the practices to be
included in each stage, lacking a mechanism for the system-
atic measurement.

On the other hand, Keikendo Maturity Model [16] is
another approach also focused on user experience. It pro-
vides recommendations and suggestions for improvement,
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and advice on how to reach the desired maturity level. It is
also easy to understand, providing an online test to find out
the level of maturity in the organization. However, as with
previous approaches, the Keikendo Maturity Model is not
very formalized and widespread, and does not specify the
techniques and practices needed, the method to quantify the
user experience practices and the metrics for the evaluation.

As shown so far, the few existing approaches are princi-
pally based on usability. However, accessibility is an impor-
tant concern today that should be addressed [17, 18]. In this
sense, the Accessibility Maturity Model [19] is an approach
principally focused on accessibility. It features an online
interactive tool to determine the maturity level of the organi-
zation. However, this approach is not very formalized and
widespread, and does not provide enough detail of the activi-
ties to achieve for reaching the desired level of maturity. In
addition, it does not describe specific guidelines, metrics or
evaluation techniques, which is an important drawback to
reach a user-centered conception [20].

Results obtained from the study of the related work
helped to corroborate H;. In a nutshell, there is a lack of
formal models to deal with the capability maturity assess-
ment of process related to both usability and accessibility,
and most related approaches are not very formalized or lim-
ited in terms of the specific practices and techniques needed.
Besides, most of existing user-centered maturity approaches
lack systematic methods and do not provide sufficient sup-
port to be practically applied [3].

3 MODECUA

MODECUA is inspired by the necessity of having a formal-
ized framework to measure the capability maturity in pro-
cesses intended to develop usable and accessible software.
This way, we are based on well-known standards in order to
keep up the way capability maturity is assessed according
to the normative standard.

Specifically, MODECUA is based on the seven HCD pro-
cesses appearing in ISO/TR 18529. This model has been
selected due the following strengths that it provides:

1. It is focused on the integration of usability practices in
software development processes;

2. [Itis focused on an incremental-iterative software devel-
opment vision, allowing to include usability practices
during all stages of the process, since usability must be
addressed iteratively and incrementally to ensure that the
final system ensures an optimal level of usability;

3. TItis focused on quality and continuous improvement of
software development processes;

4. TItis very descriptive, providing a step-by-step guide for
the integration and utilization of the model;
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5. Itdescribes in detail the activities that must be followed
to reach the desired maturity of the processes;

6. It is the most formalized model of maturity focused on
usability, since it is based on the most widespread and
adopted regulations, such as ISO/IEC 15504 and ISO/
IEC 13407 (now ISO 9241-210);

7. It provides an evaluation tool, offering examples of com-
pliance with the human-centered process.

However, ISO/TR 18529 presents some drawbacks such
as the ones listed down below that will be improved in our
approach:

1. Although being focused on usability, it does not include
accessibility issues;

2. It does not provide a quantitative evaluation of the pro-
posed practices;

3. The definition of the model structure is not clear enough
for a practical application;

4. Tt is focused on evaluating the compliance of the prac-
tices, overlooking the evaluation of the process quality
and the capability vision;

5. Although it is focused on usability practices, it does not
detail the techniques and methods to be used;

6. It does not evaluate specific attributes of usability.

In addition, we have considered ISO 9241-210 and ISO
9241-20 standards in order to provide usability and acces-
sibility activities and work products (used and generated by
such activities) in order to complement the information of
the aforementioned HCD processes. The capability maturity
evaluation is carried through a customized version of ISO/
IEC 15504 that we have called U + A SPICE (Usability and
Accessibility SPICE), used to measure the maturity of the
capability levels of a user-centered process featuring usabil-
ity and accessibility together.

Figure 1 shows a general overview of MODECUA. The
seven processes appearing in the original ISO/TR 18529
have been improved with 28 new contributions based on
ISO 9241-210 and ISO 9241-20, which corresponds to eight
new activities, 11 adapted activities and processes, and nine
renamed activities. In addition, we have integrated 127 new
work products used and generated by these new usability and
accessibility activities.

Besides, the proposed U+ A SPICE scale comprises six
capability levels including attributes based on usability and
accessibility practices specified in the model, as well as the
integration of ten management practices for achieving pro-
cess attributes. These elements can be measured to find out
the maturity level. It is worth mentioning that the proposed
scale and measurement mechanisms can be integrated into
the procedure described in ISO/IEC 15504. This provides

6 capability levels integrating new process attributes and
management practices.
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Fig.2 Correspondences between HCD processes and the capability
maturity in MODECUA

standardization in the assessment to be easily adapted and
used by organizations.

Figure 2 shows the correspondence between the afore-
mentioned components in MODECUA, that is, the improved
HCD processes, including new usability and accessibility
activities and products, and U+ A SPICE consisting of
six capability levels including the corresponding process
attributes, practices and practice requirements to measure
the capability maturity.

The utilization of MODECUA is twofold. On the one
hand, the seven HCD improved processes can be used as a
software development method to assure usability and acces-
sibility by following the proposed activities and generating
the contributed work products. On the other hand, a concrete
development process can be evaluated against such HCD
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process to assess the capability and maturity (even individu-
ally) and thus obtain evidence of the quality degree reached,
with the idea of carrying out further process improvements.

3.1 HCD processes

As explained, we have included new activities in ISO/TR
18529 corresponding not only to usability concerns, but also
to accessibility activities that need to be considered in order
to have a complete user-centered vision.

ISO/TR 1829 includes seven main processes identified
with HCD (Human-Centered Design) and numbered from
1 to 7. Those contain different sub-process (activities), and
can be iteratively executed to create user-centered software
products. These processes can be defined as follows:

HCD.I Ensure HCD content in the system strategy. This
process is intended to set the focus on aspects related to
stakeholders and users, which may involve all the organi-
zation’s concerns such as marketing, planning, system
conception and enterprise and so on;

HCD.2 Plan and manage the HCD process. This process
is aimed at the specification of the human-centered activi-
ties to be integrated in the whole lifecycle;

HCD.3 Specify the stakeholder and organizational
requirements. The purpose of this process is to set
organizational and stakeholder requirements, taking into
account needs, competencies, working environment, etc.
HCD.4 Understand and specify the context of use: This
process is aimed at understanding users, their tasks and
the environmental conditions in which the system will
operate;

HCD.5 Produce design solutions. This process is intended
to create design solutions according to the information
previously inferred about users, stakeholders and con-
textual analysis;

HCD.6 Evaluate designs against requirements: The aim
of this process is to obtain information from users and
stakeholders about the design solutions;

HCD.7 Introduce and operate the system: This process
is intended to operate the system according to the human
aspects considered.

In general, we have considered the same process order
but switching HCD.3 by HCD.4, as according to usability
and accessibility standards (ISO 9241-210), the contex-
tual analysis should be considered first, before specifying
user, stakeholder and organizational requirements. This
information is shown in Table 1, where the seven HCD
processes (in bold) and activities are presented, together
with the type and ISO source to indicate the new additions
and modifications proposed, intended to consider usability
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and accessibility practices extracted from ISO 9241-210
and ISO 9241-20, respectively. As shown in Table 2, the
type for each process and activity can be:

— N, when a new activity is proposed. In this case, the
ISO source column corresponds to the reference from
where the activity has been extracted;

— A, when an activity or process has been adapted tak-
ing into account the ISO source column. Adaptations
are motivated for the necessity of improving and com-
pleting some of the activities to consider usability and
accessibility practices. On the other hand, processes 3
and 4 have been altered in order to follow ISO 9241-
210 process, which first identifies the context and then
the requirements;

— R, when an activity has been renamed in order to better
match usability and accessibility specifications;

— E, when an activity remains unchanged with respect to
the ISO/TR 18529 standard.

We have included the following new activities:

1. HCD.I1.6 Based on the ISO/IEC 15504-7 about specify-
ing the importance of ensuring effective communica-
tion regarding the performance of the processes, through
a clear assignment of responsibilities to the parties
involved;

2. HCD.4.1 Based on the ISO 9241-210 about identifying
the needs of users and stakeholders;

3. HCD.4.2 Based on the ISO 9241-20 about identifying
and specifying user accessibility needs;

4. HCD.4.9 Based on the ISO 9231-210 about ensuring the
quality of user requirements specification;

5. HCD.6.7 Based on the ISO 9241-210 about modifying
design solutions based on user-centered evaluations and
feedback;

6. HCD.6.8 Based on the ISO 9241-210 about communi-
cating the design solution to the persons responsible for
the implementation;

7. HCD.7.7 Based on the ISO 9241-210 about enabling
long-term follow-up;

8. HCD.7.8 Based on the ISO 9241-210 about promoting
sustainability and user-centered design.

Moreover, we have adapted the following activities:

1. HCD.2.1: Based on the original HCD.2 but adapted
to ISO 9241-210, which specifies that the participa-
tion of users and others involved in the development
of software offers a valuable source of knowledge, so
it must be active in all its stages;
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Table 2 HCD processes and activities including new contributions
HCD processes and activities Type ISO source
HCD.1 Ensure HCD content in the system strategy E 18529
HCD.1.1 Represent stakeholders E 18529
HCD.1.2 Collect market intelligence E 18529
HCD.1.3 Define and plan system strategy E 18529
HCD.1.4 Collect market feedback E 18529
HCD.1.5 Analyze user trends E 18529
HCD.1.6 Inform the system strategy to all persons involved N 15504-7
HCD.2 Plan and manage the HCD process E 18529
HCD.2.1 Ensuring and promoting the participation of all involved A 18529
9241-210
HCD.2.2 Plan user involvement E 18529
HCD.2.3 Select patterns, methods and techniques focused on human A 18529
9241-20
HCD.2.4 Ensure a human-centered approach E 18529
HCD.2.5 Plan HCD activities and manage human-centered activities E 18529
HCD.2.6 Champion human-centered approach E 18529
HCD.2.7 Support HCD E 18529
HCD.3 Understand and specify the context of use A 18529
9241-210
HCD.3.1 Identify user’s tasks E 18529
HCD.3.2 Identify and document significant attributes and characteristics of all users A 18529
9241-20
HCD.3.3 Identify organizational environment E 18529
HCD.3.4 identify technical environment E 18529
HCD.3.5 Identify physical environment E 18529
HCD.4 Specify stakeholder and organizational requirements A 18529
9241-210
HCD.4.1 Identify and document accessibility needs of all users and involved stakeholders N 9241-210
HCD.4.2 Identify and specify accessibility needs of all users N 9241-210
HCD.4.3 Identify and document the system’s goals R 18529
HCD.4.4 Identify the involved stakeholders’ roles R 18529
HCD.4.5 Asses all the stakeholder’s risks R 18529
HCD.4.6 Define the system usage and accessibility A 18529
9241-20
HCD.4.7 Generate user and organizational requirements A 18529
9241-210
HCD.4.8 Generate a set of quality objectives for the use of the system R 18529
HCD.4.9 Ensure the fulfillment of the quality objective N 9241-210
HCD.5 Produce design solutions E 18529
HCD.5.1 Allocate functions E 18529
HCD.5.2 Develop tasks models R 18529
HCD.5.3 Analyze design options R 18529
HCD.5.4 Use the current knowledge to develop design solutions A 18529
9241-20
HCD.5.5 Specify system and use, focusing on usability and accessibility A 18529
9241-210
9241-20
HCD.5.6 Develop prototypes A 18529
9241-210
HCD.5.7 Develop user training E 18529
HCD.5.8 Develop user support E 18529
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Table 2 (continued)

HCD processes and activities Type ISO source
HCD.6 Evaluate designs against requirements E 18529
HCD.6.1 Specify context of evaluation E 18529
HCD.6.2 Evaluate requirements E 18529
HCD.6.3 Evaluate the prototypes together with users to improve design A 18529
9241-20

HCD.6.4 Evaluate against system requirements E 18529
HCD.6.5 Evaluate against required practice E 18529
HCD.6.6 Evaluate in use E 18529
HCD.6.7 Modify design solutions taking the user-centered evaluation’s feedback as reference N 9241-210
HCD.6.8 Report the design solution to the implementation manager N 9241-210
HCD.7 Introduce and operate the system E 18529
HCD.7.1 Change management implementation R 18529
HCD.7.2 Determine impact E 18529
HCD.7.3 Design customization R 18529
HCD.7.4 Deliver user training E 18529
HCD.7.5 Support users R 18529
HCD.7.6 Ensure conformance to ergonomic legislation E 18529
HCD.7.7 Test tracking in long term N 9241-210
HCD.7.8 Promote and ensure sustainability and user-centered design N 9241-210

2. HCD.2.3: Based on the original HCD 2.3 but adapted
to the activity included in ISO 9241-20 about produc-
ing design solutions paying special attention to acces-
sibility considerations;

3. HCD.3: Based on the original HCD 4 but adapted to
ISO 9241-210 about understanding and specifying the
context of use;

4. HCD.3.2: Based on the original HCD 4.2 but adapted
to ISO 9241-20 about understanding and specifying
the context of use, paying special attention to the vari-
ety of characteristics of users and the impact of tasks,
equipment and the characteristics of the environment
that affect the accessibility;

5. HCD.4: Based on the original HCD 3 but adapted to
ISO 9241-210 about specifying stakeholder and organ-
izational requirements;

6. HCD.4.6: Based on the original HCD 3.4 but adapted
to ISO 9241-20 about defining the system usage, pay-
ing special attention to the variety of characteristics
of users and the impact of tasks, equipment and the
characteristics of the environment that affect the acces-
sibility;

7. HCD.4.7: Based on the original HCD 3.5 but adapted
to ISO 9231-210 about starting from the user require-
ments;

8. HCD.5.4: Based on the original HCD 5.4 but adapted
to ISO 9241-20 about producing design solutions, pay-
ing special attention to accessibility considerations;

9. HCD.5.5: Based on the original HCD.5.5 but adapted
to ISO 9241-20 about producing design solutions, pay-
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ing special attention to accessibility considerations,
and also to ISO 9241-210 about designing user tasks,
user-system interaction and user interface to meet the
user needs, taking into account all the user experience;

10. HCD.5.6: Based on the original HCD 5.6 but adapted
to ISO 9241-210 about making more concrete design
solutions;

11. HCD.6.3: Based on the original HCD 6.3 but adapted
to ISO 9241-20 about evaluating the accessible design
solutions with users that represent the target group.

In addition, we have renamed the following activities in
order to be better adapted to the standards utilized: HCD.4.3,
HCD.4.4, HCD.4.5, HCD.4.8, HCD.5.2, HCD.5.3, HCD.7.1,
HCD.7.3 and HCD.7.5.

Together with the activities specified in Table 2, a total
of 127 input and output work products have been defined.
Such products are evaluated by practices in order to check
whether practice requirements are satisfied and thus deter-
mine the capability maturity level using U+ A SPICE (see
Fig. 2). The list of work products is shown in Table 3.
Those have been identified as IWP in the case of input work
products and as OWP in the case of output work products.
The enumeration of each work product is represented as
X.Y.Z, where X.Y corresponds to the activity where the
work product is requested or generated, and Z corresponds
to the enumeration of the corresponding work product. For
instance, IWP.1.1.1 is necessary for the execution of activity
HCD.1.1, and OWP.1.1.1 is generated through the execution
of activity HCD.1.1.
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Table 3 Input and output work products for each activity represented in Table 2

Input work products

Output work products

IWP.1.1.1 Participation agreements of users and stakeholders involved
in the development of the system

IWP.1.2.1 Document including the social and socio-technical needs of
the target market

IWP.1.3.2 Document including the original description of the system

IWP.1.3.3 Cost accounting for system development

IWP.1.4.1 Feedback from market research

IWP.1.5.1 Description of future user requirements

IWP.2.3.1 Document including the identification of guidelines, meth-
ods and techniques of usability and accessibility to be included in
the design of the system

IWP.2.4.1 Training program to raise awareness and awareness of the
work team

IWP.2.4.2 Document specifying the constitution of the multidiscipli-
nary work team

IWP.2.4.3 Document that includes the identification of the degree of
skills and experience of the work team

IWP.2.8.1 Document including relevant usability and accessibility
considerations for user support and system maintenance

IWP.3.1.1 Document including the identification of activities and tasks
of users and stakeholders

IWP.3.1.2 Document including the description of system requirements

IWP.3.2.3 Document including the identification of knowledge and
skills of users

IWP.3.2.4 Document including the identification of user languages

IWP.3.2.5 Document including the identification of skills and the
degree of experience with the user tasks

IWP.3.2.6 Document including the identification of limitations and
disabilities of users

IWP.3.3.1 Description of the relevant characteristics of the organiza-
tional and/or social environment where the system will be imple-
mented

IWP.3.3.2 Description of activities focused on the humans that will be
carried out

IWP.3.3.3 Document including the identification of organizational
practices, which will be affected by the implementation of the
system

IWP.3.4.1 Description of the relevant characteristics of the technical
environment

IWP.3.4.2 List of equipment required for the implementation and use
of the system

IWP.3.5.1 Description of the relevant characteristics of the physical
environment

IWP.4.1.2 Document specifying the restrictions of the context of use
(environment, tasks and users)

IWP.4.4.1 Document including the description of the work instruc-
tions

IWP.4.5.1 Document describing the identification of potential risks to
users

IWP.4.5.2 Analysis of potential risks

IWP.4.6.1 Document describing the degree of user experience with
tasks

IWP.4.7.5 Organizational Regulations

OWP.1.1.1 Plan of participation of users and stakeholders involved in
the development of the system

OWP.1.2.1 Market analysis plan

OWP.1.3.1 Document including the strategy of the system
OWP.1.3.2 Cost evaluation for the human-centered design
OWP. 1.3.3 Analysis of the return on investment (ROI)
OWP. 1.4.1 Analysis of competition

OWP. 1.6.1 Communication plan of the system strategy

OWP.1.6.2 Communication report on the system strategy

OWP.2.1.1 Training program to sensitize and raise awareness among
persons involved

OWRP.2.1.2 List of assistance of the involved to the awareness program

OWP.2.2.1 Plan of participation of users and stakeholders, in the design
process focused on the human

OWP.2.3.1 Inclusion plan of guidelines, methods and techniques in the
user-centered process of development

OWP.2.3.2 Specification of quality, usability and accessibility guide-
lines

OWP.2.4.1 List of participation of the work team in the training pro-
gram of awareness

OWP.2.4.2 Communication plan and promotion of human-centered
design policies for persons involved

OWP.2.5.1 Design plan focused on the human
OWP.2.6.1 Design management plan focused on the human

OWP 2.6.2 Compliance report on the human-centered design manage-
ment plan

OWP.2.7.2 Report on compliance with user-centered design policies

OWP.2.7.3 Plan to promote the human-centered approach in the organi-
zation

OWP.2.7.4 Report on compliance with the plan to promote the human-
centered approach in the organization

OWP.2.8.1 List including the necessary material support for the human-
centered design

OWRP.3.1.1 Specification of the activities and tasks of users and stake-
holders

OWP.3.2.1 Description of significant characteristics and attributes of
users

OWP. 3.2.2 Description of the impact of the characteristics and signifi-
cant attributes of the user for the use of the system

OWP. 3.3.1 Description of the organizational and/or social environment
where the system will be applied and used

OWP. 3.4.1 Detailed description of the technical environment

OWP. 3.5.1 Description of the physical environment, where the evalua-
tions, use and implementation of the system will be carried out

OWP. 4.1.1 Description of the needs of users and stakeholders
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Table 3 (continued)

Input work products

Output work products

IWP.4.9.1 Specification of user-centered design policies
IWP.5.3.1 Design options

IWP.5.4.4 List of legal requirements or legislative requirements
(including environmental laws and local considerations)

IWP.5.4.9 Specification of user tasks

IWP.5.6.1 Specification of appropriate tools, technology or materials
to create prototypes

IWP.5.7.1 Requirements of human, material and technological
resources necessary to develop the training

IWP.5.8.1 Requirements for human, material and technological
resources necessary to develop user support

IWP.6.1.4 Specification of user-centered evaluation methods and
techniques

IWP.6.1.5 Description of procedures to ensure full utilization of the
feedback of all simulations, tests and evaluations

IWP.6.3.2 Specification of users with reduced capacities or limitations
IWP.6.3.3 Specification on the necessary technological assistance

IWP.6.3.7 Description of user characteristics

IWP.6.3.8 Human and technological resources necessary for the evalu-
ation

IWP.6.5.3 List of existing knowledge sources and standards used,
together with a description of integration

IWP.6.6.2 Specification on representative users

IWP.6.6.5 Methods for collecting relevant information (questionnaires,
surveys, interviews, etc.)

IWP.6.6.6 Information of system usage by users
IWP.7.2.4 Trend analysis of user preferences

IWP.7.4.4 Assistance technology needed to provide training for people
with disabilities

IWP.7.4.5 Human and technological resources necessary to provide
training

IWP.7.6.3 Applicable ergonomic legislation

IWP.7.7.2 System compliance report with current required practices
IWP.7.8.2 Specification of objectives that promote sustainability

OWP. 4.1.2 Description of the context of use of the system
OWP. 4.2.1 Description of user accessibility needs
OWP. 4.3.1 Feasibility analysis

OWP. 4.3.2 Description of the objectives of the system

OWP. 4.4.1 Identification of the roles of the persons affected by the
input or output of the system

OWP. 4.5.1 Risk assessment of those involved in the use of the system

OWP. 4.5.2 Risk management plan for those involved in the use of the
system

OWP. 4.6.1 Specification of usability and accessibility required for the
system

OWP. 4.7.1 Specification of user and stakeholder requirements

OWP. 4.8.1 Objectives of quality, usability and accessibility for the
system

OWP.4.8.2 Metrics for measuring the objectives of quality, usability and
accessibility of the system

OWP.4.9.1 Quality assurance, usability and accessibility plan
OWP.5.1.1 Specification of system functionalities

OWP.5.3.1 Specification of the system design

OWP.5.4.2 Design solution
OWP.5.5.2 Specification of the system and its use

OWP.5.6.1 Simulation of the system dialogue

OWRP.5.7.2 Training material for users and those responsible for the
maintenance of the system

OWP.5.7.3 Material for the person responsible for implementing the
training

OWP.5.8.1 Material for support and user support

OWP.5.8.2 Material for the person responsible for providing support to
users

OWP.5.8.3 Description of the user support process
OWP.6.1.1 Evaluation plan

OWP.6.3.2 Report on ergonomics, usability and accessibility defects found

OWP.6.4.1 System compliance report with the requirements of users and the Organization

OWP.6.5.1 System compliance report with the required practices, describing how conflicts between design requirements and existing knowl-

edge were addressed

OWP.6.6.1 Report on conformity of the organization and users with the use of the system
OWP.6.7.1 Feedback with the results of the evaluations to users and stakeholders

OWP.6.7.2 Approval document

OWP.6.7.3 Document of justification of all modifications implemented or not, to comply with standards, existing knowledge, good practices,

particular needs, key requirements and evaluation feedback

OWP.6.7.4 Prototype and system components improved based on the feedback of the evaluations

OWP.6.8.1 Communication report on the final prototype for persons responsible for the implementation of the system

OWP.7.1.1 Change management plan
OWP.7.1.2 Compliance report on the change management plan
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Table 3 (continued)

Input work products

Output work products

OWRP.7.2.1 Report on the analysis of system impacts on users, stakeholders, the Organization and the environment

OWP.7.3.1 Document including system customization requirements

OWP.7.3.2 Report on compliance with system customization requirements

OWP.7.4.1 List of users and stakeholders participating in training

OWP.7.4.2 Report on the results of satisfaction of users and stakeholder involved with the training

OWP.7.5.1 Resolution report on user incidents

OWRP.7.5.2 User satisfaction report on resolution of incidents

OWP.7.6.1 Report on compliance of the system, equipment and environment with ergonomic legislation

OWP.7.7.1 Long-term system performance conformance report

OWP.7.7.2 Feedback including the results of long-term follow-up evaluations to users and stakeholders

OWP.7.8.1 Report on conformity of the human-centered design process with the objectives of sustainability promoting

OWP.7.8.2 Design focused on the human sustainability

OWP.7.8.3 Plan on user-centered design sustainability promotion

3.2 U+ASPICE

As previously specified, MODECUA features, along with
the proposed processes, a sub-model aimed at measuring the
capability maturity level (of the aforementioned processes).
More specifically, we have based on ISO/IEC 15504 to
create U+ A SPICE, a customized version of the standard
though featuring new attributes and practices oriented to
evaluate usability and accessibility processes.

U + A SPICE comprises six levels of capability inspired
by ISO/IEC 15504. Those integrate five new process attrib-
utes related to usability and accessibility, as well as ten new
practices containing specific requirements that have to be
fulfilled to satisfy the goal of the practices.

As specified in Fig. 2, capability levels are achieved
through the evaluation of the process attributes, which are
rated based on the compliance of the practices, which evalu-
ate work products of diverse nature such as specifications,
usability and accessibility guidelines, methods and evalu-
ation techniques, and so on. Practice requirements specify
how practices must be accomplished, that is, what elements
must meet practices and products to reach the required
quality.

We have modified the original ISO/IEC 15504 to improve
process attributes, integrating new ones together with the
corresponding practices and requirements focusing on prac-
tical usability and accessibility. It is worth mentioning that
the MODECUA model keeps up compliance with the capa-
bility scale defined in ISO/IEC 15504 due to its generality
and applicability, preserving the standard application as in
other software processes.

Table 4 shows the structure of U+ A SPICE featuring
capability levels (CL), which are enumerated from O (lowest
capability or incomplete process) to 5 (highest capability or
optimizing process):

CL.0 Incomplete Process: At this level, the process is
not carried out or its purpose is not achieved. There is
no attribute at this level; however, it is recommend the
implementation of a training and awareness plan for the
integration of the user-centered approach in the process
and move forward to the next level of capability;

CL.1 Performed Process: At this level, all practices of the
human-centered process (HCD) are carried out, and they
are adopted as base activities;

CL.2 Managed Process: At this level, the practices of
the human-centered design process (HCD) are managed;
standards and techniques focused on usability and acces-
sibility are applied, documented and monitored, in order
to achieve the objectives defined;

CL.3 Established Process: At this level, human-centered
practices are an important part of the organization’s strat-
egy as usability and accessibility are formally established
and considered as indispensable quality attributes in the
development process. The organization has a multidisci-
plinary team of user experience responsible for applying
the human-centered design process to all projects;

CL.4 Predictable Process: At this level, the performance
of the process practices becomes clear, using metrics that
control and measure their performance;

CL.5 Optimizing Process: At this level, the performance
of the human-centered design process is continuously
improved in a controlled and measured way. The multi-
disciplinary team of user experience is strategic and part
of the organizational culture, participating actively and
constantly in the conception and development of inno-
vative products. The strategic area of user experience
determines what types of projects should be financed as
the benefits of the user-centered process are perceived.
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Table4 U+ A SPICE structure including new additions

U+ A SPICE

ISO source

CL.0 Incomplete process
CL.1 Performed process
PA.1.1 Integration of the user-centered approach

P.1.1.1 Ensure the user participation in the system strategy as well as all
stakeholders along the process lifecycle

PR.1.1.1.1 Ensure the description of the system scope
PR.1.1.1.2 Ensure he description of the system objectives
PR.1.1.1.3 Targets establishment to get the system strategy
PR.1.1.1.4 Resources establishment to get the system strategy
PR.1.1.1.5 Detect risks that can threat the system strategy

P.1.1.2 Ensure the integration of the user and organization requirements
during the process

PR.1.1.2.1 Requirements specified in natural language
PR.1.1.2.2 Requirements expressed individually

PR.1.1.2.3 Requirements organized hierarchically (at different levels of
detail)

PR.1.1.2.4 Requirements listed in order of priority for ease of management

PR.1.1.2.5 Requirements presented clear, avoiding inaccuracies and ambi-
guities

PR.1.1.2.6 Requirements presented briefly with no rhetorical figures

PR.1.1.2.7 Requirements complete and consistent

PR.1.1.2.8 Requirements being specific about the system expectations

PR.1.1.2.9 Requirements stand to be required and requested

PR.1.1.2.10 Requirements being specific about the applicable acceptance
criteria

CL.2 Managed process

PA.2.1 Management of the user-centered approach

P.2.1.1 Manage the needed quality guidelines for usability and accessibility
PR.2.1.1.1 Learnability: the system must be easy to learn

PR.2.1.1.2 Ability to synthesize: the system must show any operational
change to the user

PR.2.1.1.3 Familiarity: the system must be suitable for the user knowledge
derived from their experience in the use of other systems

PR.2.1.1.4 Consistence: the system’s elements must be used in the same
way

PR.2.1.1.5 Flexibility: the system can exchange information in multiple
ways

PR.2.1.1.6 Robustness: the system must let the user to achieve the targets

PR.2.1.1.7 Recoverability: the system must let the user to easily deal with
errors

PR.2.1.1.8 Response time: the system must be quick in response time

PR.2.1.1.9 Tasks adaptation: the system must adapt the task to the user’s
mental model

PR.2.1.1.10 Decreased cognitive load: the system must let the user to easily
acknowledge the action

PR.2.1.1.11 Perceptible: the system components and information must be
easy to identify by the user

RP.2.1.1.12 Operable: the system components and navigation must operate
properly

PR.2.1.1.13 Comprehensible: the system content and functionality must be
easy to understand to the user

zZ zzz 2z Z

z Zz z

z Z

z zz z Z

z z z ™

ISO 15504

ISO 15504

ISO 18529 practice HCD.1
ISO 18529 practice HCD1.3

System strategy practices

1SO 9241-210, practice HCD.4.7

Practices on requirements quality [21]

ISO 15504
ISO 9241-210 practice HCD.2
ISO 9241-20, practice HCD.2.3

Practices to improve usability on software products [22]

Practices to improve accessibility on software products [23]

@ Springer



Universal Access in the Information Society (2021) 20:203-221

215

Table 4 (continued)

U+A SPICE

Type ISO source

PR.2.1.1.14 Effectiveness: the system must let users to fully achieve their
goals with accuracy

PR.2.1.1.15 Productivity: the system must let users to use the proper
resources to achieve their goals

PR.2.1.1.16 Security: the system must be secure for the user
PR.2.1.1.17 Satisfaction: the system must satisfy the user’s needs and
expectations

P.2.1.2 Manage the implementation of evaluation methods and techniques
focused on the user

PR.2.1.2.1 Context surveys

PR.2.1.2.2 Ethnographic/observation field study

PR.2.1.2.3 Interviews with target groups

PR.2.1.2.4 Personal surveys

PR.2.1.2.5 Questionnaires

PR.2.1.2.6 Focus group

PR.2.1.2.7 Heuristic evaluation

PR.2.1.2.8 Knowledge tour

PR.2.1.2.9 Pluralism test

PR.2.1.2.10 Features inspection

PR.2.1.2.11 Consistency inspection

PR.2.1.2.12 Usability standards inspection

PR.2.1.2.13 Usability tests

PR.2.1.2.14 Thinking aloud protocol

PR.2.1.2.15 Performance measurement

PR.2.1.2.16 Prototypes

PR.2.1.2.17 Affinity diagrams

PR.2.1.2.18 Cards management

PR.2.1.2.19 Automatic assessment

PR.2.1.2.20 Accessibility standards inspection

CL.3 Established process

PA.3.1 Implementation of the user-centered approach

P.3.1.1 Ensure the compliance of the quality policies and human-centered
design

PR.3.1.1.1 The report on compliance with the policies of user-centered
design

P.3.1.2 Ensure the system fulfill the requirements of users and all involved

PR.3.1.2.1 The report on system compliance with the requirements of users
and the Organization

CL.4 Predictable process
PA.4.1 Performance of the user-centered approach

P.4.1.1 Ensure that the practices of human-centered design meet quality
objectives, usability and accessibility of the process

PR.4.1.1.1 Specific: must be specific and should allow to identify what is
desirable to achieve

PR.4.1.1.2 Measurable: must be easy to quantify and should facilitate
continued progress

PR.4.1.1.3 Reachable: must be performed under current conditions
PR.4.1.1.4 Realistic: must consider the actual resources to achieve them
PR.4.1.1.5 Time limited: must specify the deadline

P.4.1.2 Evaluate the performance of the practical process of human-centered
design

N

Zzwmz2Z2Z2Z2Zz2ZzZ2Z2ZZ2Z2Z2Z2Z2Z2ZZZ2Z2ZZ z

Z

z

Practices to improve quality in in use [22]

ISO 9241-20, practice HCD.2.3

Practices for usability and accessibility evaluation [24]

1SO 15504
1SO 9241-210, practice HCD.6.7
ISO 18529, practice HCD.2.7

Work product S.7.7.2

ISO 18529, practice HCD.6.2
Work product S.6.4.1

1SO 15504
1SO 9241-210, practice HCD.4.9
Practices on SMART [25]

Practices on SMART
Practices on SMART

Practices on SMART
Practices on SMART
Practices on SMART
ISO 18529, practice HCD.6.5
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Table 4 (continued)

U+A SPICE

Type ISO source

PR.4.1.2.1 Quality assessment of accessibility and usability attributes

PR.4.1.2.2 Quantitative evaluation of use quality
CL.5 Optimizing process
PA.5.1 Optimization of the user-centered approach

P.5.1.1 Meet the user’s satisfaction and involvement with the system in the

long term

PR.5.1.1.1 Report on organization and users’ accordance with the use of the N

current system

P.5.1.2 Ensure user satisfaction and involvement with support services and

system
PR.5.1.2.1 Report on user satisfaction and involvement with training
PR.5.1.2.2 Report on user satisfaction and troubleshooting

N Practices on qualitative assessment of the usability and
accessibility [22]

N Practices on quantitative evaluation of in use quality [22]
E ISO 15504

N ISO 9241-210, practice HCD.7.8

N ISO 9241-210, practice HCD.7.7

Work product S.7.7.3

N ISO 18529, practices HCD.7.4 and HCD.7.5

Z

Work product S.7.4.2
N Work product S.7.5.2

Capability levels and process attributes are given in bold

For each capability level in Table 4, process attributes
(PA), practices (P) and practice requirements (PR) are
defined. In addition, the element type and the ISO source are
indicated. The column “Type” can have two different values:
N, when the row represents a new contributed element, and
E when the row represents an existing one. The ISO source
column also indicates the corresponding references.

As shown in Table 4, in order to ensure usability and
accessibility, practices are extracted from standards like
WCAG 2.0 [23] and other product quality standards such as
ISO/IEC 25000 [22], own contributed work products, refer-
enced proposals and so on.

3.3 Capability maturity assessment

Along with the capability levels, it is possible to measure the
maturity of the organization’s processes to obtain a capabil-
ity maturity approach according to five defined levels:

— Level 1—Initial: At this level, the organization does not
have a stable environment for user-centered software
development and maintenance. Even when correct engi-
neering techniques are used, efforts are undermined due
to lack of planning. The success of the projects is mostly
based on personal effort, featuring failures, delays and
cost overruns. The user-centered results of the projects
are unpredictable;

— Level 2—Repeatable: At this level, the organization has
institutionalized user-centered project management prac-
tices. There are basic metrics and a reasonable monitor-
ing of quality. The relationship with users and stakehold-
ers is systematically managed;

— Level 3—Defined: At this level, the organization features
a good management of user-centered projects, including
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correct coordination procedures between groups, staff
training, more detailed engineering techniques and a
more advanced level of metrics in the processes;

— Level 4—Managed: The organizations has a set of signifi-
cant quality and productivity metrics related to the user-
centered approach, which are used in a systematic way for
decision making and risk management. The resulting soft-
ware is of high quality under a user-centered conception;

— Level 5—Optimizing: The entire organization is focused
on the continuous improvement of user-centered pro-
cesses. The metrics are intensively used and the innova-
tion process is managed.

The maturity level assessment in U+ A SPICE is car-
ried through the fulfillment of the process attributes (PA).
The process attributes fulfillment can be obtained from each
practice (P), through the fulfillment of each specified prac-
tice requirement (PR). To evaluate the maturity level, and in
order to match the ISO/IEC 15504 ratings, process attributes
are rated using the following values: L =Largely achieve-
ment or F=Fully achievement.

Table 5 shows the five measurable maturity levels in order
to evaluate the maturity of usability and accessibility pro-
cesses. Although the standard ISO/IEC 15504 does not spec-
ify the way of numerically measuring L and F, we proposed
the following calculation procedure (see Fig. 3) as a system-
atic way to measure quantitative values for maturity according
to the capability of the process attributes defined in Table 4.

As depicted in Fig. 3, in order to evaluate a certain
capability level (CL) in terms of its representative process
attribute (PA), it is necessary to validate the corresponding
activities and practices (P). To do that, process activities
and attributes are evaluated by scoring the degree of the
fulfillment (in a scale ranging from O to 3) with each practice
requirement (PR) in terms of the corresponding working
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TabIeIS Assessment of maturity Maturity level Process attribute Assessment
level in U+ A SPICE
Integration of the user-centered approach (PA.1.1) LorF
2 Integration of the user-centered approach (PA.1.1) F
Management of the user-centered approach (PA.2.1) LorF
3 Integration of the user-centered approach (PA.1.1) F
Management of the user-centered approach (PA.2.1) F
Implementation of the user-centered approach (PA.3.1) LorF
4 Integration of the user-centered approach (PA.1.1) F
Management of the user-centered approach (PA.2.1) F
Implementation of the user-centered approach (PA.3.1) F
Performance of the user-centered approach (PA.4.1) LorF
5 Integration of the user-centered approach (PA.1.1) F
Management of the user-centered approach (PA.2.1) F
Implementation of the user-centered approach (PA.3.1) F
Performance of the user-centered approach (PA.4.1) F
Optimization of the user-centered approach (PA.5.1) LorF

products generated by each process activity. Ratings are
processed in a summative way, using the following general
scale:

e (0 (Not achieved): No significant evidence of compliance
with the activity or practice is found;

e 1 (Partially achieved): Evidence with the activity or prac-
tice exists, but it is unpredictable or not directly related
work products exist;

e 2 (Largely achieved): There is significant evidence that
the activity or practice is performed using and producing
some of the work products related to the process. How-
ever, not all the products are strictly generated or some
related weakness exists;

e 3 (Fully achieved): There is sufficient and significant evi-
dence that the activity or practice is performed using all
the required work products of the process. No significant
weaknesses exist.

As depicted in Fig. 3, in order to evaluate a process, it is
necessary to assess the maturity of a capability level in terms
of its representative activities and process attribute. This way,
an average capability maturity value is calculated: CM,,, where
n represents the capability level. This way, when CM,, >2.55,
then the desired capability level # is fully reached (F score). As
specified, only L and F scores are considered for the maturity
evaluation (see Table 5), though all scores can be useful for
reporting purpose. This way, assessment values can be defined
as follows:

— From 0 to 0.45: Not achieved (N);

— From>0.45 to 1.5: Partially achieved (P);
— From>1.5to 2.55: Largely achieved (L);
— From>2.55 to 3.0: Fully achieved (F).

These values are calculated according to the ISO/IEC 15504
recommendations, where N represents a 0-15% achievement,
P represents > 15-50% achievement, L represents >50-85%
achievement and F represents > 85-100% achievement.

It is worth noting that the achievement of a certain maturity
level implies the achievement of all capability levels involved.
For instance, to reach maturity level 3, it is necessary to
achieve capability levels 1, 2 and 3, and thus obtain F values
for process attributes PA1.1 and PA2.1, and obtain L or F value
for PA3.1. This way, the algorithm depicted in Fig. 3 has to
be executed n times for each process attribute (PA) appearing
in a same maturity level. This provides a quantitative value
for the evaluation of the capability maturity according to the
information depicted in Table 5.

MODECUA and U+ A SPICE helps to corroborate H,,
stating that it is possible to propose a model for the evalua-
tion of the capability maturity in usability and accessibility
centered processes.

4 Validation

In order to validate our approach, we have applied MOD-
ECUA to a real software development process used by a
Mexican company that will remain anonymous to guar-
antee confidentiality. This company has been working
for more than 20 years in the technology sector, featur-
ing development and integration of software solutions.
It has over 50 employees including developers, project
managers, and persons responsible for maintenance, sup-
port and quality. Currently, the company utilizes RUP
(Rational Unified Process) [26] as software development
process. The RUP methodology comprises four phases,
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For a given Process HCD,
evaluate each
Activity fromOto 3
(Z ratings A)

v

For a given Capability
Level n, evaluate the PA

For each P of the PA

v

Evaluate each related PR
against the activity work
products, rating each PRin
a scale from 0 to 3.
Aggregate each result
(X ratings PR)

y

Calculate CM,, as:

CM,, = _Z ratings PR+ ¥ ratings A
Total nof PRand A

Yes No

Report (L, P, N)

Fully Unconformity
Achievement (F)

Fig.3 Algorithm to evaluate the capability maturity in MODECUA

i.e., Inception, Elaboration, Construction and Transition,
which are executed in an iterative-incremental way.

In order to apply our approach, it was necessary to have
all the information about activities and work products gen-
erated by the company’s RUP development process. This
information has been evaluated according to the U+ A
SPICE capacity scale in order to determine the level of
maturity. Practices have been analyzed in detail, as well
as the work products to determine the capability maturity
level of the development process studied. Table 6 shows
a summary of the activities and work products provided
by the company that will be used in the evaluation with
U+ A SPICE.

Using the information of the company’s development
process, we want to evaluate the process HCD.1 (Ensure
HCD content in the system strategy) against capability

@ Springer

Table 6 Number of activities and work products resulting from the
development process of the company to evaluate

Phase Activities Work products
Inception 19 13

Elaboration 17 10
Construction 18

Transition 6

level 1 (CL.1—Performed Process) and maturity level 1
(Initial). This implies, according to the information shown
in Table 4, to satisfy the process attribute PA.1.1—Integra-
tion of the user-centered approach and thus fulfill practice
P.1.1.1—Ensure the user participation in the system strat-
egy as well as all stakeholders along the process lifecy-
cle, and practice P.1.1.2—Ensure the integration of the
user and organization requirements during the process.
This entails fulfilling five and ten practice requirements
for A.P.1.1.1 and A.P.1.1.2, respectively, which implies
to consider the work products provided by the company
that will be evaluated according to the practices in order
to see whether the corresponding practice requirements
are satisfied.

To carry out this task, it is necessary to achieve to fol-
lowing steps:

1. Tt is necessary to carry out an inspection to corrobo-
rate that the process HCD.1 and corresponding activi-
ties (HCD1.1-HCD1.6) included in MODECUA are
implemented through the development process of the
company studied;

2. Itis also necessary to carry out an inspection to corrobo-
rate that all activities of the company’s development pro-
cess generate the output work products corresponding to
the activities of process HCD.1 (OWP.1.1.1-OWP.1.6.2)
specified in MODECUA. To validate the compliance, an
inspection of the project plan’s documents was carried
out in order to obtain detailed information about activi-
ties, users, stakeholders, deliverables, resources and all
the information about development;

3. Using the method specified in Sect. 3.3 and, more spe-
cifically, the algorithm shown in Fig. 3, the different
activities of the process to be evaluated (HCD.1 in this
case) have to be rated from O (not achieved) to 3 (com-
pletely achieved). In addition, a rating for each attribute
process (AP.1.1.1 and AP.1.1.2) is calculated;

a. A value between 0 (not Achieved) and 3 (fully
Achieved) is assigned to each practice requirement,
considering the work products, according to the fol-
lowing criteria:

i. 0 (Not achieved): No significant evidence
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is found that demonstrates the inclusion
of the practice in the development process
of the company studied;

ii. 1 (Partially achieved): There is evidence
that the practice is carried out in the com-
pany’s development process. However,
this practice does not generate any work
product;

iii. 2 (Largely accomplished): There is sig-
nificant evidence that the practice is car-
ried out using and generating some of the
work products specified by MODECUA.
However, not all the work product are
used or generated, and the achievement
of the process is not as specified either;

iv. 3 (Completely achieved): There is suf-
ficient and significant evidence that the
practice is carried out using and generat-
ing all the work products specified by the
MODECUA, and the process is achieved
as specified;

b. In the case of practice P.1.1.1, it will be rated with 3
if all practice requirements (PR.1.1.1.1-PR.1.1.1.5)
are fulfilled. However, in this case, practice require-
ments PR.1.1.1.4 and PR.1.1.1.5 are not satisfied.
This way, only 3 out of 5 requirements are satisfied,
being the rating for practice P.1.1.1: (3%x3)/5=1.8;

c. In the case of practice P.2.1.1, it will be rated
with 3 if all practice requirements (PR.2.1.1.1—
PR.2.1.1.10) are fulfilled. In this case, all practice
requirements are satisfied. This way, 10 out of 10
requirements are satisfied, being the rating for prac-
tice: (3x10)/10=3.

According to the results obtained (see Table 7), the final
rating for this capability level 1 is: (1+2+1.843)/8=0.98,
which corresponds to a P (partially achieved) value
(0.45<0.98 < 1.5). This indicates that the maximum capa-
bility level for this process (HCD.1) is 1 (performed process)

and the maturity level reached is 0, as a L or F rating for
PA.1.1 is necessary in order to reach a maturity level 1
(initial). As the development process of the studied com-
pany did not reach maturity level 1 for process HCD.1, the
evaluation through the next level (level 2) was not carried
on. This indicates that the company lacks of an integration
of human-centered design practices, and it has to improve
process HCD.1 according to the scores obtained for each
activity and practice. A detailed improvements report can be
developed in order to research de desired capability maturity
in the process to ensure a human-centered design content in
the system strategy.

Following the same steps described above, we calculated
the rating (capability maturity level 1) for the rest of the
processes. Results for all processes are detailed in Table 8.

As shown in Table 8, only processes HCD.3 (Understand
and specify the context of use) and HCD.5 (Produce design
solutions) reached capability maturity level 1. The rest of
them do not even reach the initial level of capability matu-
rity. As both HCD.3 and HCD.5 processes obtained a rat-
ing of L (largely achieved), the evaluation through the next
level (level 2—Repeatable) was not accomplished, since it
is necessary to obtain a rating of F (fully achieved) in PA.1.1
to evaluate PA.2.1 and thus reach a capability maturity level
2 (see Table 4).

This case study helped to corroborate Hj, stating that it is
possible to deal with process evaluation in order to improve
it and be useful for audits and process improvement overall.

5 Conclusions

While usability and accessibility are important quality char-
acteristics in software development today [27-30], there is
areduced number of capability maturity models focused on
optimizing the user-centered development process. Admit-
tedly, there are different capability maturity models for soft-
ware processes, and some of them are centered in usability.
However, there is a lack of approaches including usability
and accessibility quality characteristics together, which

Table 7 Ratings for capability

Activities and practices Rating
level 1 (CL.1—performed
process) apd matu'rity level 1 HCD.1.1 Represent stakeholders 0
(PA.1.1—integration of the HCD.1.2 Collect market intelligence 0
user-centered approach) for
process HCD.1 (Ensure HCD HCD.1.3 Define and plan system strategy 1
content in the system strategy) HCD.1.4 Collect market feedback 0
HCD.1.5 Analyze user trends 0
HCD.1.6 Inform the system strategy to all persons involved 2
P.1.1.1 Ensure the user participation in the system strategy as well as all stakeholders along the 1.8
process lifecycle
P.1.1.2 Ensure the integration of the user and organization requirements during the process 3
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Table 8 Evaluation results for all processes against capability matu-
rity level 1

Process Total score Interval Assessment
HCD.1 0.98 0.45<0.98<1.50 P
HCD.2 0.68 0.45<0.68<1.50 P
HCD.3 1.69 1.50<1.69<2.55 L
HCD .4 1.44 0.45<1.44<1.50 P
HCD.5 2.18 1.50<2.18<2.55 L
HCD.6 0.88 0.45<0.88<1.50 P
HCD.7 1.08 0.45<1.08<1.50 P

heavily affects the quality of the products resulting from
such processes, as well as the satisfaction and psychological
wellness when the user interacts with such products.

This paper presents MODECUA, a model to determine
the capability maturity in processes specifically focused on
usability and accessibility. The main objective of MODE-
CUA is to help companies carry out a guided and systema-
tized user-centered approach for the development of usable
and accessible software products, allowing to improve
and determine the quality of their processes. MODECUA
comprises seven improved processes from ISO/TR 18529
that we have contributed with eight new activities based
on ISO 9241-210 and ISO 9241-20, 11 adapted activities
and processes, and nine renamed activities. In addition, we
have integrated 127 new work products used and generated
by such new activities. In addition, a capability maturity
assessment model, called U+ A SPICE has been proposed.
Inspired by ISO/IEC 15504, U + A SPICE allows to quanti-
tatively measure the capability maturity against the activities
and work products proposed in MODECUA. This capability
maturity model is compatible with ISO/IEC 15504, as it
uses the same maturity assessment mechanisms to be easily
integrated in organizational quality models.

MODECUA, together with the proposed model to assess
the capability maturity—U + A SPICE, have been applied
to a real development process of an IT company in order
to be validated, obtaining evidence corroborating that the
proposed contribution can be used for reporting useful indi-
cators for process improvement in terms of usability and
accessibility.

We are currently applying MODECUA to evaluate other
processes. This helps us refine and validate both processes
and capability maturity assessment. In addition, we are plan-
ning to develop a supporting tool to systematize the capabil-
ity maturity assessment in order to easily obtain and manage
reports for audit purposes and control the evolution.
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