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RESUMO

A deficiência visual tem um grande impacto na qualidade de vida das pessoas. Embora existam

muitas tecnologias para ajudar as pessoas cegas, a maioria delas não garante necessariamente a

eficácia do uso pretendido. Como parte da pesquisa desenvolvida na Universidade do Chile desde

1994, investigamos as interfaces para pessoas cegas quanto ao impacto cognitivo, que inclui um

amplo espectro do processo cognitivo. Neste trabalho, primeiramente, realizou-se uma Revisão

Sistemática da literatura sobre a avaliação do impacto cognitivo de interfaces multimodais para

pessoas cegas. Os critérios de seleção do estudo incluem artigos que apresentam tecnologias

com interfaces multimodais para pessoas cegas e que usam algum método para avaliar o impacto

cognitivo destas interfaces. Em seguida, os resultados da Revisão Sistemática da literatura

foram relatados com o objetivo de compreender como o impacto cognitivo é avaliado atualmente

quando se utiliza interfaces multimodais para pessoas que são cegas. Entre os quarenta e

sete artigos recuperados da Revisão Sistemática, uma alta diversidade de experimentos foi

encontrada. Alguns deles não apresentam os dados de resultados de forma clara e não aplicam

um método estatístico para garantir as conclusões. Além disso, outros pontos relacionados aos

experimentos foram analisados. Nota-se como conclusão que há uma necessidade de planejar

melhor e apresentar os dados dos experimentos em tecnologias que focam no aprimoramento

cognitivo de pessoas cegas. Além disso, este trabalho também apresentou uma análise qualitativa

de dados baseada no método de Teoria Fundamentada nos Dados (Grounded Theory) para

complementar e enriquecer os resultados da Revisão Sistemática. Finalmente, apresenta-se um

conjunto de diretrizes para realizar experimentos de avaliação do impacto cognitivo em interfaces

multimodais para pessoas que são cegas.

Palavras-chave: Avaliação de Impacto. Avaliação Cognitiva. Interfaces Multimodais. Pessoas

Cegas.



ABSTRACT

Visual disability has a major impact on people’s quality of life. Although there are many

technologies to assist people who are blind, most of them do not necessarily guarantee the

effectiveness of the intended use. As part of research developed at the University of Chile

since 1994, we investigate the interfaces for people who are blind regarding a gap in cognitive

impact, which include a broad spectrum of the cognitive process. In this work, first, a systematic

literature review concerning the cognitive impact evaluation of multimodal interface for people

who are blind was conducted. The study selection criteria include the papers which present

technology with a multimodal interfaces for people who are blind that use a method to evaluate

the cognitive impact of interfaces. Then, the results of the systematic literature review were

reported with the purpose of understanding how the cognitive impact is currently evaluated when

using multimodal interfaces for people who are blind. Among forty-seven papers retrieved from

the systematic review, a high diversity of experiments was found. Some of them do not present

the data results clearly and do not apply a statistical method to guarantee the results. Besides

this, other points related to the experiments were analyzed. The conclusion was there is a need

to better plan and present data from experiments on technologies for cognition of people who

are blind. Moreover, this work also presented a data qualitative analysis based on the Grounded

Theory based method to complement and enrich the systematic review results. Finally, a set of

guidelines to conduct experiments concerning the cognitive impact evaluation of multimodal

interfaces for people who are blind are presented.

Keywords: Impact Evaluation. Cognitive Evaluation. Multimodal Interfaces. People who are

Blind.
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1 INTRODUCTION

This master’s thesis comprises the research on cognitive impact evaluation of multi-

modal interfaces for people who are blind. The present chapter introduces the work, presenting

the motivation and the problem addressed, as well the objectives. Moreover, it summarizes

the approach followed to investigate and answers the research questions raised. The following

sections present the contextualization of this study (Section 1.1), the motivation behind the

research (Section 1.2), the objective and main questions that guided this research (Section 1.3),

the methodology (Section 1.4), and, finally, the structure of the sections of this document report

(Section 1.5).

1.1 Context

According to the “Disability Overview” of the World Bank (The World Bank, 2016),

one billion people, or about 15% of the world’s population, experience some form of disability.

In 2018, the “World Health Organization” (WHO, 2018a) informs that 1.3 billion people are

estimated to have visual disabilities worldwide, of which 36 million are blind.

In face of this huge amount, visual disability has a significant impact on the quality

of life of people, including their ability to study, work and to develop personal relationships

(BAMAC et al., 2004). In this aspect, technologies, such as serious games (SÁNCHEZ et al.,

2015), have been designed to assist people who are blind to support daily life activities. These

technologies work as aids to facilitate their independence, autonomy, and safety. Thus, such

technologies help to improve the quality of life of people with visual disabilities and could

stimulate and develop several skills, such as cognitive skills (DARIN et al., 2015).

Even though there is technology specialized for people who are blind (e.g., serious

game (DARIN et al., 2015)), they are still using applications that are similar to older applications

for the sighted population. For example, Battleship was one of the earliest games to be produced

as a computer game with its release in 1979 (HINEBAUGH, 2009). AudioBattleShip, a version

for both blind children and sighted playing together came in 2004 (SÁNCHEZ et al., 2004). In

general, the people who are blind have particular human-computer interaction needs, and the

user interface should be suitable for them (SÁNCHEZ et al., 2015).

Considering these aspects, there are many efforts to develop accessible multimodal

interfaces for people with visual disabilities, especially in multimodal games (BUAUD et al.,
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2002)(GRAMMENOS et al., 2006). Despite this effort and in contrast to the visual interface

evolution of games and applications for sighted people, interfaces for people who are blind

explore other ways to interact with the user. In general, technologies for people with visual

disabilities combine different sources of perceptual inputs and outputs. The modes (sources

of perceptual inputs and outputs) combined, typically audio and haptics (SÁNCHEZ et al.,

2014), and provide multimodal interfaces that enable multimode channels for the combination of

different user senses (SÁNCHEZ et al., 2015). Although multimodal interfaces could help to

improve the learning skills of people with visual disabilities, most of these technologies have

been not wholly validated. Mostly, they remain in the prototype phase without being integrated

into the people’s everyday life (GORIA et al., 2016).

Some institutes and laws lay down rules to guarantee the quality of applications that

improve the skills of people with disabilities. For children who are blind, there are several appli-

cations regarding the specific characteristics for this user (SÁNCHEZ; ELÍAS, 2007)(SÁNCHEZ

et al., 2005)(SÁNCHEZ; GALÁZ, 2007)(SÁNCHEZ et al., 2010). The No Child Left Behind

(NCLB) Act1 defines that research in inclusive education must (a) utilize the scientific method,

(b) be replicated in more than one set by more than one investigator, and, (c) result in findings

that converge to a clear conclusion (FERRELL, 2006). These concepts are closely linked to the

use of EBSE practice, which has a goal:

To provide the means by which current best evidence from research can be

integrated with practical experience and human values in the decision making

process regarding the development and maintenance of software (KITCHENHAM

et al., 2004).

The EBSE could provide a means by which industry practitioners can make rational

decisions about technology adoption and a means to increase the acceptability of software-

intensive systems that interface with individual users (KITCHENHAM et al., 2004). It also

provides an input to certification processes of the technology used (KITCHENHAM et al.,

2004). From this concept, some studies in the area of multimodal applications for people who

are blind use Evidence-Based Practice to validate their applications (SÁNCHEZ et al., 2004;
1 The NCLB was a U.S. Act of Congress that supports standards-based education reform based on the premise

that setting high standards and establishing measurable goals could improve individual outcomes in education.
NCLB includes incentives to reward schools showing progress for students with disabilities and other measures
to fix or provide students with alternative options than schools not meeting the needs of the disabled population
(FERRELL, 2006).
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SÁNCHEZ; GALÁZ, 2007) which meets prescribed criteria related to the research design, like

quality, quantity, and effect size of supporting research (DALTON, 2015)(WEBER, 1998). The

cognitive impact evaluation, which has been used as evidence-based in other domains, should,

therefore, be able to assess precisely the mechanisms by which people with visual disabilities

are developing or enhancing cognitive skills (DARIN et al., 2015).

The literature informs that researchers use several methods to describe particular

cognitive phenomena. Among them, the controlled experiments, which are formal, rigorous and

controlled (WOHLIN et al., 2000), are an appropriate solution to measure the cognitive impact

(STERNBERG; STERNBERG, 2011). In this point, it is required experiments to verify if the

multimodal interfaces of this technologies (DUMAS et al., 2009) thought for them are effective

and how they impact users in cognitive dimensions.

1.2 Motivation

Although essential to ensure safety and real cognitive impact of use, experimentation

is not simple. It implies to prepare, conduct and analyze experiments properly (WOHLIN et

al., 2000). In addition to the inherent challenges of evaluating cognitive impact on multimodal

systems, there is a gap of studies proposing instruments and methods for evaluating the cognitive

impact in the context of multimodal video games for cognitive enhancement of people who

are blind (DARIN et al., 2015). Critical issues are frequently neglected during the cognitive

evaluation of multimodal video games for people who are blind, such as variables not well

defined, poor use of statistical methods, or lacking of treatment in relation to resources and

ethical concepts (MESQUITA et al., 2018).

Frequently, the role of the applications for people who are blind or visually impaired

is to help the user cognitive activity. The cognitive purpose assessment is an essential part of

software construction for people who are blind (DARIN, 2018). To do this, it is necessary a

process supporting the objectives in doing experiments correctly (WOHLIN et al., 2000), that

has a worthy plan and report of experiments in the context.

Kitchenham et al. (2004) presents the scientific known guidelines for evaluating the

quality of evidence. They consider:

• The strength of the evidence. This has three elements: Level, Quality, and Statistical

Precision. Level relates to the choice of study design and is used as an indicator to which

bias has been eliminated by design. Quality refers to the methods used by the investigators
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to minimize bias within the study design. Statistical Precision refers to the P- value or the

confidence interval.

• Size of effect. The distance of the estimated treatment effect from the null value and the

inclusion of clinically important effects in the confidence interval.

• Relevance of evidence. The usefulness of the evidence in clinical practice, particularly the

appropriateness of the outcome measures used.

In addition, the experiment report represents the content that is available to the aca-

demic community, and mostly it is the only document by which it is possible to conclude about an

experiment and define its quality. The empirical study cannot be distinguished from its reporting

(WOHLIN et al., 2000). Beyond this, “published guidelines state the importance of clarifying

how the work to be reported relates to existing work (. . . ) , it facilitates drawing a landscape

of alternative approaches and relations between different experiments” (JEDLITSCHKA et al.,

2007). Proper actions formulated by the experiment process could be taken to ensure a successful

experiment (WOHLIN et al., 2000). The patterns to be followed in software engineering are

widely used and accepted by community (FREEMAN et al., 2004). Thus, having a process, as

also guidelines, provides support in setting up and conducting an experiment (WOHLIN et al.,

2000).

1.3 Objective

Besides our motivation, the goal of this research work is to develop a complete

review literature to allow the construction of guidelines for multimodal interfaces impact

evaluation for cognitive development and enhancement in people who are blind. The tar-

get audience are IT professionals within the software or hardware environment, as well as

encompassing researchers in this area.

Although other software quality characteristics are important, the choice of cognitive

impact evaluation results from a gap encountered in the literature. We chose for Guidelines

based on the analysis of papers (that we consider reports) from Systematic Literature Review

and Grounded Theory process of cognitive impact experiments. Published guidelines state the

importance of clarifying how the work to be reported relates to existing work (JEDLITSCHKA

et al., 2007).

As identified by Kitchenham et al. (2002) and Kitchenham et al. (2004), reporting

guidelines are necessary for all relevant kinds of empirical work. The guidelines have to
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address the needs of different stakeholders (i.e., researchers and practitioners). Moreover, most

of the existing guidelines are not explicitly tailored to the specific needs of certain types of

empirical studies, e.g., controlled experiments a comprehensive classification of empirical studies

(VINSON; SINGER, 2008).

To achieve this goal, the state of the art explores the comprehensiveness of cognitive

impact experiments and how it is applied in the context . Therefore, the main question of

the Systematic Literature Review was “How is the cognitive impact evaluated on multimodal

interfaces for people who are blind?” For a better understanding, the second goal question was

“What are the challenges regarding impact evaluation on this scenario?” For this research, we

consider assistive technologies that include mobile application, computer software, IoT systems,

virtual environments, a video game with multimodal interfaces, or mobile devices.

The Grounded Theory complements the findings in the Systematic Literature Review

by doing a qualitative analysis of some points of interest on experiments of cognitive evaluation.

We aim to follow the place requirements on researchers to do an evidence-based

empirical Wohlin et al. (2000) to a proper cognitive evaluation process, as items described below.

• To improve the standard of individual empirical studies and systematic literature reviews

of such studies.

• To identify outcome measures that are meaningful to practitioners.

• To report their results in a manner that is accessible to practitioners.

• To perform and report replication studies.

In the related literature, some works also propose guidelines for other concepts in

the context of accessibility. As an example, the study (OSSMANN; MIESENBERGER, 2006)

defines games accessibility guidelines helping developers to design their products with the

interface and the parameters adapted to the needs of users with disabilities.

This master’s thesis study is part of a research on Human-Computer Interaction

focused on interfaces for people who are blind which have been developed for more than 20

years at the University of Chile by the research group on multimodal interfaces for developing

cognition in people who are blind. In the timeline of this research, the year 1998 is a milestone

due to the paper of Lumbreras & Sánchez (1998) which presents a work with 3D acoustic

interfaces for the blind.
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1.4 Methodology

Our work presents the following methodology to study the cognitive impact evalu-

ation of multimodal interfaces for people who are blind. Each step is summarized to provide

the reader with an overview of the research methodology. Hence, the following steps led to the

accomplishment of this thesis goal (Figure 1).

• Step 1: State-of-the-art. A systematic literature review approach (KITCHENHAM; CHAR-

TERS, 2007) was conducted to review existing primary studies in-depth, describing their

results according to the following research questions. The study selection criteria for the

systematic literature review include the papers which present technology with a multimodal

interface for people who are blind and that use a method to evaluate the cognitive impact

of this interface.

• Step 2: Qualitative Analysis: A secondary study undertaken to characterize the cognitive

impact experiments. The strategy used is to analyze some data retrieved from the systematic

literature review and follow the theory (WUETHERICK, 2010).

• Step 3: Guidelines Design: the design of guidelines for evaluating the cognitive impact

development and enhancement in multimodal interfaces for people who are blind based on

results from initial steps and literature of Cognitive Psychology (STERNBERG; STERN-

BERG, 2011; NORMAN, 1986) and EBSE (WOHLIN et al., 2000; JEDLITSCHKA et

al., 2007; SHEPPERD, 2012; FERRELL, 2006; SHULL et al., 2008). The methodology

used to reach the Guidelines is based on evidence by using Systematic Literature Review

and Grounded Theory results.

Figure 1 – Research Methodology

Source: Produced by the author.
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1.5 Document Organization

The remainder of the document is organized as follows:

• Chapter 2 – Theoretical Background: this chapter describes the bibliography used during

the development of this research. This chapter presents the theoretical basis of assistive

technology for people who are blind, multimodal interfaces, and EBSE.

• Chapter 3 – Methodology: this chapter presents the whole process proposed and applied

to achieve our objective which is composed of two main steps: The Systematic Literature

Review and the Grounded Theory process.

• Chapter 4 – Results: this chapter presents the results of each step of the methodology that

answer the research questions and drives this work. The findings of the literature review

and grounded theory process turned into guidelines after the analysis performed.

• Chapter 5 – Guidelines: the findings of the literature review and grounded theory process

turned into guidelines after the analysis performed, which supports cognitive impact

evaluation in the context of this study.

• Chapter 6 – Conclusion: this chapter presents the conclusion and outlines the main

contributions of this research. Moreover, it presents some limitations and some possible

paths for future work to continue the research herein presented.
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2 BACKGROUND

In this chapter, we present the main definitions and theoretical background based

on the literature review to achieve the goal of the work. Section 2.1 presents the blindness

aspects and the assistive technology for this target users. Section 2.2 presents the evidence-

based methods. Section 2.3 presents the multimodal concepts and concerns. Finally, Section

2.4 presents the main literature background on experiments from Cognitive Psychology and

Software Engineering areas.

2.1 Technology for people who are blind

According to Cook (2009), new technologies could contribute to the full inclusion of

individuals who have disabilities in the mainstream of society. Software, mobile applications and

IoT systems (Internet of Things) are powerful tools to provide assistive technologies as shown

by many works (SÁNCHEZ; AGUAYO, 2008)(MOTTO et al., 2014)(MAIKE et al., 2016).

Thus, the interface interaction should respect these requirements to improve the

quality of user interaction for the growing population of people who are blind or visually

impaired 1. Some authors think that the user who is blind or visually impaired must be involved

at all stages of design, research, and development of the technologies for them (MANDUCHI;

COUGHLAN, 2012). For this, it is necessary to understand more about the disability, its

characteristics, and causes, for example, the degree of vision loss.

2.1.1 Blindness

The users with visual disabilities are very diverse regarding the degree of vision loss.

There are levels of blindness and visual acuity that are defined by global organizations, as World

Health Organization (World Health Organization (WHO)). The most recent standard definitions

from the International Classification of Diseases 11 (WHO, 2018b) and published from World

Health Organization (WHO) classifies the severity of visual disability into six categories of

visual acuity (WHO, 2018a).

The categories of visual acuity are defined by testing the vision at 6 meters according

to the Snellen chart Figure 2. This chart, first developed in 1862 by the Dutch ophthalmologist
1 The term “people who are blind or visually impaired” was derived from the People First Language to speak

appropriately and respectfully about an individual with a disability.
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Hermann, is the most widely adopted tool visual acuity assessment (FALKENSTEIN et al.,

2008). Therefore, the visual acuity 6/18 means the person could see at 6 meters what the average

person sees at 18 meters. The “normal” visual acuity is 6/6. Table 1 shows the categories defined.

The term “low vision” is no longer used since the IDC International Classification of Diseases

(ICD-10) (WHO, 2018b). It has been replaced by categories 1 and 2.

Figure 2 – Snellen chart

Source: Falkenstein et al. (2008)

Table 1 – Categories of visual acuity

Category Presenting distance visual acuity
Worse than Equal to or better than

0 Mild or no visual impairment 6/18
1 Moderate visual impairment 6/18 6/60
2 Severe visual impairment 6/60 3/60
3 Blindness 3/60 1/60
4 Blindness 1/60 Light perception
5 Blindness No light perception No light perception

Source: WHO (2018b).

According to the report Blindness and Deafness (WHO, 2018a), the official descrip-

tions of visual impairment and blindness of WHO are:

Visual impairment: Decrease or severe reduction in vision that cannot be cor-

rected with standard glasses or contact lenses and reduces an individual’s ability to
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function at specific or all tasks. Blindness: Profound inability to distinguish light

from dark, or the total inability to see.

Each country has their definition of the term “legally blind”. The United States of

America, Canada, and most European countries define as the best-corrected visual acuity of

6/60 or worse in the better eye; and/or a visual field of 20 degrees or less. In Brazil, the “legal

blindnes” definition only change in the numbers: visual acuity of 360 or worse and/or visual

field of 60 degrees or less (BRASIL, 1999).

We consider this work focused on people who are blind (levels 4 and 5 in Snellen

chart), but which also consider people who are visually impaired (levels 1, 2 and 3 in Snellen

chart) to have a broader view.

Other factors are also important to understand how the visual perception could

influence the user interaction. Many works that evaluate technologies for people who are blind or

visually impaired also examine as criteria related to vision impairment the age of blindness onset,

the time with impairment (GUERREIRO et al., 2011) and the etiology of blindness (e.g., retinitis

pigmentosa, glaucoma, Leber’s congenital amaurosis, retinopathy of prematurity) (CONNORS

et al., 2014b) or visual impairment (e.g., glaucoma, age-related macular degeneration (AMD),

corneal opacities, diabetic retinopathy, childhood blindness, trachoma, and onchocerciasis)

(WHO, 2018a).

The damage that prevented the vision could be produced by four sources: (i) in

transparent structures of the eye, such as cataracts and opacity of the cornea; (ii) in the retina,

such as macular degeneration and retinitis pigmentosa; (iii) in the optic nerve, such as glaucoma

or diabetes; and (iv) in the brain. Blindness may be congenital or acquired. The damage that

impedes vision can be caused at birth, at some event throughout the life of the individual or even

in the womb.

2.1.2 Assistive technology for people who are blind

Many applications areas have been developed to assist people who are blind or

visually impaired. In this context, Manduchi & Kurniawan (2011) present four areas that have

been produced research and technologies. The first one is mobility, which provides a person who

is blind moves safely, gracefully and comfortable, for example, avoiding obstacles. Wayfinding

promotes the capacity to know and track one’s position concerning the environment and find

a route to a destination, for example, accessing spatial information from a distance. Printed
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information access provides the vast printed information only accessible for sight, for example,

read magazines. The last area is object recognition that uses recognition algorithms to identify

generic objects.

To illustrate these areas, see for instance some examples. Mobility and wayfinding

areas are known as Orientation and Mobility (O&M) (WIENER et al., 2010; WELCH et al.,

2016). In this area, the study Sánchez & Sáenz (2014) presents the application Audiopolis

(Figure 3), a video game for navigating throw a virtual city interacting with audio and haptic

interfaces. The Audiopolis also has the goal of improving evolving users’ cognitive skills.

Figure 3 – A user playing Audiopolis

Source: Sánchez & Sáenz (2014).

In printed information access and object recognition areas, with a focus on ap-

proaches based on computer vision, the study Maike et al. (2016) presents the U-NEXT, an IoT

system to perform the tasks of finding and selecting products in a supermarket by using RFID

tags and audio feedback as output mode. Figure 4 shows a possible scenario of the U-NEXT.

In the face of the large amount and kind of technologies that support the visually

impaired and blindness disabilities, Pissaloux & Velázquez (2017) classify the devices that

implement these technologies in two sorts: Sensory SUpplementation Devices (SSUDs) (Sen-

sory SUpplementation Devices) or Sensory Substitution Devices (SSDs) (Sensory Substitution

Devices), described as follows.

SSUDss aim to provide to the end user a complementary information which rein-

forces the user’s personal locomotion capacities and skills. Another sense(s)/modality(ies)

are usually put to the contribution. This allows to provide subtle, user expected,
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Figure 4 – U-NEXT smart supermarket scenario

Source: Maike et al. (2016).

cues which ensure that the user’s main attention is on the podo-tactile and auditory

cues of the real world, and not on the locomotion cues of the device. Such cues may

be exploited during a task execution (PISSALOUX; VELÁZQUEZ, 2017).

SSDss aim to provide to the end user the information via another (substituting)

sense; they offer a new language (new code) which should be learn independently of

the initial (natural) role of this sense: a specific stimulus (a code) is associated with

each object supposed to be perceived with a new sense (PISSALOUX; VELÁZQUEZ,

2017).

Considering the main objective of this work, we focus only on SSUDs (Sensory

SUpplementation Devices) that includes computers, mobile devices, wearable devices, IoT

systems or others according to the purpose of the application. The device SSDs (Sensory

Substitution Devices), out of our scope, includes sensory replacement, haptics as sensory

augmentation, bionic eyes, retinal visual prosthesis, cortical implants and others. This definition

is important to plan the methodology used and to delimit the focus.

2.2 Evidence-Based Software Engineering (EBSE)

The use of evidence-based strategies on software engineering has become more and

more applied since the 1990s (SHEPPERD, 2012), and it was strongly influenced by clinical

practice and the formation of medicine area. Before the research in software engineering is still
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too much of advocacy research and more scientific approach to software engineering is needed

(WOHLIN et al., 2000).

The evidence is used to prove the truth of some assertions. According to Shepperd

(2012), empirical scientific evidence means that evidence has been obtained from observa-

tion (empirical) and in accordance with scientific principles as methods well known and it is

documented in a complete and standard way.

There are many forms for applying an empirical scientific evidence, for example,

controlled experiments and quasi-experiments; case studies; surveys; action research and ethnog-

raphy. Table 2 shows the evidence hierarchy considered in Shepperd (2012), helpful to appraising

the value of empirical evidence.

Table 2 – Evidence hierarchy

Effectiveness (how well
does the intervention work?)

Appropriateness (how suit-
able is the intervention in the
context)

Feasibility (the wider orga-
nizational issues of introduc-
ing the intervention)

Excellent Systematic review; Multi-
centre study

Systematic review; Multi-
centre study

Systematic review; Multi-
centre study

Good RCT3; Observational study
RCT; Observational study;
Interpretive study

RCT; Observational study;
Interpretive study

Fair

Uncontrolled trial with dra-
matic results; Before/after
study; Non-randomized con-
trolled trial

Descriptive study; Focus
group

Descriptive study; Action re-
search; Before/after study;
Focus group

Poor
Descriptive study; Case
study; Expert opinion; Poor
quality study

Case study; Expert opinion;
Poor quality study

Case study; Expert opinion;
Poor quality study

Source: Shepperd (2012).

Wohlin et al. (2000) consider three main empirical strategies in software engineering:

(i) setting up formal experiments; (ii) studying real projects in industry, i.e., performing a case

study; and (iii) conducting surveys through, for example, interviews.

Considering the purpose of this work for evaluating the impact and effectiveness,

we will focus on the experiment as the primary strategy to get evidence. Also, we explore

surveys and case studies as empirical methods that have the same purpose. We expect to enable

understanding and identification of relationships between different factors, or variables, that

affect the use of technology for people who are blind or visually impaired.
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2.3 Multimodal Interfaces

The perception of humans in their environment occurs through the five senses: vision,

hearing, touch, taste, and smell. A mode or modality refers to receiving stimuli from one of these

senses (TURK, 2013). The unimodal communication is not typical in the information exchange

in the human communication. Usually, speech, gestures, facial expressions and others are used

at the same time, as well when a person is speaking, he makes gestures to express better their

feelings and emotions (TURK, 2013).

When a computational system works as multimodal interfaces, it enables the com-

bination of multiple modes or channels of communication between the user and the device in

the same interaction (OVIATT, 2003). These modes can be used sequentially or simultaneously

and, in combination or independently, beyond the traditional input via keyboard and mouse, and

monitor output (NETO et al., 2008). The use of multimodal interfaces increase the interaction

quality as a result of (i) supporting and accommodating the perceptive and communicative

capacities of the users; and (ii) integrating computational skills in the real world by offering

more natural ways of interacting with humans (DUMAS et al., 2009). According to Dumas

et al. (2009) multimodal interfaces are: Multimodal interfaces process two or more combined

user input modes— such as speech, pen, touch, manual gestures, gaze, and head and body

movements— in a coordinated manner with multimedia system output. They are a new class of

interfaces that aim to recognize naturally occurring forms of human language and behavior, and

which incorporate one or more recognition-based technologies (e.g., speech, pen, vision).

Such systems have the potential to function in a more robust and stable way than

unimodal recognition systems involving a single interaction technology, such as speech, pen, or

vision (OVIATT, 2003). Hauptmann & McAvinney (1993) concluded that 71% of the individuals

surveyed prefer to use their hands and voice to control objects than a single isolated modality.

Some studies seek to understand if the multimodal interaction is capable of facilitating user

interaction with a computational system. Other works focus on specific combinations of input

and output modes, for example, Interface Web/speech (NETO et al., 2008).

According to Dumas et al. (2009), multimodal systems have the potential to improve

Human-Computer Interaction in several ways, as increasing the robustness of systems combining

different sources of information; flexible system customization, user-based and context-based;

applicability in multi-user systems with mobile interaction; accessibility, since the system

presents other alternative forms of interaction; ease of use of small and complex devices allowing
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more natural interaction in the execution of tasks (JUNIOR, 2007).

Inspired by Norman’s action cycle, Dumas et al. (2009) illustrates the model of

multimodal man-machine communication (Figure 5) with the major concepts that should be

considered for multimodal systems: the fusion of multimodal inputs, and the multimodal fission

to generate an adequate message to the user, according to the context of use, preferences and

profile.

Figure 5 – Multimodal man-machine interaction

Source: Adapted from Dumas et al. (2009).

This interaction between computer and human occurs in four states. On the user’s

side, the first is the decision state, where the content of the communication message is prepared

consciously, intentionally or not, through attention and emotion. The second state is the state

of action, where the media are selected, such as voice, gestures or facial expressions. On the

computer side, the message is interpreted in the state of perception, where multimodal systems

receive information from one or more sensors, at one or multiple levels of expression. In the state

of interpretation, the system will attempt to give some meaning to the information received from

the state of perception. This is typically the place where the merging of multimodal messages

occurs. It is also in this state where the action is taken according to the system’s business logic

and defined management rule.
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Depending on the meaning extracted in the interpretation, a response is generated

and transmitted, which is where the fission occurs and determines the most relevant modalities

for returning the message. This depends on the context of use, for example, within a car, and the

user profile, for example, people who are blind.

Furthermore, the theory of processing the interaction requires mental resources

at many stages, as shown in Human Information Processing system (LINDSAY; NORMAN,

1977), described as a model by (WICKENS et al., 2015) as shown in Figure 6. In the Human

Information Processing model, the information from the environment is firstly processed by our

senses and after that as a Perception. Other elements involved are Attention, Long-term Memory,

Working Memory Cognition, Response Selection, Response Execution, and the Feedback.

Figure 6 – A model of human information processing

Source: (WICKENS et al., 2015).

Still related to the multimodal interaction, the proprioception sense could be con-

sidered to analyze the interaction on interfaces for people who are blind. The proprioception

sense includes the sense of position and movement of our limbs, the senses of muscle force and

effort, and the sense of balance (SHERRINGTON, 1906). Although it is related to interaction,

this dissertation does not study this concept in depth.

Multimodal Interfaces for people who are blind can cover a wider range of users than

traditional interfaces, including users of different ages, levels of knowledge, native languages,
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cognitive styles, impairments and other temporary illnesses or permanent physical disabilities, as

well as visual impairment. In this area, blindness and visual impairments present challenges in

most stages of human-computer interaction, from input actions, such as touch screen entry and

cursor control, to perceiving output, such as interpreting a figure or a diagram (KEATES, 2015).

While interfaces for the sighted user usually consist of mouse and keyboard as input,

interfaces for users who are blind rely principally on auditory information, keyboards, and others

haptic devices (SÁNCHEZ et al., 2014). Replacing one mode on multimodal interfaces for

another is not a simple solution. Nevertheless, many mobile accessibility solutions for people

who are blind commonly replaces the onscreen information only for audio (GUERREIRO et al.,

2011). This proves that it is necessary to investigate the role of multimodal components in the

development and evaluation, as done by (SÁNCHEZ et al., 2015). The impact of multimodal

interfaces is also reviewed in (CAO et al., 2010), that shows the effect of multimodal interfaces

in cognitive and emotional (stress) impact.

This work aims to provide instruments to verify the real cognitive impact in multi-

modal interfaces on people who are blind or visually impaired considering the main aspects of

multimodal interfaces.

2.4 Cognitive Impact Evaluation

There are technological aspects to these systems which are investigated from the

perspective of how they affect use (RITTER et al., 2014). Cognitive impact concerns the

interaction between humans and systems. The field of human-computer interaction has pioneered

in the formal study of the cognitive relationship between a person’s activities, the artifact of the

computer, and the task (NORMAN; DRAPER, 1986). The technologies could enhance human

cognitive capabilities.

Darin et al. (2015) literature mapping study shows the cognitive process analyze

applications according to a four-dimensional classification (Interface, Interaction, Cognition,

and Evaluation). The evaluation dimension includes two main aspects: usability and cognitive

impact.

Still on this study, the cognition dimension comprises six skills: mental models,

mental maps, spatial structures, Orientation and Mobility (O&M), problem-solving, and social

collaboration. Such approach addresses the main cognitive skills developed and enhanced for

impact evaluation purposes. These dimensions could provide directions to define tasks in an
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experiment to measure the cognitive impact as detection of some obstacles, a useful data for

evaluating O&M (PISSALOUX; VELÁZQUEZ, 2017).

The study also shows that most papers classified in main cognitive skills are about

Mental Map and O&M. The O&M skill is a broad concept that is also related to wayfinding and

navigation. According to Pissaloux & Velázquez (2017), “Human mobility is one of the most

important cognitive tasks. Indeed, independent and secure mobility in real physical space has a

direct impact on the quality of life, on well-being, and on integration in the numeric society.”

Darin et al. (2017) define mobility in a four-dimensional problem: walking, wayfind-

ing (or orientation), space awareness (or space knowledge) and navigation. According to this

definition, walking is a low conscious cognitive task and involves displacement in the near space.

It takes in account obstacle detection and localization. The wayfinding is a set of processes to

know one’s current position in space to reach one’s target. The space awareness requires a high

consciousness level. It includes forming mental maps, e.g., know the name of the street on a

plan. The navigation, the highest-level cognitive task, is a result of the implementation of all

listed above functions while traveling.

The impact evaluation of software could use several evidence-based methods. This

work focuses on the experiments. To treat the cognitive impact evaluation is necessary to com-

prehend the experiment design in both cognitive psychology and software engineering areas.

The two main theoretical background bibliography used in this work are the books “Cognitive

Psychology” (STERNBERG; STERNBERG, 2011) and “Experimentation in Software Engi-

neerin” (WOHLIN et al., 2000). In this multidisciplinary context, the next two subsections are

dedicated to explain each point of view and highlights the differences. Aside from experiments,

the cognitive workload could be measured by an instrument of evaluation, as the questionnaire

Nasa-Task Load Index (NASA-TLX) (HART, 2006), which is a multi-dimensional scale de-

signed to obtain workload estimates from one or more operators while they are performing a

task or immediately afterwards.

2.4.1 Design experiment in software engineering

The experiment process includes several steps: Scoping; Planning; Operation; Anal-

ysis and interpretation; Presentation and package (WOHLIN et al., 2000). Figure 7 presents an

overview of the experiment process and artifacts produced. This process provides a high level

of control, which uses a formal, rigorous and controlled investigation. Its steps were used to
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analyze the data of experiments in the methodology proposed (Chapter 3). Also, the guidelines

proposed in this work have the attribute “when” that provides in which phase the guidelines are

applied.

Figure 7 – Overview of the experiment process

Source: Adapted from Wohlin et al. (2000).

The main concepts involved in the experiment, shown in Table 3, are used to un-
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derstand how the cognitive impact is evaluated and to conduct the designing of the guidelines.

Figure 8 shows how these concepts are related to the experimental process.

Table 3 – The main concepts of experimental design
Concepts Description

Measure A mapping from the attribute of an entity to a measurement value.

Instrumentation The instruments for an experiment are of three types, namely objects, guidelines and measure-
ment instruments.

Dependent
Variables

The dependent variables are those we want to see the effect; the independent variables are
those controlled and manipulated.

Independent
Variables The independent variables are those controlled and manipulated.

Factors The independent variables which the experiment changes to verify the effect. Treatment is one
value of a factor.

Source: Wohlin et al. (2000).

Figure 8 – Variable relationship in the experiment process

Source: Wohlin et al. (2000).

The treatments are measured in the dependent variable, often only one (WOHLIN et

al., 2000). The variable is mostly not directly measurable, and the experimenter have to measure

it via an indirect. Wohlin defines measurement and measure as: “measurement is the process

by which numbers or symbols are assigned to attributes of entities in the real world in such a

way as to describe them according to clearly defined rules”. A measure is the number or symbol

assigned to an entity by this relationship to characterize an attribute.

As an example of experiment process, we consider the measurements, instrumenta-

tion, and variables from the experiment conducted in Connors et al. (2014b). In this study, the

authors evaluate the navigational performance the of virtual environment called Audio-based

Environment Simulator (AbES) that can be explored for the purposes of learning the layout of an

unfamiliar, complex indoor environment. The dependent variable evaluated was the navigation

performance (Orientation & Mobility, O&M).
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Some information about the participants is controlled and works as independent

variables such as etiology of blindness, age, gender, hand preference, and verbal memory

(assessed by using the Wechsler Memory Scale). These variables are controlled and fixed to

ensure the correct measurement. The factors in the experiment are the age of blindness onset

and the interaction condition with AbES. The factors are randomly distributed into groups: early

blind and late blind; and gamers, directed navigators, and control group. The measurements

variables used are task success, navigation time, and shortest possible path score.

2.4.2 Design experiment in Cognitive Psychology

The research methods to in Cognitive Psychology focuses on describing particular

cognitive phenomena, such as how people preconceived notions regarding what they may

find while gathering the data (STERNBERG; STERNBERG, 2011). To achieve the goal, the

research should include more than one method. Among them, the literature present that cognitive

psychologists use controlled experiments, psychobiological research, self-reports, case studies,

naturalistic observation, and computer simulations and artificial intelligence when studying

cognitive phenomena (STERNBERG; STERNBERG, 2011).

Focusing on controlled experiments, the Table 4 presents characteristics of controlled

experiments to explore cognitive phenomena.

Regarding the experiment concepts, the variables of the experiment are (i) indepen-

dent variables, that are individually manipulated, or carefully regulated, by the experimenter; or

(ii) dependent variables, that are outcome responses, the values of which depend on how one or

more independent variables influence or affect the participants in the experiment (STERNBERG;

STERNBERG, 2011). This literature also presents the concepts of (iii) irrelevant variables,

which affect the outcomes (dependent variable) when manipulated; (iv) control variables, which

are held constant; and (v) confounding variables, which affect the dependent variables without

be controlled or manipulated and should be avoided.

Independent and dependent variables must be chosen with great care, because what

is learned from an experiment will depend almost exclusively on the variables one chooses to

isolate from the often complex behavior one is observing (STERNBERG; STERNBERG, 2011).

The authors suggest two dependent variables that are used in cognitive-psychological research:

percent correct (or its additive inverse, error rate) and reaction time. These measures are popular

because they can tell the investigator, respectively, the accuracy and speed of mental processing
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Table 4 – Experiment to cognitive phenomena
Controlled Laboratory Experiments

Description of
method Obtain samples of performance at a particular time and place.

Random assignment
of subjects Usually.

Experimental control
of independent vari-
ables

Usually.

Sample representa-
tiveness May be any size.

Ecological validity Not unlikely; depends on the task and the context to which it is being applied.
Information about in-
dividual differences Usually de-emphasized.

Strengths Easy to administer, score, and do statistical analyses; High probability of drawing valid
causal inferences.

Weaknesses Difficulty in generalizing results beyond a specific place, time, and task setting; Dis-
crepancies between behavior in real life and in the laboratory.

Examples

Karpicke (2009) developed a laboratory task in which participants had to learn and
recall Swahili-English word pairs. After subjects first recalled the meaning of a word,
that pair was either dropped, presented twice more in a studyperiod, or presented twice
more in test periods. Subjects took a final recall test one week later.

Source: Sternberg & Sternberg (2011)

(STERNBERG; STERNBERG, 2011).

Among the myriad possibilities for independent variables are characteristics of the

situation, of the task, or of the participants (STERNBERG; STERNBERG, 2011). For example,

characteristics of the situation may involve the presence versus the absence of particular stimuli

or hints during a problem-solving task, as virtual versus real navigation (LAHAV; MIODUSER,

2008b). Characteristics of the task may involve reading versus listening to a series of words and

then responding to comprehension questions. Characteristics of the participants may include age

differences, differences in educational status, or differences based on test scores. Characteristics

of the participant are not easily manipulated experimentally due to the ethical regulation.
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3 METHODOLOGY

In this chapter, we present the research methodology which is composed of three

steps: the literature review, the Grounded Theory. Section 3.1 gives an overview of the research

methodology. Section 3.2 explains the Systematic Literature Review process. Section 3.3 shows

how the Grounded Theory method was applied.

3.1 Overview

The methodology consists of three steps: State-of-the-Art, Qualitative Analysis,

and the Guidelines formulation. The Systematic Literature Review of the State-of-the-Art step

aims to review the existing evidence concerning the impact evaluation of multimodal interfaces

and seeks to summarize the empirical evidence concerning the strengths and limitations of a

specific evaluation method (KITCHENHAM; CHARTERS, 2007). In Qualitative Analysis,

the Grounded Theory Glaser & Strauss (1967) builds a theory of cognitive impact evaluation

from data retrieved in the Systematic Literature Review. After, we offer guidelines based on all

data analyzed and the discussion of weak points encountered of cognitive impact evaluation of

multimodal interfaces for people who are blind or visually impaired.

3.2 Systematic Literature Review

In contrast to an ad-hoc literature review, the systematic literature review is a method-

ologically rigorous analysis and study of research results. To achieve our goal, the main research

question for this first part of the proposal was “How is the cognitive impact evaluated on

multimodal interfaces for people who are blind”. For a better understanding, as a second goal

question, we aim to learn the challenges regarding impact evaluation on this scenario.

The process of a systematic literature review includes three main phases: planning

the review; conducting the review and reporting the review (KITCHENHAM; CHARTERS,

2007). During all process of the systematic literature review, we used the tool StArt (“StArt”,

2016) and the software Microsoft Excel1 as a support to create the protocol, apply the filters,

select the papers and show the results. We organize all references on software Mendeley2. As

the papers retrieved from PubMed Central are in MEDLINE format, we developed the tool
1 Microsoft Excel - <https://products.office.com/pt-br/excel>
2 Mendeley - <https://www.mendeley.com/>

https://products.office.com/pt-br/excel
https://www.mendeley.com/


40

Medline2bibtex3. It works as a parser to permit the list to be read by both StArt and Mendeley.

Each of these stages has a qualitative methodological design that aims to offer a

better specification and evolution in the development of the systematic literature review. Figure

9 presents the SLR process adopted in this study by using a UML language4 for Activity

Diagram. The process suits the guidelines from (KITCHENHAM; CHARTERS, 2007). The

next subsections describe the planning (the study selection criteria, the research sources selected)

and the conducting phase (the search Process, the data extraction form fields and the studies

quality evaluation). The entire process was stored in an excel worksheet available online5.

Figure 9 – Systematic Literature Review Process

Source: Produced by the author based on FAÇANHA (2018).

3 Medline2Bibtex - <https://github.com/lanabia/Medline2Bibtex>
4 UML - <http://www.uml.org/>
5 <https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.

xlsm?dl=0>

https://github.com/lanabia/Medline2Bibtex
http://www.uml.org/
https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.xlsm?dl=0
https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.xlsm?dl=0


41

3.2.1 Planning: definition of the protocol

In the planning phase, we define a review protocol that specifies the research question

being addressed and the methods that will be used to perform the review (KITCHENHAM;

CHARTERS, 2007). The overall goal of this systematic literature review is to analyze the state-

of-the-art and the study opportunities related to the cognitive impact evaluation of multimodal

interfaces for people who are blind. Then, we addressed the following main and second questions.

• Main question: How is the cognitive impact evaluated on multimodal interfaces for people

who are blind?

• Second question: Which are the challenges regarding impact evaluation on this scenario?

Sources selection

The first suggested digital libraries as sources are: ACM Digital Library; Engineering

Village; IEEE Xplore; Scopus; Science Direct; Springer Link; PubMed; Web of Science; Google

Scholar, that includes the leading conferences and journals from Computer Science.

The bases chosen are the primary research bases for scientific articles in the research

area or the bases that index them. Since Scopus, which index ACM Digital Library and IEEE

Xplore, is based on the same database of ScienceDirect. So, we choose Scopus that is considered

the most effective search engine (BURNHAM, 2006).

We withdrew Engineering Village because their twelve engineering document

databases covered do not cover the content of this research. Scopus and Web of Science

do not have the same database (TOBER, 2011), so we maintain these two in the final source list.

As the research include visual disabilities, we expect to find some works in PubMed database.

Although Google Scholar is declared as a credible alternative at the same level of

Scopus in the face of the Web of Science (HARZING; ALAKANGAS, 2016), it is not considered

as a database, and it is only considered as a search engine. The final list of sources to systematic

literature review is Scopus, Springer, Web of Science and PubMed Central.

We also research in the Journal of Visual Impairment & Blindness that addresses a

variety of topics related to visual impairment. The research in this journal changes a little the

string applied to get their proceedings, that are in the scientific base PubMed Central.

Studies initial selection

The initial selection occurs by applying a search string into in each source. Before

the final version of the string, we simulated many other strings in searching the best solution and

results with the principal papers of the area, covering a broad range of possible papers in the
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search criteria. The final string defined was the string bellow.

The string will be applied on the metadata of papers, that includes abstract, index

terms, and bibliographic citation data (such as document title, publication title, etc.). The research

in the sources are applied by using the research string and the two initial criteria: to be published

after 1998 and to be written in English. Based on the goal of systematic literature review we

define the search string as shown in the Figure 10.

Figure 10 – Search string

Source: Produced by the author.

Study selection criteria

We define the search criteria as studies that present technology for people who are

blind or visually impaired and has applied a cognitive impact evaluation. The inclusion and

exclusion criteria are according to the goal of the systematic literature review. These requirements

comply the general objective of this study, but also aim to have a broader view of the assessment

in various technologies in the area. Table 5 presents the inclusion (I) and exclusion (E) selection

criteria. To be accepted, a scientific paper must cover all inclusion criteria and none exclusion

criterion.

The technologies defined in the I.01 criterion include mobile application, computer

software, IoT systems, virtual environments or a video game with multimodal interfaces. Also,

we accept technologies that are not specifically for people who are blind or visually impaired

with the goal of expanding the results, but the studies present the technology focused on users

with visual disabilities. We exclude from all technologies that uses Sensory Substitution Devices

(PISSALOUX et al., 2017), which substitutes a sense. The device SSD (Sensory Substitution

Devices), out of our scope, includes sensory replacement, haptics as sensory augmentation,
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Table 5 – Inclusion and exclusion criteria
Code Inclusion Criteria Code Exclusion Criteria

I.01 The study has the technology for people
who are blind or visually impaired E.01 Title and abstract out the search criteria

(I.02, I.03, I.04)

I.02 The study evaluates the technology by using
some approach that involves the user E.02 Entire text out the search criteria (I.02, I.03,

I.04)

I.03 The study evaluates the technology by using
a method to evaluate the cognitive impact E.03

The document is a book, a congress’ ab-
stract, an extended abstract, a poster, an
oral communication, proceedings of a con-
ference, a seminar, a research plenary, a
dictionary or an encyclopedia

E.04 The study must be published after 1998 and
written in English

Source: Produced by the author.

bionic eyes, retinal visual prosthesis, cortical implants and others. This definition is important to

plan the methodology proposed and to delimit the focus.

We define the studies type in the E.03. This criterion excludes all studies type

different from primary studies that present technology for people who are blind and its evaluation.

We accept papers of journals, conference papers, short papers, and book chapters. This criterion

includes documents that have the minimum information to understand the evaluation. We did

not cover books because the information is dispersed inside them.

The E.04 criterion defines the scientific articles must be in English, because it is the

mandatory language for the main events and scientific journals in the search area. And they must

be published between 1st January 1998 and 2nd August 2017. The year 1998 was a milestone

due to the paper Lumbreras & Sánchez (1998) which works with 3D acoustic interfaces for blind

children and is the last study known.

To be accepted, a scientific paper must be covering all inclusion criteria and none

exclusion criterion, as shown in the follow logical equation 3.1:

((I.01)∧ (I.02)∧ (I.03))∨ (E.01)∨ (E.02)∨ (E.03)∨ (E.04) (3.1)

3.2.2 Conducting

In the conducting phase, firstly, we identify and select studies. To identify, we did a

manual string research in five scientific bases: Scopus, Springer Link, PubMed, PubMed Central,

and Web of Science. We chose the main research bases in the research area or the bases that

index them (HARZING; ALAKANGAS, 2016). Other bases were not included because they are
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indexed by the bases considered.

3.2.2.1 Search Process

The conducting phase starts with the initial search in the scientific bases proposed.

The string was applied on the metadata of papers, which includes abstract, index terms, and

bibliographic citation data (such as document title, publication title, etc.). It was retrieved 2136

papers. Figure 11 presents the filters.

Figure 11 – Filters in the conducting phase

Source: Produced by the author.

The first filter excluded papers duplicated and document types out the scope due their

format (E.03). The second filter identifies which paper is in and out the scope by reading their

titles and abstracts (E.01). A lot of papers were excluded in the first filter because the scientific

base PubMed Central (PMC) brings a lot of medical papers focused on disease effectiveness and

specific medical statements. Even though the area of this study is computer science, we decided

to insert the PMC in the bases’ list due to the nature of the subject.

Next, in the third filter, we evaluated each retrieved paper in its entirety (E.02). If

necessary, besides the entire text, we search more about the technologies and processes described,

as project and institutional websites, videos, newspaper articles and others. In the fourth filter,

we search and compare the experiments to find the same experiment described in two or more

papers. This occurs when the experiment is not the primary goal of the paper, and more than one

paper cites the experiment methodology and results according to the paper goal.

Once we have chosen the select papers, we extract all data required to achieve

the objective. The organization of the data generates data synthesis, which will be shown in

the Section 4.5. The main reason for withdrawing papers in the last filter was the evaluation

performed is out the search and at most times related to the system performance, e.g., sensor

performance evaluation.

In face the final papers selected, we make a snowballing approach for an opportunistic

search for other relevant papers. Snowballing is a manual search using the reference and citations
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(known as backward and forward snowballing) list of a paper or the citations to the paper select

aiming to identify additional papers (WOHLIN, 2014). Thus, we perform other interaction

among the forward and backward snowballing list to select the papers reading the title firstly and

abstract and after the whole text. The only interaction of both snowballing processes is due to

the resource limitation and the number of papers excluded in the first filter of these papers, that

eliminates duplicated papers and unwanted document types.

In the snowballing process, the acceptance rate was high compared to the mainstream

search. This acceptance rate is due to the purchased papers are closely related to the theme of

tools for people who are blind and usually use similar processes of validation building.

3.2.2.2 Studies quality evaluation

The quality evaluation for each paper accepted was based on the quality assessment

in Table 6 from Santos et al. (2017). Although the areas are different, the adaptations resulted in

the following quality checklist to assess the studies and measure the weight of each study found

on the results.

Table 6 – Quality assessment form
Quality Question

Q1 Was it possible to extract all data regarding the data the Key features in multimodal interfaces (-0.1 pt
per missing input; min value: -4.1 pts)

Q2 Is there a complete description of how the evaluation has been applied? (1.0 pt per complete input in
Empirical category; max value: 8,0 pts)

Q3 Are the groups of participants in the experiment randomly assigned? (0.5 pt)
Q4 Is the description of the impact evaluation understandable? (0.5 pt)
Q5 Does the article present different evaluation types of the proposal? (1 pt)
Q6 How many experiments does the paper present? (0.5 pt per experiment, if more than two experiments)
Q7 Is the goal of the evaluation cleared defined? (0.5 pt)
Q8 Is the hypothesis (null and alternative) explicitly described in the study? (0,5 pt)

Source: Based on Santos et al. (2017).

3.2.2.3 Data Extraction Form Fields

The data extraction was designed to answer the main and second questions and

to understand the context in which each paper is inserted. We divide the data collected into

three categories: (i) General, (ii) Research and (iii) Empirical. The general category comprises

bibliographic information. Table 7 shows the data extracted and the categories.

The general category comprises bibliographic information and classifies the papers.
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Table 7 – Form for data collection
Category Attribute Type

General

Title Text
The author(s) and affiliation Text
The paper was published in a Journal, a Conference or as a Book chapter? List
Year of publication Number
Research type List
Empirical Methods classification List
Technologies the paper presents for people who are blind Text

Research Key features in multimodal interface Text
Other strategies used to evaluate the interface (e.g. usability evaluation) Text

Empirical

Sample Text
Instruments Text
Variables in the experimental design Text
Statistical methods used Text
Tasks defined Text
Investigation cost (resources as time) Text
Ethical concepts treated Text

Source: Produced by the author.

We classified the experiment of a scientific paper into two classifications: research type (Table

8), based on Petersen et al. (2008). The research type is based on PETERSEN et al. (2008),

which can be validation research, evaluation research, solution research, philosophical research,

opinion paper or experience papers. The empirical method classification (Table 9) is based on

the classification of (AMPATZOGLOU; STAMELOS, 2010). This classification aims to confirm

the papers retrieved are in the search focus, since we look for papers in the “evaluation research”

type and that are “Experiments”. Although, we retrieved one paper as a Case Study. For this one,

we consider only the experiment data. All papers retrieved are in Evaluation Research category.

The research category comprises the classification that fits the technology presented

in the key features of multimodal interfaces for the cognition of people who are blind (DARIN et

al., 2015). This classification is divided into 4-dimension: Interface, Interaction, Cognition, and

Evaluation; and it is applied to video games and virtual environments (Figure 12).

For our purpose, we classify only in the interaction, interface and cognition dimen-

sions; and we cover, in the classification, more than video games and virtual environments,

since we also found these features present in the technologies selected. These features provide

necessary insights for the practical understanding of the issues involved in their design and

evaluation (DARIN et al., 2015). They are useful in our research for giving a comprehensive

overview of technologies and evaluations regarding the multimodal interfaces. The research

category still shows more information about the research, as other strategies used to evaluate.

The empirical category provides information specifically about how the empirical
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Table 8 – Research type facet
Category Description

Validation Research Techniques investigated are novel and have not yet been implemented in practice.
Techniques used are for example experiments, i.e., work done in the lab.

Evaluation Research

Techniques are implemented in practice and an evaluation of the technique is con-
ducted. That means, it is shown how the technique is implemented in practice (solution
implementation) and what are the consequences of the implementation in terms of
benefits and drawbacks (implementation evaluation). This also includes to identify
problems in industry.

Solution Proposal
A solution for a problem is proposed, the solution can be either novel or a significant
extension of an existing technique. The potential benefits and the applicability of the
solution is shown by a small example or good line of argumentation.

Philosophical Papers These papers sketch a new way of looking at existing things by structuring the field in
form of a taxonomy or conceptual framework.

Opinion Papers
These papers express the personal opinion of somebody whether a certain technique is
good or bad, or how things should been done. They do not rely on related work and
research methodologies.

Experience Papers Experience papers explain on what and how something has been done in practice. It
has to be the personal experience of the author.

Source: Petersen et al. (2008).

Table 9 – Empirical methods
Empirical method Description

Experiment
A set of a subjects is asked to perform a task in a highly controlled environment.
the results are derived from observing of the subjects during the experiment, from
inspecting the task outcome or from questioning the subjects at the end of the procedure.

Survey A set of subjects is asked to fill-in questionnaires either directly, or via internet. The
results are derived from the valid answers to the questionnaire.

Case study A project, an activity or an assignment is monitored with respect to the methodology
under study. Results are directly derived from project measurements.

Source: Ampatzoglou & Stamelos (2010).

method that evaluates the impact of the cognitive impact. These data are more explained in the

Results chapter (Section 4).

3.3 Grounded Theory

The Grounded Theory, introduced by Barney Glaser and Anselm Strauss, is a method

at the beginning used on health studies (GLASER; STRAUSS, 1967). Glaser & Strauss (1967)

contrast theory generated by deduction and a priori assumptions with the theory discovery arising

from and grounded in research data, through constant comparison. “One can argue that every

research is somehow "grounded" in data, but using this data from systematic research, together

with a set of rigorous research procedures to produce a "grounded theory" is a different approach”

(MOTTA, 2016). The employee of the Grounded Theory method is recent in Empirical Software

Engineering.
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Figure 12 – Key features in multimodal interfaces

Source: Darin et al. (2015).

The Grounded Theory analysis was performed to enhance and strengthen the findings

of the Systematic Literature Review regarding cognitive evaluation concepts used in the context

of this search, multimodal interfaces for people who are blind. The data gathered from the

literature become the population used in the analysis. We aim analyze in the deepest level

of generating theory but as the authors state: knowledge and understanding take many forms

(CORBIN; STRAUSS, 1998). The Grounded Theory was supported by the MAXQDA126 tool

in the whole process, which is composed of the following steps: planning, data collection, coding

and reporting results.

The planning step aims to identify the area of interest and the research question that

drives the work. In our case, the area of interest is the Cognitive Impact Evaluation. In the current

research, the Grounded Theory suits well some characteristics of cognitive impact experiment

extracted from the systematic review as it aids in the interpretation and clarification of the results

found. The Grounded Theory methodology comes as a mechanism to understand this data and
6 MAXQDA - <https://www.maxqda.com/>

https://www.maxqda.com/
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how they relate to each other considering the application domain and evaluation features.

In the data collection step, we prepare an Excel spreadsheet with data from the

Systematic Literature Review. We import the data extraction form from each experiment into

the MAXQDA. In this way, each experiment is a document in the MAXQDA analysis. All data

from experiments are imported as variables (59 variables), that could be used to quantify your

qualitative analysis results or to add additional information to pieces of data. These one are

already imported as excerpts coded as the empirical categories.

The data retrieved is organized and modified from the paper to answer the data form.

Although, in some experiments, we add some excerpt from the paper to facilitate the coding step

on that experiment.

The coding step, the heart of the Grounded Theory, is composed of (i) Open Coding,

(ii) Axial Coding, and (iii) Selective Coding. On this step we extracted concepts from raw data

and relate them to each other until reaching a core concept (WUETHERICK, 2010). In our case,

we envisioned and related some concepts of experiments of cognitive impact evaluation.

The excerpts coded in this step could be a word, a phrase or a full paragraph when

relevant for the concept under observation at the moment. We explore the experiments and open

up the data to all potentials and possibilities contained within them (WUETHERICK, 2010).

After considering all possible meanings and examining the context carefully produced 91 codes

and 808 tags. Figure 13 shows the 6 top categories of the codes.

To uncover and develop the concepts one has to keep the mind open and also report

thoughts and ideas related to it. The researcher scrutinizes the data in an attempt to understand

the essence of what is being expressed in the raw data (WUETHERICK, 2010).

Figure 13 – Open Coding

Source: Produced by the author.

In the open coding, constant comparative analysis is a regular procedure to execute it.

Whenever coming across another excerpt that seemed to talk about the same concept or shared a

common attribute, these were grouped together into the same code.
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Axial Coding is stepping to relate concepts to each other (WUETHERICK, 2010).

With this step, the fractions of data from the open coding can be reassembled and organized into

the categories and subcategories with their descriptions, properties or dimensions. The Axial

Code produced 95 codes and 603 tags.

The Selective Coding merge all concepts grounded in the process and others captured

in the Systematic Literature Review. As a result, we produce maps of concepts and a map to

ground the theory of the cognitive impact evaluation in multimodal interfaces for people who are

blind or visually impaired. All maps are presented in the chapter Results (Section 4).
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4 RESULTS

In this chapter, we present the results of the methodology steps. We present both

process results as also the data and discussions of each method. Section 4.1 shows the process

results, as for withdrawing paper process. Section 4.6 explains the Systematic Literature Review

process. Section 4.2 shows the process results. The next sections are focused on the three

categories of data acquired and analyzed from both Systematic Literature Review and Grounded

Theory. The categories are (i) General (Section 4.3), (ii) Research (Section 4.4), and (iii)

Empirical (Section 4.5). Finally, Section 4.6 presents all concepts related to a theory of Cognitive

Impact Evaluation for people who are blind.

4.1 Systematic Literature Review Results

We have performed the search, selection and data extraction from the initial system-

atic literature review process and the snowballing process (forward and backward snowballing).

The systematic literature review had four filters for both the initial and the snowballing processes.

Appendix A details the complete list of selected papers and the spreadsheet1 has all data docu-

mented. Next, we present the results about the process: papers selected, papers withdrawn and

the rates of acceptance.

Figure 14 resumes the conducting phase results. The initial search brings us 2173

papers, among them, after the whole process, it remains 23 papers. Further, the snowballing

process brings 690 papers (287 from forwarding snowballing and 403 backward snowballing),

among them it remains 24 papers (15 from forwarding snowballing and 9 from backward

snowballing). Then, at the final process of systematic literature review, we have 47 papers (23

from initial search and 24 from snowballing search).

Regarding the acceptance rate (last column of Figure 1), the most important source

for this search is the Visual Impairment & Blindness Journal (Visual Impairment & Blindness

Journal (JVis)). The acceptance rate of JVis is 14.3%, which means the number of accepted

papers (1 paper) over the number of papers initially retrieved (7 papers). This rate is due to the

journal’s central theme is the subject sought in this review. Also, we can see that the snowballing

process was a good step for the process since it had a large acceptance rate and a large number

of papers selected.
1 <https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.

xlsm?dl=0>

https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.xlsm?dl=0
https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.xlsm?dl=0
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Figure 14 – Filters in the Systematic Review Process

Source: Produced by the author.

Table 10 shows the acceptance rate of each filter comparing with the last filter, e.g.,

the acceptance of forwarding snowballing papers in the third filter comparing to the papers

selected on the second filter is 27.7%. In this graph, the snowballing results again stand out.

In the second filter, which filters by reading the abstract of the paper, we have an efficient

selection with 72.1% and 89.0% for backward and forward respectively. These rates reinforce

the significance of snowballing in the process.

Table 10 – Acceptance of papers in each filter
Total without
snowballing

Backward
snowballing

Forwarding
snowballing Total

First filter 79.2% 27.5% 25.4% 66.5%
Second filter 2.9% 72.1% 89.0% 10.2%
Third filter 50.0% 18.8% 27.7% 29.7%
Fourth filter 92.0% 60.0% 83.3% 81.0%

Source: Produced by the author.

To better understand the snowballing process, we track from where each paper came

from and how many papers were accepted of each one. Figure 15 shows how many papers

brings each paper selected in the initial process and how many of them had been selected. We

highlight two papers: “A Virtual Environment for People Who Are Blind – A Usability Study”

(LAHAV et al., 2012a) and “Assessment of Indoor Route-finding Technology for People with

Visual Impairment” (KALIA et al., 2010).
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Figure 15 – Snowballing process

Source: Produced by the author.

4.1.1 Withdrawn papers

Many papers excluded in the first filter are from the scientific base PubMed Central

(PubMed Central (PMC)), this is due to a lot of medical papers focused on disease effectiveness

and specific medical statements. Even though the area of this study is computer science, we

decided to insert the PMC in the bases’ list due to the nature of the subject. To help the exclusion

process, we highlighted some keywords not desired in the titles, like “malaria” or “Alzheimer”,

which facilitates the exclusion.

Figure 16 shows the reasons for withdrawing papers in the third filter regarding the

whole paper and the inclusion criteria. The main reason for withdrawing a paper in the last filter

was “the paper’s evaluation is out the search” (105 papers excluded), which mainly consider the

evaluation focused on the system performance and not on the user cognitive impact assessment.

The other reasons are:

1. The experiment not described in the paper (3 papers);

2. The paper was not available to download from our online library’s catalog of holdings or

open access journals (6 papers);

3. The system is not according to the inclusion criteria (8 papers);

4. The paper is a Solution Proposal (PETERSEN et al., 2008) focused on, for example, a
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model or a framework with or without evaluation (4 papers);

5. The paper is a Philosophical Paper (PETERSEN et al., 2008) (11 papers), e.g., reviews.

Figure 16 – Reasons for paper withdrawn

Source: Produced by the author.

4.2 Grounded Theory results

The Grounded Theory analysis was performed to enhance and strengthen the findings

of the Systematic Literature Review regarding cognitive evaluation concepts used in the context

of this search, multimodal interfaces for people who are blind. The data used came from the

systematic literature review process.

In Grounded Theory, we use the method to analyses in detail four items from

Empirical category: Hypothesis, Variables, Measures, and Tasks. The final map produced by the

Selective Coding phase (explained in the Section 3.3) represents the main idea of the cognitive

evaluation in the context of this study and connect all elements. This map is the main input to

create the Guidelines.

In the Selective Coding, other elements of cognitive evaluation were mapped in the

MAXQDA software to produce the map, as Sample and Ethical Concepts. For this reason, both

systematic literature review and grounded theory results are present together in the Empirical

section (Section 4.5). The map of central idea is most explored in the Section 4.6.

Next, we will explain the data acquired from systematic literature review in the three

categories: (i) General, (ii) Research, and (iii) Empirical.
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4.3 General Results

Despite we consider as the final result of the systematic literature review the papers

selected in the fourth filter, in this analysis of general data, we consider the 58 papers selected in

the third filter. The type of data used in this category refers to papers within the search criteria.

Therefore, it does not need to remove the papers that have cognitive experiments, even if papers

have repeated experiments (kind of papers excluded in filter 4).

Regarding the empirical method, almost all papers use an Experiment as an empirical

method (21 papers). Only 1 paper present a Case Study as an evaluation, that justifies the

choice due to the small number of participants (SÁNCHEZ et al., 2008). This information was

encountered in the text explicit or it was deducted from the details presented.

Figure 17 shows the papers selected regarding the timeline that starts in 2000 and

has peaked in 2011 and 2014. These papers, published in the last years, give a comprehensive

and valid picture of the existing evidence (WOHLIN et al., 2000), considering that both the

identification, the analysis, and the interpretation had conducted in a scientifically and rigorous

way.

Figure 17 – Publication year of papers

Source: Produced by the author.



56

4.3.1 Qualitative evaluation

Each paper was evaluated according to the 8 questions of the quality form described

in Section 3.2.2.2 and over again presented in the list below.

• Q1 Was it possible to extract all data regarding the data the Key features in multimodal

interfaces (Classification category from extraction form? (-0.1 pt per missing input; min

value: -4.1 pts)

• Q2 Is there a complete description of how the evaluation has been applied? (1.0 pt per

complete input in Empirical category; max value: 8,0 pts)

• Q3 Are the groups of participants in the experiment randomly assigned? (0.5 pt)

• Q4 Is the description of the impact evaluation understandable? (0.5 pt)

• Q5 Does the article present different evaluation types of the proposal? (1 pt)

• Q6 How many experiments does the paper present? (0.5 pt per experiment, if more than

two experiments)

• Q7 Is the goal of the evaluation cleared defined? (0.5 pt)

• Q8 Is the hypothesis (null and alternative) explicitly described in the study? (0,5 pt)

The results of quality form range from 52% to 96% of expected quality, with average

of 74%. The expected quality means the maximum points in each question. We investigated

the relationship between the quality score for each paper and both the date when the paper was

published. The average quality scores for studies each year is shown in Figure 18.

The quality points were not compared with the impact factor of journals or quality

indexes of conferences, as CAPES index quality, and of journals, as h-index. The papers retrieved

are from both conferences and journals which already includes the difficulty of comparison.

Moreover, some journals and conferences have no index value, or they have different indexes,

that also add problems to compare. Then we decided to do not cross this data.

4.3.2 Publication type

Among the papers selected in third filter, 30 are conference papers, 27 are scientific

journals, and one is book chapters. The main conferences where the papers selected are published

are ACM SIGACCES2 with 6 papers, ICDVRAT 3 with 5 papers and UAHCI 4 with 3 papers.
2 (<https://assets18.sigaccess.org/>)
3 (<https://www.icdvrat.org/>)
4 (<http://2018.hci.international/uahci>)

https://assets18.sigaccess.org/
https://www.icdvrat.org/
http://2018.hci.international/uahci
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Figure 18 – Quality form of papers

Source: Produced by the author.

The leading journal with three papers retrieved is the International Journal on Disability and

Human Development 5.

4.3.3 Authors

We present an overview of the papers related to cognitive impact evaluation found

and how these papers are distributed in the research groups around the world. The papers showed

some main authors and institutions that use the cognitive impact evaluation in the context of

this research.The authors and research groups distributions contribute to understanding how the

cognitive impact evaluation has been applied around the world.

Considering the main authors as those who have more than one paper on the list,

Figure 19 shows tag cloud6 based on the number of papers per authors. Sánchez, J. is the author

most present in the list (with 35 papers). Other authors that stand out are Merabet, Lahav, and

Sáenz.

Seeking to understand better how and where these authors work, we developed an

analysis based on the institutions of origin and found international research relationships between

them, explained in the next session.

Institutions around the world
5 (<https://www.ncbi.nlm.nih.gov/labs/journals/int-j-disabil-hum-dev/>)
6 Performed in the WordArt tool - <https://wordart.com/>

https://www.ncbi.nlm.nih.gov/labs/journals/int-j-disabil-hum-dev/
https://wordart.com/
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Figure 19 – Author

Source: Produced by the author.

We found the author come from 42 institutions around the world. Figure 20 shows

the global overview of the papers retrieved. We explore the locations by using the MAXQDA7

software to correlate the groups around the world. As we can see in the figure, the leading

research groups in this context are in Chile, USA, and Israel. They are the Department of

Computer Science at University of Chile (36 papers, 25,4% of frequency), Laboratory for Visual

Neuroplasticity at Harvard Medical School (8 papers, 5,8%), School of Education at Tel Aviv

University, Israel (7 papers, 4,8%) and PUCRS in Brazil (4 papers).

7 <https://www.maxqda.com>

https://www.maxqda.com
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The research cooperation between the different institutions is current practice for

scientific research, and it is possible to observe in our finds. Table of the Figure 21 shows the

cooperation between different institutions, even those are in the same country, as the example

of Canada that has 2 institutions working together. In this data, we highlight the large number

of institutions and cooperation between them from USA, Chile, and Israel. The USA has great

cooperation with Chile and their research institutions. Chile also works with partnerships in

Brazilian institutions. Moreover, Israel institutions also stand out by the research with their

institutions and with French and American institutions.

Figure 21 – Research between institutions

Source: Produced by the author.

4.3.4 Tools evaluated

Finally, in the general data acquired, we search to understand which kind of tech-

nology the studies present and evaluate. We search a broader view of tools, which means the

tool or application should not have to be specific for people who are blind or visually impaired,

but it needs to have into the technology search criteria specified in the Section 3.2.2 and must

have a cognitive impact evaluation. A non-standard example of applications found is a study that

assesses the cognitive impact of an ATM machine by people who are blind.

Some papers develop the cognitive evaluation with the same tool, thus, we detect

45 tools evaluated among papers selected. Appendix A list all tools detailed. The tools and

applications were classified according to the type of activity performed into 8 categories:

1. School learning: applications that improve school subjects such as mathematics and

biology;

2. Game: applications with gamification elements that develop cognitive characteristics;

3. Maps: applications that works with indoor and outdoor maps whether virtual or real to
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develop cognitive navigation, mobility or orientation processes;

4. Others, as objects structure learning, input text on a telephone keypad, mobile device and

ATM machine.

Figure 22 shows the results of classification. The applications that works with maps,

mobility, orientation and navigation are the most common.

Figure 22 – Technology type

Source: Produced by the author.

4.4 Research results

This category aims to understand the focus of each paper regarding the research

done. First, we present others strategies of the technology evaluation encountered in the selected

papers.

4.4.1 Other Strategies of the evaluation applied

Many papers apply another approach to evaluate other criteria not covered in our

study, as shown in Figure 23. Usability evaluation is the most used assessment besides impact

evaluation. This kind of assessment is mainly used to obtain information about the user’s
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acceptance of the software, and the match between his or her mental model and the representation

included in the software (SÁNCHEZ; ELÍAS, 2008). Others are evaluation based on HCI

heuristics (SHAFIQ et al., 2014), iconic evaluation (SÁNCHEZ; MASCARÓ, 2011), recognition

of patterns, obstacle awareness goal and homing and obstacle avoidance (PISSALOUX et al.,

2017).

Figure 23 – Quantity of other evaluation strategies used

Source: Produced by the author.

4.4.2 Classification

The classification of the key features in multimodal interfaces for the cognition of

people who are blind proposed by Darin et al. (2015) is adapted to classify the papers, already

presented in Figure 25. This classification is divided into 4-dimension: Interface, Interaction,

Cognition, and Evaluation; and it is applied to video games and virtual environments. These

features provide necessary insights for the practical understanding of the issues involved in their

design and evaluation Darin et al. (2015). These features are useful in our research for giving a

comprehensive overview of technologies and evaluations regarding the multimodal interfaces.

We cover, in the classification, more than video games and virtual environments since

we also found these features present in the technologies selected. We did not divide the features

of the evaluation domain into cognitive and usability evaluation. Instead, we focus on typical

activities and instruments, which in our perception can be applied to the impact evaluations that

were found. Then, the result of this classification is shown in Figure 24.
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Figure 24 – Key features in multimodal interfaces (Evaluation)

Source: Produced by the author.

As we can see, the Keyboard is the main mode to interact with technologies analyzed.

It is an instrument of interaction already common as input device (SÁNCHEZ et al., 2004). The

keyboard does not generate more complexity and expenses, like the Novint Falcon device, that

is used in (SÁNCHEZ et al., 2014). The Novint Falcon is one of the Force Feedback Device

that promotes a Tactile and Kinesthetic Feedback. Mouse and Natural language are less used.

The mouse is replaced by buttons or other specific devices for a better interaction, as shown

in (SHAFIQ et al., 2014). The most common Feedback is the Sonorous and the main Audio

Interface used is the Iconic Sound, which are sounds associated with each available object and

action in the environment (SÁNCHEZ et al., 2014).

These characteristics are important to understand which kind of interfaces are as-

sessed and how the impact is evaluated on them. The Evaluation dimension will be discussed in

more depth in the following sections.

4.5 Empirical data results

The Empirical category aims to answer the research question of the systematic

literature review in detail. The data retrieved ground the comprehension of the main research

question. Thus, we search the main aspects concerning the empirical method applied. Note, in
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this category, we analyze the 47 papers selected on the fourth filter that brings 52 experiments

process since five papers have two different experiments. In addition to the Systematic Literature

Review (SLR) method, we use the Grounded Theory method to analyze the empirical data. With

this combination of methods, we construct a concept based on cognitive assessment data. Figure

25 shows the data were chosen to be retrieved and which method had been primarily used.

Figure 25 – Empirical data extracted from experiments

Source: Produced by the author.

4.5.1 Sample

In the sample data analysis, we look for the sampling strategy and the samples

description, including the number of participants (per condition) and the kind of participants

(e.g., computer science students). Figure 26 shows the sample information retrieved from each

experiment. This information is one of the main specificities of the type of experiment sought

here, that is, of the cognitive evaluation of multimodal interfaces for people who are blind.

Number of users

From the number of users to the onset age of blindness, there are many sample

combinations in the selected experiments. The sample choice includes previous experience

required to do the task and others characteristic controlled in the experiment, like disabilities, the

onset of blindness, the etiology of a visual impairment or the presence of another disability. The
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Figure 26 – Sample information

Source: Produced by the author.

quantity of users varies as shown in Figure 27. Most of the experiments (22) are applied to 6 to 10

users. One experiment does not inform the number of users. One experiment (HOSSAIN et al.,

2011) expresses the small number of the sample (4 blinds participants) as a limitation/implication

of the research. Moreover, the paper talks about the limited access to people who are blind, and

those who use a smartphone are even more difficult.

There is no guideline about the number of users on an experiment sample in the

context of this research. The tradeoff between limitations and quality of the research should

define the number of users. The planning phase must propose a plausible solution with the group

of participants that are sought to the experiment have a reasoned result, preferably based on

statistical data.

Figure 27 – Number of users

Source: Produced by the author.
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Gender distribution

The gender distribution in samples is equilibrated in most cases. Figure 28 shows the

gender distribution on each experiment that describes how many women and men are participants

(36 papers). The mean of gender proportion, among all samples, is 47% for women and 53% for

men.

Figure 28 – Gender distribution

Source: Produced by the author.

Age range

The rage of age varies a lot among the experiments. Figure 129 shows for each

experiment the age range (green bar) and the mean (yellow line). To find a pattern, we adopted

age groups based on indications of the Brazilian Child and Adolescent Statute (ECA) (Casa

Civil, 1990) and the Brazilian Statute of the Elderly (Casa Civil, 2003), which defines 4groups:

child (under age12), adolescent (between age 12 and under 21) , adult (between age 21 and 59)

and elderly (over 60 years old). Figure 30 shows the distribution among age groups. The most

of experiments (20 experiments) are applied in adults. 7 experiments do not inform the age of

participants.

Blindness level

The distribution between the blindness level is varied. There are experiments where

the sample is all formed by people who are blind (LAHAV et al., 2012b; SÁNCHEZ et al.,

2005), and there are samples formed only by people who are blindfolded, as the experiments in

(PISSALOUX et al., 2017). Table 31 shows the blindness level distribution between the samples.

Although it is essential information in the context of the experiments studied here, 9 experiments

do not inform the proportions of blind, low vision, sighted and blindfolded.
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Figure 29 – Age range of users

Source: Produced by the author.

Figure 30 – Age distribution by groups

Source: Produced by the author.

4.5.2 Instruments

The instruments used in the evaluation has the objective to identify some user ability

controlled on the Experiment (as an independent variable), e.g., the mathematics knowledge

test in Sánchez et al. (2005), Sánchez et al. (2005) or is used to guide the evaluation process,

e.g., observation guideline to assess O&M skills in Sánchez & Mascaró (2011). 37 experiments

described the instruments used. Among the instruments used, there are 5 Likert-based surveys,

20 checklists (which include guidelines and specific tests), 15 questionnaires (which include

surveys), 8 modeling kits (which are manual instruments, as pen and papers or bricks), and 9

logs (which include, in addition to the system log, the video and audio logs). None instrument

has been used in more than one study experiment from our list. We speculate this is due to the

distinct natures of skills evaluated. Figure 32 shows the ethical concepts retrieved.
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Figure 31 – Proportion of blindness level

Source: Produced by the author.

4.5.3 Statistical Methods

Figure 33 shows the statistical methods used in the experiment data analysis. We

do not take account of the common statistical methods, like averages and gain percent. In

3 experiments, the statistical method was not described or explicit in the text, neither in the

references. T-test, which uses statistical concepts to reject or not a null hypothesis, is the most
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Figure 32 – Type of Instruments

Source: Produced by the author.

used, followed by ANOVA and Person’s Correlation, that is used to analyze the variation between

groups. ANOVA procedure was applied in one, two and three-way.

Figure 33 – Statistical methods

Source: Produced by the author.

The statistical method used depends on the research goal and the data acquired of the

experiment. Thus, we prefer not to present the methods according to the type of analysis, such

as hypothesis analysis or correlation between variables. Instead, we focused on if the experiment

data analysis has any statistical method applied. Our objective is not to discuss how to apply the
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best method, but to analyze the evidence based on statistical confirmations. However Figure 34

presents the two types of use to the statistical methods.

Figure 34 – Statistical type

Source: Produced by the author.

4.5.4 Resource data

In general, the papers do not present resource data of the experiments in the text.

19 experiments describe some information about the resource, as time-period, costs or human

resources. Among this information, the time-period presented varies from 2 days to 6 months

with the mean of 3 months-period. 4 experiments explain some information about cost, two of

them chose some technology due to their low cost. One experiment says pay $25 per hour to

participants, and another pays $60 for 3-hour sessions. One paper describes their team to apply

the experiment. Almost always there is little or no information about the resources, this can

hinder the replication of the experiment, as well as it lacks evidence to the descriptive text about

adequacy, limits, qualities, costs and associated risks. Figure 35 shows the resource information

retrieved.

4.5.5 Ethical Concepts

The ethical concepts also are not well covered in the papers; even it is an essential

step to produce an experiment with people who have disabilities (WOHLIN et al., 2000). Among

papers that threats the ethical concepts, 8 papers mentioned signing consents, two of them also

applies to stop rules to enforcing ethical concept; 6 papers present the ethics council approved by
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Figure 35 – Resource information

Source: Produced by the author.

legal institutions; two experiments express some information concern the user safety. It should

be considered the local laws of ethical concepts and also the published year for each experiments.

Figure 36 shows the sample information retrieved from each experiment.

Figure 36 – Ethical concepts

Source: Produced by the author.

4.5.6 Hypothesis and groups

Hypothesis is the basis for the statistical analysis of an experiment. A hypothesis is

stated formally, and the data collected during the experiment is used to, if possible, reject the

hypothesis (WOHLIN et al., 2000). If the hypothesis can be rejected, then conclusions can be

drawn, based on the hypothesis testing under given risks (WOHLIN et al., 2000). Thus, the
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hypothesis is the core of the experiment design. Seeking to understand the hypothesis, we select

which experiments have explicit in the text the Hypothesis and which of them test it. Even if

the paper explains the research question or the goal of the experiment in the text, we do not

count these. Wohlin divides the Hypothesis formulation from the Goal definition as two different

phases of the experiment process.

Figure 37 shows the two codes derived from this category. The “Hypothesis well

explicit” is coded when the paper presents the hypothesis structured very well, as the experiments

from “Model of Cognitive Mobility for Visually Impaired” (PISSALOUX et al., 2017).

Figure 37 – Hypothesis

Source: Produced by the author.

4.5.7 Variables

Almost no paper presents the variables explicitly in the text as dependent variables

and independent variables. Thus, along with the text, we look for these variables to understand

how the experiment is designed. After the grounded theory process, we produce three categories

of dependent variables and three categories of independent variables. In searching this, we

can see the variables are strongly related to the experiment hypothesis or objective when the

hypotheses are not explicit in the text. As a result, Figure 38 presents the code map generated

and next we explain each variable structure.
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Dependent variables depend on how one or more independent variables influence or

affect the participants in the experiment (WOHLIN et al., 2000). As cognitive impact evaluation,

the dependent variable is related to cognition processes. The main category of dependent

variables is the task performance that has many ways to measure (explored in the Section

4.5.9). We code as skills all dependent variables that work with a cognitive skill affected by

some independent variable. Problem-solving skill stands out in the experiments and it turned

a branching of skill. In the context, problem-solving, that can be understood as the act of

consciously apply rules and procedures to bridge the gap between the initial problem state and a

solution state (GLATZEDER, 2010), involves solving, tasks and issues related to the application

to users who are blind. Only two papers use some user emotion, as user opinion.

The independent variables are those variables that we can control and change in the

experiment (WOHLIN et al., 2000). So, they are related to domain knowledge. The independent

variables encountered are characteristics of the situation, the participants and the tasks. The code

map shows the categories that stand out in the data. Generally, the characteristics of the situation

and tasks are factors, while participants characteristic are variables controlled, as etiology of

blindness or age of participants. Nevertheless, usually, the levels of blindness are factors in the

experiments used to divide the sample into groups (LEE, 2014; SÁNCHEZ; LUMBRERAS,

2000).

Beyond the independent and dependent variables, we encountered in the grounded

data other topics about the variables. 11 experiments have their variables well described in a

separated section in the text. 8 experiments work with a control group to compare with the

treatment. Also, three experiments stand out concern about the confounding variables. Report

these topics shows more rigor in the controlled experiments, moreover it is not a usual practice.

4.5.8 Tasks

The tasks explored in the experiments are related to the technology assessed. Figure

39 shows the categories grounded in the experiment data. The two main categories are: Maps

and Problem-Solving, this last was already discussed in the Variables section (Section 4.5.7). As

we have already presented in Section Technology, 31 experiments work with maps applications

that aims to develop O&M skills and other skills related. Not all presented in detail the tasks

and measures, but we divide the Maps category into: (i) location (indoor or outdoor maps), (ii)

number of spaces (one or more spaces), (iii) known spaces (new or public spaces), (iv) type
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(virtual or real map tasks), (v) tasks that the participant need to reproduce a map using some

modeling kit, as bricks, and (vi) tasks that use the clock (SÁNCHEZ et al., 2012). Note, the

same task of the experiment could have more than one code.
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4.5.9 Measures

The measures are defined according to the variables of the experiment. Figure 40

shows the Measures code map grounded in data of the experiments. We find five categories,

that are measures based on (i) technology, (ii) activity type, (iii) tests, (iv) user behavior, and

(v) task performance. The categories “activity type” and "task performance" highlight in front

of the others because they are the most used. The “activity type” depends on the technology

domain and the variables defined. For example, one measure defined to a map task is the obstacle

detection (MERABET; JAIME, 2016). The task performance measures are the most important

cognitive measures because they can be used in several domains, for example, time duration and

error rate.
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4.6 Theory of Cognitive Impact Evaluation

After organizing the core category and related the concepts of Cognitive Impact

Evaluation, the data was arranged to observe the excerpts related to each concept. The relations

found were identified by analyzing patterns and implicit meaning between codes. Once the

concepts are related they were organized into a theoretical framework (CORBIN; STRAUSS,

1998), meaning the representation of concepts, together with their definitions and relations

among them. Figure 41 presents the cognitive impact evaluation central idea, considering the

context of multimodal interfaces for people who are blind or visually impaired.

Figure 41 – Central idea of cognitive impact evaluation for blind users

Source: Produced by the author.
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5 GUIDELINES

In this chapter, we present the guidelines proposed in this master thesis based on

results from the Systematic Literature Review and Grounded Theory. Section 5.1 presents an

overview of guideline structure. The next sections (5.2, 5.3, 5.4, 5.5, 5.6) present the guidelines

one by one in the structure presented in Section 5.1.

5.1 Overview

The analysis of all data extracted shows the necessity of some rules to follow when

conducting an experiment in the context of this study. The methodology used to reach the

Guidelines is based on evidence by using Systematic Literature Review and Grounded Theory.

The Systematic Literature Review retrieved information about the experiments executed in this

area and gave us information about how the experiments are commonly applied. The Grounded

Theory deepened in this information which made possible to compare what happens and what is

recommended by the literature.

The five guidelines are: G1 - Specify the Hypotheses, G2 - Define and report the

experiment variables, G3 - Choose a valid sample, G4 - Plan and Report Ethical Concepts, G5 -

Specify the resources available to all parties involved). The appendix B presents an overview of

each guidelines in the form of an infographic. An overview of the guidelines Following some

examples used in software engineering (KAPPEL et al., 2006; KITCHENHAM et al., 2002), we

came up with the guidelines structure to evaluate the cognitive impact composed of seven parts,

described as follows:

1. When: In this part, we explain in which step this guideline can help. The steps are based

on the five phases and steps of the experimental process described by Wohlin et al. (2000).

2. Why: In this part, we explain the guideline based on the scientific literature on Cognitive

Psychology and Experimentation in Software Engineering.

3. How: In this part, we explain how to apply the guideline in detail.

4. Example In this part, we present a real example of a paper retrieved from the Systematic

Literature Review.

5. Priority: In this part, we give a priority note (from 0 to 5) according to the importance of

the guideline and with the problems that were found in the experiments studied.

6. Findings: In this part, we present the main findings from our methodology (Systematic
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Literature Review and Grounded Theory) that have led to that guidelines.

7. Attachments: It is an optional part where we show some graph or table to guide the rules

presented.

5.2 G1 - Specify the Hypotheses

When: In the Planning phase of the experiment process, in the Hypothesis Formulation step.

Why: In the context of cognitive impact evaluation of multimodal interfaces for people who are

blind, the experiments assume the technologies used has a cognitive impact on its users. This

theory should be tested to see if it has the power to predict certain aspects of the phenomena

with which it deals. Thus, the hypothesis has to be stated clearly since the Scoping phase. Even

if particular findings appear to confirm a given hypothesis, the findings must be subjected to

statistical analysis to determine their statistical significance and to retain or reject hypotheses

(STERNBERG; STERNBERG, 2011). In addiction, Kitchenham et al. (2002) presents the

shallow hypotheses concept, when the hypothesis is simply a statement of the tests to be

performed, thus it does not reflect an underlying, explanatory theory. This represents the care

that must be taken in the decision.

How: Two kinds of hypotheses have to be formulated: a null hypothesis, states that there are

no real underlying trends or patterns in the experiment setting; and alternative hypotheses, that

are the hypotheses in favor of which the null hypothesis is rejected. Choose one statistical test

to evaluate the outcome of an experiment. More commonly, however, researchers use various

statistical means of analyzing the data (STERNBERG; STERNBERG, 2011). The description

of both null and alternative hypotheses should be as formal as possible (JEDLITSCHKA et al.,

2007).

Example: The study “Navigational 3D audio-based game-training towards rich auditory” (BALAN

et al., 2014) works with the hypothesis that the occipital visual cortex is not completely visual

and that it shares functionality with other perceptual modalities. The researchers had used the

Student t-test as a statistical method to test the hypothesis. As a result, the paired average from

experiments proved to be non-significant (p=0.3 at p<0.01), and they reject the null hypothesis.

These results lead to the hypothesis that the players could have rendered the audio data into a

visual, imaginary representation of the virtual setting.



82

Priority: 5/5

Findings: Only 11 experiments from 52 experiments retrieved presented the hypothesis of the

experiment in the text, among them, only 4 presented well, as a specific section to show the

hypothesis or showed the null hypothesis beyond the general purpose of the study.

5.3 G2 - Define and report the experiment variables

When: In the Planning phase of the experiment process, in the Variable Selection step, and in

the Presentation & package phase.

Why: In any controlled experimental designs, the variables should relate to many cognitive

aspects of the experimental situation are controlled. There are two kinds of variables need to be

described: dependent and independent variables. Independent variables are those variables that

we manipulate in the experiment to see the factors influence in the phenomena (WOHLIN et al.,

2000), while other aspects of the investigation are held constant (control variables). Dependent

variables are outcome responses, the values of which depend on how one or more independent

variables influence or affect the participants in the experiment (STERNBERG; STERNBERG,

2011). Often there is only one dependent variable, and it should, therefore, be derived directly

from the hypothesis (WOHLIN et al., 2000).

Different from Software Engineering literature, the Cognitive Psychology evaluation

process insert a new concept, the irrelevant variables. The confounding variables are a type of

irrelevant variable that has been left uncontrolled in a study. When conducting research, we must

be careful to avoid the influence of confounding variables. Treatment is one particular value

of an independent variable manipulated. When the experimenter manipulates the independent

variables, he or she controls for the effects of irrelevant variables and observes the effects on

the dependent variables (outcomes). These irrelevant variables that are held constant are called

control variables (STERNBERG; STERNBERG, 2011).

In the context of cognitive evaluation and based on systematic literature review

findings, we present the merge of these two approaches in Figure 42.

How: First, the variables must be understood and defined in the planning phase. We recommend

the classification proposed above that is clear about the type of variable. Despite it is most
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Figure 42 – Relation between variables

Source: Produced by the author.

important to select variables following the purpose of the experiment, the Variables code map

(see Figure 38) presents a range of possible variables. Use this range to guide through the choice.

It is essential not only to identify appropriate contextual variables but also to measure

them consistently (KITCHENHAM et al., 2002). The Measures code map (see Figure 40)

presents a range of possible measures. To measure, check specific instruments in the literature that

have already been used before. There are several surveys, checklists, checklists, questionnaires,

kits and logs used in literature and the uses of published instruments turns the experiment more

rigor. In the attachments of this guideline, we present a practical example of how to describe

the variables in the experiment. Building a pattern for results provides a consistent basis for

comparing and classifying cognitive impact.

Example: The study “Construction of cognitive maps of unknown spaces using a multisen-

sory virtual environment for people who are blind”(LAHAV; MIODUSER, 2008b) defines the

experiment as follow:

Dependent Variable Navigation performance (relate to the participants’ cognitive map of the

explored space):

a. cognitive map structural components: Eight variables related to the cognitive map
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structural components referred to the accurate mapping of spatial structure informa-

tion.

b. spatial relationships estimation: (1) references creation, (2) directions estimation,

and (3) distances estimation.

c. cognitive map construction process: Spatial strategy, Spatial model used, Chronology

of the descriptive process

Independent Variable level of blindness, gender, age, Maps abilities, language spoken, onset

of blindness, assistive aid, other disabilities.

Factor Experimental group (21 participants) x control group (10 participants), type of environ-

ment explored (the MVE and the real space).

Eight variables related to the cognitive map structural components referred to the

accurate mapping of: (1) room size, (2) room shape, (3) structural components (e.g., doors,

windows), (4) structural component location, (5) objects within the room (e.g., boxes, cubes), (6)

object location, (7) object size, and (8) object position. Three variables were related to spatial

relationships estimation: (1) references creation (e.g., landmarks, spatial relations – behind,

nearby), (2) directions estimation (e.g., to the north, room’s center), and (3) distances estimation

(e.g., close-to, steps).

The study defines two groups that were similar in gender, age, and age of vision

loss (congenitally blind or late-blind). The experimental group included 21 participants who

explored the unknown space by means of the MVE. The control group included 10 participants

who explored the unknown space by actual navigation in the real space.

Priority: 5/5

Findings: In cognitive impact experiments, the dependent variables are related to performance

or cognitive skills, and some of them works with user emotions as dependent variables.

Attachments: Table 11 presents schema to describe the variables. The name of the variable could

have a code to be referenced later. The type of the variable could be independent, dependent,

irrelevant or more detailed as shown in Figure 42. The abbreviation could be a simple name

from the hole name. The variables can be divided into three different classes: product, process,

and resource. The process describes which activities that are needed to produce the software.

The products are the artifacts, deliverables or documents that results from a process activity.

Resources are the objects, such as personnel, hardware, or software, needed for a process activity



85

(WOHLIN et al., 2000). The entity is the instance of the class. The type of attribute could

be internal, that can be measured purely in terms of the object, or external, that can only be

measured with respect to how the object relates to other objects. The scale type could be nominal,

ordinal and others. Beyond the scale type, the table presents the unit and the range for nominal

and restricted ordinal scales it should present the definition of each scale point. And finally the

counting rule in the context of the entity.

Table 11 – Schema for description of variables
Name of
the vari-
able

Type
of the
variable

AbbreviationClass Entity Type of
attribute

Scale
type Unit Range Counting

rule

Source: Adapted from Jedlitschka et al. (2007).

5.4 G3 - Choose a valid sample

When: In the Planning phase of the experiment process, in the Hypothesis Formulation step.

Why: The selection of subjects, also called a sample, is closely connected to the generalization

of the results from the experiment. With the objective of generalizing the results to the desired

population, the selection must be representative of that population (KITCHENHAM et al., 2002).

Wohlin et al. (2000) presents two sampling categories, the probability, and the non-probability,

and give three examples from each sampling techniques. Among these examples, the most sample

encountered in the impact experiments in the context of this work are Simple random sampling

(subjects are selected from a list of the population at random) and Convenience sampling (the

nearest and most convenient persons are selected as subjects). Other examples could be read in

Wohlin et al. (2000).

The size of the sample also impacts the generalization of the results. The size of the

sample affects the error rate, and it is closely related to the power of the statistical test (WOHLIN

et al., 2000). Wohlin presents some general principles for choosing the sample size:

If there is significant variability in the population, the larger sample size is

needed. And the analysis of the data may influence the choice of the sample size.

Moreover, all participant characteristics that might have an effect on the results or re-

strict the sample in some way should be well described in the experiment report (JEDLITSCHKA



86

et al., 2007). For the subjects who are blind or visually impaired, the following characteristics

must take account in the sampling selection, and in the report: blindness level, blindness onset,

and etiology of blindness.

Concerning the blindness level, there are many definitions about it. In general, the

experiments use the categories of “Blindness and Deafness” (WHO, 2018a). This institution

defines two categories: blind and visually impaired. Different from this concept of the blind,

some papers call the participants as legally blind, which depends on the country laws and are

broader than blind (see Section 2.1.1). Some of the experiments present blindfolded participants

or even blindfolded the visually impaired participants to equal the visual acuity. The participation

of sighted blindfolded subjects is interesting to compare results; however, this set does not

present the real perception of a blind subject, mainly in cognitive aspects.

The blindness onset (the time with impairment) and its etiology are characteristics

that should take into account because this could affect the results. Given the enormous variety of

possible combinations with these characteristics, most of the papers report the characteristics

and assume as threats to validity. Confounding variables touching these characteristics could be

controlled in the sampling choice.

The sample selection may include experience with the technology or mean/range of

experience in years, or educational level (SHULL et al., 2008). Concerning a skill of subjects, a

good approach has used a pre-test to capture the experience and divide the subjects into groups.

In the experiment report, the sampling strategy and the resulting samples need to be

described, including the number of participants (per condition), the kind of participants (e.g.,

computer science students), and the populations from which they were drawn (JEDLITSCHKA

et al., 2007).

How: In the planning phase, experimenters must plan to use a representative sample of the

population of interest. In this point, there are the following topics.

1. Number of users: choose as larger as possible in resources available and preferably the

size no less than 6 persons This number is grounded evidence-based information from the

Systematic Literature Review where most of the experiments have presented from 6 to 10

participants.

2. Blindness level distribution: choose the blindness level distribution according to the

variables of the experiment. Do not use only sighted blindfolded participants, since they do

not represent the cognitive perception of a blind person. However, if the visual feedback is
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significant to accomplish the task, when possible, blindfold all participants to equal the

visual acuity. When there are sighted persons, balance the number of sighted and blind

participants.

3. Sampling technique: prioritize the use of simple random sampling.

All this information needs to be described in detail. We suggest putting all informa-

tion in a table careful to not identify the participants. Do not forget the age, gender and blindness

level.

Example: The study “Assessment of feedback modalities for wearable visual aids in blind

mobility”(ADEBIYI et al., 2017) has a sample with 23 users, among them 12 are blind, and 11

are visually impaired. They present in each blindness level group the gender and the age range.

Moreover, the experiment reports a table with code, age, gender and diagnosis of Vision Loss.

Priority: 4/5

Findings: One experiment does not inform the number of users. Moreover, 7 experiments do not

inform the age of participants. The majority of experiments works with convenience sampling.

We suppose that this happens because the kind of population involved, which is restricted to

people who are blind or visually impaired. 9 experiments do not inform the proportions of the

blind, low vision, sighted and blindfolded. 16 experiments do not inform the gender distribution.

Gender is equilibrated. Only 3 experiments have used random groups.

5.5 G4 - Plan and Report Ethical Concepts

When: In the Planning phase of the experiment process, in the Selection of Subjects step and the

Presentation & package phase.

Why: In contrast, the ethical issues raised by empirical methods have received little attention in

the software engineering literature (VINSON; SINGER, 2008). Any empirical research activity

involving human subjects must consider ethical aspects (WOHLIN et al., 2000). Based on

(VINSON; SINGER, 2008) the experiment must have:

• Ethical review: Legislation of some countries requires an ethical review for studies

involving human subjects. Some types of study in Software Engineering do not need to
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have an ethical review, but in the context of Cognitive Impact, the experiment should have

an ethical review.

• Informed consent: The basis for a human-oriented empirical study (e.g., an experiment)

is that subjects are participating voluntarily and that they have enough information to

decide to participate or not.

• Confidentiality: The subjects must be sure that any information they share with re-

searchers will remain confidential, which includes data privacy, data anonymity, and

anonymity of participation. The researchers must lead to publishing their results without

harming the companies’ and individuals’ integrity.

• Sensitive results: Outcomes from an empirical study may be sensitive in different respects

for different stakeholders, that should be participants and institutions, as universities or

enterprises involved.

• Inducement: In recruiting subjects for an experiment, there must be inducements to

motivate their participation. However, the value should not be too large, since this could

cause people to participate merely to receive the inducement.

• Feedback: To maintain long-term relationships and trust with the subjects of a study,

feedback of results and analysis are important.

How: The experimenters must have to look at the ethical concepts when preparing the subjects

groups. First, send the ethical review to the institution responsible in your jurisprudence. When

calling a participant, present the informed consent to sign. Remember that the consent must be

read to a participant who is blind, and he/she should sign with a witness, if the consent is not

accessible, such as on printed paper. Take care of the sensitive results, following the procedures

approved in the ethical review. Do not forget citing the ethical review and informed consent

when reporting.

Example: The study “Virtual environments for the transfer of navigation skills in the blind: a

comparison of directed instruction vs. video game based learning approaches” (CONNORS et

al., 2014a) presents the stop rules for enforcing ethical concept, written consent, and procedures

approved by the Massachusetts Eye and Ear Infirmary.

Priority: 5/5

Findings: 9 experiments express some information concern the ethical concepts. They explain
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Signing consent forms (8), stop rules (2), institutions approval (6) and user safety (2).

5.6 G5 - Specify the resources available to all parties involved

When: In the Planning phase of the experiment process, in the Context Selection step and the

Presentation & package phase.

Why: In software development organizations, methods and tools are employed that frequently

lack sufficient evidence regarding their suitability, limits, qualities, costs, and associated risks

(VINSON; SINGER, 2008). Regarding this, the experiment must be clear about their resources

and how it leads to threats of validity. Jedlitschka et al. (2007) say to describe the impacts with

regard to cost, schedule, and quality, circumstances under which the approach presumably will

not yield the expected benefit.

How: In the Context Selection step, the researchers should plan the time, human resources and

costs available. In the Presentation and Package phase, the researcher should explain when the

experiment occurs and how long are the execution of the whole or each stage. The costs are

interesting mainly when the participants receive money because it could impact the experiment.

Example: The study “Timbremap: Enabling the Visually-Impaired to Use Maps on Touch-

Enabled Devices” (SU et al., 2010) works present the scheduled for evaluating session (3-hour),

and honorarium for their time granted for participants ($60).

Priority: 2/5

Findings: 19 experiments describe some information about the resource, as time or costs. Only

4 experiments explain some information about cost. 1 experiment says pay $25 per hour to

participants; other pays $60 for 3-hour sessions. 1 paper describes their team to apply the

experiment.
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6 CONCLUSION

The present chapter concludes the master’s thesis, synthesizing the contributions

obtained in this research, following the organization described next. Section 6.1 gives an

overview of the research. Section 6.2 summarizes the main results of the research. Section 6.3

presents the main contributions as also papers published. 6.4 discusses the limitations of this

work. Finally, Section 6.5 motivates the development of future work.

6.1 Overview

The applications for people who are blind have many needs due to the target audience

and unique characteristics with multimodal interfaces, moreover, a lot of the applications for

people who are blind or visually impaired aims to improve a cognitive skill, such as cognitive

enhancement in O&M, wayfinding, and navigation skills, and thus supporting the user in daily

lives.

It is important to point out that the use of evidence-based is essential to measure

the real impact of the technologies on their software engineering process. Among so many

EBSE methods and their characteristics, the experiments to evaluate the cognitive impact of an

application or a technology have faults in the experiment process.

As so, the main goal of this research was to provide an approach to support impact

evaluations in technologies for cognitive development and enhancement of people who are blind

or visually impaired. The second goal seeks to summarize the empirical evidence concerning the

strengths and limitations of the experiments to this purpose using Systematic Literature Review

and Grounded Theory (KITCHENHAM; CHARTERS, 2007). As results, we produce a set of

guidelines to support cognitive impact evaluation. These guidelines can be used in different

contexts of society, such as special Institutes and Schools, research groups and practitioners. The

guidelines provide to researchers and practitioners an appropriate guide to assess applications

regarding the cognitive effectiveness, that is the main contribution of this research.

6.2 Main results

The methodology used in this work consisted of two main methods: a Systematic

Literature Review and a Grounded Theory process. The Systematic Literature Review, a

secondary study, was conducted to observe how cognitive impact evaluation is addressed in
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such experiments. Based on the findings, principles of Grounded Theory were applied to

analyze, organize and relate the concepts. After conducting a Systematic Literature Review

and a Grounded Theory analysis of the results founded in the Systematic Literature Review,

we conclude that it is necessary to have a more scientific basis regarding the methodology and

rigor of the experiments. It is understood that in addition to the responsibility of reviewers and

member of the board in doctoral and master defenses, the researchers themselves should be

aware of the positive and negative impact that their research may have on society. In this way,

the results obtained become less reliable and may discredit the use of the presented application

or technology.

This perception is based on data of experiments retrieved from the scientific papers

founded in the Systematic Literature Review which report the experiment, and the empirical

study cannot be distinguished from its reporting (WOHLIN et al., 2000). Then, the papers with

experiments are the primary source of information for judging the quality of the study.

The experiments that do not report well their characteristics, showed in Section 4.5,

become weak in one of the main points of the experiment: the repeatability. Without data such

as variables and hypotheses explicit in the text, it is difficult to reproduce it under the same

conditions. If the differences in factors and settings are well documented and analyzed, more

knowledge may be gained from replicated studies (WOHLIN et al., 2000). Besides, resource

data, such as time, costs and labor, make it easier to reproduce later.

We understand the papers retrieved could describe the whole research and the

experiment report is only a part of the paper. However, if the paper objective is not to report

the experiment, it is essential to append a separated document as a technical report with all

necessary information. According to Wohlin et al. (2000), journal or conference articles are

appropriate reports which have peer researchers as the primary audience; however he emphasizes

the possibility of accompanying technical reports.

The importance of the experiment is to consider the formalism in terms of the

cognition assumptions underpinning that knowledge. This concern introduces challenges in

concepts and formalism of the area of cognition that must be well studied and understood within

the experiment. Thus, it is important to involve other disciplines to test an in-depth hypothesis,

so as to guarantee rigor in the result, as indicated by Kitchenham et al. (2002). It states that

without the link from theory to the hypothesis, empirical results cannot contribute to a broader

body of knowledge.
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6.3 Contributions

The main contribution of this work is to provide guidelines for evaluating the impact

and effectiveness for cognitive development and enhancement in people who are blind or visually

impaired, considering the main aspects of multimodal interfaces. Application designers and

practitioners can use the set of guidelines to evaluate and improve their applications.

Also, with this work, we expected to have created a bibliographic review of the

cognitive impact evaluation based on the steps of the systematic literature review approach. It

organizes the state-of-the-art of this research area making the information summarized. Having

the research findings organized in such a manner can stimulate research and lead to the extension

of knowledge.

In Section 4, we present an overview of the papers encountered, highlighting the

principal authors and research groups. This overview is an analysis not much explored, but it

shows a global summary of papers distribution among the institutions, countries, and authors.

We see the phenomenon of publication and integration of institutions in the software engineering

and human-computer interaction areas, that could be explored in future work.

In contribution, we offer the Systematic Literature Review spreadsheet1, available

online, for other researchers interested in expanding or replicating a review.

Two papers were published in conferences, as a direct result of the research performed

in this work. Table 12 presents the references for these papers. The first paper (MESQUITA;

SÁNCHEZ, 2017) is a proposal of this research with early results published in a Workshop

of Thesis and Dissertation (WTD). The next paper (MESQUITA et al., 2018) concerns the

description of the results of the Systematic Literature Review, the first step of the methodology

(Section 3).

During the development of this research, other four papers in the areas of HCI

interaction and software engineering were published, not directly related to the contribution here

presented, but somehow contributing to the acquired knowledge and research skills (Table 13).

6.4 Limitations

Although the rigorous methodology used in this research achieved its main purposes

and can contribute to the planning and guidance of cognitive impact evaluation, it has some
1 <https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.

xlsm?dl=0>

https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.xlsm?dl=0
https://www.dropbox.com/s/dvvn44cymqsqguy/Systematic%20Review%20-%20Mesquita%20L.%202018.xlsm?dl=0
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Table 12 – Publications as a direct consequence of this thesis research
Citation Qualis 3

Mesquita, L., Sánchez, J., and Andrade, R. M. C. (2018). Cognitive Impact Evaluation of Multi-
modal Interfaces for Blind People: Towards a Systematic Review. Human-Computer Interaction
International Conference (HCII). Las Vegas, USA.

B2

Mesquita, L., and Sánchez, J. (2017). In Search of a Multimodal Interfaces Impact Evaluation
Model for People Who Are Blind. In Workshop of Theses and Dissertations (WTD) in the 16th
Brazilian Symposium on Human Factors in Computing Systems (IHC 2017). Joinville, Brazil.

B2

Source: Produced by the author.

Table 13 – Secondary publications during the development of this master’s thesis
Citation Qualis

Mesquita, L., Ismayle Sousa Santos, Bruno Aragão, Tales Nogueira, and Rossana Andrade. (2017).
Modelagem Interativa de um Processo de Desenvolvimento com Base na Percepção da Equipe: Um
Relato de Experiência. CEUR Workshop Proceedings, 2065, 54–57.

B2

Lucas, R., Almeida, A., Mesquita, L., Almeida, R. L. A., Mesquita, L. B., and Carvalho, R. M. (2016).
Quando a Tecnologia apoia a Mobilidade Urbana : Uma Avaliação sobre a Experiência do Usuário
com Aplicações Móveis Quando a Tecnologia apoia a Mobilidade Urbana : Uma Avaliação sobre a
Experiência do Usuário com Aplicações Móveis, (October).

B2

Almeida, R. L. A., Mesquita, L. B., Carvalho, R. M., and Andrade, R. M. C. (2017). When technology
supports urban mobility: Improvements for mobile applications based on a UX evaluation. Lecture
Notes in Computer Science (including subseries Lecture Notes in Artificial Intelligence and Lecture
Notes in Bioinformatics) (Vol. 10272 LNCS).

B2

Darin, T., Andrade, R., Macedo, J., Araújo, D., Mesquita, L., and Sánchez, J. (2016). Usability and UX
evaluation of a mobile social application to increase students-faculty interactions. In Communications
in Computer and Information Science (Vol. 618).

B2

Source: Produced by the author.

limitations, called threats to the validity in Wohlin et al. (2000). The use of Systematic Literature

Review and Grounded Theory, methods well-regarded and commonly used in scientific research,

reduce the limitation comparing to ad-hoc research. However, the use of each method has its

limitations. Regarding the Systematic Literature Review, the procedures used in this study have

deviated from Kitchenham’s guidelines (KITCHENHAM; CHARTERS, 2007) in several ways:

• The search was organized as a manual search process of a specific set of journals and

conference proceedings not as an automated search process.

• A single researcher selected the candidate studies, and also the studies included and

excluded were checked by a single researcher.

• We consider not to have all existing studies about cognitive impact evaluation in the context

of this study, which can imply in incomplete results. To mitigate it, we apply backward

and forward snowballing.

Concerning the Grounded Theory, we highlight some of the threats to validity such

as (i) the ones related with the interpretation bias and information abstraction during the coding
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process that directly affects the results of this work; and (ii) concerned if the conclusions are

reasonable and based on data. Then, the coding process in Grounded Theory could have had

many biases, since only one researcher analyzed the data and extracted concepts.

About the set of guidelines construction, no experimental studies to assess the validity

of the proposed set were performed, neither a refinement with additional research data.

6.5 Future Work

After compiling the data from the systematic literature review and analyzing theoreti-

cal foundations, we conclude that there is a need to better plan and present data from experiments

on technologies for people who are blind. With this, we aim to help improve the quality of the

experiment itself and the interaction of the technology with respect to the cognitive objective.

Faced with this nego, this study leaves the following future work:

• To expand the guidelines to more specific ones;

• To explore the visualization of the guidelines for the target public as an interactive website;

• To create a template offered in the initial stages of the research for the purpose of validation

to improve the acceptance of the paper in the academic environment and to ensure its

quality;

• To validate the guidelines with experts the guidelines by using an online form;

• To investigate the use of the guidelines in a real experiment of cognitive impact and

evaluate the set of guidelines;

• To search for more information about the experiments from papers retrieved and improve

the guidelines;

• To perform an evaluation of the experience of researchers in the experiment method and

relate this and the quality of the experiment; and

• To expand and generalize the guidelines to comprise different cognitive processes less

common, but more used in other types of application for people who are blind.

Nevertheless, as presented in this work, there are still challenges to be overcome.

Throughout this research, we could observe that the research area of cognitive impact evaluation

in the context of this work is recently presenting several possibilities for research to be conducted.

Also, the cognitive impact field merges many subjects and have some different aspects from a

current experiment. We hope that with the body of knowledge organized in this work and the

possibilities of future work pointed out in this chapter, we could contribute to the progress in the
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fields of research.
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APPENDIX A – PAPERS RETRIEVED FROM THE SYSTEMATIC LITERATURE

REVIEW

This appendix presents the list of technologies retrieved in the papers from the

Systematic Literature Review. The type of technology considered in this work is explained in the

Section 3.2.1. The Table 14 shows the list of technologies and the papers related.

Table 14 – Technologies for people who are blind

Technology Technology description References Type

AudioChile

A virtual environment that can be

navigated through 3D sound to

enhance spatially and immersion

throughout the environment.

(SÁNCHEZ et al., 2005) Maps

3D audio-based

game

A navigational 3D audio-based

game. The goal of the game con-

sists in exploring a virtual envi-

ronment while listening to 3D di-

rectional sounds that guide the

player towards finding 5 hidden

objects as quick as possible.

(BALAN et al., 2014) Maps/Game

AbES

An environment to be explores

for the purposes of learning the

layout of an unfamiliar, complex

indoor environment.

(CONNORS et al., 2014b;

CONNORS et al., 2013;

SÁNCHEZ; SÁENZ,

2014; JAIN, 2011)

Maps

ambientGPS

An audio-based software pro-

gram embedded in a pocketPC

that together with the assistance

of a GPS satellite provides infor-

mation about position, orienta-

tion and distance for blind learn-

ers’ navigation.

(READS, 2009) Maps

aMFS
Audible Mobility Feedback Sys-

tem.
(ADEBIYI et al., 2017) Maps

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

ATM machine

ATM usage fees are the fees

that many banks and interbank

networks charge for the use of

their automated teller machines

(ATMs).

(SHAFIQ et al., 2014) ATM

Audio Haptic

Maze (AHM)

AHM allows a school-age blind

learner to be able to navigate

through a series of mazes from

a first-person perspective.

(SÁNCHEZ et al., 2011;

SÁNCHEZ; CAMPOS,

2013; SÁNCHEZ

JAIME; CAMPOS, 2014)

Maps

Audio-based

GPS software

An audio-based GPS software

program on navigation through

open spaces.

(SÁNCHEZ; TORRE,

2010)
Maps

AudioBattleShip

A sound-based interactive and

collaborative environment for

blind children. This system is a

similar version of the traditional

battleship game for sighted peo-

ple but including both a graphical

interface for sighted users and an

audio-based interface for people

who are blind.

(SANCHEZ; SANCHEZ,

2005; SÁNCHEZ et al.,

2004)

Game

AudioGene

A game that uses mobile and

audio-based technology to assist

the interaction between blind and

sighted children and to learn ge-

netic concepts.

(SÁNCHEZ; AGUAYO,

2008)

School

learning/Game

AudioLink

An interactive audio-based vir-

tual environment for children

with visual disabilities to support

their learning of science.

(SÁNCHEZ; ELÍAS,

2007; SÁNCHEZ; ELÍAS,

2008)

School learn-

ing

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

AudioMath

An interactive virtual environ-

ment based on audio to develop

and use short-term memory, and

to assist mathematics learning of

children.

(SÁNCHEZ et al., 2005)
School learn-

ing

AudioMetro

An application software for blind

users that represents a subway

system in a desktop computer to

assist mobilization and orienta-

tion in a subway network.

(SÁNCHEZ; SÁENZ,

2006)
Maps

AudioMUD
A multiuser virtual environment

for people who are blind.

(SÁNCHEZ; HASSLER,

2007)
Game

AudioNature

An audio-based virtual simulator

for science learning implemented

in a mobile device (pocketPC)

platform.

(SÁNCHEZ et al., 2008)
School

learning/Game

Audiopolis

A videogame for navigating a vir-

tual city through interaction with

audio and haptic interfaces.

(SÁNCHEZ et al., 2014;

SÁNCHEZ; MASCARÓ,

2011; SÁNCHEZ et

al., 2013; SÁNCHEZ

JAIME; CAMPOS, 2014)

Maps/Game

AudioStoryTeller

A tool for PocketPC to support

the development of reading and

writing skills in learners with vi-

sual disabilities (LWVD) through

storytelling, providing diverse

evaluation tools to measure those

skills.

(SÁNCHEZ; GALÁZ,

2007)

School

learning/Game

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

AudioTransantiago

An audio-based software to assist

people who are blind in public

bus transportation. A handheld

application that allows users to

plan trips and provide contextual

information during the journey

using synthesized voices.

(SÁNCHEZ; CAMPOS,

2013; SÁNCHEZ;

OYARZÚN, 2011)

Maps

BlindAid
The system allows the user to ex-

plore a virtual environment.

(LAHAV et al., 2012a;

SCHLOERB et al., 2015;

LAHAV et al., 2012b)

Maps

Building Navi-

gator

A digital-map software with syn-

thetic speech installed on a cell

phone or PDA.

(KALIA et al., 2010) Maps

Digital Clock

Carpet (DCC)

An hour system for directions

was used to tell the user how to

get to the destination point.

(SÁNCHEZ et al., 2010) Maps

EyeCane

A hand-held device which instan-

taneously (50 Hz) transforms dis-

tance information via sound and

vibration such that the closer an

object is to the user the stronger

the vibration of the haptic actua-

tor and the higher the frequency

of the auditory cues.

(BUCHS et al., 2017) Maps

HAGA

Haptic Audio Game Application

(HAGA) is a software to as-

sist in orientation and mobility

(Maps) training by introducing

blind users to a spatial layout.

(MERABET; JAIME,

2016)
Maps

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

Indoor floor

plans accessible

An automated approach that aids

a visually impaired individual

in obtaining information from a

floor map, before visiting large

buildings like a library.

(PALADUGU et al., 2015) Maps

Interactive

audio map

system

It enables blind and partially

sighted users to explore and navi-

gate city maps from the safety of

their home using 3D audio and

synthetic speech alone.

(STOJMENOVIC;

LINDGAARD, 2014)
Maps

Métro

A software solution for blind

users that represents a subway

system.

(SÁNCHEZ; MAU-

REIRA, 2007)
Maps

Métro Mobile

(mBN)

A software solution for blind

users that represents a subway

system.

(SÁNCHEZ; MAU-

REIRA, 2007)
Maps

Mobile devices Mobile devices in general.
(GUERREIRO et al.,

2011)

Mobile

devices

MOVA3D

The 3D video game MOVA3D

uses 3D graphics and spatial

sound which allows users to nav-

igate freely through the virtual

environment.

(SÁNCHEZ et al., 2010) Maps/Game

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

MovaWii

Based on these audio-haptic inter-

face elements, consisting of the

virtual representation of a real-

life plaza through audio and hap-

tic interfaces in which a learner

who is blind has the goal of find-

ing a lost jewel by using the Wi-

imote controllers.

(SÁNCHEZ

JAIME; CAMPOS,

2014; SÁNCHEZ et al.,

2012)

Maps

MVE

A haptic-based multi-sensory vir-

tual environment enabling the

exploration of unknown space.

A multi-sensory virtual environ-

ment (MVE) with a haptic vir-

tual environment enabling peo-

ple who are blind to explore un-

known spaces.

(LAHAV; MIODUSER,

2008a; LAHAV; MIO-

DUSER, 2004)

Maps

MVLE

Multimodal-virtual-learning-

environment (MVLE) is a virtual

environment with audio and

haptic feedback.

(LAHAV et al., 2005) Maps

NavTap

A navigational method that en-

ables blind users to input text in

a mobile device by reducing the

associated cognitive load.

(GUERREIRO; NICO-

LAU, 2009)
Input text

Path-Guided In-

door Navigation

An omnipresent cellphone based

active indoor wayfinding system

for the visually impaired.

(JAIN, 2014) Maps

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

Reconfigured

Mobile Android

Phone (R-MAP)

The R-MAP is a fully integrated,

stand-alone system that has an

easy-to-use interface to reconfig-

ure an Android mobile phone.

(HOSSAIN et al., 2011)
Mobile

devices

SiFASo

SiFASo (Simulative environment

for acoustic 3D software) is an

assistive technology for sightless.

Persons based on a virtual audi-

tory display (VAD) intended to

encourage its users to improve

their map-forming skills and use

them more efficiently while pro-

viding a safe virtual sound en-

vironment to virtually walk and

navigate through.

(OHUCHI et al., 2006) Maps

TactiPad

An academic prototype of a tangi-

ble multimodal interface that has

an interface similar to a Braille

matrix.

(PISSALOUX;

VELÁZQUEZ, 2017)
Device

Theo & Seth

An audio-based virtual environ-

ment to enhance the learning of

mathematics knowledge in blind

children. It is a game-based vir-

tual environment that includes

interesting mathematics learning

activities with different levels of

complexity.

(SÁNCHEZ et al., 2005)
School learn-

ing

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

Timbremap

A sonification interface enabling

visually impaired users to ex-

plore complex indoor layouts

using off-the-shelf touch-screen

mobile devices.

(SU et al., 2010) Maps

Tower Defense

A video game that allows users

who are blind to gradually build

up a mental model based on refer-

ences between different points on

a Cartesian plane, in a way that

is both didactic and entertaining.

(ESPINOZA et al., 2014)
School

learning/Game

UnrealEd A 3D virtual environment
(VILLANE; SÁNCHEZ,

2009)
Maps

Virtual environ-

ment

A virtual environment (VE) that

provides haptic and audio feed-

back to explore an unknown

space. An aural environment

with navigable structures with

only spatial sound.

(LAHAV; MIODUSER,

2008b; SÁNCHEZ;

LUMBRERAS, 2000)

Maps

VirtualLeap and

VirtualWalk

VirtualLeap, which allows the

user to jump through a sequence

of street intersection labels, turn-

by-turn instructions and POIs

along the route; VirtualWalk,

which simulates variable speed

step-by-step walking using audio

effects, while conveying similar

route information.

(GUERREIRO et al.,

2017)
Maps

vMFS
Vibrotactile mobility feedback

system
(ADEBIYI et al., 2017) Maps

Continued on next page
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Table 14 – continued from previous page

Technology Technology description References Type

Wolfpack Hap-

tic Virtual Envi-

ronment

Using the Direct X SDK and

Novint HDAL SDK, a haptically

enhanced software that allows

a user to create various objects,

such as a sphere, cube, and cylin-

der, in a 3D virtual environment.

(LEE et al., 2014)

Objects

structure

learning
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APPENDIX B – GUIDELINES

This appendix shows an infographic of the guidelines presented, also available at

<https://www.dropbox.com/s/38sjwqc2et73oau/guidelines_infographic.png?dl=0>.

Figure 43 – Guidelines infographic (part 1).

Source: Produced by the author.

https://www.dropbox.com/s/38sjwqc2et73oau/guidelines_infographic.png?dl=0
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Figure 44 – Guidelines infographic (part 2).

Source: Produced by the author.
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Figure 45 – Guidelines infographic (part 3).

Source: Produced by the author.
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