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Abstract: The goal of this research is the identification and analysis of doctoral
dissertations registered in Spain that address universal accessibility as a topic in
order to detect trends, the scope for development and leading institutions. The
TESEO database has been used as a basic tool. A significant number of
dissertations on universal accessibility published in Spain between 1998-1999
and 2017-2018 academic years have been identified, although these make up a
small proportion of the total number of those registered. Specifically, the
database contains 108 dissertations on this subject. The most common topics
are the accessibility to digital services in general, accessibility to art, culture
and tourism, inclusive education, assistive products, accessibility to the urban
environment, transport and buildings, and accessibility as a fundamental right.
Some of the dissertations found a deal with subjects rarely studied from the
point of view of universal accessibility, such as banking, communication,
employment, the home and R&D&I processes. The educational institutions
which have published the largest number of these dissertations on universal
accessibility are the Technical University of Madrid and the University of
Granada, followed by the University of Valencia and the Technical University of
Valencia.
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Introduction
The aim of documentation as a discipline is "the study of an informational
process which is peculiar in that it involves the retrieval of informational
messages issued in previous processes" (López, 2011).
The identification, analysis and processing of information on a particular field
of study can be used by people and organisations to support their decision
making regarding matters they consider of interest.
Doctoral Dissertations are one of the most relevant documentary sources for
studying the state of research in a country through its scientific literature
(Oliva, 2014). Therefore, they should be taken into account in scientific
documentation processes.
In addition, thanks to technological advances, doctoral dissertations are no
longer restricted by their condition as “grey literature" and can now be found in
digital repositories, facilitating their consultation (Jiménez, Ruiz and Delgado,
2014).
Investigating doctoral dissertations on a specific topic, in a specific period, in a
specific country or even in a specific educational institution, is relevant both to
know the state of research therein and to identify the interest that it generates
among researchers who are considering writing a dissertation (Sanchidrián,
2016).
TESEO is the database in which the doctoral dissertations defended in Spain
since 1976 are registered. It is managed by Spain’s Ministry of Education,
Culture and Sport.
There has been a significant increase in the number of dissertations registered
in Spain, so TESEO can be considered a reliable reference for consulting the
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subjects of greatest interest to researchers. An indicator that reflects this
increase is the number of doctoral dissertation registered in this database per
year according to the Ministry of Education, Culture and Sport: in 2008 the
database contained information on 7,830 dissertations, while in 2017, ten years
later, the number of registered dissertations was 17,286.
However, according to Fuentes and Arguimbau (2010), not all dissertations
written in Spain are registered in TESEO, since the figures are somewhat lower
than those provided by the National Statistics Institute (INE in its Spanish
initials) whose data comes directly from an administrative query to all Spanish
universities. If the data from TESEO and INE are compared for the period
between the 1997-1998 and 2007-2008 academic years, we can see that the
dissertations stored in TESEO represent 87.3% of those quantified by INE, so
there is a small gap.
Even with these limitations detected in TESEO, the information that this
database provides on registered dissertations allows to identify the topics
addressed in order to detect areas of interest for researchers. Specifically,
some of the data stored in TESEO includes:
•

Dissertation Title.

•

Author.

•

University.

•

Department.

•

Doctoral programme.

•

Reading date.

•

Dissertation Advisor.

•

Jury.

•

UNESCO descriptors.

•

Dissertation Abstract.
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Several studies exist which analyse the state of play of specific subjects
through consultation of TESEO: for example, the history of communication
(Sanchidrián, 2016), graphic design (Oliva, 2014) or psychiatry (Moyano,
Delgado and Buela, 2006). However, no study has been detected which analyses
the presence of universal accessibility in doctoral dissertations registered in
Spain.
In this context, accessibility is "the extent to which

products, systems,

services, environments and facilities are able to be used by a population with
the widest range of characteristics and capabilities (such as physical, cognitive,
financial, social and cultural), to achieve a specified goal in a specified
context” (Persson, Åhman, Yngling and Gulliksen, 2015).
Spain is notable for having extensive legislation on universal accessibility. Most
legal references on this subject are included in Royal Legislative Decree
1/2013, of 29 November approving the “Consolidated Text of the General Law
on the rights of persons with disabilities and their social inclusion". However,
several studies show important deficiencies on this matter in different areas:
municipalities in Spain (ONCE Foundation, 2011), intercity transport (ONCE
Foundation, 2012), housing (ONCE Foundation, 2013), the workplace (ONCE
Foundation, 2015) and tourism (ONCE Foundation, 2016), among others.
According to the aforementioned studies, the lack of accessibility is partly
because currently available solutions have not been applied, but also due to the
lack of awareness and technical knowledge acquired by today’s professionals in
their university education such as architects, engineers, teachers or journalists.
Regardless of the real state of accessibility in different environments (such as
urban, educational, employment or domestic), new processes, products and
services are being integrated into society which has not yet been endowed with
universal accessibility solutions. Therefore, it would be interesting to know if
educational institutions in general and Spanish researchers in particular,
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consider universal accessibility as a discipline worthy of focusing their research
on.

Methodology
The goal of this research is the identification and analysis of doctoral
dissertations registered in Spain that address universal accessibility as a topic in
order to detect trends, scope for development and leading institutions.
The TESEO database has been used, applying several search strategies, to find
the dissertations on universal accessibility.

Identification of doctoral dissertations
The first step was to decide which academic years should be used for the
research. To analyse the production of dissertations over the last twenty years,
the 1998-1999 academic year was used as a starting point and 2017-2018 as the
ending point.
The next step was to establish the search strategies that would be used.
Specifically, the following keywords and expressions were entered in the "title"
field of TESEO: accessibility, accessible, universal design, design for all people,
assistive product, assistive technology, functional disability and diversity.
At the same time, a query was performed using the UNESCO codes for the
classification of doctoral dissertations by keywords. The code “6310.05
Handicapped” was used. This term, despite not being politically correct, is the
closest keyword in relation to the subject of this research.
To avoid duplication of results, the combined query was carried out on the
UNESCO code and on dissertations that do not include the word "disability" in
the title.
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Finally, a search was carried out in TESEO of Spanish authors who have
published works on the subject of universal accessibility and whose doctoral
dissertations do not appear in the previously carried out queries.

Analysis of records
After applying the search strategy described above, the files pulled up by
TESEO on each doctoral dissertation were analysed.
The following actions were carried out during this analysis:
•

Review of the abstracts of the resulting files to determine if the
dissertation is related to universal accessibility.

•

Grouping of the dissertations into fields of application (such as
education, employment or urban environment).

•

Determination of whether the dissertation addresses accessibility in a
transversal way or if it focuses solely on the ICT environment or the built
environment.

•

Quantification of dissertations by educational institution.

Presentation of results
This section describes the results obtained after applying the described
methodology.

Number of dissertations related to universal accessibility
After carrying out the search in TESEO using the words and expressions
described in the methodology, 617 records have been identified. However,
most of them are matches and the rest, despite including terms related to the
field of study, do not actually focus on the topic of universal accessibility.
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For example, some dissertations contain in their title the words "accessibility"
and "disability", so they appear when applying both search strategies. Others
include the word "disability", but focus on aspects related to the categorisation
of groups: they do not cover any aspect related to the design of accessible
environments, products and services. Finally, some dissertations contain the
word "accessibility” but actually deal with issues related to geography,
medicine, biology, and others, without focusing on any aspect of universal
design.
The following table shows the number of dissertations that appear after
applying the different search strategies, as well as the number found to be
related to universal accessibility.
The strategies appear in the same order in which they were employed in
TESEO. This means that if a dissertation that appears in several searches has
been found, for example, because the word "accessibility" appears in the title,
it is not subsequently counted again when it appears because of the word
"disability”, otherwise, the number of doctoral dissertations related to the
subject of study would appear higher than it actually is.
Table 1: Doctoral dissertations related to universal accessibility

Search strategy

Records obtained

Related to Universal
Accessibility

“accessibility" in title

92

51

“accessible" in title

23

17

“universal design” in title

2

2

“design for all people" in

0

0

title
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Search strategy

Records obtained

Related to Universal
Accessibility

“assistive products" in title

2

2

“assistive technologies" in

2

2

“disability" in title

422

23

UNESCO Code and absence

39

3

“functional diversity" in title

25

6

Search for authors whose

10

2

617

108

title

of "disability" in title

dissertations do not appear
previously

Total

The table shows that of the 617 records identified after applying the different
search strategies, it is estimated that 108 doctoral dissertations registered in
Spain between the 1998-1999 and 2017-2018 academic years address specific
topics related to universal accessibility (17.5%).
Results detected by entering terminology on accessibility
The number of dissertations that contain words and expressions related to
universal accessibility in the title and that actually address this topic is quite
high: 51 of the 92 dissertations that include the word "accessibility" in title
address this topic (55.4%), 17 of the 23 that contain the word "accessible" also
do so (79.9%), as do the two dissertations identified as a result of searching
using the expression “universal design" (100%).
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Searching for dissertations using the expression "design for all people" produces
no results. This may be due to the fact that it is not until relatively recently
that the use of gender-neutral language has been promoted. In addition, this
expression may be considered by researchers as too broad to be included in a
dissertation title.
Assistive technologies and products as tools to overcome physical, technological
and communication barriers have become important elements in relation to
universal accessibility. The expression “assistive products” returns two
dissertations related to the subject of study in TESEO. Likewise, entering
“assistive technologies”, returns two more dissertations. No records are found
when either expression is entered in the singular.
Results detected by entering terminology on disability
When entering terms related to people with disabilities in the title, TESEO
returns a significant number of results, although the number of these that
actually focus on universal accessibility is lower or, in many cases, these
dissertations have already been found in searches using other terms.
For example, of the 422 results found after entering the word "disability" in the
title, only 23 of these dissertations address some aspect related to universal
accessibility (5.4%).
In addition, searching for dissertations using the UNESCO classification code
6310.05, "Disability", excluding the word "disability" in the title to avoid
duplicating results, produces 39 records, of which only three are related to the
subject of study (7.7%).
Universal accessibility does not just benefit people with disabilities, so there
may be relevant dissertations which have a broader focus. For this reason, the
dissertations that contain the expression "functional diversity" in the title have
been included. After conducting the search in TESEO, 25 records have been
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detected, of which six are related to universal accessibility and human diversity
(24%).
Search for renowned experts
After identifying all the dissertations related to universal accessibility the next
step was to check the authorship of these in order to detect if there are any
renowned experts in this field whose dissertations have not previously been
located. Specifically, the details of ten authors have been introduced.
The previous steps have generally identified all the authors who are renowned
in Spain for disseminating scientific knowledge on universal accessibility and
who have a doctorate. However, it has been considered relevant to add two
authors whose dissertations have not been found with the search strategies
previously applied and who address in their works some aspect related to
universal accessibility.

Dissertations read per year
Of the 108 doctoral dissertations identified in TESEO that address some aspect
related to universal accessibility, 57 of them have been read between 2015 to
2018 (52.7%).
Fifteen dissertations were read in 2015 and twenty were read in 2016 and 2017
respectively. In 2018, only two have been identified as having been read,
although this figure is expected to increase once all the dissertations read
during the 2018-2019 academic year have been registered in TESEO, since this
study has been carried out before the end of 2018.
Prior to 2015, the years 2010 and 2014 stand out in terms of the number of
dissertations read with respect to other years: nine and eight were read
respectively.
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No dissertations addressing universal accessibility were found on TESEO
database between 1998 and 2000.
The following table shows the number of dissertations read in each year.
Table 2: Dissertations read per year

Year

Dissertations read on accessibility

2018

2

2017

20

2016

20

2015

15

2014

8

2013

4

2012

3

2011

2

2010

9

2009

6

2008

6

2007

2
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Year

Dissertations read on accessibility

2006

1

2005

3

2004

4

2003

1

2002

1

2001

1

1998-2000

0

Total:

108

Dissertation topics
Of the 108 dissertations which address universal accessibility, a significant
number deal with aspects related to digital accessibility, in other words,
accessibility to ICT-based products and services (52.8%). Also noteworthy is the
number of dissertations that seem to address the topic of accessibility
transversely (43.5%).
Regarding the subjects of the dissertations, a significant number, 21, address
aspects related to accessibility to digital services without focusing on a specific
field of application. The most studied technologies are the internet and mobile
applications.
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The next most studied subject is the accessibility to art, culture and tourism,
with 17 dissertations focusing on this category. These deal with general aspects
related to tourism, but also cover specific aspects of accessibility to buildings
such as museums, theatres or hotels.
Accessibility to education is also an intensely studied subject, dealt with by 13
dissertations. In general, accessibility is approached from a transversal
perspective, although five dissertations focus solely on ICT aspects. This is due
to the growth of e-learning as a learning modality.
Twelve dissertations on assistive products for different user profiles have been
found. A significant number of dissertations in this category focus specifically
on ICT assistive products (66%).
Eight dissertations exist on urban environment and transport accessibility.
These have been grouped because of the aspects they have in common.
Several dissertations in this category cover aspects of accessibility related to
the natural environment, parks and gardens (three dissertations).
Although related to the urban environment, a separate category has been
created to group the dissertations that deal with accessibility in buildings. Of
the seven dissertations on this subject, as with education, a large proportion
deal with ICT-related aspects. In this case, three of the dissertations address
aspects related to indoor guidance.
Six dissertations fall into the law category in which accessibility is dealt with as
a fundamental right.
Five dissertations have been identified that focus on accessibility to public
administration services. Of these, again a large proportion deal with ICT (80%),
in this case, electronic administration services.
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In the health category, also containing five dissertations, a great deal of the
research is also based on ICT issues (60%): telemedicine, telecare and nursing
websites.
A smaller number of dissertations have been identified that research issues
related to communication, the home, R&D, leisure, banking and employment.
Of these, it is worth highlighting the R&D category which contains dissertations
which focus on the integration of people with disabilities in research and
development processes.
The following table shows the subjects of the 108 identified dissertations,
sorted by the number of dissertations per scope of the study. Also, the table
indicates how many approach accessibility in a transversal way and how many
focus on a field of application: ICT environment or built environment.
Table 3: Predominant topics

Predominant

Total

Transversal

ICT

Built

Dissertations

Accessibility

Environment

Environment

ICT

21

0

21

0

Art, culture and

17

13

4

0

Education

13

7

5

1

Assistive

12

4

8

0

8

7

0

1

Subjects
General
services

tourism

products
Urban
environment and
transport
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Predominant

Total

Transversal

ICT

Built

Subjects

Dissertations

Accessibility

Environment

Environment

Buildings

7

4

3

0

Law

6

5

1

0

Public

5

0

4

1

Health

5

2

3

0

Communication

3

2

1

0

Home

3

0

2

1

Leisure

3

0

3

0

R&D

3

2

1

0

Banking

1

0

1

0

Employment

1

1

0

0

108

47

57

4

administration

Total:

Universities of origin
The educational institutions which have published the most significant number
of these dissertations on universal accessibility are the Technical University of
Madrid and the University of Granada, with eight and seven dissertations
respectively. These are followed by the University of Valencia and the
Technical University, each with six dissertations.
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The following table shows the number of dissertations on universal accessibility
that have been published by the universities that have addressed this topic.
Table 4: University of origin of the dissertation

University

No. Dissertations

Autonomous University of Barcelona

4

Autonomous University of Madrid

2

Charles III University of Madrid

4

Complutense University of Madrid

4

University of A Coruña

3

University of Alcalá

4

University of Alicante

4

University of Barcelona

2

University of Burgos

1

University of Cadiz

1

University of Cordoba

4

University of Deusto

2
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University

No. Dissertations

University of Extremadura

5

University of Granada

7

University of Huelva

2

University of Jaen

3

University of the Balearic Islands

2

University of Leon

2

University of Lleida

2

University of Malaga

5

University of Murcia

3

University of Oviedo

1

University of Salamanca

2

University of Seville

3

University of Vigo

3

University of Zaragoza

1
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University

No. Dissertations

University of the Basque Country/

1

Euskal Herriko Unibertsitatea
Jaume I University of Castellón

2

Miguel Hernández University of Elche

1

National University of Distance Education

2

Technical University of Madrid

8

Pontifical University of Salamanca

2

Public University of Navarre

1

Ramón Llull University

1

King Juan Carlos University

2

University of Valencia

6

Technical University of Valencia

6

González-Perea, L., Hernández-Galán, J., & González, N. (2019). The presence of Universal Accessibility in
doctoral dissertations deposited in Spain between 1998-1999 and 2017-2018 academic years. Journal of
Accessibility and Design for All, 9(2), 118-140. doi: http://dx.doi.org/10.17411/jacces.v9i2.213

135

Journal of Accessibility and Design for All
Volume 9, Issue 2. (CC) JACCES, 2019. ISSN: 2013-7087

Conclusions
Having identified all the dissertations registered in Spain that address universal
accessibility, the following conclusions can be drawn:
•

Of the 617 records identified after applying the different search
strategies, it is estimated that 108 doctoral dissertations registered in
Spain between 1998-1999 and 2017-2018 academic years address specific
topics related to universal accessibility (17.5%).

•

The number of dissertations that contain words and expressions related
to universal accessibility in the title and which actually address this
topic is quite high: 51 of the 92 dissertations that include the word
"accessibility" in title address this topic (55.4%), 17 of the 23 that
contain the word "accessible" also do so (79.9%), as do the two
dissertations identified as result of searching using the expression
“universal design" (100%).

•

When entering the word "disability" in the title, TESEO returns an
important number of results (422), although a large number of the
dissertations related to universal accessibility appeared after searching
using terminology related to this concept. Only 23 more dissertations are
found that address some aspect related to universal accessibility (5.4%
of the 422 dissertations).

•

Searching for dissertations using the UNESCO classification code 6310.05,
"Disability", excluding the word "disability" in the title to avoid
duplicating results, produces 39 records, of which only three are related
to the subject of this study (7.7%), since a large number of the
dissertations had already been previously found in the previous searches.
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•

If the concept of "functional diversity" is applied to the title in the
search, 25 records are detected, of which six are related to universal
accessibility and human diversity (24%).

•

Of the 108 doctoral dissertations identified in TESEO that address some
aspect related to universal accessibility, 57 of them have been read
between 2015 to 2018 (52.7%). Prior to 2015, the years 2010 and 2014
stand out in terms of the number of dissertations read with respect to
other years: 9 and 8 were read respectively.

•

In relation to the total number of dissertations selected which address
universal accessibility, a significant number deal with aspects related to
ICT (52.8%). Also noteworthy is the number of dissertations that seem to
deal with accessibility from a transversal perspective (43.5%).

•

The most common topics are accessibility to digital services in general,
accessibility to art, culture and tourism, inclusive education, assistive
products, accessibility to the urban environment, transport and buildings
and accessibility as a fundamental right.

•

Some of the dissertations found deal with subjects rarely studied from
the point of view of universal accessibility, such as banking,
communication, employment, the home and R&D&I processes.

•

The educational institutions which have published the largest number of
these dissertations on universal accessibility are the Technical University
of Madrid and the University of Granada, followed by the University of
Valencia and the Technical University of Valencia.

•

In general terms, it can be said that a significant number of dissertations
on universal accessibility which were published in Spain between the
1998-1999 and 2017-2018 academic years have been identified, although
as a proportion of the total of registered dissertations in TESEO database
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the number is minimal. For example, 17,286 dissertations were
deposited in 2017, of which only 20 addressed universal accessibility.
•

In order to improve accessibility in both physical and digital
environments as well as in products and services worldwide, it is
essential that universities promote students interest in this field of
research.
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Appendix: Identified dissertations on universal accessibility
An Excel document is attached in which the 108 identified theses that address
universal accessibility are included (Sheet 1).
On each thesis, the title is provided in its original language, the subject to
which it is associated, the author, the year of reading, the university of origin,
the URL of access to the file in TESEO and the search strategy applied.
Besides, the names of reference authors consulted in TESEO are provided to
know if they have a doctoral dissertation related to universal accessibility
(Sheet 2).
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Abstract: Accessibility is a quality requirement for digital educational
materials (or contents) in interactive learning environments. It ensures that
students with disabilities do not face barriers when using such content.
However, guaranteeing the accessibility of these materials is no easy task, at
least for a significant part of the producers, authors, evaluators, and users of
educational materials, such as teachers. Proof of this can be found in the
Moreno, L., Fernández-Pampillón, A.M., Sarasa, A., Rodrigo, C., García-Villalobos, J., González, Y., García-Mata, R. (2019).
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results of the case studies on the usability and reliability of technological
accessibility evaluation standards conducted by Spanish Association for
Standardisation (UNE) during the development of the Spanish Standard for
the Quality of Digital Educational Materials UNE 71362. The results obtained
show the difficulty of ensuring a good level of accessibility to digital
educational materials, concluding that most creators and evaluators did not
apply the guidelines due to either inexperience or difficulties. In order to
minimise this problem, a new research approach has been taken based on
unifying and abstracting the technology accessibility indicators from the
regulations in force and integrating them, according to their applicability,
transversally in the teaching and technological criteria of the new standard.
This paper presents, explains and justifies this new approach in which the
accessibility criteria are not isolated.
Keywords: accessibility, disability, digital educational materials, digital
learning resources, quality models

Introduction
The use of Digital Educational Materials (hereinafter DEM) either integrated
into e-learning platforms or as standalone is rapidly increasing. A Digital
Educational Material is, according to UNE 71362, the Spanish standard of
Quality of Digital Educational Materials, “any digital entity which has defined
at least one teaching goal in order to be used in learning, teaching, and
training” (UNE 71362, 2017). Other related terms, with more specific
meanings, are learning object and educational software system (UNE
71361:2010). Electronic books, educational software, multimedia content,
web pages, video classes, streaming video and audio recordings are examples
of the wide variety of DEM’s. Educational materials constitute one of the
basic pillars of the quality of an institution's entire educational process (EQL,
2008; UNIQUE, 2011; OpenECBCheck Quality Criteria, 2012). For this reason,
since the beginning of e-learning in the mid-1990s, several models for
evaluation of DEM quality, based mainly on criteria have been developed.
Moreno, L., Fernández-Pampillón, A.M., Sarasa, A., Rodrigo, C., García-Villalobos, J., González, Y., García-Mata, R. (2019).
How to interweave accessibility with didactic and technological quality of digital educational materials. Journal of
Accessibility and Design for All, 9(2). 141-168. doi:http://dx.doi.org/10.17411/jacces.v9i2.193

 142 

Journal of Accessibility and Design for All
Volume 9, Issue 2. (CC) JACCES, 2019. ISSN: 2013-7087

These models all regard quality as including three fundamental aspects, in
addition to others: the educational aspect, the technological aspects, and
accessibility. The educational aspect pertains to the criteria which establish
that material will be effective in terms of teaching, that is, in other words,
that helps the student to learn and the teacher to teach. The technological
aspect comprises the criteria ensuring that material is technologically
effective, which means that it can be used with no problems on any
computer system. Moreover, these criteria guarantee that it is portable,
interoperable, and can be easily scaled.
Finally, accessibility pertains to the criteria that ensure that the DEMs can
be used by individuals with the broadest range of skills possible (UNE-ISO/IEC
24751-1:2012; UNE 139803:2012). In order to establish the essential aspects
and criteria for the quality of digital educational materials with the largest
possible agreement, and in the most usable, effective, and reliable way
possible, Working Group 12 1 (hereinafter WG12) was created in September
2013 as part of the National Technical Committee 71, Subcommittee 36 on
"E-learning" of the Spanish Standardization Association (UNE). The group was
multidisciplinary with agents coming both from the public and private
sector: ministerial offices, universities, editorial and private educational

1

The work group 12 (AEN/CTN71/SC36/WG12) on “Quality of digital teaching materials”

has the following members: Arturo de Porras Guardo, Consejería de Consejería de
Educación y Empleo; Ángel Luis González Serrano, Pearson Educación; Julián García
Villalobos, Organización Nacional de Ciegos Españoles (ONCE); Pilar Fernández Prieto,
Asociación Española para la Calidad; Pedro Luis Iglesias Vázquez, Clara María Vizoso
Martín, Institución Educativa SEK; Daniel Pons Betrián; Luis de Castro Soriano; Juan
Pedro Cabanilles Gomar; Yolanda González Maroto; Patricia Camacho Fernández;
Covadonga Rodrigo y Jose Luis Delgado Leal, Universidad Nacional de Educación a
Distancia; Lourdes Moreno López, Universidad Carlos III de Madrid; Elena Domínguez
Romero, Isabel de Armas, Antonio Sarasa Cabezuelo, Jose Luis Sierra Rodríguez, Jorge
Arús Hita and Ana Fernández-Pampillón Cesteros, Universidad Complutense de Madrid.
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entities. Moreover, members of the potential user’s associations were
invited to join. The final goal of WG12 was to develop the National Project
for Spanish Standard 71362, PNE 71362, in order to define a quality standard
for digital educational materials (Fernández-Pampillón 2014). The standard
was approved and published in July 2017. The methodology used to develop
the standard was based on evaluating (through case studies) and correcting
the successive quality models, generated from an initial model, similar to
what occurs in a prototyping process (Sommerville 2005). From the very
outset, this methodology made it possible to detect a problem in the
applicability of the accessibility criteria of the standard. In all evaluations,
we discovered that the evaluators of the educational material either did not
apply the accessibility criteria at all or only applied it partially and with no
basis. To solve this problem, a team of accessibility experts was created in
the WG12 who worked jointly with DEM creators. This team designed a new
approach to explain and ensure DEM accessibility adding to the standard a
new group of indicators related to specific learning and cognitive aspects
that affects users with disabilities. Understanding how people with
disabilities access DEMs is essential to define the criteria for accessibility
quality. Access to DEM depends on the specific needs and preferences of
people with disabilities.
The said approach is presented and justified in this paper. The paper is
structured into six sections. Section 1 has introduced the evaluation of DEM
quality. Section 2 presents state of the art developments in DEM
accessibility; and the models of quality assessment in Section 3. Section 4
describes the methodology followed during the development of the PNE
71362 quality model. Section 5 presents the final standard DEM quality
model developed. Finally, Section 6 presents the conclusion and lines of
work.
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Overview of accessibility
Providing Universal Access to DEM in interactive learning environments
involves making every piece of information accessible to everyone.
Difficulties accessing digital content can affect not only students with
disabilities but also students without disabilities. Whenever possible, the
accessibility needs of different user profiles should be taken into account.
There is a vast range of ways to access electronic resources on the Internet,
depending on users' characteristics of access as well as their context. Some
people have difficulties processing information or are people with visual,
auditory, physical, cognitive or neurological impairment. However, it is not
only people with disabilities who find accessibility barriers involving access
to content. For instance, digital contents can be offered as text, image,
audio or video depending on the preferences or needs of every student, so
the plat-forms should provide accessible content to the resources.

Types of access to DEM by students with disabilities
Understanding how people with disabilities access DEMs is essential to define
the criteria for accessibility quality. Access to DEM depends on the specific
needs and preferences of people with disabilities. In this regard, two distinct
types of access to DEMs can be established: direct access and compatible
access (NCAM 2009).
A disabled person uses direct access to a DEM when he or she can operate it
without the need to depend on assistive technology. One example is a
software or a website that provides features such as on-screen text or high
contrast colours, to allow individuals with impaired vision to read the
content. Other examples are a keyboard interface with audio output for
blind people. The second type of DEM access is non-direct compatible
access. Compatible access entails the use of assistive technology (screen
reader, a screen magnifier, and an alternative input device) to access the
DEM.
Moreno, L., Fernández-Pampillón, A.M., Sarasa, A., Rodrigo, C., García-Villalobos, J., González, Y., García-Mata, R. (2019).
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Accessibility Standards and Guidelines
Legally,

there

are

several

accessibility

standards,

nationally

and

internationally, which are mandatory. The ISO/IEC 40500:2012 standard
(Information technology -- W3C Web Content Accessibility Guidelines (WCAG
2.0) (ISO, 2012) establishes the criteria for accessibility to online resources
(W3C 2008). This standard must be taken into account when the DEM is web
content or browsable format. ISO/IEC 40500:2012 (ISO 2012) was created
from the Web Content Accessibility Guidelines (WCAG) promoted by the WAI
(W3C 2004). In the Spanish regulatory framework, there is a regulation
equivalent to WCAG and ISO/IEC 40500:2012 that is mandatory for the EGovernment websites. This Spanish standard is the UNE 139803:2012, “Web
content accessibility requirements” (UNE 139803:2012). UNE 71362 includes,
as the minimum accessibility level, Compliance level AA of WCAG 2.0.
To evaluate the accessibility of educational software DEMs, in addition to
standard ISO/IEC 24751-1/WCAG 2.0, software accessibility standard ISO
9241-171: 2008 has been taken into account in this research work. This
standard provides ergonomics guidance and specifications for the design of
accessible software for use both at work and at home as well as in education
and the public State administration. This international standard has a
corresponding Spanish standard too, UNE 139802:2009, “Guidance on
software accessibility” (UNE 139802:2009).
In addition to technological accessibility, UNE 71362 pertains to accessibility
as regards teaching and cognitive aspects. This is because of their impact on
the teaching and learning of students with disabilities. These aspects have
been studied and published in the Guidelines for the Design of Accessible
Educational Environments for People with Visual Disabilities by ONCE - the
Spanish National Organization for the Blind (ONCE, 2005). They target direct
application DEMs (direct access to a DEM), and compatible application DEMs
(no-direct or compatible access to a DEM.). These guidelines have been
taken into account in this research work too.
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Related work
In order to study works related to the development of the standard UNE
71362, fifty-two works on the evaluation of DEM quality, published between
1996 and 2013, were reviewed. In the following paragraphs, a discussion
regarding these is provided.
Regarding the inclusion of accessibility as an aspect of DEM quality, works
presenting DEM quality models were found in which accessibility was not
taken into consideration. One example of this is Schoner, Buzza, Harrigan &
Strampel (2005) which consider five criteria that include usability, but not
accessibility.
Other works indicate that the DEM in question must be accessible by people
with special needs (Lin et al. 2006). However, they do not include specific
information regarding what accessibility elements need to be included in the
DEMs. The project (DESIRE 2000) and the guide LORI (Nesbit et al. 2003)
define guidelines for the creation of collections of digital materials. The
quality criteria include taking into account the special needs that users of
the materials might have. Along these lines, Becta (2007) presents a set of
quality criteria that include accessibility, understood as making sure that any
student, regardless of their physical abilities, is able to access the contents.
Some of the works found understand accessibility to be the adaptation of
content according to different student profiles and their learning needs (Del
Moral 2005), (LOAM 2005), but not as complying with accessibility standards
such as the WCAG 2.0
On the other hand, quality models exist which do take accessibility into
consideration. Although they do not reference accessibility standards. One
example is the work of Buzzeto (2006) that contains a rubric in which some
aspects of accessibility, such as the presentation of information and the type
of multimedia used, are presented. Morales (2008) presents a model for the
evaluation of learning objects. They include aspects related to accessibility,
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such as interface design and navigation design. Obizor (2010) discusses the
need to take accessibility for people with disabilities into account when
developing educational materials. More specifically, a review of accessible
devices is given.
Works that do indeed consider accessibility as compliance with WCAG
standards have also been found. This is the case of SREB-SCORE (2007), that
describes a questionnaire for evaluating learning objects which include the
accessibility criterion. To do this, it poses two questions regarding
compliance with WCAG 1.0 Level A standards. Another work along these
same lines is the MELT project (MELT 2007), which provides digital
educational materials for schools. The project's products include quality
guides for the re-sources created, which consider accessibility is complying
with the WCAG 1.0 Level AA. Nevertheless, applying the WCAG is not
something trivial, and none of these models provides any guidance as to how
to implement it.
Others do, on the other hand, offer a guide and support on how to apply
them. One example is the ECBCheck Initiative (OpenEC-BCheck 2012) which
seeks to improve the quality of teaching programs based on e-learning and
has a questionnaire evaluating quality that takes the accessibility and
usability of materials into account. However, it only partially takes
accessibility into consideration as it does not cover all the aspects which
must be considered when complying with the accessibility standards.
To conclude, the models reviewed include accessibility as an aspect of
quality, but the distinction between accessibility, adaptability, and usability
is not clear in some of them. Very few models are found that include help
guides to evaluate accessibility. They use technological standards to verify
the accessibility criterion without providing support. In order to provide a
solution for this situation in which there is a lack of support when
accessibility is taken into consideration, a proposal for an accessibility submodel was defined and presented in this work.
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Methodology
The development of the DEM quality standard of the PNE71362 was carried
out using an iterative process with a methodology involving successive
refinements based on evaluating, analysing results, and correcting.
The initial DEM quality model was composed of the following criteria:
objectives and didactical coherence, content quality, capacity to generate
learning, adaptability and interactivity, motivation, format and design,
usability, reusability, interoperability and accessibility (Fernández-Pampillón
2014).
In this initial model, the accessibility criteria indicated that it had to assess
if the DEM could be accessed and managed by people with special needs.
With this model, we carried out experimental studies in order to evaluate
and correct the accessibility evaluation model following a specific
methodology. These studies are presented in this section. As a result, a final
quality model is presented in section 5 for the accessibility of DEMs, which is
the proposal of this article.

Method and Measures
The empirical method followed by the WG12 to evaluate and correct the
accessibility evaluation model is based on the Case Study Method. The goal
was to measure the usability and reliability of the model. To do so, an
evaluation panel was asked to assess qualitatively and quantitatively the
quality of a set of DEMs using that quality model.
Usability was evaluated using surveys, while reliability was statistically
evaluated by calculating the degree of agreement between evaluators using
the Intraclass Correlation Coefficient (ICC).
In the evaluation of the DEM, the ICC should be understood as the
percentage of the total variability in measures which can be attributed to
the actual differences between the materials evaluated. Its value ranges
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between 0 and 1. The framework for the quality of digital educational
materials considers ICC values following the scale put forward in Fleiss
(1986) (see Table 2). To calculate the ICC the ICC(2) rate was used, which
employs a bifactor ANOVA model with two random factors, as described in
Shrout et al. (1979).
The procedure for the evaluation of DEM quality has a significant influence
on the reliability of the evaluation measures (Nesbit et al. 2003). In this
regard, in all case studies performed, a scheme for DEM evaluation by
moderate reliability and average cost pairs was used.
Finally, the sequence of two cases to study the usability and reliability of the
evaluation model was organised as follows:
1. The first study was aimed at evaluating the usability of the quality
model. At this point, and in parallel to this study case, an expert
panel in the development of digital educational materials evaluated
accessibility in order to compare its results with those of empirical
evaluation of the study case.
2. The goal of the second case study was to verify the usability and
reliability of the corrected quality model again, but now trying to
compare the usability and reliability of the quality model with and
without the accessibility aspect. The goal was to check whether the
evaluation of accessibility still posed difficulties to evaluators, in
which case the usability and reliability results should be significantly
different, or whether on the contrary, they would be similar.
The following subsection presents in detail each of the studies, its results,
and the corrective actions applied to the model for the evaluation of
accessibility until the final model presented in section 5.
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Results and discussion
Case study 1
Criteria in quality model: (1) Objectives and Didactical Coherence, (2)
Content Quality, (3) Capacity to Generate Learning, (4) Adaptability and
Interactivity, (5) Motivation, (6) Format and Design, (7) Usability, (8)
Accessibility, (9) Reusability and (10) Interoperability.
Goals: Evaluation of the usability of the quality model.
Design: a teacher training workshop on "Quality of digital materials" was
held. The goal of the workshop was to evaluate the quality of a piece of
material and propose improvement. Four teachers (one from pre-school
education and three from primary education) with user knowledge of
computers took part. A piece of preschool education material created by the
participating pre-school teacher was used. The workshop was held in two
sessions.
Development: in the first session, the piece of educational material was
jointly evaluated with the support of a member of the GT12 workgroup. In
the second session, improvements were proposed, and it was re-evaluated.
Data collected: 8 evaluations.
Results of the analysis of the survey regarding accessibility: the
accessibility criterion is hard to understand and apply.
Evaluation by experts in the development of DEM of a publishing house. In
parallel to case 1, an expert panel evaluated the quality model. A report was
generated, the conclusions of which did not mention accessibility as a
problem of the model.
Discussion of results and corrective actions: Case study 1 showed
difficulties in understanding and how to apply the accessibility sub-model.
However, the expert panel did not mention the usability of accessibility as a
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problem in the quality model, probably due to their familiarity with the
evaluation of accessibility. To solve this problem, a team of accessibility
experts was created within the WG12 aiming two goals: (1) developing an
accessibility sub-model, and (2) integrating it in the global quality model.
The strategy was to bring together the existing technological accessibility
criteria from standards ISO/IEC 24751-1 and WCAG 2.0 as a verification list
or checklist and incorporate as a novelty, the study (Guidelines for the
Design of Accessible Educational Environments for People with Visual
Disabilities) on the cognitive accessibility of the DEM. The verification list is
composed of criteria. Every criterion of Verification list was defined by a list
of items of checkpoints.
The new accessibility sub-model was organised into two parts: the
accessibility of the container elements (interface) and the accessibility of
their contents. These two parts were added to the global criteria model as
two additional criteria (criteria 10 and 11).
Case study 2
Criteria in the quality model: (1) Educational description, (2) Content
quality, (3) Capacity to generate learning, (4) Adaptability, (5) Interactivity,
(6) Motivation, (7) Format and design, (8) Reusability, (9) Portability.
Additionally, the accessibility criteria:
•

(10) Interface Accessibility: (10.1) Navigation, (10.2) Predictable
changes in context, (10.3) Operability, (10.4) Use scenarios, and
(10.5) Cognitive aspects.

•

(11) Content Accessibility: (11.1) Images, (11.2) Video and audio,
(11.3) Text, (11.4) Forms, (11.5) Tables, (11.6) Lists.

Goal: Comparative evaluation of the usability and reliability of the quality
model with and without the accessibility aspect.
Design: Three studies were conducted:
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1) a statistical reliability study taking the 9 first criteria in the model into
account (excluding accessibility)
2) a statistical reliability study taking tall the 10 and 11 criteria into
account (including accessibility)
3) a qualitative study of validity through opinion surveys among the
evaluators.
For the study of the two first questions, 1) and 2) an experiment based on
case type 1 documented in (Shrout & Fleiss 1979) was used. This type 1 is
aimed at evaluating the consistency of the measurements obtained without
taking into account the agreement or disagreement factor. In this way,
deviations in the measurements caused by the evaluators' possible
subjectivity are not taken in account. The experiment was designed with the
stimuli and participants as follows:
•

2 pieces of educational material were randomly selected from a
sample of 11 pieces of material from different educational levels and
fields of knowledge. These materials were evaluated by 3 evaluators
also randomly selected from a sample of 17 evaluators belonging to
WG12 with different profiles: teachers, developers, editors, academic
and administrative officers. The evaluators had no knowledge of the
accessibility evaluation sub-model.

•

The different types of materials and evaluators, their random pairing,
and the use of the evaluation method by pairing simulates the most
unfavourable general case regarding the usability and reliability of
the evaluation model: a panel of evaluators who might not be
specialists in the disciplines of the materials, who had not previously
used the evaluation model.

A survey rating the usefulness, clarity, completeness, precision, and usability
of each criterion was designed for the study of the usability of the
accessibility sub-model (see Figure 1).
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Figure 1. Item of the survey to assess the validity of the criteria

Data collected: 30 evaluations and 15 surveys.
Results of the data analysis and discussion: Table 1 shows the results of the
quantitative reliability study. Table 2, the score and concordance mapping.
In turn, Table 3 shows a summary of the qualitative study of usability.
•

The average scores for the quality of the assessed materials are very
similar to each other - an average 0.66 and a confidence interval of
[0.59, 0.85]. This means that the materials used have a quality degree
ranging between Moderate and Good.

•

The score variation coefficient is on average 21%, which means that
79% of scores are homogeneous (or 21% are heterogeneous), which
indicates an acceptable degree of reliability.

•

As regards the ICC values obtained, it can be seen that the average
ICC is Moderate both for the first 9 criteria (excluding accessibility),
which is 0.6326, and for the 10 and 11 criteria, which is 0.5489. This
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means that the accessibility model can be regarded as acceptable as
regards reliability.
•

Criteria 10 and 11 (accessibility) slightly penalise reliability (-8.3% on
average).

10_11_AlphaCronbac
h

10_11_ICC unique
measures

2302

9_ICC
unique measures

2300

9_Alpha Cronbach (*)

2283
2298

variation
coefficient

2306

Deviation
Standard

2305

University
University
University
Vocational
training
Vocational
training
Vocational
training
University
Special
Education
Special
Education
Special
Education
Averages
EDeviations

No. Evaluators
Average
Scores
Material

18
28
2291
2293

LEVEL

Id DEM

Table 1. Analysis Factor ANOVA model with two random factors for
evaluations of the reliability

3
3
3
3

0.67
0.59
0.62
0.66

0.17
0.13
0.15
0.12

0.253
0.220
0.241
0.181

0.675
0.844
0.886
0.809

0.409
0.643
0.721
0.585

0.706
0.88
0.791
0.75

0.445
0.71
0.558
0.5

3

0.57

0.11

0.192

0.609

0.342

0.607

0.34

3

0.68

0.19

0.279

0.772

0.53

0.726

0.469

2
2

0.8
0.57

0.19
0.1

0.237
0.175

0.987
0.749

0.987
0.598

0.927
0.905

0.864
0.827

2

0.85

0.18

0.211

0.764

0.619

0.575

0.404

2

0.59

0.05

0.084

0.943

0.892

0.543

0.372

0.66
0.096

0.139
0.045

0.207
0.054

0.803
0.116

0.632
0.197

0.741
0.137

0.548
0.188

(*) the prefix 9 or 11 specifies whether the 9 or 11 first criteria are taken
into account, respectively.
Table 2. Score and concordance mapping

CCI Value
>0.90
0.71-0.90
0.51-0.70
0.31-0.50
<0.30

Strength of concordance
Very good
Good
Moderate
Mediocre
Bad or none
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•

The scoring scale [0,1] seems to be reliable (Cronbach's Alpha
between 0.74 and 0.80]. Regarding the usability of accessibility, Table
3 shows that accessibility criteria 10 and 11 are scored above average,
that is, can be regarded as usable. However, the user remarks
indicate that the format selected to include the accessibility submodel in the general model was unfortunate, as it did not correspond
to the structure of the rest of the model.
Table 3. Summary of the analysis of surveys on the usability of accessibility

INDICATOR

Standard
deviation

Summary of remarks

Criterion 10

Average
evaluation
(out of 5)
3.89

0.32

Criterion 11

3.86

0.24

Format is hard to use; need to
accessibility knowledge (training), text
revision suggested
Same as criterion 10

Conclusions on accessibility: (1) it seems that the reliability of the quality
model could be improved by at least 8% by improving the reliability of the
accessibility criteria; (2) the quality model seems more reliable than the
previous model if the results of the average ICC of the model of case 1 (0.57)
is compared to the corrected model of case 2 (0.63), even though the
accessibility sub-model has been included; (3) the format of the accessibility
criteria should be redefined to improve usability.
Corrective actions: Even though the sub-model for the evaluation of
accessibility displayed acceptable usability and reliability values, the WG12
decided to correct the format of criteria 10 and 11. To this end, the quality
model was redesigned to integrate and abstract the accessibility items in
criteria 10 and 11 with the other criteria in the quality model.
As a new development, the accessibility criteria and items ceased to be
separated from the quality criteria 10 and 11 and joined them, constituting a
model in which, for the first time, accessibility and quality are
indistinguishable and inseparable. The result was a new grouping and a more
consistent text of the items and the definition of new criteria. The result of
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integrating the accessibility aspect with the educational and technological
aspects is a UNE 71361 quality model with fifteen criteria.
Accessibility is included in seven of these fifteen criteria in two ways. The
first is to include quality indicators into certain criteria of the previous
model such as (2) Content quality, (7) Format and design, (11) the structure
of the learning scenario, (12) navigation and (13) operability. Secondly, it
includes criteria only with regards to accessibility items such as (14)
accessibility of the audio-visual content and (15) accessibility of the text
content.

Standard DEM Quality Model
The final standard DEM Quality Model integrates the accessibility indicators
and criteria as shown in figure 2.
Figure 2. UNE standard quality model. Integration of accessibility
requirements

The UNE 71362 standard quality model is made up of fifteen criteria. The
first six criteria evaluate didactic quality. Criteria seven to ten evaluate
technological quality. Finally, criteria eleven to fifteen describe how to
evaluate accessibility. As can be seen in figure 2, criteria 2 (didactic) and 7
(technological)

also

include

accessibility

indicators.

The

following

subsections detail each of these accessibility indicators and criteria,
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indicating, in addition, their correspondence with the accessibility standards
and principles WCAG 2.0, ISO 9241-171 and ONCE Guidelines (Guidelines for
the Design of Accessible Educational Environments for People with Visual
Disabilities by the Spanish National Organization for the Blind, ONCE).

Accessibility indicators in Criterion 2 and in Criterion 7
Criterion 2 focuses on assessing digital educational material content.
Compliance with this criterion is measured by assessing compliance with
seven indicators, the second of which is an accessibility indicator: “2.2.
Contents are presented in a clear and understandable way. Key ideas are
highlighted, and clear instructions on the activities are given.”
This indicator corresponds to Principle 3 of WCAG 2.0, which states that the
information

and

the

operation

of

the

user

interface

should

be

understandable. The accessibility requirements that state that navigation
and interactive elements should be consistent, resulting in a clear and
intuitive presentation of the learning scenario interface, have been
integrated into Criterion 7, Format and Design. These requirements have
been extended to include that users (students or teachers) can configure
characteristics of the interface of the learning scenario according to their
characteristics and preferences. Compliance with criterion 7 is measured by
assessing compliance with eight indicators four of which are accessibility
(7.1, 7.5, 7.7. and 7.8):
•

7.1. The DEM design is well-organised and is clear, concise, and
intuitive (mapping with Principle 3 of WCAG 2.0, ONCE Guidelines)

•

7.5. Use of the interface is intuitive (e.g. the contents and
instructions are easily located), and otherwise the instructions for use
are clear (mapping with Principle 3 of WCAG 2.0, ONCE Guidelines)

•

7.7. The appearance of the functional elements (icons, buttons, so
forth) is consistent with the rest of design elements throughout the
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DEM (mapping with the Success Criteria (SC) 3.2.3., 3.2.4 of the
WCAG 2.0, ONCE Guide-lines).
•

7.8. There is a "preferences" option that makes it possible to
personalise the interface, and these are kept for later sessions
(mapping with SC 1.4.8 of WCAG 2.0, ONCE Guidelines).

Accessibility indicators in Criterion 11 and Criterion 12
Aspects such as structure and navigation are linked concepts, as the
structure describes how to define and distinguish between learning
scenarios, and how they are interrelated through navigation. Structure and
navigation requirements are numerous and important, not only to ensure
didactic effectiveness, but also to ensure usability and accessibility of the
DEM. These accessibility indicators have been integrated through Criterion
11, The structure of the Learning Scenario, and Criterion 12, Navigation. The
term Learning Scenario is used metaphorically to denote where the student
is working. For example, a screen in an educational video game, a page in an
e-book, a browser window displaying web content, etc. The indicators in
Criterion 11, Learning Scenario Structure, are the following:
•

11.1. Each learning scenario has a single and meaningful title and can
be accessed visually, through direct access or compatible access
(mapping with SC 2.4.2 of WCAG 2.0, 10.5.1-1 of ISO 9241-171).

•

11.2. The semantic structure and information relationships in a
learning scenario are made explicit in the presentation and can be
accessed through direct access or compatible access (mapping with SC
1.3.1, 2.4.6 and 2.4.10 of WCAG 2.0).

•

11.3. Learning scenarios allow "always forward" use, simultaneously
keeping prior scenarios if necessary, and "returning to previous
scenarios" if they do not have to be simultaneously kept (mapping
with requirements 10.5.4-5-6 of ISO 9241-171, ONCE Guidelines).
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•

11.4. If overlapping learning scenarios are allowed, they can be
minimised, maximised, resized, restored, and closed (mapping with
requirements 10.5.7-8-9 of ISO 9241-171).

Criterion 12, Navigation, indicates that navigation between the DEM learning
scenarios is correct, clear, and consistent. The result of integrating these
accessibility requirements is materialised in the following indicators of
Criterion 12, Navigation:
•

12.1. The name of each link is descriptive, clear, and different from
the rest of the links. The links leading to the same location use the
same descriptive text (mapping with SC 2.4.4-9 of WCAG 2.0, ONCE
Guidelines).

•

12.2. The links work properly. No broken links

•

12.3. At least two mechanisms are provided to locate each learning
scenario in the interface. For example, in the case of a web DEM, a
web map and a search engine should be provided (mapping with SC
2.4.1-5-8 of WCAG 2.0, ONCE Guidelines)

•

12.4. The logical order of navigation and the location of the
presentation navigation mechanisms are maintained in the compatible
access unless the user changes them (mapping with SC 3.2.3 of WCAG
2.0, ONCE Guidelines).

•

12.5. Users are given information about where they are into the DEM
(mapping with SC 2.4.5-8 of WCAG 2.0, ONCE Guidelines).

•

12.6. Users are aware of their progress in the execution of the DEM
task (ONCE Guidelines).

•

12.7. The interface provides unlimited or enough time to read and use
the contents. In any case, the reading time and use of the contents
can be adjusted (mapping with SC 2.2.1-2-3-4 of WCAG 2.0,
requirements 8.2.7, 10.1.2 of ISO 9241-171).
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•

12.8. Mandatory passage through repetitive content elements is
avoided (mapping with SC 2.4.1 of WCAG 2.0). For examples, there
are links to go directly to the main content.

•

12.9. At the start of each session, the contents return to their initial
configuration (mapping with requirement 9.2.3 of ISO 9241-171).

•

12.10. The DEM informs users about their status (active/inactive) in
the task (mapping with the ONCE Guidelines).

•

12.11 It is possible to exit the DEM at any point (mapping with the
ONCE Guidelines).

Accessibility indicators in Criterion 13
As was explained in Section 2.1, people with disabilities can sometimes only
access the DEM via a keyboard only, mouse only, or using assistive
technology. Criterion 13 of the Standard, Operability, indicates that the
complete DEM functionality should be operable through the standard input
devices (keyboard, mouse) and Assistive Technology. The indicators in
Criterion 13, Operability, are the following:
•

13.1. The DEM should be operable through compatible or direct access
(mapping with SC 4.1.2 of WCAG 2.0, requirements 9.1.2-3, 9.4 of ISO
9241-171).

•

13.2. Operability is complete with key, mouse, and any other input
device provided, such as emulators, voice activation or tactile
interaction (mapping with SC 2.1.1 of WCAG 2.0, requirements
9.1.1.2-3, 9.3, 9.4, 10.2.4 of ISO 9241-171, ONCE Guidelines).

•

13.3. A visible keyboard focus (or another alternative device) is
provided, and there are no traps for the keyboard focus (mapping
with SC 2.1.2, 2.4.7 of WCAG 2.0, requirements 9.2.1-2, 10.5.10 of
ISO 9241-171).
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•

13.4. Users should be allowed to click the keys, the mouse, or other
input devices at speed adapted to their needs (mapping with SC 2.1.3
of WCAG 2.0, requirements 9.3.4-5-6-7 of ISO 9241-171).

•

13.5. Keyboard shortcuts or speed keys are provided for main links
and essential form controls (mapping with SC 1.3.2, 2.4.3, 3.2.1-2-4-5
of WCAG 2.0, requirement 9.3.10-12 of ISO 9241-171).

•

13.6. The interface learning scenarios appear and operate in a
predictable way. Users are previously warned if changes of context
take place (mapping with SC 1.3.2, 2.4.3, 3.2.1-2-4-5 of WCAG 2.0,
ONCE Guidelines).

Accessibility indicators in Criterion 14
There are many specific accessibility requirements for audio-visual content.
For this reason, a specific criterion was kept in UNE 71362. It is essential
that, together with audiovisual contents, alternative contents are provided,
such as subtitles for deaf users, audio description for blind users, Sign
Language for signing blind users or good contrast with low-vision users.
These requirements are essential and affect practically all the DEMs used in
education. All these requirements have been defined in the following
indicators of Criterion 14 on audio-visual content accessibility:
•

14.1 There is enough contrast between the colour of the images and
the background colour for the images to be properly seen (mapping
with SC 1.4.3-6 of WCAG 2.0, requirement10.4.5 of ISO 9241-171,
ONCE Guidelines).

•

14.2 All the audio-visual content (such as images, graphics and
figures) should have an alternative text description which can be
accessed either through direct access or else through compatible
access (mapping with SC 1.1.1, 1.4.5-9 of WCAG 2.0, requirement
10.2.3 of ISO 9241-171, ONCE Guidelines)
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•

14.3

Audio-visual

contents

(video,

audio,

animations)

have

synchronized alternatives, such as subtitles (for people with auditory
disabilities

or

with

aural

comprehension

difficulties),

audio

description, full transcription, or sign language (SL) (mapping with SC
1.2.1-2-3-5 of WCAG 2.0, requirements 10.6.5-8, 10.7 of ISO 9241171, ONCE Guidelines).
•

14.4 In audio-visual contents, users have control over their display
and their text alternatives through direct access or compatible access
(mapping with requirements 10.6.2, 10.8 of ISO 9241-171, ONCE
Guidelines).

•

14.5 If the DEM has unexpected sounds, users should be able to
control them (such as turn them off or lower the volume) (mapping
with SC 1.4.2, 2.2.2 of WCAG 2.0).

•

14.6. The contents do not include flashes effects with a threshold
that may cause seizures, spasms, or convulsions (mapping with SC
2.3.1-2 of WCAG 2.0, requirement 10.1.1 of ISO 9241-171).

•

14.7. If there are visual or sound warnings, they should have their
respective alternatives (sound alternatives for visual warnings, visual
alter-natives for sound warnings) (mapping with SC 1.3.3, 1.4.1 of
WCAG 2.0).

Accessibility indicators in Criterion 15
Use of text DEMs (or text combined with other formats) is fundamental in
education. When these contents are printed, it is often impossible to make
them available. However, the digital format makes it possible to make them
accessible, facilitating education for all. The accessibility requirements for
text contents have been integrated into the quality model through the
following indicators of Criterion 15:
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•

15.1. The text is legible, or its size can be adjusted (mapping with SC
1.4.4-8 of WCAG 2.0).

•

15.2. There is enough contrast between the colour of the text and the
background colour for the text to be read clearly and with no effort
(mapping with SC 1.4.3-6 of WCAG 2.0, requirement10.4.5 of ISO
9241-171, ONCE Guidelines).

•

15.3. Information is not provided exclusively through sensory
characteristics (mapping with SC 1.3.3, 1.4.1 of WCAG 2.0,
requirements 10.3.1, 10.4.1, 10.6.7 of ISO 9241-171).

•

15.4. If there are any forms, they are accessible if they can be filled
in with no problems using the keyboard (mapping with SC 1.3.1, 3.3.12-3-5, 4.1.1 of WCAG 2.0).

•

15.5. If there are any tables, they should be correctly used, be
properly structured and described, and be programmed in such a way
as to allow compatible access (mapping with SC 1.3.1-2, 4.1.1 of
WCAG 2.0, ONCE Guidelines).

•

15.6. If there are any tables, they should be simple, avoiding
combined, divided, and nested cells as much as possible.

•

15.7. If there are any lists, they should be correctly used, and be
programmed in such a way as to allow compatible access (mapping
with SC 1.3.1, 44.1 WCAG 2.0).

Conclusions and future research
The primary goal of the standard developed in UNE 71362 is to include
accessibility in the quality model. The aim is that any user (expert or not)
who needs to evaluate accessibility aspects of the quality of a DEM, knows
how to do it.
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To do so, two lines of work were followed: (1) trying to make the indicators
of accessibility compliance as understandable as possible and, therefore, as
usable as possible and (2) reorganising the presentation of the accessibility
indicators so that, rather than being isolated, they are logically integrated
into the corresponding educational and technological criteria of the quality
model of DEMs. Usability and reliability have been evaluated empirically. A
moderate degree of reliability was verified by calculating the degree of
agreement in the quantitative evaluations carried out by a sample of
evaluators on a sample of materials. The conclusion of the WG12 work on
DEM accessibility assessment is that, for the first time, accessibility and
quality are indistinguishable and inseparable. Accessibility is part of the
educational and technological quality of the DEMs, regardless of whether
users have disabilities or not. The main research to be carried out in the
future is to monitor the application of the standard in order to do the
following: (i) verify its usefulness in measuring DEM accessibility, (ii) identify
its weaknesses and strengths in order to correct or support it with new
solutions, and (iii) define effective and efficient procedures for DEM
evaluation with the standard. These three lines of work define key issues
needed to ensure that accessible DEM is truly realised.
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Abstract: Motorcyclists with lower limbs limitations require customised
adaptations to ride motorcycles. Gearshifting and rear brake actuation must
be adapted to be performed by the upper limbs of the motorcyclist. Also,
motorcyclists with lower limbs disability need assistance from others to be
able to get on the motorcycle and maintain equilibrium until reaching a
minimum necessary speed. Thus, this work presents accessibility adaptations
to assist motorcyclists with lower limbs disability, including the development
of a structural support modeled on CAD platform and analyzed by the Finite
Element Method. Convergences of solutions were carried out to assure
results with good reliability. All adaptations proposed in this work were
elaborated aiming ease of manufacturing, mounting and installing, as well
as, low cost and minimum maintenance. All the work was developed
considering the Honda CBR1000RR. Nevertheless, all ideas and concepts
presented in this work can be expanded and adapted to practically all
existing motorcycles.
Keywords: Structural Support; Adapted Motorcycles; Disabled Motorcyclists;
Finite Element Method; Accessibility; Lower Limbs Disability.
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Introduction
Motorcyclists with lower limbs limitations, including paraplegia and
amputation, require customized adaptations to ride motorcycles. Gear
shifting and rear brake actuation must be adapted to be performed by the
upper limbs of the motorcyclist. Also, motorcyclists with lower limbs
disability need assistance from others to be able to get on the motorcycle
and maintain equilibrium until reaching a minimum necessary speed.
Therefore, this work aims to serve motorcyclists with lower limbs disability
in order to provide them with the opportunity to ride motorcycles again,
overcoming the physical limitations by the construction of low cost and
efficient accessibility adaptations. The vast majority of existing adaptations
change the character of the motorcycle's structure to a tricycle, which does
not provide the same sense of freedom and ergonomics that a two-wheeled
motorcycle does. Thus, a structural support was developed in this work to be
used in a Honda CBR1000RR motorcycle in order to provide equilibrium at
standstill and low speeds until the motorcyclist can have autonomy of
conduction. Although the work has been developed considering the Honda
CBR1000RR motorcycle, all the ideas and concepts presented in this work
can be adapted to practically all existing motorcycles. The structural support
was modelled on the SolidWorks CAD platform, and analyses with the Finite
Element Method were conducted to avoid failures using the Ansys software.
The boundary conditions were estimated considering a reasonable scenario
for the application. Convergence evaluations of the solutions were carried
out to ensure reliable results. Thus, we expect that this work can provide
resources to favor motorcyclists with lower limbs disability in order to
enable them to ride motorcycles again.

Review on Accidents Involving Motorcycles
Toma, Njilie, Ghajari and Galvanetto (2010) performed computational
simulations with the finite element method related to structural integrity
determination of helmets in typical motorcycle crash scenarios. Chen and Liu
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(2012) conducted studies to determine the impact of the law that obliges
motorcyclist to use helmet while riding a motorcycle in terms of injury and
medical costs reductions. They concluded that medical cost fell by 11.5% and
the number of skull injuries fell by 18.6%. Chen et al. (2015) performed a
study on the number of motorcyclists that advance red light while waiting
for the green light of pedestrians to go out. Based on this study, they
highlighted standard behaviors that contributed to give rise to severe
accidents. Carvalho et al. (2016) accounted for percentages related to
accidents involving motorcyclists. They proved that there is a significant
influence of some illicit substance, not only alcohol, in accidents involving
motorcyclists. French and Gumus (2018) examined whether state-specific
texting/handheld bans significantly influence motorcyclist fatalities in the
USA. Their findings indicate that motorcyclists are at elevated risk of being a
victim of distracted riding and thus could greatly benefit from the
implementation of texting/handheld device laws and other traffic policies.
Xiao, Huang, Peng and Wang (2018) analyzed motorcyclist head injury based
on

epidemiological

statistical

analysis

and

car–motorcycle

accident

reconstruction using real-world accident data to obtain a comprehensive
understanding about safety effects of helmets on motorcyclists head injury.

Review on Motorcycle Adaptations
Tong and Jwo (2007) developed an electric motorcycle project featuring high
engine power, outstanding performance and good autonomy. Agostoni, Cheli,
Leo and Pezzola (2012) opted for a project aiming at riding comfort. They
reduced vibrations transmitted to the motorcyclist taking into account the
modal response of the motorcycle frame. Murakami, Nishimura and Zhu
(2012) performed simulations with the intention of stabilizing a motorcycle
during braking when a sharp deviation on the front wheel occurs. They used
a steering assistance control system that can be applied in various situations
to prevent motorcycle’s loss of control increasing safety. Hong (2012)
presented in his work an adapted motorcycle for people with lower limbs
disability, once himself got polio when a young man, a disease that made his
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lower limbs significantly weak. Jolly, Krzywinski, Rao and Gupta (2019)
conducted a kinematic analysis of a motorcycle rider to identify typical body
postures obtained by the motorcyclist while mounting and riding a
motorcycle. The identification of typical body postures of motorcyclists was
used for the generation of ergonomic garment patterns. Singhania,
Kageyama and Karanam (2019) studied the low-speed stability of a
motorcycle using a theoretical and experimental approach to identify the
parameters that can reduce the rider’s effort. Their findings provide
parameters to control the motorcycle to achieve low-speed stability.

Review on Technical Analyses Involving Motorcycles
Kostopoulos, Markopoulos, Giannopoulos and Vlachos (2001) evaluated the
energy absorption by a helmet during an impact. They used DYNA3D code to
analyze the composite shell that surrounds the motorcyclist’s head. Sheng,
Xu and Li (2015) made an assessment in measured and predicted traffic noise
levels. In another study, Seedam et al. (2017) analyzed driving data to
categorize motorcyclists by fuel consumption and riding behavior. Road
driving parameters that influence fuel consumption and emissions were then
determined. The results revealed that the proportion of idle time
significantly influences the fuel consumption and motorcycle emissions.
Uberti, Copeta, Baronio and Motyl (2018) propose an approach for the design
and development of a new concept of off-road motorcycle to meet the
requirements of low environmental impact and lightweight of the vehicle,
while maintaining the pleasure of riding in nature. Atahan, Hiekmann, Himpe
and Marra (2018) presented a study with development details of a new and
versatile motorcycle barrier coupled with an existing vehicle barrier in order
to safely redirect motorcyclists during a collision event.

Review on Motorcycles and Safety
French, Gumus and Homer (2009) conducted a study that provided a
comprehensive investigation on fatal and nonfatal injuries, considering data
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from 1990 to 2005, analyzed from the perspective of determining how
various state policies can affect motorcyclists’ safety. The results
consistently showed that helmet has the most significant effect on fatal and
nonfatal injuries. Compulsory motorcyclist education programs and speed
limits on rural roads have significantly reduced the severity of accidents.
Erdogan et al. (2013) evaluated the effectiveness of the protective clothing
in relation to injuries caused by accidents with motorcyclists. Silva et al.
(2011) presented a study to identify factors associated with couriers’
accidents in two medium-sized cities in southern Brazil. The results revealed
the lack of strategies to reduce accidents and the need for better working
conditions for these motorcyclists. Vasconcellos (2012) considering the
Brazilian scenario analyzed the fact that deaths in traffic associated with
motorcyclists increased exponentially, from 725 in 2006 to 10,143 in 2010.
He tried to address the involved issues, like public policies, changes in traffic
regulations and economic/social reasons. Teoh and Campbell (2010)
analyzed fatal crash data to highlight differences in associated motorcycle
types and motorcyclists’ behaviors. Truong, Nguyen and De Gruyter (2018)
explored risky behaviors while riding a motorcycle with data obtained from a
survey of university students in Vietnam. Mobile phone use while riding was
associated with multiple risky riding behaviors. They suggested a coordinated
approach to reduce multiple risky behaviors. Gil, Savino, Piantini and Pierini
(2018) studied a camera-based sensor for the application of preventive
safety in tilting vehicles.

Accessibility Adaptations
In order to meet the main objective of this work, gearshifting and rear brake
actuation must be adapted according to motorcyclist's needs. It is assumed
that motorcyclist has a reduction or lack of movements in lower limbs. Thus,
gearshifting and rear brake actuation must be adapted to be performed in a
manual way. In addition, the motorcyclist with lower limbs disability needs
assistance from others to be able to get on the motorcycle and maintain
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equilibrium until reaching a minimum necessary speed. Thus, a structural
support mechanism is also necessary.

Gearshifting Actuation
Adaptations that enable gearshifting can be made by mechanical or
electromechanical means. In general, the mechanical method requires
manual actuation for gearshifting. The lever location is normally near to the
handlebar and it works with the aid of steel wires, as shown by Figure 1(a).
This mechanism is popularly known as suicide lever. The electromechanical
method occurs by means of small electric circuits that can be activated on
the handlebar, along with a small motor that will be responsible for
sequential or automatically gearshifting, Figure 1(b). Considering the
automatic mode, it is simply necessary for the motorcyclist to select the
riding mode and gearshifting will occur automatically.
Figure 1. Accessibility adaptations for gearshifting: (a) Mechanical suicide
lever; (b) Honda VFR 1200F electromechanical automatic gearshifting.

Rear Brake Actuation
Traditionally, the rear brake is actuated by the use of a pedal located on the
right side of the motorcycle. Considering the existence of lower limbs
disability, rear brake actuation must be done by hands. Some adaptations
can be made, from the rudest and cheapest but functional to the most
Zauder, K. H., Macedo de Lima, C., Fernandes, M. A., & Creci, G. (2019). Accessibility adaptations to assist
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refined and technological at higher costs. An alternative is to use a larger
flex known as Aerokip with an oil reservoir for brake fluid attachment. This
adaptation allows the use of two maniples, one for front brake actuation and
one for the rear brake actuation, as shown by Figure 2. For a better
adaptation, it is suggested the use of disc brakes, which can be very well
fitted to this system and, also, to practically all existing motorcycles.
Figure 2. Accessibility adaptation for rear brake actuation.

Structural Support Actuation
The developed structural support must be capable of being operated
according to motorcyclist's wish by using a switch attached to the handlebar.
Figure 3(a) shows Honda CBR1000RR motorcycle with the developed
structural support in a position that allows motorcycle resting or running at
low speeds. Once a minimum speed is reached, allowing riding autonomy,
the same switch can be operated again to rotate the structural support to a
partly horizontal position giving complete freedom to the motorcyclist.
Figure 3(b) shows an example of the switch that can be used to
activate/deactivate the structural support mechanism.
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Figure 3. (a) Honda CBR1000RR with structural support attached; (b) Switch
that can be used to activate/deactivate the structural support mechanism.

By means of a small electronic circuit, as shown by Figure 4, a 12V DC
electric motor starts and keeps activated for a few seconds until the limit
switch is activated, being enough for the support to rotate to a partly
horizontal position or, in an inverse operation, to a partly vertical position.
The components used in this circuit are listed below:
•

Q1 and Q2: TIP32 - PNP Power Transistors;

•

Q3 and Q4: TIP31 - NPN Power Transistors;

•

R1 and R4: 200Ω Resistors;

•

R2, R3, R5 and R6: 250Ω Resistors;

•

S1: 2-Position Selector Switch (Switch);

•

SW1: Normally Closed Limit Switch (NC) - Lower Limit Switch;

•

SW2: Normally Closed Limit Switch (NC) - Upper Limit Switch;

•

B1: 12V DC battery.
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Figure 4. Electronic circuit used to activate/deactivate the support.

Transmission System of the Structural Support
Figure 5(a) shows the structural support developed in this work. It is possible
to see its main constructive details, including the fixation part to the
motorcycle. Figure 5(b) shows the gear set that gives rise to the transmission
system of the structural support and is responsible together with the
electrical motor for the forward and backward movement of the rods and
casters. The gear transmission system is shown schematically in Figure 5(c).
Figure 5. (a) Perspective view of the developed structural support with its
rods and casters; (b) Detailing of the gear transmission system and electric
motor; (c) Schematic diagram of the gear transmission system.
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A speed-torque ratio has been defined for the developed structural support
in order to achieve satisfactory results. Considering the four gears G1, G2,
G3 and G4, they respectively have 10, 40, 14 and 36 teeth. This will provide
a final gear ratio of approximately 10 times. Thus, it will be necessary for
gear G1 to rotate 10 times in order that gear G4 rotates 1 time. Therefore,
the movement speed of the structural support will be reduced by 10 times
from the engine speed. On the other hand, with respect to the transmitted
torque, there will be a 10 times increasing from engine torque to G4 gear,
making it easier for the structural support to leave the state of inertia
and/or face some kind of resistance.

Finite Element Analyses
In order to obtain satisfactory results, some boundary conditions were
adopted according to the motorcycle and motorcyclist weights, so that the
rods and casters of the structural support do not suffer damages or failures.
Figure 6 shows three views of the structural support with the Honda
CBR1000RR motorcycle. Figure 6(a) shows the inclination of the electric
motor in relation to the ground. Figure 6(b) shows the top view of the
motorcycle with the developed structural support in the partly horizontal
position. Figure 6(c) shows the inclination of the motorcycle in relation to
the ground when in resting condition. Thus, it is possible to estimate the
forces acting on the rods and casters of the structural support with respect
to the x (horizontal) and y (vertical) components. Taking into account some
reasonable factors associated with the application, it is considered for Honda
CBR1000RR with ABS brakes a weight of approximately 190 kg (1900 N) and
for the motorcyclist a weight of approximately 120 kg (1200 N). At the
critical moment when the motorcyclist climbs the motorcycle in resting
condition, it is considered a load of 60% of the motorcycle’s weight and a
load of 80% of the motorcyclist’s weight transmitted to the structural
support, as it is understood that a great part of the motorcycle's weight will
be supported by the ground. Similarly, the motorcyclist's weight will not be
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fully transmitted at once to the structural support since in many cases the
motorcyclist does not have one or both full legs, and, on the way up, the
motorcyclist will put his legs under the motorcycle seat, and then pull his
trunk or vice-versa. Thus, the following boundary conditions were used for
the computer simulations:
•

Motorcycle’s weight: 1900 N × 60% = 1140 N;

•

Motorcyclist’s weight: 1200 N × 80% = 960 N;

•

F x = 2100 N x cos (82⁰) = 292 N;

•

F y = 2100 N × sin (82⁰) = 2080 N.

Figure 6. (a) Inclination of the DC electric motor in relation to the ground;
(b) Top view of motorcycle with structural support in the partly horizontal
position; (c) Inclination of the motorcycle in relation to the ground.

Computer simulations were conducted taken into account Aluminum 6351-T6
alloy and AISI 1060 Steel normalized at 900°C. The finite element analyses
were performed based on the acting stresses and deformations values, with
the respective calculation of safety factor for each case. The main
mechanical properties (Young’s modulus, E; Poisson's ratio, v; and, Yield
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stress, σ y ;) used in the computer simulations for Aluminum 6351-T6 alloy and
AISI 1060 Steel normalized at 900ᵒC are, respectively,
E Al6351-T6 = 71 GPa; v Al6351-T6 = 0.33; σ y_Al6351-T6 = 283 MPa;
E AISI_1060_Steel = 200 GPa; v AISI_1060_Steel = 0.285; σ y_AISI_1060_Steel = 420 MPa.
The meshes used to discretize the problem geometries are of hexadominant
type. A hexadominant mesh is composed mainly of hexahedral elements and
their respective variations. In Ansys, a hexadominant solid mesh is formed by
Solid186 elements. Solid186 is a higher order 3D 20-node solid element that
exhibits quadratic displacement behavior. The element is defined by 20
nodes having three degrees of freedom per node: translations in the nodal x,
y, and z directions. The element supports plasticity, hyperelasticity, creep,
stress stiffening, large deflection, and extensive strain capabilities. It also
has mixed formulation capability for simulating deformations of nearly
incompressible elastoplastic materials, and fully incompressible hyperelastic
materials. The geometry, node locations, and the coordinate element system
for this element are shown in Figure 7. A prism-shaped element may be
formed by defining the same node numbers for nodes K, L, and S; nodes A
and B; and nodes O, P, and W. Similarly, pyramidal- and tetrahedral-shaped
elements may also be formed as shown. Their respective shape functions and
integration points can be found in Zienkiewicz (1997). Convergence analyses
of the solutions were performed using adaptive mesh refinements on the
places of more significant interest in order to obtain more reliable results,
Leme et al. (2019). In Figure 8, it can be seen the created initial mesh for
the rod. In Figure 9, it can be seen the created initial mesh for the caster
bracelet. The applied boundary conditions for the rod analyses can be seen
in Figure 10(a). The applied boundary conditions for the caster bracelet can
be seen in Figure 10(b). In both cases, the red color indicates the applied
static loading and the blue color indicates the fixed condition.
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Figure 7. Solid186 element in Ansys and its variations.

Figure 8. Views of the initial mesh of the rod of the structural support.

Figure 9. Views of the initial mesh of the caster bracelet.

Zauder, K. H., Macedo de Lima, C., Fernandes, M. A., & Creci, G. (2019). Accessibility adaptations to assist
motorcyclists with lower limbs disability, 9(1), 169-189. Journal of Accessibility and Design for All.
doi: https://doi.org/10.17411/jacces.v9i2.239

 181 

Journal of Accessibility and Design for All
Volume 9, Issue 2. (CC) JACCES, 2019. ISSN: 2013-7087

Figure 10. (a) Applied boundary conditions for the structural support rod;
(b) Applied boundary conditions for the caster bracelet.

Results and Discussions
Solution maps for total deformations and equivalent von Mises stresses were
calculated considering the structural support rod and caster bracelet. Figure
11 shows a total deformations map for the rod. This total deformations map
is similar for both steel and aluminum alloys and for the various rod
thicknesses taken into account. Figure 12 shows a von Mises equivalent
stresses map for the rod. This von Mises equivalent stresses map is also
similar for both steel and aluminum alloys and for the various rod
thicknesses taken into account. The maximum calculated solution values for
the rod are shown in Table 1, considering each thickness analyzed. In both
cases, for total deformations and for von Mises equivalent stresses, the red
regions show the highest solution values and the blue regions show the
lowest solution values.
Figure 11. Total deformations map for the structural support rod.
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Figure 12. Von Mises equivalent stresses map for the structural support rod.

From the results presented in Table 1, it can be observed that for steel rods
with a wall thickness of 3 mm onwards, the manufacturing can be accepted,
since there is a good safety margin (safety factor higher than 1.96). When
considering aluminum for the rods, it can be accepted a wall thickness from
4 mm onwards (safety factor higher than 1.81). For the caster bracelet, only
4 mm thickness steel was analyzed in the computer simulations. In this
condition of 4 mm thickness steel, the calculated maximum total
deformation was 0.119 mm, and the maximum von Mises equivalent stress
was 246.7 MPa, which results in a safety factor of 1.70. Figure 13(a) shows
the total deformations map for the caster bracelet; and, Figure 13(b) shows
the von Mises equivalent stresses map. In both cases, the red regions have
the highest solution values, and the blue regions have the lowest solution
values.
Table 1. Maximum total deformations and maximum von Mises stresses
considering various thicknesses of the structural support rod.

Material
Thickness (mm)

AISI 1060 Steel

Aluminum 6351-T6

2

3

4

5

2

3

4

5

Total Deformation (mm)

11.3

7.39

5.48

4.35

31.8

20.8

15.4

12.2

von Mises Stress (MPa)

356

214

156

125

364

218

156

126

Safety Factor

1.18

1.96

2.70

3.35

0.78

1.30

1.81

2.25
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Figure 13. Caster bracelet: (a) Total deformations map; (b) von Mises stresses map.

Convergence analyses of the solutions were carried out in order to ensure
reasonable reliability of the results. Table 2 shows the comparison among
the solution values calculated before and after adaptive mesh refinements
for the various rod thicknesses. Table 3 shows the comparison among the
solution values calculated before and after adaptive mesh refinements for
the caster bracelet. In both cases, it is possible to observe a small variation
Δ[%] in the solutions regarding the initial and final meshes, which
demonstrates that all the solutions converged to stabilization and,
therefore, the achieved results have a good degree of reliability.
Table 2. Convergence analyses for the structural support rod.

Quantity

2 mm

Δ

3 mm

Δ

Thickness

[%]

Thickness

[%]

Nodes of the Mesh

8769

10914

24.5

8787

11246

28.0

Elements of the Mesh

8713

10865

24.7

8732

11194

28.2

Total Deformation [mm]

11.30

11.29

-0.02

7.396

7.394

-0.02
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Quantity

von Mises Stress [MPa]

2 mm

Δ

3 mm

Δ

Thickness

[%]

Thickness

[%]

355.3

Quantity

356.4

0.30

212.6

213.9

0.63

4 mm

Δ

5 mm

Δ

Thickness

[%]

Thickness

[%]

Nodes of the Mesh

8769

11973

36.5

8787

12389

41.0

Elements of the Mesh

8713

11923

36.8

8732

12340

41.3

Total Deformation [mm]

5.488

5.485

-0.06

4.351

4.348

-0.08

von Mises Stress [MPa]

153.6

155.7

1.36

124.0

125.4

1.15

Table 3. Convergence analyses for the structural support caster bracelet.

Quantity

4 mm

Δ

Thickness

[%]

Nodes of the Mesh

9345

16275

74.2

Elements of the Mesh

2472

8904

260

Total Deformation [mm]

0.120

0.119

-0.74

von Mises Stress [MPa]

257.8

246.7

-4.33

Conclusions
This work aims to serve motorcyclists with reduced or lack of mobility in
lower limbs in order to provide them with the opportunity to ride
motorcycles again, overcoming physical limitations through the construction
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of low-cost accessibility adaptations. The accessibility adaptations presented
in this work include gear shifting, rear brake actuation and the development
of a structural support. All adaptations have been proposed considering the
Honda CBR1000RR motorcycle. However, the ideas and concepts presented
in this work can also be implemented in practically any existing motorcycle.
A small, low-cost electronic circuit was elaborated to enable fault-free
activation and deactivation of the structural support. In addition, a gear
transmission system was developed to allow torque amplification and angular
speed reduction from the DC electric motor by approximately 10 times. All
the structural support design was performed on the SolidWorks CAD
platform. Stresses and deformations analyses by the finite element method
were conducted to avoid failures and to ensure a proper functioning of the
mechanism. In this way, the material and geometry of the structural support
were defined. The applied boundary conditions were estimated considering a
reasonable scenario according to the application. Convergence analyses of
the solutions were carried out in order to ensure good reliability of the
results. For steel rod, a wall thickness from 3 mm onwards can be considered
acceptable for manufacturing. For aluminum rod, it is possible to accept the
manufacturing from a wall thickness of 4 mm onwards; however, the existing
deformations for aluminum alloy would be more significant when compared
to steel alloy. Considering the caster bracelet, only 4 mm thickness steel
onwards was considered approved for manufacturing. If aluminum alloy or
thinner steel were used instead, there would be, according to the applied
boundary conditions, acting stresses very close to the material's yielding
limit, which would probably fail. Finally, at this stage of the project, we are
focused primarily on the engineering aspects of the components. However,
as future objectives, we will also focus on usability, design and aesthetics
issues.
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