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Abstract 

New, renewed, and innovative museum experiences are constantly being provided to the general 

public. But millions of visually impaired persons worldwide are still deprived of access to enjoying 

and engaging with collections. People with visual impairments generally experience many barriers 

when visiting museum exhibitions, given the visual centricity of these exhibitions. The situation is 

worsened by a frequent lack of physical, intellectual, and sensory access to exhibits or replicas, 

increased by the inaccessibility to use information and communication technology-based 

alternatives or augmentative communication resources that may allow different interactions to 

sighted visitors. Few studies analyze applications of assistive technologies for multisensory exhibit 

design and relate them with visitors’ experiences. 

This research aims to contribute to the field of accessibility in museums by investigating the 

limitations that hinder the participation of blind and partially sighted persons in those exhibitions, 

adopting a participatory design methodology. Semi-structured interviews with seventy-two visually 

impaired Portuguese individuals revealed reasons and factors that contribute to positive and 

negative visiting experiences, and the statistical analysis of the assessment of sixteen accessibility 

resources demonstrates their frequency and potential usefulness in museum visits. 

A co-created framework to improve visitors’ autonomy is proposed, concluding that sensory, 

intellectual, and physical access must be integrated into the pre, on-site, and post phases of 

visiting museums. 

An accessible exhibition — Mysteries of the Art of Healing — mediated by technological solutions in 

ten interactive moments of the on-site visit was developed for the Pharmacy Museum of Porto, 

taking into account several principles proposed in the framework. Evaluation results with twenty-

five participants who visited the exhibition in situ revealed its applicability within this context, 

and global satisfaction results showed to be very positive and mainly correlated to four variables: 

pleasantness of the interaction with digitally fabricated objects, entertainment provided by the 

ten experiences, interaction with the developed accessible interactives, and pleasantness 

regarding the handling of four manually fabricated replicas. 

It concludes that visually impaired visitors’ limited experiences in museums could be surpassed and 

their visits enhanced by moving beyond accessibility, embracing inclusion, and focusing on the 

creation of multimodal and multisensory approaches to promote engaging, memorable, and 

exciting visiting opportunities for all. 
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Multimodality, User Experience 
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Resumo 

Os museus proporcionam experiências novas, renovadas e inovadoras ao público em geral. No 

entanto, milhões de pessoas com deficiência visual em todo o mundo continuam privadas de 

acesso para poderem desfrutar e envolverem-se com as coleções. As pessoas com deficiência 

visual geralmente experienciam muitas barreiras ao visitar exposições em museus, dada a 

centralidade visual destas exposições. A situação é agravada pela frequente falta de acesso físico, 

intelectual e sensorial a peças em exposição ou réplicas, aumentada pela inacessibilidade de usar 

alternativas baseadas em tecnologias de informação e comunicação, ou de recursos de 

comunicação aumentada que permitem aos visitantes normovisuais diversas interações. Poucos 

estudos analisam o uso de tecnologias assistivas para o design de exposições multissensoriais, 

relacionando-as com as experiências dos visitantes. 

Esta investigação visa contribuir para a área da acessibilidade em museus, investigando as 

limitações que dificultam a participação de pessoas cegas e com baixa visão em exposições, 

através da adoção de uma metodologia de design participativo. Entrevistas semi-estruturadas com 

setenta e dois indivíduos portugueses com deficiência visual revelaram motivos e fatores que 

contribuem para experiências de visita positivas e negativas, e a análise estatística da avaliação 

de dezasseis recursos de acessibilidade demonstraram a sua frequência e potencial de utilidade 

em visitas a museus. 

Propõe-se uma framework co-criada com os visitantes para melhorar a sua autonomia, concluindo-

se que o acesso sensorial, intelectual e físico deve ser integrado nas fases pré, durante e pós 

visita a museus. 

Uma exposição acessível — Mistérios da Arte de Curar — mediada por soluções tecnológicas em dez 

momentos interativos, foi desenvolvida para o Museu da Farmácia do Porto, tendo em conta 

vários dos princípios propostos na framework. Os resultados da avaliação com vinte e cinco 

participantes que visitaram a exposição in loco revelaram a sua aplicabilidade neste contexto, e 

os resultados da satisfação global mostraram-se muito positivos e principalmente correlacionados 

com quatro variáveis: agradabilidade da interação com os objetos fabricados digitalmente, 

entretenimento proporcionado pelas dez experiências, interação com os módulos acessíveis 

desenvolvidos, e agradabilidade quanto ao manuseio de quatro réplicas fabricadas manualmente. 

Conclui-se que as limitações das experiências dos visitantes com deficiência visual em museus 

podem ser superadas, e as suas visitas aprimoradas para além da acessibilidade, no sentido da 

inclusão, focando-se na criação de abordagens multimodais e multissensoriais para promover 

oportunidades de visita cativantes, memoráveis e entusiasmantes para todos. 
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Multissensorial, Multimodal, Experiência do Utilizador 
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I.         Introduction 

1.1 Motivation 

The World Health Organization estimates that 444.1 million people globally have a vision 

impairment, about 36 million being blind, 217 million having moderate to severe distance 

vision impairment, and 188.5 million living with mild visual impairment. Considering the 

recent World Report on Vision, which takes into account the 1.8 billion people with near 

vision impairments due to presbyopia — an age-related condition that causes a gradual loss of 

the eye’s ability to focus on close objects — it is estimated that at least 2.2 billion people 

globally have a vision impairment (Bourne et al., 2017; Fricke et al., 2018; World Health 

Organization, 2019). These statistics elucidate right away that visual impairments cover a 

wide spectrum, with varying degrees, forms, and ages of onset of vision loss, ranging from 

persons with blindness to ones with low vision, each with distinct vision impairments. Some 

visually impaired people can perceive colors, light, and depth, while others cannot interpret 

any information from their sight. 

In Portugal — where the present research took place — data from the last Census estimated 

that among the 17.8% of the population that declared to have any kind of difficulty, 23% of 

those (equivalent to approximately 900 thousand people) specified vision as a cause, from 

which 3.1% (28 thousand) reported to be blind (Instituto Nacional de Estatística, 2012). From 

the results of this Census, it was not possible to conclude about the number of Portuguese 

citizens with low vision. However, the statistics from the 2001 Census indicated that the 

incidence rate of visual impairments was the highest when compared with other types of 

disabilities, corresponding to 1.6% of the population, i.e., about 164 thousand people 

(Instituto Nacional de Estatística, 2002). 

Ackland, Resnikoff and Bourne (2017) state that, over the last three decades, there has been 

a reduction in the proportion of people with visual impairments worldwide. However, the 

number of persons with blindness and moderate to severe visual impairments is expected to 

be threefold by the year 2050 to 703 million, given the combination of a growing and aging 

population. 
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Being aware that billions of people worldwide live with different types of disabilities (World 

Health Organization & World Bank, 2011), museums are, more than ever, conscious of the 

importance of including these individuals and welcoming them in their spaces, exhibitions, 

and programs. Evidence of these institutions’ actual commitment as agents of change is the 

theme Museums for Equality: Diversity and Inclusion of the International Museum Day of 

2020, highlighting their potential to provide meaningful experiences for all (ICOM, 2020). 

However, a recent report from the European Union (Pasikowska-Schnass, 2019) stressed the 

inaccessibility of cultural premises, venues, and content as barriers to the visually impaired 

citizens’ participation in culture. Regarding their visits to museums, Dash and Grohall (2016) 

estimated that only 5.5% of these persons visit museums in Europe, which exposes a 

significant potential market for museums (Mesquita and Carneiro 2016). Devile and 

Kastenholz (2018) corroborate this idea when stressing that the emergence of accessible 

tourism as a field of academic research, although still being incipient, can be crucial to 

improve the tourism suppliers’ capacity of surpassing these people’s needs by better 

understanding their engagement in tourist activities, visiting museums among them. 

Consequently, more inclusive approaches can be provided, alongside with promoting 

individual and social well-being and empowerment. 

Several authors (Asakawa, Guerreiro, Ahmetovic, Kitani, & Asakawa, 2018; Devile & 

Kastenholz, 2018; Hayhoe, 2017) relate barriers to the visually impaired visitors’ participation 

with the fact that museums remain mostly visually oriented, which does not contribute to the 

engagement with exhibitions through other senses than vision, but also deprives their access 

to information and exhibits, and hinders their independent mobility in the museum space. 

Despite blind and partially sighted visitors being one of the most difficult to address in 

museums (Pillow, Banks, & Reeves, 2015), information and communications technology (ICT) 

can contribute to a beneficial impact on serving these publics by diminishing the barriers to 

accessibility (Carrizosa, Sheehy, Rix, Seale, & Hayhoe, 2020), although being rarely used. 

Moreover, positive economic effects are expected with the implementation of inclusive 

digital technologies to promote their access to exhibitions (Andrade et al., 2015), since they 

offer new possibilities to interact with museums and their themes, which can also bring non-

disabled visitors closer to museum collections, broadening their sensory experiences (Eardley, 

Mineiro, Neves, & Ride, 2016). 

Among the technological solutions offered by museums to improve accessibility to their 

objects and artworks and their interpretation by visitors with blindness and low vision, audio 

guides that provide verbal descriptions of selected collection pieces are the most common. 

Those tend to present a verbal description that seeks to make the visual elements of the 

multiple museum contents accessible (Hutchinson & Eardley, 2019). However, most of the 

available audio guides designed for visually impaired visitors merely provide a description of 
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what is seen, which does not allow those persons to create accurate mental images of the 

exhibits (Neves, 2012). This aspect, combined with the common hands-on restrictions 

imposed by museums to touch three-dimensional exhibits, does not allow blind and partially 

sighted visitors to have a full museum experience. 

The museums’ capacity to surpass visually impaired people’s needs, by better understanding 

their demands for positive engagement and memorable experiences (Cachia, 2013; Candlin, 

2003; Chick, 2019; Hayhoe, 2017), can be crucial to promote inclusiveness and individual and 

social well-being and empowerment (Devile & Kastenholz, 2018). However, several authors 

call attention to the fact that there is a tendency to treat these visitors as a homogeneous 

group, whereas each one of them, as individuals, has different reasons to attend museums 

and galleries (Argyropoulos & Kanari, 2015; Candlin, 2004; Ginley, 2013; Levent & Reich, 

2012), and experiences varied outcomes from the visits (Chick, 2019; Hayhoe, 2017; Morgan, 

2012; Reich et al., 2011; Xicola-Tugas, 2012). 

These facts evidence the need for research in this field, supported by the museum definition 

of the International Council of Museums, which establishes the social functions of these 

institutions as the very core of their existence, simultaneously with the commitment to 

safeguard and communicate the collections to the public (Desvallées & Mairesse, 2010). In 

that sense, it becomes critical to give priority to issues related to social inclusion, 

accessibility, and design for all. Not only because there are millions of people living with 

disabilities worldwide, but also because everyone can suffer from temporary impairments 

during their lifetime, or more permanent ones, like age-related sensory and physical changes. 

In line with the lack of research in this field, few studies analyze the visually impaired 

visitors’ needs and expectations across the continuum of visits to museums to promote great 

museum experiences from their viewpoints and how technology can assist them during the 

whole museum experience. 

 

1.2 Research Aims and Objectives 

The present thesis aims to extend research in the field of accessibility in museums by 

exploring: the current assistive technologies used to improve the blind and partially sighted 

visitors’ experiences in museums; the perspectives of visually impaired individuals regarding 

past visiting experiences in museums; creating a framework to enhance their future visits to 

museums; and using it as a basis to develop, implement and test in situ an interactive 

accessible exhibition developed for the Pharmacy Museum of Porto — a history and science 

museum located in Portugal. 
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The research outcomes of the present thesis should provide a set of guiding principles and 

application of digital media solutions to enhance the museum experience of blind and visually 

impaired visitors, and to promote sensory, intellectual, and physical access, namely: to the 

collection, museological themes, and museum spaces. 

The specific objectives of the research follow: 

a) Investigate the main aspects that contribute to a positive experience of visiting 

museums by visually impaired persons, the main constraints that negatively affect it, 

and their needs to improve it. 

b) Identify a set of principles to follow, considering the diverse human factors. 

c) Create a design framework to improve the access of blind and partially sighted 

visitors to museums. 

d) Develop a technologically mediated solution to improve the sensory, intellectual, and 

physical accessibility of these elements of the public to a museum exhibition. 

e) Evaluate the developed solution according to appreciation components and compare 

them with the global satisfaction expressed by users. 

The research questions that guided this research will be presented next. 

 

1.3 Research Questions 

The following research questions guided the topics under research: 

a) What are the aspects that either facilitate or constrain the access of visually 

impaired visitors to exhibitions in museums? 

b) What are the basic principles that should be included in museum exhibitions to 

ensure the accessibility to exhibits and their interpretation? 

c) How should ICT be used to integrate multisensory elements such as sound, touch, and 

smell to improve access to exhibitions and enhance the experience of visually 

impaired people while visiting museums? 

d) In what way can data related to the user experience and the visiting experience be 

correlated with the global satisfaction opinion expressed by the visually impaired 

visitors? 

In order to answer these research questions, a participatory design methodology was adopted 

throughout the study, divided into four stages: initial exploration, discovery process, 

prototyping solutions, and evaluation. 
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The initial exploration stage of the research was conducted in two distinct moments. Firstly, 

12 museums of the city of Porto were visited, where data was collected with the purpose of 

gaining in loco knowledge about the accessible resources adopted by these museums. 

Secondly, semi-structured interviews with 72 visually impaired persons followed intending to 

understand their experiences in museums, collect suggestions to improve them and assess the 

frequency and usefulness of a set of accessibility resources. 

The discovery process of the research aimed to conclude about the participants’ overall 

museum experience and clarify their goals to improve future visiting experiences, which was 

used to develop a framework based on a set of principles to enhance both the access and the 

visiting experience of these visitors. This process involved a thematic analysis, descriptive 

statistics and exploratory data analysis, inferential statistics for testing the correlation 

between variables (Spearman Correlations), and a multiple linear regression analysis. 

Then, during the prototyping stage, an accessible interactive and multisensory exhibition at 

the Pharmacy Museum of Porto was conceptualized, designed, prototyped, and implemented. 

This stage counted with the participation of the museum Director, the museum curator, one 

visually impaired, and other fourteen individuals from multi-disciplinary backgrounds. 

The last stage of the research was the evaluation in situ of the visiting experience of 25 

visually impaired visitors by using initial questionnaires, observations during the visits, the 

think-aloud technique, and semi-structured interviews after their visits. To conclude how the 

user experience and the visiting experience could be correlated with the global satisfaction 

opinion expressed by visitors, thematic analysis, descriptive statistics and exploratory data 

analysis, and inferential statistics for testing the correlation between variables (Spearman 

Correlations) were performed. 

 

1.4 Thesis Structure 

This thesis is organized into nine chapters and an appendix section, as presented next: 

Chapter II — Literature Review, follows this introduction section, focusing on the main 

aspects related to this research. It starts with exploring the human factors, memory, and 

visual impairments as a human-centered approach. Then, the relation between museums, the 

visitors’ experience, and the role of technology is presented, discussing next the thematic of 

disabilities in museums and common visiting experiences of visually impaired persons. The 

literature review chapter ends with a summary and presents the next steps for research. 
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Chapter III — Research Design, starts with the discussion of the main characteristics and 

limitations of the participatory design methodology, presenting then an overview of the 

research methodology adopted during this research. 

Chapter IV — Initial Exploration for Requirements Gathering, focuses on the field 

observations conducted at the 12 museums visited in the city of Porto and the strategies 

implemented by those museums. Then, it presents the process of conducting the semi-

structured interviews with 72 blind and partially sighted participants. 

Chapter V — Discovery Process by Data Analysis, regards the results of the semi-structured 

interviews, presenting the participants’ demographic information, their museum visiting 

habits, positive and negative experiences, and associated emotions. Then, the results of the 

inferential statistics performed for testing the correlation between variables (Spearman 

Correlations) and of the multiple linear regression analysis are concluded. The chapter 

finishes with a summary of the overall museum experience of visually impaired participants. 

Chapter VI — Concept Development, presents and explains the co-created integrative 

framework to enhance visually impaired visitors’ experiences in museums, concluding with 

the limitations of the proposed framework. 

Chapter VII — Design, Prototyping and Implementing an Accessible Interactive Exhibition, 

provides an overview of the institutional setting of this research stage, explaining the 

processes of planning, designing, and developing the exhibition Mysteries of the Art of 

Healing at the Pharmacy Museum of Porto. 

Chapter VIII — Evaluation, starts with the framing of this research stage, presenting then the 

results of the evaluation of the visiting experience of 25 blind and partially sighted 

individuals: participants’ profiles and expectations about the exhibition, their interaction 

with the accessible interactives, their perceptions about the visit, and the conclusions of the 

correlation analysis performed. The chapter ends with a discussion and presentation of future 

aspects for improvement, as well as some final remarks about the exhibition. 

Chapter IX — Conclusions, answers the research questions of this research, addresses the 

main limitations of the study, and elaborates on directions for future research.  

Finally, the Appendix section includes all the data instruments used for this research, the 

documents elaborated for the sampling process, the informed consent used during the initial 

exploration stage, the texts elaborated for the exhibition, and other materials related to the 

present thesis. 
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II.       Literature Review 

This chapter starts with some considerations regarding the importance of following a human-

centered approach to this thesis, namely concerning the importance of human factors, 

memory creation, and implications of the broad spectrum of visual impairments. It proceeds 

with the discussion regarding museums’ role in the contemporary world, the visitor 

experience, and contributions of technology to enhance visits to those places. Then, the 

relation between museums and disabilities is approached, with a particular focus on the 

experiences of visually impaired visitors. The chapter ends with a summary of the literature 

review and next steps for research. 

 

2.1 Human Factors, Memory and 
Visual Impairments: A Human-
Centered Approach 

2.1.1 The Human as Information Processor: From Senses to 
Memory Creation 

The present section starts with the human, the central character of this research, focusing 

briefly on some human factors involved in the perception of information from the world 

through the senses, and the processes involved in its storage in memory. 

 

2.1.1.1 Human Perceptual Systems 

Gibson (1966) highlighted the environment as a source of stimulation and that its reception is 

directly dependent on the human senses, which function as perceptual systems that convey 

external information. The author advocates that perception can occur only when there is 

input from at least one of the five human senses, even though the same information can be 

perceived by a combination of multiple perceptual systems. These systems are not passive 

(contrary to the human capacities to hear, to experience smells and taste, to feel touches, 



 

8 

and to see) and imply different modes of attention: the visual system presupposes looking, 

the auditory system requires listening, the haptic system needs touching, the taste-smell 

system requires tasting and smelling, and the basic orientating system implies general 

orientation. Because the perceptual systems can be used combined as a whole system or 

individually to handle sensory stimuli from the outside world, Norman (2002) stresses they are 

parallel structures that use particular algorithms, which enable humans with different 

capabilities. In the case of information from multimodal stimuli (everyday events are 

commonly multimodal in nature), Zmigrod and Hommel (2013) note this integration of the 

different parallel modalities happens in the brain through complex processes to form a 

coherent representation. However, the perceptual systems are not without limitations, as 

will be discussed further. 

In the field of human-computer interaction (HCI), several authors agree that the visual, 

auditory, and haptic systems are the most important (Dix, Finlay, Abowd, & Beale, 2004; 

Fonseca, Campos, & Gonçalves, 2016; Preece et al., 1994). Even though the emergent 

interest of the community in exploring smell and taste to create meaningful sensory 

experiences (Anjum, 2019; Gayler, 2020; Obrist et al., 2016b; Vi, Ablart, Arthur, & Obrist, 

2017), the chemical nature of these senses presents constraints to their conversion into 

digital mediums (Iwata, 2008; Yanagida, 2008). As stated by Obrist et al. (2016a, p. 42), “we 

do not yet know entirely how to digitize these senses in the HCI context compared with 

others like sound and light, where we can measure frequency ranges and convert them”. 

 

Visual Perception 

Human vision is the primary source of information input for the average person (Dix et al., 

2004), responsible for detecting the variables of contour, brightness, color, texture, size, and 

depth of surrounding surfaces (Gibson, 1966). The light reflected from things in the 

environment is received as upside-down images, and receptors existing in those structures 

transform them into electrical signals, which are then passed to the brain. The visual system 

is capable of perceiving limited wavelengths of light (from about 380 to 740 nanometers), to 

follow rapidly moving objects to a certain extent (for instance, it is not possible to notice a 

bullet being shot), and perceive size, depth, and relative distances based on the visual angle 

of objects (Dix et al., 2004; Fonseca et al., 2016; Mauney & Masterton, 2008). 

Preece et al. (1994) state that several competing theories attempt to explain the complex 

process of seeing, which can be characterized into two approaches: constructivist and 

ecological. The first one argues that visual perception is constructed both from information in 

the environment and from previously stored knowledge in memory. Accordingly, what we 

perceive to see is not merely a copy of the world around us, but the result from our prior 

knowledge and expectations over the images that fall on the retina and their context. This 
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effect provide a more constant view of the world, as exemplified by Preece et al. (1994, p. 

78): “when we walk down the street we ‘see’ buildings as being stationary and people as 

being approximately the same size and shape, despite the fact that the images that our 

retinas receive may have radically different positions and shapes”. On the other hand, the 

ecological model emphasizes that visual perception involves only the detection and encoding 

of visual stimuli, not requiring any construction or elaboration processes. This model is 

conceptually centered on the notion of affordances, meaning that what one sees is perceived 

according to its properties, which provide obvious clues about its nature and, ultimately, how 

to interact with it (Norman, 2002; Preece et al., 1994). Although divergent, both 

constructivist and ecological approaches emphasize the active role of humans in perception. 

Visual processing is not immune to error and has diverse limitations. Optical illusions derive 

from the compensation of information in the brain when trying to make sense of what is 

being seen, resulting in an unreliable perception of sizes, refraction illusions, and motions, 

among others (Fonseca et al., 2016). Another condition of the visual system is the flicker 

perception, which occurs when light switching speed is less than 50 Hz and is more noticeable 

in peripheral vision. In its turn, the perception of color is dependent on the sensitivity of light 

of three cones existing in the eyes (red, green, and blue) to different wavelengths, of which 

about only 3-4% are sensitive to blue light, making its acuity lower (Dix et al., 2004). 

 

Auditory Perception 

The auditory system allows us to experience and interpret the information received through 

the ears from multiple sources of sound. It enables us to perceive from where (and what or 

whom) the sounds are coming from and estimate the distance of sound sources relatively to 

us (Peres et al., 2008). Sound arises from variations in air pressure, named sound waves, 

received by the ears and then transmitted to the auditory nerves in various stages (Dix et al., 

2004). However, the perception of sounds is pointed out by Gibson (1966) as involving 

listening rather than just hearing, and that the human auditory system includes the two ears 

together with the muscles responsible for orienting them to the sources of sound. 

The human ears can detect frequencies ranging between about 16 Hz to 20000 Hz, with 

sensitivity falling off at the edges of this range (Peres et al., 2008), and differentiate subtle 

sound changes (less than 1.5 Hz at low frequencies). It also allows us to recognize familiar 

sounds without concentrating attention on their source, and filtering some of the received 

sounds. This last capacity, known as the cocktail party effect, enables one to focus on a 

source of audio information while ignoring background noise in environments (Dix et al., 

2004; Fonseca et al., 2016). 
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As already mentioned, spatial location is another function of the auditory system. 

Localization of sound sources is possible because the head acts as an acoustic obstacle, and 

the differences in the arrival time and intensity of a sound at the ears allow estimating the 

location in the horizontal plane. In addition, the reflection of sound from nearby surfaces 

(like walls and floors) acts as cues for estimating their relative distances. On the other hand, 

incoming information is differently perceived given the physical structure of the outer ear, 

which blocks or allows the direct entering of sound waves into the auditory canal depending 

on the direction of the head. Given this reason, one can conclude about the direction from 

where a sound is being emitted (Gibson, 1966; Peres et al., 2008). 

 

Haptic Perception 

Contrarily to the previously discussed visual and auditory perception cases, the haptic 

system’s apparatus has no localized sense organs, but the reception of stimulus happens 

through the entire body’s skin and joints. In this effect, the hands, arms, and other body 

members function as active organs of perception (Gibson, 1966). 

The skin contains three types of haptic receptors that can sense and convey different inputs: 

tactile sensation of pressure, touch, vibration and tickle (mechanoreceptors), heat and cold 

(thermoreceptors), and pain and intense pressure (nociceptors). Although the entire human 

body contains these receptors, their distribution is responsible for some areas having greater 

sensitivity to those stimuli than others (Dix et al., 2004; O’Malley & Gupta, 2008). 

Rather than merely sensing, the haptic perception allows individuals to get information about 

both the environment and their own bodies (Gibson, 1966). In the words of O’Malley and 

Gupta (2008, p. 30), human haptic perception “is the process of acquiring, interpreting, 

selecting, and organizing haptic sensory information”, and comprises two aspects: tactile 

perception and kinesthetic sensations. On the one hand, tactile perception concerns the 

acquisition and interpretation of stimulus received through the mechanoreceptors of the skin 

(rapidly adapting mechanoreceptors respond to immediate pressure, and slowly adapting 

mechanoreceptors respond to continuously applied pressure). In its turn, kinesthesia refers to 

the awareness of the limbs (through the sense of force within the muscles and tendons) and 

the body (the perception of the own body position and motion), allowing us to interpret 

where we are in space and in relation to ourselves. This perception is possible due to 

receptors in the joints and the sensitivity to the joints position (Dix et al., 2004; Gibson, 

1966; O’Malley & Gupta, 2008). 

The haptic system, together with vision, is pointed out by Gibson (1966) as often yielding a 

redundant and doubly guaranteed input of information. Even in the absence of vision, it can 

act as a warning of the relative temperature of things (for example, if something is hot), and 
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facilitate the active exploratory touch, which allows both the grasping of objects’ properties 

(geometrical, surface, and material composition and consistency properties) and intuitively 

grasping of its meaning (O’Malley & Gupta, 2008). 

 

Taste and Smell Perception 

Notwithstanding the nose and mouth being regarded as distinct organs responsible for the 

senses of smell and taste, respectively, Gibson (1966) stresses they both work in coordination 

to make the taste-smell system. The perception of smell depends on the stimulation of the 

cells of a membrane located in the uppermost nasal cavity (named olfactory epithelium), 

which contains chemoreceptors. The air inspired through the nose contains some odor 

molecules that are captured by a mucus layer existing in the olfactory epithelium and then 

detected by olfactory receptor cells (Buck & Bargmann, 2013; Gibson, 1966; Gottfried, 2006; 

Yanagida, 2008). Humans can detect the smells of about 0.4 million chemical compounds 

(Yanagida, 2008) and discriminate at least 1 trillion olfactory stimuli, according to Bushdid, 

Magnasco, Vosshall and Keller (2014). The authors note that this number of discriminable 

olfactory stimuli “is several orders of magnitude more than distinguishable colors or tones” 

(2014, p. 1372), meaning the human olfactory system far outperforms the number of distinct 

physical stimuli that humans can discriminate by other senses. 

In its turn, the sense of taste depends on the stimulation of the taste buds distributed across 

the tongue and mouth, allowing humans to perceive chemical features of foods and 

beverages. However, these structures alone cannot convey the intrinsic aroma of food by 

themselves, which represents a huge part of the tasting experience. That way, the full 

perception of the taste is dependent on olfactory sensations from the food as well, achieved 

by the chemoreceptors of the mouth and nose located in connected cavities of the head, that 

work together to produce the sensation of flavors as being in the mouth (Buck & Bargmann, 

2013; Gibson, 1966; Iwata, 2008). Although humans can taste multiple chemical stimuli, the 

gustatory system is capable of distinguishing five basic stimulus qualities: sweet, bitter, sour, 

salty, and umami (Buck & Bargmann, 2013; Iwata, 2008). 

Before ending the discussion about the perceptual systems’ role as receivers of inputs from 

the world and their transmission to the brain, it will be succinctly explored next how the 

body interacts with the surrounding environment to respond to different stimuli.  

 

Human Responses to Stimuli 

As seen until now, the sensory receptors receive the stimulus and transmit them to the brain. 

After the brain processing the information that requires an action from the person, the 
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appropriate body muscles are triggered to respond to it. This encompasses two distinct 

phases: reaction time and movement time.  

Reaction time is known as being increased by fatigue and distraction, and reduced by 

practice, among other factors that positively and negatively affect it (Dix et al., 2004; 

Fonseca et al., 2016). It is also dependent on the sensory channel through which the stimulus 

is received, presenting varying times: for instance, reaction to sound (140-160 ms) is faster 

than the reaction to light (180-200 ms), while the reaction time to touch is about 155 ms, and 

to pain is 700 ms (Dix et al., 2004; Kosinski, 2013). On the other hand, movement time refers 

to the time to complete a discreet predefined motor task (Fang & Davis, 2017) and depends 

largely on individuals’ physical characteristics, such as age and fitness (Dix et al., 2004). 

However, Zmigrod and Hommel (2013) stress that most of the everyday events are 

multimodal per se, and yet, our conscious perception about them is unified and coherent, 

despite the diverse channels through which we acquire information. The brain is able to bind 

all the different kinds of information arriving from the diverse perceptual systems (with 

different physical and chemical attributes), which use unique transduction mechanisms, 

processing speeds and temporal relations, and are processed in separate cortical areas. The 

information is then stored in memory, either temporarily or permanently, as will be 

addressed next. 

 

 

2.1.1.2 Memory 

Human memory constitutes the basis of multiple everyday activities. It contains personal 

knowledge of actions and procedures, allows us to use language, acknowledge information 

received via the senses, and preserves facts from past experiences. It allows us to store 

detailed information over time and recall or recognize it, even though sometimes it is 

subjected to interferences that make it very difficult to remember some things (Dix et al., 

2004; Preece et al., 1994). 

The complete understanding of the functioning of the human memory remains uncertain 

(Fonseca et al., 2016), and several models of human memory have been proposed along the 

time, as discussed in detail by Norman (1970). The author highlights that, despite the 

divergence among the theorists on the different mechanisms proposed in those models, there 

is a rather general agreement about some of the interacting stages involved in the complex 

system of human memory. The most accepted model of human memory emerged from 

psychological information-processing theories and subdivides memory into three different 

stores: sensory memory, short-term memory, and long-term memory. It also involves three 

distinct processes: encoding (forming a memory code), storage (maintaining encoded 
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information in memory over time), and retrieval (recovering information from memory 

stores).  

In a very summarized picture, human memory structures are as follows. First, information 

from the outside world is transformed by the sensory systems into its physiological 

representation, as discussed previously, and is stored briefly in sensory memory. Then, if 

attention is paid to the information, it is encoded into a memory code and retained 

temporarily in the short-term memory storage system (also known as working memory). 

Following this stage, if the information is rehearsed frequently and extra attention is paid to 

it, it is transferred and stored into the long-term memory. Lastly, several decision rules are 

involved in the process of getting access to the desired information stored in memory (Dix et 

al., 2004; Norman, 1970). The next subsections explore these aspects in more detail. 

 

Sensory Memory 

Sensory memory is the shortest-term store element of memory, with a duration in the order 

of hundreds of milliseconds to a few seconds. This memory act as buffers to retain 

impressions of stimuli perceived through the senses and is continuously overwritten by new 

information being received by the sensory channels. A sensory memory exists for each one of 

the sensory channels: visual (iconic memory), auditory (echoic memory), tactile (haptic 

memory), smell (olfactory memory), and taste (gustatory memory) (Dix et al., 2004; 

Hutmacher, 2019; Kaas, Stoeckel, & Goebel, 2008). 

The iconic memory decays typically 500 ms after the perception of visual stimuli (Dix et al., 

2004), and there is evidence that echoic memory lasts a little longer, about 4 seconds 

(Stangor & Walinga, 2019). Obrist et al. (2016a) underline that smell is the sensory modality 

more closely linked to memory, prompting stronger reactions than the other ones: “no other 

sensory modality makes as direct and intense contact with the neural substrates of emotion 

and memory, which may explain why smell-evoked memories are often emotionally potent” 

(p. 42). 

In its essence, the purpose of sensory memory is to facilitate the brain some time to allow 

interpreting the surrounding environment as an unbroken stream of events (Stangor & 

Walinga, 2019). When the information briefly stored in sensory memory is filtered via the 

process of attention, by selectively concentrating the mind on particular aspects rather than 

others, it progresses into a more permanent memory store (short-term memory). Otherwise, 

it is overwritten and forgotten (Dix et al., 2004; Fonseca et al., 2016). 
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Short-term Memory 

Short-term memory, also known as working memory, is used for temporary storage and recall 

of information, acting as post-it notes to the brain. Its usefulness resides in allowing us to 

hold important things in mind for a short period of time while performing other tasks 

simultaneously, until the information is no longer needed (Stangor & Walinga, 2019). One 

example of its recurrent use is for reading, as Dix et al. (2004) exemplify: during this activity, 

the brain retains the read words until the end of the sentence to understand it entirely. 

This memory store has limitations in both the temporal capacity — typically ranging from few 

seconds to less than one minute — and the amount of information it can hold — between 5 

and 9 items, with an average of 7 (Dix et al., 2004; Stangor & Walinga, 2019). Its capacity is 

known as increasing when chunking information, i.e., when grouping different items and 

associate them as a single unit (Mathy & Feldman, 2012). Regarding the haptic domain, 

research addressing working memory for the tactual information is scant, despite its high 

relevance in daily functioning (Kaas et al., 2008). However, Heled, Rotberg, Yavich and 

Hoofien (2020) discuss that, compared with span tasks in visual and auditory modalities, 

tactile modality seems to have a more limited storage span than the others. 

Another way to expand the ability to remember information in short-term memory is through 

maintenance rehearsal, meaning repeating aloud or mentally what we want to remember, 

without distractions nor interferences caused by other sources. This way, the information is 

continuously updated and maintained for a more extended period and may enter the long-

term memory (Dix et al., 2004; Kaas et al., 2008; Stangor & Walinga, 2019). 

 

Long-term Memory 

Long-term memory constitutes the main repository for human beings, where information 

acquired during the lifetime is stored and held for days, months, and years (Stangor & 

Walinga, 2019). It is the memory store with a larger and almost boundless capacity (Wang, 

Liu, & Wang, 2003), storing past memories, factual information, experiential knowledge, and 

procedural rules of behavior, among other significant data. In terms of temporal features, 

long-term memory decays very slowly with time and can be rapidly accessed in approximately 

a tenth of a second (Dix et al., 2004).  

Given the large capacity of this more permanent storage, information needs to be organized 

efficiently to enable the successful processing of this memory and the retrieval of 

information whenever needed (Norman, 1970). In this matter, Stangor and Walinga (2019) 

call attention to the fact that memories stored in long-term memory are not isolated but 

rather constitute networks of associated memories linked together into categories, according 

to features they have in common. Even though the particularities of the central activities 
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involved in the processing of long-term memory are out of the scope of this thesis, it is 

mentioned that its correct accomplishment depends on the processes of encoding and 

retrieval (Dix et al., 2004; Preece et al., 1994; Stangor & Walinga, 2019): 

• Encoding refers to the process by which perceptions and experiences are placed into 

long-term memory store. When information is not correctly encoded, it cannot be 

remembered in the future. Several encoding strategies can help to improve long-term 

memory and make it last longer, like, for instance: linking the new information to 

meaningful and familiar things already known (or to other memories); organize and 

structure new information into relevant and intuitive ways to remember it; use visual 

cues or create visual images to help its memorization. After the adequate encoding 

and storage of information, it becomes available to be retrieved, even though some 

information is susceptible to being forgotten with time. 

• Retrieval is the process of reactivating data that was adequately stored in memory, 

i.e., the flow of information from long-term memory to working memory store. It 

encompasses two distinct types of accessing the information in memory: recognition 

and recall. In recognition, specific information or events function as cues, allowing 

remembering easily that something has been experienced before and activates 

related information in memory. In its turn, recall is a more complex activity, in which 

it is usual to start with a piece of information and, based on it, the associated 

memories need to be searched and extracted from the memory until finding the 

relevant data. 

In terms of types, psychologists conceptualize long-term memory into implicit memory and 

explicit memory. The implicit memory, also termed nondeclarative memory, stores 

knowledge and information based on previous experiences, even though human beings cannot 

consciously recall and are not aware of its use (Ballesteros, 2008; Stangor & Walinga, 2019). 

Rather than recollections, it can be reactivated without intent to use memory (Schendan, 

2017) and is typically expressed through performance that affects behavior like actions, 

habits, motor skills, emotional responses, and conditioned reflexes (Squire & Dede, 2015). 

The implicit memory is subdivided into three general types (Ballesteros, 2008; Schendan, 

2017; Squire & Dede, 2015; Stangor & Walinga, 2019): 

• Procedural memory — is the memory of motor skills and habits, which allow us to 

automatically perform complex tasks, like, for example, ride a bicycle, walk from 

one place to another, speak to other persons or play video games. It encompasses 

skills developed by practice. 

• Classical conditioning effects — refers to the natural response to specific information 

stored in memory through the association of stimulus. One example is the association 



 

16 

of the sound of opening a certain drink can or the smell when opening a pack of food, 

which triggers automatic responses such as salivation or enjoyment. 

• Priming — indicates the influence of recent or frequent experiences on previous 

memory, which leads to changes in behavior as a result of the new stimulus or 

information. A classic example of priming includes unconscious influences of the 

exposure to the advertisement for a product (that until then was not relevant) and 

the activation of a more favorable attitude towards it. 

On the other hand, explicit memory, also known as declarative memory, refers to 

experiences, knowledge, facts, and events that can be consciously remembered. Contrary to 

what happens in the case of implicit memory, human beings are aware of these types of 

memories since it consists of information that people can evoke consciously and report they 

know (Ballesteros, 2008; Dix et al., 2004; Stangor & Walinga, 2019). According to Squire and 

Dede (2015), the conscious recollection of explicit memory allows humans to represent the 

external world and can be remembered through both verbal or nonverbal forms, such as 

words, ideas, images, sounds, or sensations. The explicit memory subdivides into two types 

(Ballesteros, 2008; Dix et al., 2004; Squire & Dede, 2015; Stangor & Walinga, 2019): 

• Episodic memory — stores information about firsthand experiences and events that 

happened in one’s life and its related information (such as where, when, who was 

involved, and how it happened), making it possible to reconstruct those episodes in 

detail and explicitly state them. One example of episodic memory would be 

recollections of a trip made in the past years. 

• Semantic memory — refers to the structured record of concepts and factual 

information one has about the world in general, such as naming the capitals of other 

countries or knowing the meaning of words and concepts. This type of memory 

involves conscious thought to access specific information that can derive from 

exploring the relationships between pieces of information from different domains, 

organized in a semantic network. 

The understanding of human beings as an information processor, with both capabilities and 

limitations, has direct implications for the design of human-computer interfaces. However, it 

is also imperative to keep in mind that emotions constitute an essential part of humans and 

can directly influence memory, so emotional factors should be regarded as critical elements 

for the design of satisfactory interfaces (Dix et al., 2004; Fonseca et al., 2016; Norman, 2002; 

Preece, Rogers, & Sharp, 2015). 

 

2.1.1.3 Influences of Emotion on Memory 

According to Kensinger and Schacter (2008), not all remembrances are created equal, 

affecting the quality of memories. Sometimes, the remembrance of a prior event occurs 
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vividly and full of details, to the extent that individuals almost re-experience it again. Other 

times, it only allows us to recognize that we have had contact with something or someone 

before, but the quality of memories is vague and lacks the context of when it was and other 

additional details. In fact, the authors emphasize that emotions can affect the vividness of 

the remembering aspects, which often tend to be richer in detail for the cases of past highly 

emotional circumstances. This enhanced memory capability for emotional events can be 

observed physiologically in two temporal lobe structures (amygdala and hippocampal 

complex), which interact during the phases of encoding and storage of memories (Phelps, 

2004; Squire & Dede, 2015). 

Furthermore, the nature of experiences, whether emotional or non-emotional, seems to have 

also a direct influence on the number of memories people can remember. Persons are more 

likely to remember emotionally arousing experiences and events — either positive or negative 

— than non-emotional ones (Kensinger & Schacter, 2008; Squire & Dede, 2015; Stangor & 

Walinga, 2019), since these tend to be more personally intense and meaningful than 

emotionally neutral situations (Dix et al., 2004). In the words of Hwang and Matsumoto 

(2019), memories “are colored with emotions felt at those times the facts occurred. Thus, 

emotions serve as the neural glue that connects those disparate facts in our minds” (p. 581).  

Additionally, Dix et al. (2004) and Fonseca et al. (2016) discuss a human tendency to 

remember more positive aspects of past events than negative ones. This effect, known as 

fading affect bias, suggests that the emotions associated with unpleasant events decrease 

faster in intensity than the emotions associated with pleasant situations (Walker, Skowronski, 

& Thompson, 2003). 

 

2.1.1.4 Human (Diversity) Factors 

As a final reflection for this section, it is important to mention that, until now, it was looked 

at the human being in a generalized way as a collector of information from the world through 

the senses, which is further processed and stored in memory, available to be used later. 

However, several researchers, from a varied background of fields of knowledge — medicine, 

social sciences, engineering, psychology, and technology, to name a few — agree that “the 

average person does not exist” (Andreasson, 2005, p. 977; Bosman, 2017, p. 43; Lim, Jo, & 

Kim, 2012, p. 301; Rochford, 2019, p. 258). As stated by Dix et al. (2004) and Preece et al. 

(2015), people are full of differences, starting with their different backgrounds and cultures, 

plus their vast viewpoints, experiences, and particular interests, adding to their body 

physiological characteristics, age, and gender. In sum, we are diverse beings, and in the next 

section, special attention will be given to the subject of disabilities. 
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2.1.2 Disabilities as Diversity Factors and the Social Model 
of Disability 

The International Classification of Functioning, Disability and Health defines disability as an 

“umbrella term for impairments, activity limitations and participation restrictions” (World 

Health Organization, 2001, p. 221). In that sense, disability does not refer to the attributes of 

an individual, but it denotes the difficulties encountered in the interaction between a person 

with a health condition with negative environmental and personal factors, which represent 

barriers. The problems and alterations in peoples’ body structure or physiological functioning 

are designated by impairments. Activity limitations encompass the difficulties of an 

individual in executing tasks or actions in a manner that is expected of persons without 

health conditionings, in terms of quality or quantity, like, for instance, climbing stairs. The 

third interconnected area of the human functioning — participation restrictions — are 

problems experienced in involvement in diverse areas of life that do not verify for other 

individuals without disability, in a particular culture or society. An example of a participation 

restriction is people with the same impairment facing different degrees of barriers in 

employment or learning, depending on the communities and countries where they live (World 

Health Organization, 2001; World Health Organization & World Bank, 2011). 

According to Oliver and Barnes (2010), several approaches to disability have been proposed 

within the debate about exclusion and inclusion. The medical model views disability from an 

individual perspective and as a medical problem, in which a person is disabled by her/his own 

body given disease, trauma, or other health condition. It is mainly concerned with sustained 

medical care to patients through treatment by professionals, aiming to promote individuals a 

better life quality. On the other hand, the social model understands disability from a 

structural perspective rather than a problem of an individual’s body, where several 

conditions, mainly created by the social environment, limit the full participation of people 

with disabilities in social life. From this perspective, disability is a human rights issue, and 

the answers to inclusion are the responsibility of society, requiring social action in order to 

adapt the environment, eliminate oppression, and allow equal access for impaired persons 

(Oliver & Barnes, 2010; Shakespeare, 2017; United Nations, 2007; World Health Organization, 

2001). 

Although dialectic models, the World Health Organization (2001) states that biological, 

individual and social perspectives should be considered in a balanced approach of health 

conditions and contextual factors when looking at the complex and diverse theme of 

disability, since it represents neither a purely medical nor a purely social reality. This is a 

bio-psycho-social approach. 

It is estimated that disability affects more than 1 billion people worldwide, i.e., about 15% of 

the global population, corresponding to one in seven people. This number is expected to 
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double to 2 billion by 2050, mainly due to population growth, aging and increase of chronic 

health conditions (World Health Organization & World Bank, 2011). Among the different types 

of disability, which concerns mainly with the “impairments” aspect that entails difficulties in 

functioning, the following are the most common in terms of global prevalence (Australian 

National University, n.d.; Nafukho, Roessler, & Kacirek, 2010; World Health Organization, 

1980, 2001, 2015, 2018; World Health Organization & World Bank, 2011): 

• Physical impairments: affect a person’s physical functioning, like the ability to move, 

coordinate, or control movement.  

• Sensory impairments: include visual and hearing impairments, which affect a person’s 

ability to see and hear in different degrees. 

• Cognitive impairments: affect a person’s capacity of problem-solving, memory, 

perception, conceptualization and attention. 

• Autism spectrum disorder: affects interpersonal communication, social interactions, 

and the way people behave and learn. 

• Speech and language impairments: communication disorders that affect an 

individual’s ability to understand and produce speech. 

Besides these, it is crucial to call attention to the fact that individuals can present a 

combination of multiple impairments, like hearing and speech, vision and hearing, physical 

and sensory, among others. 

Taking these facts into account, it is understood that disabilities entail varied and diverse 

human factors and that these differences shape peoples’ perspectives and experiences with 

the world around them. Jaeger and Bowman (2005) state that “disability does seem to be a 

very natural part of diversity” (p. 129), and that people with distinct types of disabilities 

develop different skills, perspectives, abilities and forms of creativity in dealing with 

situations, which actually, strengthens the culture and greatly contributes to society. 

 

2.1.3 The Wide Spectrum of Visual Impairments 

The eleventh revision of the International Classification of Diseases (2019) systematizes vision 

impairment into two groups: near and distance vision impairment. Near vision impairment 

comprises visual acuity — the clarity or sharpness of vision that enables seeing clearly, 

regardless of the distance of the objects (World Health Organization, 2001) — with existing 

correction. In turn, distance vision impairment is categorized into levels of severity, 

according to individuals’ vision acuity in the better eye: 

• Mild vision impairment – presenting visual acuity worse than 6/12 and equal or better 

than 6/18. 
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• Moderate vision impairment – presenting visual acuity worse than 6/18 and equal or 

better than 6/60. 

• Severe vision impairment – presenting visual acuity worse than 6/60 and equal or 

better than 3/60. 

• Blindness – presenting visual acuity worse than 3/60. 

Considering the timing of sight loss, visual impairments are classified as congenital or 

adventitious. Congenital vision loss refers to individuals born with a visual impairment, while 

adventitious vision loss relates to those who have visual memories and acquired visual 

impairment later in life (Bruce, 2005). For the case of blindness, the term early-blind is 

commonly used to refer to the persons who were born blind and lost vision before the age six, 

while late-blind individuals had sight at birth and lost it after this age (Bruce, 2005; H. 

Burton, 2003; Lewald, 2002; Manescu et al., 2018).  

Given the presented aspects that elucidate visual impairments as being a spectrum, it seems 

crucial to take into consideration the age of onset of vision loss, especially for the case of 

individuals with blindness, since this factor directly impacts some of their skills (Bruce, 2005; 

Büchel, Price, Frackowiak, & Friston, 1998; Cattaneo & Vecchi, 2011; Cornell Kärnekull, 

Arshamian, Nilsson, & Larsson, 2016). 

Several studies compare the performance of blind persons in different tasks, suggesting 

dissimilarities based on the age of blindness-onset. Després, Candas and Dufour (2005) 

highlighted differences between early-blind and late-blind participants in auditory 

localization, where early-blind participants performed better by making smaller positioning 

errors than late-blind subjects. When compared the performance of determining the 

direction of pitch change, for different temporal and frequency levels, Gougoux et al. (2004) 

concluded that early-blind subjects were better than late-blind individuals and sighted 

controls at this task, which evidences that cerebral plasticity is more efficient at early 

developmental stages. The work of Wan, Wood, Reutens and Wilson  (2010b) support superior 

auditory perception skills in early-blind than in late-blind and sighted persons when 

discriminating simple auditory stimuli, due to changes in the brain as a result of a longer 

visual deprivation. 

Regarding tactile abilities, blind individuals presented significantly superior tactile acuity 

than sighted subjects (Goldreich & Kanics, 2003) and outperformed sighted participants in 

texture discrimination tasks (Alary et al., 2009; Gurtubay-Antolin & Rodríguez-Fornells, 

2017), but no differences were observed between early and late-blind individuals. However, 

other studies concluded dissimilarities related with the age of onset of blindness. When 

comparing the haptic legibility of two-dimensional and three-dimensional representations, 

Shimizu, Saida and Shimura (1993) found that the percentage of correct responses for the 

late-blind was superior to that of the early-blind subjects, but both groups underperformed 
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2D outlines, especially the early-blind individuals. These results were related to the 

differences in the visual experiences of each group. Moreover, Wan, Wood, Reutens and 

Wilson (2010a) compared the performance of blind individuals on vibrotactile tasks, 

concluding that early blindness leads to enhanced vibrotactile discrimination ability. 

According to the authors, “it is the timing, rather than the duration, of blindness that 

appears responsible for this heightened sensitivity” (p. 634). 

For sighted persons, vision plays a dominant role over the other human senses in the 

perception of the surrounding environment and, consequently, in the creation of mental 

images (Cattaneo & Vecchi, 2011; Gibson, 1966; World Health Organization, 2019). In the 

case of the late-blind, these individuals relied on this sense for years of their life, during 

which observed shapes, saw colors and experienced spatial configuration with different levels 

of depth (Brayda, Campus, Memeo, & Lucagrossi, 2015; Cattaneo & Vecchi, 2011; Rieser, 

Lockman, & Pick, 1980). After decades of the onset of blindness and years of visual 

deprivation, late-blind individuals still could remember real visual experiences. The brain’s 

areas related to vision retain their functional specificity and engage during tactile stimulation 

as well (Goyal, Hansen, & Blakemore, 2006). According to Pasqualotto, Spiller, Jansari and 

Proulx (2013), the prior visual experience also helps them generate spatial representations 

using the same reference frame as sighted individuals, i.e., object-based or allocentric, but 

different from the early-blind, who use self-based or egocentric reference. Moreover, 

Postma, Zuidhoek, Noordzij and Kappers (2007) measured diverse aspects of haptic 

processing of objects to study the roles of visual and haptic experience in categorical spatial 

memory. Results indicate that late-blind benefit from past visual experience over early-blind 

subjects when verbally describing the spatial location of the objects explored by touch. 

In sum, the prior visual experience supports late-blind persons’ auditory and tactile 

perception after blindness, helping them generate mental representations of the world 

around them (Cattaneo & Vecchi, 2011; Hamilton-Fletcher et al., 2018). The reliance on 

visual memories acquired through the sense of vision — with better or worse vision efficiency 

— is a factor in common between the persons with low vision (with visual impairments 

ranging from mild to severe) and late-blindness. Contrarily, early-blind individuals rely on the 

inputs acquired through other senses to develop mental imagery restricted to non-visual 

modalities, lacking, therefore, visual experience (Harrar, Aubin, Chebat, Kupers, & Ptito, 

2018). Their understanding of the physical world is, concerning some subjects, conceptual, as 

pointed by Bruce (2005), since “there are many things that cannot be touched in their 

entirety or viewed with limited vision. Experiential learning, coupled with rich verbal 

descriptions, provides the foundation for conceptual development” (2005, p. 1128). 

Given these reasons, it becomes imperative that research including visually impaired persons 

takes into consideration the continuum of individuals’ different degrees of visual 
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impairments, and differentiate and consider the age of blindness onset, so the understanding 

of the results within this population can expand in a more fruitful way (Creem-Regehr, 

Barhorst-Cates, Tarampi, Rand, & Legge, 2021; Manescu et al., 2018). 

 

2.1.4 Accessibility, Usability and Assistive Technologies for 
the Visually Impaired 

 

2.1.4.1 Accessibility as a Requirement for Usability 

Accessibility is a relative concept that can be considered from different perspectives, 

depending on the views of multiple disciplines: architecture, engineering, social sciences, 

health, politics, among others. Given the diverse contexts in which it is applied, it can be 

divided into the dimensions of physical environment, information, and societal activities and 

services (Iwarsson & Ståhl, 2003). In its essence, accessibility aims to minimize barriers and 

provide all individuals access to environments, services, devices and systems, while allowing 

the independent use and enabling the full participation in all aspects of life (Daryle Gardner-

Bonneau, 2007; Henry & McGee, n.d.; Iwarsson & Ståhl, 2003; United Nations, n.d.). In the 

words of Iwarsson and Ståhl (2003), “accessibility is the encounter between the person’s or 

group’s functional capacity and the design and demands of the physical environment” (p. 61). 

In its turn, usability concerns the extent to which individuals can use systems, products or 

services with effectiveness, efficiency and satisfaction (Dix et al., 2004; ISO, 2018; Preece et 

al., 2015): 

• Effectiveness – regards accuracy and completeness with which subjects achieve 

specified goals. 

• Efficiency – measures the resources users needed to utilize to achieve specific 

results.  

• Satisfaction – informs if the expectations and needs of the individuals were met 

during the use of a system, product or service, based on the individuals’ physical, 

cognitive and emotional responses of the interaction. 

Depending on the context of use, which is dictated by the combination of users, goals and 

tasks, resources and the environment (ISO, 2018), the integration of personal, environmental 

and activity components can vary, affecting usability  (Iwarsson & Ståhl, 2003; Norman, 

2002). 

These definitions reveal implications of accessibility in usability. For example, the success of 

an impaired person’s interaction with the environment and the existing elements cannot be 
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considered effective, nor efficient nor satisfying if the subject is unable to access it properly. 

However, if taken into account accessibility features that promote access and provide 

equivalent experiences to all, it is more likely that usability will improve. In that sense, 

accessibility is a necessary precondition for usability (Iwarsson & Ståhl, 2003; Moon, Baker, & 

Goughnour, 2019). 

 

2.1.4.2 Assistive Technologies for Visually Impaired People 

Many assistive devices and technical aids aim to enhance the quality of the lives of blind and 

partially sighted people, supporting and helping them achieve diverse daily living tasks and 

activities in more independent and efficient ways (Hersh & Johnson, 2008; Manjari, Verma, & 

Singal, 2020). According to Bhowmick and Hazarika (2017), there had been an expansion of 

research interest in this field over the last decade, and it is expected a further gain 

prominence of assistive technology to impact the lives of the visually impaired individuals. 

Significant developments have taken place by using wearable technology, smartphone-based 

devices and apps, tactile displays, haptic interfaces, among others. Some brief illustrative 

examples of contributions of assistive technologies for various purposes follow, four of which 

are illustrated in Figure 1. 

 

 
Figure 1. From left to right: Belt with vibrotactile actuators; The Linespace interactive system; The 
Kinaptic multimodal video game; beEYE protorype. Source, from left to right: Lykawka et al. (2017); 
Swaminathan et al. (2017); Grabski et al. (2016); Chen et al. (2018). 

 

Orientation and Mobility 

One of the biggest challenges to visually impaired navigation in unknown scenarios concerns 

the individual’s safety during the locomotion from an origin to a destination, in both indoor 

and outdoor environments. This implies the avoidance of obstacles along the way and 

peoples’ awareness about their position and orientation in the environment (Creem-Regehr et 

al., 2021; Giudice & Legge, 2008; Manjari et al., 2020). 

NavMetro® is a personal guidance orientation service designed for aiding the visually impaired 

users of metro transport systems, which uses the acoustic space for their personal guidance. 
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Users are required to call a number and select the desired destination, and after the system 

locating them on the metro station floor, bird’s sounds are activated, directing them to the 

desired location. The system, in operation in Trindade’s metro station in Porto, Portugal, 

since 2009, showed to be promisor for the navigation inside metro stations, despite some 

technical issues and architectural barriers of these environments (Ferreira, 2012; Ferreira & 

Freitas, 2012; Freitas, 2015). 

Lykawka, Stahl, Campos, Sanchez and Pinho (2017) developed a belt-shaped interface with 

vibrotactile actuators, as illustrated in Figure 1 (left), to allow individuals to move 

independently. The wearable device, attached to the persons’ abdomen, has a depth camera 

integrated to get the scene in front of them. An image processing unit detects the obstacles, 

alerting users through different vibration patterns and intensity, according to the proximity 

to physical barriers. Tests performed with blind and blindfolded participants showed that the 

device was useful in warning them in advance about the movement of people and the 

existence of objects, avoiding the collision with them during the navigation. 

The NaviLens® app requires the use of a smartphone camera to scan tags up to a 160-degree 

angle without the need to focus, which can be read from 12 meters away. Based on an 

augmented-reality approach, each code is associated with specific audio information that 

informs users about their relative distance to the codes and provides them previously coded 

assisting orientation information. The solution is helping cities become more inclusive and 

allow visually impaired users to move independently in subway stations, bus stops, and other 

public facilities, without the need to stop walking on their motion to access the tags 

(NaviLens, n.d.; Swain, 2019). 

 

Education and Learning 

Concerning education and learning, visually impaired individuals usually experience 

difficulties with making sense of spatial information, like graphic symbols and spatial 

structures, since it takes a long time to scan them through touch and memorize content 

before starting making sense of data (Swaminathan et al., 2016). Devices like HyperBraille 

support using both hands to explore graphical and textual content, allowing the display of 

substantially more information than a single-line Braille device (Prescher, Bornschein, 

Köhlmann, & Weber, 2018). However, for the presentation of larger data sets and graphic 

information, this solution implies panning and zooming operations, requiring individuals to 

rescan the entire display each time, which negatively impact their spatial memory 

maintenance (Karastoyanov, Stoimenov, & Gyoshev, 2019; Swaminathan et al., 2017). The 

interactive system Linespace was designed to respond to this problem, allowing users to build 

up spatial memory of the 3D printed contents by making displaying information persist on a 

display of 140cm x 100 cm, as illustrated in Figure 1, second image. They can do their 
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personal annotations using a plastic extruder pen and voice commands to obtain information 

about the interaction. Evaluation results showed a great potential of the solution since its use 

allowed participants to perceive more tactile details on the display area and it preserved 

their spatial memory when browsing maps and reproducing tactile drawings (Swaminathan et 

al., 2017). 

Another challenge for visually impaired people, in particular for early-blind youngsters, has to 

do with spatial cognitive learning and reaching activities, due to the lack of location 

awareness in the immediate environment and the slower cognitive development of object 

existence or permanence, comparing to sighted individuals (Leo et al., 2018; Wilson & 

Brewster, 2016). With the aim of supporting spatial cognitive learning and encourage a more 

self-initiated exploration in clinical and home settings, Wilson and Brewster (2016) developed 

a wearable KitSound speaker. The device, held on the user’s wrist, provides dynamic auditory 

feedback based on the proximity of the hand to objects. Experimental results suggested that 

the solution helped participants being aware of where the objects were placed and accurate 

reaching them without the help of parents or other persons to facilitate the activity, as 

usually happens. 

Arslantas, Yıldırım and Arslantekin (2019) identify difficulties of visually impaired people in 

learning foreign languages, and that the existing text-to-speech technologies lessen their 

exposure to the written form of words. The authors developed a web-based assistive 

technology to teach vocabulary in terms of spelling and semantics, which provides audio 

reading and spelling of English words. After presenting a set of words, a game-based scenario 

for task completion allows students to practice the written and listening components of the 

lessons and provide auditory feedback about the correctness of their answers. Based on 

evaluation results, the authors concluded that the designed solution allowed substantial 

progress with the vocabulary of the participants and stressed its promising application in 

future teaching strategies and assessment plans, as well as to allow students to track their 

own progress. 

 

Entertainment, Play and Edutainment 

Bhowmick and Hazarika (2017) conducted a survey about the state of assistive technologies 

for visually impaired people in different areas of application, concluding it has traditionally 

focused, over the last two decades, on mobility, navigation, and object recognition. 

However, in entertainment, play, and edutainment activities, research on contributions of 

assistive technologies is scarce. 

The electronic games targeted to the visually impaired community are denominated audio-

only-games, in which the visual stimuli and feedback are completely absent. The players rely 
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on their sense of hearing to receive and interpret the setting of the game world and realizing 

the gameplay. Another type of accessible games are audio-based games, which present some 

visual elements to support the gameplay, but the essential feedback for realizing the 

gameplay if provided through audio (Rovithis, Floros, Mniestris, & Grigoriou, 2014). 

Giannakopoulos, Tatlas, Giannakopoulos, Floros and Katsoulis (2018) used sonification 

strategies to allow the individuals’ representation of the gameplay through precomputed 

binaural audio cues, for entertainment and edutainment purposes. The authors’ developed 

accessible versions of three electronic games: tic-tac-toe (to teach blind children how to 

move in a two-dimensional sound-space by using computer keys), curve (an experimental 

game that uses musical notes to describe the graphical representation of math equations) and 

tennis (a version of the classic game where players have a sense of a ball approaching and 

leaving through sound). The evaluation of the games with blind youngsters showed its 

usefulness and ease of use, with premising applications as introductory lessons to motivate 

children to interact with computers and improve their spatial thinking. 

Kinaptic is the first accessible real-time video game developed for entertainment purposes of 

both visually impaired and sighted players, using the same virtual 3D environment and a 

multimodal gaming approach. According to Grabski, Toni, Zigrand, Weller and Zachmann 

(2016), an asymmetric setup allows a natural interaction in the three-dimensional 

environment for the sighted player through Kinect, while haptic, wind and surround audio 

feedback is provided to the visually impaired player as accessible feedback to perceive the 

same game environment. It is possible to observe this setup in the third image of Figure 1.  

Evaluation results showed that the game was fun for all participants (sighted and blind), and 

it supports a fair winning chance for all players. For the case of the blind persons, acoustic 

feedback and haptic feedback were significantly more useful for orientation in the virtual 

environment than wind feedback. 

  

Access to Daily Information 

The Microsoft app Seeing AI, launched in 2017, allows persons who are blind or have low 

vision to use their own mobile devices to make sense of the visual world around them. The 

app uses artificial intelligence to provide users complete multiple tasks, including: automatic 

reading of texts detected by the camera; identify products by barcode recognition; find how 

many persons are in the surroundings and recognize faces previously saved; identify currency 

bills; take a photo to hear a description of the overall scene; hear the perceived color of 

objects; and detect the amount of light around them, conveyed in pitch tone variations 

(Choney, 2019; Microsoft, 2020). 
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Chen et al. (2018) developed a prototype named beEYE, a voice assistant with speech 

recognition and natural language understanding to enable visually impaired persons executing 

different tasks and access functions of their mobile devices through voice (Figure 1, right). 

The solution supports information services to facilitate the access to news, time and date, 

using the calculator, obtain recommendations based on location, searching the web, sending 

and receiving messages, among others. Additionally, by using sensors of the device, the 

system automatically detects when an unexpected fall happens and notify users’ 

acquaintances of her/his location. Preliminary tests revealed problems with the prototype’s 

performance but showed positive results to grant access to daily services. 

The work of Chand, Mulchandani and Mirkar (2019) focused on building the accessible e-

commerce website Audiomart to allow blind and partially sighted persons independently 

access, shop and order products online. Individuals are provided with different voice 

instructions to register and log in at the site, be aware of the different categories, get to 

know the products, and add them to the cart. Users are required to use the keyboard keys 

suggested by the audio as selection inputs to confirm their desired actions. Usability tests 

with blind participants showed that there is still a potential to improve the interface and 

convert it to a mobile application that supports interaction through gestures. 

 

 

2.2 Museums, Visitor Experience, and 
the Role of Technology 

2.2.1 Museums in the Contemporary World 

Museums are evolutionary institutions in their essence. Their role was not always the same as 

today, having drastically changed in a relatively short period of time. As pointed by 

Gonçalves (2017), during the past two centuries, museums shifted from impersonal and 

unapproachable places, towards participative and visitor-centered institutions. Over the last 

two to three decades, museums have become important elements for the tourism sector, 

functioning as key attractions and entertainment hubs in many destinations. Given this 

reason, several authors highlight a growing tendency of remodeling and construction of new 

museums on a global scale (Murzyn-Kupisz & Hołuj, 2020; Richards, 2001; van Aalst & 

Boogaarts, 2002), focusing on responding to the needs, motivations, and expectations of 

different audience segments (Goulding, 2000; Samis & Michaelson, 2017; Waltl, 2007), in 

order to retain existing ones and grow visitor numbers (Ballantyne & Uzzell, 2011; Easson & 

Leask, 2020). 
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Aligned with these transformations and the continuously changing societies, the discussion 

about the definition of museums in the contemporary world is an object of attention all over 

the globe (Fraser, 2019; ICOM, 2019a; Sandahl, 2019). Nowadays, museums are expected to 

act as society mirrors, and contribute to its development and culture (Gonçalves, 2017), 

while encouraging visitors to “reflect on their own lives, their relationships with others, and 

their place in society” (Smith, 2014, p. 111). 

The current official definition of museums was formally adopted in 2007 by the ICOM — 

International Council of Museums: 

A museum is a non-profit, permanent institution in the service of society and its 

development, open to the public, which acquires, conserves, researches, 

communicates and exhibits the tangible and intangible heritage of humanity and its 

environment for the purposes of education, study and enjoyment (ICOM, n.d., para. 

7). 

Based on this professional definition, widely recognized and disseminated as a reference for 

the international museum community, it is clear that museums must provide to society the 

access to education, offering moments of study and leisure, in order to cooperate for its 

development, committing itself to safeguard and communicate their collections to the public. 

However, in January 2019, ICOM followed a process of active listening, inviting its members, 

committees, and other professionals to take part in creating a more current, relevant and 

appropriate definition for museums in the 21st century (ICOM, 2019a). Although the vote for 

an alternative museum definition to be included in the ICOM Statues was postponed (Fraser, 

2019; Haynes, 2019; ICOM, 2019b), the selected version for the new definition incorporated 

references to human rights, equality, democratization, and inclusivity: 

Museums are democratising, inclusive and polyphonic spaces for critical dialogue 

about the pasts and the futures. Acknowledging and addressing the conflicts and 

challenges of the present, they hold artefacts and specimens in trust for society, 

safeguard diverse memories for future generations and guarantee equal rights and 

equal access to heritage for all people. Museums are not for profit. They are 

participatory and transparent, and work in active partnership with and for diverse 

communities to collect, preserve, research, interpret, exhibit, and enhance 

understandings of the world, aiming to contribute to human dignity and social 

justice, global equality and planetary wellbeing. (ICOM, n.d., para. 4) 
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2.2.2 The Museum Visitor Experience 

The rise of a visitor-centered approach has impacted museums’ role and nature, challenging 

those institutions to reinvent themselves. Ballantyne and Uzzell (2011) and Goulding (2000) 

relate a decline in public funding and cuts in budgets as the main drivers of change in 

museums, which increased financial pressures and resulted in urgent efforts to attract larger 

and more diverse wider audiences. 

With this, museums had to start considering a visitor-centered approach, which Samis and 

Michaelson (2017) describe as putting visitor experience on equal footing as exhibitions and 

collections. From this perspective, “visitors are at the heart of the twenty-first century 

museum’s existence” (Falk, 2009, p. 20) and constitute the focus of institutional strategic 

planning. Inputs from the publics’ members (and non-visitors) are essential in crafting 

enhanced experiences, promoting engagement, and motivating recurrent and new visits, 

meaning they have to be considered in multiple museum aspects (Bodnár, 2019; Waltl, 2007). 

As stressed by Balloffet, Courvoisier and Lagier (2014) and Weaver (2016), museums are 

competing in an experience-driven world, some of which people want to repeat and others 

would like to forget: good visitor experiences, on the one hand, increase museums potential 

for earning and generate revenue, and on the other, provides sophisticated, meaningful and 

positive memories, besides supporting learning. 

Even though the unquestionable importance of museums understanding their publics to 

develop tailored experiences that fulfill their needs and expectations, Kirchberg and Tröndle 

(2012) state that the experiences of visitors are rarely a focus of research in the museum 

field. Packer and Ballantyne (2016) stress that most of the research studies conducted on 

visitor experience focused exclusively on subjects’ attention to exhibits and programs, and 

their learning as an outcome. However, from their perspective, the visitor experience refers 

to “an individual’s immediate or ongoing subjective and personal response to an activity, 

setting or event outside of their usual environment” (p. 133), and has multiple facets which 

vary from one context to another, and from one person to another. For the case of museums, 

the multifaceted model of the visitor experience enables to measure and compare the 

museum visit among different types of museums (like science, art, history, natural history 

museums, among other), or to compare it with other tourism and leisure activities, from the 

visitor’s perspective. The ten facets of a visitor’s experience are: 

• Sensory experiences: perceptual, aesthetic, object, and sensory responses to 

surroundings. 

• Cognitive experiences: intellectual, learning, novelty, discovery, exploration, 

understanding, concentration, involvement, and choice. 

• Physical experiences: movement, action, energy, and physical stimulation. 
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• Emotional experiences: surprise, respect, joy, pride, nostalgia, awe, love, caring, 

and empathy. 

• Hedonic experiences: excitement, enjoyment, fun, amusement, and indulgement. 

• Relational experiences: social interactions, belonging, sharing, friendliness, 

companionship, and connectedness. 

• Introspective experiences: contemplation, imagination, reflection, thoughtfulness, 

introspection, and internal dialogue. 

• Restorative experiences: escape, relaxation, revitalization, rest, freedom, liberation, 

peace, and comfort. 

• Transformative experiences: inspiration, capability, mastery, accomplishment, 

fulfillment, self-knowledge, sense of importance, and creativity. 

• Spiritual experiences: spiritual connection, reverence, transcendence, connection 

with sacred, and communion with nature. 

Bodnár (2019) agrees that measuring visitor experience is crucial for support museum 

managers’ decisions of allocating their resources and designing appropriate services and 

solutions. The visitors’ opportunities for collecting memorable experiences are impacted by 

appropriate exhibition topics, the design of the exhibitions, and suitable services offered by 

museums. In that sense, the author refined the conceptual experience scheme of Pine and 

Gilmore (1988) for the museum context, focusing four main dimensions of the visitor 

experience, that can be combined one after another or in parallel: 

• Entertainment experience: a passively enjoyed experience in which the visitor cannot 

influence the outcome of the event. It is characterized by the absorption or mental 

immersion, in which the human senses deliver the information.  

• Education experience: in this case, visitors need to be active and feel engaged. It is 

not necessarily desired but requires that persons are open to new information, and 

experience derives from the new knowledge. When mixed with entertainment, this 

dimension is considered as edutainment. 

• Esthetic experience: the visitor is a passive participant, in the sense that does not 

have an effect on the environment and leaves it untouched, but her/his spirit is 

engaged by the aesthetic experience. 

• Active involvement experience: might be both physical and virtual, including 

interactive edutainment, interactivity, co-creation, info-communication 

technologies, iconic authenticity, and multisensory experience. 

For Falk, the visitor experience “is not something tangible and immutable; it is an ephemeral 

and constructed relationship that uniquely occurs each time a visitor interacts with a 

museum” (2009, p. 158). Visitors perceive their own museum experiences as positive or 

negative according to how well-matched their expectations were met and fulfilled, as a 
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result of their identity-related visit motivations and the realities encountered in the museum 

(Falk, 2009). Three factors contribute to retaining certain facts and episodes of the visit more 

present than others, leading to more meaningful, and thus, memorable experiences: the 

choice of the aspects to focus on and the control visitors exercise over the experience; the 

emotional nature of the experience; and the context and appropriateness of what was 

offered during the museum visit (Falk, 2009; Falk & Dierking, 2016). 

The authors highlight museums as vital educational institutions (and among the most 

successful) concerned with supporting public learning (Falk & Dierking, 2018). Although 

considering each visitor unique and the products of learning varying widely between 

individuals, their conceptual Contextual Model of Learning strives to generalize the learning 

processes that are adjacent to all museum visitors. From this perspective, learning in 

museums is the product of three overlapping contexts that explain the museum experience 

(Falk & Dierking, 2016): 

• Personal context: each visitor has a unique background of prior knowledge, 

experiences, interests, motivations, beliefs, and values. These aspects influence 

what exhibitions, objects and related content the visitors choose to focus on. 

• Physical context: the aspects related to exhibitions design, objects, interpretative 

materials, and architecture, represent the physical setting in which visitors make 

their decisions about what to do, look at, and discuss. 

• Sociocultural context: every museum experience happens in a macro-sociocultural 

context of cultural background in which it is inserted. On the other hand, since the 

majority of the museum visitors arrive as part of a social group, the visitor 

experience is a social experience, mediated by micro-sociocultural interactions with 

acquaintances, other visitors and staff.  

Falk and Dierking (2018) consider “time” as a fourth dimension of the model, since the 

integration of the three mentioned contexts are never stable nor constant. All museum 

experiences occur and change over time, and from this perspective, learning is ephemeral 

and always changing, “a never-ending integration and interaction of these three contexts 

over time in order to make meaning” (p. 8). 

The presented perspectives allow understanding the visitor experience as being influenced by 

a multi-faceted set of circumstances surrounding a person in a museum setting, which 

produces a constant internal interchange between what was expected and what is found 

during the visit. The experience can produce diverse outcomes on different visitors, based on 

their predisposition, intention, and motivations to visit a museum. As a result, the visitor 

experience can cause a sensation of alienating or bringing a person closer to a museum. In 

the words of Levent and Pascual-Leone (2014), the museum experience “is a multilayered 

journey that is proprioceptive, sensory, intellectual, aesthetic, and social. The end result 
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might be learning, wonder, reflection and relaxation, sensory stimulation, conversation with 

friends, new social ties, creation of lasting memories, or recollection of past events” (p. xiii). 

This last sentence introduces the notion of personal memory formation during museum visits 

as a result of the visiting experience, which Sweetman, Hadfield and O’Connor (2020) stress 

as crucial in visitor studies since they usually presuppose the recall of the museum 

experience. However, the authors identify a gap in the literature concerning empirical 

research on how different types of exhibits and sensory experiences contribute to assist in 

the encoding and subsequent retrieval of memories. 

One of the first visitor studies of memory attempting to measure the impact of museum visits 

(McManus, 1993) stated the difficulty in collecting data as the main reason for studies of this 

type being very rarely undertaken. The main finding of this research was the lasting impact 

of museum visits in individuals’ memories, up to ten months after the visit: 51% of them 

related to objects and things in exhibition; 23% linked to episodes, events and experiences 

which occurred as a part of the visit (episodic memory); 15% were to do with feelings 

experienced and judgments made at the time of the visit; 10% were ‘summary’ or ‘distilled’ 

memories, structured after the subjects recalling and reflecting on other memories of the 

visit (which shows evidence of meta-cognition and the processing of memories). Medved and 

Oatley (2000) and Stevenson (1991) concluded that visitors’ episodic memories of visiting 

experiences (autobiographical information about events and occurrences during the visit) are 

relatively stable and remained vivid for a long time, contrasting with semantic memories 

(conceptual knowledge and understanding of the museological information), which sometimes 

deteriorated. The research of Sweetman et al. (2020) shed light upon the process of memory-

making and memory differences when presenting archeological exhibits through three distinct 

formats: display case, 3D virtual manipulation, and object handling. Results showed that all 

three modalities of experience lead to good recognition performance, but when objects were 

handled, the recall of the subjective experience was more complete and richer in detail. 

Regarding the differences relating to exhibits information, dates were significantly less well-

remembered than descriptions and names. Researchers also concluded that exhibits depicting 

humans and animals were consistently more memorable than other nonrepresentational 

objects, while significant memory differences relating to the type, size or unusual 

characteristics of exhibits were not observed. 

 

2.2.3 Contributions of Digital Technologies to the Museum 
Experience 

In an era when people spend most of their free time in front of screens and connected to the 

internet, museum professionals have to think about how to make their exhibitions and 
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collections still relevant nowadays, and how to compete with all the available entertainment 

options and constant technological developments, in order to capture the visitor’s attention 

and encourage their visits to these spaces. 

Burton and Scott (2003) highlighted in their work about the challenges for the 21st century 

museums that, although the number of museums is increasing rapidly in a short period of 

time, the attendance rate was not evolving in the same proportion. The availability of 

emergent leisure options was not confined to museums, and the other new venues and 

attractions (many of them home-based) were competing for the same attention and 

participation, occurring that “the overall trend suggests that the museum sector is struggling 

to maintain its audiences” (2003, p. 56). More recently, Sree Sreenivasan — the former 

Metropolitan Museum of Art’s chief digital officer — pointed out on an interview to Gilbert 

(2016) that museums no longer need to compete with each other because they are losing 

their visitors to the omnipresent technologies, games, and social media consumed by the 

modern society. Instead, those institutions have to find out ways to embrace the fact that 

smartphones, tablets, smartwatches and other digital devices are everywhere, and take 

advantage of the fact that people use them no matter where or when: “People ask me what 

our biggest competition is (…) It’s not the Guggenheim; it’s not the Museum of Natural 

History. It’s Netflix. It’s Candy Crush” (p. 32). 

Through the adoption of digital technologies and interactives, museums transformed their 

environment, changed their relationship with their audiences, and enhanced the way visitors 

experience exhibitions and cultural content (Burton & Scott, 2003; Economou, 2007; Yumei, 

2020). Given the interest in also providing outstanding informal learning experiences, at the 

same time as guaranteeing a visitor-centered approach, the use of information and 

communication technologies plays an important role in facilitating lifelong learning by 

promoting active engagement with objects, while allowing the implementation of diverse 

strategies for visitors discovering collections by their own (Chelini, 2012; Hawkey, 2004; 

Moorhouse, Dieck, & Jung, 2019; Zhao, 2019). 

On the other hand, it is mentioned that the application of technologies in museological 

contexts has changed the way museum professionals work, document, and interpret the 

collections (Economou, 2007; Navarrete & Mackenzie, 2016). The use of digital resources also 

enables them to create new ways to allow visitors to know about additional information 

related to the exhibitions by interactive approaches. In some cases, technological solutions 

are seen as essential for facilitating the reproduction of stories and intangible processes, like 

sound recordings, music, videos, and other non-physical heritage; in other instances, they 

contribute to increasing information about what cannot be exposed, like no longer existing 

artifacts and places, giving access to reconstructions and digital replicas (Chanda, 2013; 

Yumei, 2020). Besides this, the use of ICT benefits the display of complementary information 
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in a more attractive way for visitors, without overloading the exhibition environments with 

excessive information (Freeman et al., 2016; Israel, 2011). 

However, several authors advocate that the use of digital technologies can distract visitors’ 

attention from exhibits and the museums setting — principally the ones associated with 

mobile devices that conduct to heads-down experiences — by turning subjects into passive 

observers wholly engaged in the virtual world, instead of active participants in the 

museological environment (Hsi, 2003; Kotut, Hoang, Shenk, Panda, & McCrickard, 2018; 

Woodruff, Aoki, Hurst, & Szymanski, 2001). With this in mind, museums and other 

professionals should be aware that technology must be used as a medium for enabling visitor 

experiences, and not as an end. Ideally, the museum themes should be harmoniously 

combined with digital content to communicate the exhibitions effectively and, at the same 

time, to provide an incredible experience to visitors while not diverting their attention from 

the primary purpose of the visit (Israel, 2011; McMullan, 2015; O’Brien & Toms, 2008; Olesen, 

2016; Yumei, 2020). 

Before exploring applications of digital technologies in museums, it is worth discussing the 

evolution of museums, from 1.0 to 3.0 generations. Simon (2010) notes that traditional 

museums (1.0) were distributors of static content and stationary displays, similar to the web 

1.0, guiding visitors through an object-centered approach and enabling mainly passive 

experiences to their audiences. In the second-generation, museums (2.0) started encouraging 

their visitors to get to know exhibits and explore their content in interactive ways, changing 

their role from mere consumers of museological contents to participants of the museum 

experience, inside and outside the physical spaces (Bowen & Giannini, 2019; Kelly & Russo, 

2010; Simon, 2010; Walhimer, n.d.). Several authors attribute the impacts introduced by the 

web 2.0 in the modern-day society, the ubiquity of technology and social media as having 

transformed the ways in which museums exist nowadays. Institutions had significant changes 

and enhancement in their relationship with their publics — simplified by the easy access to 

communication tools — enabling a collective outcome resulting from the visitors’ 

participation in the second generation museum (Capriotti, Carretón, & Castillo, 2016; Coman, 

Grigore, Ardelean, & Maracine, 2020; Kelly & Russo, 2010; Simon, 2010; Villegas, 2016; 

Walhimer, n.d.; Wang, 2018). However, Villegas (2016) stresses that the concept of the 

museum 2.0 is not agreed upon, since “some use this term to refer to virtual museums, and 

other use this term to refer to museums that host various activities for visitors” (p. 151). This 

vision is well expressed in the work of Walhimer (2016) when presenting the main 

characteristics of the museum 2.0 as interactive and offering on-site activities, while 

characterizing the third generation of museums (museum 3.0) as multi-layered and visitor-

centric institutions that encourage conversations and informal education. However, the 

author acknowledges that nomenclature becomes difficult in this particular extent. 
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The next generation of museums is expected to arise side by side with the developments of 

the Web 3.0 and incorporate the trends introduced with the emergence of new technology 

(Bowen & Giannini, 2019; Walhimer, 2016), which announces new expectations on how 

audiences wish to interact and interconnect with museums (Bast, Carayannis, & Campbell, 

2018). A central quality of museums in the future would be an extent beyond their physical 

locations and the time of the visits, allowing additional experiences in a shared community by 

a global audience with diverse cultural backgrounds (Bowen & Giannini, 2019; Walhimer, 

2016), and also the customization according to visitors’ differing interests (Ruttkay & Bényei, 

2018b; Walhimer, 2016). Although the digital shift opens up new perspectives for museums, 

the rapidly changing technologies represent major challenges to these institutions (Bast et 

al., 2018). As highlighted by Bowen and Giannini (2019), “meeting these challenges will 

depend on how museums integrate into the digital ecosystem and use emerging technologies, 

while recognizing the power of digital culture to transform human identity, behavior, states 

of being, digital seeing, art and aesthetics” (p. 573). 

 

2.2.4 Overview of Digital Interactives in Museum 

This section aims to provide an overview of the actual panorama of interactive technologies 

that museums are embracing to communicate their exhibitions and collections to the general 

public, rather than approaching technology from the point of view of conservation of museum 

objects, logistics, maintenance, or learning curve of professionals. It explores how digital 

interactives and media enhance visitors’ experiences while visiting these spaces, 

transforming the relationships with their publics, by presenting and describing, for each 

technology, a set of projects implemented in museums all around the world. 

 

2.2.4.1  Interactive Kiosks and Multi-Touch Surfaces 

A kiosk is defined, according to the Oxford Dictionary, as a fixed terminal that uses a 

computational system to provide information, incorporating one or more interactive display 

screens. The content configuration can be done according to the purpose that it intends to 

serve in the institution in which it is inserted, and the navigation trough the content is 

usually done by touching the screen (with just one finger) and, in most cases, it can be used 

only by one person at a time (Kidd, Ntalla, & Lyons, 2011). 

Taking into account the presence of these terminals in several museums, Hall (2013) 

conducted a study where it is concluded that, in most cases, these terminals were not 

designed in a way to allow visitors to have an interesting interaction: since the large volume 

of information that can be accessed in a kiosk (such as text, images, video and some games) 
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is not suitable for group use and does not allow a good experience of interaction, the social 

activity during the visit is limited; and this constitutes a problem, as “we often visit museums 

with others — whether friends, family, peers or colleagues — and even when we visit a 

museum alone we are sensitive to the behaviour of others” (Heath & Vom Lehn, 2010, p. 

266). This fact is also corroborated by Kidd et al. (2011), when making clear that the greatest 

criticism about the use of interactive kiosks to communicate museum exhibitions is the 

limitation of the social experience during a visit. 

Opposite to the case of interactive kiosks, multi-touch screens provide a greater openness to 

social sharing, because these interfaces facilitate the access to information to a larger 

number of people, simultaneously: multi-touch interfaces are input devices that identify two 

or more simultaneous touches, providing opportunities to several users to interact with an 

application at the same time (EDUCAUSE, 2008). Beyond this, due the dimensions of the area 

to touch — corresponding, normally, to a big screen — and the interface design 

characteristics, the harmonious integration of these surfaces into the space narrative of the 

exhibitions constitutes, by itself, an immediate invitation to visitors to interact with these 

interfaces (Kidd et al., 2011). 

One of the most mediatic multi-touch projects is located in Gallery One at Cleveland Museum 

of Art, a space near the entrance of the museum, where more than 4100 objects from the 

most important museums in the world are displayed, on the 40-foot Collection Wall 

installation. This surface, arranged as an enormous interactive wall, can simultaneously be 

used by several visitors to navigate through the collection, as shown in Figure 2 (left). When 

an image is touched, the screen enlarges it and gives extra details about the object and 

where it is located, allowing visitors to personalize and share their own tours — according to 

their favorite ones — in order to discover some pieces that are in exhibition inside other 

galleries of the Museum (Bernstein, 2013; Cleveland Museum of Art, 2013). 

After a huge renovation, at the end of 2014, the Cooper Hewitt Smithsonian Design Museum 

reopened with new digital installations to enhance the public’s experience. Several high 

definition multi-touch tables were used as a medium to communicate, interactively, the 

Museum themes, in which visitors can explore pieces of the collection – Collection Browser 

area, learn about the history and architectural details of the building – Mansion History, and 

understand the relationship between donors and objects in the collection – People Browser 

area (Chan & Cope, 2015; Cooper Hewitt, n.d.). According to Cooper Hewitt (n.d.), it is 

possible to note that allowing the socialization during the visit was a core aspect of the 

Museum intentions, since the tables have various dimensions and the largest ones are 

described as allowing up to six visitors to interact with them, at the same time. 

At the Los Angeles Museum of the Holocaust, visitors can interact with The Memory Pool, a 

multi-touch interface where information emerges on the surface of a table, as objects 
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floating in a pool full of water, showing photographs of people in their daily lives before the 

Holocaust, like socializing with friends, playing sports, going to school, celebrating weddings, 

etc. When an image is touched, the visual information regarding this moment is loaded, and 

visitors could get to know more about that moment. On the other hand, if there is no 

interaction with some of the pictures, the images fade away, representing the loss of those 

memories (Potion, 2010). 

As a last example of this section, the Science Storms exhibition is presented. It opened in 

2010 at the Chicago Museum of Science and Industry, where visitors can explore scientific 

principles behind natural phenomena, like tornados, tsunamis, lightning, and others (Lord & 

Piacente, 2014). In one of those interfaces, illustrated in Figure 2 (right), a touch screen is 

used to create and control, in real-time, an authentic experience about the influence of 

water on fire: during the interaction with this installation, it is possible to manipulate a real 

flame, by varying the gas flow rate and adjusting the water that is being sprayed (Museum of 

Science and Industry, n.d.). With this, public can experiment and learn more about scientific 

phenomena by controlling, by their own, some of the variables that affect what they are 

seeing. 

 

 
Figure 2. From left to right: Collection Wall installation in Gallery One; Science Storms exhibition. 
Source, from left to right: Cleveland Museum of Art (2013); Museum of Science and Industry (2016). 

 

2.2.4.2 Interactive Projections 

In addition to increasing the engagement of audiences, some projects are being developed to 

integrate scenarios of new experiences of immersion in museum spaces, transforming the 

paradigms of information visualization and interaction with exhibitions. 

The installation Pure Land: Inside the Mogao Grottoes at Dunhuang is one of these cases, 

described by Julian Raby — director of the Arthur M. Sackler Gallery and Freerer Gallery of 

Art, Smithsonian Institution — as an exhibition experience of the future (Smithsonian 

Institution, 2012), in which visitors can actually feel like if they had been transported to 

another place: while people are standing inside a panoramic enclosure that shows one cave of 

Mogao Grottoes — an UNESCO World Heritage Site — they “engage in a surrogate true-to-life 
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experience of being inside this cave temple and seeing its magnificent Buddhist wall paintings 

at one-to-one scale” (Kenderdine, 2013, p. 204). The installation, firstly shown to public at 

City University of Hong Kong, integrates high-resolution digital photography’s and three-

dimensional architectural models of the archaeological space, combining them into a 360-

degree visualization projection system, allowing visitors to navigate through the virtual space 

and also to interact with 3D animated objects, revealing key details when people uses digital 

glasses to better inspect the cave’s walls (Kenderdine, 2013). 

The Connected Worlds exhibition at the New York Hall of Science is, according to Holmes 

(2015), the largest installation ever created that uses projections (Figure 3, left). It aims to 

help visitors understand the interconnectivity and balance of a natural ecosystem, in which 

the interaction with the digital environment is made by using gestures and body movements, 

constantly tracked by 12 Kinects and an infrared system. The biosphere environment 

combines six ecosystems that form an interconnected world, so the changes introduced into a 

virtual organism impacts the system as a whole, regardless of whether they were personal or 

collective. In addition, visitors can use physical objects to setup the path of a virtual 

waterfall and understand the effects that this cause. In an interview to Holmes (2015), the 

creators of the project said that the children’s immersion into the virtual world facilitates 

and aids their learning: children of a wide range of ages make really impressive 

interpretations and also associate it to concepts they had been discussing in class. 

In addition to promoting the exploration of distant places and enhance education through the 

interaction with virtual scenarios, some museums are using projection technologies to 

present art exhibitions. It is the case of Pipilotti Rist: Pixel Forest at the New Museum, where 

the artist’ work explores physical and psychological experiences of the living world, through 

the presentation of textures, forms, lights and sounds, in immersive environments (New 

Museum, 2016). Described as being radiant with color, projections on the floor, walls and 

ceilings expand video images everywhere, and to improve the visitors’ experience, the space 

was embedded with steps, pillows and beds (Smith, 2016). 

Contrary to this exhibition, where visitors’ interaction with the digital world does not cause a 

direct effect on what is being visually presented, the Immersion Room at the Cooper Hewitt 

Smithsonian Design Museum was designed to do so. Allowing the public to browse the most 

important collection of wallcoverings in North America on a multi-touch table (Chan & Cope, 

2015), the high-resolution digitized wallpapers are projected at full-scale on the walls 

around, as illustrated in Figure 3 (right), and some can even be experienced accompanied by 

comments of their designers. Besides this, visitors can sketch their own designs and see them 

projected on the walls in real-time (Cooper Hewitt, n.d.). 

Another project that makes use of interactive projections belongs to Museum Victoria and 

was built as a solution to the same difficulty that most museums face: due the lack of space, 
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only a fraction of their collections can be displayed to public. The mARChive interface 

consists in a 360-degree three-dimensional stereoscopic interactive visualization environment 

that allows the navigation through more than eighty thousand digital records of objects of the 

Museum, grouped in eighteen themes, projected all around the surrounding walls. Using a 

tablet to browse and select images, and 3D glasses to visualize them, the immersive 

cinematic experience is augmented by the possibility of examining the high-resolution 

images, at one-to-one scale, with descriptions of the objects (Kenderdine & Hart, 2014). This 

project constitutes a new way of organizing and thinking about how pieces that are not in 

exhibition can be digitally accessed, and how they can be communicated to the public in an 

interactive scenario. 

 

 
Figure 3. From left to right: The Connected Worlds exhibition; The Immersion Room. Source, from left 
to right: Holmes (2015); Cooper Hewitt (2016). 

 

2.2.4.3 Mobile Applications 

Portable devices like smartphones, tablets and smartwatches became ubiquitous and, in 

addition to allowing connections to the Internet, also include built-in cameras and sensors 

that enable the interpretation of the real world, which can contribute, in some cases, to 

stimulate new interactions with collections and museum spaces (Freeman et al., 2016; 

Johnson, Adams, & Witchey, 2011). 

In fact, most part of the visitors bring their own devices when visiting museums and, as 

result, these institutions are embracing and taking advantage of this reality by producing 

applications (apps), since “they can meet those visitors in their comfort zones to not only 

fulfil information needs, but also encourage enhanced exploration, interpretation and sharing 

… heighten visitor experiences by providing more comprehensive materials, including multiple 

critical interpretations, stories and contextual information” (Freeman et al., 2016, p. 16). 

According to McMullan (2015), successful museum apps create engagement with museum 

themes and invite the public to move within the space so that learning can be complemented 

with enjoyment, instead of requiring constant attention to what is happening in the digital 

world. As an example, the San Francisco Museum of Modern Art designed the SFMOMA app to 
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encourage visitors to explore the museum with their eyes on the physical exhibition and 

artworks, instead of having to look and being concentrated on their phone screens, as they 

listen to unique descriptions while moving through the museum (SFMOMA, 2016). Based on a 

virtual map created by Apple for the museum, the app implementation goal was to use 

visitor’s phones location-aware technology to triangulate their position and combine 

immersive audio storytelling that adjusts its contents — like perspectives, reflections and 

responses to artworks, and point-to-point direction to locations in the building — accordingly 

to their walking (Chun, 2016; SFMOMA, 2016). 

On the other hand, the Second Canvas app by Museo del Prado was developed to let visitors 

explore with extra detail 14 masterpieces from the permanent collection, in images with a 

giga-pixel resolution, which means a level of detail practically invisible to the naked eye. 

Additional information about the layers of paintings can be exposed by using super-zoom, 

ultraviolet, infrared, and x-ray vision functions (Figure 4, left) — only experienced before by 

the curators and restorers of the museum — and the app allows to share cropped images of 

the pieces directly via Facebook and Twitter (Mad Pixel Factory, 2014; Williams, 2014). In an 

interview to Williams (2014), the deputy director of the Museo del Prado, Gabriele Finaldi, 

stated that the app aimed to change the way people experience artworks, providing a deeper 

level of understanding the creation process and visualize in detail each detail the artist 

included, by using their own devices to explore the works of art visually. 

Some museums, like the Royal Ontario Museum, allow visitors to experience the past by using 

augmented reality. Through the ScopifyROM app, it is possible to add skins to dinosaur 

skeletons, give life to extinct animals, restore destroyed objects to their original form, 

decipher antique languages, and see objects in their original setting (Czikk, 2013). The app 

also allows x-ray views of some pieces (see Figure 4, right) and to scan QR codes scattered 

throughout the museum, which give visitors extra information about the artifacts in the 

exhibition, in the form of video, audio, text, and interactive graphics (Oliveira, 2013). 

In an effort of trying to reduce the distance between visitors and museum professionals, the 

Brooklyn Museum designed the ASK app. This allows onsite visitors to ask questions and have 

conversations with experts, in real time, to get responses about the works of art in the 

museum, with the facility of capturing images and sending photographs directly to them, 

which helps to give a context to the question being asked (Browne, 2014). After measuring 

the impact of ASK, Shelley Bernstein — the Deputy Director of Digital Initiatives and Chief 

Experience Officer at the Barnes Foundation — concludes that the conversations via the app 

are a success for deeper engagement and understanding of the works, and the use rate and 

depth of interaction achieved was never so high on Brooklyn Museum previous projects, such 

as comment kiosks, mobile tagging and QR Codes (Bernstein, 2015). 
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As a last project, the Capture the Museum app from the National Museum of Scotland is 

mentioned, the first physical team game developed for a museum in which visitors, with their 

own smartphones, explore galleries of the museum to solve exhibit-related puzzles and scan 

into territories (using their device’s camera) in order to beat the other team. With a duration 

of 30 minutes, the game can accommodate up to 50 players at the time and a map shows in 

real time which team is winning the challenges concerning to the different galleries of the 

museum. Gamification was the surprise element when designing the app, since visitors didn’t 

expect to find nothing like this in such an august institution and, by introducing technology to 

encourage visitors to learn more about history, it was expected that the app could appeal to 

new audiences (National Museums Scotland, 2013). 

 

 
Figure 4. From left to right: Second Canvas app; ScopifyROM app. Source, from left to right: Mad Pixel 
Factory (2014); Czikk (2013). 

 

2.2.4.4 3D-Printing and Scanning Technologies 

According to Hancock (2015), 3D-scanning and printing technologies provide myriad 

possibilities to increase engagement and depth understanding of museum pieces because 

visitors “can feel and look at objects previously only view under glass” (p. 33), which 

provides sensory information that allows to feel and experience the exhibit in new and direct 

ways. 

The research of Scopigno, Cignoni, Pietroni, Callieri and Dellepiane (2014) presented various 

successful applications of 3D-printing to create tangible reproductions of artifacts in the 

cultural heritage domain, which showed to open new possibilities for study and fruition of the 

pieces. Despite the research about three-dimensional printed representation of objects still 

evolving in order to try to replicate the original ones perfectly, implemented projects allow 

the tactile exploration of replicas, while the original ones remain preserved and safe from 

close contact (Hancock, 2015; Neumüller, Reichinger, Rist, & Kern, 2014). 

Currently, there are three main uses of 3D-printing by museums, according to Schuster 

(2015): for hands-on studies and educational purposes, by scanning and replication of original 
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pieces; for educational exhibits about 3D-printing (including Maker Faire and Fab Labs); and 

for restoration of damaged exhibits and artifacts. 

One example of using those technologies in museums is the Ancient Lives, New Discoveries 

exhibition from the British Museum and the Samsung Digital Discovery Center, in which 

visitors, after handling three replicas from the collection, could recreate, design and print 

their own Egyptian amulets, while discovering the different themes associated to each one. 

As complement of the experience, participants were able to animate an Egyptian river scene 

and 3D-print their models, with the help of a professional (Biggs, 2014). 

At the Metropolitan Museum of Art, some activities were developed to encourage visitors and 

educate them to explore the construction of replicas of exhibits using 3D technologies by 

taking pictures of the objects from all sides (using the 123D Catch free program). In turn, if a 

visitor is not comfortable using these technologies, the museum provides models available 

online to enhance the experience of all. After this, the sculptures could be 3D-printed, and 

visitors could take them home (Undeen, 2013). 

To finish, another project using three-dimensional technologies to extend museum objects 

besides their physical spaces is the Smithsonian X 3D, from the Smithsonian Institution, which 

offers pieces from its collection that have been digitalized and placed online. The aim is to 

make museum collections and scientific specimens more widely available and contribute to 

improving education all around the world (Clough, 2014; Smithsonian Institution, 2016): 

lectures can now download data from a new Smithsonian website and generate precise 

replicas for students to inspect using a relatively inexpensive 3D printer (Clough, 2014). With 

this project, illustrated in Figure 5, even students from the other side of the world can get to 

know the physical objects and engage with them. 

 

 
Figure 5. From left to right: A digitized museum piece made available online for download; A 3D 
printed replica. Source: Smithsonian Institution (2016). 
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2.2.4.5 Virtual Reality 

When the subject is virtual reality, there are being current debates about it at the most 

important worldwide institutions, since it is expected to be the next digital trend on 

entertainment, gaming, tourism, culture and information industries, among others. 

In fact, the conceptualization of virtual reality is not so recent and some works in the past 

were developed in museums: “In 1992, Apple Computer’s Virtual Museum was one of the first 

documented implementations, which consisted of a demonstration disc for Apple’s 

QuickTimeVR” (Freeman et al., 2016, p. 42). However, the high costs associated to virtual 

reality were an obstacle to museums in general, until the recent development of devices, 

such as HTC Vive, Samsung Gear VR and Oculus Rift, that, by the fact of being powerful, user-

friendly and low-cost, started to become commercially available (Adams, 2016; Jung, Dieck, 

Lee, & Chung, 2016). 

Virtual reality refers to computer-generated environments that replicate places, the 

presence of people and objects, or fictional worlds, allowing realistic sensory experiences by 

the full immersion in a digital environment (Adams, 2016; Freeman et al., 2016; Jung et al., 

2016). Virtual reality differs from augmented reality, since the first offers users digital 

immersive environments where they can move around and interact with them, opposite to 

augmented reality, which allows adding digital information to images and real-life contexts 

(Adams, 2016; Guerra, Pinto, & Beato, 2015). 

The Natural History Museum exhibited the First Life virtual reality experience to allow 

visitors to explore the world’s ancient oceans — using Samsung Gear VR headsets — and 

interact with sea creatures that existed 500 million years ago, three-dimensionally 

reconstructed based on the museum’s research about those extinct specimens. The 15-

minute adventure, illustrated in Figure 6 (left), is narrated by the nature commentator Sir 

David Attenborough, transporting visitors to non-existing places and providing a new scenario 

of experiencing the museum’s collection (Natural History Museum, 2015). 

At the British Museum, visitors were able to explore a Bronze Age site and interact in their 

historical context with 3D scans of objects from this period (belonging to the museum’s 

collection), with Samsung Gear VR headsets put on to look around and using a touchpad to 

navigate within the environment. This exhibition enabled the testing of how virtual reality 

can be applied to enhance the family audience’s understanding of a historical collection, and 

the results showed that feedback received revealed enthusiasm and confirmed the positive 

impact of this experience on learning about the museum’s pieces made available (Rae & 

Edwards, 2016). 

In addition to allowing new discoveries about real objects from the collection, another 

project uses virtual reality to expose inaccessible heritage. The Museum of Stolen Art is a 

virtual space dedicated to displaying artworks stolen by criminals, during wars or dubious 
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historical agreements, that cannot be viewed in any exhibition from any museum in the 

world. Available through a smartphone app, virtual reality allows visitors to navigate virtual 

galleries, look at works and activate and read pop-up didactic texts, completed with audio 

tours to contextualize exhibitions (Quick, 2016). 

At the Salvador Dalí Museum, visitors can experience multiple interactions and feel what it is 

like to be inside a painting, at the Disney and Dalí: Architects of the Imagination exhibition, 

created by a partnership between the museum and Disney. According to Nofuente (2016), the 

Disney and Dalí experience provide a multi-sensory three-dimensional environment of moving 

image and soundscapes, while views are moving in the picture itself as other visuals from 

Dalí’s works like elephants, birds, ants, using Oculus Rift headsets as mediators of the 

surrealist’s creations (Figure 6, right). The author refers that projects like this one, built 

using virtual reality, are being developed in museums once they offer new and innovative 

scenarios of communicating the collections, with the expectation of bringing even more foot 

traffic back to museums. 

 

 
Figure 6. From left to right: An image of the First Life virtual reality experience; Two visitors 
experiencing the Disney and Dalí virtual reality exhibition. Source, from left to right: Natural History 
Museum (2015); Nofuente (2016). 

 

2.2.4.6 Beacons for Location Intelligence 

According to Freeman et al. (2016), location intelligence is a digital strategy to the mapping 

of positioning and its association with data. Providing location-based services, it can be used 

to deliver specific information in response to visitor’s surroundings and enable in-depth 

analytics on their behaviours, contributing to the promotion of formal and informal learning 

in museums space. 

As seen before, triggering content on mobile devices is something that some museums are 

familiar with, allowing the use of mobile applications to interact with exhibitions through QR 

Codes or NFC tags disposed near objects in exhibition, for instance. However, electronic 

beacons (illustrated in Figure 7, left) enable automatic content delivery to nearby smart 

devices. One possibility is via Bluetooth, functioning as wireless tools that can be installed 
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anywhere — since the chosen location has no barriers like walls, vitrines, and objects — and 

are almost invisible. This reality enhances the interconnection between objects and digital 

devices, playing a significant role in advancing the “internet of things” concept (Bernstein, 

2015; Nilsson, Blackwell, Hogsden, & Scruton, 2016). 

In a collaboration between the University of Kansas and the Spencer Museum of Art, a mobile 

app using iBeacon technology was developed to encourage a deeper engagement with the 

collection and enhance onsite visitors’ experience. The beacons were placed strategically 

throughout the museum and, when someone is near, the app alerts with a pop-up message 

that there are items of interest approaching, offering additional images, video and text about 

the objects of the collection (Association of Art Museum Directors, 2015). 

The Australian Maritime Museum uses a Beacon solution to monitor the visitor’s behavior 

inside the museum spaces, to better manage exhibit space and public engagement. Given 

that this project does not require visitors to interact directly with the exhibition, there was 

no necessity to download a specific app. Instead, the solution adopted was by attaching a 

Beacon as a key ring given to visitors when they use the storage locker service of the 

museum. While moving inside the museum, iPods paced throughout the museum detects the 

Beacons and send live data via Wi-Fi to an online dashboard, where staff can access the 

information (Nomad Agency, 2016). 

The University of Cambridge Museums Consortium designed a mobile game named Ghosts! 

that use the beacons placed through the gallery spaces and across the eight museums that 

compose the consortium, to lead visitors through the different museums. The narrative 

unfolds while walking, so the app pop-up on the screen of the visitor’ mobile device some 

‘ghosts’ that are lost and need help finding their way back to their home artefacts – each one 

equipped with its own Beacon – while feedback about the directions is constantly being 

provided (Nilsson et al., 2016). From the designers’ perspective, the great advantage of using 

Beacon technology to develop games for museums is “the ability to create an ongoing 

dialogue between objects (or their digital representation in a mobile app) and visitors where 

the communication between the two is constantly changing according to how visitors move 

through, and around, gallery spaces” (p. 135), without the need for expansive technical 

infrastructure. 

To finish this section, the experiments across different departments at the Metropolitan 

Museum of Art with location-aware content delivery through Beacons are referred. Positive 

aspects pointed out about using this technology are the potential in informing and alerting 

visitors about locations of special exhibitions, about current tours and events happening near 

to them, and the learning value that can be achieved by providing supplementary audio and 

video content for communicating the objects (Figure 7, right). Nevertheless, efficacy issues 
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such as temperature changes and human traffic were reported since these phenomena affect 

the signal of each Beacon device in the case of Bluetooth technology (Doljenkova, 2015). 

 

 
Figure 7. From left to right: Image of a Bluetooth beacon; Interaction with objects in the exhibition. 
Source: Doljenkova (2015). 

 

2.2.4.7 Wearable Technology 

Taking into account the growing trend of wearable devices, such as smartwatches from 

Apple, Samsung, Sony and Pebble, bracelets from Jawbone, Nike and Fitbit, and glasses with 

head-up display (HUD), like Google Glasses, among others, museums are exploring the 

potential of these technologies in their spaces, because they allow new scenarios of 

storytelling and interaction. 

Wearable technology refers to computer-based devices that take the form of a portable and 

lightweight accessory that users can wear, and can integrate tools to track social media 

interactions, movement, vital signs, perform productive tasks like check emails, etc. 

(Johnson, Becker, Estrada, & Freeman, 2015). 

The exhibition Body Metrics at the Tech Museum of Innovation allows visitors to explore and 

understand their body metrics, using a wearable Sensor Kit that measures and displays their 

activity level, tension, mental focus, talkativeness, attitude, and the number of people 

nearby, in real-time. The aim of the exhibition is to let visitors learn more about how some 

activities affect their physical and mental wellbeing, by exploring the metrics collected by 

the kit: a smartphone is worn around the neck to explore the surrounding environment, a 

NeuroSky wireless headset measures brainwaves and a Somaxis EXG sensor is worn on the skin 

to register muscle tension and heart rate (Local Projects, 2021). Figure 8 (left) shows some of 

these wearable devices. 

According to Corine (2014), the San Francisco de Young Museum was the first cultural 

institution to offer a tour where visitors could wear Google Glasses to see digital content and 

learn more about the artworks, at the Keith Haring: The Political Line exhibition. The author 

states that this wearable has the advantage of being a non-intrusive solution for augmenting 

the exhibition and, at the same time, a lightweight device, so visitors can walk around the 



II. Literature Review 

47 

gallery and immerse themselves in the exhibition. When approaching an artwork, visual and 

audio content about the artist’s life and work is presented automatically — through Beacon 

technology embedded at the museum space — eliminating the necessity of direct interaction 

with the wearable device. Augmented reality effects are provided as well, so hidden details, 

not easily visible, can be observed at the same time as the explanation about the pieces is 

happening (Corine, 2014; Gąsiorek, 2015). 

More recently, the Oscar de la Renta Retrospective exhibition at the same museum (de 

Young) designed a mobile app that integrates a smartwatch — Figure 8, right — to act as an 

invisible tour guide, delivering additional interpretative information in real-time, so visitors 

can always be concentrated on the art itself, without needing to look to the screen of the 

device. Anyone with an Apple Watch can go “through the museum and hear recordings about 

the nearest display when alerted by a vibration on their wrist… Tap the watch and Andre 

Leon Talley or de la Renta himself will discuss the influences behind the piece” (Kelly, 2016, 

para. 3). 

As the last example, the Room Tone at the Fear and Love: Reactions to a Complex World 

exhibition is mentioned, which aimed to track visitor’s vital signals in order to interact with 

some installations, addressing the idea of exploring repressed emotions and anxieties, 

connected to city-living (Hayes, n.d.). Smartglasses were embodied with sensors to measure 

heart rate, breathing, and brain waves, and the data was processed by an oversized belt that 

allows influencing the digital art displayed. For instance, a green square covers or reveals the 

image of a rose, depending on how stressed a visitor is; the calmer she/he is, the less a busy 

crowd is displayed, and according to her/his breathe, the rope being pulled in two directions, 

in a video, becomes more or less tense, as organic signs are being measured (Charara, 2016). 

 

 
Figure 8. From left to right: Visitors using wearable devices during a visit; A smartwatch to deliver 
interpretative information. Source, from left to right: Local Projects (2021); Kelly (2016). 

 

2.2.4.8 Tangible User Interfaces 

The beginnings of the concept of tangible user interfaces date back to 1993, with the 

publication of Back to the Real World, which warned that the digital environment of 
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computers and augmented reality did not constitute natural habitats for humans. Hence, it 

was evident the need to develop practices that allow a more balanced interaction between 

the real world and the virtual one, in which the physical dimensions were enriched by digital 

elements (Shaer & Hornecker, 2010). 

Two years passed till Fitzmaurice, Ishii and Buxton (1995) introduced the term Graspable 

User Interface, where tangible blocks — bricks — were used to manipulate digital objects, 

making it possible to control the position of the digital material and make use of both hands 

at the same time. 

Based on these works, the conceptual model of Tangible User Interfaces was proposed as a 

combination of the architecture of ubiquitous computing system with the conceptual model 

of augmented reality and physical computing, turning the world into an interface (Ishii & 

Ullmer, 1997). With this, tangible objects simultaneously allow the representation and 

manipulation of digital content, opening space to the inclusion of this concept in many 

aspects of daily life (Shaer & Hornecker, 2010) and in museum exhibitions, which constitutes 

this thesis’s main focus. 

At the Lille Natural History Museum, visitors can discover the collection of more than one 

thousand mineral samples of the collection — that cannot be in exhibition due to lack of 

space, while ensuring their conservation — by manipulating tangible disks on a surface, which 

represent atoms. Each one of these is associated to geological samples made of that particle 

and it is possible to combine various elements, on a horizontal interface, to form more 

complex atoms aggregation. At the same time, a vertical screen shows images and textual 

information about the rocks (Dalbavie, 2014). The author points out that the Tangible Lille 

installation (shown in Figure 9, left) is available for use by one or more visitors at the same 

time, promoting collaborative learning and a high level of personalization since three modes 

(scientific, samples and game) allow access to several layers of information about the 

minerals. 

Another example of using this technology in museums exhibitions is the SynFlo exhibit, a 

project developed for The Tech Museum Of Innovation, that utilizes physical objects with 

integrated displays and laboratory objects, with which visitors can interact to explore bio-

design activity: when manipulating real lab items, it is possible to add virtual plasmid or 

toxins to the previous gene selected and observe the results of these reactions in the active 

tangible tokens (Okerlund et al., 2016). The authors stated that the combination of gestural 

interaction with active tangible tokens in exhibitions foster visitor’s involvement and provide 

more serious context to the activity. 

Belongings is an interactive tangible tabletop display developed to explore the intangible 

cultural heritage and the belongings as cultural knowledge, using replicas of unearthed 

Musqueam objects and other elements used by the community nowadays. During the 
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exhibition c̓əsnaʔəm: the city before the city, through the installation, visitors could learn 

about ancient knowledge, culture, and technology, by interacting with the material objects, 

which according to Muntean et al. (2015), encouraged interactions between visitors, the 

sharing of information and informal discussion about the themes explored. This project, 

illustrated in Figure 9 (right), was a partnership between the Museum of Vancouver, the 

Museum of Anthropology, the Musqueam Indian Band, and the University of Waterloo. 

The Diplomacy and Sèvres Porcelain, Prestige and the French art of Living in the 18th Century 

exhibition included a tangible user interface dedicated to exploring the artifacts at the 

Louvre DNP Museum Lab — a museum created by the collaboration between the Louvre 

Museum and Dai Nippon Printing. Visitors were provided with a set of physical miniatures of 

some of the objects in the exhibition which, when placed in a specific area, allowed to 

visualize and manipulate a three-dimensional virtual representation of the objects, providing 

access to extra details and complementary information (Musée du Louvre & Dai Nippon 

Printing, 2010). Also, at the Louvre DNP Museum Lab, the exhibition El Niño Azul, Goya and 

Spanish Painting in the Louvre had a space dedicated to understanding the factors related to 

painting, through an installation named The Painting, a Material Object. Visitors could handle 

eight physical elements that allowed to virtually act in the different layers of the work, in 

order to get to know the various stages of its creation and the alterations in the original work 

caused by weather, humidity, heat and light exposure (Musée du Louvre & Dai Nippon 

Printing, 2012). 

According to Damala et al. (2016), the major potential of this technology is that tangible 

objects can be directly handled, opening opportunities for designing new scenarios of 

interaction with the exhibits and to provide different experiences while presenting 

information about them. 

 

 
Figure 9. From left to right: The Tangible Lille installation; The Belongings interactive tagible tabletop 
display. Source, from left to right: Dalbavie (2014); Muntean et al. (2015). 
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2.3 Museums, Disabilities and Visually 
Impaired Visitors’ Experiences 

2.3.1 Disabilities and Inclusion in Museums 

As discussed before, billions of people across the globe live with different types of 

disabilities, and museums are, more than ever, aware of the importance of including those 

individuals and welcoming them in their spaces, exhibitions and programs. Proof of those 

institutions’ actual commitment as agents of change is the International Museum Day theme 

for 2020 — Museums for Equality: Diversity and Inclusion — which highlighted their potential 

in providing meaningful experiences for all: “there is no time like the present for museums to 

demonstrate their relevance by engaging constructively in the political, social, and cultural 

realities of modern society” (ICOM, 2020, para. 2). 

However, the concern for enabling equal access to the cultural life for all people from all 

nations is not a novelty. It is expressed since 1948 in The Universal Declaration of Human 

Rights: “Everyone has the right freely to participate in the cultural life of the community, to 

enjoy the arts and to share in scientific advancement and its benefits” (United Nations, 1948, 

art. 27). Legislation and policies regarding the inclusion of individuals with disabilities in 

cultural spaces can be found all over the world. For instance, in the USA, the Rehabilitation 

Act of 1973 started the efforts of museums receiving funds from federal agencies having to 

begin looking at how to welcome patrons with disabilities. Some years later, the Americans 

with Disabilities Act (ADA) of 1990 expanded the civil rights of individuals with disabilities in 

both public and private institutions, encompassing cultural organizations must not 

discriminate against those visitors, so the necessity of providing resources to promote their 

accessibility in museums became even more urgent (Bienvenu, 2015; National Endowment for 

the Arts, 2003). 

In the UK, the Disability Discrimination Act (DDA) of 1995 aimed to end discrimination against 

people with disabilities and, while being implemented in several stages, eliminate barriers 

and several aspects that compromise their daily lives (The Council for Museums, Archives and 

Libraries, 2001). Museums and galleries were legally required to adopt inclusive practices, 

since 2004, to make their exhibitions accessible to all visitors (The National Archives, n.d.). 

In 2010, the Equality Act was passed into law aiming to replace earlier legislation and 

prevent discrimination in a broader extent, enforcing museums and other cultural spaces 

work towards diversity by making adjustments to facilitate the access and provide equality 

for all visitors, including those with disabilities (Equality Act, 2010; Museums Association, 

n.d.). 
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In Portugal, law n.º 46/2006 prevents and prohibits direct or indirect discrimination due to 

any disability (Assembleia da República, 2006). The decree-law n.º 163/2006 defines the 

accessibility conditions to carry out in projects and construction of public spaces, collective 

facilities, and public and residential buildings, with the purpose to ensure the rights of 

citizens with disabilities and with temporary or permanent special needs (Ministério do 

Trabalho e da Solidariedade Social, 2006). In 2007 the National Plan for the Promotion of 

Accessibility (PNPA – “Plano Nacional de Promoção da Acessibilidade”) was approved, which 

structures the measures aimed at improving the quality of life and the fulfillment of the 

citizenship rights of all individuals, including people with disabilities and with special needs, 

through the promotion of accessibility in all areas of political action (Presidência do Conselho 

de Ministros, 2007). In 2012, the development of an integrated strategy to promote accessible 

tourism in Portugal was recommended by encompassing practices of universal accessibility 

and inclusive design to allow planning, accessing and enjoying their leisure time in tourism-

related services (Assembleia da República, 2012). A year later, the National Strategic 

Tourism Plan (PENT – “Plano Estratégico Nacional do Turismo”) was approved for 2013-2015, 

with an emphasis on eliminating the impediments that keep people with disabilities apart 

from having fruition of tourism as an accessible activity (Presidência do Conselho de 

Ministros, 2013). 

More recently, the European Parliament and the Council of the European Union adopted the 

Directive (EU) 2017/1564 as a measure with direct implications on promoting access to 

culture, by permitting “uses of certain works and other subject matter protected by 

copyright and related rights for the benefit of persons who are blind, visually impaired or 

otherwise print-disabled” (European Union, 2017, para. 1). In 2019, the European 

Accessibility Act came into force as a convention for the Member States, which concerns 

accessibility requirements to improve the use of products and services by persons with 

disabilities and functional limitations. These products and services — most of them present in 

museums and other cultural places — include electronic devices and equipment, audiovisual 

media services, telephony services, e-commerce, and ticketing, among others (European 

Commission, n.d.; European Union, 2019). 

Notwithstanding the efforts to promote the inclusion of people with disabilities, and 

particularly the growing concern about increasing accessibility for visitors with visual 

impairments in museums (Cachia, 2013; Candlin, 2003; European Commission, 2013; Instituto 

Português de Museus, 2004), a recent report from the European Union highlighted the 

inaccessibility of cultural premises, venues, and content as barriers to the blind and partially 

sighted citizens’ participation in culture (Pasikowska-Schnass, 2019). Regarding their 

attendance to museums, Dash and Grohall (2016) estimated that only 5.5% visit museums in 

Europe. According to Mesquita and Carneiro (2016), patrons with total and partial visual 

impairments represent an important potential market for museums, and positive economic 
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effects are expected with the implementation of inclusive technologies to promote access to 

exhibitions (Andrade et al., 2015). 

These facts evidence the need for research in this field, especially when considered the 

museum definition of the International Council of Museums (ICOM, n.d.), which establish the 

social functions of these institutions as the very core of their existence, simultaneously with 

the commitment to safeguard and communicate the collections to the public. In that sense, it 

becomes critical to give priority to issues related to social inclusion and accessibility, not only 

because there are millions of people living with disabilities worldwide, but also because 

everyone can suffer from temporary impairments during their lifetime, or more permanent 

ones, like age-related sensory, cognitive and physical changes. 

 

2.3.2 Some Contributions of Accessible Digital Interactives 
for Visitors with Disabilities 

As concluded before, the use of technological solutions and digital interactives during visits 

to museums, galleries and other cultural heritage sites are, in general, effective in attracting 

visitors’ attention to attend these places, and offer several contributions to enhance their 

experiences while inside and outside them. However, most of the existing digital solutions in 

museums are irrelevant in the context of a visit of individuals with disabilities, because they 

do not enable cognitive, nor physical, nor sensory access for these persons (Freeman et al., 

2016; Gilbert, 2016; Partarakis et al., 2016; Sheehy, Carrizosa, Rix, Seale, & Hayhoe, 2019). 

Some museums, seeking to become more inclusive, are developing digital interactives to 

allow fully accessible self-guided tours to visitors with disabilities. The Canadian Museum for 

Human Rights (2015) developed a mobile app that includes an interactive map that informs 

visitors where they are and guides them to specific destinations with text-based directions. 

Pointed out as “the first of its kind for any museum in the world” (para. 10), the CMHR app 

also includes an audio guide with voices of museum staff members, text-based transcripts and 

sign-language content to describe some exhibits and each gallery to deaf, hard of hearing and 

visually impaired visitors. The experience is enriched for all visitors during the app’s use with 

the integration of iBeacon points in the museum spaces, which support contextualized gallery 

highlights. 

A similar app was designed by The North Carolina Museum of Natural Sciences, which 

integrates a map with a high contrast option and provides audio feedback, so visitors are 

assisted while moving inside the museum. They can learn more about the exhibits through 

zooming the information for high-resolution text or listening to audio descriptions. Also, for 

people with hearing impairments and autism, the NC NatSci app includes adapted 
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descriptions with photos and captions for videos, which allow them to get the same 

information to the other visitors (Institute of Museum and Library Services, 2015; Sasser, 

2017). 

The European Union ARCHES project — Accessible Resources for Cultural Heritage EcoSystems 

— co-designed and developed accessible technological solutions with disabled participants to 

enhance the visiting experiences in six museums: The Victoria and Albert Museum and The 

Wallace Collection (UK), Kunsthistorisches Museum (Austria), Thyssen-Bornemisza Museum, 

the Museo Lázaro Galdiano, and the Museo de Bellas Artes de Asturias (Spain). The results of 

the project include accessible apps and games for smartphones and tablets, and interactive 

multimedia guides with tactile reliefs and sign-language avatars, which aim to be fully 

accessible to visitors with sensory impairments, namely hard of hearing and visually impaired 

individuals (ARCHES, n.d.; Carrizosa et al., 2019; McGivern, 2019). 

With the aim of creating multi-sensory tours for adults with Alzheimer’s disease and low 

vision, The Art Institute of Chicago used 3D technologies to allow enhanced access to works 

of art. Visitors are invited to hold and touch three-dimensional replicas of selected objects 

from the collection — which were scanned, modeled, and printed at scale when possible — 

while there are encouraged discussions and learning about the original works of art 

(Association of Art Museum Directors, 2015). 

As seen until now, technology can be beneficial to enhance the access of visitors with 

disabilities that are able to go into museum spaces, opening new possibilities to engage with 

exhibitions in inclusive and autonomous ways. However, individuals with severe physical 

disabilities can also enjoy museum collections, even if they cannot physically attend those 

places: “telepresence robots have been able to lead people with disabilities into every nook 

and cranny of a museum” (Bernardo, 2016, para. 15). For example, a remote controllable 

robot in the Van Abbemuseum, Netherlands, allows visitors to experience the museum and art 

in high resolution while enabling interaction in real-time with guides and other people in the 

museum. Through a microphone, screen, camera, and speakers embedded on the mobile 

robot, comments or questions can be responded remotely during the guided tour, facilitating, 

as well, visits of patrons living in other countries (Van Abbemuseum, n.d.). 

As a final reflection, and before exploring visually impaired people's experiences when 

visiting museums, it is important to stress that the technological examples presented, that 

aim to enhance the public with disabilities’ access to collections and museum spaces can 

contribute, as well, to improve the non-disabled visitors’ experiences and promote new ways 

of engaging with cultural spaces, coexisting simultaneously. 
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2.3.3 Experiences of Visually Impaired People when 
Visiting Museums 

When it comes to blind and partially sighted people’s experiences during visits to museums 

and other gallery spaces in general, it is easy to think about examples concerning the lack of 

access that can negatively affect their participation. It can start with physical accessibility 

and orientation constraints that they may find. In addition, there are often restrictions to 

touch exhibits or replicas and barriers of intellectual access to interpret them, all of which 

are truly worrisome. However, these are only a few examples of how the visiting experiences 

of these public’ elements can be negatively affected. 

There is a literature consensus that museum exhibitions are mainly visual, which by itself, 

poses a huge problem for persons who are not able to use their sight to interpret the world 

around them (Cachia, 2013; Candlin, 2003; Classen, 2007; Ginley, 2013; Hayhoe, 2017; 

Johnson, 2018; Morgan, 2012). Despite the functional limitations that all kinds of impaired 

individuals face, Oliver and Barnes (2010) agree that people are not disabled by their 

condition, but by the external barriers or lack of means that they face during their daily 

routines, including hostile cultural, social, and environmental situations. All of these affect 

their personal restrictions. Hayhoe (2017), who describes a passive exclusion of blind people 

in museums that tends to disregard the visitors’ age, as well as levels and types of blindness, 

corroborates this idea. 

The understanding of blindness — which changes in different cultural, environmental, and 

historical contexts — leads to classifications of how those patrons are able to perceive pieces 

of art, while Hayhoe argues that “the development of identity through a relationship with art 

is more about a personal cultural journey, identity, and self-esteem than blindness” (2017, p. 

184). In turn, Candlin (2004) states that museums can completely include patrons with low 

vision in their spaces if efforts are made to change the way that their collections are 

presented: 

Blind people are constituted as a marginal group not because their blindness makes 

them so, but because the ocular centricity of museums and galleries ensures that 

non-visual engagement with art and artefacts remains virtually inconceivable in all 

but the most innovative of institutions (pp. 1–2). 

Given the complexity of this theme, and before exploring experiences during the visit, it is 

important to comprehend some of the reasons why visually impaired people enjoy going to 

museums. Although these visitors have in common the fact that they cannot see properly, 

they are not an homogeneous group and each one of them, as individuals, has their own 

reasons to go to museums and galleries (Argyropoulos & Kanari, 2015; Levent & Reich, 2012; 

Mesquita & Carneiro, 2016). In addition, Candlin (2003) and Ginley (2013) highlight that 
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somebody who has always enjoyed art and design will not lose interest because of the loss of 

sight. 

In general, people are aware of the educational and social role that those audience-centered 

institutions assume, considering that visiting those places constitutes a unique and special 

experience. Meaningful experiences are described as offering opportunities to increase 

people’s cultural literacy and to interact with exhibits at a deeper level, along with moments 

of contemplation and immersion, related to the museum collection or the contextual 

environment of the institution, where new insights can be generated by multisensory 

experiences of informal learning (Argyropoulos & Kanari, 2015; Hayhoe, 2017; Mesquita & 

Carneiro, 2016; Morgan, 2012; Reich et al., 2011; Xicola-Tugas, 2012). Besides that, the fact 

that they usually visit these places with friends, family, teachers and members of 

associations they belong to, is regarded as a chance to enhance interaction with others, while 

engaging in conversations via fertile curiosity, avoiding isolation, and improving self-reliance 

and confidence (Argyropoulos & Kanari, 2015; Levent & Reich, 2012; Mesquita & Carneiro, 

2016). 

Regarding the visit experience — which begins even before entering the museum sites — a 

United Kingdom-based survey on best access practices of museum websites concluded that 

81% of UK accredited museums provide some kind of information about accessibility online. 

However, the majority of them provide only basic information, which is not useful and does 

not address the access needs of a blind or partially sighted person planning an independent 

visit (Cock et al., 2018). On the other hand, results of a study conducted by McMillen and 

Alter (2017) showed that social media websites, which can be used with an electronic screen 

reader (like Twitter, Facebook, and Instagram), can have a positive effect on visually 

impaired people regarding social inclusion. Furthermore, they have the potential to bridge 

new connections with this community, as well as previously inform them about exhibition 

accessibility, accessible services, and events that museums offer. 

Once inside the building, it was reported by visitors of Greek museums that they often feel 

unwelcomed by the museum staff, given that they do not have proper training to deal with 

people with impairments and tend to act based on their own initiatives. Argyropoulos and 

Kanari (2015) provide a testimony: 

I have two opposite experiences regarding the behavior of the museum staff; I have 

met assistants who showed compassion and willingness to serve a blind person 

overlooking museum restrictions and on the other hand there are also museum 

assistants who hesitate to take an initiative and prefer to implement all prohibitions 

due to the museum policy (p. 136). 

Reich et al. (2011) describe the same problem related to the lack of training provided to staff 

in American museums as an emergency necessity, especially for those who interact directly 
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with visitors. Mesquita and Carneiro (2016) also identify the lack of training of service 

provided to staff in European museums as “an important barrier to the participation of 

people with visual impairments” (p. 376). In fact, the knowledge of these patrons’ basic 

needs promotes a better customer service in museums (Confino-Rehder, 2010; Ginley, 2013) 

and is essential to avoid the generation of undesirable anxieties and to increase visually 

impaired visitors’ confidence (Small, Darcy, & Packer, 2012). 

Regarding the access to collections, Goldberg (2010) states that accessible tours are the 

primary means through which disabled people understand and enjoy content offered by 

cultural institutions. However, when focusing on the access to museum collections — namely 

sensory and intellectual access to exhibits — blind and partially sighted visitors reveal that 

they face a lot of issues. They are not always allowed to touch objects belonging to the 

exhibition nor is the opportunity to touch replicas offered (Asakawa et al., 2018; Cachia, 

2013; Candlin, 2006; Classen, 2017; Ginley, 2013; Morgan, 2012; Xicola-Tugas, 2012). 

Furthermore, when it is possible to have a hands-on approach to exhibits, those experiences 

are limited to curators and other museum staff’s pre-choices and selections, and tend to 

represent only a very small fraction of the main collection, when compared with all the 

information available to sighted visitors (Argyropoulos & Kanari, 2015; Cachia, 2013; Chick, 

2018; Hayhoe, 2017).  

In fact, there is a consensus about the importance of touch for somebody with a visual 

impairment, as it is the essence of their access, understanding and construction of mental 

images of the museum artifacts. Damásio (2015) discusses that, when an object is touched, 

different maps of the central nervous system are activated regarding the movements through 

which the object is examined, the physical properties that activate the tactile sensors, and 

the humoral and visceral reactions that form the emotional response to the object. This 

exploration results in neural patterns that allow individuals to be aware of objects. 

Those dimensions are emphasized by several participants in Argyropoulos and Kanari's (2015) 

research: “when they describe me the exhibit it’s quite possible to forget it; on the other 

hand if I touch it then this experience stays on my mind” (p. 136), “since I had the chance to 

touch, I could develop my own critical thinking, expand my own horizon” (p. 138), and 

“when you touch the exhibits you create first the outline of the object in your mind and 

then you add some attributes regarding texture, temperature and stuff” (p. 136). This last 

sentence is in line with the discussion around the benefits of allowing touch exploration — not 

just for visitors with visual impairments — since those multisensory examinations can lead to 

a better understanding of the materials, shape, weight, texture, odor, and other properties 

(Candlin, 2006; Classen, 2017; Ginley, 2013; Levent & Pascual-Leone, 2014; Morgan, 2012). 

Besides the epic dimension that this can assume, creating emotional connections with the 

objects and places from the past (Classen, 2007; Confino-Rehder, 2010; Instituto Português 
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de Museus, 2004; Romeo, Chottin, Ancet, & Pissaloux, 2018): “touching exhibits in a museum 

is magic, is a mystery. I will never forget this experience” (Argyropoulos & Kanari, 2015, p. 

137). 

Even when haptic experiences are provided, some visitors advise that appropriate 

information is still lacking. In fact, Hayhoe (2017) points out that sightless visitors cannot 

make sense of museum objects from tactile experiences alone, as contextual information is 

essential to facilitate the understanding of the whole exhibit context (as it is for sighted 

visitors). Frequently, the availability of Braille information and relief images is seen as an 

added value when accompanied by the objects accessible to touch (Cachia, 2013; Candlin, 

2006; Ginley, 2013; Mesquita & Carneiro, 2016), but audio description — if done by a museum 

professional or using an audio guide — can solve the issue that not every visually impaired 

person is able to read this written system (Chick, 2018; Instituto Português de Museus, 2004; 

V. Richards, Pritchard, & Morgan, 2010). 

However, in most cases, content explanations are done by using visual descriptive 

terminology that those born blind and early blind are not familiarized with (Candlin, 2003; 

Reich et al., 2011). This hinders the construction of mental representations, as expressed by 

a visitor during Hayhoe's research at the Metropolitan Museum of Art in New York: “I don’t 

have a visual image [of the painting being described]… You see that’s the problem with the 

culture [of description]. It depends on who is describing it to you” (2017, p. 131). According 

to Hirose (2013), using visual language must be avoided, since the sense of touch is as full of 

diversity as the sense of sight, but needs to be appreciated with hands, fingertips and the 

whole body:  

Let's try to imagine "touching" a life-size sculpture. Grasping its whole image by 

moving both of our hands boldly is "touching widely" (which is equivalent to looking 

at). Checking the precise technique with our fingertips concentrating all our 

attention is "touching closely" (which is equivalent to watching). Using not only your 

hands but the sense of your whole body, feeling the energy of the sculpture, 

wrapping yourself around the artwork occasionally, is "touching with your whole 

body" (which is equivalent to seeing) (para. 21). 

Furthermore, participants interviewed by Neves (2012) and Candlin (2003) stated that the 

level of concentration and focus needed to understand and appreciate works of art and 

museums artifacts is different from those required on a daily context. That occurs since they 

are touching pieces that they may have never had contact with before, so the information 

has to be decoded by parts. Visitors also mentioned that this activity could become easier if 

there is a clear guidance on what is being touched on the provided pieces and how to touch it 

(Candlin, 2003; Chick, 2017; Ginley, 2013). 
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In order to promote more democratic inclusion and avoid the need to schedule visits to 

museums, multisensory tours should, ideally, be part of the general museum’s exhibitions 

instead of only for the visually impaired (Argyropoulos & Kanari, 2015; Candlin, 2006). The 

need to start thinking about the creation of olfactory and tasting opportunities is emphasized 

as well, so as to maximize the experience and generate new insights about some exhibitions 

(Cachia, 2013; Candlin, 2003; Classen, 2017; Dinçer et al., 2017; Mesquita & Carneiro, 2016; 

Romeo, Chottin, Ancet, & Pissaloux, 2018).  

Lastly, concerning the facilities for orientation and mobility inside museum spaces, the 

constraints that visually impaired patrons face can be related to experiences of navigating 

across other interior places (V. Richards et al., 2010; Small et al., 2012). Nonetheless, some 

visitors mentioned the desire of accessing those institutions by themselves, i.e., without the 

need of an escort for specific guidance or way-finding (Asakawa et al., 2018; Dinçer et al., 

2017; Hayhoe, 2017; Mesquita & Carneiro, 2016; Reich et al., 2011), so their choices about 

when to visit a museum can be more autonomous: “I depend too much of them, but if there 

were specialized services in the museums I could make arrangements by myself” 

(Argyropoulos & Kanari, 2015, p. 139), and “I don’t want to make an appointment three 

weeks ahead” (Hayhoe, 2017, p. 181). 

As a final consideration, it is stressed that the museums’ capacity to surpass visually impaired 

people’s needs, by better understanding their demands for positive engagement and 

memorable experiences (Cachia, 2013; Candlin, 2003; Chick, 2019; Hayhoe, 2017), can be 

crucial to promoting inclusiveness and individual and social well-being and empowerment 

(Devile & Kastenholz, 2018). 

 

2.3.4 Assistive Technologies in Museums: Enhancing 
Accessibility and Visually Impaired Visitors’ Experiences 

By using digital media solutions as mediators to increase the accessibility of exhibitions, some 

museums are allowing visually impaired patrons to have more inclusive access to understand 

and interact with collections, contributing to enhanced experiences during their visits. 

According to Pillow, Banks and Reeves (2015), people with visual impairments are one of the 

most difficult to address in museums, but the use of technology can contribute to a beneficial 

impact on helping museums serve those publics, by diminishing the barriers to accessibility: 

“developments in technology have potential to increase access and enable opportunities for 

disabled persons” (Freeman et al., 2016, p. 26). Besides this fact, offering possibilities to 

interact with touchable representations of exhibits can also bring non-disabled visitors closer 
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to museum collections and provide additional information about them, broadening their 

sensory experiences (Bernardo, 2016; Candlin, 2017; Eardley et al., 2016). 

Research conducted by Reich et al. (2011) revealed that blind and low vision patrons, who 

used to go to art museums, consider that technology can support positive experiences during 

their visit, sometimes without the need for museum staff. In order to accomplish a more 

effective and pleasurable use of these solutions, it is essential that principles of universal 

design be applied, and accessibility issues are understood from the early development stage, 

until its implementation in museum spaces (Carrizosa et al., 2020; Goldberg, 2010; Levent & 

Reich, 2012; Partarakis et al., 2016). It is important to note that efforts for reaching 

accessible solutions benefit all visitors in general, ensuring the museum experience is 

enriching and satisfying for all audiences, as discussed by Eardley et al. (2016), Rappolt-

Schlichtmann and Daley (2013), and Wyman, Timpson, Gillam and Bahram (2016). 

Regarding the technological solutions offered by museums to improve inclusion and 

accessibility of the exhibition objects and their interpretation for blind and partially sighted 

visitors, audio guides that provide verbal descriptions of selected collection artworks are the 

most common solution. The Museum of Modern Art (MoMa) Audio: Visual Descriptions, the 

Guggenheim app, and the Louvre’s Nintendo 3DS (Osterman, 2017) are a few interesting 

examples. 

However, despite museum audio description being a verbal description that seeks to make 

the visual elements of the varied contents of museums accessible (Hutchinson & Eardley, 

2019), most of the available audio guides designed for blind visitors merely provide a 

description of what is seen, which does not allow those persons to create accurate mental 

images of the exhibits (Neves, 2012). Given the visual nature of bi-dimensional art such as 

painting, photography and drawing, and also the hands-on restrictions imposed by museums 

to touch three-dimensional exhibits, “words can become the art experience itself” (Neves, 

2012, p. 281). 

An exception is the Eyes-Free Art project, which explores proxemic audio for interactive 

sonic experiences, like background music, sonification, and sound effects, beyond verbal 

description (Rector, Salmon, Thornton, Joshi, & Morris, 2017). Furthermore, Partarakis et al. 

(2016) and Romeo et al. (2018) agree that multimodal approaches are necessary to give blind 

and visually impaired people the opportunity to fully experience museum visits, allowing 

them to adequately understand the exhibits’ characteristics and appreciate their aesthetic 

qualities, besides benefitting from the emotion inspired by museum objects. 

The next sections aim to review applications of interactive assistive technologies discussing 

how they allow for the exploration of museum exhibitions, how they make interpretation 

accessible to people with visual impairments and contribute to enhancing in-person 

experiences.  
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Literature search was performed from the ACM Digital Library, Science Direct, Springer Link, 

ERIH Plus, IEEE Xplore Digital Library, and DOAJ. The search was set between January 2010 

and March 2021 and was not limited to any subject area. By using the search string — “blind” 

AND “visually impaired” AND “museum” AND “technology” AND “accessibility” — the total 

number of articles found was 409. Of those articles, it was concluded that only eighteen 

contribute to the conducted research. Because not all sources of innovative projects are 

available in scientific databases, examples from official websites and reports from funded 

projects were collected as well. 

During the research of those solutions, it was found that visitors are provided different 

multimodal interactions, according to their technical characteristics, which limit the ways 

people get to know about the exhibited objects. For ease of understanding, they were 

grouped in five technological approaches according to how their multimodal interaction can 

enhance the access of those visitors and their ability to perceive exhibitions: haptic devices 

for the exploration of virtual copies; digitally augmented touch replicas; gesture-based 

interactive tactile reliefs; assistive navigation for self-guided tours; and hybrid solutions. At 

the beginning of each one, a brief clarification of their nature and functionality is presented. 

 

2.3.4.1 Haptic Devices for the Exploration of Virtual Copies 

Haptic interfaces are, in essence, immersive systems that provide kinesthetic force feedback 

to users, allowing them to acquire perceptual information such as shape, weight, texture and 

material properties, while manipulating three-dimensional virtual objects or other computer-

generated environments (Biocca, Kim, & Choi, 2001; Fritz & Barner, 1999). In spite of the 

fact that these devices have been initially used in visualization applications to allow the 

exploration of complex graphical environments (Ruspini, Kolarov, & Khatib, 1997), the fact 

that haptic interfaces can take advantage of the dynamic nature of the kinesthetic sense 

constitutes an advantage for the blind and other people with vision impairment, by providing 

a complementary modality of interaction (Fritz & Barner, 1999). Under those circumstances, 

and since there is no need to produce physical models, haptic devices allow visitors to 

explore tactile virtual replicas of museum objects, with the advantage that it can also solve 

the issue that some museums face regarding the storage of a duplicate collection of physical 

replicas (Andrade et al., 2015). 

The European Union project Museum of Pure Form aimed at developing a haptic display by 

making virtual replicas of sculptures from different historical periods belonging to the 

collection of multiple European Museums. It was presented to the public in temporary 

exhibitions, hosted and organized by the participating museums: the Galician Centre for 

Contemporary Arts of Santiago de Compostela, in Spain, the Museum dell’Opera del Duomo in 

Pisa, Italy, and the National Museum of Fine Arts of Stockholm, in Sweden (Carrozzino & 
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Bergamasco, 2010; Jansson, Bergamasco, & Frisoli, 2009). In order to touch and experience 

the properties of a digitized artifact, visitors are provided with an arm exoskeleton (for force 

feedback on upper limb) and a haptic interface for fingers (to exert a force of direction on 

the fingertips), integrated on the end part of the arm, as illustrated in Figure 10 (left). The 

exploration of the virtual sculpture’s surface could then be done by performing movements 

with her/his hand (Jansson et al., 2009). 

Experimental results have shown that, in general, visitors have been pleased with the haptic 

experience, even though recommendations to decrease the time to adapt the haptic 

feedback and to setup the device were mentioned by many users (Frisoli et al., 2005). 

Visitors also suggested that, for making the haptic display more useful, verbal information 

should be presented with suggestions about suitable exploratory procedures also when 

specific parts of an object were touched (Frisoli et al., 2005). However, Carrozzino and 

Bergamasco (2010) discuss that a critical issue to consider about using haptic devices like this 

one in museum exhibitions is that dedicated spaces are often needed to allocate the 

interface hardware, as well as trained people are indispensable to operate the complex 

devices, so the cost to keep the system operative is, usually, high. 

A more recent haptic device installation, named Geomagic Touch System, was proposed by 

Comes (2016) as a simpler system and cost-effective solution that allows tactile experiences 

of three-dimensional digitized objects from the National Museum of Transylvanian History of 

Cluj-Napoca, in Romania. In order to use this system, visitors were required to pick up a pen 

of the device — which applies force feedback on their hand — and make contact with the 

models, so no hardware needs to be mounted on the visitor’s body. In order to enhance the 

experience of exploring the surface of the artifacts and optimize the models, there were 

integrated multiple texture layers that are loaded when necessary, so that high levels of 

detail are only presented on the faces that the user is facing, to better trace the details on 

those areas. In addition, different mass properties have been added to support feeling 

distinct force feedback when picking up an iron or a ceramic virtual object, for example. This 

project was developed to increase the application performance of the system when dealing 

with real-time haptic interaction, reducing the latency between the moment when a visitor 

reaches the surface of an object using the pen and when the force feedback output is 

generated. 

Another project that uses this kind of technology to enable universal access to collections 

from museums and galleries around the world is the Probos Sensory Console (GalleZeum), 

developed in the context of the European Union project AMBAVis (Andrade et al., 2015), in 

collaboration with the Manchester Museum, UK, and Gallery Belvedere, in Vienna, Austria. 

The haptic interface (see Figure 10, center) allows visitors to explore the space by holding a 

stylus between their fingers, and hearing sounds while making contact with a virtual object, 
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as well as it provides vocal instructions on how to hold the handle (AMBAVis Project, 2015; 

Andrade et al., 2015; Reichinger, Sportun, et al., 2016). For example, in order to indicate the 

object material and character “a broken ceramic gives a dull sound whereas a high-fired 

ceramic can give a musical ring” (AMBAVis Project, 2015, p. 13). Additionally, the authors 

pointed out that a grooved matrix with depression points, which was designed to give a 

reference to the entire virtual space, could be sensed without vision, allowing users to move 

between screens, change the orientation of the objects, and bring up additional details about 

the construction materials or the history of the pieces (AMBAVis Project, 2015; Reichinger, 

Sportun, et al., 2016). 

Experimental results concerning the evaluation of the installation by blind participants 

showed that many of them found it difficult to navigate, to find the virtual objects and to 

perceive distance or perspective. Therefore, a lot of time and practice are required to 

understand the sensations of touch related to the movement on the surface of the digitized 

objects (Reichinger, Sportun, et al., 2016). 

In contrast to the presented projects, Romeo, Chottin, Ancet, Lecomte and Pissaloux (2018) 

propose the transcription of the painting Dream of the Snake, which is in the Museum of Quai 

Branly in Paris, France. The main difficulty of creating virtual tactile representations of 

aboriginal paintings is because they are composed of elementary dots that form different 

shapes, instead of having visual elements like shadows, reliefs or perspectives. The geometric 

forms and tactile textures could be sensed through scanning the surface of the STIMTAC 

haptic device with a finger (see Figure 10, right) while audio description helped blind and 

visually impaired persons to contextualize and recognize them during the tactile exploration. 

 

 
Figure 10. From left to right: A visitors using the Pure Form Exoskeleton System to interact with virtual 
statues; A user exploring a digitized object; The STIMTAC device and the painting “Dream of the 
Snake”. Source, from left to right: Frisoli et al. (2005); Reichinger, Sportun, et al. (2016); Romeo, 
Chottin, Ancet, Lecomte, et al. (2018). 

 

As a final remark, it is important to note that, although contributing to a better 

understanding of cultural heritage assets and enhancing the visitors’ experience by inspiring 

self-motivated learning through enjoyable and playful ways, haptic interfaces do not replace 
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the handling experience on a visit (AMBAVis Project, 2015). Additionally, even though Cantoni 

et al. (2018) state that haptic interfaces are not directly applicable to two-dimensional 

artworks, like paintings and photographs, the work of Romeo, Chottin, Ancet and Pissaloux 

(2018) expanded its application for paintings where objects have no delimited edges. 

 

2.3.4.2 Touch Replicas Digitally Augmented 

Other museums are making use of 3D technologies in order to obtain accurate scanning and 

printing of objects which, according to Montusiewicz, Milosz and Kesik (2018), Povroznik 

(2018) and Solima and Tani (2016), can also give access to replicas of many museum objects 

and art masterpieces, that cannot be easily transported or loaned to other institutions. Based 

on this, curators have the opportunity to create new exhibitions, cultural programs and 

expand the educational tools available in several ways: visitors with vision loss can benefit, 

for instance, from the adoption of scaled replicas or artifacts that were virtually restored to 

its original appearance, having access to new point of observation and getting a better 

comprehension of its main characteristics (Balletti, Ballarin, & Guerra, 2017; Hancock, 2015; 

Montusiewicz et al., 2018; Neumüller et al., 2014; Scopigno, Cignoni, Pietroni, Callieri, & 

Dellepiane, 2017; Solima & Tani, 2016). In addition, these solutions also give museums the 

advantage of being able to get touch replicas for a lower price than that of the original work, 

saving on the transportation costs and on the insurance ones as well (Solima & Tani, 2016). 

One example of using 3D technology is available at The Art Institute of Chicago, where blind 

and partially sighted visitors can hold and touch three-dimensional replicas of selected 

objects from the collection at several points of a multisensory tour, while discussions about 

the original works of art are being promoted by museum staff (Association of Art Museum 

Directors, 2015). Another exhibition, The Battle of Pavia, held at the Visconti Castle of Pavia, 

in Italy, proposed tactile versions of six characters and seven tactile images of tapestries. 

The tapestry modeling process for 3D printing included three depth levels and, to indicate a 

specific character or element, a Braille alphabet letter was used, repeated in a regular 

pattern. In addition, a caption in Braille was provided to describe such associations (Cantoni, 

Dondi, et al., 2018; Cantoni, Lombardi, et al., 2018). As a similar example, the Hoy Toca el 

Prado exhibition, at the Prado Museum, Madrid, Spain, carried out tactile embossed pieces of 

six famous works of art, in order to allow patrons with vision impairments to recreate the 

paintings by feeling and understanding their depth, perspective and space mentally. In this 

case, additional materials like texts in Braille and audio guides could be used to enhance 

their experiences while touching the pieces (Museo del Prado, 2015). 

Despite the fact that tactile and hearing perception often help the creation of mental images 

of the blind, leading to a more autonomous exploration of the world, D’Agnano, Balletti, 

Guerra and Vernier (2015) agree that technological examples of this multimodal combination 
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are quite rare in communication devices for the visually impaired and, in museums, this lack 

is notable. As a result, Tooteko was developed for an exhibition about the Order of the 

Camaldolesi at the Correr Museum, in Venice, Italy, which aimed to help visually impaired 

persons to independently touch replicas of church facades, obtained through laser scanning 

and photogrammetry. As illustrated in Figure 11 (left), visitors wear a ring sensor during the 

tactile exploration of the models, which detects and reads the Near Field Communication 

(NFC) tags inserted inside the objects as hotspots, sending a Bluetooth signal to a smart 

device (smartphone, tablet or audio guide) responsible for identifying the area being touched 

and for playing the audio related to it. Audio information is also presented according to 

visitors’ language and their target demographic (adolescent, common visitor or expert 

visitor), in order to allow different levels of information based on individual needs (D’Agnano 

et al., 2015). Currently, Tooteko is being used to improve the accessibility of other museum 

exhibitions like at the National Museum of Archaeology of the Sea of Caorle and at the Ara 

Pacis Museum, Rome, Italy (Tooteko, 2018). 

A similar solution was developed by Samaroudi and Echavarria (2019) to the Booth Museum of 

Natural History in Brighton, United Kingdom, to enable the tactile exploration of a 3D printed 

relief of a Victorian diorama. The system is based on a mobile application that detects the 

signal sent by a Bluetooth Low Energy (BLE) beacon when visitors are at an arm’s distance 

from the relief and presents contextual information by audio. 

At the Trier City Museum, in Germany, reduced-vision and blind people can assemble and feel 

parts of three-dimensional plug-in models of exhibits from the Middle Ages to well into the 

twenty-first century (see Figure 11, center). To augment them, they used cross-media tools 

like audio texts, mood sounds and smart replicas with NFC tags. Audio descriptions through a 

smartphone by touching tactile symbols where tags were embedded, while general 

information is provided in Braille can be accessed (Lormis, 2018). 

The Egyptian Cat Sarcophagus is a digital touch replica produced by scanning the original 

mummy of the Manchester Museum collection, an example of using 3D technology to recreate 

a 2500-year-old artifact, illustrated in Figure 11 (right). The piece has been replicated to 

scale using wood composite in order to resemble the original material, and half of the digital 

model was worked upon to recreate the sculpture as it would have originally looked like, 

according to Reichinger, Schröder, et al., (2016): “while the right hand side of the 

sarcophagus is an exact replica of the object today, the symmetrical other one tries to 

reconstruct the original object at the date of origin and accentuates certain aspects which 

can be felt in detail” (p. 3). Touch sensitive sensors to detect the touched areas by visitors 

and to trigger contextual audio-explanations, which are heard through headphones, were 

embedded inside the surface of the replica. Study participants reported that the use of a 

similar material and the way the object was replicated conveyed them an emotional 
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connection with the original artifact, as the audio content enhanced the whole experience. In 

some cases, it was mentioned that improvements concerning the generation of the sound 

must be made since the system could not differentiate between the touch as part of the 

exploration activity or to trigger audio (Reichinger, Schröder, et al., 2016; Reichinger, 

Sportun, et al., 2016). 

A touch sensitive approach was also used on a solution proposed by Quero, Bartolomé and 

Cho (2021), by covering specific areas of 3D printed relief models with conductive paint. 

When touching those areas, users can listen to verbal descriptions and themed background 

music, heard through headphones. Participants reported this approach as simple, easy to use, 

and improving their confidence when exploring the artworks. 

 

 

Figure 11. From left to right: Exploration of a model of a church facade; Part of a 3D replica being 
touched; A visitor interacting with “The Egyptian Cat Sarcophagus” replica. Source, from left to right: 
Tooteko (2018); Lormis (2018); Reichinger, Sportun, et al. (2016). 

 

2.3.4.3 Gesture-Based Interactive Tactile Reliefs 

Contrary to touching digitally augmented replicas, gesture-based interactive tactile reliefs do 

not have physical sensors attached to detect the users’ activities. Instead, they use 

computer-vision or other non-intrusive systems to tracks users’ movements, in order to enrich 

tactile objects with audio or additional multi-sensory information (Neumüller et al., 2014; 

Reichinger, Fuhrmann, Maierhofer, & Purgathofer, 2016). Given that there is no need to 

install sensors inside the exhibits, this technology has the advantage of allowing its use on 

replicas and also on the original objects of the collections, when made available by museums 

to be touched. Moreover, any necessary update can be done just by changing the software 

(Andrade et al., 2015). 

According to Qiu and Yang (2017) and also Reichinger, Fuhrmann, et al. (2016), tactile reliefs 

are particularly useful to provide access to the visual arts, particularly of paintings, photos 

and other two-dimensional images, given that this kind of works can be adapted into tactile 

pieces, transposed on several parts to enhance interpretation. To augment them, gesture-

based systems to better respond to blind and visually impaired (BVI) visitors’ exploration 
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strategies can be designed, reacting differently to touch events of fingertips and other 

gestures: 

Most BVI people touch the relief with both hands, often keeping one hand as a 

reference. Both hands are almost always on or close to the relief. The exploration is 

usually divided into two phases, although not strictly separated: In a first “overview” 

phase users try to familiarize themselves with the overall composition of the 

painting, typically observing it with their whole hands, and in larger motions. In a 

second “detail” phase, they are exploring selected parts in more detail, typically 

with the tips of individual fingers (Reichinger, Fuhrmann, et al., 2016, p. 93). 

Bearing this in mind, the researchers developed a gesture-based interactive audio guide for 

relief interpretation of Gustav Klimt’s painting The Kiss, in cooperation with experts on art 

history, dividing the object into six regions for exploration, and recorded different audio files 

to describe the painting (like relations between parts, color composition and body poses) and 

its history. As illustrated in Figure 12 (left), a depth camera placed above the replica and 

connected to a computer running the software, which reacts to touch events, detects 

visitor’s interactions, firstly playing the touched region name and, after a longer touch event, 

a detail description is presented. In general, although some constraints were identified, the 

experience was described by blind test users as a useful and engaging approach because they 

could understand the work in detail, autonomously and without pressure while not depending 

on a museum guide to explore it. Although positive feedback, the main constraints related to 

the necessity of incorporating an automatic and dynamic calibration, as well as articulating a 

way of better observe the finger gestures (Reichinger, Fuhrmann, et al., 2016). 

An identical project that comprises both hand-tracking system and an audio device was 

developed by Buonamici, Furferi, Governi and Volpe (2015) to allow the exploration of a bas-

relief of the painting Madonna with Child and Angels. A Microsoft Kinect to track the visitors’ 

hand movement in real time was used, while software determines the corresponding verbal 

description of each area being touched, which can be heard through headphones. Tests with 

blind users demonstrated a few limitations due to the robustness of the tracking system when 

the movement speed increases and the necessity to consider the tracking of multiple fingers 

touching the piece at the same time. The approach also demonstrated its effectiveness by 

providing autonomous exploration of tactile models, as well as allowing a fulfilling, 

stimulating and fun experience (Buonamici et al., 2015; Buonamici, Furferi, Governi & Volpe, 

2017). Despite that, the authors agree that a multimodal approach like this one is expected 

in the future to be not limited to a description of the artwork’s panorama and of the touched 

regions; instead, should integrate different stimuli during the exploration to let visitors 

acquire different levels of information and construct a progressive mental organization of it 
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into a more complete and detailed one, at the same time that the emotional component is 

enhanced and a liberating experience is facilitated (Buonamici et al., 2017). 

At the Victoria and Albert Museum, London, UK, Reichinger, Carrizosa and Travnicek (2018) 

developed a relief version of the Meissen table fountain The Triumph of Amphitrite, to be 

used as a gesture-based interactive audio guide. Even though the visitors’ interaction with 

the system happened the same way as in the previous project, researchers presented the 

reverse process of conversion of a full 3D artifact into a tactile relief through a mixed-

perspective view projection technique (see Figure 12, right). Preliminary results indicate that 

the conversion of the object to 2.5D tends to confuse visitors’ concept of distance and 

sensing details was problematic too. 

 

 
Figure 12. From left to right: A participant using the gesture-based audio guide and a close-up of the 
interaction with the tactile relief of “The Kiss”; Bas-relief version of the Table Fountain “The Triumph 
of Amphitrite”. Source, from left to right: Reichinger, Sportun, et al. (2016); Reichinger et al. (2018). 

 

2.3.4.4 Assistive Navigation for Self-Guided Tours 

Besides helping to create new ways for visually impaired and blind visitors to interact with 

museum collections while learning more about them, technology is also being used to provide 

them better physical access, indoor navigation and wayfinding in those environments, 

enhancing their ability to move independently through different galleries, without the aid of 

guides or another escort. 

As clarified by Jain, Jain, Paul, Komarika and Balakrishnan (2013), navigation in unknown 

indoor environments can cause anxiety, embarrassment and make these persons reluctant to 

go alone into unfamiliar buildings. This happens when navigating without sight since a 

complex composition of cognitive processes are necessary to build a mental representation of 

the spatial layout of the environment, such as perceiving where objects and obstacles are, as 

well as identifying the current position and orientation (Landau, Wiener, Naghshineh, & 

Giusti, 2005; Loomis, Klatzky, & Golledge, 2001). 

With the aim to assist the development of orientation and mobility skills of blind people at 

the Museum of Science and Technology of the Pontifical Catholic University of Rio Grande do 
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Sul, Brazil, Campos, Sánchez, Martins, Santana and Espinoza (2014) developed a mobile 

audio-based environment simulator: mAbES. The virtual environment is made up of different 

elements and objects (elevators, doors, stairways, walls, exhibitions, etc.) with which users 

can interact with, in order to independently identify them and become familiar with their 

location, to mentally map the entire environment. An audio interface assists the user by 

providing audio-descriptions about elements’ physical appearance, functioning and how to 

use them in the real context of the museum, while the smartphone’s vibration function is 

used if the user crashes into an object. Evaluation results demonstrated a positive impact of 

the system on orientation and mobility skills of blind users, allowing a more autonomously 

and safely visit to the museum (Márcia de Borba Campos, Sánchez, Damasio, & Inácio, 2015).  

Urbas, Pivar and Elesini (2016) explored 3D printing techniques to develop physical floor plans 

of the Technical Museum of Post and Telecommunications, in Slovenia, using durable 

materials for the printing. These floor plans were placed on the museum walls, in a suitable 

height to be touched. Since this approach does not require any digital device to be used, all 

the important information needed to move around the museum had to be available on the 

tactile reliefs: the names of all exhibition rooms were printed in Braille dots and walls could 

be sensed as being higher than the main marked path to correctly signal how to move to the 

exhibition areas. Staircases were printed as well and represented by three thicker parallel 

lines, while a single dot denoted the visitors’ location inside the museum. 

At the National Science Center, New Delhi, India, an on-site path-guided navigation system 

was developed to help sightless patrons during the single navigational path between the 

ground floor and the fourth floor, where exhibition pieces were located, on the narrow track 

or spread across halls. By using an application on a mobile device, users have the option of 

speaking their desired destination and when they start walking, the system presents step-by-

step navigational audio instructions following the shortest path algorithm. If the visitor takes 

up the wrong direction, the application re-calculates the path and warns the user about the 

current location to the final destination. When the visitor is near an exhibit, an infrared tag is 

received  by the device and  a description of the piece is presented (Jain, 2014; Jain et al., 

2013). In Figure 13 (left), a visitor is using the system and it is possible to observe the user 

module and a module on the wall. The assessment results indicated that the interface was 

useful and easy to use after a given demonstration, although improvements like controlling 

the sound volume and calibrating interferences made it difficult to distinguish where closely 

located exhibits were located (Jain, 2014). 

A similar interface for real-time indoor interactive autonomous navigation, named Blind 

MuseumTourer, was proposed by Meliones and Sampson (2018) for the Tactual Museum of the 

Lighthouse for the Blind of Greece, the National Archeological Museum, and the Acropolis 

Museum. The application, illustrated in Figure 13 (center), runs on an Android smartphone 
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and is initiated through voice command or a widget on the screen, presenting vocally routes, 

emergency and back options, and also describing the exhibits approached by the visitor along 

the tour route. System interactions were based on a single-tap for hearing a selection, 

double-tap for confirming, or through voice command. As for solving several problems of 

indoor location detection — due to the deviation of the calculated location from visitors’ real 

location — researchers used BLE beacons as proximity sensors at the exhibits to update the 

current location of users and provide an audio presentation of the object in some cases, and 

used, as well, non-digital tactile route indicators on the floor, to be detected by users using 

their cane. Additionally, the device accelerometer calculates the users’ walked distance to 

determine their position in the exhibition. If needed, the navigation can be interrupted to 

dial a call or move to the restroom, cafeteria, information desk or exit. This implemented 

technique showed to be feasible and simpler than alternative solutions like shepherd-sheeps 

location detection and WLAN-based positioning (Meliones & Sampson, 2017, 2018). 

The ARIANNA navigation system presented by Croce et al. (2020) was designed for indoor 

navigation in cultural sites. It uses a smartphone with computing vision to identify colored 

tapes placed throughout the visiting path floor, combined with vibration signals to provide 

users feedback for correcting their direction. QR codes deployed along the path are used as 

landmarks to provide users additional information about points of interest. The experimental 

evaluation results revealed very positive feedback and high satisfaction grades, although 

there were verified position errors that needed to be addressed. 

In contrast, Hishida and Hirayama (2018) propose a voice guidance system for visually 

impaired persons visiting a museum that uses a hyper-directional speaker and a Kinect image 

sensor to radiate guiding audio instructions only to a target visitor who needs guidance, as 

illustrated in Figure 13 (right). User position and movements are detected by a Kinect sensor 

and a stepping motor rotates the direction of the speaker toward the visitor’s position, which 

radiates voice guiding sounds. Given the characteristics of this kind of speaker, it can be used 

to play sounds only in a determined area, without the interference to neighboring speakers. 

 

 
Figure 13. From left to right: A visitor navigating with the system’s help; The application’s function of 
selecting routed and a map for self-guided tour; Setting up the route guiding system. Source, from left 
to right: Jain (2014); Meliones and Sampson (2018); Hishida and Hirayama (2018). 
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2.3.4.5 Hybrid Solutions 

Apart from the solutions previously discussed to enhance either the physical and cognitive 

accessibilities of museum collections to visually impaired people, the research project of 

Anagnostakis et al. (2016) aimed at exploring how to integrate both access dimensions in 

order to support a more complete and less limited experience while visiting the Museum of 

Cycladic Art, Athens, Greece, and at enabling the navigation in exhibition halls and the 

tactual exploration of object replicas. With the proposed approach, a blind visitor may use a 

smartphone with a mobile app as a multi-touch pad to manipulate the audio interface 

through gestures. After choosing a thematic area and an exhibit, the app provides navigation 

instructions by taking advantage of sensors embedded in the room, and when arriving in front 

of the piece within the exhibition, the user can tactually explore its form, while listening to 

the audio description about the piece. The replica has five capacitive touch sensors, in 

predefined segments, connected to a microcontroller that, when detecting activity, sends 

data to the smartphone. When assessing the system, blind users reported the potential of the 

interface and that it was easy to manipulate the audio descriptions through gestures. Results 

also showed limitations regarding the visitors’ navigation in the museum. 

 

2.3.4.6 Discussion 

This section will now compare and discuss the five researched solutions accordingly to their: 

main characteristics, technological requirements for implementation, and the accessibility 

improvements provided to blind and visually impaired visitors by the different multimodal 

approaches. Table 1 shows this information based on the data obtained through the reviewed 

works. 

 

Table  1. Applications of assistive technologies and contributions to increasing accessibility 
in museum exhibitions 

Researched 
Solutions 

Main 
Characteristics 

Technological 
Requirements 

Accessibility 
Improvements 

Reviewed Works 

Haptic 
Interfaces 

• Exploration of 
virtual replicas of 
museum objects 

• Take advantage of 
the dynamic nature 
of the kinesthetic 
sense 

• Allows users to 
acquire perceptual 
information 
(texture, shape, 
weight, material 
properties) 

• There is no need to 
storage physical 

• Haptic devices: 
exoskeletons, 
joysticks, pens, 
among other 
specialized hardware 

• Since it has not 
become very 
common, this 
technology is 
relatively expensive 

• Can mainly 
contribute to the 
sensory access of 
virtual replicas of 
museum objects 

• A multimodal 
approach, where 
an audio 
description 
complements the 
virtual 
representation, can 
enhance the 
intellectual access 
of visitors as well 

• Museum of Pure 
Form 
(Carrozzino & 
Bergamasco, 
2010) 

• Probos Sensory 
Console – 
GalleZeum 
(Andrade et al., 
2015) 

• Geomagic 
Touch System 
(Comes, 2016) 

• Dream of the 
Snake with 
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replicas STIMTAC 
(Romeo, Chottin 
et al., 2018) 

Interactive 
Touch 
Replicas 

• Exploration of 
physical replicas of 
museum objects 

• Accurate scanning 
and printing of 3D 
objects can be 
obtained 

• Replicas can be 
scaled or restored 
to the original 
appearance 

• Tactile exploration 
is enriched with 
additional audio 
information 

• Multisensory 
experiences can be 
provided, 
depending on the 
sensors used 

• 3D technologies to 
scanning and printing 
the objects 

• Sensors need to be 
embedded inside the 
objects (NFC tags, 
BLE, touch sensitive 
sensors) 

• External devices are 
required to augment 
the touch replicas 
(smartphones, 
tablets, wearables) 

• It is an intrusive 
system since sensors 
need to be attached 
to detect users’ 
activities 

• Can enhance both 
the sensory and 
intellectual 
accessibility, 
through multimodal 
combination of 
tactile and hearing 

• Visitors can benefit 
from 3D scaled or 
reconstructed 
replicas of museum 
objects 

• Tooteko 
(D’Agnano et 
al., 2015) 

• Egyptian Cat 
Sarcophagus 
(Reichinger, 
Schröder et al., 
2016) 

• The Battle of 
Pavia (Cantoni 
et al., 2018) 

• 3D models of 
the City 
Museum Trier 
(Lormis, 2018) 

• Victorian 
dioramas 
(Samaroudi & 
Echavarria, 
2019) 

• Tactile Artworks 
(Quero, 
Bartolomé, & 
Cho, 2021) 

Gesture-
Based 
Reliefs 

• Are particularly 
useful to provide 
access to reliefs of 
2D artworks 
(paintings, photos, 
images) 

• Users’ hands 
movements are 
tracked by 
computer-vision 
(non-intrusive 
system) 

• Can be designed to 
better respond to 
visitors’ 
exploration 
strategies (one 
finger, all fingers, 
one hand, both 
hands) 

• Updates can be 
done just by 
changing the 
software 

• Tactile reproductions 
of two-dimensional 
exhibits need to be 
obtained using 3D 
technologies 

• 3D acquisition system 
(like Microsoft 
Kinect®) to track 
user’s hands and 
software to detect 
the position of the 
bas-relief in its 
reference frame 

• The software can 
provide verbal 
information according 
to very distinct 
gestures 

• Sensory and 
intellectual 
accessibility are 
improved through 
multimodal 
combination of 
tactile and hearing 

• Allow visitors a 
more precise 
control about the 
parts of the piece 
to get information 
(this is in contrast 
to interactive 
touch replicas, 
where any kind of 
touch triggers an 
audio description) 

• Bas-relief of 
Madonna with 
Child and Angels 
(Buonamici et 
al., 2015) 

• Bas-relief of 
The Kiss 
(Reichinger, 
Fuhrmann, et 
al., 2016) 

• Bas-relief of 
The Triumph of 
Amphitrite 
(Reichinger, 
Carrizosa, & 
Travnicek, 
2018) 

Assisted 
Navigation 

• Used to help in 
indoor navigation 
and wayfinding in 
museums 

• Systems can 
present step-by-
step navigational 
audio instructions 
during visitors’ 
motion 

• Voice commands, 
touch events and 
text can be used as 
inputs for the 
interaction 

• Physical floor plans 
can provide an 
overview of the 

• Mobile audio-based 
environment 
simulators 

• Smartphones or 
tablets combined 
with sensors to 
determine the 
visitor’s position and 
orientation (beacons, 
accelerometer, 
infrared tag, 
Microsoft Kinect®, 
etc.) 

• 3D printing 
techniques can be 
used to develop 
physical floor plans 

• Attempts to 
provide better 
physical access, 
enhancing visitors’ 
ability to move 
independently 

• Since there is no 
global solution to 
the indoor 
navigation 
problem, it is not 
possible to 
conclude that those 
systems can be as 
effective as desired 
in solving physical 
accessibility issues 

• Path-Guided 
Navigation 
System (Jain et 
al., 2013) 

• mABES (Campos 
et al., 2014) 

• 3D Physical 
Floor Plan 
(Urbas, Pivar, & 
Elesini, 2016) 

• Blind 
MuseumTourer 
(Meliones & 
Sampson, 2018) 

• Hyper-
Directional 
Guidance 
System (Hishida 
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museum place & Hirayama, 
2018) 

• ARIANNA (Croce 
et al., 2020) 

Hybrid 
Solutions 

• Supports visitors’ 
orientation and 
mobility, together 
with the tactual 
exploration of 
object replicas 
augmented with 
contextual audio 
descriptions 

• Systems that support 
assistive navigation, 
combined with 
solutions that allow 
for the exploration of 
museum exhibits 
(haptic interfaces, 
interactive touch 
replicas or gesture-
based reliefs) 

• Integration of 
physical access to 
museum sites with 
intellectual and 
sensory access to 
museum collections 

• Visiting the 
Museum of 
Cycladic Art 
(Anagnostakis et 
al. 2016) 

 

Haptic interfaces can benefit from the dynamic nature of the kinesthetic sense and generate 

forces, allowing for the exploration of virtual copies of museum and gallery collections, 

solving, as well, the issue that some institutions face regarding the storage for duplicate 

collection of physical replicas. They can mainly contribute to enhance the sensory access of 

those virtual replicas. However, when multimodal approaches are used, the intellectual 

access can be increased, as well, by audio description and other complementary sounds, as 

shown in the work of Andrade et al. (2015) and Romeo et al. (2018). 

Other museums are using 3D scanning and printing technologies to provide touch replicas 

digitally augmented, offering tactile and hearing multisensory experiences that help the blind 

and visually impaired visitors to formulate mental images of the objects. With this, those 

solutions can enhance both the sensory and intellectual accessibility of blind and visually 

impaired patrons. Despite enabling visitors to obtain contextual information about the 

exhibits interactively, they also offer the advantages of reconstructing their original form and 

getting touch replicas of objects from the collections of other museums, avoiding 

transportation and insurance costs. 

In turn, gesture-based interactive tactile reliefs do not have any physical sensors attached to 

detect users’ interactions. Instead, their activity is tracked by computer-vision systems, 

which facilitates the exploration of specific parts in more detail, enriched by contextual 

audio description. They are particularly useful to provide access to bas-reliefs of 2D original 

artworks, like paintings, photos and images, among others. In this case, sensory and 

intellectual accessibility can be improved through the multimodal nature of these systems. 

Apart from helping create new ways for visitors to interactively knowing about museum 

collections, the reviewed projects also attempt to use technology to provide them better 

physical access, indoor navigation and wayfinding in those environments. There is a consensus 

that the issues regarding these activities are not entirely solved yet, but two projects (mABES 

and Path-Guided Navigation System) demonstrated enhancements on visitors’ abilities to 

move independently through different museum spaces. For the other projects, there was not 

found enough evidence of validation with blind and partially sighted users, as desired. 
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A hybrid solution that supports visitors’ orientation and mobility was also explored, together 

with the possibility to touch interactive exhibits and know more about them by listening to 

contextual audio descriptions. Approaches like this one seem to be the more suitable, taking 

into account the information presented in this section where some constraints and desired 

improvements to increase the intellectual, sensory and physical access to museum collections 

and sites were explored. In this case, the integration of systems that support assistive 

navigation inside museum spaces is required, with one or more of the reviewed solutions that 

allow for the sensory and intellectual exploration of museum exhibits. 

 

2.4 Summary and Next Steps for 
Research 

Museums undertake the hard mission of preserving humanity’s heritage, while having to 

exhibit and to communicate this heritage, in order to provide society with insights and 

opportunities to experience art, culture, history, sciences, among other subjects. This 

complexity increases when dealing with populations with impairments, since an equal access 

to those places and exhibitions that include all members of society is expected. To this 

extent, the multiple human factors interconnected to how individuals perceive and interact 

with the external world need to be considered during the endeavoring path to accomplish a 

museum for all. 

A brief overview of experiences and desires of blind and visually impaired people when 

visiting museums highlighted good practices and showed the need to increase the 

accessibility of museum exhibitions and their interpretation, as well as their sites. Regarding 

access to collections, the literature review revealed visitors expect intellectual and sensory 

access to exhibits, provided by multisensory experiences enhanced with appropriate 

contextual information, using a means of communication that allows the conceptualization of 

accurate mental images. In order to have choices that are more independent and feel 

confidence inside museum spaces, facilities for the orientation and mobility are also 

required. 

With the use of digital media, some museums are now increasing the accessibility of 

exhibitions and spaces, enhancing blind and visual impaired patrons’ experiences when 

visiting those institutions by offering opportunities of handling and touching objects, as well 

as assisting them during their visit. Additionally, assistive technologies offer the advantage of 

overcoming issues like the exhibits’ conservation and maintenance, but they can be relatively 

expensive since they have not yet become widespread. A survey of technology-based 

accessibility aimed at exploring applications of those solutions, categorizing them according 
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to the interaction and the different provided sensory experiences: haptic devices for the 

exploration of virtual copies; touch replicas digitally augmented; gesture-based interactive 

tactile reliefs; assistive navigation for self-guided tours; and hybrid solutions. 

Most of the reviewed projects were developed in collaboration with blind and visually 

impaired people, what was shown to be essential in understanding their unique perspectives 

and obtain improved interfaces. Furthermore, multisensory strategies were adopted in most 

cases, especially combining touch and sound, but none of them explored olfactory or tasting 

opportunities. Following universal design principles of involving users from the early stage of 

a project and during the design process, as well as performing an assessment with them, are 

pointed out as essential to museums to achieve enhanced technology-based inclusive 

solutions and accessible experiences (Goldberg, 2010; Osterman, 2017; Wyman et al., 2016). 

Moreover, from a technological point of view, on-site hybrid approaches tend to allow for the 

integration of physical, intellectual and sensory dimensions of accessibility required by the 

blind and partially sighted to better experience museum visits. However, of all the explored 

projects, only the approach of Anagnostakis et al. (2016) combines tactile exploration of 

exhibit replicas, their audio descriptions and navigation assistance in exhibition halls. 

One limitation of this literature review is that it did not review approaches or implications of 

using non-digital solutions like leaflets, identification labels, interpretative panels, magnified 

information, among others. However, this study’s main contribution to the field is the 

systematization of assistive technologies to enhance the accessibility of blind and visually 

impaired persons in museums and its respective discussion. 

Widespread research is still required to identify what are the users’ needs and expectations 

from integrating assistive technologies across the continuum of visits to museums: collection 

digitization, interaction with exhibits by multisensory experiences, access to contextual 

information about the exhibits apart from Braille and hearing, mobility and orientation inside 

museum sites and exhibition galleries, remote interactions with exhibits, and so forth. The 

understanding of those dimensions can contribute to help museums develop unified inclusive 

solutions, which effectively enhance accessible exhibition designs and improve the 

experience of blind and partially sighted patrons’ when visiting those places. Future research 

should focus on promoting accessibility in museum exhibitions through multimodality and 

articulate the appealing to multisensory to encourage more enjoyable and memorable 

experiences. Moreover, the researcher agrees that every effort concerning good accessibility 

practices can benefit all kinds of visitors, in general. 
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III.       Research Design 

This chapter presents the research design starting with the justification and explanation of 

the methodology adopted for the research. First, the participatory design methodology is 

discussed, focusing on its main characteristics, its different stages, and some limitations. The 

second and last section of the chapter provides an overview of the research methodology 

followed in this thesis, presenting, for each stage of the research, the objectives, techniques 

for data collection, the respective temporal period, the sampling, the sample, the kind of 

data collected, and the processes performed to achieve each stage objectives.  

 

3.1 Participatory Design Methodology 

Given the framing of this study, its objectives, and the research questions that guide it, the 

participatory design was adopted as the methodology for this research. 

Several authors, who worked with visually impaired people during their researches, highlight 

participatory design as a useful methodology to help researchers understand, on the one 

hand, the characteristics of a specific context of use, and on the other, the unique 

perspectives of those persons (Cober, Au, & Son, 2012; Carrizosa, Díaz, & Aparicio, 2020; 

Mengoni, Cavalieri, & Raponi, 2015; Sahib, Stockman, Tombros, & Metatla, 2013; 

Waddington, Linehan, Gerling, Hicks, & Hodgson, 2015). According to Sahib et al. (2013), 

“traditional user methodologies are not always effective at capturing the real user 

requirements” (p. 695), corroborating that, when designing accessible solutions to be used by 

visually impaired persons, the researchers must ensure that their understanding of the 

problem is aligned to the end users’ experiences in the particular context. 

Hansen et al. (2019), Liam and Pelle (2012) and Preece et al. (2015) identify participatory 

design as the research methodology that better contributes to gaining knowledge by doing. 

This means that participants must be actively involved during the entire design process to 
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cooperate, iteratively, with the researchers, with the intention to become an equal partner 

to achieving a specific solution (Spinuzzi, 2002). 

 

3.1.1 Main Characteristics of Participatory Design 

The authors’ Muller and Kuhn (1993) and Spinuzzi (2002) highlight the genesis of the 

participatory design methodology in Scandinavia, dating back to the 70s and 80s. Since then, 

its use and discussion in several research projects, which presuppose a practical objective, 

has led this methodology to be associated with the idea of a research orientation process in 

the area of human-computer interaction (Spinuzzi, 2005; Sundblad, 2011). 

In general, the participatory design approach presupposes both the development of a solution 

that responds to the main objective of a study and the research necessary to reach that final 

result. The process is conducted by using methods that help researchers ensure that the 

participants’ reflections and tacit knowledge are taken into account at each iteration phase 

(Hansen et al., 2019; Liam & Pelle, 2012; Muller, 2009; Spinuzzi, 2005): “since users’ tacit 

knowledge is highly valued, participatory design focuses on exploring that tacit knowledge 

and taking it into account when building new systems” (Spinuzzi, 2005, p. 166). This 

exploration of what is understood as the participants’ tacit knowledge allows researchers to 

collect details and information about specific contexts associated with the users’ own 

experience and iteratively construct emerging designs that can fit into their realities. 

Given the constant cooperation envisioned between researchers and participants to achieve 

the same goal, Spinuzzi (2005, p. 164) states that “this partnership must be conducted 

iteratively so that researcher-designers and participants can develop and refine their 

understanding” of designed artifacts, work arrangements, or work environments. 

In turn, Preece et al. (2015) and Sanders, Brandt and Binder (2010) state that, to positively 

complement aspects of a project, there must be several moments of working sessions not just 

in partnership with potential users but also involve other individuals having different roles 

within the project, with different backgrounds, interests, and experiences. Norman (2002) 

refers that the emphasis must be given not only to the construction of the intended product 

to be achieved but also to the considerations that arise throughout all development stages: 

the focus is on the individuals themselves and what is intended is to respond to a set of needs 

and interests. Still concerning the participants’ involvement, Spinuzzi (2005) advises that it is 

impossible to include all the persons for whom the solution is dedicated in the vast majority 

of situations. However, this fact should be minimally addressed by collaborating with 

participants that represent the possible diversity of the target audience as a whole. 
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3.1.2 Stages of Participatory Design Research 

Research using participatory design methodology typically involves four stages, subject to 

iterations, as highlighted by Easterday, Lewis and Gerber (2014), Muller (2009), Preece et al. 

(2015), and Spinuzzi (2005). Those stages, which will be explored in more detail next, are the 

initial exploration, discovery process, prototyping, and evaluation. 

• Stage 1: Initial exploration 

The initial exploration stage intends to help researchers familiarize themselves with 

the dynamics, challenges, interactions, tacit knowledge, opinions of the participants 

about the specific research context, and how they behave in the environment in 

analysis. At this stage, researchers start gathering requirements from participants to 

deeply understand the potential needs and the on-site context as a whole. According 

to Spinuzzi (2005, p. 167), “This exploration includes the technologies used, but also 

includes workflow and work procedures, routines, teamwork, and other aspects… This 

stage is typically conducted on site”. 

The initial exploration stage usually involves ethnographic techniques such as 

interviews, observations, and organizational visits, aiming not to disturb the usual 

context and avoid interfering with it. It should be noted that, although some of the 

methods draw from ethnography, researchers should orient them to focus their 

attention towards details linked to interaction and the user experience (Bødker, 

Kensing, & Simonsen, 2004; Muller, 2009; Preece et al., 2015; Sanders et al., 2010; 

Spinuzzi, 2005). 

 

• Stage 2: Discovery process 

In the second stage, the goal should be to make meaning out of the particular context 

under research rather than only to describe it. The objective is to move on from 

exploring the problem in analysis to envision at least one possible solution to meet 

the participants’ requirements and expectations. 

Norman (2002) and Preece et al. (2015) argue that a good method to illustrate and 

communicate the possible solutions is to develop conceptual models, where ideas and 

concepts appear interconnected, and the effects arising from specific events are 

explained. Cober et al. (2012) suggest creating affinity diagrams to organize the 

gathered data. 

Since the discovery process stage allows researchers to cooperatively clarify the 

participants’ goals for the desired solution to develop next, the “specific project 

criteria are codetermined by researchers and users during the project. This way, 

researchers do not take total ownership of the project” (Spinuzzi, 2005, p. 170). 
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• Stage 3: Prototyping 

The third stage of participatory design concerns prototyping technological artifacts to 

fit into the solution envisioned in the previous stage. It is expected that researchers 

and participants discuss ideas and shape them in partnership during this stage. As 

stated by Fonseca et al. (2016), Hansen et al. (2019), Muller (2009) and Preece et al. 

(2015), prototypes are effective ways to test out the ideas and can be materialized in 

low-fidelity or high-fidelity prototypes, with different levels of functionalities. There 

are several techniques of prototyping solutions, depending on the objective at the 

moment. Some examples of low-fidelity prototypes include creating storyboards 

showing how users might progress to perform tasks; sketching interface designs with 

icons, dialog boxes, and other elements; or using the Wizard of Oz technique to 

simulate the technological solution’s response to the user actions. Solutions can also 

be prototyped in high-fidelity versions, which provides users functional interactions 

while allowing them to experience its general look and feel. 

The main objective of this phase is that “results are disseminated in forms that users 

can understand and share — a continuation of the “language games” that allow 

researchers and users to collaborate, and a way to continue to support the 

empowerment and participation of users” (Spinuzzi, 2005, p. 168). 

 

• Stage 4: Evaluation 

The evaluation of the solution developed during the third stage aims to lead to new 

reflections and understand new perspectives of the participants emerging from its 

testing, assess the outcomes, and investigate the fit of the developed prototype. 

Those aspects improve design features and functionalities, which were not 

highlighted until then (Spinuzzi, 2002). 

Successive tests and re-designs of prototypes are fundamental to understand issues of 

relevance and consistency of the implemented solutions. They are also important to 

investigate what improvements should be made and which errors not yet detected 

need to be addressed to enhance the interaction. These tests can help researchers 

discover participants’ new requirements and expectations and understand how the 

solution is accepted by users, allowing them to manage their expectations regarding 

the final product (Bødker et al., 2004; Easterday et al., 2014; Goodman, Stolterman, 

& Wakkary, 2011; Hansen et al., 2019; Muller, 2009; Preece et al., 2015). 

Several research methods can be used during the evaluation stage, according to 

Lopes (2019), depending on the purpose of the analysis. Examples of evaluation 

methods in human-computer interaction include field trials, experience sampling, 

usability testing, ethnographic methods, interviews, case studies, diary studies, 

contextual inquiry, and automated data collection. 
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Before exploring some limitations of the participatory design methodology, it is emphasized 

again that the presented stages can be iterated several times together with participants until 

achieving a final co-created solution. Preece et al. (2015) argue that, regardless of how 

experienced the designers are and how clear the stakeholders are in expressing their visions 

and needs, the review of ideas is unavoidable during the process. Spinuzzi (2005) 

corroborates this principle, focusing the iteration of the process as essential to the success of 

a solution: “Rarely is one sweep through the stages enough because the stages are designed 

to inspire critical reflection on the work and turn up tacit knowledge. So a successful 

participatory design project should be flexible enough to revisit stages repeatedly and 

cyclically” (p. 171). 

 

3.1.3 Some Limitations of Participatory Design 

Among the limitations associated with this methodology, the fact that it is necessary to 

collaborate and involve the participants proves, from the outset, a challenge: the amount of 

time spent with the organization, the management of arrangements and resources, and the 

schedule for the involvement of participants (co-designers) tends to be significant and 

subject to change (Bratteteig & Wagner, 2016; Preece et al., 2015; Spinuzzi, 2005). 

Another challenge of participatory design is that the participants’ involvement may prove 

difficult over time since, by requiring multiple inputs throughout the study, the loss of 

interest and enthusiasm may arise, compromising the future of the research (Preece et al., 

2015). Additionally, Spinuzzi (2005) cautions that participatory design results must be 

interpreted as evolution and not revolutions, mainly because it is common to verify a 

tendency of tunnel vision concerning the problem for which a solution is being investigated, 

“in which particular stakeholders are served while others are left to fend for themselves” (p. 

168). To avoid this problem, it becomes necessary to work with new participants, who can 

contribute with new reflections, thus increasing the spectrum of considerations and the scope 

of multiple viewpoints (Sanders et al., 2010). 

Due to the essence of this methodology, in which researchers assume an action-research role 

— as opposed to what happens in more traditional research, where the collection and 

subsequent analysis of data prevail — some methods have to be adapted to the design-

oriented nature of the research, what can prove to be quite a challenge. Also, it shows 

necessary to maintain a continuous analysis and interpretation of the data so that the 

solution can be readjusted on time, in accordance (Spinuzzi, 2005; Wang & Hannafin, 2005). 

 



III. Research Design 

80 

3.2 Overview of the Research 
Methodology 

The current subsection intends to provide an overview of the methodology adopted during 

the research, summarized in Table 2. It is organized based on the four stages of participatory 

design (PD) previously described, and, for each stage, are presented: the objectives, the 

techniques used for data collection, the dates of occurrence the sampling, the sample, the 

kind of data collected, and the processes performed to achieve the PD stages objectives. 

 

Table  2. Summary of the research methodology adopted. 

PD Stage Objective(s) Technique 
for Data 
Collection 

Dates Sampling Sample Data 
Collected 

Performed 
Process(es) 

Initial 
Exploration 

To gain in loco 
knowledge about 
the accessible 
resources adopted 
by some museums 
in Porto 

Observation Between 
May and 
June of 
2018 

Purposive 
sampling 
(non-
probabilistic 
sampling) 

12 museums 
of the city 
of Porto 

Qualitative Data collection 
 
Descriptive 
statistics and 
exploratory data 
analysis 

Understand 
visually impaired 
participants’ 
experiences in 
museums 
 
Assess the 
frequency and 
usefulness of a set 
of accessibility 
resources 
 
Collect 
suggestions to 
improve their 
museum 
experience 

Semi-
structured 
interview 

Between 
January 
and July 
of 2019 

Random 
sampling 
(probabilistic 
sampling) 

72 visually 
impaired 
persons 

Mostly 
qualitative 
and some 
quantitative 
data 

Data collection 

Discovery 
Process 

Transcribe the 
interviews 
 
Perform the data 
analysis of the 
qualitative and 
quantitative data 
collected 
 
Conclude about 
the participants’ 
overall museum 
experience and 
clarify their goals 
to improve future 
visiting 
experiences 

— Between 
August of 
2019 and 
February 
of 2020 

— The 
resulting 
from the 
semi-
structured 
interviews 
performed 
(72 persons) 

The 
resulting 
from the 
semi-
structured 
interviews 
performed 
 

Thematic 
analysis 
 
Descriptive 
statistics and 
exploratory data 
analysis 
 
Inferential 
statistics for 
testing the 
correlation 
between 
variables: 
Spearman 
correlations; 
Multiple linear 
regression 
analysis 

Concept 
development of a 

— Between 
February 

— The 
resulting 

The 
resulting 

Cumulative 
refinement of 
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framework based 
on principles to 
enhance the 
access and the 
visiting 
experience of 
visually impaired 
persons 

and June 
of 2020 

from the 
semi-
structured 
interviews 
performed 
(72 persons) 

from the 
semi-
structured 
interviews 
 

the results: to 
synthesize the 
previous results 
of the data 
analysis 
performed and 
integrate them 
with the 
participants’ 
suggestions 

Prototyping Design, prototype 
and implement an 
accessible 
interactive 
exhibition at the 
Pharmacy Museum 
of Porto 

Face-to-face 
PD sessions 
 
Online PD 
sessions 

Between 
July of 
2020 and 
March of 
2021 

— Museum 
Director 
 
Museum 
curator 
 
One visually 
impaired co-
designer 
 
Fourteen 
individuals 
from multi-
disciplinary 
backgrounds 

Qualitative Planning an 
accessible 
exhibition 
 
Design and 
development of 
the exhibit 
replicas, 
museological 
contents, and 
interactive 
systems; design 
of the exhibit 
cases 
 
Installation of 
the exhibition 

Evaluation Evaluate in situ 
the visiting 
experience of 
visually impaired 
visitors 
 
Conclude how the 
user experience 
and the visiting 
experience can be 
correlated with 
the satisfaction 
opinion expressed 
by the visitors 

Initial 
questionnaire 
 
Observations 
during the 
visits 
 
Think-aloud 
technique 
 
Semi-
structured 
interview 
after the visits 

Between 5 
and 17 of 
April of 
2021 

Random 
sampling 
(probabilistic 
sampling) 

25 visually 
impaired 
visitors 

Mostly 
qualitative 
and some 
quantitative 
data 

Thematic 
analysis 
 
Descriptive 
statistics and 
exploratory data 
analysis 
 
Inferential 
statistics for 
testing the 
correlation 
between 
variables: 
Spearman 
correlations 

 

Before exploring the summary of the methodology adopted for the research, it should be 

noted that the full details of each method, the sampling processes, the research instruments, 

and the procedures will be explained throughout the thesis. The aim is to structure it better 

and facilitate the reading, mainly because the results of previous stages are interconnected 

with the subsequent stages.  

The initial exploration stage of the research happened in two different moments to help the 

researcher familiarize himself with the context in analysis. First, with the objective to gain in 

loco knowledge about accessible resources implemented in museological institutions, 12 

museums of the city of Porto were selected by an approach to purposive sampling (Etikan, 

2016), with the help of four experts. The selection criteria were based on their collections, 

the different approaches adopted in exhibitions to display artifacts, their central themes, 

and the exhibitions’ environment. The observation technique was used to collect qualitative 

data, and presential visits occurred between May and June of 2018. The data was then 
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analyzed by using descriptive statistics and exploratory data analysis. It deserves mentioning 

that an effort was made to try to participate in organized visits to museums with visually 

impaired persons, but it was not possible to accomplish. 

After having an ampler knowledge about the museums’ accessibility reality, semi-structured 

interviews were performed with 72 visually impaired persons in the second moment of the 

initial exploration stage. The sampling process was random (Taherdoost, 2016), and the 

interviews were conducted between January and July of 2019. The main objectives were to 

understand participants’ experiences in museums, assess the frequency and usefulness of a 

set of accessibility resources, and collect suggestions to enhance their experiences in future 

visits to museums. The technique of semi-structured interviews allowed to collect mostly 

qualitative and some quantitative data. 

The analysis of the data gathered during the interviews was then performed between August 

of 2019 and February of 2020. This analysis corresponds to the first out of two moments of 

the discovery process stage of the participatory design methodology, intending to make 

meaning of the context under research. During this stage, the interviews were transcribed, 

and three different analysis were performed: thematic analysis (for the qualitative data), 

descriptive statistics and exploratory data analysis (for some qualitative and quantitative 

data collected), and inferential statistics for testing the correlation between variables — 

Spearman correlations and multiple linear regression analysis (Braun & Clarke, 2006, 2012; 

Caracelli & Greene, 1993; Gelo, Braakmann, & Benetka, 2008; Heumann, Schomaker, & 

Shalabh, 2016). This process allowed to conclude about the participants’ overall museum 

experience and clarify their goals to improve future visiting experiences. 

The second moment of the discovery process regarded the concept development of a 

framework based on a set of guiding principles to enhance the access and the visiting 

experience of visually impaired individuals in museums. It occurred between February and 

June of 2020, during which a cumulative refinement was performed (Mays & Pope, 2019; 

Pope, Ziebland, & Mays, 2019; Wiseman, 1987) to synthesize the previous results that 

emerged from the data analysis and to integrate them with the participants’ suggestions 

regarding their requirements and expectations for future museum visits. 

The prototyping stage of the participatory design followed after envisioning a solution 

derived from the framework designed during the discovery process stage. With the aim to 

design, prototype, and implement an accessible interactive exhibition, the Pharmacy Museum 

of Porto was selected as the institutional setting for the subsequent phases of the research. 

This process occurred between July of 2020 and March of 2021 and counted with the 

collaboration of the Museum Director, the museum curator, one visually impaired, and 

fourteen individuals from multi-disciplinary backgrounds. As techniques for collaborative 

work, were organized face-to-face and online participatory design sessions with those 
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persons. Three focus groups with eight visually impaired students were also arranged during 

the prototyping process to, iteratively, test the solutions before implementing them. 

However, the second national confinement concerning the COVID-19 pandemic forced to 

cancel these activities arranged for the 15th of January of 2021, and it was not possible to 

conduct them online during the required period of time. 

From the prototyping stage of the research resulted: the planning of an accessible exhibition; 

the design and development of exhibit replicas, their museological and audio-described 

contents; and the interactive systems and exhibit cases to allow the visitors interaction with 

the objects. 

The last stage of the research is the evaluation of the exhibition in situ, i.e., outside the 

laboratory (Brown, Reeves, & Sherwood, 2011; Hansen et al., 2019). It aimed to research how 

the user experience and the visiting experience could be correlated with the satisfaction 

opinion expressed by the visually impaired visitors, based on their assessment of dimensions 

in analysis. An effort was made to resort to random sampling (probabilistic sample), and the 

evaluation occurred between 5 and 17 of April of 2021 with 25 blind or partially sighted 

participants. Four techniques were used for data collection, according to the different 

moments of their visits: initial questionnaire (before the visit), observations in all cases and 

think-aloud with four participants (during the visits), and semi-structured interviews (after 

the visits). The data collected during the evaluation stage was mostly qualitative and some 

quantitative, and it was analyzed by performing a thematic analysis (for the qualitative 

data), descriptive statistics and exploratory data analysis (for some qualitative and 

quantitative data collected), and inferential statistics for testing the correlation between 

variables (Spearman correlations). 
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IV.       Initial Exploration for 
Requirements Gathering 

The present chapter concerns the initial exploration steps for requirements gathering. It 

starts with the discussion of field observations made in 12 museums from Porto's city in a trial 

to gain in loco knowledge about the existence of accessible resources already adopted by 

those museums. It then presents the process followed for conducting semi-structured 

interviews with 72 visually impaired individuals to understand, from their perspectives, how 

it usually is to visit museums. 

 

4.1 Field Observations at Museums in 
Porto 

The first phase of the initial exploration aimed to get an overview of some of the strategies 

that museums have implemented to increase accessibility and promote the inclusion of blind 

or partially sighted visitors in their exhibitions. The empirical study was confined to 12 

museums in the city of Porto and was based on observation, in order to systematically 

examine the strategies adopted. In some cases, informal conversations were carried out with 

museum staff to gain a deeper understanding and new insights about specific adopted 

strategies that were found, or others that were not possible to conclude during the visits. 

 

4.1.1 Methods: Selection Criteria of Museums and 
Technique of Observation 

The criteria for selecting the museums for this research stage had to do with the diversity of 

their collections and the different approaches adopted in their exhibitions (exhibits display, 

central communication themes, and exhibition environment). The museums to visit in Porto 
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city were discussed with four experts. It was concluded that a visit to the 12 museums 

presented in Table 3 would accomplish the objective of getting an overview of the 

implemented strategies to increase the accessibility of visually impaired visitors in museum 

exhibitions. 

 

Table  3. List of the sample of museums visited in Porto city. 

Museums 
Abbreviation 

Original Name (PT) Translated Name (EN) 

Casa-Museu Abel Salazar  Abel Salazar House-Museum CMAS 

Casa-Museu Guerra Junqueiro  Guerra Junqueiro House-Museum CMGJ 

Fundação Escultor José Rodrigues  Sculptor José Rodrigues Foundation FEJR 

Galeria da Biodiversidade – Centro 
Ciência Viva 

Hall of Biodiversity – Ciência Viva Center GB 

Museu da Faculdade de Belas Artes da 
Universidade do Porto  

Museum of the Faculty of Fine Arts MFBA 

Museu da Farmácia  Pharmacy Museum MF 

Museu da Misericórdia do Porto Misericórdia do Porto Museum MMIPO 

Museu de Anatomia Prof. Nuno Grande 
(ICBAS – Instituto de Ciências 
Biomédicas Abel Salazar) 

Museum of Human Anatomy Prof. Nuno 
Grande MA 

Museu de Serralves  Serralves Museum MS 

Museu do Carro Elétrico  Tramcar Museum MCE 

Museu dos Transportes e das 
Comunicações  

Museum of Transport and Communications MTC 

Museu Nacional de Soares dos Reis  Soares dos Reis National Museum MNSR 

 

According to Angrosino and Rosenberg (2011) and Preece et al. (2015), the technique of 

observation must be carried out with a precise focus. Hence, the researcher looked 

attentively to details based on an assessment grid with a set of strategies that attempt to 

increase the accessibility of exhibits and their interpretation. Regarding time constraints and 

taking into account the main objective of this first phase of the initial exploration, it is 

important to clarify that the observation not focused on strategies concerning the physical 

accessibility of visually impaired people to museum sites. 

The assessment grid to systematically collect the data (included in Appendix A) was adapted 

from the Diagnostic Sheet for Assessing Accessibility in Museums (Instituto Português de 

Museus, 2004), of which were considered only the approaches that apply for the case of the 

blind and partially sighted visitors. It consists of 13 strategies to enhance the sensory and 

intellectual access to exhibits and related information, divided into three categories: 

• Accessibility of information (five strategies): availability of large-sized texts, texts in 

Braille, audio guides, tactile maps, and magnifying glasses. 
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• Accessibility of museum’s collection (six strategies): opportunity to touch original 

pieces during a normal visit, special sessions where original pieces can be touched, 

availability of gloves, existence of replicas, original material samples to complement 

the replicas, and relief images. 

• Integrated activities (two strategies): guided tours adapted to the visually impaired, 

and inclusive workshops. 

Regarding the assessment criteria, whenever a strategy was found during the visits to the 

museums, it was considered as implemented, as performed by Mesquita and Carneiro (2016) 

in their research. When it was not possible to conclude throughout the visit if a museum 

offered or not a particular accessibility approach, the museum staff available at the time 

were questioned about the existence and implementation of those strategies. Some case 

examples of the necessity of confirmation were the availability of audio guides, guided tours, 

accessible materials not present in exhibitions, availability of gloves to touch exhibits, among 

others. Nonetheless, it was not possible to conclude about the existence or not of all the 

strategies being assessed in 6 museums (50%), given museum staff did not know about them 

or, in some cases, denied answering. 

The empirical research was conducted between May and June of 2018 in order to analyze the 

adopted strategies systematically. The main findings from this first phase of initial 

exploration will be presented and discussed next. 

 

4.1.2 Strategies Implemented on the Visited Museums 

The findings resulting from the systematic observation performed in the 12 museums are 

presented in Table 4. Before its discussion, it is briefly mentioned that out of the six 

museums in which it was possible to gather data about the implementation (or not) of all the 

strategies, one museum had not implemented any of them. Furthermore, none of the visited 

museums had implemented all the strategies in assessment. However, five museums (41.6%) 

had implemented at least three (23.1%) of the considered strategies to enhance the sensory 

and intellectual access to exhibition objects and their interpretation: MCE, MNSR, MA, MMIPO 

and CMGJ. 

 

Table  4. Implementation of strategies in museums to enhance the accessibility of 
information, of the collection, and integrated activities. 

 

Museums with  
the strategy 
implemented 

Museums without 
the strategy 
implemented 

No Data 
(N/D) 

n % n % n % 
Accessibility There are large-sized texts 7 58.3% 5 41.7% — — 
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of 
Information 

There are texts in Braille 1 8.3% 11 91.7% — — 

There are audio guides 2 16.7% 9 75% 1 8.3% 

There are maps for orientation — — 12 100% — — 

A magnifying glass is available — — 6 50% 6 50% 
Accessibility 
of  
the 
Collection 

Original pieces can be touched 
during a normal visit 2 16.7% 8 66.7% 2 16.7% 

Original pieces can be touched 
during a special session 6 50% 3 25% 3 25% 

Gloves are provided 1 8.3% 5 41.7% 6 50% 

There are replicas to touch 2 16.7% 8 66.7% 2 16.7% 
Original material samples 
accompany the replicas — — 8 66.7% 4 33.3% 

There are relief images 1 8.3% 8 66.7% 3 25% 
Integrated 
Activities 

There are adapted guided 
tours 7 58.3% 3 25% 2 16.7% 

There are inclusive workshops 
(ateliers) — — 9 75% 3 25% 

 

Based on the results, it is possible to conclude that 30.8% of the analyzed strategies to 

increase the accessibility of visually impaired visitors were not found as implemented in any 

museum. It must be noted that, apart from the case of maps for orientation (for which it was 

possible to conclude about its non-implementation in all museums), no precise information 

was always provided by the museum staff about the existence of the other three strategies: 

availability of magnifying glasses, replicas with original material samples, and inclusive 

workshops. 

The data also shows that the strategies most often implemented were the adapted guided 

tours (58.3%), the large-sized texts (58.3%), and the possibility to touch original pieces during 

a special session (50%). 

Concerning the accessibility strategies for which it was not possible to conclude about their 

implementation (N/D), the most significant were the availability of magnifying glasses (50%), 

if gloves were provided (50%), and if original material samples were made available with the 

replicas (33.3%). 

 

4.1.2.1 Strategies to Increase the Accessibility of Information 

Looking in further detail into the strategies to enhance the information access to visually 

impaired patrons, texts with large-sized fonts were implemented in seven museums (58.3%), 

and not implemented on the remaining ones. In the cases where they were found, those fonts 

were used in text panels containing the essential information about the exhibition — as 

illustrated in Figure 14 (left) — but the exhibit’s labels did not present large-sized fonts. 

Notwithstanding there were found large-sized texts implemented in those cases, it was not 

concluded whether or not the texts were accessible to people with low vision. This occurred 
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because it was not possible to evaluate if a sufficiently clear chromatic contrast was ensured 

between text and background, if its position was ideal for reading, or if the existing lighting 

was adequate for the correct and effortless reading of the texts (Instituto Português de 

Museus, 2004; Smithsonian Institution, n.d.). 

Texts in Braille were found only in one museum (MCE), where an employee informed there 

was available a museum guide written in Braille. The other 11 museums (91.7%) did not have 

texts in Braille at the moment of the visits, but at the MTC it was found a small volume in 

Braille in the part of the exhibition that addressed this tactile writing and reading system – 

see Figure 14 (right). Because this particular sample was an exhibition element and not an 

alternative strategy to promote the access to information for the visually impaired patrons, 

this museum was not considered as having implemented this strategy. 

 

  
Figure 14. From left to right: Example of a text panel with large-sized fonts and samples of materials to 
touch; A sample of a volume written in Braille available in the exhibition. Source: Photos by the author. 

 

Regarding audio guides, it was informed by museum staff about their availability in two 

museums – MCE and CMGJ, corresponding to 16.7%. It was only possible to obtain information 

about the type of system of the audio guides in the case of the MCE, where the available 

devices used a numerical version, i.e., patrons are required to push buttons to hear the 

information related to the exhibits. However, it was not possible to conclude if the audio 

information was presented in a descriptive language accessible to blind and partially sighted 

people in none of the cases. 

About the nine museums that did not have audio guides (75%), it has been informed that in 

two of them (MMIPO and MTC) they had audio guides in the past, but at the moment of the 

visits, they no longer had them. It was not possible to conclude whether audio guides were 

available to visitors in one museum. 
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As already mentioned, orientation maps were not found in any of the visited museums to 

allow visitors to have a perspective of the location of the diverse museums’ spaces by 

touching them. 

It was concluded that 50% of the visited museums did not offer conventional magnifying 

glasses nor screen magnifiers, which can enable visitors who have some visual capacity 

reading the magnified texts (or better observe details of the objects in the exhibition). For 

the remaining museums (50%), it was not possible to conclude whether traditional magnifying 

glasses or technological equipment to obtain magnified information were available or not. 

 

4.1.2.2 Strategies to Increase the Accessibility of the Collection 

Regarding the strategies to increase the accessibility of the exhibition objects, the most 

common was offering the possibility to touch original pieces during a special session, found 

in 50% of the visited museums. Based on the museum staff who provided additional 

information about how it works, it is indispensable to contact the respective museums in 

advance to schedule a visit so that it can be prepared. In one case, it was also informed that 

a minimum of 6 people is required. In contrast, three institutions (25%) did not implement 

this approach, and museum staff on the other three museums did not provide information 

about this subject. 

For the case of touching original pieces during a normal visit, it was concluded that this 

opportunity was not offered by eight museums (66.7%), opposing with two museums (16.7%) 

in which it was informed that visually impaired patrons are allowed to touch some of the 

original objects. It was not possible to know about this practice in two museums. 

In one museum, where it was confirmed that patrons are available to touch original objects, 

it was also informed that gloves are provided since it is required as a conservation strategy. 

Note that five museums (41.7%) did not provide gloves, but only two of those offered the 

opportunity to touch original pieces. Of the six museums for which it was not possible to 

conclude about the implementation of this strategy (50%), three of them had implemented 

hands-on experiences with original objects. 

Concerning the replicas to touch, it was concluded that eight museums (66.7%) had not 

implemented this strategy, and in two museums (16.7%) it was informed about the existence 

of replicas to touch. In one case, the replicas were part of the exhibition and could be 

touched by visually impaired patrons during a spontaneous visit, with the supervision of the 

staff of the museum. In the other case, the replicas were made available to touch during 

guided visits, by appointment. In the remaining two museums, no data was provided about 

this subject. 
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When asked if there are provided original material samples to complement the replicas, 

both museums who stated that had touching replicas did not answer the question, as well as 

what happened for the other two museums where it was not possible to conclude about the 

existence of replicas to touch, corresponding to 33.3%. As the remaining eight museums 

(66.7%) did not provide their visitors with replicas to touch, this strategy was reported as not 

implemented as well. 

About the last assessed strategy for increasing the accessibility of the collection, it was 

concluded that one museum (8.3%) had relief images in its exhibition, and eight (66.7%) had 

not implemented them. In three museums (25%), there were not found any relief images 

during the visit, and no conclusive data about its availability was gathered from the 

conversations with the museum staff. 

The accessible installation illustrated in Figure 15 was found at MMIPO and consisted of four 

relief images, which sequentially translates into tactile information the painting Fons Vitae, 

the ex-libris of the Museum. Depending on the area of information to convey, there are 

provided round samples with diverse reliefs for each image section, complemented with 

labels in Braille and large-sized fonts. Each sample contains a different texture that 

represents specific elements of the image: clouds, soil, sky, clothes, metal, hair, skin, blood, 

crowd, among others. According to Misericórdia do Porto (2017), the tactile images were 

made of plaster, and the diverse textures were designed in high and bas-reliefs since this was 

required to give a sense of the elements’ positioning on the image plane. 

 

   
Figure 15. Accessible installation with relief images of the Fons Vitae painting. Source: Photos by the 
author. 

 

Based on the data analysis of the strategies for increasing the accessibility of the exhibition 

objects, it is referred that, of the visited museums, three (25%) had not implemented any 

approach for allowing touching, whether original objects, replicas, or relief images. In two 
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museums (16.7%), it was not possible to obtain information about the implementation of 

those strategies. However, in six museums (50%), it was concluded that they offered to 

visually impaired visitors one of the analyzed possibilities for sensing original exhibits or their 

representations, by touch. 

 

4.1.2.3 Other Strategies: Integrated Activities 

The last set of strategies in study were two integrated activities: adapted guided tours and 

inclusive workshops. 

Regarding the strategy of adapted guided tours, it was stated as implemented by the 

museum staff in seven of the visited museums (58.3%). When asked about the logistics of 

those tours, it was informed in six of those museums (corresponding to 85.7% of those who 

offer adapted guided tours) that a previous appointment is required for the case of blind and 

partially sighted visitors, so that the visit can be prepared in advance. For the other museum, 

no additional information was given. 

However considered the strategy as implemented, the Instituto Português de Museus (2004) 

advises that the ideal situation of inclusion would be to offer those activities spontaneously, 

to indifferently involve all audiences, so people with visual impairments and other special 

needs could participate in the museum and enjoy the visit in the company of their relatives 

and friends, without a previous appointment. 

Still on the discussion about the strategy of adapted guided tours, it was concluded as not 

implemented in three museums (25%), and no data was gathered for the case of two museums 

(16.7%). 

Concerning the approach of inclusive workshops as moments where activities to deeply 

engage with exhibition contents are promoted, nine museums (75%) did not have 

implemented them at the time of the visit. Nevertheless, workers from two museums 

informed that those kinds of activities took place in the past, namely clay molding workshops 

with visitors with disabilities, theater shows, and workshops of bas-relief figures. In the case 

of the other three museums (25%), initiatives of inclusive workshops were not concluded as 

implemented or not. 

Before proceeding to the next section, it is important to underline once again that the main 

objective of this stage of the research was getting an overview of the implementation of a 

small set of strategies, which aim to increase the accessibility of visually impaired visitors in 

museum exhibitions. Although the empirical study was performed in order to systematically 

observe and analyze the adopted strategies in museums located in Porto city, it is essential to 

take care with generalizations, since the empirical study was limited to 12 museums. Broader 

research should be conducted, also focusing on a broad set of strategies. Nevertheless, the 
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undertaken research allowed a more critical view about the subjects and to contrast it with 

the literature review, which was necessary for the research stage that will be presented 

next. It also allowed recognizing there was practically no implementation of any digital 

media to assist the blind and partially sighted people, and that its use could have a potential 

impact in enhancing the visiting experience of these patrons in museum sites. 

 

 

4.2 Semi-structured Interviews with 
Visually Impaired Individuals 

The present stage of the research was circumscribed to the North and Center regions of 

continental Portugal, as well as to the region of Lisbon and Vale do Tejo. It was undertaken 

for approximately seven months in six cities: Porto, Braga, Viana do Castelo, Vila Real, Viseu 

and Lisbon. 

For the data gathering, a methodology mainly based on qualitative research was followed by 

using the instrument of semi-structured interview for collecting the data. Nonetheless, some 

qualitative analyses allowed to generate results of quantitative nature as part of the findings, 

as well. 

This section presents the sampling process, the research instrument and procedure, and the 

tools used for the data analysis. 

 

4.2.1 Sampling Process 

In order to randomly sample participants for the study, the leading official institutions for the 

blind and the visually impaired of the aforementioned regions of Portugal, were identified. 

A total of 19 institutions (13 associations, one reference school for the education of blind and 

partially sighted students, two training centers, and three institutions that offer services for 

those persons) were contacted via e-mail and telephone and asked for collaboration in this 

research. The model of the document sent via e-mail with the authorization request for 

calling volunteers for the interviews can be found in Appendix B. 

The members were then notified by the institutions about the research and 72 people, from 

10 institutions, expressed their interest in voluntarily collaborating in the study. Finally, the 

dates for the interviews were agreed and scheduled directly with the institutions and, in 

some cases, with the participants, to carry out individual interviews. An attempt was made to 
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include the same number of participants from each region, an equal distribution of the 

participants’ age from young to old, and both individuals who visit and do not visit museums 

to understand possible differences. However, it was not possible to achieve these aims given 

the limited number of people who agreed to participate in the study.  

Table 5 presents the list of institutions that collaborated in the study by location and the 

number of interviewed persons. 

 

Table  5. Distribution of the institutions by location and by the number of study participants 

from each one. 

Region City Institution Participants 
(n) 

North Porto ACAPO – Associação dos Cegos e Amblíopes de Portugal 
(Delegation of Porto) 8 

AERF – Agrupamento de Escolas Rodrigues de Freitas 7 

CIAD – Centro Integrado de Apoio à Deficiência 4 

CPAC – Centro Professor Albuquerque e Castro 4 

Braga ACAPO – Associação dos Cegos e Amblíopes de Portugal 
(Delegation of Braga) 9 

Viana do 
Castelo Íris Inclusiva – Associação de Cegos e Amblíopes 8 

Vila Real ACAPO – Associação dos Cegos e Amblíopes de Portugal 
(Delegation of Vila Real) 5 

Center Viseu ACAPO – Associação dos Cegos e Amblíopes de Portugal 
(Delegation of Viseu) 8 

Lisbon 
and Vale 
do Tejo 

Lisbon ACAPO – Associação dos Cegos e Amblíopes de Portugal 
(Delegation of Lisboa) 13 

ARP – Associação de Retinopatia de Portugal 6 

  Total of participants (n) 72 

 

4.2.2 Research Instrument and Procedure 

The choice of semi-structured interviews as the instrument for data-gathering had to do with 

the possibility of combining features of unstructured and structured interviews. Moreover, it 

helps the researchers to probe the interviewees to deepen their answers, until no new 

meaningful information is forthcoming, by using a script with preplanned questions, so that 

the same topics could be covered with each participant (Fontana & Frey, 2005; Preece et al., 

2015). 

The interview guide included mainly open-ended questions. Closed questions were about the 

participants’ demographic information and the assessment of accessibility resources. The set 

of questions prepared for the interview guide were conditioned by the general objectives of 

this research stage, addressing the following topics: 
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• Profile of the participants (4 closed questions and 3 open questions): gender, age, 

degree of vision impairment, education level, field of education, occupation, and 

area of living. 

• Habits regarding visits to museums (5 open questions): if ever visited, frequency of 

visits, who they go with, primary reasons for visiting, and access to information 

before the visit. 

• General opinions of the blind and partially sighted people about visits to museums (4 

open questions). 

• Positive experiences and related emotions of the individuals in visits to museums (2 

open questions). 

• Negative experiences and related emotions of the individuals in visits to museums (2 

open questions). 

• Suggestions on aspects for improvement, in order to make visits to these spaces more 

profitable for these patrons (3 open questions). 

• Assessment of the frequency and usefulness of 16 accessibility resources in museums 

(32 closed questions — measured with two 5-point Likert scales, 16 of frequency and 

16 of usefulness). 

The semi-structured interview guide used to explore these topics is included in Appendix C. 

The study was conducted between January and July of 2019, mainly at the institutions where 

interviewees were members. In eight of the cases, the interviews were conducted in the 

participants’ homes, due to impossibilities to move out of their residences. Five persons 

asked to meet them at their workplaces, given temporal arrangement constraints. All 

interviews were performed face-to-face, except in nine cases (12.5%), in which it was 

necessary to conduct the interviews by telephone because of the impossibility of these 

people being available at their institutions, as well as the difficulty for the researcher to go 

to their houses or workplaces. 

A document with the initial protocol, explaining the objectives of the interview, the use of 

data, its anonymity and confidentially, was read out loud at the beginning of each interview. 

Permission was also required to audio record the data-gathering session. Each individual gave 

their consent to participate in the study by signing the document included in Appendix D. The 

exceptions to this were the cases of telephone interviews, in which participants gave their 

oral consent, and also for the cases of minor-age individuals, for whom their parents 

previously signed the document with the initial protocol when arranging the interviewees. 

4.2.3 Tools for Data Analysis 

The average duration of each interview was 29 minutes and 17 seconds, excluding the initial 

protocol, with a total of 35 hours, 8 minutes and 52 seconds. Due to the substantial amount 
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of total audio time to analyze, some tests were performed using the Google Speech to Text 

API (Google, n.d.) to transcribe the interviews into text automatically. However, it was 

concluded that this solution of speech recognition would not work as expected, given the 

necessity to verify and revise the generated texts for accuracy. Therefore, the NVivo 12 

software ‘transcribe mode’ tools were used to transcribe the audio files manually. 

The same software was used to conduct the qualitative data analysis, where segments of 

texts containing the interviewees’ answers, commentaries and suggestions were coded, 

arranged, and grouped to build theme nodes hierarchies, according to the broad themes 

being explored. The thematic analysis method was followed, which implies an iterative 

discovery-focused 6-phase process to help establish patterns and connections among diverse 

data elements. The coded themes derived inductively from the collected data, and their 

identification was performed through a semantic approach, in which the explicit level of 

meanings of the data was considered in order to identify the different patterns (Braun & 

Clarke, 2006, 2012; Fossey, Harvey, Mcdermott, & Davidson, 2002). 

Regarding the answers related to the profile of the blind and visually impaired participants, 

as well as their habits concerning visits to museums, it was possible to convert the qualitative 

data into quantitative data (Caracelli & Greene, 1993; Gelo et al., 2008). The IBM SPSS 26 

software was used to produce statistics information. This allowed carrying out descriptive 

statistics and exploratory data analysis about these research topics. The same software was 

used to analyze the quantitative data through inferential statistics for testing the correlation 

between the variables resulting from the assessment of the accessibility resources. 

The next chapter will present the data analysis and the main conclusions of the discovery 

process.
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V.       Discovery Process by Data Analysis 

This chapter begins with the presentation of the participants’ profiles and explores their 

habits regarding visits to museums. It proceeds with the presentation and discussion of the 

reasons and factors they reported during their interviews as enablers of positive visiting 

experiences. Next, it explores the issues that contribute to hindering accessibility while 

visiting cultural sites, which were pointed out as promoting negative experiences. It follows 

the analysis of the set of emotions associated with positive and negative visiting experiences, 

and the exploration of general opinions and beliefs shared by interviewees about museums. 

The chapter ends with the analysis concerning the assessment of the frequency of 16 

accessibility resources in Portuguese museums and their usefulness during visits to those 

places. 

Aiming to elucidate the types of museums that compose the basis for the data analysis and 

interpretation of this chapter, is included in Appendix E a list of the 121 institutions 

mentioned by the participants during their interviews. These institutions’ names were 

randomly coded (e.g. Mxxx, where xxx is a number) to ensure the integrity of the research 

and the institutions’ anonymity in the following sections.   

 

5.1 Participants’ Profile 

The demographic characteristics of the sample are presented in Table 6, grouped accordingly 

to the 72 participants’ different degrees of visual impairments, also taking into account the 

age at which sight was lost in case of blindness. Those dimensions concerning the spectrum of 

vision impairments were considered with the aim to better understand this particular group 

of participants, contradicting the tendency highlighted by several authors to treat these 

people as if they constitute a homogeneous group (Argyropoulos & Kanari, 2015; Candlin, 

2003; Hayhoe, 2017; Levent & Reich, 2012; Mesquita & Carneiro, 2016; Small et al., 2012), 

“which complicates the understanding of the results within this population” (Manescu et al., 

2018, p. 79). 
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Table  6. Demographic characteristics of the blind and partially sighted participants 

 

Blind Participants Partially Sighted Participants 

Total 
Early-blind Late- 

blind 

Severe 
visual 

impairmen
t 

Moderate 
visual 

impairment 

Mild  
visual 

impairmen
t 

n % n % n % n % n % % 
Gender 
(n=72) 

Female 6 8.3% 12 16.7% 13 18.1% 4 5.6% 2 2.8% 51.4% 

Male 12 16.7% 14 19.4% 3 4.2% 5 6.9% 1 1.4% 48.6% 

Age Range 
(n=72) 

14-17 2 2.8% — — — — 1 1.4% 1 1.4% 5.6% 

18-25 3 4.2% 1 1.4% 2 2.8% — — — — 8.3% 

26-33 1 1.4% 1 1.4% 1 1.4% 2 2.8% — — 6.9% 

34-41 1 1.4% 2 2.8% 3 4.2% 2 2.8% — — 11.1% 

42-49 2 2.8% 5 6.9% 2 2.8% — — 1 1.4% 13.9% 

50-57 4 5.6% 3 4.2% 3 4.2% 3 4.2% 1 1.4% 19.4% 

58-65 3 4.2% 4 5.6% 2 2.8% 1 1.4% — — 13.9% 

66-73 2 2.8% 8 11.1% 3 4.2% — — — — 18.1% 

74 or older — — 2 2.8% — — — — — — 2.8% 

Education 
Level 
(n=72) 
 

Basic 1st 
stage — — 5 6.9% 5 6.9% 2 2.8% — — 16.7% 

Basic 2nd 
stage 3 4.2% 2 2.8% — — — — — — 6.9% 

Basic 3rd 
stage 2 2.8% 7 9.7% — — 1 1.4% 1 1.4% 15.3% 

Secondary 
school 8 11.1% 9 12.5% 5 6.9% 3 4.2% 2 2.8% 37.5% 

Bachelor’s 
degree 3 4.2% 3 4.2% 2 2.8% 1 1.4% — — 12.5% 

Master’s 
degree 2 2.8% — — 4 5.6% 2 2.8% — — 11.1% 

Field of 
Education 
(n=44) 

Administrati
on — — — — 3 6.8% — — 1 2.3% 9.1% 

Humanities 6 13.6% 9 20.5% 2 4.5% — — 1 2.3% 40.9% 

Sciences and 
technologies 3 6.8% 1 2.3% 1 2.3% 3 6.8% — — 18.2% 

Social 
sciences 2 4.5% 2 4.5% 3 6.8% 3 6.8% — — 22.7% 

Others 2 4.5% — — 2 4.5% — — — — 9.1% 

Occupation 
(n=72) 

Assistant 
operator 4 5.6% 4 5.6% 1 1.4% 1 1.4% — — 13.9% 

Braille 
specialist 2 2.8% 2 2.8% — — — — — — 5.6% 

Psychologist — — — — 2 2.8% — — — — 2.8% 

Retired 2 2.8% 16 22.2% 8 11.1% 3 4.2% 2 2.8% 43.1% 

Student 3 4.2% 2 2.8% — — 1 1.4% 1 1.4% 9.7% 

Teacher 2 2.8% — — — — — — — — 2.8% 

Unemployed 2 2.8% 1 1.4% 2 2.8% 2 2.8% — — 9.7% 
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Other 3 4.2% 1 1.4% 3 4.2% 2 2.8% — — 12.5% 

Area of 
Living (by 
District) 
(n=72) 

Aveiro 2 2.8% — — — — — — — — 2.8% 

Braga — — 5 6.9% 4 5.6% — — — — 12.5% 

Lisbon 4 5.6% 4 5.6% 1 1.4% 3 4.2% — — 16.7% 

Porto 10 13.9% 8 11.1% 2 2.8% 3 4.2% 1 1.4% 33.3% 

Viana do 
Castelo — — 3 4.2% 3 4.2% 1 1.4% 1 1.4% 11.1% 

Vila Real 1 1.4% 1 1.4% 1 1.4% 1 1.4% 1 1.4% 6.9% 

Viseu — — 5 6.9% 1 1.4% 1 1.4% — — 9.7% 

Setúbal — — — — 2 2.8% — — — — 2.8% 

Others 1 1.4% — — 2 2.8% — — — — 4.2% 

Total of Participants by 
Degree of Visual 
Impairment 

18 25.0% 26 36.1% 16 22.2% 9 12.5% 3 4.2%  

 

Of the 44 (61.1%) individuals who reported to be blind, 18 were early-blind (EB) and 26 late-

blind (LB). The remaining 28 (38.9%) participants had low vision: 16 severe (SVI), 9 moderate 

(MoVI) and 3 had mild visual impairment (MiVI). 

Since EB individuals correspond to a total of 25%, it should be mentioned that 75% of the 

interviewees in this research (LB and partially sighted) had visual references. The average 

age of vision loss of the LB participants is approximately 30 years old (M = 29.6; SD = 17.5). 

The group was relatively homogeneous in terms of gender, i.e., 51.4% were female, and 

48.6% were male. Note that the distribution of gender is more heterogeneous in the case of 

the EB – 12 (66.7%) men and six women – and the case of the individuals with SVI – 13 (81.3%) 

women and three men. 

Interviewees’ age ranged from 14 to 87 years old (M = 48.7; SD = 17.1). The predominant age 

group is 50-57 (19.4%), followed by 66-73 (18.1%), and by 42-49 and 58-65 years old, both 

corresponding to 13.9%. Therefore, 65.3% of the participants had between 42 and 73 years 

old. The age ranges which present the worst distribution of people’s age by their degree of 

visual impairment are 14-17 (without LB and SVI), 18-25 and 66-73 (both without MoVI and 

MiVI), and 74 or older (only with LB participants).  

Regarding their education level, 16.7% said they had the basic first stage, and 15.3% had the 

third stage. When grouped the three stages of basic school, they represent the highest 

education level completed by 53.8% of LB individuals. The secondary school was the level of 

education achieved by most of the participants (37.5%), which also represents the highest 

completed level by 44.4% of EB. Seventeen participants (23.6%) completed higher education: 

nine (12.5%) holds a bachelor’s degree and eight (11.1%) holds a master’s degree. More than 

one-third of the interviewees with SVI (37.5%) completed higher education, and 27.7% of EB 
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and 33.3% of SVI participants did too. The group of LB was the one in which the scantier 

number of people (11.5%) said they hold a higher education degree. 

Only the 44 interviewees who attended high school or higher school mentioned their field of 

education: 40.9% said it was in humanities, 22.7% in social sciences, 18.2% in sciences and 

technologies, and 9.1% in administration. The remaining four (9.1%) studied law (two SVI 

participants), arts (one EB), and sports (one EB). 

The majority of participants (43.1%) were reported to be retired, 9.7% unemployed, and 9.7% 

were students. The other interviewees informed they were employed (37.5%) and worked as 

assistant operators (13.9%), Braille specialists (two EB and two LB – 5.6%), psychologists (two 

individuals with SVI – 2.8%), and teachers (two EB – 2.8%).  The remaining nine participants 

(12.5%) had the following occupations: three EB work as information technology specialist, 

masseur and one is an intern; one LB is a cooking helper; three interviewees with SVI work as 

employee relation specialist, lawyer, and sales assistant; and two participants with MoVI are 

a hypnotherapist and a freelancer. 

Regarding their area of living, 33.3% of the interviewees live in the District of Porto, 16.7% in 

the District of Lisbon, 12.5% in the District of Braga, 11.1% in the District of Viana do Castelo, 

9.7% in the District of Viseu, 6.9% in the District of Vila Real, 2.8% in the District of Aveiro 

and 2.8% in the District of Setúbal. Finally, three participants (4.2%) live in other Districts, 

respectively: Évora (one EB), Guarda (one SVI), and Santarém (one SVI). In order to allow 

better visualize these results, it is presented in Figure 16 the distribution of the participants 

by their degree of visual impairment and their area of living in continental Portugal. 
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Figure 16. Distribution of the 72 visually impaired interviewed participants by their area of living. 

 

 

5.2 Habits Regarding Visits to Museums 

Table 7 presents the total of responses about the participants’ habits regarding their visits to 

museums. 

Concerning the frequency of visits to those places, and according to Brida, Dalle Nogare and 

Scuderi (2016), it cannot be expected participants to be exact when recalling the frequency 
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of museum attendances per year. However, the analysis of the 72 interviewees’ open 

responses allowed organizing their answers accordingly to the scale used by Gürel and Nielsen 

(2019) to measure the frequency of visiting: none (never), once or twice (sometimes), three 

or four times (often), five times or more (almost always). However, it was necessary to add a 

new category to this scale (seldom) because the distance of time revealed by some 

participants regarding their frequency of attendance varied between “one time every two 

years” to “it has been around twenty years since the last time I did a visit to a museum”. 

 

Table  7. Responses of participants about their habits regarding visits to museums 

 

Blind Participants Partially Sighted Participants 

Total Early- 
blind 

Late- 
blind 

Severe 
visually 

impaired 

Moderate 
visually 

impaired 

Mild  
visually 

impaired 

n % n % n % n % n % % 
Frequency 
of visits to 
museums 
(n=72) 

Almost 
always 2 2.8% 1 1.4% 1 1.4% 3 4.2% — — 9.7% 

Often — — 3 4.2% 1 1.4% 1 1.4% — — 6.9% 

Sometimes 3 4.2% 7 9.7% 5 6.9% 1 1.4% — — 22.2% 

Seldom 13 18.1% 13 18.1% 8 11.1% 4 5.6% 3 4.2% 56.9% 

Never — — 2 2.8% 1 1.4% — — — — 4.2% 

Visit 
museums 
with 
(n=123) 

Alone — — — — — — 1 0.8% — — 0.8% 

Associations 10 8.1% 19 15.4% 9 7.3% 4 3.3% — — 34.1% 

Family 
members 13 10.6% 11 8.9% 7 5.7% 5 4.1% 3 2.4% 31.7% 

Friends 9 7.3% 5 4.1% 6 4.9% 5 4.1% — — 20.3% 

School/ 
Teachers 10 8.1% 5 4.1% 1 0.8% — — — — 13.0% 

Primary 
reasons for 
visiting 
museums 
(n=119) 

Entertainme
nt / 
Recreation 

7 5.9% 9 7.6% 7 5.9% 4 3.4% 3 2.5% 25.2% 

General 
interest/ 
Curiosity 

11 9.2% 15 12.6% 9 7.6% 6 5.0% 3 2.5% 37.0% 

Learning/ 
Education 8 6.7% 8 6.7% 2 1.7% 2 1.7% — — 16.8% 

Relaxation/ 
Satisfaction 1 0.8% 2 1.7% 3 2.5% 1 0.8% — — 5.9% 

Socialize / 
Spend 
quality time 

3 2.5% 4 3.4% 8 6.7% 2 1.7% 1 0.8% 15.1% 

Informatio
n about 
museums 
to visit 
(n=111) 

Associations 
/ Schools 12 10.8% 21 18.9% 7 6.3% 3 2.7% — — 38.7% 

Friends/Rela
tives/Colleag
ues 

11 9.9% 9 8.1% 8 7.2% 6 5.4% 3 2.7% 33.3% 

Internet 5 4.5% 5 4.5% 5 4.5% 2 1.8% — — 15.3% 

Social media — — 1 0.9% 1 0.9% 1 0.9% — — 2.7% 

Tv/Radio 3 2.7% 2 1.8% 4 3.6% 2 1.8% — — 9.9% 
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Enjoy 
going to 
museums 
(n=69) 

Yes 8 11.6% 10 14.5% 8 11.6% 5 7.2% 1 1.4% 46.4% 

More or less 5 7.2% 10 14.5% 6 8.7% 2 2.9% 1 1.4% 34.8% 

No 5 7.2% 4 5.8% 1 1.4% 2 2.9% 1 1.4% 18.8% 

 

More than half of the participants (56.9%) reported they seldom visit museums. This number 

represents 72.2% of the EB, 50% of the LB, the SVI and the MoVI, and all participants with 

MiVI. Sixteen interviewees (22.2%) informed they do it sometimes (one or two times in a 

year), corresponding to 16.7% of the EB, 26.9% of the LB, 31.3% of the SVI and 11.1% of the 

MoVI. Three LB and two partially sighted participants (6.9%) used to visit museums often, 

i.e., three or four times in a year. Seven visually impaired people (9.7%) reported they visit 

museums more than four times in a year (almost always): 33.3% of the MoVI, 11.1% of the EB, 

6.25% of the SVI, and 3.8% of the LB. Considering that the attendance rates to museums tend 

to increase with the visitors’ higher educational level (DGPC, 2016; EGMUS, 2016; SInCA, 

2017), it is important to note that two of those participants hold a masters’ degree, one has a 

bachelor’s degree, and the remaining four completed the secondary school. These results are 

in line with the conclusions of the mentioned researches, despite none of them focused on 

studying impaired publics in museums. 

Of the 72 participants, three (4.2%) have never visited any museum at the time of their 

interviews. Their reasons have to do with the lack of interest, financial reasons, lack of 

opportunity, and negative perceptions about the access provided by cultural sites. 

Representative quotations from interviewees SVI8, LB14 and LB27, respectively, are provided: 

• “It is not something that attracts me, but I never had the opportunity to go”. 

• “I never had a curiosity to visit museums, even when I was able to see. Also, on a 

monetary level, it is complicated too, because we cannot see anything and still have 

to pay for it”. 

• “I know museums from watching television at the time I could see and have the 

interest to visit them, but I believe that the experience of visiting a museum as a 

blind in a wheelchair would be challenging”. 

Of the total registered answers (n=123) given by the 69 people who frequent museums 

and heritage sites to the question about who they visit museums with, 34.1% refers to the 

associations where they are members. There also stated visits with close family members 

(31.7%) and friends (20.3%). Answers provided by blind and SVI participants denotes visits 

in school contexts (13%), and all but one person affirmed they had never visited a 

museum by themselves (0.8%). The interviewee MoVI25 informed that because of her/his 

work, “I usually go alone, but then I meet the artists there”. 

Regarding the answers about participants’ primary reasons for visiting museums (n=119), 

it was observed that 37% concern general interest and curiosity, followed by 
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entertainment and recreation reasons (25.2%). Only 16.8% of the given answers reveal 

that they attend cultural sites for learning and education reasons, and this result is very 

similar to visiting museums as a way of socializing or spending quality time with friends 

and relatives (15.1%). The smallest concentration of the number of answers has to do 

with relaxation and satisfaction (5.9%) as reasons for visiting museums. 

Associations and schools were pointed out – especially by the LB and EB participants – as 

essential places to get information about museums and heritage sites to visit (38.7% of 

the total answers, n=111). Friends, relatives and colleagues constitute the second most 

representative way (33.3%) to get to know about museums, transversal to all kinds of 

visually impaired participants. The answers regarding the Internet totalize 15.3%, which 

mainly includes online news and newsletters. As will be discussed later, participants refer 

their searches are rarely done in museum websites because they tend to be inaccessible, 

with a lot of non-described images, and its information inadequate, scarce and 

incomplete. Television and radio represent 9.9%, and social media (Facebook) is the less 

mentioned, with only 2.7% of the total of the answers. 

From the total of answers obtained to the question about enjoying going to museums 

(n=69), it was observed that the majority of the participants (46.4%) responded “yes”, 

34.8% said “more or less” and 18.8% revealed they do not enjoy visiting those places. The 

next sections will deeply explore the reasons behind these answers. 

 

5.3 Positive Visiting Experiences 

When asked about positive experiences in museums, 63 participants shared some reasons, 

good accessibility practices and factors that facilitate their visit to those places. From a total 

of 289 data extracts systematically identified in their interviews, the analysis allowed the 

classification of those into 16 distinct themes related to positive visiting experiences, 

presented in Figure 17. For each theme, it is presented the frequency of interviewees who 

mentioned it according to their degree of visual impairment. 
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Figure 17. Reasons and factors reported by blind and the partially sighted participants concerning their 
positive visiting experiences. 

 

A discussion about each one of these reasons and factors reported by the visually impaired 

participants concerning positive visiting experiences in museums follows. 

 

5.3.1 Guided Tours 

Guided tours were underlined by 40 interviewees as a crucial factor in accessing the museum 

themes and can assume, in some cases, the only opportunity for visually impaired 

understanding exhibitions. According to interviewees MiVI29, EB57, SVI19 and LB58, 

respectively: 

• “I have two different experiences going to the same museum: the first time I went 

the tour was guided, and I found it very interesting, I really enjoyed it”, but the 

experience was different in the second time: “And then I went again without a 

guided tour, and it was totally different because nothing means nothing, there isn’t 

anything there to explain”. 

• “Guided tours with a visually impaired group are very helpful because sometimes it’s 

the only way to have access to something”. 

• “Most of the positive experiences were in guided visits because they described to us 

the things we aren’t able to see, and its history as well”. 
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• “Group guided tours are important because blind people are given the opportunity to 

go to museums that, normally, wouldn’t go”. 

Participants agreed that their access to information is facilitated by guided group tours since 

they can, on the one hand, interact with guides to clear their doubts and get additional 

details and, on the other, establish fruitful conversations with other group visitors, share 

opinions and learn in conviviality and encircling environment: 

• Interviewee EB11 commented, “The usefulness of these visits is that there are always 

other people asking for things that I do not even know or cannot see, and they end up 

talking about it. This exchange is what makes them advantageous”. 

• Participant EB42 stated, “The fact of doing group visits allow the conversation about 

the themes and opinion sharing between people and listening to the doubts of others, 

as well”. 

• Interviewee SVI41 said, “In some museums, guides describe each room, and that’s 

good because even if we aren’t allowed to touch, he/she is telling what’s there, what 

year that is, where that came from”. And concluded “In this case, if we are very 

close to the guide during the visit, we can follow well and get a notion about the 

museum”. 

Moreover, they informed that during those tours, sometimes, some access to museum objects 

is provided, since there was a previous arrangement and a preparation of the visit: 

• “In group visits, museums are usually more open to people to touch objects, and they 

usually provide one thing or another. But that is because it was a scheduled visit”, 

LB59 remarked. 

• “Typically, the most positive experiences are those related to group guided visits, 

which have been prepared in advance, where care has been taken to provide a better 

and more tailored and accessible experience”, observed LB72. 

However, individual guided tours were pointed out by 14 participants (eight blind and six 

partially sighted) as more preferable ones because they allow, according to LB15, “to 

interact much more with the guide; the absorption of knowledge is entirely different. In the 

context of a group visit, there is a rhythm to follow, and often there is no time for 

everything”. Those visits also offer “more opportunity for oneself to touch and feel the 

objects more calmly”, as mentioned by EB13, and allow “a more detailed description 

depending on the needs of the person being guided”, said SVI43. 
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5.3.2 Museum Guides and Staff 

Twenty-four participants also emphasize that the success of guided tours and spontaneous 

visits is often connected with positive attitudes of museum guides and staff, their 

knowledge about how to communicate information to blind and partially sighted persons, and 

their attention to visitor’s behavior, as an effort to improve their visiting experiences: 

• Interviewee EB17 discussed, “The fact that a tour is guided is not enough by itself. I 

had to be fortunate to have guides who provided a sufficiently detailed description of 

the things so that I could have an idea about them”. 

• “Sometimes, I am pleasantly surprised that the guide informs us about a scale model 

or something I was unaware of and provides what he/she can for people to touch. Or 

when they are more careful about the information they transmit”, stated EB57, and 

warned, “But it always depends on the person himself/herself”. 

• Participant SVI24 observed, “Some museums offer support and have staff available to 

explain, and this is really good for persons with disabilities who want to visit a 

museum without a previous appointment”. 

• MiVI31 shared a recent experience, “Yesterday I went to M88, and the receptionist 

told me if I needed to get closer I could, and If I had any trouble during the visit to 

tell him at the end, so they could try to improve it”. And concluded, “This was good; 

on others [museums] it isn’t normal to say this at the entrance and also they want to 

hear about the problems so they can find ways for people with problems like mine to 

visit more easily”. 

• Interviewee LB15 commented, “At the M66, I noted that there was an immense 

concern. A person from the museum asked me if I was blind and if he could 

accompany me”, and during the spontaneous visit, “He had the care to inform me 

about the things that the people who were with me couldn’t convey. He was aware of 

what was happening all the time, and he was contextualizing the visualization of the 

objects”.  

• A similar experience was reported by EB59 in a Portuguese museum, “At the M94, a 

guide noticed my interest when the other people were already dispersing and told me 

to go with her to see some original pieces of the collection. It was very interesting 

because she let me touch everything”. The interviewee also pointed, “she warned me 

that touching was forbidden, but she was kind enough to let me do that; and that’s 

the only way to learn because just only with a description, it isn’t enough”. 

• During a spontaneous visit that SVI40 did to the M10, “The guide led me to the glass 

and asked if I could see this or that fish, and even let me touch a tree that smelled 

like coffee”, concluding, “He made an effort. He was kind, attentive and careful 

enough to show me the things I still could see”. 
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• Participant LB4 stated, “At the M61, in Lisbon, a museum worker realized that I was 

blind and said I could touch the exhibits. It was forbidden, but he opened an 

exception to me”. 

 

5.3.3 Touching Objects 

Of the total number of interviewees who visited museums and other cultural sites, 34 (49.3%) 

related positive experiences with touching museum objects. They informed that those 

opportunities are rarely available in museums and tend to happen, in most of the cases, in 

contexts of organized group tours for the visually impaired, where some objects were 

previously selected to be touched. A representative quotation from LB47 follows: “We went 

to the M34 and they let us touch some pieces, but this was because the museum was 

contacted in advance, so all people who attended could enjoy the visit”. 

Despite this fact, they reported sensorial access through touch in exhibitions as allowing 

much-improved experiences, since they are essential to understand what is being described 

thoroughly and help to create accurate mental images of the samples: 

• According to participant LB7, “If there is something touchable to confirm what they 

are describing to us, the better”, because “When people speak, I can get an idea. But 

some things can only be perceived with the hands, like the size. They can describe 

the size in centimeters but touching makes all the difference”. 

• LB37 said, “When we can touch objects, it is already different; we can understand 

the shapes and have a better image of the object. When we can use our hand is 

better, the visit was worth it”. 

• Interviewee LB63 explained, “At the M41 I was able to touch objects of which I was 

theoretically aware, but I got to know them in practice, like weapons, clothing and a 

cannon. Touching gave me a conclusive idea, a more realistic one”, and concluded, 

“One thing is to describe us a piece with a certain rigor, in which I get the idea. But 

in terms of the used material, the style itself, it is completely different to touch or 

not. The utility is total”. 

• LB53 commented, “At the M117 we could handle the objects and understand if they 

were slim, thick or thin, the texture, and from there we could see the piece. Our way 

of seeing is through the hands”, and pointed that “There are people who have never 

seen and if cannot touch objects in museums that have disappeared, don’t get to 

know them”. 

• Participant LB15 remarked, “By touching, I can perceive. Of course, there are things 

with small strokes that are difficult to interpret, but as I saw, I have a notion of 
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things”, because “The brain automatically associates a visual image to the touch 

information. For those who have seen, touching is like visually seeing in their minds”. 

• The importance of touching for the partially sighted is highlighted by the statement 

of the interviewee SVI40, “For those with low vision when looking at something, it 

seems that we are seeing one thing, but when touching it, we understand that it is 

not quite what we were seeing. There is nothing like touching”. 

• Participant SVI24 also informed that “For a person who cannot detect details with 

sight, at least by being able to touch can have a better perception of the object”. 

• LB5 stated, “During one visit they had clothes, and we could touch them. It is crucial 

for us feeling the texture and sense other things while museum guides are describing 

the colors as well”, and also clarified, “For me, telling the colors is very important, 

because as I saw 56 years ago, I still know them”. 

Furthermore, five interviewees (three EB, two LB and one MoVI) stressed that hands-on 

activities can contribute to evoke past memories, and also to increase the quality and 

durability of the ones generated during these experiences: 

• According to MoVI9, “M30, it was very interesting to touch toys that existed at the 

time of my grandparents, and I didn’t know about them. Others I knew and had no 

memory, but then I remembered of them”. 

• LB21 mentioned, “While we were touching the objects, the museum guides were 

explaining them. Some of them I knew from my childhood, and I was able to identify 

them just by the touch”, adding that, “As we don’t’ see, touching is the only way for 

us to recognize the pieces. Otherwise, it’s not worth going to museums”. 

• Participant EB17 commented, “I remember a visit I did 20 years ago to a museum 

about the fishers. But there it is, maybe I memorized this because they had a lot of 

objects available to touch and a great guide as well”. 

• EB65 said, “At the M67, I was able to sense cannonballs and other objects. At the 

M94, I also touched, and that became much but much more present. In what I’ve 

touched, I still have some of those things in mind”. 

• Interviewee EB22 emphasized that touching museum exhibits can be epic, “Whether 

they are original or not, whatever they are, what is important is to touch. But 

touching the originals is important because, fundamentally, we are touching 

something that is rarely touched”. 

 

5.3.4 Touching Replicas 

Seven participants (10.1%) shared how the availability of replicas of the objects to touch — 

despite being very rare — can enhance their experiences and construction of mental images, 
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and also discussed their importance regarding conservation issues since they are aware of the 

risks associated with touching original objects: 

• Participant SVI55 mentioned, “In a visit we did to M118, with century-old tapestries 

we were authorized to touch them. But that even made me feel sorry because if 

people weren’t careful enough, they could damage and stain, and it are relics”. 

• MoVI49 commented, “I had a very important experience at the M94, where I could 

touch miniature replicas of the exhibits, and then they let me touch one in full size. 

I got a sense of the object”. 

• Interviewee EB56 agreed with the importance of miniature replicas, remarking, 

“They had miniatures, and they are very, very important, it was formidable. If the 

objects are big, it gets harder to understand them with touch, and that’s why those 

miniatures are good”. 

• EB65 stated, “The M67 has a replica of an astrolabe, and it made it possible to 

realize that it was submerged for several years, thus the configuration it acquired 

over the years”, and concluded, “Telling us that there is an astrolabe from 1700 and 

that it is green, this is a story, I cannot confirm anything”. 

 

5.3.5 Tactile Models and Reliefs 

Other positive experiences were identified by 13 interviewees (18.8%) when using tactile 

models and reliefs, even though they do not find them in museums or other cultural sites as 

frequently as they wish. The sensory access to physical models allows for the construction of 

more accurate mental images of the buildings and their spatial configuration as well, as 

referred by five blind participants: 

• LB58 said, “They had a model of the building, as if they were Lego set, so the blind 

put everything together and could understand that the Monastery was cross-shaped, 

we got that notion”, and proceeded, “And as soon as we entered the Monastery, 

people could tell by the sound where the corridors were. We got the notion of 

everything with something so simple that made all the difference”. 

• According to LB59, “As soon as we entered the M113 we had access to a model with 

the chimneys, with the rooms, it was possible to sense the styles of the windows 

(whether it is Gothic, Baroque or Manuel)”, and “the area of D. Manuel and others 

that have been added and changed over time. This is a good principle to access that 

doesn’t always exist”. 

• LB63 mentioned how positive it was to touch the same model, “They had a 

spectacular model that was shown to us at the beginning and it was very important 

to me, to have the mental image of the exterior of the building, of the shapes; this 
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is fundamental”, and pointed that, “If they only told us that there are three towers, 

and two chimneys and so on, I’m not even visualizing the scale between the things. I 

really liked and it interested me a lot”. 

• Participant EB56 commented, “I love when there are scale models, with details from 

the interior and the exterior. It is fantastic, because I get an idea of the things right 

away”. 

• LB1 remarked, “We touched models of cathedrals from France and from here. They 

were so big, wow! It was marvelous, I really enjoyed it. If the association says it will 

be to return, then I will go again”. 

Regarding the reliefs, interviewees discussed they can provide access to paintings and 

photographs, but also referred to the utility of having complementary information to 

interpret them: 

• Participant LB63 stated, “In a museum I visited, the artist made reliefs replicas for 

us, and it was amusing. When we can have those representations, it always gives me 

a much safer and much more real image”. 

• EB32 mentioned, “I touched reliefs of some walls. It turns out to be palpable, though 

it isn’t the object itself. But it’s a representation, and we also get to know them”. 

• EB18 informed, “The Fons Vitae painting was transformed into a relief with several 

different textures, and I found it good”, and said, “I was able to perceive the 

painting, given the accessible version to information they made and the instructions 

the museum guide provided”. 

• EB60 observed, “I found reliefs in an exhibition at the M61, where photos were 

developed with blind persons, and they also had audio descriptions”. 

 

5.3.6 Participatory Activities 

Other positive aspects pointed by eight participants as enablers of great and lasting museum 

experiences were participatory activities. Those allowed interactions with the museum 

themes, exhibitions and objects on a deeper level, while putting visitors in the center of the 

action: 

• Participant LB15 commented, “I never forgot the experience I had at the M83 

because they let me wear replicas of traditional costumes”, and observed, “It is 

different to touch a thing that someone is wearing or to experience something we 

are wearing because I had all those accessories, the corsets, and other things”, 

concluding that “By explaining that people could hardly sit down is not as 
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perceivable as experiencing it, when everything is understood without a word. Art is 

to be experienced, to touch, to feel, and to interact”. 

• LB2 shared an old experience, “I enjoyed a visit I made to the M31 many years ago 

because we could enter in a tramway and made a mini trip”, and commented, “It 

was only a few meters, but they even talked about the history of asking the driver to 

open or close the windows because of the wind”. 

• Interviewee SVI4 remarked, “At the M96, we did a mini-theater, and since I was a 

principal character, they allowed me to wear a uniform. It was flawless”. 

• SVI19 stated: “I loved going to the M1 many years ago, where, after the guided tour, 

we made the bread! I love the parts when we’re able to get into the action”. The 

interviewee also recalled another participatory activity, “At the end the visit to M50, 

there were some super fun activities where they let us wear old warrior suits and 

play with the swords. The visit itself wasn’t being good, but everybody enjoyed that 

part”. 

• Participant SVI64 informed, “What I like the most about the M92 is the fact that I can 

experiment, I can touch and sense the things. I really enjoy going there because of 

the visiting experience!”. 

 

5.3.7 Multisensory Experiences 

Of all the participants, four mentioned they had multisensory experiences in museums and 

informed how they improved their visits by allowing them to explore the collections with 

sound, touch, smell, and even taste: 

• “I once did a visit prepared for blind people where smells, tastes and sensations 

where provided, and I never forgot this experience”, told LB15. 

• Interviewee SVI43 pointed out, “I went to the M82 to see an exhibition about 

Guernica, and I found interesting the representation of the painting made with 

audio: it was a thick sound of psychological tension describing the civil war”. 

• EB42 commented, “In the M60, where the old pyrite mines are located, there were 

several objects labeled in Braille, with textures, some even had sound, and also the 

temperature issue”, and continued, “Then there was a part that simulated a tunnel 

of a mine with movements and sounds from the dynamite bursts to open the rocks”. 

• According to LB21, “There should have more opportunities in museums like what 

happened at the M61 where, while we were touching reliefs of photographs, we 

could feel them, and sounds in headphones were telling what was there and 

described their history”. 
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5.3.8 Audio Description Through Audio Guides 

Regarding the factors which facilitate the access to information, 22 interviewees mentioned 

audio description through audio guides, 11 individuals pointed Braille labels and texts, and 

two partially sighted people referred to large-sized texts. 

About the audio guides, participants, in general, consider they offer the advantage of 

allowing visiting museums without making previous appointments, offering complementary 

information to the written ones available for their escorts to transmit them. In the case of 

the partially sighted interviewees, it was pointed that those devices also offer the advantage 

of facilitating their access to information without the need to read the exhibits’ labels and 

texts. Some representative excerpts follow: 

• LB62 said, “I have had good experiences with it, because the explanation is made 

with rigor, with a more descriptive speech. The utility is great because we can make 

visits more independently with people we know, without having to go with a group”. 

• SVI64 shared an example of how those devices can promote inclusive visits: “At the 

M17, the visit is all accompanied by audio guides. Of course, there is a lack of detail 

about the rebuild scenarios they have there and the objects.  But who has a visual 

impairment can follow the story”, and concluded, “In fact, this visit is adapted to all 

visually impaired people. It lasts about 1h30, and anyone can get a full understanding 

of the history of the city, which is the purpose of the museum”. 

• According to SVI55, “I think audio guides are good for everyone. Of course, for us 

even more, because they complement so much the information, I can get a lot of 

insights”. She/he supported this argument with a recent experience: “At the M54, I 

used it, and the sighted people who went with me were curious to know what I was 

hearing and said they hadn’t even realized many of the things that were being said in 

the description”. 

• EB57 commented, “The M101 in Madrid is exquisite. Although the museum is mostly 

all glass [with nothing to touch], they have tablets which make descriptions of each 

exhibit in 3 or 4 minutes, and very well done”, and explained why, “they were short, 

the language was good, the voices were pleasant, the reading was paused and well 

understandable”. 

• Participant EB68 mentioned, “I found it interesting to use that device: when I come 

nearer a piece that could be described, there was a mark which I detected using the 

cane, and we clicked on the device, and the piece was automatically described”, and 

continued, “It was the full description: how old it was, how it was, how much time it 

has been there, who had made it, etc. That was positive for me, I never forgot it”. 

• MiVI31 remarked, “I find it very useful because it tells the story of the object, and we 

don’t have to read it, and it also informs you about other things that aren’t written”. 
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• Interviewee SVI64 agreed with the advantage of using audio guides instead of having 

to read the information: “It is absolutely essential to me that all the information is in 

audio support, because I have no visual acuity to read what is written; only by using a 

magnifying glass and I have to be on top of that, with isn’t practical in case of 

museum visits”. 

Despite identifying audio guides as useful ways for accessing information, three participants 

mentioned these devices cannot be understood as substitutes of ideal museum guides, 

because they still lack the advantages of human contact: 

• “Audio guides are interesting, but there should be more museum guides available to 

accompany the visits. Despite that, audio guides give us some independence, and I 

look at them as a good but complementary thing”, said SVI67. 

• SVI24 stated, “The only drawback is that if we have any question, we cannot ask it. 

But it’s better than going without audio, and then we end up not realizing the 

museum contents”. 

• LB2 commented, “I think audio guides play a significant role in communicating the 

museum information, especially if there aren’t any museum guides available, as 

happened when I visited the M56”. 

 

5.3.9 Braille Labels and Texts 

Braille was highlighted as a way of promoting access to written information in museums, like 

labels and texts. It is important to note at this point that, of the 69 interviewees who had 

visited museums, only 31 (44.9%) affirmed they know to read Braille. Three representative 

quotations of positive experiences promoted in museums follow: 

• LB7 shared, “I do a lot of reading in Braille, I’m a compulsive reader, and whenever I 

go to a museum, I always ask if they have anything in Braille. Sometimes I’m allowed 

to bring a Braille volume home to read it more restfully. Other times, not”. 

• Participant EB11 said, “At the M85, they gave us a little book in Braille explaining 

about the museum. It was useful because as the guided tour was going on, I could 

consult it in case I forgot anything; it helps”. 

• According to EB56, “They had Braille labels at the M19, that was very well done. 

Braille labels are good, they whet our interest!”. 
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5.3.10 Large-sized Texts 

SVI19 and MoVI70, respectively, mentioned two positive experiences regarding large-sized 

texts in museums: 

• “The only time I found large-sized texts was at the M20, and I was able to read 

everything by myself”, and observed, “But I think they weren’t made for someone 

with low vision; maybe it had to do with the exhibition design”. 

• “At the M108, in Rome, they had one very interesting thing: when we went to a place 

where we were supposed to see, and we didn’t realize it, alongside it was a written 

detailed description”. 

 

5.3.11 Escorts 

Nineteen interviewees (27.5%) related escorts as a cause of positive experiences in visits to 

museums. They were pointed out, on the one hand, as facilitators for orientation and 

mobility inside museum spaces, especially in non-organized visits, and on the other, as being 

responsible for providing them with additional access to the exhibitions: 

• Participant EB22 remarked, “I usually take a companion that helps me. I never go to 

museums with my cane, because it is always a busy hand. With the dog, it would still 

be worse, because I would have to have both hands occupied”, and observed, “The 

escorts are usually friends. The person keeps me company, and the mobility is 

different”. 

• LB36 declared, “We always go with a companion, never with the cane alone. As I 

have a guide dog, inside museums it’s a bit tricky to take the dog, because she/he 

doesn’t know the space, and with the cane is tricky too”, and concluded, “In terms of 

mobility, we must always go with someone who sees next to us”. 

• MiVI31 informed, “There are museums where I go, and there are some really cool 

things to see, but there aren’t audio guides. Either I go with someone who sees, or 

otherwise, I don’t take advantage, I don’t even risk going there”, and proceeded, 

“Usually, as I go accompanied, they read me what is there in the museum texts”. 

• MoVI70 shared a similar experience, “In London and Dublin I visited some museums 

that had sculptures and my friends were explaining them to me”, and clarified, “We 

have these strategies that end up helping to have a better experience, because who 

has this kind of difficulty may even be interested, but sometimes it’s difficult to have 

access to what is there”. 



V. Discovery Process by Data Analysis 

115 

• EB45 explained, “The people who go with me first tell me what is there, and then I 

tell them what interests me deepening and touch. Because not everything interests 

me or concerning lack of time, as happens for everybody else”. 

• EB57 stated, “It’s always the person who goes with me that informs me the numbers 

of the pieces to listen to their information on the audio guide”, and noted, “I try to 

be careful about the person accompanying me, whether friends or family, to gather 

as much information as possible”. 

• Interviewee EB68 commented, “The few things I saw in museums were some things 

that my teacher and my mother showed me clandestinely when nobody was around. I 

had to jump the ropes, go there and touch, and get out”, and informed, “It was 

almost an adventure, and everything was so fast, but it was the only way to get to 

know something”. 

• LB53 reported, “I have been fortunate to have a very detailed description of the 

objects when I go with my husband or daughter. And in museum visits with the 

association, the collaborators often explain to us the things, in addition to the 

guide”. 

 

5.3.12 Circulation Route Facilitators 

Two participants highlighted a good practice for the circulation route inside museum 

spaces, even though it is not a current practice: 

• “When we go to museums with the association, they prepare the space with a few 

strings for us to follow”, stated SVI19, observing that, “But if I go there alone with 

my boyfriend or with my friends, there is nothing there. That was prepared for a 

group that has already made a prior appointment”. 

• EB60 said, “At the M61, they had a carpet relief and a string. That string had knots, 

and when touching them with the shoes meant we were ahead of a new piece”. 

 

5.3.13 Audio Guides with Navigational Instructions 

Positive experiences of using audio guides with navigational instructions were registered 

from two partially sighted interviewees, who mentioned they could enhance their feeling of 

independence during visits to museums: 
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• SVI4 commented, “At a museum in Lisbon, I was able to do a visit following the 

instructions of an audio guide, which gave me directions to move between the rooms 

and described them, as well. It was a good experience”. 

• Participant MoVI9 remarked, “It was good to be guided in a museum we visited where 

we had the headphones describing everything”, and concluded, “The escorts from the 

association let us be guided by those indications: “turn right, turn left, go ahead, get 

down”. But this is rare to find”. 

 

5.3.14 Personal Techniques for Access 

During the interviews, three partially sighted participants also revealed they developed 

personal techniques, by using their own devices or tools in order to try to surpass the lack of 

access in some museums, which benefits their visiting experience: 

• MiVI31 told, “Sometimes what I use is my mobile phone, I take pictures and enlarge 

them to see. Having a phone sometimes helps who still can see”. 

• SVI38 informed, “We bring our magnifying glasses to the museums, and this is very 

useful for those with low vision. It helps a lot”. 

• MoVI49 said, “I use to use the iPad or a camera to take pictures, and then I zoom 

them at home. For this reason, I consider that I get a good mental image of the 

objects”. 

 

5.3.15 Free Events and Programs, and Good Ambient 
Lighting 

Finally, two interviewees pointed out two other factors they consider positive, namely free 

events and programs, and good ambient lighting: 

• According to MoVI49, “The Noite dos Museus [Museums Night] is very important 

because it involves the public, and for the disabled it’s even more significative, 

because we can access culture without paying and, in a way, we end accessing what’s 

in the museums”. 

• LB36 mentioned, “I really liked a museum in Penafiel because, among other things, it 

had a lot of light, it wasn’t dark. And as I still see some light, it’s important that it’s 

well lighted”. 
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5.4 Negative Visiting Experiences 

Regarding negative experiences in museums, the totality of participants who informed have 

attended museums (69 persons) shared 483 factors, poor accessibility practices, and other 

reasons that hinder their participation in museum settings. The analysis of those data 

extracts systematically identified in their interviews allowed their classification into 19 

categories, presented in Figure 18, where it is possible to compare the frequency of 

interviewees who mentioned each theme according to their degree of visual impairment. 

 

 
Figure 18. Reasons and factors reported by the blind and the partially sighted participants concerning 
their negative visiting experiences. 

 

A discussion about each one of these reasons and factors reported by the visually impaired 

participants concerning negative visiting experiences in museums follows. 
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5.4.1 Unavailability of Objects to Touch 

According to the data, the most reported factor that contributes to negative experiences 

during museum visits is the unavailability of objects to touch. This reality was expressed by 

75.4% of the 69 participants, corresponding to 78.6% of the blind and 70.4% of the partially 

sighted. They stressed that, by not allowing sensorial access through touch, those institutions 

are depriving them of making use of the sense that is in the essence of their understanding 

and construction of accurate mental images, which is also pointed as a factor for them not 

attending those places more often. A few representative quotations follow, were 

interviewees provide explanations about the importance that touch assumes to them: 

• EB71 commented, “The experiences I had weren’t as good as I would like, because 

the visits were all basically spoken during the guided tours, and they didn’t let me 

use the touch”. 

• EB68 said, “The only problem when visiting museums is that I can’t touch the pieces, 

nor the paintings, nor anything. And the worst experiences I have was because things 

were all in vitrines and who cannot see is completely left out”, and mentioned, “We 

go there just for a walk, and for that, I don’t need to go to museums. There are 

other, more interesting places to explore”. 

• SVI24 observed, “In my case, there is the question of not having access to the 

objects, of not being able to see nor touching them”, because “Even if I approach the 

glass, there is a space between me and the object that doesn’t allow me to observe 

it. Being able to get close to the exhibits and touch them is crucial to understand 

their forms”. 

• SVI19 described an identical problem, “There are places where I went and didn’t 

enjoy nor noticed anything because a person can’t touch and there are those strings 

around that prevent a person from getting closer to the objects. Museums should give 

people the opportunity to touch”. 

• Interviewee LB58 told, “What usually happens is that there is a guide that makes an 

excellent description, for example as happened at the M113, where all the beds, 

tables and furniture were described, along with their history”, informing, “But for 

the blind this is a story, there isn’t the sensitivity of touch. One cannot confirm the 

beauty that is being described to her/him”. 

• LB59 remarked, “Without noting to touch it’s all theory, you don’t get much. With a 

description, there isn’t confirmation nor realization of the content being heard. I 

don’t need to go to a museum for it, I can do the same at home”, and proceeded, 

“Who has never seen only has the notion of tactile images, and only from there can 

develop a mental image. When they’re describing, we often don’t have the notion 

because we don’t visualize the space and aren’t internalizing what they are 

describing”. 
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• EB44 shared an identical opinion, “Many early blind people fall into verbalism. For 

instance, I know what a lion is from what people have told me, from what I heard, 

but I don’t know exactly how it is. That’s one of the problems for the blind, when it’s 

all words”, and explained, “Usually, when I know I can’t touch anything, I don’t go. I 

have no interest in listening to a description. For that I use the Internet, don’t need 

to visit a museum. It doesn’t worth it”. 

• In the words of EB11, “No matter how much the persons tell me how the object is, I 

don’t have a good mental representation, because I don’t know for sure the outline 

of objects, their textures, how they truly are”. 

Among the constraints related to the unavailability of objects to touch, four blind 

interviewees highlighted this fact as hindering the creation of memories about the objects as 

well, which can compromise the experience and the primary purpose of a visit: 

• The commentary of LB37 sums up this problem, “Funny that I’ve visited so many 

museums and can’t even say what the things were. There is almost nothing left in 

memory”. 

• LB5 stated, “For our memory, it’s different only listening to a description or 

touching. If I touched the furniture or the curtains that the guide didn’t let us during 

the visit, I would remind them”. 

• Participant EB34 said, “Many times my escorts describe the things to me, but it’s not 

the same as touching, because not much information remains in mind. Maybe if I 

could have touched, I’d have understood better, and now I could remember it”. 

• EB56 remarked, “The description is something that is heard and understood at the 

time, but it doesn’t remain as well recorded as the things touched. The description 

for me has the problem of fading”, and explained, “I really enjoy listening when they 

are telling the things, but what’s left? It’s not much. The description is limited. When 

hands are used, it’s something else”. 

 

5.4.2 Unavailability of Replicas to Touch or not Well Done 

Notwithstanding emphasizing the importance of touch during museum visits, all participants 

showed to be aware of the constraints associated with touching original museum pieces and 

why this is not possible most of the time. However, the majority of them agreed that replicas 

could be an alternative solution to it, although twelve interviewees reported that they still 

remarkably rare in museums and other exhibition spaces, and mentioned some negative 

experiences related to its use: 
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• Interviewee LB1 stated, “I once touched replicas during a visit to a Palace, and it was 

not useful at all”, because “They didn’t let us feel the original clothes, just the 

reproductions of the dresses and other garments, made of paper. Touching paper is 

not the same as touching fabrics; it was not equivalent to accessing the original 

materials”. 

• SVI54 commented, “At the M76 they had a small replica of a car that we could touch, 

but they didn’t let us touch the original car. I didn’t find that replica very useful, 

maybe because I still can see a little and care more about the original”. 

• LB59 informed, “I never found replicas of museum pieces, and I thought this would be 

useful to people get an idea about them, especially about the principal objects”. 

• LB15 remarked, “If we cannot touch the originals, there has to have replicas as it 

already exists in other countries. I went to a museum in South Africa, and they had 

several objects on a smaller scale available for everyone to touch them”, and 

observed, “I don’t conceive that they have this and museums in Portugal don’t. The 

taste for the art of the blind – and also for the children – can only be encouraged if 

we can touch the things”. 

• EB45 shared, “For example, when there are some coins in exhibitors that I would like 

to touch, but staff doesn’t authorize it, I get very annoyed”, because “I realize that 

there are situations in which one cannot even authorize given the damaging issues, 

but then there should have some replicas, because, as it is, there is no alternative”. 

• According to EB65, “If we only hear and can’t access anything, it’s worthless for blind 

people going to museums. We cannot fully understand what is being said, regardless 

of the guides’ effort and their wish of wanting us to understand”, declaring that 

“Replicas of the objects should be shown during the visits; otherwise, the information 

never stays completely”. 

 

5.4.3 Gloves to Touch Exhibits 

Of all the participants, only five blind interviewees (one EB and four LB) reported they used 

gloves to touch original museum pieces, but their experiences ended being more negative 

than positive since it hindered their sensing activities: 

• LB7 commented, “I had an unpleasant experience at a museum where they lent us 

gloves to wear so that we’d not damage the sculptures. I understand that, but I 

didn’t enjoy the experience”, and said, “I’d rather just listening to the description 

than to have such experiences, because the glove, even being very thin, doesn’t 

allow me to feel the things as when there is direct contact with hands”. 
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• EB60 said, “It turns out that with goodwill sometimes they let us touch but 

recommend that we use gloves. But the touch is not the same when using those 

surgical gloves, which normally are the ones made available”, and observed, “At the 

M62 they provided some gloves made of a fabric material which, for me, work much 

better than the other ones”. 

• LB2 shared, “At the M96 they don’t let us touch the things, just with gloves. I’d just 

like to see blind people having to put gloves on and then trying to understand the 

things…”, and explained, “If we wear gloves, even if made of thin plastic, we can’t 

detect well the objects’ qualities, its material, its texture and so forth. We live 

immensely from touch, and with the gloves, we lose a lot of sensitivity”. 

• LB59 observed, “I don’t like gloves because they don’t let me read nor understand 

little things in detail. But to see a big object, it’s okay, a person realizes it without 

not much interference”. 

 

5.4.4 Tactile Models and Reliefs 

Regarding the sensory access to reliefs and some tactile models, eleven interviewees 

reported that by touching them, they could not obtain a sense of the illustrations as they 

desire. In fact, participants mentioned the necessity of previous training to deal and 

understand those kinds of representations, especially in the case of early blindness, meaning 

that those reliefs are not always accessible to people by tactile examination: 

• LB7 said, “They had representations made from the reduction of figures into dots and 

lines. I found that a bit confusing and couldn’t understand the images”, concluding, 

“And because I cannot conceive an image from those lines and specks, I find it 

uninteresting and prefer the description instead”. 

• SVI64 observed, “The M94 has a map with tactile symbols, but it has so much 

information that it becomes imperceptible”. 

• LB39 reported a visit to a museum where “There were paintings with castles and 

other images made of pieces of cloth, but it wasn’t well done, it was difficult. A 

person had to think a lot to guess what the things were, even with the museum guide 

explaining”. 

• LB59 commented, “At the M94 there are some reliefs, which for those who don’t 

know it means practically nothing. Visually that give one information, but to the 

touch, it’s different”, and stated, “Luckily, I had been to the museum before and 

knew more or less how the cars were like, because with that isn’t possible to get an 

idea. We need three-dimensional representations”. 
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• EB71 shared a similar experience, “I was able to touch a relief of an image in a 

museum, but it was difficult because of its relief, which wasn’t very accentuated, 

and I couldn’t understand it clearly”. 

• Interviewee EB17 explained, “An early-blind person doesn’t have the same notion of 

three-dimensionality that sighted people or other visually impaired have. A photo 

translated into relief, if not simple, its practically impossible to perceive, depending 

on how much a person has trained her/his touch”. 

• EB66 corroborates with the last testimony when stating that “There is the myth that 

reliefs are the solution, but the truth is that it isn’t very effective, because 

depending on the detail of the image, the density of information can make the 

representation completely imperceptible”. 

 

5.4.5 Group Guided Tours 

Despite the previously discussed positive aspects expressed by the interviewees about group 

guided tours, 38 highlighted negative experiences during those visits, corresponding to 59.5% 

of the blind and 48.1% of the partially sighted participants who attend museums. These have 

to do with the number of people that usually composes the group, the distractions caused by 

noises and conversations aside from the museum themes, the dearth of time to appreciate 

the exhibits, and the fact that the guide’s attention is divided, which makes it impracticable 

to give equal attention to every person: 

• LB46 stated, “The experiences I have in group tours aren’t satisfactory, principally 

because they are usually large, with 15 or 20 people”, and explained why, 

“Sometimes, people are a bit inconvenient and make noise, and while someone is 

touching things, others have to be waiting. The visits fell like a race and there isn’t 

time for anything”. 

• EB71 revealed, “The visit to the M75 turned out not to be very good. As the group 

was very large, it was more complicated, because there wasn’t time to carefully see 

the things”, and informed, “I couldn’t be with the attention I’d like, it was all a hurry 

to pass the information”. 

• Participant LB37 commented, “Sometimes there is a lot of people, and to try to sense 

this or that, I end up being left behind and don’t hear nothing anymore. And then we 

can no longer ask the questions either”, concluding that “It’s all very quickly, even to 

touch is a rush”. 

• MiVI31 explained, “The problem is that we have to keep up with the visit’s rhythm, 

and it isn’t easy to see an object, because when you realize they are already moving 
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to another one. And there are a lot of people, so we see things just by passing 

through”. 

• LB36 and EB17 made similar commentaries, respectively, “In a group, there are a lot 

of people, and then everyone wants to touch. It ends that one doesn’t touch the 

pieces as it should be. It’s more about touching than observing”, and “One thing is 

touching an object for a moment, other this is touching it for a while. Touching 

requires calmness and time, and it isn’t comfortable under those situations”. 

• MiVI26 noted, “In the M40, I visited one part in a guided tour and the other not, and 

what I noticed was the hurry of the guides, which I think isn’t advantageous”, 

because “They explain, but then there is the curiosity of seeing certain details, and 

people with low vision take longer”. 

• According to MoVI25, “In group visits there are always strange noises, mobile phones 

ringing and people who are not attentive”, and these “surrounding sounds disturb and 

difficult the information gathering through our ears”, as mentioned by EB45, and 

“often we lost the possibility of being aware about important themes”, as stated by 

EB65. 

• SVI19 remarked, “Sometimes people are talking to the point I cannot even hear the 

guide’ explanations, and I lose what is being said. Or a colleague asks if I saw 

something. When it isn’t possible to manage noises, those visits become useless”. 

• SVI4 expressed, “A person says: now wait a little bit and then I’ll come to get you to 

do the demonstration. And I have to wait. I wish I could visit in individual guided 

tours”, and EB18 remarked, “In visits with 10 or 20 people, it’s difficult to give 

attention to everyone”. 

• After her/his testimony about group guided visits, interviewee LB15 affirmed, “They 

are important for socialization but not so much for information”. 

 

5.4.6 Museum Guides and Staff 

Additional aspects identified by 29 blind and visually impaired participants as negatively 

influencing their visiting experiences were the lack of awareness and formation of the guides 

and other museum staff to deal with them, as well as some recurrent attitudes that must be 

avoided: 

• LB36 stated, “Museum guides aren’t usually prepared to receive people with 

disabilities. There is a lack of formation because they make the visits as if they were 

for sighted people”. 

• EB13 remarked, “A guide cannot do a museum tour in the same way for all people: if 

the visit is for a group of children, it cannot be the same way as for a group of older 
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people”, and observed, “It’s the same for people with disabilities, it depends on their 

impairments: in the case of the blind, it would have to be a precise training so that 

we could have access to more complete and useful information”. 

• Interviewee LB58 commented, “This poor training about accessibility is also reflected 

in the descriptions provided, which are usually not accurate nor adapted for someone 

who doesn’t see”, and SVI54 shared, “It has already happened that people from the 

associations had to explain to them how to talk with us”. 

• SVI10 observed, “It’s not enough to be a guide, because if she/he has no training to 

deal with persons with disabilities, it’s worthless, and EB66 added, “Museum staff 

have no specialized training on how to interact with the visually impaired, how to 

guide them, nor how to deal with them”. 

• LB47 highlighted, “What I noticed many times is the discomfort of staff and guides 

when faced with disabled people; they don’t feel comfortable. And most of the time, 

their work doesn’t get so well done because of that”, and recognized, “Training is 

required, but in this sense, I blame museums and the very organizations linked to 

vision impairment”. 

• SVI52 emphasized, “Often my biggest barrier is people, who either out of ignorance 

or lack of knowledge about disability, put obstacles to us”, and exemplified, “It’s the 

way people talk. Many times, we are treated as if we have cognitive disabilities. 

Others, they speak too loudly that it even bothers… It is unnecessary”. 

• Participant EB57 shared an attitude that turned out compromising the visiting 

experience, “There is often the difficulty that museums staff are very embarrassed 

with the fact that a blind wants to visit a museum, and the problem of not wanting to 

let me do the visit with the dog has happened to me”. 

• EB65 said, “During a visit, a lady comes to me saying: ‘I’m sorry, but you can’t touch, 

you can’t’. I explained that it was my way of seeing and that I was leaving. But then 

she returned saying, because I’m blind, after all, I could touch”, and continued, “I 

told her I was no longer interested and left. I felt indignant, disturbed and upset with 

the situation, because people should know that if they let a blind person enter a 

museum, the only way to see is with their hands”. 

• MoVI49, who is afraid of stairs and had bad experiences using them, told, “I asked to 

use the elevator and have been asked if it was necessary. I said it was necessary, for 

sure”, and confessed, “They end up subjecting people to situations of shame and 

embarrassment. I didn’t want to explain my problems with stairs”. 

• Interviewee EB17 commented, “I visited the M119 twice because I enjoyed the first 

visit I did. The last time I went there I didn’t like anything because of the guide. It 

seemed that he was doing people a favor”. 
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5.4.7 Descriptive Language Used 

The descriptive language used during the visits was pointed out by 33 participants as a 

factor that hinders their intellectual access, particularly concerning the quality of the 

information provided by museum guides, which was mentioned as sometimes being 

incomplete, limited, and incomprehensible. Note that this number corresponds to 59.5% of 

the blind and 47.6% of the partially sighted interviewees. Some representative quotations 

follow: 

• LB47 said, “The information is normally scarce and poorly descriptive”, and EB11 

completed, “They don’t indicate the room where we’re going to enter or what’s in 

there. Sometimes people forget they are talking to blind or partially sighted 

persons”. 

• SVI24 revealed, “During a visit to M7, the guides said the paintings represent spring, 

winter, autumn and winter. As I couldn’t see the details, I didn’t know why 

symbolized summer, for instance. They said that was because of the fruits”, and 

observed, “This information worth’s nothing. The ‘why’ is still lacking: what are the 

seasonal fruits, where are they positioned, is it in the eyes, in the hair? Sighted 

people can instantly associate it to summer, but we need extra detailed 

information”. 

• EB12 stated, “When they describe a building as ‘this height by this width’, we’re 

never aware of the actual dimension”, and LB15 informed, “Saying to me ‘this is a 

tall building’ is not enlightening to me, it doesn’t tell me much. I want to know what 

people are seeing”, and noted, “Being old is not descriptive!”. 

• SVI19 shared an experience, “One thing that I remember perfectly was, during a visit, 

the guide said: “As you can see here on the red line of the map”. I mean, for God’s 

sake…”, and added, “A person doesn’t have a perception just because she/he has 

been told that something is a dish; and starts to think, ‘how is it like?’, because 

we’re not even feeling the piece”. 

• Additional comments were made by EB44, “In guided tours for groups of visually 

impaired people, I noticed many times the guides saying, ‘over there’, ‘under here’, 

etc. And things like, ‘As you can see, this one is bigger than the other’”. 

This interviewee also informed about the unfamiliar concepts used during a visit, 

without a previously explaining them: “The guides were talking about Renaissance 

paintings and other things that people didn’t know. I only knew about them because 

of my background in history, so I asked them to explain better and to do a historical 

framing”. 

Some individuals also revealed that the fact they are not always familiarized with the 

concepts and terminology used, can affect their mental representation and memories: 
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• SVI52 pointed out, “It’s complicated for us, but especially for the early-blind, to 

bridge associations only by descriptions like: ‘It’s a piece with certain texture’, ‘it 

reminds something’, ‘it resembles a certain object with a certain color’. It’s not easy 

to imagine”, and affirmed, “The way information is transmitted can have influences 

in memory”. 

• LB59 noted, “Not everyone knows how to correctly describe certain details, shapes 

and other things, in order for the blind understanding the objects, and audio guides 

also depend on who made them, and on their sensitivity”, and exemplified, “As I’ve 

seen, when they tell me that this is blue or another color, have a well-known shape, I 

can visualize it because I have a mental idea of how things are; but who have never 

seen, doesn’t have”. 

• This last sentence is corroborated by LB37, “I don’t like it when they describe us 

some things, because I don’t even know about and can’t visualize them. There were 

things I’ve never seen, so I can’t imagine them from descriptions with scarce 

detailing”, and also by EB66, “Recreation of mental images is easier for those who 

have seen, because it is often spoken of concepts that those who have never seen 

don’t have a clue and aren’t able to relate them to the real”. 

• SVI55 emphasized, “With descriptions we are always subjected to the other person’s 

interpretation and taste. It’s almost like reading a poem: I can read it and get a 

completely different idea from someone else because it’s very subjective”. 

 

5.4.8 Excess of Verbal Information 

Five interviewees added to the issue of the quality of descriptive language used the excess of 

verbal information, which difficult the assimilation of the museum themes: 

• SVI19 commented, “Sometimes guides talk too much, and it gets to a point where 

nobody is no longer listening”. 

• EB22 stated, “Generally, there is too much information during the visits and provided 

in a short period of time. It makes it difficult to retain some aspects when everything 

is so fast and so dense”. 

• LB59 agreed, “It would be good to have some details in advance, because when you 

get to a museum there is a lot of information, and among listening and thinking, we 

don’t have time to assimilate”, and LB35 expressed, “I listen what they’re saying and 

at the moment I realize, but then things end up going away because noting was well 

fixed in one’s mind”. 
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5.4.9 Braille Labels and Texts 

Seventeen interviewees highlighted negative experiences related to the use of Braille in 

museums, especially for the case of labels and texts. They identified it is not very common 

to find Braille in exhibitions and, when museums have those materials available, it is 

frequent that they are not well done or present excess of information. Representative 

excerpts are provided: 

• EB13 stated, “Much information is still missing. They could have Braille labels 

indicating the name of the pieces, what century they belong to, what was used for, 

and where it was found”, and concluded, “In short, an abbreviated list but with 

enough information to know what piece it is”. 

• LB15 commented Braille helps to retain information, “I don’t remember of more 

things because there is very little information in Braille”. 

• SVI40 remarked, “For those who see, there are always flyers that people can take 

home. But for us, when there is Braille, we always have to leave them in the 

museum, we can’t bring them home”. 

• SVI54 said, “On our visit to the M74, the colleagues who knew how to read Braille 

complained about how bad it was done; they couldn’t feel it”. 

• Participants LB58 and LB59 had similar experiences in the M94, respectively, “They 

have Braille printed on a material that makes it hard to read. It’s a terrible example, 

a real shame”, and “They did an adapted exhibition they called ‘accessible’ and used 

Braille, but it was made in metal… I made my criticisms because what they have 

doesn’t mean nothing to us”. 

• EB60 informed, “They had information in Braille, which, in my opinion, was excessive 

because it takes time to read the whole panel, even with good reading fluency. And 

in a group, even of 5 or 6 people, it’s impracticable”, and advised, “Braille must be 

used with common sense, because reading it requires time that I may need to know 

other pieces”. 

• EB56 shared what happened in a visit to the M79 she/he did with a friend, “They told 

me they had one thing for me: ‘everything that’s in flyers for the sighted is here in 

Braille’. But the description was about 20 pages! I mean, I didn’t use that for 

anything and couldn’t bring it home”, and stressed, “I really like to read Braille, but 

in that situation, it isn’t possible because we have to arrive one hour early to read it 

all before the visit, which is not very good, nor practical, nor feasible”. 

Besides the explored constraints associated with the bad use of Braille in museums, it is 

important to note that 22 participants affirmed that Braille is not totally inclusive. 
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• As mentioned by EB66, “Braille has the problem of not being universal since it isn’t 

accessible to all visually impaired people. And also, because it isn’t the same in all 

languages given the punctuation marks and other details”. 

• LB62 commented, “Braille isn’t very beneficial to everybody because there are 

people who know little or nothing about Braille. I can’t read, for instance”. 

• According to EB65, “There are many blind people who don’t read Braille, either due 

to sensory problems, late blindness, etc.”, and SVI38 illustrated this situation with a 

personal example, “I have little sensitivity in the hands and cannot learn. So, for me, 

Braille isn’t as easy as it is for those who born blind”. 

 

5.4.10 Large-sized Labels and Texts 

Twelve partially sighted participants, representing 44.4% of this group, informed about the 

lack of large-sized labels and texts in exhibitions, and that sometimes they are not well-

positioned, which makes difficult the reading and, in the end, negatively influence their visit 

experiences: 

• MiVI31 and SVI24 revealed a similar opinion, respectively, “In most of the places 

there are texts, with a tiny font size that isn’t possible to read, and just the titles are 

enlarged”, and “Usually, only the titles are in large-sized fonts, and I can’t read the 

rest of the information”. 

• A commentary from MoVI26 exemplifies how this lack can compromise an 

independent visit, “The descriptions are in tiny font sizes, and it’s challenging to 

read them. Often, people who don’t see well don’t get what they want to convey, so 

the context is frequently misunderstood. Museums are a bit limited for the visually 

impaired”. 

• Interviewee SVI19 reported a negative experience, “I recently went to a museum, but 

I didn’t like it. There were posters with lots of texts, so I wasn’t able to read almost 

anything besides the titles. My boyfriend read some things to me, but not all”, and 

remarked, “I end up telling him to leave because I was enough of it”. 

• SVI55 also shared a recent experience, “At the M94, they had written information 

with large-sized fonts and contrast as well but placed near the floor. So, a person 

with low vision has to blend over or quart, to be able to read…”. 

• MoVI61 said, “The greater difficulty I’ve noticed is that these texts are placed far 

above the person’s visual field, which turns it impossible to read them. They’re too 

high in relation to the head and should be placed according to the viewing distance”. 
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Besides the highlighted constraints, some persons identified, during their interviewees, 

that large-sized texts are not the ideal media to communicate information in museums, 

because of the difficulties they can have while reading them: 

• MiVI26 mentioned, “I have difficulties with everything that is written because I 

have a blurry vision difficulty that affects my focus changing from near to far 

objects. So, when they gave me something to read, it doesn’t help”. 

• SVI64 stated, “In theory, large-sized fonts are what I see. However, as I have a 

slow reading speed because of focusing problems on the eyes, I lose my patience 

easily. There is no patience, nor time”, and added, “It’s also not easy to read 

under museum conditions, where we have to be standing, there are people 

passing by, and there are noises. If it were up to me, I would easily replace 

everything with audio versions”. 

 

5.4.11 Lack of Information Through Audio 

As seen until now, there is a consensus between the group of participants about the lack of 

information for someone visually impaired visiting a museum. In addition to this subject, 19 

pointed out that information is also not made available through audio support, which would 

facilitate access to information: 

• According to MiVI26, “There is often a lack of information about the subjects. Since 

we go to museums to know and learn, perhaps audio guides could be an alternative to 

minimize the lack of written information or provide more details, even if it was 

optional”. 

• SVI24 expressed a similar opinion, “There is the question of information being all 

written, and there isn’t an audio explanation, like at the M6, for instance. They 

needed to have an audio system to tell us the information that was all in plaques”. 

• LB46 informed, “In the few visits I made as visually impaired, they showed us a video 

with the history of the museums and the main exhibits, but none of them were audio 

described”, and exemplified, “As happened at the M117, where it was told how the 

glass is made, how it’s worked, but the pieces presented in the images weren’t 

explained”. 

• SVI64 commented, “What has been happening lately, like at the M74 and the M104, is 

that I had to do previous visits to the ones with the association’ groups, and I did the 

audio description of the pieces”. 

• EB57 said, “Theoretically, nowadays it is more common to find audio guides in 

museums, but often they are not functioning. It has happened to me several times 
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being told, ‘there are audio guides, but today are not working’”, and observed, 

“People say they aren’t available, but I don’t know why”. 

• MoVI49 remarked, “Museums must make audio guides available like I use to found at 

well-known museums outside Portugal because they promote inclusivity”. 

 

5.4.12 Audio Description Devices 

As previously discussed, audio guides with audio description can offer the advantage of 

allowing intellectual access in museum visits, by supporting the lack of information generally 

available for the visually impaired. However, nine interviewees (six blind and three partially 

sighted) reported negative experiences while using audio description devices: 

• LB7 mentioned, “There was a visit during which the description was made for a 

specific period, but somewhere we ended up being late and missing the correct audio 

time”. 

• SVI41 underlined a similar problem, “You can’t stop a little or get distracted; 

otherwise, the audio is gone… Or if it’s talking and I don’t get the right place at the 

same time as the description”. 

• MiVI26 stated using those devices is not always accessible, “I wanted to try to use it 

by myself, but I had to ask my husband or my daughters every time to help me 

because I was having trouble working with it”, and added, “Many times, I even 

wanted to see a part of the exhibition again, but it was always so hard to work with it 

that it turned out to be an obstacle”. 

• Participant MoVI69 also shared she/he wasn’t able to use the device independently, 

“I consider the audio guide was very helpful, but to identify where I was, I had to 

enter a number, and those numbers weren’t accessible to me”, and explained, “The 

person who was with me had to tell me ‘what we see now is number 2’, and then I 

entered the numbers”. 

• The excess of information made available by audio description devices was pointed 

out by SVI41, “It explains much more things than what you want to know at that 

moment. If a person starts to hear all of that during a visit will waste a lot of time. 

No one is in a museum the entire day”. 

 

5.4.13 Museums Architecture and Exhibition Design 

Seventeen participants, with all different degrees of vision impairment, related negative 

visiting experiences to museums architecture and exhibition design. Note that this number 
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represents 40.7% of the partially sighted individuals of the study. The main problems 

registered had to do with staircases, lack of tactile paving, obstacles they find while moving 

inside museum galleries and other museum facilities: 

• MoVI49 said, “I find it worrying that staircases don’t have the signage required by 

law. And then I have to go clinging to my husband while he’s saying, ‘One more, one 

more, another one’”, and concluded, “This is an impediment because I reach a point 

that I’m dizzy and muddled”. 

• SVI40 commented, “If there had no stairs, it would be good because I have a hard 

time going downstairs. To go upstairs is easier because I can see the steps, but when 

going down, I can’t, and I become afraid”. 

• SVI41 informed, “I’ve been in very disorganized museums, full of ribbons and strings, 

without signage on the windows. There are stairs everywhere, and there is no 

signage. A person is walking and thinks there is nothing ahead and suddenly appears”. 

• EB68 remarked, “There are no space markings and we often don’t have landmarks, 

even in staircases”, and SVI24 added, “Some museums have display cases in the 

middle of the route, which in terms of mobility turns it more difficult”. 

• EB11 shared issues during a recent visit, “The M22, which is a recent museum, in 

terms of accessibility has an elevator with Braille. But then there aren’t tactile 

pavements and no signage as well”. 

• SVI38 stated, “Some museums don’t have access ramps, and the bathrooms aren’t 

easy to use, because we get in and we have to walk around looking for the toilet and 

stuff. Museums and other spaces should design the bathrooms all the same”. 

 

5.4.14 Poor Ambient Lighting 

Seven participants (three SVI, three MiVI, and one LB) experienced difficulties regarding poor 

ambient lighting, which made their visualization of museum objects even more challenging, 

the reading and access to information, as well as their mobility inside exhibition spaces: 

• SVI40 observed, “The notion I have is that museums are dark. Maybe it’s a 

characteristic of them, but it makes visiting difficult”. 

• SVI24 exemplified how it affects the access, “Since the light is too dim to protect the 

museum objects, many times I can’t see them”. 

• Interviewee MiVI31 pointed out the same difficulty, “In dark museums, get to know 

the objects it’s tough. All I can see is the glass and very dim light. I understand this 

has to do with conservation, but in my case, the darker, the worse. It’s 

complicated”. 
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• MiVI26 mentioned, “I usually notice a lack of luminosity inside museums, in general, 

even in important exhibition areas. It makes difficult both the reading and the 

physical access and orientation, and also ends up hindering the use of audio guides 

devices”.  

• LB36 affirmed, “Its important museums being physically accessible, and because they 

don’t usually have enough light, it gets even worst to use the stairs”. 

 

5.4.15 Signs do not Meet Accessibility Requirements 

Another factor highlighted by three persons as hindering their access was the issue of signs 

not meeting accessibility requirements, which led to compromising incidents related by 

SVI19 and MiVI26, respectively: 

• “One time, I entered the wrong room at the M119”, because “They use tiny arrows 

for signage, which do not take into account the contrast necessary for people with 

low vision. And since a person doesn’t know the space and doesn’t see the signs, 

things like this happen”. 

• “It happened several times there were parts that if my family hadn’t told me about, I 

wouldn’t have noticed them because there was no indication, not even a sign on the 

floor”. 

 

5.4.16 Spontaneous Visits 

Even though the majority of the interviewees informed they mostly visited museums in 

contexts of organized tours, 24 participants (34.8%) shared negative experiences during 

spontaneous visits they have made with relatives and friends. Their main reasons have to do 

with the lack of intellectual and sensorial access during those visits, the fact that their 

escorts do not always have the demanded knowledge to convey them the museum themes, 

and that they are required to pre-booking those visits as a requisite to have some access: 

• According to MiVI29, “If a person who goes by himself with family or friends, without 

an organized excursion or guided tours, don’t have access to objects nor anything, 

can’t see anything, nor knowing the history on the written information”. 

• LB28 commented about the spontaneous visit she/he made, “I have no good things to 

point out. I felt that the visits didn’t worth it. If someone from the museum had 

explained to me the things, maybe I would have liked it”, explaining, “Since I had no 

access to anything, the mental image I have about the objects is nil. And concerning 
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the information, I didn’t have access to anything either”. The participant concluded, 

“Visiting it was the same as not even entering. I didn’t stay outside simply because I 

didn’t want to be alone while my family was doing the visit”. 

• SVI41 said, “I’ve attended museums with my sons too, but I can’t access almost 

anything in those visits. The only thing I get to know was an introductory idea of the 

museum. I couldn’t keep up with anything else”. 

• LB53 remarked, “The advantage of going with the institution over visiting with my 

family or friends is that sometimes some objects can be touched. And when I go with 

my family, this depends a lot on the mood of the museum staff”. 

• EB60 underlined, “If I go with my family, they describe me the things, but of course 

don’t have the knowledge of a person from the museums’ educational services to 

explain the pieces, the artist and other details”. 

• LB50 affirmed, “It’s important to have someone who understands the subjects to 

explain because if I go only with my husband, he doesn’t know about them”. 

• Interviewee MoVI49 observed, “I’m lucky my husband has a certain cultural level, but 

many escorts don’t. So, visually impaired people do the visit and leave it almost 

knowing the same, because there is no one from the museum there to help”. 

• SVI40 shared two situations she/he considered detrimental while trying to visit two 

museums. Concerning the first one, “When doing an appointment at the M10, I 

wanted to go on Friday, and I was forced to go Saturday because on Friday they had 

no guide. It’d be easier for me to visit it on Friday, but they didn’t allow”. The 

second case was, “At the M67, I went with a blind person and we asked for help, but 

we had any help. They told us we should have notified them two days in advance to 

visit the museum, and we were already there…”. 

• LB72 stated, “The problem is on group guided tours we have a museum guide, but if I 

want to revisit the museum one month later, we’ll be facing the same problem of 

having nobody to assist us. It only happens by appointment”. 

• EB66 mentioned, “What exists are punctual initiatives, on a specific day and time. 

And if I can’t attend that time? And if I want to go with a friend or relative another 

day?”, and continued, “Why don’t they provide every day this access they are 

promoting? This is exclusion, not inclusion, because I don’t have the freedom to 

choose when to attend without an appointment”. And declared, “Us not attending 

museums is a reflection of the lack of conditions. And this responsibility for inclusion 

must be on the side of the museums”. 
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5.4.17 Entrance Fees and Other Costs 

Ten participants stressed entrance fees as additional factors that hinder their participation 

and access to museums and other cultural spaces, as well as extra costs, as with audio guides 

and guided tours, for instance: 

• SVI4 pointed out, “Nowadays, attending museums is less possible because now they 

are paid. Before, disabled people didn’t have to pay, but now we pay for 

everything”. 

• LB35 commented, “My husband and I used to visit many museums, but now we don’t 

go very often, because we both have to pay”. 

• LB50 said, “Another problem is when I go to museums I have to pay. And my husband 

or other people who accompany me have to pay too”. 

• MoVI49 confirmed, “In Spain, I always have discounts or don’t pay, and my escort 

never pays. And since most of the disabled people here in Portugal don’t have 

economic power, this is another barrier to attend cultural places”, and added, 

“Another negative aspect is the price of the audio guides, which a lot of people can’t 

have access to”. 

• An example of this last quotation is the testimony of MiVI29, “At the M19, they had 

audio guides not for free. I don’t remember how much it was, but it had to be paid to 

get access to it”. 

• MiVI26 remarked, “I usually avoid guided tours because they’re more expensive, to be 

sincere, and this makes them not accessible to everyone”, and exemplified, “At the 

M98, we decided to use the audio guides because it was more affordable than the 

guided tour, which was much more expensive”. 

• LB58 observed, “If I come to a museum with my family and ask for a guided tour, I 

pay more. And these guided tours are important to us because we become more 

enlightened by the museum guide”. 

• Participants LB47 and EB66 summarized the general reality of people with visual 

impairments and how it affects their relationship with museums, respectively, “Most 

persons’ incomes are meager, don’t even cover primary necessities. And people have 

a generalized idea that museums are inaccessible, so the charged prices are another 

barrier”, and “The socio-economic indicators of this community are very bad, in 

general, and there are basic expenses. So, there is no room to even think about 

cultural life”. 
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5.4.18 Prohibition to Photograph 

As previously discussed, when presenting reasons and factors leading to positive visiting 

experiences, participants with low vision informed about personal techniques developed to 

help to access the collection, like taking pictures. However, the prohibition against 

photographing in museums and other cultural sites was highlighted by two participants with 

mild visual impairment, respectively MiVI29 and MiVI31: 

•  “At the M119, they wouldn’t even let me take photos to see the texts and figures 

better”. 

• “Of course, there are certain objects that can’t be photographed with flash due to 

conservation issues. But sometimes they don’t let take pictures even with the flash 

turned off, because it can happen I don’t know what…” 

 

5.4.19 Inaccessible Websites and Without Useful Information 

Finally, 14 interviewees stressed the fact that museum websites are inaccessible in most of 

the cases, and also do not present useful information to someone with visual impairment who 

is planning a visit:   

• SVI19 stated, “The museum websites I tried to consult don’t take into account the 

contrasts for people with low vision. It’s common to find the use of white on a light 

blue or yellow background. Sometimes it drives me crazy trying to access the 

contents”. 

• EB17 mentioned, “Museum sites should have more detailed descriptions of what they 

have to show, making use of the accessibility rules for the web”, and noted, “This is 

essential, because if a blind people is minimally documented with what is going to 

attend, even if can’t touch the objects, will already have some previous information 

about what the guide is conveying”. 

• SVI41 shared, “In searches I did on museum sites, information don’t clarify in any way 

how the accessibility is, nor what we can have access to. Normally there are lots of 

images without a description, so a person stays the same”. 

• LB58 affirmed, “Based on my experience of using museum websites, the presented 

information is general, so a person gets to know what the museum is about and what 

are the exhibitions. But there is never a reference about if anything can be touched”. 

• EB45 remarked, “Not all sites are very accessible and often they are useless, it’s as if 

the information wasn’t there. There is no information on whether museum objects 

will be available to be touched or not”, and concluded, “If I knew from the outset 
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that objects wouldn’t be available for touch, I wouldn’t go there, because it doesn’t 

worth it”. 

• Participant EB57 said, “From the searches I did, they were usually inaccessible. 

Museum sites have a lot of photographs and vague information, so I typically ask 

museums to send me information about the exhibitions”. 

• SVI55 highlighted an identical practice, “What happens is, I have to call the museum 

directly because the information isn’t available on the site”, since “It isn’t customary 

to find information on their websites about the exhibitions’ access, that is, if the 

objects are available for touch, if visits are audio described, if there are Braille texts, 

and so forth”. 

• The need to contact museums by phone was also expressed by SVI64, “Because from 

the search I do on their websites information is usually neither sufficient nor 

enlightening, I always have to call to fill the information I need”. And exemplified, 

“What isn’t available on websites and I always try to know is if there are obstacles, if 

it's easy to move in the space, if there are audio guides or guided tours, and if guide 

dogs are allowed there”. 

 

 

5.5 Emotions Associated with Positive 
and Negative Visiting Experiences 

The present section aims to analyze and discuss the set of emotions explicitly revealed by the 

69 participants concerning their previous visiting experiences in museums, whether they 

considered them as positive or negative. 

The systematical analysis of the interviews allowed identifying a total of 158 data extracts 

regarding feelings and emotions, 39 associated with positive visiting experiences, and 119 

related to negative ones. From this analysis, it was possible to conclude that 50 participants 

(72.5%) informed they felt a total of 15 negative emotions during their visits to museums, 

while 25 interviewees (36.2%) commented about 11 positive emotions felt while visiting those 

places. Based on these results, negative emotions were found to occur more often than 

positive ones during visiting contexts: 

• The identified emotions related to positive visiting experiences were: content, 

curious, engaged, enjoyment, enthusiastic, fulfilled, interested, joyful, relaxed, 

satisfied, and surprised. 
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• The reported emotions associated with negative visiting experiences were: angry, 

anguished, annoyed, ashamed, bored, demotivated, dependent, disappointed, 

discriminated, embarrassed, fear, frustrated, indignant, insecure, and uninterested. 

In order to graphically represent the reported emotion terms, and understand their 

taxonomies in what concerns to pleasure and intensity, it was followed the dimensional 

emotional framework presented by Bradley and Lang (1994, 1999), based on the circumplex 

spatial model developed by Russel (1980). 

According to this dimensional perspective, an emotion can be characterized and explained by 

two primary dimensions: valence and arousal. Valence (ranging from unpleasant to pleasant) 

expresses the degree to which an individual judge a situation, and arousal (ranging from calm 

to exciting) represents the intensity of excitement provoked by a situation. Note that a third 

dimension (dominance) reflects the degree of control that an individual feel over something, 

but is a less strongly-related dimension than the other two, and is often disregarded in bi-

dimensional representations (Bradley & Lang, 1999; Falk & Gillespie, 2009; Hepach, 

Kliemann, Grüneisen, Heekeren, & Dziobek, 2011; Soares, Comesaña, Pinheiro, Simões, & 

Frade, 2012). 

The positive and negative emotions related to museum experiences – expressed in European 

Portuguese by participants during their interviewees – were coded in the dimensions of 

valence and arousal, based on the research of Soares et al. (2012). This coding approach was 

adopted since the authors observed differences in the adaptation of the Affective Norms for 

English Words (ANEW) to European Portuguese. 

Given that the adapted words to European Portuguese were limited to 1034 (Soares et al., 

2012), it was not found a direct correspondence for three of the 26 identified emotion terms, 

respectively, “content”, “dependent” and “discrimination”. In order to have a correct coding 

of the arousal and valence of those emotion terms, it was necessary to adopt the 

corresponding values from the research of Warriner, Kuperman and Brysbaert (2013), where 

were explored standardizations for 13915 words. 

Figure 19 presents the distribution of the 26 emotion terms in the bidimensional affective 

space of valence-arousal, based on the interviewees’ answers regarding their experiences in 

museums. The area of each circle represents the percentage of participants that reported 

they had felt the corresponding emotion, i.e., a larger circle means that the associated 

emotion was more recurrent than when a circle has a smaller area. 
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Figure 19. Distribution of the mean values for the 26 emotion terms onto the bidimensional valence-
arousal affective space. 

 

The visual inspection of the figure indicates a higher concentration of emotion terms in the 

left side of the valence axis than on in its right side, meaning participants reported they felt 

more negative emotions during visits to museums than positive ones. It is also possible to 

observe that 11 negative emotions (corresponding to 73.3% of them, located on the 2nd 

quadrant) have high arousal values, which denote stronger activation on a subject. In 

contrast, positive emotions are less expressive in terms of arousal, since their distribution is 

practically identical in both quadrants (54.4% positioned on the 1st quadrant and 45.5% on the 

4th). 

With regards to the areas that the circles occupy, it can be observed that the most 

mentioned negative emotions were demotivated, frustrated, insecure, uninterested and 

dependent. For the case of positive emotions, the most significant were interested, 

enjoyment and content. 
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In the succeeding two subsections, there will be explored in detail the emotions that 

participants referred they experienced in what they considered positive and negative 

museum visits, and which circumstances contributed to triggering them. 

 

5.5.1 Emotions Associated with Positive Visiting 
Experiences 

Concerning positive visiting experiences, the 11 emotions reported by the visually impaired 

during their interviews are shown in Table 8, organized by the frequency of participants who 

mentioned them, according to their degree of visual impairment. 

 

Table  8. Emotions reported by the blind and partially sighted participants concerning their 
positive visiting experiences in museums. 

 

Blind Participants Partially Sighted Participants 

Total Early-
blind 

Late- 
blind 

Severe 
visually 

impaired 

Moderate 
visually 

impaired 

Mild  
visually 

impaired 

n n n n n n 
Related 
positive 
emotions 

Interested 3 3 3 1 — 10 

Enjoyment 1 5 2 1 — 9 

Content 1 5 1 1 — 8 

Curious — — 2 — — 2 

Enthusiastic — — 2 — — 2 

Fulfilled 2 — — — — 2 

Satisfied 1 1 — — — 2 

Joyful — 2 — — — 2 

Engaged — — 1 — — 1 

Relaxed — 1 — — — 1 

Surprised 1 — — — — 1 

 

Ten interviewees referred they felt interested during museum visits, either because it was 

accessible and the museological themes met their expectations, or because some situations 

during the visits contributed to heightening their interest: 

• LB50 mentioned, “The visit to M13 was very interesting. It was entirely described by 

the person who lived with the musician, so she knew the qualities and small defects. 

As we were allowed to touch some personal things”. 
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• “In general, visits are interesting because we know new things and learn about 

them”, said LB62. 

• SVI54 commented, “In guided tours, we are part of a group of people with visual 

impairments, and the guides themselves learn a lot from us. It turns out being more 

accessible and it had been very interesting”. 

• MoVI70 remarked, “I found an experience very interesting and liked it very much 

because the guide explained everything that was in the painting in detail, even 

without knowing that I was visually impaired”. 

Nine participants expressed they felt enjoyment during the visits they made. Their reasons 

had to do with personal identification with the museum themes, convivial moments and funny 

situations that happened: 

• “I really enjoyed the visit to M80, where the historical importance of paper money in 

Portugal was explored, and since I worked as a bank employee, I felt a connection”, 

stated LB7. 

• SVI4 and LB50 observed, respectively, “I enjoy visiting in a group, in the middle of a 

socializing environment. A person feels good and relieves the mind”, and “In group 

visits, we can communicate with each other, we laugh, you know, it’s a conviviality. I 

really enjoy group visits”. 

• EB44 shared, “During a guided tour, there was a funny situation when people touched 

a representation of a woman of fertility, and I really enjoyed it”. 

• LB1 said, “In some museums we have fun. There was a statue of a strong man from 

Rome, very tall, with a skirt dressed and with other different clothes. And we play 

with it”, and added, “The second time we went to the museum I remembered I’ve 

been there because of the statue. It was still there!”. 

Eight interviewees mentioned they felt content during their visits, which expresses a 

positioning of the arousal near to calm, opposite to excitement: 

• LB2 declared, “I feel content if the museums offer some help during the visits”. 

• MoVI9 pointed out, “With my vision degree, I can see something but can’t detect 

them, so If I am with trusted people that at least explain to me the things, I feel 

content”. 

• LB21 mentioned, “I was content because during the visit, people let us touch some 

things, and there were any problems”. 

• EB33 stated, “Although I wasn’t able to perceive nothing on the visit I made, at least 

I was content by being with my family”. 

The remaining eight positive emotions reported by the blind and partially sighted participants 

during visits to museums were less expressive than the already explored ones in terms of 

frequency. Each case was mentioned by one or two individuals, as presented in Table 8, 



V. Discovery Process by Data Analysis 

141 

which makes it difficult to analyze and conclude as to what extent situations during museum 

visits contributed to the respective mentioned emotion. Notwithstanding, some 

representative quotations follow: 

• Interviewee SVI40 observed, “Normally, I go to museums to know about past things 

and always have the curiosity to understand how things where used in comparison 

with nowadays, how they managed to live. And it makes me feel enthusiastic and 

with more curiosity”. 

• EB45 affirmed, “When the experience is positive, and I can touch the things, I feel 

more satisfied and fulfilled for getting to know new things and have a sense about 

how they are in reality”. 

• EB57 shared, “I love visiting museums, I take pleasure in that and feel fulfilled 

because I like information, I like knowledge and learning about things, I like the 

spaces and the environment, and because I like art. Art is beautiful!”. 

• LB5 commented, “As I do a visit with someone who describes and explain to me the 

things, and as I can use my hands, I feel joyful and very satisfied with myself”, and 

added, “I like a lot to know about museum things and their history, although after 

some time I forget. But at the time, I appreciate and have that satisfaction”. 

• Participant LB15 expressed, “For me, the encounter with art is spiritual. It's finding 

something beautiful, which completes me in additional ways. It's the same thing as an 

encounter with religion for some people who go to church and feel complete, with 

peace and faith”, and continued, “In my case, the peace and beauty are the same, 

but there is more than the spiritual. It's the sensitive; it's the absorbing of 

information, of the forms and the environment that makes me feel joyful and 

relaxed”. 

• SVI55 noted, “It becomes much more attractive to visit if the museum provides 

access, I feel more engaged”. 

• EB57 said, “Recently, during a visit, I had a pleasant surprise when I realized they 

had a touching model of the monastery. For me, it was great, because from then on, 

without expecting nothing, I immediately got the notion of the building”. 

 

5.5.2 Emotions Associated with Negative Visiting 
Experiences 

A list of the 15 negative emotions related to negative visiting experiences in museums is 

presented in Table 9, organized according to the frequency mentioned by 50 of the 

interviewees, and their diverse degrees of visual impairment. 

 



 

142 

Table  9. Emotions reported by the blind and partially sighted participants concerning their 
negative visiting experiences in museums. 

 

Blind Participants Partially Sighted Participants 

Total Early-
blind 

Late- 
blind 

Severe 
visually 

impaired 

Moderate 
visually 

impaired 

Mild  
visually 

impaired 

n n n n n n 
Related 
negative 
emotions 

Demotivated 4 3 5 3 3 18 

Frustrated 8 3 5 1 1 18 

Uninterested 3 3 5 1 1 13 

Insecure 1 4 3 2 1 11 

Dependent 1 2 1 2 3 9 

Bored 3 3 2 — — 8 

Disappointed 2 2 2 1 1 8 

Fear — 3 3 2 — 8 

Embarrassed 1 1 1 1 — 4 

Indignant 3 — — — 1 4 

Discriminated — — 3 — — 3 

Ashamed 1 1 — 1 — 3 

Anguished — 1 1 — — 2 

Angry 1 — — — — 1 

Annoyed — — 1 — — 1 

 

The two most reported negative emotions regarding visits to museums were demotivation and 

frustration, each one mentioned by 18 participants. 

Those who informed that feel demotivated revealed some causes which contributed to it: the 

impossibility to sensory access the pieces in exhibition, information lacks or is not accessible, 

there are not opportunities nor activities to be engaged with the museum themes, and the 

existence of additional barriers. Some examples follow: 

• LB46 observed, “When objects are in exhibits, we cannot enjoy them, unfortunately. 

This ends up affecting my motivation to attend museums”. 

• MoVI3 said, “My degree of sight is very low, and most of the objects are in showcases, 

unavailable to touch, so I cannot see them. That way, a visit doesn’t turn interesting 

nor motivating”. 

• EB18 mentioned, “Whoever doesn’t have much motivation doesn’t get it either 

because we can’t have the notion of the objects, and it is also necessary to have 

competent and patient staff”. 
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• SVI40 stated, “I was always hoping that someone would let us touch the objects, with 

care. But given the experiences I had of it doesn’t happen, and other barriers, I lost 

the desire to go to museums on my own initiative”. 

• Participant LB32 declared, “I was never a person who likes to visit museums, it 

doesn’t motivate me. I think there is a lack of interaction in these places; there isn’t 

much to do”. 

• MoVI25 remarked, “There was a huge staircase right before the entrance, and a 

doorbell to ask to use the elevator instead. But one likes to be autonomous, not to 

have to ask staff to get into a museum. A person becomes soon demotivated”. 

• SVI43 commented, “I gave up visiting the M33. Since I knew at first it wasn’t 

prepared and I wouldn’t see anything, I didn’t feel like going, so my husband and my 

children visited it without me”. 

As already aforementioned, eleven blind and seven partially sighted interviewees informed 

they felt frustrated during museum visits. The analysis of their reasons allowed to conclude 

that this emotion was mainly caused by the lack of access they found, especially sensory and 

cognitive ones, which deprives them to independently familiarize themselves with the 

exhibits and their associated museological contents: 

• SVI40 affirmed, “We were excited and interested, but then we arrived and couldn’t 

touch the things. And I thought: ‘What did I come here to do anyway?’. It’s a feeling 

of frustration. When I left the museum, I just felt like crying”. 

• EB12 and EB45 described similar experiences, respectively, “The visit was a bit 

frustrating because I couldn’t touch anything. It was only people describing what was 

there”, and “When I can’t access the objects, I feel frustrated because, ultimately, 

I’m not doing anything there”. 

• EB57 asserted, “There are times when I feel frustrated, it’s a fact. I expect more 

audio guides and more information. I wanted to touch, especially, and sometimes I 

feel that frustration”. 

• MiVI29 noted, “Currently, it’s frustrating, and I don’t even want that experience 

anymore. I don’t feel the satisfaction that I used to. We get there and can’t get to 

know the history and other details, so I don’t feel like visiting museums”. 

• Interviewee EB66 said, “When we attend museums, the description of it and the 

possibility of engaging with the collections becomes frustrating, because there isn’t a 

possibility of having interaction or even a description”, and proceeded, “My 

frustration is always huge because going there walking around in a room or sitting on 

a café terrace is almost the same”. 

• According to SVI24, “A visually impaired person can’t see nor touch the objects, can’t 

read the related information, I mean… What are we going there for? It’s frustrating. I 

always have to go with someone; otherwise, I end up not knowing anything”. 
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• EB68 commented, “Visiting museums it’s frustrating because one cannot touch the 

pieces nor the paintings, and also there isn’t an audio description. So, I got tired of 

going to museums, because I wasn’t able to experience what others were seeing”. 

• One person, SVI4, pointed out as reasons for her/his frustration the negative 

attitudes and lack of awareness of the museum staff, “Sometimes it’s people that 

complicate our life, and I feel a little frustrated”. 

Thirteen participants shared some motives that contributed to their uninterest in visiting 

museums. As expected, the main reason indicated for the lack of interest has to do with 

mediocre or non-existent accessibility. From their experiences and from what they are told, 

people believe that museums are non-inclusive institutions and therefore have no interest in 

visiting: 

• MoVI9 exemplified, “I went to an exhibition about photographs, and just saying that 

they are located here or there, don’t worth anything. I don’t find museums very 

interesting and to visit them without a basic explanation, I have no interest at all”. 

• EB44 affirmed, “I don’t attend museums as much as I like not because I don’t like 

visiting them, but because often the pieces are placed in displays, so it doesn’t have 

much interest”. 

• Similar opinions were expressed by LB16 and SVI40, respectively, “I am not a big fan 

of museums because there are usually many things that we don’t have access to”, 

and “If we aren’t given opportunities to touch, the visit ends up not having much 

interest”. 

• EB18 mentioned, “I don’t have much interest because in most museums where I 

went, and from what I hear, most things can’t be touched. Furthermore, as I am 

congenitally blind, I have difficulty in understanding certain figures without proper 

elucidation”. 

In other cases, the uninterest resides in the themes of the exhibitions, as expressed by 

participant EB19 and EB17, respectively: 

• “Sometimes, I don’t like it either because there are things that I particularly don’t 

feel interested”. 

• “If it’s a photography museum, it doesn’t mean nothing to me. The same is for 

visiting painting exhibitions that personally doesn’t tell me anything because I don’t 

see them. If it is related to visual arts, I don’t have any interest”. 

The fourth most mentioned negative emotion described as experienced by eleven 

interviewees in visiting contexts was insecurity. It was mainly associated with architectural 

issues and lack of accessibility on exhibition’s spaces, that by not being prepared for 

perception through different human senses besides vision, generates the feeling of insecurity 

given the occurrence of collision with unexpected physical obstacles: 



V. Discovery Process by Data Analysis 

145 

• LB16 commented, “In museums with big exhibits, like cars, we can crash against 

them without causing great damages. But if it’s a museum with delicate pieces, it’s 

complicated since they can fall on the floor”, concluding, “Attending museums 

without an escort is not a good idea, it isn’t secure”. 

• SVI10 stated, “I don’t risk visiting museums by myself, no way. Someone who sees on 

a museum knows where a piece of furniture is, but a blind or visually impaired person 

doesn’t immediately know where obstacles are”. 

• MoVI25 pointed out, “A visually impaired person can cause a lot of damage, 

unintentionally”. 

• Participant SVI24 remarked, “When there are stairs, it’s always more problematic for 

me. To feel secure, I always need someone to tell me what’s ahead, because I can 

fall or also break something”. 

• MiVI29 observed, “There are stairs that have no indication. There aren’t protections 

around the things. And there is a lack of light. If a person is not paying attention, it is 

can become very dangerous”. 

• LB5 said, “If I had to go to a museum by myself, I wouldn’t go, because I’ll not feel 

secure”. 

Nine interviewees discussed as an additional negative emotion the fact that they often feel 

dependent on other people, given the lack of autonomy they commonly face in museums to 

have some access to their collections, and also to move around the distinct rooms: 

• MiVI31 noted, “We’re always dependent on going with someone if we want to be able 

to enjoy something”. 

• SVI24 shared, “I always feel I need the support of someone else to have some 

accessibility in exhibitions and even in terms of mobility. It’s not good to be 

dependent on other people to tell me what it says here or there”. 

• LB72 pointed out, “The feeling is that it’s necessary to be accompanied, because 

there is really no autonomy to move within the space and to access the same 

information that is available for sighted people”, and added, “Visiting museums is 

similar to going to any new place, where I always have this feeling of no autonomy”. 

• MiVI29 stated, “What am I going there for? To walk around holding on my husband 

and children, and even like this can’t perceive almost anything by myself?”. 

• EB17 commented, “We always depend on other people because we don’t know the 

space, so we don’t feel comfortable going alone”. 

According to six blind and two partially sighted participants, the non-existence of sensory 

access and other activities to complement the verbal descriptions provided by museum guides 

made them feel bored during museum visits: 
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• SVI19 said, “It makes me feel so bored when visits are just a conversation going on. It 

gets to the point I'm so tired of listening to the guide and thinking, ‘There's nothing 

else besides talk?’”. 

• LB32 shared an identical opinion, “When there is only the description of objects, it 

becomes tedious”. 

• SVI55 declared, “I don’t like when exhibitions are about paintings, because either 

museum guides have the ability to captivate us while describing them, or else the 

visit gets very boring”. 

• Interviewees EB11 and LB48 affirmed, respectively, “Sometimes, visits become 

boring”, and “I don’t like visiting museums. It’s boring, I have no patience”. 

• EB17 confessed, “If I'm not enjoying the visit, I stay till the end because I normally 

visit in a group. At the moment, it is boring, but then the visit ends and it's over. It's 

always a risk”. 

Eight participants mentioned they felt disappointed. The main causes have to do with the 

expectations they had before visiting museums, sometimes based on what they searched or 

heard about an exhibition or the museum itself. They referred they expected to have hands-

on opportunities or other activities or materials which promotes access, but what they ended 

experiencing fall short of expectations: 

• EB11 observed, “We create expectations based on what we read or on what other 

persons told us about the museum. But then, during the visit, we can’t see nor touch 

most things…”, concluding, “The expectation we had was defrauded; we leave 

feeling disappointed”. 

• LB58 noted, “When a blind person enters a museum website, she/he cannot know if 

will be able to touch something or not, only when gets there. And many times, 

afterward, there is a great disappointment because the information wasn’t 

available”. 

• SVI40 said, “There are always flyers available for those who see, that people can take 

home. But when there is something in Braille, we always have to leave it. It’s 

disappointing because we cannot take things home to continue the reading”. 

• EB66 explained, “One thing is having already seen; other is having never seen. So, it 

creates different expectations in us when we are before anything, that frequently are 

not met”. 

During their interviews, eight participants mentioned they felt fear when visiting museums. 

The expressed reasons have to do with the lack of signage on stairs and on other items that 

represent obstacles for mobility, and fear of damaging museological objects or exhibition 

items, unintentionally: 
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• MoVI49 stated, “I fell fear and consider it negative that the staircases don’t have 

accessible signage”. 

• LB1 remarked, “We are afraid to go against things. It’s an unknown space. Those with 

low vision still see a little bit, but who is blind can’t see nothing”. 

• SVI10 declared, “I’m afraid of entering in museums. Imagine that I break a vitrine or 

anything else, what happens then?”, and added, “If I went to a museum that had 

stairs, I wouldn’t be able to enter it, because I’m afraid of climbing stairs, I have 

phobia”. 

• LB47 commented, “I am afraid of touching things without the help of anyone from 

the museum because there may be items which I can damage, and that’s 

problematic…”. 

• SVI43 referred, “I don’t even dare to ask if I can touch something when I don’t know 

if the museum is prepared. I have no idea how they would react because by touching, 

the pieces can be damaged”. 

• Interviewee SVI20 expressed the same fear, “I’m afraid things will fall and break”. 

Furthermore, she/he identified another reason for feeling this negative emotion, “I 

am afraid of going to museums about religion or kings because they often have 

crypts. I’m afraid of very old museums”. 

Four participants admitted they felt some degree of embarrassment, principally in 

spontaneous visits contexts. As causes, they pointed out some negative attitudes of the 

museum staff, comments they heard, and them being uncomfortable in those visits: 

• MoVI49 shared, “It embarrassed me when I demanded to use the elevators, and they 

asked me if it was necessary. And I have no problems to require the things, but many 

people in my position don’t say anything”. 

• LB15 observed, “People ask what a blind person is doing in a museum. It doesn’t 

bother me, but other people can feel embarrassed”. 

• SVI41 mentioned, “A person doesn’t feel comfortable, feels embarrassed, especially 

when there are a lot of people in the museum. When we visit with a group of people 

with visual impairments, I feel more at ease”. 

Another four interviewees (three EB and one MiVI) expressed they felt indignant. Their 

reasons had to do with the lack of sensorial access to touchable exemplars of exhibition 

pieces, inappropriate lighting, and negative staff attitudes: 

• EB56 and EB45 stated, respectively, “It’s indignant not be authorized to touch the 

things, and often they can be touched perfectly… But it’s stipulated that can’t be and 

we can’t touch them at all”, and “I feel indignant when people from the museum 

don’t authorize touching anything and there are no alternatives”. 
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• Participant MiVI29 said, “I often go with my children and my husband, but I stay at 

the door while they go. I can’t see anything; it is always dark, a blackness every 

time. It’s indignant”, and added, “And in castles and other dark places I don’t enter 

too”. 

• EB65 reported on a situation when she/he was touching an object and a museum staff 

prohibit it, “I felt indignant, disturbed and upset with the situation because people 

should know that if they let a blind person enter a museum, the only way to see is 

with their hands”. 

Three severely visually impaired participants revealed they felt discriminated in museums. 

The following quotations were pronounced, respectively, by SVI40 and SVI54: 

• “Visiting museums was fascinating to me before I lose my vision. Now, I feel very 

discriminated against certain things”. 

• “There is that feeling that people talk, afraid to hurt us: ‘I’m talking to a blind, poor 

thing, how am I going to do it’. It’s discriminating. They’re talking to a person who 

doesn’t see, but the rest is the same”, and added, “They have to speak normally and 

try to communicate as they do with any other person, but in such a way that we can 

understand the museum things. But we are not poor things…”. 

Two blind and one partially sighted interviewee mentioned they felt ashamed while visiting 

museums: 

• EB34 confessed, “I usually don’t ask to do a description, because I’m ashamed to ask 

the person who is there to describe me the things”. 

• MoVI49 commented, “It happened to me being exposed to situations of shame 

because of attitudes of the museum staff”. 

• According to LB15, “For someone who is blind, visiting a museum isn’t easy. Usually, 

we don’t go because we are ashamed of attending those places”. 

Finally, a total of four participants reported three negative emotions during visits they made: 

anguish (one LB and 1 SVI), angry (one EB), and annoyed (one SVI). Illustrative sentences 

follow: 

• EB46 revealed, “I feel anguished because I cannot enjoy what is there for other 

people to see”. 

• EB65 remarked, “I was so angry with the situation that I ended up leaving the 

museum” [the interviewee was touching an object and was prohibit by a museum 

staff]. 

• SVI19 said, “As I can’t see, I get annoyed because I’m there and there isn’t anyone to 

explain the things to me”. 

 



V. Discovery Process by Data Analysis 

149 

5.6 General Opinions and Beliefs 
about Museums 

During the interviews, 39 participants — who informed that had visited museums before 

(eight EB, sixteen LB, six SVI, six MoVI, and three MiVI, representing 56.5%) — shared their 

general opinions about museums and exhibition spaces, as well as preconceptions and 

assumptions they have regarding them. 

From the analysis of this data, it is evident that these persons have negative general ideas 

about museums. Interviewees referred to museological places as frequently being non-

inclusive and lacking accessible opportunities: 

• According to LB47, “People have the idea that museums are inaccessible places, so 

it’s another barrier”. 

• Participant MoVI9 stated, “Museums are many times not prepared for us, and because 

of it, I don’t find them interesting”. 

• MoVI69 remarked, “Museums are a bit limited for the visually impaired, they aren’t 

very accessible”. 

• LB15 said, “I know that it’s impossible to visit some of the museums autonomously 

because there are barriers along the way and also is almost impossible to have access 

to most of the things”. 

• EB46, EB17 and MoVI49 expressed similar opinions, respectively, “Museums are not 

properly prepared for people with vision impairments”, “Museums need to evolve a 

lot in terms of accessibility”, and “Museums should be more inclusive indeed”. 

• MiVI26 noted, “To be honest, I don’t know of a more or less prepared museum. 

Museums are always a difficult thing”. 

• Interviewee LB53 informed, “Often, blind people, especially the congenitally blind, 

have no motivation to visit museums, precisely because they already know there is 

nothing for them, so that part of the culture doesn’t exist”. 

Other participants mentioned museums as static, monotonous, and empty places, where it is 

not possible to establish interaction with anything museum-related: 

• EB12 commented, “For us, a museum is an empty space. We have nothing to do 

there”. 

• LB21 shared, “Typical museums have no interest because in those where I went there 

weren’t many things for me”. 

• EB11 mentioned, “Maybe I don’t feel so interested in visiting museums because I 

know that I won’t be able to sense the majority of the things that are on display”. 
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• LB62 said, “Some museums are boring”, and SVI19 observed, “Museums should have 

more activities and promote more involvement to motivate people”. 

• EB66 remarked, “When someone tells me to go to museums, I answer: ‘go there for 

what? To walk around and not have concrete access to anything?’. Going there or not 

is the same, it’s a space in which I cannot interact”, and concluded, “And then, of 

course, the blind doesn’t go. Usually, we don’t have cultural habits, whether in 

museums, theaters, or cinema, because things are not accessible”. 

Based on the presented testimonies, it is important to note that the expressed general ideas 

about museums help perpetuate the notion that those institutions are not accomplishing their 

mission regarding the inclusion of all members of society. Hence, people feel little 

motivation to attend museums, which is also supported by the conviction that they will find 

many barriers in those places. 

This last sentence is also supported by an experience shared by interviewee EB57, who 

informed she/he was working on an accessible project directed to the visually impaired, in 

collaboration with a museum in Lisbon: “We tried to do a workshop that would be the 

continuity of the analysis of a painting because it’s very complex and with many drawings. 

The event was shared with all Associations in Lisbon working with visually impaired people”, 

and proceeded, “We didn’t have a single registration. Not one blind nor partially sighted 

people from Lisbon was interested. People don’t attend museums. Some go in groups, but in 

general, taking into account the numbers of visually impaired persons, people don’t go”. 

 

5.7 Assessment of Accessibility 
Resources in Portuguese Museums 

This section reports the quantitative results relating to the assessment of the usefulness and 

frequency of 16 accessibility resources in Portuguese museums by the 69 participants who 

stated had visited museums. 

Two 5-points Likert scales were used to measure the frequency and usefulness assessments of 

each variable, respectively: 

• Frequency: two low levels (1 = never; 2 = rarely), mid-point (3 = sometimes), and two 

high levels (4 = very often; 5 = always); 

• Usefulness: two low levels (1 = not at all useful; 2 = slightly useful), mid-point (3 = 

moderately useful), and two high levels (4 = very useful; 5 = extremely useful). 

It is also necessary to call attention to the fact that the results regarding the usefulness of 

the assessed accessible resources must be interpreted through the lenses of a prospective 
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standpoint since not all participants had the chance to experience or use all of them during 

their visits to museums. Furthermore, it is mentioned once again that 60.9% of the sample 

refers to blind individuals (of whose 42.9% had no visual references – 18 early blind 

individuals), while 39.1% corresponds to the partially sighted participants. 

Next, the results concerning the frequency and usefulness of the assessed accessibility 

resources will be discussed, followed by the correlation analysis of the usefulness of these 

resources according to the diverse degrees of visual impairments of the participants. This 

section ends with the presentation of the multiple linear regression model resulting from the 

data. 

 

5.7.1 Frequency and Usefulness of the Assessed 
Accessibility Resources 

Figure 20 presents the overall assessment of the 16 accessibility resources (AR). For each 

variable, it was calculated the average of responses concerning its frequency and usefulness. 

A table containing the complete data is provided in Appendix F. 

In general, it is possible to conclude that the frequency of all the accessibility resources is 

lower than the usefulness participants attributed to them. All of them were rated on average 

between never and rarely in the frequency scale, excepting the cases of AR7 – Group guided 

tours (M = 4.16; SD = 1.29), AR1 – Touch original pieces during a visit (M = 2.48; SD = 1.02), 

and AR10 – Labels in Braille (M = 2.05; SD = 0.79). 

By analyzing the data concerning the usefulness of the assessed accessibility resources, it is 

observed that nine of them (56.3%) were rated between very useful and extremely useful: 

AR4 – Touch replicas of objects with samples of the original materials (M = 4.5; SD = 0.86), 

AR1 – Touch original pieces during a visit (M = 4.4; SD = 0.83), AR6 – Audio descriptions of the 

exhibits through audio guides (M = 4.32; SD = 0.81), AR7 – Group guided tours (M = 4.19; SD = 

0.78), AR3 – Touch replicas of objects without samples of the original materials (M = 4.15; SD 

= 0.95), AR14 – Tactile models of museum buildings (M = 4.12; SD = 0.91), AR8 – Individual 

guided tours (M = 4.08; SD = 1.07), AR13 – Tactile maps (M = 4.06; SD = 1.14) and AR16 – 

Audio guides with orientation indications (M = 4.04; SD = 1.14). 
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Figure 20. Average of frequency and usefulness of sixteen accessibility resources. 

 

The average results of usefulness of the five accessibility resources positioned between 

moderately useful and very useful of the measuring scale were, respectively: AR15 – Tactile 

path through tactile paving (M = 3.68; SD = 1.15), AR5 – Touch reliefs of images (M = 3.66; SD 

= 1.24), AR11 – Labels with large-sized fonts (M = 3.54; SD = 1.56), AR2 – Touch original 

pieces during a special session (M = 3.51; SD = 1.32) and AR12 – Texts with large-sized fonts 

(M = 3.46; SD = 1.56). It is important to stress that only partially sighted participants 

answered the questions about the use of large-sized fonts (AR11 and AR12) because it makes 

no sense to the case of blind individuals. 

According to the data, the least useful accessibility resources in the context of visiting 

museums (positioned between slightly and moderately useful) were AR9 – Texts in Braille (M 

= 2.6; SD = 1.57) and AR10 – Labels in Braille (M = 2.85; SD = 1.66). Note that both blind and 

partially sighted participants answered the questions about the use of Braille, given that 

some individuals with low vision mentioned they had Braille training. 

These results allow to infer that the visits made by the participants in Portuguese museums 

were very often in group guided tours, where, occasionally, it was given a chance to touch 

original pieces and labels in Braille were rarely found. However, the availability of other 

accessibility resources would be more useful during their museum visits. Like providing touch 

replicas of objects preferentially with samples of the original materials, allowing to touch 

original pieces during the visits, provide audio descriptions of the exhibits through audio 
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guides also with orientation indications, making group and individual guided tours available, 

and allowing the access to tactile models of museum buildings and tactile maps. 

 

5.7.2 Correlation Analysis of the Usefulness of the 
Accessibility Resources According to Participants’ 
Degree of Visual Impairment 

In order to examine the degree of association of the usefulness of the 16 accessibility 

resources assessed, according to the distinct degrees of visual impairments of the 

participants, the Spearman’s rank correlation coefficient was used. The non-parametric test 

of rank correlation coefficient was selected given the Likert scale was used to evaluate the 

usefulness of each variable (ordinal data), and the data did not follow a normal distribution 

(Heumann, Schomaker, & Shalabh, 2016; Norman, 2010). For the analysis of the inferential 

statistics, it was used the significance level of 5%. 

In SPSS software the averages of the responses about the usefulness for each set of variables 

was calculated first, considering its characteristics of enhancement of accessibility: Original 

pieces (AR1 and AR2); Replicas, reliefs and models (AR3, AR4, AR5 and AR14); Guided visits 

(AR7 and AR8); Information (AR6, AR9, AR10, AR11 and AR12); and Mobility (AR13, AR15 and 

AR16). Second, the Spearman correlation between each one of these five new computed 

variables and the corresponding accessibility resources’ usefulness was calculated 

independently, for cases of both blind and partially sighted participants. It is also mentioned 

that the same method was followed considering the isolated cases of early blindness, late 

blindness, severe vision impairment, moderate vision impairment, and mild vision 

impairment. However, since the number of observations was reduced in the cases of mild and 

moderate vision impairment (n = 3 and n = 9, respectively), it was decided to compute the 

Spearman correlation as explained, to take all observations into consideration. Table 10 

presents the data resulting from the correlation analysis performed. The correlation strength 

was interpreted according to Evans’ (1996) classification: very weak (r < 0.19), weak (0.2 < r 

< 0.39), moderate (0.4 < r < 0.59), strong ( 0.6 < r < 0.79), and very strong (r > 0.8). 
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Table  10. Spearman correlations of the usefulness of 16 accessibility resources for the cases 
of blind and partially sighted participants. 

  Spearman Correlation 
  

Blind participants Partially sighted 
participants 

  n p-value r n p-value r 

Originals [AR1] Touch original pieces during a 
visit 

42 0.032 0.331 26 < 0.001 0.763 

[AR2] Touch original pieces during a 
special session 

41 < 0.001 0.865 26 < 0.001 0.917 

Replicas, 
reliefs and 
models 

[AR3] Touch replicas of objects without 
samples of the original materials  

42 0.029 0.338 26 < 0.001 0.740 

[AR4] Touch replicas of objects with 
samples of the original materials 

42 0.006 0.416 26 < 0.001 0.655 

[AR5] Touch reliefs of images 
 

42 < 0.001 0.634 26 < 0.001 0.805 

[AR14] Tactile models of museum 
buildings 

42 < 0.001 0.523 25 0.010 0.506 

Guided 
visits 

[AR7] Group guided tours 
 

42 < 0.001 0.714 26 0.122 0.311 

[AR8] Individual guided tours 
 

40 < 0.001 0.559 24 < 0.001 0.810 

Information [AR6] Audio descriptions of the exhibits 
through audio guides 

42 < 0.001 0.556 24 0.002 0.611 

[AR9] Texts in Braille 
 

42 < 0.001 0.929 24 0.746 0.070 

[AR10] Labels in Braille 
 

42 < 0.001 0.875 26 0.482 0.144 

[AR11] Labels with large-sized fonts 
 

0 - - 26 < 0.001 0.809 

[AR12] Texts with large-sized fonts 
 

0 - - 26 < 0.001 0.818 

Mobility [AR13] Tactile maps 
 

42 < 0.001 0.700 26 < 0.001 0.746 

[AR15] Tactile path through tactile 
paving 

42 < 0.001 0.737 26 0.001 0.598 

[AR16] Audio guides with orientation 
indications 

41 < 0.001 0.699 24 < 0.001 0.726 

 

 

5.7.2.1 Usefulness of Touching Original Pieces 

The usefulness of both AR1 – Touch original pieces during a visit and AR2 – Touch original 

pieces during a special session strategies revealed statistical significance regardless of the 

participants’ degrees of visual impairment. 

For the case of the blind individuals, it can be observed a very strong positive correlation for 

AR2 (r = 0.865) and a weak positive correlation for AR1 (r = 0.331). The data concerning the 

partially sighted interviewees revealed a very strong positive correlation for AR2 (r = 0.917) 

and a strong positive correlation for AR1 (r = 0.763). 
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5.7.2.2 Usefulness of Touching Replicas, Reliefs and Models 

When comparing the usefulness of AR3 – Touch replicas of objects without samples of the 

original materials, AR4 – Touch replicas of objects with samples of the original materials, 

AR5 – Touch reliefs of images, and AR14 – Tactile models of museum buildings, it is 

concluded that all of them present statistical significance for all respondents cases. 

If observed the data of the blind individuals, there is a strong positive correlation for AR5 (r = 

0.634), moderate positive correlation for AR14 (r = 0.523) and AR4 (r = 0.416), and weak 

positive correlation for AR3 (r = 0.338). In its turn, it is concluded for the case of the partially 

sighted participants a very strong positive correlation for AR5 (r = 0.805), a strong positive 

correlation for AR3 (r = 0.740) and AR4 (r = 0.655), and moderate positive correlation for 

AR14 (r = 0.506).  

 

5.7.2.3 Usefulness of Guided Visits 

To examine the usefulness of guided visits, it was considered the data about the AR7 – Group 

guided tours and AR8 – Individual guided tours strategies. It is concluded that individual 

guided tours have statistical significance for both blind and partially sighted participants, 

while group guided tours have significance only for the blind respondents. 

For the blind, a strong positive correlation is observed for AR7 (r = 0.714) and a moderate 

positive correlation for AR8 (r = 0.559). According to the data, there is a very strong positive 

correlation of AR8 (r = 0.810) for the group of participants with low vision. 

 

5.7.2.4 Usefulness of the Resources for Accessing Information 

The strategies AR9 – Texts in Braille and AR10 – Labels in Braille present statistical 

significance only for the respondents with blindness, and very strong positive correlations for 

AR9 (r = 0.929) and AR10 (r = 0.875) can be concluded by Table 10. However, it is important 

to highlight that 12 individuals who mentioned they could not read Braille classified these 

resources as moderately useful, very useful and extremely useful in the Likert scale. If 

excluded these cases (n = 30), it is still verified the statistical significance for both resources 

and a very strong positive correlation for AR9 (r = 0.891) and a strong correlation for AR10 (r 

= 0.776). 

Regarding the usefulness of AR6 – Audio descriptions of the exhibits through audio guides, it 

is concluded statistical significance in all cases, a strong positive correlation in the case of 

the partially sighted (r = 0.611), and a moderate positive correlation for the blind 

participants (r = 0.556). However, if examined separately the two cases of blind individuals 

who stated they could and could not read Braille, it is confirmed a strong positive correlation 

for AR6, respectively, r = 0.679 and r = 0.742. 
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The usefulness of AR11 – Labels with large-sized fonts and AR12 – Texts with large-sized fonts 

were accessed only by the participants with low vision, and statistical significance was 

confirmed for both resources. It is also observed a very strong positive correlation for AR12 (r 

= 0.818) and AR11 (r = 0.809). 

 

5.7.2.5 Usefulness of the Resources for Mobility Inside Museums 

When comparing the usefulness of the accessibility resources for mobility in museums, 

namely   AR13 – Tactile maps, AR15 – Tactile path through tactile paving, and AR16 – Audio 

guides with orientation indications, it is concluded that all of them presented statistical 

significance for both groups of participants. 

In what blind persons concerns, there are observed strong positive correlations for AR15 (r = 

0.737), AR13 (r = 0.700) and AR16 (r = 0.699). In the case of the individuals with low vision, 

strong positive correlations are registered for AR13 (r = 0.746) and AR16 (r = 0.726), and 

moderate positive correlation for AR15 (r = 0.598). 

 

5.7.3 Multiple Linear Regression Analysis 

Aiming to model the linear relationship between the usefulness of the 16 assessed resources 

to accessible visits and the average of usefulness each visitor attributed to the overall 

resources, a multiple linear regression analysis was performed. 

According to Heumann et al. (2016), this statistical technique allows to associate several 

explanatory variables (independent) and predict their influence on the outcome of a response 

variable (dependent). In this case, the scores attributed to each accessibility resource were 

used as independent variables, and the results of the averages of their usefulness to the 

whole experience (calculated for each participant) were used as the dependent variable. 

Given the reduced sample and the main objective of examining the usefulness of the assessed 

resources on accessible visits, the analysis was performed not distinguishing the participants 

according to their different degrees of visual impairments. 

The stepwise selection approach was used, which generated four models. By comparing the 

R2, it was concluded the fourth model presented the highest amount of variance in the 

dependent variable (R2 = 0.847) that is explained by the independent variables: AR5 – Touch 

reliefs of images (p-value < 0.001), AR6 – Audio descriptions of the exhibits through audio 

guides (p-value < 0.001), AR16 – Audio guides with orientation indications (p-value = 0.001) 

and AR13 – Tactile maps (p-value = 0.018). The overall regression model was significant, F(4, 

15) = 27.2, p-value < 0.001. 
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5.8 Summary: The Overall Museum 
Experience of Blind and Partially 
Sighted Participants 

The information presented during this chapter revealed that blind and partially sighted 

visitors have limited experiences in museums. In general, the access to some exhibits and 

museum information is mainly achieved during group guided tours, which require prior 

appointment and are scheduled to accommodate a large number of visually impaired people 

at the same time. However, the lack of training of the museum guides and staff to deal with 

those publics and to communicate the museological themes tend to reflect on negative 

experiences rather than positive ones. Even so, participants stated these are the most often 

available means of having some access while visiting museums in Portugal. 

The scenario is even worse for the case of spontaneous visits to museums, where individuals 

rely primarily on their escorts to have some intellectual access to the information. The lack 

of accessible materials, like audio descriptions through audio guides, Braille and large-sized 

labels and texts, was highlighted as rarely available. Touching original objects or replicas or 

other tactile representations is almost never possible. It generally is not anticipated when 

designing the exhibitions, and those opportunities happen mainly due to the museum staff’s 

compassion for these visitors. Provisions for their independent orientation are also 

disregarded. 

Even though the regression model of the usefulness of the 16 assessed accessibility resources 

was significant — and mostly explained by touching reliefs of images, audio guides with audio 

descriptions and orientation indications, and touching tactile maps — the qualitative data 

collected from the interviews revealed other dimensions that contribute to positive visiting 

experiences. The experiences described as more enthusiastic, memorable and triggering 

intense positive emotions were the ones in which visitors had the opportunity to be fully 

involved through participatory activities and while interacting with the exhibits and replicas 

during multisensory perceptual occasions. Nonetheless, only a very small fraction of the 

participants said they had the chance to experience museums through those ways during their 

visits. 

Based on the analyzed data, it is understandable that visually impaired individuals have 

mainly negative opinions about museums and other exhibition spaces, in general. Their 

convictions that those institutions are inaccessible, non-inclusive and offer many barriers to 
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their autonomous participation does not contribute to motivating them to want to attend 

museums more often. 

As a last consideration, the barriers that blind and partially sighted visitors face in those 

institutions are even more contrasting when thinking about the innumerous options currently 

available to the sighted visitors experiencing museums. Beyond being accessible, museums 

should embrace inclusion and focus on creating exceptional, memorable and exciting visiting 

experiences for all, available anytime. 
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VI.       Concept Development:  
A Co-Created Integrative 
Framework to Enhance Visually 
Impaired Visitors’ Experiences in 
Museums 

The present chapter regards the concept development of a framework designed for enhancing 

the experiences of visually impaired persons in museums. Based on the results of the data 

analysis previously performed, and also on suggestions for improvements made by the 

interviewees, it aims to present, describe, and discuss a proposal of a co-created integrative 

framework. 

 

 

6.1 Approach for Synthesizing the 
Qualitative and Quantitative 
Research 

During their interviews, the 69 participants — who stated that they had attended museums 

before — were asked to comment on the subjects they considered that must be improved to 

enable more enjoyable future visits to those places and were also encouraged to present 

solutions to enhance it. Notwithstanding three of the 72 interviewees informed they have 

never visited museums before, they were also asked to imagine and describe which essential 

characteristics should be offered by cultural places in order to promote an inclusive and 

enjoyable experience. A total of 479 commentaries on aspects for improvement were coded 

during the performed qualitative analysis. 
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In order to synthesize and integrate those suggestions — and also the previously discussed 

positive and negative visiting experiences, and the results of the quantitative data analysis — 

into a framework to enhance the visually impaired experiences in museums, it was followed 

an approach of cumulative refinement (Mays & Pope, 2019; Pope et al., 2019; Wiseman, 

1987). During this analysis process, the findings were charted and categorized accordingly. It 

was concluded that a framework should support the integration of the different phases 

identified as relating to the experience of visiting cultural institutions: pre-visit, on-site visit, 

and post-visit. This evidence that the museum experience of the interviewees extends 

beyond the on-site visit corroborates with the works of Falk (2009, 2013), Kuflik, Wecker, 

Lanir and Stock (2015), and Ruttkay and Bényei (2018a), despite their researches not 

including individuals with visual impairments nor with other impairments. 

Moreover, the data analysis performed revealed that it is imperative to ensure that the 

framework also articulates the strategies to promote sensory, intellectual and physical 

access, so individuals are more likely to feel a sense of autonomy during the various phases of 

a visit, despite their types of visual impairments. This does not mean that the proposed 

framework is intended to replace accessible guided tours nor other inclusive activities, but 

rather to complement them and also allow blind and partially sighted people having access to 

museum-related content whenever they wish to make spontaneous visits. 

 

6.2 Framework for an Enhanced 
Museum Experience for the 
Visually Impaired 

Figure 21 illustrates the co-created integrative framework to enhance the visiting 

experiences of visually impaired people in museums. This figure is split into three areas, 

depending on the moment of the visit in question (pre-visit, on-site visit, and post-visit). For 

each one of these, the corresponding strategies are presented in different colors, concerning 

if it aims to support: intellectual access to museum information and exhibition contents 

(green), sensory access by touch and other senses (yellow), or physical access to mobility, 

orientation and wayfinding (purple). The main identified requisites for each strategy are 

presented as brief notes (red). 

When designing the framework, it was concluded that several proposed approaches should 

encompass multimodality in order to include the largest possible number of blind and 

partially sighted individuals. This means that the combination of different ‘modes’ to convey 

the aspects provides redundancy (Jones & Marsden, 2006; Pirhonen, 1998; Ritter, Baxter, & 
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Churchill, 2014), each one offering distinct possibilities and constraints in the process of 

meaning-making as a whole (Jewitt, Bezemer, & O’Halloran, 2016). 

Taking these considerations into account, the co-created integrative framework will be 

presented in detail next. 

 

 
Figure 21. Schematic diagram of the co-created integrative framework to enhance visually impaired 
visitors’ experiences in museums. 

6.2.1 Pre-visit Planning 

The pre-visit phase precedes the actual on-site visit, during which visitors get familiar with 

what the museum has to offer and, eventually, plan their visits. It needs to support visually 

impaired people with full intellectual access to the institution’s information and related 

exhibition contents, among other relevant aspects, in order to trigger their curiosity and 

activate their interest to attend the museum. 

In a digital era of technologies assuming a ubiquitous presence, museum websites commonly 

constitute the initial impression that individuals have about an institution. With this in mind, 
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the experience related to using and accessing the information on museum websites can 

contribute (or not) to a great first impression of museums, (un)welcoming everyone to visit 

their spaces. 

The performed data analysis allowed to conclude that the pre-visit planning phase of the 

framework should encompass the intellectual access to the museums’ websites, and also 

proper dissemination of the information about the museums. 

 

6.2.1.1 Museum Website: Accessible, Informative and Inclusive 
[intellectual access] 

i. The museum website is accessible 

Follows the WCAG — Web Content Accessibility Guidelines, developed by the World 

Wide Web Consortium (2008), in order to provide users with readable and 

understandable information, text alternatives (alt-text) for non-text content, audio-

described multimedia content, and facilities for easy navigation and content finding. 

It is also important to address accessibility concerning the variety of the devices 

people use to interact with the museum website contents, as stressed by Lisney, 

Bowen, Hearn and Zedda (2013). 

 

ii. The museum website is informative 

Museum websites should provide useful information to blind and partially sighted 

users, besides the introductory presentation of the museum and its collection. 

Participants suggested some examples of useful and informative matters that they 

would like to find on a museum website visit: if anything can be touched during the 

on-site visit and what, the availability of audio guides and guided tours, if there are 

audio descriptions, information supports in Braille, accessible events and services 

provided, if guided dogs are allowed inside, entrance fees and other costs. This 

information should be short but detailed enough to allow people to get to know the 

overall opportunities that the museum can offer them. 

The venue accessibility museum webpage should also provide descriptive directions 

about how to get there via different modes of public transport and include contact 

details, so people can directly obtain clarification about the website information or 

ask additional questions. 

Interviewees also suggested that audio-clips and institutional videos, if correctly 

audio described, can be beneficial to provide them with additional museum contents 

or details of the collection before the on-site visit. The previous knowledge about 

them would facilitate their visit planning and encourage them to search for the pre-

selected exhibits when attending the museum. Furthermore, they pointed out that 
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having previous access to those contents would facilitate the understanding and 

recognition of elements during a visit, which ultimately, would promote a more 

productively connection with an exhibition or a museum. 

 

iii. The museum website uses inclusive language 

According to Cock et al. (2018), pre-visit communication should welcome potential 

visitors with disabilities, and this can be achieved by using inclusive language. It is 

considered as simple to implement and yet can have a substantial impact on 

encouraging people to contact the museum and, in the last instance, to visit it. 

 

6.2.1.2 Dissemination of Information about the Museum [intellectual 
access] 

i. To associations, schools and other institutions 

Participants mentioned it is not common for them to get information about the 

museums, as summarized by the commentary of LB62: “There should have more 

publicity about the exhibitions, at least when there are adapted to us, because we 

often don’t know about them. That information does not reach us”. 

As previously discussed, some people referred they often cannot access websites’ 

information, but other interviewees confessed they have multiple constraints of using 

digital technologies. Because of that, it was suggested that a good practice would be 

that the information about the museums and new exhibitions was directly 

disseminated to schools, associations, and other institutions where people are part or 

attend. In that way, it could be shared internally with them, and visiting would be 

encouraged. 

 

ii. By e-mail and social media platforms 

Even though not everyone feels comfortable using digital devices and accessing 

websites, several participants mentioned they use them on a daily basis for multiple 

purposes, like checking to e-mail, and some commented they use Facebook, for 

instance. In fact, McMillen and Alter (2017) concluded that social media platforms 

have the potential to connect with visually impaired people and other audiences with 

disabilities, by informing them about the exhibition’s accessibility, events offered by 

museums and also the accessible services available. 

When disseminating museum information through e-mail or user-friendly social media 

channels, it is essential to use the WCAG to ensure the access to information through 

voice-over technologies, where descriptions of the pictures and videos must be 

included as part of the communication as well. 
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6.2.2 On-site Visit 

The on-site visit refers to the actual in-museum experience, where visitors can engage with 

exhibitions and spaces, interact with them and marvel at the art, objects, stories and the 

themes being communicated. It is intended to be as pleasant, interesting, enlightening, 

enthusiastic, and memorable as possible, in order to serve the primary purposes and 

expectations of the persons who visit the museum. 

During their interviewees, many people made clear they long to not only accessible museums 

but to inclusive ones, which embrace all individuals despite their sensory, intellectual and 

physical conditions. That is, museums where it is possible to go whenever they want and have 

access to information, sense objects, interact with the exhibitions and participate in other 

activities. In short, fell socially included and having the same opportunities as possible as the 

sighted visitors have, without a need for a previous appointment for that. In the words of 

participant EB57, “What is intended is a museum for all, beyond being accessible. Because if 

a museum has ramps at the entrance and an elevator is already considered accessible. But 

still lacks all the other components to allow effective access”. 

Aiming to promote great visiting experiences to the blind and low vision persons, it was 

concluded that the on-site visit needs to provide them sensory and intellectual access to 

exhibitions, as well as support physical access for mobility, location and orientation 

purposes. In addition, and given these visitors’ distinct degrees of visual impairments, it 

shows imperative to use multimodal approaches in order to offer them multiple means of 

conveying the whole museological aspects. 

In this sense, this framework takes into account the following strategies, which will be 

explored in more detail next: museum leaflets and tickets are inclusive; museum spaces and 

exhibitions are properly introduced; exhibits’ information is presented in easy and intuitive 

ways; physical objects, models and reliefs are available to touch; magnified images are 

provided; adjusted lighting of the exhibits; exhibition space is designed to promote 

accessibility; assisted navigation in museums. 

 

6.2.2.1 Traditional Museum Leaflets and Tickets Should be Inclusive 
[intellectual access] 

When arriving at the museum, visitors should be given an individual leaflet that supports their 

intellectual access to the written information on a double reading format (in Braille and large 

print). This solution was highlighted as the best practice for reading the information, easy to 
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implement, and the more frequently used on accessible publications, since it serves a larger 

number of people than making single use of Braille or large print.  

In order to go further and promote social inclusion in museums, interviewees suggested the 

development of a unified leaflet and ticket to both sighted and visually impaired visitors. As 

expressed by participants LB15 and MoVI70, respectively, “Having a leaflet for all visitors 

would be inclusive, non-discriminatory and appealing. And above all, it would have the added 

bonus of showing the social concern and conveying to others this message of inclusion”, and 

“It’s an ordinary way of including people who have this type of impairment, so our 

experience can be as similar as possible to that of a person who sees well”. 

Regardless the double reading format serving many people, it is important to be aware that it 

still does not provide intellectual access to all individuals. As concluded when discussed the 

participants’ experiences in museums, Braille cannot be considered as an inclusive reading 

medium because not every person who is blind (or have low vision) developed adequate 

literacy to read it. Several authors (Cattaneo & Vecchi, 2011; Ferrell, Mason, Young, & 

Cooney, 2006; Graves, 2018; Piper, Bulat, Kwayumba, Oketch, & Gangla, 2019) corroborates 

with this aspect, relating Braille-reading abilities with the level of access to Braille 

instruction and the age at learning it. Typically, individuals who become blind later in life 

have not had the same level of access to training as those congenitally blind or who 

developed visual impairment at an earlier age. 

On the other hand, texts with large-sized fonts and with adequate contrast ratio can promote 

intellectual access to people with non-severe visual impairments, who can read them. 

Participants mentioned that there is not a format for large print that suits all persons with 

low vision, given their degree of visual impairment (severe, moderate, mild), the presenting 

visual acuity (distance and near), light sensitivity, and also the differences on the visual field 

(central, peripheral or others field loss). As remarked by LB58, “Some need specific sizes that 

don’t serve others; others need to get closer. The problem of large-sized materials is that it 

depends on each person”. This idea is supported by the investigations of Brozović et al. 

(2018), Buultjens, Aitken, Ravenscroft and Carey (1999),  Russell-Minda et al. (2007) and 

Virgili et al. (2018), when discussing that, despite the existing guidelines, the possibility of 

personalization of letter sizes, fonts, and contrast between the text color and background 

influences positively the legibility of information and reading speed to people with low vision. 

 

6.2.2.2 Presentation of the Museum Spaces and Exhibitions 
[intellectual access] 

Participants suggested that, at the beginning of a visit, museums must provide them with 

complementary ways of being able to access information about the spaces and organization 

of the exhibitions, through audio. According to the vast majority of the interviewees, 
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resorting to sound would be more useful in the context of a spontaneous visit than having to 

read this information in Braille or printed media, since the awareness of the contents would 

be faster, more enjoyable and more convenient if listening. 

Moreover, audio is fully accessible to almost all visually impaired people, except for those 

who also have hearing impairments. In this case, Braille contents can be essential. According 

to Gaspar et al. (2015), deafblindness is a rare disability. There are few studies regarding this 

subject and the number of cases of deafblind individuals is unknown in Portugal. However, 

the authors estimate that about 2200 persons live with deafblindness in the country, but they 

emphasize that this number is uncertain given that the European and Portuguese realities can 

be very dissimilar. 

The initial knowledge of how exhibitions are organized according to the museum themes 

would encourage a sense of autonomy on people, so they can decide what they want to visit 

based on their interests, preferences, or the available time to spend on the visit. As 

expressed by interviewee EB22, “A person should try to organize by himself or herself, be 

selective and choose certain themes among the ones that the museum offers. And also do this 

by phases, several times or on different days”.  

Some examples of how participants would like to access this information are through mobile 

applications, audio guides or digital interactives with audio. 

 

6.2.2.3 Exhibits’ Information Presentation: Through Audio, with 
Proper Descriptive Language and Balanced Amount of 
Information [intellectual access] 

i. Prioritize using audio instead of Braille or printed media to convey the exhibits’ 

information 

The presentation of the exhibits’ information should be provided, preferentially, 

through audio. This aspect was unanimous among the interviewees, that also 

highlighted that labels and texts on double reading format must be provided only in 

the cases where there is no audio available, or to quickly allow the identification of 

the exhibits before listening to the contents. 

Among the pros and cons already mentioned about the use of Braille to convey 

museological information during a visit, participants who are Braille readers stressed 

additional reasons why they prefer accessing those contents through audio in this 

specific context: 

• If they are doing a visit with other visually impaired person or in a group, the 

panels with information in Braille can only be used by a person at a time. 
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• It is necessary to know the location of the panels in Braille in order to read its 

contents, which, according to LB46 and LB58, “It’s very complicated because 

we have to be able to reach them and touch, before starting reading”, and 

“The problem is how does one get to Braille. It’s inconceivable asking any 

museum to create displays in Braille and then also require they have tactile 

signage to blind people know that something is there to read”. 

• The material support in which Braille is printed can influence the reading, or 

even compromise it. Participant LB47 summed out this difficulty: “Braille it’s 

a problem. It’s better to read it in paper sheets, but the dots tend to 

degrade. If it’s in acrylic or metal, it influences the reading comfort”, and 

concluded, “There are other ways of reading Braille, like through devices 

connected to computers, but for things with a lot of information audio is the 

better solution”. 

• Reading texts in Braille requires concentration and a minimum of comfort, 

even for someone proficient in reading it, which is not always possible to 

achieve during visits to museums. Interviewee EB66 stressed, “Having to read 

Braille in a museum isn’t practical at all because, in order to do it properly, a 

person should be seated, standing up straight, be comfortable for reading and 

use both hands”. 

• The amount of space required by a text in Braille is much superior to its 

equivalent in traditional printed texts. Participant EB45 informed that 

“Braille takes up at least three times more space than printed text”. 

For the case of the large-sized fonts, which can be useful to some individuals with 

less severe cases of visual impairment, it was previously explored the implications 

related to its reading. 

Participants suggested that by being able to listen to the museological contents 

automatically and hands-free would reduce the constraints they normally face when 

using audio guide devices, like knowing which numbers they should enter, difficulties 

regarding operating the equipment and having to carry another thing on hands (in 

addition to the cane or the guide dog). Moreover, offering the possibility of 

controlling when to start hearing the contents, stop them, and allowing listening to 

them as many times as a person wish, would improve their experience of accessing 

the exhibit’s information. Those aspects were mentioned as allowing persons doing a 

visit at their own pace while promoting the inclusivity and supporting general visitors’ 

experience as well: “The possibility of accessing audio whenever a person wishes 

would complement a lot the available information and enrich the visit to everyone, 

not only for those with visual impairments”, said SVI55. 
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ii. Use proper descriptive language 

The detail of information and used terms to present the exhibits’ contents are 

aspects that worth immense attention. Descriptive language must be adapted to the 

reality of someone who cannot entirely rely on her/his vision to sense the world. It 

should also take into account that it must be understandable and intuitive for all 

persons with diverse degrees of visual impairments: the born blind, those who have 

already seen, and those who still can see something. 

As expressed by the interviewees, what is desired is to have an overview of the 

exhibits, find out what they represent in the context of the exhibition, their 

importance, and stimulating curiosity and awareness. Participants revealed they 

would like to know about the pieces’ history, functions, singular characteristics, 

names, dates, authors, materials, among other relevant aspects to communicate 

them. For the specific case of mentioning colors, late blind interviewees highlighted 

it would be extremely relevant to create truthful mental images of the pieces since it 

remains stored on their memory from when they were able to see them. 

 

iii. Balance the amount of information 

The amount of information must be taken into consideration and be as concise as 

possible to convey the crucial aspects, either if presented in audio or dual media 

(Braille and large print). Interviewees related the excess of information as a cause of 

fatigue when visiting museums, resulting in the loss of interest and boredom. If 

visitors wish to deepen their knowledge about something while on-site, or if any 

questions arise, she/he can ask the museum staff for help regarding those topics. 

 

6.2.2.4 Physical Objects: Replicas, Models and Reliefs [sensory 
access] 

i. Replicas, models and reliefs to stimulate sensory access 

Sensory access to physical objects was identified as essential to an enhanced and 

meaningful museum visit. Besides motivating their interest and promoting a more 

significative engagement with the museum themes, it allows the creation of accurate 

mental images of the exhibits, interior museum spaces, and of the building’s 

configuration. In the last instance, sensory access to objects can impact the creation 

of pleasurable memories and the recall of past ones. 
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Interviewees clarified the differences regarding the quality of sensorial information 

they can normally obtain by touching three-dimensional objects and representations 

in reliefs, which were explored when discussing their experiences in museums. 

Nevertheless, it is important to retain that reliefs are not as easy and immediate to 

understand as three-dimensional pieces, since the ability to interpret them is 

conditioned by three main factors, according to 15 participants: 

• The previous training and practice. LB59 and EB65 said, respectively, “Blind 

persons have to be educated and have prior training to know how to decipher the 

heights and different textures in reliefs. But this hasn’t been much explored”, 

and “Someone who doesn’t have training in that won’t be able to identify almost 

any image in relief. A person needs to be well worked out to do that”. EB45 

commented, “When I was a student, I worked with reliefs almost never, so they 

don’t have much utility for me. It always depends on person to person, on their 

life experiences that are completely different”. 

• The complexity of the representations, where sometimes “everything seems like 

a pile of scribbles to people”, as mentioned by LB15. SVI55 commented that “I 

can’t really understand what things are. It depends a lot on the amount of 

information, and in complex reliefs, I waste a lot of time trying to understand 

them”. Interviewee LB16 described the process of sensing non-simple reliefs, 

“While sighted people look and see everything globally, we don’t. We have to 

start touching from the top and when we get to the bottom, we no longer 

remember how the top was. It’s tough”, and suggested, “To try to make this 

easier, it would be good if pictures don’t have a lot of lines and traceries in 

between, but then it also loses its beauty. It’s complicated”. 

• The degree of visual impairment and if the individual has ever seen or not. 

Participant SVI55 summarized this issue, “Those who are congenitally blind can 

grope easily, but then they cannot transpose it into a mental image because they 

have no sense of profile, front cuts, depth, etc.”, and “those who are blind or 

had low vision later in life may not be as good with touch, but if someone tells 

them ‘this round part is the head’, people create a mental image and start to 

understand the reliefs”. The testimony of EB18 helps to understand what happens 

in the case of early blindness, “I don’t have much of a clue with reliefs. I’m used 

to imagining a tree as having a trunk and a crown. But it isn’t always represented 

like this; sometimes it’s just a part of the trunk, for instance”. LB59, who have 

seen in the past, informed, “Reliefs visually gives one notion, and to touch gives 

another. To the blind, it’s often just a bunch of lines. It conveys almost nothing 

to those who have never seen”. 
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Taken those considerations into account, this framework proposes sensory access to 

physical replicas with different purposes: 

• Three-dimensional models of the museum spaces 

To allow visually impaired visitors to have a global idea of the museum 

organization. Participants highlighted that previous access to three-

dimensional representations of the museums’ interior spaces would be 

extremely helpful in creating a mental image about the exhibition space and 

other facilities, increasing their confidence and sense of autonomy during the 

visits. 

Those models must clearly identify the exhibition rooms, corridors, 

entrances, lifts, and other points of interest, like the museum shop, 

cafeterias, restrooms, and other relevant spaces. Moreover, it should include 

the location of the exhibition objects available to be touched. It is also 

important to identify where the visitor is located in the space, so she/he can 

have a contextualized reference when interacting with those models. 

A model for each museum floor was suggested, placed on its respective 

entrances. It would provide a more straightforward way of accessing this type 

of information and just when necessary, preventing the complexity and 

avoiding the excess of information acquired through a model with all the 

museum spaces. 

 

• Three-dimensional models of the museum building 

To allow blind and partially sighted visitors to create accurate mental images 

of buildings, its architecture, and other relevant details. 

The importance of having those types of models available would depend on 

the relevance of the building in the context of the museum or of the place 

where it is located. For example, models of historic buildings or with unique 

architectures are subject of interest of the interviewees when visiting 

cultural places. LB59, SVI38 and LB47 stated, respectively, “This would be 

extremely interesting in palaces and other monuments, to understand the 

different architectural styles”, “to perceive details of the construction, like 

crosses and other used elements, the configuration of the roofs, etc.”, and 

“to have an idea of the architecture, shapes of the buildings and its size”. 

 

• Three-dimensional replicas of exhibits 

Participants agreed about the enhancement of their visiting experiences 

when having sensory access through touch to three-dimensional replicas of 

objects in exhibitions. Nevertheless, the improvements resulting from these 
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replicas’ availability were mentioned as extending to all visitors, not only for 

those with visual impairments. As stressed by LB27 and MoVI25, respectively, 

“The objects cannot always be touched, by any audience”, and “everybody 

would benefit from this, especially because vision decreases as people get 

older”. EB22 observed, “Even for sighted people, the sense of touch is 

extremely important to perceive textures, temperature, and so on”. 

The majority of interviewees revealed being conscious about the fact that 

storage space is a problem for many museums, and that replicas would 

increase the need for space. They clarified that the ideal museum would have 

a replica of each object in exhibition available to be touched. However, given 

the space constraints, museums should select the most relevant pieces of the 

collection to convey the purposes of exhibitions and have replicas of those 

objects available to be touched. LB58 and LB46 pronounced representative 

quotations on this subject: “Museums do not need to have all pieces 

accessible, just the principal ones”, and “The most convenient would be 

making available replicas of the most essential objects to be touched, even if 

they were smaller than the originals, so that we can understand the entire 

exhibition”. 

The replicas size is also important because “If there are very large objects, it 

becomes more difficult to understand them, but miniatures are perfect for 

that”. While small scale replicas are ideal for conveying big pieces, large 

scale replicas can be used whenever the objects are too small to be 

appreciated through touch. Scale replicas were recommended for the cases 

of objects with dimensions compatible with the comfortable sensing with 

both hands. 

 

• Reliefs of paintings, photos and others 

Reliefs can be used to provide sensory access to bi-dimensional museum 

pieces, and to illustrate details of three-dimensional pieces only accessible 

through vision, like drawings. 

As discussed, reliefs should be as simple as possible to allow visitors to be 

aware of the sensorial information more significant to be understood through 

touch. For more complex pieces, with much visual information, a 

decomposition of the information in various reliefs was suggested, so mental 

images can be created sequentially, in several steps. 
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ii. Digitally augmented to provide interactive multisensorial experiences 

The sensory access to physical objects must combine both touch and hearing, at 

least, to be effective. From the perspective of an enhanced, pleasurable and richer 

multisensory experience, other human senses like smell and taste can be stimulated 

to convey the exhibits or the contextual environment of the museum. 

According to participants, sensory access by touch alone is not enough, especially in 

the case of reliefs. If the object is something common and the person had contact 

with it before, its identification can be immediate. However, if it is something 

unusual, contextualization and explanation of the piece are required in order to build 

a proper mental image about it. EB16 provided a concrete example, “If the piece 

represents a bus, that’s easy because I know how a bus is. But imagine it’s an animal 

that I’m not aware of; I can mistake it for a plant, for example, because I don’t know 

it”. 

That said, physical objects must be augmented with voice-overs to communicate 

essential information about the objects and to guide the touch on the more complex 

cases. In the words of EB12 and LB28, respectively, “When touching, it’s important to 

have a description of the object, so that we can follow and imagine it as it is. 

Otherwise, sometimes they’re just reliefs with no meaning”, and “As long as tactile 

access is combined with audio explanations, the contents are easily assimilated”. 

When analyzing the experiences of the participants in museums, visits with 

multisensory experiences were concluded as the more enthusiastic, complete and 

positive ones. Several authors support this argument when stressing that by appealing 

to the multiple senses – vision, touch, hearing, smell and taste – museums 

democratize the fruition of the themes by their visitors, encourage the engagement 

and provide stronger emotional connections (Cachia, 2013; Classen, 2017; Holloway, 

Marriott, Butler, & Borning, 2019; Levent & Pascual-Leone, 2014; Mesquita & 

Carneiro, 2016; Morgan, 2012). 

Museums should provide multisensory experiences to their visitors by exploring which 

human senses (besides touch and hearing) makes sense of being conjugated to 

communicate their collections, not forgetting that vision is important to people who 

have non-severe visual impairments. Interviewee LB15 explained that for someone 

who is blind, “it is relevant being aware of the varied sensory information of textures 

and shapes, if materials are warm or cold, and even the smell”. MoVI70 drew 

attention to the aspects involved in a first impression formation, “The first impact we 

have is not the visual. People with visual impairments notice much more in terms of 

ambient sounds and smell”, and provided a more detailed explanation about the 

impact of the sense of smell, “It is extremely powerful. It’s the sense most related to 
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memory. We sensed scents during our whole life that remind us instantly of things 

from our childhood or adolescence, for instance. It can effectively improve the whole 

museum experience”. 

 

iii. With samples of original materials, whenever possible 

Samples of original materials – or others with very similar touch aesthetics features – 

should be provided whenever the replicas’ materials are distinct from the original 

ones, to promote the completest possible mental imagery from a tactual experience 

with the objects. As expressed by EB45, LB16 and SVI19, respectively, “By touching 

the original material, a person gets a truer and improved perspective”, since “we 

have a better perception of an object according to the closest its material is to the 

original, because if a replica of a bronze piece is made of plastic it is not the same 

thing”, or “if the original is in velvet and the replica in wood, one thing has nothing 

to do with the other”. 

Moreover, describing the materials is not enough, especially “if the original material 

is something that the person doesn’t know by touch”, as stated by SVI55, and because 

the moment of the visit can constitute the only time a person can have contact with 

a piece made of a specific material. The statement of SVI52 illustrates those 

problems: “If I have never touched granite, for example, and they describe me its 

texture as well as possible, it’s still not effective. Because if I never got through the 

experience of touching it, it’s always challenging to imagine”, and concluded that if 

this experience “it’s not provided during a museum visit, I may never have access to 

this resource ever again”. 

 

iv. Available to be touched throughout the visits 

With the aim to promote inclusion, participants stated that the access to original 

pieces, replicas, models and reliefs should be provided while going throughout the 

entire museum, instead of depending on special events and sessions directed to the 

visually impaired visitors to access them (despite recognizing the usefulness of those 

moments to have contact with the museum pieces, several interviewees mentioned 

they find them segregatory). 

Participants commented that accessing those physical materials during the 

spontaneous visits would greatly enhance their museum experiences. On the one 

hand, it would facilitate the understanding of the whole exhibition according to its 

museological sequence and organization, where the objects would be contextualized 

in their own places: “By being able to touch the pieces during the visit, I would 
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identify myself more with the things. Even with the places where they are located, 

because the next time I go there, I would know where they are”, and “Touching the 

pieces throughout the visit has the advantage of maintaining the context, especially 

in big museums with immense things to communicate”, as stated by LB28 and SVI41, 

respectively, among the various interviewees’ commentaries made about this 

subject. 

On the other hand, the experience would be close to identical for non-sighted and 

sighted visitors, which constitutes an advantage when visiting museums with 

relatives, familiars and other persons, besides offering sensory opportunities to all. 

As expressed by EB34, EB18 and EB44, respectively, “It is more fun being able to 

touch the objects while visiting the museum with close persons”, “I’m not in favor of 

special sessions to touch, it should always happen as part of a visit with family 

members of mine, for instance”, and “Having to touch objects in special sessions is 

discriminatory, and if we go with our friends it normally requires them having to wait 

for us, it’s not good”. 

This framework proposes making physical objects available in distinct moments of the 

on-site visit, depending on their purpose: 

• A three-dimensional model of the museum building can be provided at the 

beginning of the visit, if it is relevant to what is intended to communicate. 

• A three-dimensional model of the museum space can be provided for each 

floor of the museum, located on its respective entrances. 

• Three-dimensional replicas of the main exhibits and reliefs must be placed, 

preferably close to the location of the original ones in the exhibition, in order 

to promote fluid and contextualized access to them during the visit. 

 

6.2.2.5 Magnified Images to Amplify Visual Capacities [sensory access] 

Participants with low vision highlighted the fact that they still have some vision and wish to 

make use of it whenever possible to perceive the museum objects and artworks. 

Providing ways to access magnified images of the exhibits would enable those visitors to use 

their residual visual capabilities more efficiently. Tablets and screens with zoomable high-

resolution images of the exhibits can be provided as mediums to allow better visualization of 

the pieces’ details, preferentially entailed to the location of those exhibits in the museum 

space. 

 

 



 

175 

6.2.2.6 Adjusted Lighting of the Exhibits [sensory access] 

Participants with different degrees of low vision (and two blind people, EB45 and LB47) 

referred they have some light-perception and mentioned that brighter lighting of the exhibits 

could improve their visiting experience, by helping on their residual capacity of perceiving 

contrasts between the different elements. 

This requirement of better light conditions is supported by the researches of Candlin (2003) 

and Holloway et al. (2019), but it conflicts with the mission of conservation of the museum 

pieces since ambient lighting contributes to its damage (Cuttle, 1996; Garside et al., 2017; 

Lunz, Talgorn, Baken, Wagemans, & Veldman, 2017). 

In order to balance conservation issues and sensory access, this framework proposes that a 

credential can be provided to the visually impaired visitors, which would be automatically 

detected by dimmers that control light intensity accordingly to the presence of the person. 

 

6.2.2.7 Exhibition Space Design [physical access] 

Exhibitions must be designed to afford a circulation route within the spaces free of physical 

obstacles and to promote a sense of safety and autonomy on the visually impaired visitors. 

Interviewees mentioned that tactile paving can be useful in some cases to enable a more 

independent visit. However, the commentaries of EB42, SVI51, LB59, and LB27 revealed its 

inefficiency in the highlighted situations: “I usually don’t use tactile paving because I have a 

guide dog, which is different from using a cane for mobility”, “In the context of the visit to a 

museum, a person would feel uncomfortable walking on something made just for us”, “I have 

serious doubts that anyone would use this, even because it isn’t common to us visiting 

museums by ourselves”, and “It is irrelevant in my case because I am a wheelchair user”. 

Nevertheless, its main importance resides in alerting them about different barriers and 

issues: upcoming obstacles like furniture, doors and walls, beginning and ending of stairs, 

level changes on the floor, excessive proximity to exhibits and showcases, among others.  

Participants also pointed out that tactile paving, other types of textured floor paving and 

handrails can have a positive impact in conveying points of interest to them, like to sign they 

are facing accessible objects or representations, they can interact with something in the 

exhibition or listen to museological contents, they arrived at elevators, among other relevant 

events. 

For the case of the partially sighted, providing color contrast between the surfaces would 

offer similar advantages to the tactile paving, and good lighting of the circulation route 

would make it easier to follow it, facilitating the physical access when visiting museums. 
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6.2.2.8 Assistive Guide for Museum Navigation [physical access] 

The use of an assistive guide that automatically provides contextual information was 

suggested to enhance the orientation, mobility and location inside museum spaces and 

exhibitions. 

It is necessary to mention that the vast majority of the interviewees informed they are not 

interested in using this solution to visit museums alone but to own some autonomy and 

control while moving in exhibitions, having a freedom of choice about what they want to 

interact with or do next. This matter is clearly expressed in the reflections of SVI52, EB71 and 

EB66, respectively: “This solution would offer some independence. But even so, I think that 

visiting with someone else it’s always good to share experiences, knowledge and to talk about 

the things”, “An assistive guide would be useful to be able to do visits in a minimally 

autonomous way, but I still have all the interest in visiting museums with acquaintances of 

mine”, and “It must be rare for someone to visit museums alone. As humans, we are social 

beings and like to be in groups, so people tend to go with acquaintances, and it’s the same 

for the visually impaired”. 

Assistive guides were recommended to be used as complementary ways of offering accurate 

feedback, through audio, when approaching points of interest, to provide route assistance 

indications while moving, and to alert visitors. Some examples of relevant aspects of being 

conveyed by this solution were mentioned:  

• To inform about the unique location of the accessible exhibits, interactives and 

others. 

• To sign the entrances and exits of the exhibition rooms, the proximity to elevators, 

stairs, doors, walls, and other obstacles. 

• To present directions of thematic museum paths and return to the entrance. 

• To guide them between the different museum spaces like the reception, museum 

shop, cafeteria, restrooms, among others. 

 

6.2.3 Post-visit Phase 

Research participants mentioned that it is imperative to guarantee the continuity of access to 

related museum contents after finishing their on-site visits, in order to allow the 

reinforcement and consolidation of what they have learned, and also to keep their memories 

about the in-museum experience alive. Interviewee EB11 clarified, “Because we only go 

once, and then we forget about the things, it’s important later being able to remember about 

the exhibits and of certain things that were forgotten meanwhile”. 
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Therefore, the post-visit phase should function as an extension of the in-museum experience, 

complementing it through promoting reflections and further knowledge on the contents 

addressed during the on-site visit, as well as support continuous learning about additional 

museum themes and objects. Interviewees showed to be interested in complementing their 

visits by further exploration of contents not featured in the exhibition and also considered 

that it could encourage additional on-site visits. This last idea was well expressed by LB58, 

“By being able to explore all the essential points of the museum history and about its 

collection pieces, one got a taste for other visits. And this would motivate people to return to 

that museum again”. 

In order to respond to the participants’ recommended demands to maintain their interest 

over time, it was concluded that the post-visit phase of the framework must support 

intellectual access (through museum website, physical books or other reading materials, and 

social media platforms), and sensory access as well (through souvenirs people can take 

home). 

 

6.2.3.1 Museum Website: With Additional Contents to Maintaining the 
Interest and Promoting Further Engagement [intellectual 
access] 

Museum websites were pointed out as communication resources that can be instantly 

accessed through multiple digital devices. When guaranteed that visually impaired people can 

easily navigate them, the presented information is understandable, and all contents can be 

correctly accessed – as previously discussed – these digital resources can confer numerous 

advantages after a visit. 

Interviewees recommended that the websites should include audio described videos and 

allow listening to the audio-clips from the audio guides. They informed that the possibility of 

exploring those materials, and additional ones not featured in the exhibitions, would benefit 

new discoveries and motivate their interest and engagement. As commented by EB11, this 

would also facilitate accessing specific and trusted information anytime people may need 

them in the future: “It would be useful for later, for example, if we are doing an 

investigation work or attending a course to which that information would be needed for 

something”. 

 

6.2.3.2 Accessible Publications: Books and Others [intellectual access] 

Books and other complementary accessible publications were suggested by participants to 

enable the continuity of intellectual access to exhibition contents and its related themes, 

after visiting museums or other cultural places. Those materials are essential because not 
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everybody knows how to use a computer (or other digital devices adapted to their needs), nor 

possesses one. Moreover, some blind interviewees pointed out they prefer using physical 

materials to read at their homes instead of listening to an audio version of the information. 

Taking this into account, books and other publications must be available on a double reading 

format (in Braille and large print), in order to benefit a wider audience. As noted by MoVI61, 

it would also benefit people with multi-sensory impairment accessing the contents: “Braille is 

useful for those who know it, but also for the visually impaired people who have hearing 

problems”. 

The quantity of information should also be balanced, as stressed by three blind participants, 

given that those alternative formats tend to occupy much more space than its corresponding 

non-accessible ink-print volume, and it can constitute a problem in storing them. 

 

6.2.3.3 Social Media Platforms to Strengthen Connections [intellectual 
access] 

Social media platforms can be used as a strategy to strengthen connections with the visually 

impaired community and make museums more relevant to those people after the on-site 

visit. 

Notwithstanding during their interviews only a few participants revealed they are Facebook 

users, the research of Holloway, Marriott, Butler and Borning (2019), and McMillen and Alter 

(2017) identified that blind and partially-sighted patrons seek for social inclusion through 

museums’ social media sites, where they can have a voice and engage with museums. 

However, as mentioned by the authors, people with visual impairments overcome many 

limitations when using social media, given the contents presented in those platforms are 

usually inaccessible and irrelevant to them. 

In order to make the intellectual access possible on social media websites, it is fundamental 

that good accessibility practices are implemented in user-friendly ways, like making detailed 

descriptions of the posted pictures and videos, for example, among the many 

recommendations of the WCGA. Furthermore, to captivate the attention of the blind and low 

vision individuals, strengthen connections, and grow their engagement with museums, it is 

essential to use inclusive language that transmits them a feeling of welcome, and that their 

interaction with the museum through this media will add value and generate positive 

outcomes. 

 

6.2.3.4 Souvenirs: Recalling the Visit Experience [sensory access] 

Participants expressed the interest of taking souvenirs home and commented about the role 

that those objects can assume in recalling personal memories of the visits they made to 



 

179 

museums. According to them, souvenirs can act as triggers to memory by re-activating it and, 

ultimately, can be useful in keeping alive their in-museum experience memories. As 

expressed by EB11 and LB56, respectively: “Bringing home a museum souvenir would be 

useful. I might not remember everything about the visit, but at least the object would remind 

me that I did that visit”, and “After a visit, I’d like to take postcards from the museum, but 

this doesn’t work for me. I really enjoy remembering, so it would be very nice to bring home 

other things that I can observe calmly to remember”. 

In fact, the significance of souvenirs as helping people feeling connected to specific 

meaningful times in their lives — like visited places, special events, or other unusual and non-

permanent moments — is subject of research of several authors (Gordon, 1986; Kent, 2010; 

Poulter, 2011; Weaver, 2016). In the words of Gordon (1986), when explaining the universal 

role of souvenirs as tangible objects that serves as reminders, “Its physical presence helps 

locate, define, and freeze in time a fleeting, transitory experience, and bring back into 

ordinary experience something of the quality of an extraordinary experience” (p. 135). 

When thinking about souvenirs as sensory resources to help visually impaired visitors re-

activate memories and feeling connected to the museums, it is important to guarantee that 

those objects convey aspects to which they had access during the visit. Providing these 

people with the opportunity of extending the sensory access beyond the on-site visit 

presupposes appealing to diverse human senses rather than vision. This exercise can lead to 

new interpretations of how to inclusively translate unique aspects of the museums, 

collections and exhibitions into sensory objects, which eventually can prove attractive to 

sighted visitors as well. 

To this end, some exemplars of souvenirs can include miniature replicas of museum objects, 

reliefs, or materials that were available to touch on the on-site visit; fragrances related to 

exhibitions; objects, like music boxes or digitally augmented ones, to produce music, voices 

and sounds heard when visiting the museum; re-creations of edible products linked to the 

museum themes to be tasted; among others. 

 

6.3 Limitations of the Proposed 
Framework 

It is important to note that the proposed framework to enhance the museum experiences of 

the blind and low vision visitors has some limitations. It was co-created grounded on the 

previous visiting experiences in museums, suggestions and opinions of a reduced number of 

Portuguese participants. Furthermore, 75% of the interviewees had visual references 

(corresponding to the partially sighted and late-blind individuals), either because they had 
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seen before or still could partially see. Thus, there should be cautious about generalizing the 

findings to the broader population of people with visual impairments and other geographic 

areas. 

Another limitation is the sole focus on the participants’ viewpoints, rather than also including 

the perspectives of the diverse museum professionals, like the directors, curators, educators, 

museologists, conservators, museographers and exhibit designers, to obtain a more in-depth 

perception of the aspects proposed on the framework. 

It also seems critical to mention the effort made with the intent that the framework could 

cover the improvement of access in the diverse museum types: natural history, science and 

technology, art, history, archaeology, ethnography, military, and others. However, it is 

understood that the nature of some collections, financial restrictions, and issues regarding 

the museum spaces and exhibition designs can limit its application. For instance, the 

framework entails direct implications concerning how museum professionals think the 

exhibitions, curatorship and management, in order to incorporate the interactive tangible 

objects in these spaces. On the other hand, the display of those physical materials requires 

additional space, which constitutes a problem per se, since many museums struggle with 

space to store and exhibit the pieces of their collections. For the case of new museums, or 

ones deeply reformulating themselves, the proposed framework can be adopted from the 

projects’ initial planning phases, so the identified dimensions of sensory, intellectual, and 

physical access can be incorporated to bring closer museum experiences of the sighted and 

the visually impaired visitors. 

The framework also presents weaknesses by not covering additional aspects highlighted by 

participants as fundamental to improving their visiting experiences, which are crucial to take 

into consideration. One of them is the necessity of raising awareness of museum staff about 

the visual impairments (and disabilities in general) by providing specialized training to 

interact and welcome these visitors. Baptista (2019) and Martins (2018), who developed 

researches in the national context, corroborate the urgency of inclusion in museums by 

deconstructing stereotypes and avoiding sketchy attitudes concerning these patrons. Another 

aspect worthy of attention is how visually impaired visitors can call for assistance in non-

guided on-site spontaneous visits, for example, to ask questions about the exhibits and the 

exhibition themes. A solution would be implementing a possibility of requesting support 

directly from the digital media used as assistive guides for museum navigation, which could 

be useful also for the sighted visitors since the same issues can arise. Furthermore, financial 

obstacles were identified in attending museums and extra costs related to the escorts’ 

entrance fees, and the usufruct of audio guides and guided tours, which usually are 

indispensable to have some access to exhibitions. Those issues were not considered when 
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designing the framework, given it was considered that they are out of the scope of the 

present research. 

As the last limitation, it is mentioned that the interpretation of the data to design the 

framework was regarded from a user-centered approach on persons with visual impairments, 

and proposes applying several existing technological valences to the strategies related to the 

dimensions of accessibility, explored for the different moments of visits to museums. 
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VII.      Design, Prototyping and 
Implementing an Accessible 
Interactive Exhibition 

This chapter aims to explore the various steps involved during the design, prototyping, and 

implementation of an accessible interactive exhibition at the Pharmacy Museum of Porto 

(Museu da Farmácia do Porto). 

It starts with the presentation of the institutional setting of the research, explaining next the 

process of planning an accessible interactive exhibition. It then focuses on the design 

development of the exhibition, concluding with the presentation of the accessible interactive 

exhibition implemented at the Pharmacy Museum of Porto. 

 

7.1 Institutional Setting of the 
Research: The Pharmacy Museum 
of Porto 

7.1.1 The Pharmacy Museum: Museological Functions, 
Mission and Visitors Numbers  

The Pharmacy Museum is a History and Science Museum focused on raising awareness about 

themes related to the history of pharmacy and health under the tutelage of the Portuguese 

National Association of Pharmacies. The museum opened in 1996 and redefined its strategy 

between 1997 and 2010, with the ambition of constructing a representative collection of 

health and pharmacy history not only in Portugal but worldwide.  

Having eight museological functions at its core — education, research, incorporation, 

inventory and documentation, conservation, security, interpretation, and exhibition — the 



 

183 

museum fosters connections with the general public, pharmacies, and the entire health 

sector. 

The Pharmacy Museum’s vocation relates to safeguarding the heritage of pharmacies and 

disseminating the pharmaceutical profession’s history while portraying the history of man’s 

struggle against disease and pain through the memory, identity, and culture of different 

civilizations. Through the artifacts represented in permanent exhibitions, with about 7000 

years of history, its mission is to democratize culture, human promotion and contribute to 

society’s development. 

The Pharmacy Museum’s collection is distributed by two museum centers (Porto and Lisbon), 

becoming a reference at national and international levels. Between 2018 and 2019, more 

than 41 thousand visitors attended the museum, mainly corresponding to foreign visitors 

(47.1%), students (22.4%), and children’s activities (4%). In 2020, the number of visits had 

decreased to about 8 thousand due to the pandemics, corresponding 27.4% to foreign visitors, 

26.8% to students, and 5.4% to children’s activities. 

 

7.1.2 The Pharmacy Museum of Porto 

The Pharmacy Museum of Porto proposes a visiting journey through the history of humanity’s 

health, materializing itself in multiple objects which differ in their forms and functions. The 

permanent exhibition takes place in a narrative of looking for the cure and fighting the 

disease from the first traces of life on Earth to the present day. 

Throughout the exhibition, artifacts from diverse cultures and civilizations are presented, 

covering, among others: Mesopotamia, Egypt, Ancient Greece, Rome, the Incas, the Aztecs, 

Islam, African civilizations, Tibet, China, and Japan. An example of the permanent exhibition 

can be observed in the photograph on the top of Figure 22. 

The visit route also includes two pharmacies rebuilt in the Museum: an Islamic Pharmacy from 

the Ottoman Empire (Figure 22, bottom right corner) and the Estácio Pharmacy (Figure 22, 

bottom left corner), which was located at Rua Sá da Bandeira, Porto. 
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Figure 22. Photographs of the Pharmacy Museum of Porto. Source: Photos from the Pharmacy Museum. 

 

7.1.3 Motivations for Collaborating with the Pharmacy 
Museum of Porto 

Before selecting the institutional setting for the research, a comparative analysis between 

some museums of the city of Porto was done, based on the results obtained during the phase 

of the initial exploration for requirements gathering. Additional factors that could positively 

impact the participation of visually impaired visitors within the next phase of this study were 

also taken into account to decide which institution would be selected and asked for 

collaboration. 

Following this approach, the decision for the Pharmacy Museum of Porto as the institutional 

partner for the research had to do with the following aspects: 

• The physical access enabled by the architecture and exhibition design of the 

museum. The building’s exterior has few stairs with two handrails, and a wheelchair 

ramp that goes directly to the floor where the museum is located. The museum entry 

can also be reached by elevator from the parking floor. While inside the museum, the 

permanent exhibition takes place on only one floor, with wide corridors, well-

lightened, and the circulation route is mostly free of physical barriers that could 

represent obstacles to move fluidly through the entire museum space. 

• The collection is presented in a traditional exhibition environment, where the pieces 

are numbered and labeled and contextualized through museological texts. The fact 

that the existing labels and texts were not accessible to visually impaired visitors, nor 

available in alternative formats, was regarded as an opportunity for the research. 
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• The permanent exhibition is composed mainly of three-dimensional objects and by a 

few bi-dimensional artworks related to the pharmacy’s history across the world, 

which opens a potential to explore multiple aspects during a visit. 

• The museum is located in a suburban area of the city, well served by the public 

transportation system (two metro stations and several bus stops), and offers free 

parking for visitors’ vehicles. 

• Another important factor when selecting the institutional partner was the lack of 

knowledge about this museum’s existence by the blind and partially sighted 

individuals who participated in the previous research phase. During their interviews, 

none of the participants mentioned they had visited the Pharmacy Museum nor 

commented about it (neither in Porto nor in Lisbon). 

Lastly, the timing of the global COVID-19 pandemic relative to the moment of selecting the 

institutional partner highlighted the relevance that the pharmacy industry reached 

concerning the fight against the virus. Given this subject was a daily object of attention, 

made present by the media and coexisted in peoples’ everyday lives, it was seen as a 

contemporary thematic that deserved additional discussion and exploration through the 

lenses of an accessible exhibition. 

 

7.2 Process of Planning the Exhibition 

7.2.1 Conceptualizing the Accessible Interactive Exhibition 

After establishing the formal research collaboration between the University and the 

Pharmacy Museum, the process of conceptualizing the exhibition comprised several meetings 

with the Museum Director and the curator. This conceptualization evolved iteratively and 

suffered multiple changes over time. 

The first meeting happened on the 4th of June of 2020 with the curator at the Museum. During 

this initial contact, it was presented the state of the project and the framework developed 

during the previous phase of the research. A visit to the permanent exhibition followed, 

during which it was discussed which framework’s dimensions could be explored on the 

accessible interactive exhibition. A first draft of the exhibition resulted from this meeting, 

which was improved during subsequent conversations, taking into account four central 

aspects: the general objectives of the research, the existing museum infrastructure, the time 

constraints of the study, and the funds available for the pilot-exhibition. 

Given the conditioned short temporal period did not allow to perform a longitudinal study 

exploring the post-visit phase of the visit, it was concluded to focus only on the pre-visit and 



VII. Design, Prototyping and Implementing an Accessible Interactive Exhibition 

186 

on-site visit phases. With regards to the pre-visit phase, it was excluded from this research 

the accessibility provided by the museum website since it required significant improvements 

at the time. Concerning the in-museum experience, three aspects were decided not to 

implement at this point: the creation of a traditional inclusive ticket and leaflet, the 

adjusted lighting of the exhibits, and the availability of magnified images of the exhibits. An 

overview of the framework’s dimensions considered for implementation are presented in 

Figure 23, namely: disseminate information, museum presentation, exhibition space design, 

exhibits’ information, physical objects, and assistive guide. 

 

 
Figure 23. Schematic diagram of the co-created integrative framework’s dimensions decided to explore 
during the exhibition at the Pharmacy Museum of Porto. 

 

On the 28th of July of 2020, a presential meeting occurred with the Museum Director and the 

curator, accompanied by a guided visit to the Pharmacy Museum. During this visit, the 

pharmacy-related themes to address in the accessible exhibition were decided, and eight 

pieces from the collection (that presented a stable state of conservation for further 
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replication) were selected. For the communication of some themes (e.g., rituals for healing 

in the world), it was agreed to use three related objects that are easily accessible: an 

acupuncture needle, a nail, and a feather. This decision was due to its physical qualities and 

original materials since they could convey additional haptic information to visitors that would 

be loosed if replicated using plastic material. Additionally, and based on the conclusions 

presented in previous chapters, it was decided to design a three-dimensional model of the 

museum’s interior, as an attempt to provide visitors a better mental image of the exhibition 

design and the museum space. 

Since it was agreed from the outset that this exhibition would be curated with the goal of 

social inclusion, it was noted that a visit would not be entire without enabling sensorial 

access to both Estácio and Islamic Pharmacies. Aiming to accomplish a complete visiting 

experience, the Director authorized that visually impaired visitors could enter and have a 

sense of both pharmacies. In the case of Estácio Pharmacy, the patrons could touch the 

pharmacy counters and vitrines, while when entering the Islamic Pharmacy, visitors would be 

transported to its original environment, in Syria, by using sounds and characteristics Islamic 

scents. 

Table 11 attempts to present the discussed conceptual conclusions in a synthesized way. 

 

Table  11. Synthesis of the concept development phase of the accessible interactive 
exhibition. 

Accessible 
Interactives 

Themes to Address Objects and Pharmacies 

#0 Exhibition design and museum 
setting 

3D interior layout plan of the Pharmacy Museum 
of Porto 

#1 Crushing and grinding substances Mortar and pestle 

 
#2 Preservation of substances Egyptian, Greek and Roman bottles 

 
#3 Healing by text Persian talismans and stamps 
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#4 Rituals for healing in the world Pre-Columbian vessel, acupuncture needle, nail, 

and feather 

 
#5 Decorative motifs of 

pharmaceutical ceramics 
Ceramic pitcher 

 
#6 Portable pharmacy Family pharmacy “Pharmacie des familles” 

 
Estácio 
Pharmacy 

 Visitors can enter the pharmacy and explore it. 

 
Islamic 
Pharmacy 

 Visitors can enter the pharmacy and listen to 
sounds and smell typical Islamic scents. 

 

Source: Photos by the author. 
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The exhibition’s narrative was planned to explore different themes for each accessible 

interactive. The first one aimed at communicating the importance of crushing and grinding 

substances for prehistoric humans. Next, ancient civilizations started to store and preserve 

the prepared pharmacological substances. The third accessible interactive would explore the 

theme of healing by text and its importance. Next, the fourth interactive point would convey 

the theme of rituals for healing in the world. The exhibitions’ narrative would proceed with 

the exploration of middle-aged pharmaceutical ceramics and their decorative motifs, 

followed by the theme of the portable pharmacies. The visit would end in Estácio and Islamic 

pharmacies, where visitors could explore them while getting to know their history. 

 

7.2.2 Moving Towards Multisensoriality: Re-conceptualizing 
the Accessible Interactive Exhibition 

The exhibition concept evolved over time when reflecting on the potential of enabling 

visitors to use their multiple human senses to explore the exhibits and how to do so. Even 

though this aspect was discussed several times since the beginning of the institutional 

collaboration, it was consensual that it was not satisfactorily accomplished yet. 

Having the museological themes to explore well established, the parallel work in progress 

concerning the museological contents to present clarified which layers of haptic, auditory, 

olfactory, and visual combinations could be provided for a sensory experience. Furthermore, 

a late-blind collaborator was involved in this regard, who suggested replacing the “nail” and 

the “feather” for other objects more complex in tactile details. For the “portable pharmacy” 

case, it was also suggested that its three-dimensional replication using plastic would 

unnecessarily eliminate the natural properties of the materials, like its texture, temperature, 

and stiffness. Consequently, it was decided to replicate this object with similar materials to 

the original ones (further details about the replication of the objects will be provided after 

this section). Concerning the “Egyptian bottle,” some conservation issues were detected, 

which obligated this object’s substitution for another: an Arabic bottle. Additionally, the 

curator replaced two other objects, namely the “Persian talismans and stamps” and the 

“ceramic pitcher” for a book replica and a ceramic pitcher with two handles, respectively. 

Lastly, it was decided to split the interactive exploring the “Rituals for healing in the world” 

into two to provide a more balanced and fluid exhibition tour. 

With the intent to clarify the implemented modifications and the multi-sensory experiences 

designed for each accessible interactive, according to the aspects necessary to convey, this 

information is organized in Table 12. 

 



VII. Design, Prototyping and Implementing an Accessible Interactive Exhibition 

190 

Table  12. Synthesis of the re-conceptualized accessible interactive exhibition and 
explanation of the multi-sensory experiences provided for each interactive. 

Accessible 
Interactives 

Objects and Pharmacies Multi-sensory experiences provided according to 
the aspects necessary to convey 

#0 3D interior layout plan of the 
Pharmacy Museum of Porto 

 

Visitors can touch a three-dimensional layout plan of 
the exhibition and can get to know the museum 
setting. 

There are 11 buttons, covered in a different 
textured material, representing the different parts 
of the museum: (8) interactive exhibits, (2) Estácio 
and Islamic pharmacies, and (1) museum reception.    

The respective audio contents can be heard 
whenever clicking on each button. 

#1 Mortar and pestle 

 

Hands-on interactions with plastic replicas of the 
mortar and the pestle. 

The pestle provides a haptic sensation of weight to 
convey how tough it was to crush and grind the 
natural substances. 

The audio contents are presented while the objects 
are being handled. 

#2 Greek, Roman and Arabic bottles 

  

Hands-on interactions with plastic replicas of each 
vase. 

In front of each object, it is placed a replica of the 
original material that can be touched: clay (Greek), 
glass (Roman), and glazed earthenware (Arabic). 

The audio contents are presented while the objects 
are being handled individually. 

#3 Book: The Canon of Medicine 

 

Hands-on interaction with a replica of the book, 
made with a hardcover, silk paper sheets and a 
bookmark in textile. 

The audio contents are presented when the book is 
opened. 

#4 Acupuncture model and nails 

               

Hands-on interactions with: 

• A plastic replica of the acupuncture model 
with a real acupuncture needle. 

• A piece of wood with several nails. 

The audio contents are presented while the objects 
are being handled individually. 

#5 Pre-Columbian vessel and indigenous 
“toucado” 

  

Hands-on interactions with: 

• A plastic replica of the pre-Columbian 
vessel. 

• A replica of an indigenous “toucado” made 
of synthetic leopard skin and multiple 
feathers.  

The audio contents are presented while the objects 
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are being handled individually. 

#6 Double-handled drug pot 

 

Hands-on interactions with: 

• A plastic replica of the double-handled drug 
pot. 

• A plastic bas-relief reconstruction of the 
painting pattern of the pot. 

The audio contents are presented while the replica 
of the object is being handled, and the voice-over 
refers to the bas-relief details. 

#7 Portable pharmacy 

 

Hands-on interactions with: 

• A smaller replica of the portable pharmacy 
made of wood and velvet, with metal 
hardware. 

• Eight original pharmacy bottles made of 
glass. 

Olfactory experience of eight pharmacological 
substances. 

The audio contents are presented while the objects 
are being handled individually. 

Estácio 
Pharmacy 

 

Visitors can enter the pharmacy and touch its 
counters and vitrines. 

Islamic 
Pharmacy 

 

Visitors can enter the pharmacy, listen to sounds, 
and smell typical Islamic spice scents. 

 Source: Photos and images by the author. 

 

7.2.3 Overview of the Conceptualized Exhibition Mysteries 
of the Art of Healing 

Figure 24 presents the overview of the exhibition Mysteries of the Art of Healing: A 

multisensory experience over 5000 years of history (Mistérios da Arte de Curar: Uma 

experiência multissensorial por 5000 anos de história, in the original language), 

conceptualized for the Pharmacy Museum of Porto. It is possible to observe the museum 

entrance; the location of both Estácio and Islamic Pharmacies and each accessible interactive 
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highlighted in distinct colors; and the objects exhibited in each of them, with a brief 

description. 

 

 
Figure 24. Overview of the exhibition Mysteries of the Art of Healing conceptualized for the Pharmacy 
Museum of Porto. 

 

The exhibition was laid out across the entire floor of the museum’s permanent exhibition to 

allow all visitors the same experience of moving through the entire museum space and, 

consequently, a genuine sense of inclusion. The only exception was the rightmost corridor 

(with two walls in the middle) that can be observed in Figure 24, which was concluded from 

the beginning not to use for this exhibition. This decision had to do with two reasons: on the 

one hand, the displays’ physical configuration presented some physical accessibility 

constraints, and on the other, the nature of the exhibits, which explore modern aspects of 

the pharmacy well known by the general public, like antibiotics, vitamins, and vaccines, not 

related to the narrative that was written.  

Regarding the location of the eight accessible interactives within the circulation route, it was 

intended to afford a circulation route free of physical obstacles. In this sense, the 
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Smithsonian Guidelines for Accessible Exhibition Design (Smithsonian Institution, n.d.) and 

the previously presented conclusions of the design framework were considered. Accordingly, 

the accessible interactives would be placed as close as possible to the original objects in the 

permanent exhibition and on well-lighted areas. The interactive #0, with the museum's layout 

plan, was the only one not placed near a wall because that area of the museum is spacious, 

and its selected location would not affect visitors’ fluent mobility. For the case of the other 

seven interactive exhibits, its location was conceptualized touching the walls and vitrines: 

interactives #1 and #2 on the right side of the circulation route, and interactives #3 to #7 on 

the ends of the central vitrines.  

Details about the accessible interactives’ furniture will be presented in the following section 

regarding the process of design development. Nevertheless, it is already mentioned that they 

were conceptualized to have the same length as the ends of the central vitrines, functioning 

as an extension of them in five cases (interactives #3 to #7) while guaranteeing easy 

detection by visitors using a cane. 

 

 

7.3 Process of Design Development of 
the Exhibition 

7.3.1 Developing the Digitally Fabricated Replicas 

The production of the digitally fabricated artifacts involved four several phases, which will be 

explored in more detail next: 

i. Digitally capturing the shapes and texture of the objects. 

ii. Processing the data to generate the 3D virtual models. 

iii. Post-processing the 3D models. 

iv. 3D printing the digitally fabricated replicas. 

In total, nine digitally fabricated artifacts were produced: mortar and pestle; Greek, Roman, 

and Arabic bottles; acupuncture model; pre-Columbian vessel; double-handled drug pot, and 

a bas-relief of its painting. 

 

7.3.1.1 Digitally Capturing the Shapes and Texture of the Objects 

For the initial phase of the production of the digitally fabricated artifacts, it was necessary to 

take into account several aspects required by the curator in order to safeguard the original 

museum pieces: 
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• The digitization system could not produce variations in the objects’ temperature. 

• It could not be used laser light to capture the shapes of the objects. 

• Ideally, it should not be used flashing light. 

• Due to incompatibilities on the insurance of museum collection, the selected pieces 

could not be transported from the museum to the laboratory on the university for 

being digitized. 

By consulting two additive manufacturing specialists, it was concluded to use 

photogrammetry to 3D scanning the selected objects, despite the challenges this approach 

comprises to produce virtual models. According to Shan et al. (2020), this technique consists 

of recovering the 3D position of one or more objects by using a “typical reversed imaging 

process in which the unknown position of the object is estimated from the observed images 

with a standard procedure, including tie points, bundle adjustment, dense image matching 

and forward intersection” (p. 77). Consequently, a particularity of photogrammetry is 

capturing an object from every possible angle and small details with close-up photos as well, 

resulting in considerable data information. This way, the chances of the photogrammetric 

software generating feasible 3D spatial data from digital images increase since many 

references from the same object are available to examine during the processing performance 

(Luhmann, Robson, Kyle, & Boehm, 2014; Medina et al., 2020). 

In order to get used to the basics of 3D scanning with photogrammetry and prepare for the 

data collection of the original artifacts, it was performed several tests with objects with 

similar characteristics: alike sizes, geometry (curved and rough surfaces, and with small and 

big handles), and materials (glazed earthenware, frosted glass, and clay). Another aspect was 

regarding testing a pattern in which the objects should be placed to obtain the best scan 

results and the preferable light conditions and camera settings. During this technical viability 

study, the results were tested using a trial version of the Agisoft Metashape1 software. 

The collection of the artifacts’ digital images took place on the 10th of December of 2020 at 

the Pharmacy Museum of Porto, in the presence of the curator and another museum worker. 

Each object’s photographs were taken using a Canon EOS 1300D camera, a tripod, and a 

turning table where the objects were placed over the pattern. Table 13 summarizes the 

resulting number of photographs obtained for each artifact, used to perform the 

photogrammetric processing and generate the 3D models. 

 

 

 

 
1 Official webpage available at: https://www.agisoft.com  
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Table  13. Number of photographs taken for each original artifact, to be processed in the 
photogrammetric software. 

 Accessible Interactives 

 #0 #1 #2 #3 #4 #5 #6 #7 

Number 
of 
photos 
by 
object 
(n) 

— 
 

 

— 

   

— 

 (n=188) (n=227)  (n=42) (n=265) (n=273)  

  
 

     

 (n=208) (n=164)      

 
 

 

     

   (n=224)      

Source: Photos by the author. 

 

Note that it was not possible to remove the acupuncture model from the vitrine due to its 

fragile conservation status. Thus, this object's replication was based on the few photos 

captured for the object behind the display glass, which served as a basis for modeling the 3D 

object, as will be explained later. 

 

7.3.1.2 Processing the Data to Generate the 3D Virtual Models 

The second phase of the production of the digitally fabricated artifacts regarded the image 

processing in the photogrammetric software. At this point, it is worth mentioning the support 

of Agisoft LLC, immediately after presenting them this research, who made available a 

license key for free of the Agisoft Metashape Professional edition, used to generate the 3D 

virtual models. 

Even though this process was mostly automated, it was time-consuming and laborious given, 

respectively, the complex software processing performed for rendering the models and the 

number of 3D virtual models generated. For each object, it was necessary to complete the 

following steps: 

i. Import the photos to the software. 

ii. Align the photos to generate a sparse point cloud. 
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iii. Inspect the sparse cloud, remove incorrectly positioned photos, and manually 

clean up the unnecessary visual data. 

iv. Build the depth maps and the dense point cloud. 

v. Inspect the dense point cloud and manually clean up the unnecessary visual data. 

vi. Build the polygonal model (mesh) based on point cloud data. 

vii. Inspect the mesh and remove residual unnecessary visual data. 

viii. Close the holes at the bottom of the 3D virtual models. 

ix. Build the model texture. 

x. Export the resulting 3D virtual model. 

As an example of the general workflow followed for digitally reconstructing each object, 

Figure 25 illustrates the three main intermediate results of the image processing obtained for 

the Greek bottle model: sparse cloud, dense point cloud, and the model with texture. 

 

 
Figure 25. Intermediate results of the 3D virtual model generated for the Greek bottle. From left to 
right: sparse cloud, dense point cloud, and polygonal model with texture. 

 

According to the Agisoft Metashape user manual (Agisoft LLC, 2021), the sparse point cloud 

(Figure 25, on the left) represents the results of photo alignment after searching for common 

points on photographs and matching them, as well as finding the camera position for each 

picture. The set of camera positions is required for reconstructing the 3D surface in 

combination with the pictures themselves, generating a dense point cloud (Figure 25, 

center). The third main stage of the process is the generation of the surface of the 3D 

polygonal mesh model. For this, it was chosen the dense point cloud as a reference (instead 

of the sparse point cloud), and it was texturized (Figure 25, on the right). It is worth 

mentioning that, in 3D modeling, the term texture refers to the visual details of the object’s 
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surface (colors, figures, and other visual characteristics). Thus, building the texture of the 

models was not necessary to print the digitally fabricated replicas, but it was developed to 

have completer models in case of eventual future need. 

 

7.3.1.3 Post-processing the 3D Virtual Models 

After generating the 3D virtual models, it was necessary to edit them for 3D printing. All 

models required editing at the post-processing step, especially filling some holes manually 

that were not automatically covered before, flatten the models’ base, and smooth their 

surfaces. The Autodesk Meshmixer2 software was used to edit them in these regards. A 

significant example of post-processing required is the Roman vase 3D model, which presented 

a hole in its neck not existing in the original artifact, possibly caused by its material’s 

properties (frosted glass). The 3D models of this vase resulting from the pre-processing and 

post-processing phases are presented in Figure 26 as an example, respectively, on the left 

and right. 

 

 
Figure 26. Example of the pre-processing (left, with a hole in the neck) and post-processing (right, 
without the hole) phases of the 3D virtual model of the Roman vase. 

 

Another significant example that required extra effort was the acupuncture model. In this 

case, it was necessary to model parts of the 3D model not generated by the photogrammetric 

software and open multiple holes, as presented by the original object. To this extent, both 

Blender3 and Autodesk MeshMixer software were used. Illustrative images of the process are 

 
2 Official webpage available at: https://www.meshmixer.com  
3 Official webpage available at: https://www.blender.org  
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presented in Figure 27, where it is possible to observe how the holes were created (left) and 

the finished model with the holes (right). 

 

 
Figure 27. Reconstruction of the 3D virtual model of the acupuncture artifact, while designing the holes 
(on the left) and the finished model (on the right). 

 

Lastly, it was developed a bas-relief of the painting on the back of the double-handled drug 

pot given it represents an essential museological aspect of this artifact and was intended to 

provide visitors tactile access to this visual information. For this specific case, the method of 

photogrammetry previously discussed does not apply because a 2.5D bas-relief is generally 

obtained from a 2D image (Furferi et al., 2014). It was then necessary to choose a flat 

photograph of the object, process a section containing the painting in question, and 

reconstruct the volume of the painting. In order to accomplish this purpose, it was used the 

Adobe Photoshop and Illustrator software to preliminary processing the digital image 

containing the desired section of the painting (Figure 28, on the left), and the Ultimaker 

Cura4 software to define the volume and height of the figures. It is mentioned that the darker 

colors of the painting were defined as standing out the most, while the lighter ones were 

defined as having lower heights, as it is possible to observe in Figure 28 (on the right). 

 

 
4 Official webpage available at: https://ultimaker.com/software/ultimaker-cura  
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Figure 28. A bas-relief reconstruction of the painting on the back of the double-handled drug pot, with 
an image of the painting (left) and two views of the designed bas-relief (right). 

 

Aiming to summarize the entire process and provide a comparison between the eight original 

artifacts and the respective 3D virtual models developed, Table 14 presents, for each object: 

a photograph took at the Pharmacy Museum of Porto; the post-processed solid model (used 

for printing the digitally fabricated replicas); and the resulting textured model. Note that the 

acupuncture model’s texture was not designed, given the followed process to try to 

reconstruct this object. 

 

Table  14. Summary of the 3D virtual models generated.  

Objects Photographs Solid models Textured models 

Pestle 

 

  

Mortar 
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Greek 
bottle 

 

  

Roman 
bottle 

 

  

Arabic 
bottle 

 

  

Acupuncture 
model 

 
 

Model with 

no texture 
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Pre-
Columbian 
vessel 

 
  

Double-
handled 
drug pot 

 
  

Source: Photos and images by the author. 

 

7.3.1.4 3D Printing the Digitally Fabricated Replicas 

The last phase of developing the digitally fabricated replicas was printing them. It was used 

the Ultimaker Cura software to adjust the print settings and prepare the files, a BQ Witbox 

3D printer (model 1) and 1.75 mm PLA — Polylactic Acid — white filament (with printing 

temperature between 190ºC and 220ºC). It was decided to print the models in white to 

respect the exhibition design of the museum and causing low visual interference with the 

permanent exhibition. 

The printing process was time-consuming, with printing times ranging between approximately 

5 hours for the smallest objects to 23 hours for the biggest ones. In three cases, it was 

necessary to abort the printing due to filament loading errors (possibly caused by the 

moisture in the air absorbed by the hygroscopic 3D printing filament used) and start the 

printing again. 

Figure 29 aims to illustrate the 3D printing process by presenting a set of photographs taken 

during it. Note that the pestle model was filled with sand during its printing (photograph on 

the bottom right corner), so further visitors handling it could have a haptic sensation of 

weight similar to the original artifact (made of stone). 
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Figure 29. Illustrative photos of the 3D printing process. Source: Photos by the author. 

 

After printing the 3D replicas, it was necessary to finish them manually to create smoother 

surfaces to the touch as possible. This finishing process included detaching the supports 

required for printing the pieces, removing the residue they left behind, sanding the models to 

smooth their surfaces, and eliminating other residual details resulting from the 3D printing 

process itself. 

Because the bases of the original artifacts were not possible to photograph on the initial 

phase of the production of the digitally fabricated replicas, the base of the printed models 

does not convey the shapes of the originals. In order to tactile hiding these surfaces from the 

further visitors handling the objects, it was decided to cover them with velvet.   

A general view of the nine digitally fabricated artifacts is provided in Figure 30 to compare 

the dimensions between the various objects with a 1€ coin placed next to them. At this point, 

it is mentioned that all of them were printed on a real scale, except the acupuncture model, 

which was reduced by a scale five times smaller than the original museum piece (scale factor 

of 1:5). Although not yet mentioned, the objects’ real dimensions were registered 

accordingly during the collection of their photos at the museum on the first phase of this 

process. 
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Figure 30. The nine digitally fabricated replicas and a 1€ coin placed next to them. Source: Author’s 
own photo. 

 

The final results of the 3D finished replicas and bas-relief are illustrated next to show their 

different sides and significant details properly. Those were organized individually, where five 

photos are presented for each case in the following sections. Its dimensions are also 

mentioned (in the metric system of measurement) to provide an accurate reference point. 

 

Digitally Fabricated Replicas for the Accessible Interactive #1 

The mortar and pestle replicas (Figure 31) were developed for the accessible interactive #1. 

The mortar has 35.9 mm in height by 168 mm in diameter, while the pestle has 88 mm in 

height by 46.9 mm in maximum diameter. 

 

 
Figure 31. Details of the 1:1 replica of the mortar and pestle. Source: Photos by the author. 
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Digitally Fabricated Replicas for the Accessible Interactive #2 

Three digitally replicas were fabricated for the accessible interactive #2: a Greek bottle, a 

Roman bottle, and an Arabic bottle. The Greek bottle (Figure 32) has 100 mm in height by 

70.7 mm in diameter when measured between the two small handles. In its turn, the Roman 

bottle (Figure 33) has 8 mm in height by 46.7 mm in maximum diameter. Lastly, the Arabic 

bottle (Figure 34) measures 75 mm in height by 63.9 mm in maximum diameter. 

 

 
Figure 32. Details of the 1:1 replica of the Greek bottle. Source: Photos by the author. 

 

 
Figure 33. Details of the 1:1 replica of the Greek bottle. Source: Photos by the author. 
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Figure 34. Details of the 1:1 replica of the Arabic bottle. Source: Photos by the author. 

 

Digitally Fabricated Replica for the Accessible Interactive #4 

Concerning the replica of the acupuncture model (Figure 35) developed for the accessible 

interactive #4, it has 220 mm in height by 63.7 mm by length measured from both shoulders 

of the model. 

 

 
Figure 35. Details of the 1:5 replica of the acupuncture model. Source: Photos by the author. 
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Digitally Fabricated Replica for the Accessible Interactive #5 

The pre-Columbian vessel in the form of a frog (Figure 36) was developed for the accessible 

interactive #5. It has 167 mm in height, 156.6 mm in width, and 124.7 mm in maximum 

length (from both forelegs).  

 

 
Figure 36. Details of the 1:1 replica of the pre-Columbian vessel. Source: Photos by the author. 

 

Digitally Fabricated Replica and Bas-Relief for the Accessible Interactive #6 

Finally, the replica of the double-handled drug pot (Figure 37) and the bas-relief of the 

painting on its back (Figure 38) were developed for the accessible interactive #6. The drug 

pot measures 165 mm in height by 177.7 mm in maximum diameter measured between both 

handles, while the bas-relief has 74.2 mm in length, 120 mm in width, and 4.7 mm of 

maximum height.  
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Figure 37. Details of the 1:1 replica of the double-handled drug pot. Source: Photos by the author. 

 

 
Figure 38. Details of the 1:1 bas-relief of the painting on the back of the double-handled drug pot. 
Source: Photos by the author. 

 

7.3.2 Developing the Manually Fabricated Objects 

In addition to the nine digitally fabricated artifacts, four additional objects were manually 

fabricated using distinct materials. These objects are a book of the Canon of Medicine, a 

piece of wood with nails, an indigenous “toucado”, and a portable pharmacy. 

For these cases, it was decided not to digitally replicate objects of the collection in the 

permanent exhibition, considering that the handling of materials similar to the originals could 

enhance the haptic perception of visitors. Also, the museological aspects to convey with 
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these objects had to do more with their function and materiality than their shapes. Based on 

this, an effort was made to find the materials and textures most similar to the original ones, 

also taking into account their colors, especially thinking in visitors with low vision that still 

can enjoy seeing colors. 

Details of its manufacture are out of the scope of this thesis and will not be explored. 

However, there will be presented next illustrations of the final results (Figures 39 to 42) with 

five photos for each object, where it is possible to observe their different sides and other 

significant details. 

 

Handmade Object for the Accessible Interactive #3 

A replica of a book (Figure 39) was produced for the accessible interactive #3. It is made of 

hardcover on its exterior and has hundreds of silk paper sheets on its interior, where it was 

printed the exemplar of “The Canon of Medicine” from the Harvey Cushing/John Hay Whitney 

Medical Library at Yale University, made available online at the World Digital Library5. It also 

has a bookmark made of textile. 

 

 
Figure 39. Details of the handmade replica of the book “The Canon of Medicine”. Source: Photos by the 
author. 

 

 

 

 

 
5 Webpage available at: https://www.wdl.org/pt/item/9718/  
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Handmade Object for the Accessible Interactive #4 

The second handmade object is a sanded piece of wood with eight big iron nails on its top, as 

it is possible to observe in Figure 40. It was developed for the accessible interactive #4, to be 

exhibited alongside the 3D replica of the acupuncture model. 

 

 
Figure 40. Details of the handmade object using a piece of wood and nails. Source: Photos by the 
author. 

 

Handmade Object for the Accessible Interactive #5 

For the accessible interactive #5, in addition to the 3D replica of the pre-Columbian vessel 

previously showed, it was handmade an object that intends to replicate an indigenous 

“toucado” (Figure 41). It was used a strip of synthetic leopard skin with fur and several 

feathers with exotic colors, and its interior was covered with black textile to give it an 

enhanced finishing. 
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Figure 41. Details of the handmade indigenous “toucado”. Source: Photos by the author. 

 

Handmade Object for the Accessible Interactive #7 

The last handmade object, in Figure 42, aimed to replicate some portable pharmacies from 

the collection of the Pharmacy Museum in a smaller object. It was made of medium-density 

fireboard (MDF) varnished with a dark brown color, and it was carved with multiple marks to 

convey a tactile sensation of a vintage object. It also incorporated three handles, two hinges, 

and one lock, all made of metal. Its interior was covered with red velvet, as presented by 

some of the portable pharmacies in the exhibition. 

 

 
Figure 42. Details of the handmade replica of a portable pharmacy. Source: Photos by the author. 
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7.3.3 Developing a 3D Interior Layout Plan of the Pharmacy 
Museum of Porto 

Aiming to provide visitors a hands-on interactive activity while introducing them to the 

Pharmacy Museum of Porto and its exhibition space, a 3D layout plan of the museum’s 

interiors was developed for the accessible interactive #0. 

A bi-dimensional floor plan of the entire space, made available by the museum Direction, was 

used as a reference point to design a 3D virtual interior layout plan from scratch, using 

Blender software. The 3D model includes the museum entry, reception, walls, corridors, 

physical obstacles, the display cases containing the exhibits, and the rooms with both Estácio 

and Islamic pharmacies. It was also included the accessible interactives on its respective 

locations in the museum space, so visitors could also get to know where they would find them 

during the visit. Figure 43 shows the 3D project of the museum’s interior layout plan, where 

it is possible to observe the architectural details and display cases in grey, and the eight 

accessible interactives and the two pharmacies in multiple colors. 

 
Figure 43. General view of the 3D interior layout plan of the Pharmacy Museum of Porto. 

 

The next step was preparing the virtual model for 3D printing. First, were designed holes in 

the virtual model for the correct fit of the moveable pieces corresponding to the eight 

accessible interactives and the two pharmacies. Because the size of the printing bed was 

smaller than the model’s desired dimensions, it was also necessary to split the 3D layout plan 

into two sections to fit it. The printing was then done in three stages, as illustrated in Figure 

44: each side of the layout plan separately (respectively the photos on the left and center), 

and the moveable pieces (image on the right). 
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Figure 44.  Illustrative photos of the 3D printing process. Source: Photos by the author. 

 

The final result of the digitally fabricated interior layout plan of the Pharmacy Museum of 

Porto with all parts assembled is shown in Figure 45, next to a 1€ coin, after assembling all 

its parts. Its maximum dimensions are 343 mm in length, 197 mm in width, and 22.5 mm in 

height. 

 

 
Figure 45. The digitally fabricated interior layout plan of the Pharmacy Museum of Porto, with a 1€ coin 
placed next to it. Source: Author’s own photo. 
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7.3.4 Writing the Exhibition Texts and Voice Clips 
Production 

The process of writing the exhibition texts was highly iterative and developed over about 

three months, between January and March of 2021. First, the Museum Director and the 

curator wrote a draft about the museological contents for each exhibit. At this point, a Ph.D. 

researcher made some suggestions to improve the texts, namely regarding complementary 

contents that could be found on the museum’s website. During subsequent conversations with 

the curator, it was discussed which other aspects should be highlighted and enhanced to 

communicate the objects in an easy and accessible language to visually impaired visitors. The 

conclusions from the proposed framework were the basis for these improvements. Additional 

details were included in the texts, like the materials composition of objects, their 

provenance, dates of origin, and fabrication methods, how they were used in the past, and 

other curiosities regarding the original pieces. This improved version, which tells a complete 

story, was then used as the basis for proceeding with the exhibition texts’ writing. 

After defining the exhibition stories to communicate, a blind collaborator, who had extensive 

experience with audio descriptions for museums, helped improve several aspects of the texts. 

Due to the second national COVID-19 confinement, it was only possible to work remotely. 

During the first session, the texts were read in a loud voice, and the objects were 

exhaustively described, one at a time, to convey the maximum visual and physical 

information possible to the collaborator. Several notes were taken during the session, among 

which are highlighted the following conclusions to describe museum exhibits better and in 

clear language: 

• Mention the scale at which the objects were replicated (full-scale or other). 

• Indicate the approximate size measurements of the original objects (versus the 

replicated ones, if different). 

• Clarify if the replicas’ weight is the same as the originals, and if not, what is the 

approximate weight of the originals. 

• Refer to the original materials. 

• Tell the colors of the original museum pieces. 

• Explain that the originals cannot be handled given to conservation issues and that the 

replicas try to represent their forms the best possible. 

• In the cases of objects with potentially dangerous components (like the acupuncture 

model with a needle), inform the visitors about it. 

• The more complex the objects, the greater the need for a more detailed and 

contextualized description. 
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• Reliefs should be accompanied with complete descriptions of what they represent, 

and their touch should be optional to understand the whole context given many 

people cannot interpret them just by touch, and others do not have this curiosity. 

After incorporating all the suggestions, iterations were performed with this collaborator 

before the final validation by the museum curator. The final version of the individual texts 

written in Portuguese for the exhibit’s replicas, the 3D layout plan, and the two pharmacies 

are included in Appendix G. 

Given that it was necessary to present the written information through sound, a public call to 

collaborate within this project phase was made, and a faculty department worker was 

selected to give her voice to the project. The voice clips were recorded at the faculty 

musical and sound computing laboratory and then edited by the researcher to their final 

versions. For clarification purposes regarding its duration, it is mentioned that the average 

time of each voice clip is about 1 minute and 41 seconds. 

 

7.3.5 Conceptualizing Interaction and Development of 
High-Fidelity Prototypes 

The next step of the exhibition development involved designing the conceptual model of 

interaction, creating physical constraints, and implementing the conceptualized interaction 

model into high-fidelity prototypes. 

 

7.3.5.1 Designing the Conceptual Model of Interaction 

The conceptual model design aimed to organize ideas about how to integrate the 3D objects 

in interfaces and how the visitors’ interaction with the systems would occur simply and 

effectively. According to Dix et al. (2004) and Preece et al. (2015), its primary purpose is to 

envision the proposed solution’s whole interaction scenario to be understandable by users in 

intuitive ways. 

Given the tangibility and materiality of the user interfaces to develop, which presupposes the 

visitors’ interaction with objects in physical spaces, the focus was on designing the 

interactions based on human action, as suggested by Hornecker (2017). To this extent, the 

inputs provided by several individuals (who participated in the initial exploration for 

requirements gathering) about their preferences on how they would like to get to know 

exhibits during museum visits influenced the conceptual model design. Their suggestions had 

to do mainly with handling and touching artifacts while someone from the museum informs 

them about the related museological information. Based on that, it was conceptualized that 
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the act of picking up an object would identify an interest in finding out more about it, while 

putting it back down indicates a loss of interest or lack of intention to continue accessing 

associated content. 

Moreover, for the cases of the replica of the book “The Canon of Medicine” and the portable 

pharmacy, the interaction with both objects focuses on the analogy of their use in everyday 

life contexts (Preece et al., 2015), respectively: opening a book to read it and closing it when 

finishing the reading, and opening a box to access its stored contents and closing it after. 

These attributes of the objects, named affordances, make them perceptually obvious and 

easy to know how to interact with them (Norman, 2002). 

While conceptualizing the tangible interfaces, other design principles were also taken into 

account, aiming to orient to structure different aspects of the interaction, which are closely 

related to usability and the user experience (Norman, 2002; Preece et al., 2015): 

• Visibility — pointed out as one of the most important principles, regards the 

instinctive association between controls’ possible actions and their specific actions. 

Users are more likely to be able to know what to do when all the possibilities are 

visible. 

In this project’s concrete case, all objects and their respective positions are “visible” 

for all visitors at any time, either visually or by touching the surface of the accessible 

interactives. 

• Feedback — regards providing extra information whenever executing an action so 

users can be assured that the system has correctly interpreted their action. 

The accessible interactives provide users the following types of feedback: 

i) When picking up an object, a quick feedback sound is immediately 

made available by audio. In the case of the 3D layout plan of the 

Pharmacy Museum of Porto, there is haptic and sound feedback 

whenever clicking a moveable piece. 

ii) When putting the object back down on the surface, the corresponding 

voice clip stops playing smoothly until nothing is heard. 

iii) If two or more objects are being handled at the same time (when 

applicable, depending on the number of objects present in each 

accessible interactive), there is an audio feedback message that 

instructs visitors about the functionality of the system, which is 

prepared to present audio information for only one object at a time. 

• Constraints — this design concept refers to shaping ways of intuitively restricting the 

interactions that users can or cannot have with the system. Constraints can either be 

physical (restrict the movement of physical objects), logical (rely on individual’s 
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common-sense regarding actions and their consequences), and cultural (learned 

conventions that are present in diverse cultural groups). 

Physical constraints were used to prevent visitors from performing other choices for 

handling the objects, besides picking them up or opening them, avoiding, for 

instance, trying to rotate or sliding the artifacts on the accessible interfaces’ surface 

to access their respective museological contents. These physical constraints also 

prevent the objects’ accidental movement outside these barriers when visitors are 

only touching the accessible interactives to explore where the objects are arranged. 

In the case of the 3D layout plan of the museum, the user’s actions are constrained 

by the moveable pieces’ bases and the boundaries of the sections where these are 

inserted, which only allow visitors to press them. Additional information about the 

development of these physical constraints will be provided in the next subsection. 

• Consistency — refers to designing interfaces to support similar interactions, so users 

have to learn only a single mode of operation to achieve the same results, turning 

their usage less prone to mistakes. 

In the accessible interactives case, they all have the same physical dimensions, and 

their respective objects are always aligned in the center of their surfaces. They all 

support similar interactions — handling objects in five cases and opening the objects 

in two — except for the 3D layout plan of the museum, which requires pressing the 

eleven moveable pieces to access their contents. 

Figure 46 presents a general conceptual model of interaction with the eight accessible 

interactives as an attempt to schematically organize the different flows of visitors’ actions 

and the corresponding interfaces’ responses. 
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Figure 46. The general conceptual model of interaction with the accessible interactives. 

 

In sum, there are three possible flows of interaction: one for the 3D layout plan of the 

museum, other for the two objects that require to be opened (the book and the portable 

pharmacy), and another for the remaining five accessible interactives. Each case is explained 

individually: 

• Regarding the 3D layout plan, when a user presses a button, haptic and audio 

feedback are provided (feedback H), and the respective voice-over starts. When 

pressing another moveable part, the voice-over playing stops, and a new one starts. 

• For the book and portable pharmacy, when visitors open it (the two replicas are 

placed on different accessible interactives), audio feedback is provided (feedback A), 

and a voice-over presents the museological contents. When closing the object, the 

voice-over stops gradually with a two-second fade-out audio effect (feedback F) that 

smooths this transition. 

• Lastly, there are between one to three replicas on the other five interfaces. When a 

user picks up an object, she/he hears audio feedback (feedback A), and the voice-

over starts. When she/he puts the object back at the accessible interactive, a two-

second fade-out audio effect mutes the audio (feedback F). However, if a visitor is 

already handling one replica and picks up another one (or two when applied), a 

feedback A is presented, followed by an audio warning message that informs users 

about the systems’ correct operation. When putting the extra object(s) back, the 

presented voice-over concerns the object being handled. 
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This interaction model intends to encourage visitors to focus their attention on the 

contextual audio information while having both hands free to explore the objects, one at a 

time, but was validated only by one blind collaborator. It is worth mentioning that three 

focus groups, with eight visually impaired individuals, were arranged to test the conceptual 

model while using the replicas before implementing it. However, the second national 

confinement concerning the COVID-19 pandemic forced to cancel these activities for an 

undetermined time, and it was imperative to proceed with the project without these 

individuals’ feedback. 

 

7.3.5.2 Developing the Physical Constraints 

Since it was not possible to directly include the physical constraints on the exhibit cases’ top 

surface, it was necessary to develop improvised solutions to test the interaction with the 

accessible interactive prototypes. 

The physical structures were then developed using wooden planks where the position of the 

objects was measured and drawn the unique contour of their bases. In the case of the layout 

plan, the areas where the moveable pieces fit together were marked. The resulting figures 

were then cut to a depth of 5 mm below the wooden planks’ surface for all cases, except for 

the portable pharmacy's physical constraints, set with a 10 mm depth to better condition and 

fix the replica. Illustrative images of these steps can be observed in Figure 47 (two images on 

the left). The structures were then sanded to ensure a smooth touch, painted and varnished 

to conform to the exhibit cases’ same visual identity. A general overview of the resulting 

physical constraints is presented in Figure 47 (photo on the right). 

 

 
Figure 47. Illustrative photos of the developing process of the physical constraints. Source: Photos by 
the author. 
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7.3.5.3 Implementing the Conceptualized Interaction Model into High-
fidelity Prototypes 

Before implementing the conceptualized model, the advantages and disadvantages of the 

relative effectiveness of low-fidelity versus high-fidelity prototypes highlighted by Preece et 

al. (2015) were taken into account. Even though high-fidelity prototypes are more expensive 

and time-consuming to develop, they usually allow exploring its applicability while testing 

out technical issues, which is the main objective of this research at this point. To this extent, 

these prototypes present the advantages of being completely functional and fully interactive, 

presenting users practical scenarios and materials that are expected to be in the final 

solution. 

The development of the eight high-fidelity prototypes included: designing the electronic 

hardware system architecture for each system and conducting a technical viability study with 

diverse sensors; programming the software to support the desired interaction model; and 

building everything together. 

 

System Architecture of the Accessible Interactives 

A generic system architecture for the eight accessible interactives is presented in Figure 48. 

It can be divided into two main parts: the detection of changes by sensors embedded in the 

accessible interactives and its communication to a microcontroller, and the decision about 

the information to present, based on the received information. 

 

 
Figure 48. A generic system architecture overview of the eight accessible interactives. 
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In general, there are two types of user interfaces (types A and B, as illustrated in the figure). 

Seven accessible interactives are based on the use of one, two, or three objects (type A), 

while the other interface is based on push buttons connected to the moveable pieces of the 

3D layout plan of the museum (type B). 

For the case of the interfaces with objects (type A), it was concluded after performing tests 

with other sensors, that the use of LDRs — Light Dependent Resistors — was viable to 

interpret the users’ interaction. These electronic components are sensitive to light, meaning 

the values of their resistances change when the light increases or decreases. They were 

placed on specific points of the physical constraints to detect variations whenever objects 

are picked up, opened, closed, or put back in their respective places. It was also necessary to 

create independent electric circuits for each user interface and connect it to Arduino 

Leonardo microcontrollers’ analog input ports (indicated as A0 and Ax in the figure). 

Regarding the user interface type B, visitors can interact with eleven moveable pieces, each 

one connected to a push-button. These switches connect two points in an electric circuit 

whenever pressed and are connected to an Arduino Leonardo’s digital input ports (indicated 

as D2 and Dx in Figure 48). 

The software running on the microcontrollers was developed using the open-source Arduino 

IDE software6, and interpret the signals received from the LDRs and the push-buttons every 

100 ms. Based on these inputs, it is decided what information must be presented to users 

(feedback, voice-overs, or warning messages). This decision is then interpreted by the open-

source Processing software7 running on the associated computer, connected to the Arduino 

microcontroller via serial communication. Finally, the corresponding information defined in 

the conceptual model of interaction is presented by loudspeakers. 

 

Assembling the High-fidelity Prototypes 

Building the high-fidelity prototypes was another practical stage of this research. It was 

necessary to make all the connections, solder the wires and glue them on the bottom of the 

boards (Figure 49, on the left) or inside the objects (Figure 49, on the right), and test 

everything together. They were was also incorporated silicone supports to guarantee the 

panels keep steady while being used. 

For the case of the 3D layout plan of the Pharmacy Museum of Porto, the process was more 

complex. It required to improvise a way of keeping the layout plan fixed on the board while 

guaranteeing the eleven moveable parts still can be pressed. Several sponges were used to 

bear all the pieces at their correct height while allowing pressing them, as illustrated in the 

 
6 Official webpage available at: https://www.arduino.cc/en/software/  
7 Official webpage available at: https://processing.org  
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photo on the center of Figure 49. Given the number of wires resulting from this prototype, an 

internal section on the board was created to store them all and keeping them out of reach. 

 

 
Figure 49. Illustrative images of the implementation of the high-fidelity prototypes. Source: Photos by 
the author. 

 

7.3.6 Designing the Exhibit Cases 

The eight exhibit cases were designed in collaboration with the museum curator, based on 

the Smithsonian Institution’s guidelines for accessibility (Smithsonian Institution, n.d.). Three 

core goals were in mind, for making them accessible to the broadest range of visitors 

possible: that the setup was cane-detectable by visually impaired visitors; that objects were 

displayed within adequate height for persons of short stature, seated and standing visitors; 

and that the hardware could be embedded inside the exhibit cases while allowing hearing the 

audio contents. Thus, the exhibit cases were designed with 90 cm in height, 40 cm in width, 

and 120 cm in length (the same as the ends of the museum’s central vitrines, as already 

mentioned). They are open at the back and have a discrete slit to let the sound pass through 

at the front. Furthermore, the length and width of their top surfaces were conceptualized, 

on the one hand, to allow a comfortable interaction with the exhibits, and on the other to 

enable visually impaired visitors to place their canes and other personal belongings near 

them, so they could easily reach them after finishing the interaction. 

Given these furniture pieces would be integrated within the exhibition space, the setup was 

also designed to fit aesthetically within the other elements already in the exhibition, so they 

were built in white to be neutral. The final project of the exhibit cases is included in 

Appendix H, and a specialized firm made their construction. 
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7.3.7 An Assistive Guide with Location-Based Information 

The last stage of the process of the exhibition’s design development was the implementation 

of location-based contextual information in an assistive guide by using the free mobile app 

NaviLens8. This app’s advantages to visually impaired users were briefly reviewed previously 

in this thesis when discussing the state of the art. Nevertheless, some of its functionalities 

are mentioned again, based on tests performed before deciding to make use of this solution. 

The NaviLens app uses augmented reality for guiding users in outdoor and indoor 

environments by presenting orientation information through audio. It requires a smartphone 

with a camera to scan the ddTags (tags with colored squares of blue, purple, and yellow in a 

black background, as illustrated in Figure 50, on the right) spread around the environment. 

This solution can scan multiple tags simultaneously up to a 160-degree reading angle, in only 

1/30 seconds, with no need to focus and from a maximum of 12 meters away (NaviLens, 

n.d.), depending on the dimensions of the tags used. The app detects the distance between 

the user and the tags and communicates the relative distance in meters through speech while 

the user is walking. It is also possible to add contextual information to each tag, and in this 

case, it is communicated through audio both the coded information and the assisting 

orientation directions. 

After testing this solution and concluding its applicability within this project, the NaviLens 

team was directly contacted and presented them with this project, which was well received 

and encouraged. The team also gently provided ddTags in diverse sizes to guide the visitors at 

the exhibition, with different reading distances. 

Tests using these new tags were performed at the Pharmacy Museum of Porto, as illustrated 

in Figure 50 (left), and it was concluded which ones to use and where to place them to 

provide visitors an independent orientation and wayfinding. In short, the tags were placed at 

the museum reception, on each exhibit case, and at the Estácio and Islamic Pharmacies’ 

entrances. Then, contextual information was added for each tag, accordingly, to inform 

visitors about what area they were approaching. The tags were also included to sign the 

beginning of the exhibition and inform visitors that they should keep walking along corridors 

to arrive at the next accessible interactives and pharmacies. 

 

 
8 Official webpage available at: https://www.navilens.com  
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Figure 50. Image of testing the NaviLens app at the Pharmacy Museum of Porto and an example of a 
ddTag. Source: Photo by the author and a ddTag by NaviLens. 

 

 

 

7.4 The Mysteries of the Art of 
Healing Exhibition 

The exhibition Mysteries of the Art of Healing: A multisensory experience over 5000 years of 

history was installed in March 2021 at the Pharmacy Museum of Porto and took place for two 

weeks for research purposes, between 5 and 17 of April of 2021. 

Illustrative photographs of the exhibition are presented in Figures 51 to 59, where it is 

possible to observe the accessible interactives at the museum space, with their respective 

objects displayed on their tops and some of the NaviLens tags used. 

Figure 51 shows the accessible interactive placed at the Pharmacy Museum of Porto entrance, 

with the museum’s 3D interactive interior layout plan. 
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Figure 51. Accessible interactive #0 with the 3D layout plan of the Pharmacy Museum of Porto. Source: 
Author’s own photo. 

 

The accessible exhibition starts then at the first museum corridor, where visitors can find the 

accessible interactives #1 with the mortar and pestle replicas (in the foreground of Figure 

52), and #2 with the replicas of Greek, Roman, and Arabic bottles replicas, and the 

respective samples of their original materials placed in front of each object (visible in the 

foreground of Figure 53). In Figure 53, it is also possible to observe in the foreground the 

accessible interactive #3 with The Canon of Medicine book replica. 

 

 
Figure 52. Museum corridor with the accessible interactives #1 in the foreground and #2 in the 
background. Source: Author’s own photo. 
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Figure 53. Museum corridor with the accessible interactives #2 and #3 in the foreground, and #1 in the 
background. Source: Author’s own photo. 

 

Figure 54 shows another corridor of the museum, with the accessible interactive #3 in the 

foreground, and accessible interactives #6 (with the double-handled drug pot and the bas-

relief reconstruction of the painting pattern of the original pot) and #7 (portable pharmacy 

with eight original bottles, each containing a different pharmacological substance) in the 

background. A view from the other side of the corridor is presented in Figure 55, with the 

portable pharmacy in the foreground and the other two accessible interactives in the 

photograph’s background. 

 

 
Figure 54. Museum corridor with the accessible interactive #3 in the foreground, and #6 and #7 in the 
center and background, respectively. Source: Author’s own photo. 
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Figure 55. Museum corridor with the accessible interactive #7 in the foreground and #6 and #3 in the 
center and background, respectively. Source: Author’s own photo. 

 

In the corridor presented in Figure 56, visitors can find the accessible interactives #4 and #5. 

This corridor is seen right after entering the exhibition space, and the opposite side can be 

observed in Figure 57. The first photograph (Figure 56) shows the accessible interactive #4 in 

the foreground, containing the piece of wood with iron nails and the acupuncture model’s 

replica with an acupuncture needle inserted in one of its holes. In its turn, Figure 57 shows 

the accessible interactive #5 in the foreground, where it is possible to observe the replicas of 

the pre-Columbian vessel and the indigenous “toucado”. In the background of the same 

figure, it is possible to observe the entrance of the museum. 

 

 
Figure 56. Museum corridor with the accessible interactive #4 in the foreground and #5 in the 
background. Source: Author’s own photo. 
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Figure 57. Museum corridor with the accessible interactive #5 in the foreground and #4 in the 
background. Source: Author’s own photo. 

 

The exhibition ends in Estácio and Islamic Pharmacies, located face to face. In both cases, 

the interventions made to convey the multisensory experiences were minimal. In Estácio 

Pharmacy (Figure 58), visitors can find a NaviLens tag placed on the floor, aligned with the 

center of the pharmacy, right before entering it. The app presents visitors the related 

contextual information through a voice-over that invites them to enter and touch the 

counters and vitrines. 

 

 
Figure 58. Estácio Pharmacy with the respective NaviLens tag placed on the floor. Source: Author’s 
own photo. 
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In the case of the Islamic Pharmacy, presented in Figure 59, the tag was also placed on the 

floor, aligned with the center of the pharmacy before its entrance. In this case, visitors can 

hear a piece of Islamic music accompanied by a voice-over explaining the museological 

contents. Two bowls containing spices and incenses, hidden from visitors, let them smell 

typical Islamic scents while listening to the audio. 

 

 
Figure 59. Islamic Pharmacy with the respective NaviLens tag placed on the floor. Source: Author’s own 
photo. 

 

Figure 60 presents some details already mentioned when presenting the exhibition, but which 

were not entirely visible in the above figures. In the images on the top, it is possible to 

observe the acupuncture model with a real needle stuck (left) and the samples of clay, glass, 

and glazed earthenware corresponding to the original materials of the replicas of Greek, 

Roman, and Arabic bottles (right). The images in the center row of the figure show, on the 

right, the double-handled drug pot and the bas-relief reconstruction of its painting pattern, 

and on the left, the eight original bottles containing different pharmacological substances 

placed inside the portable pharmacy. It is worth mentioning that these substances were 

chosen in collaboration with a Pharmacy Director, who recommended them based on their 

importance in pharmacy and their easily recognizable and characteristic odors. The 

photographs at the bottom of the figure show the interactive 3D layout plan of the museum 

(left) and the two blows with incenses and spices hidden inside the Islamic Pharmacy (right). 
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Figure 60. Photographs with details of the exhibition. Source: Photos by the author. 
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VIII.     Evaluation 

The present chapter regards the evaluation phase of the developed exhibition, based on the 

objectives of the research. It starts with the presentation of the setting up of the evaluation 

phase, followed by the presentation of the participants’ visiting experience results. Next, a 

discussion about the results is provided, and there are pointed out aspects for improvement. 

The chapter ends with some final remarks about the exhibition. 

 

8.1 Setting up the Evaluation Phase 

8.1.1 Sampling Process 

For the last part of this research, it was aimed to randomly sample participants to visit the 

exhibition and gathering information about their visiting experiences and the use of the 

accessible interactives. In order to accomplish it, 12 associations, 3 schools, and 5 other 

institutions working with visually impaired people were directly contacted by the researcher 

through e-mail and telephone. Those institutions were mainly located in the North and Center 

Regions of continental Portugal and asked for collaboration to spread the information within 

their clients, students, users, respective families, and other relevant contacts. Two versions 

of the same document were elaborated and sent by e-mail: one accessible to visually 

impaired persons and another intended to be read by sighted persons. The non-accessible 

version of the document sent is included in Appendix I. 

Furthermore, the exhibition information was directly spread in 4 private groups of visually 

impaired persons on Facebook, whereas the Faculty’s Communication Office, the Museum, 

and other personalities actively helped disseminate the information on social media to the 

general public. 

It is worth mentioning that this process reflected the lessons learned from the previous phase 

of the research regarding visually impaired participants’ expectations about the 

dissemination of exhibitions’ information and what kind of details they would like to know. 
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Given the pandemic situation and to control the number of people in the Museum 

simultaneously, it was asked to make an appointment to visit the exhibition. 

 

8.1.2 Research Instrument and Procedure 

The research instrument for data-gathering included an initial questionnaire, observations 

during the participants’ visits, and a semi-structured interview at the end of the visit. 

The set of questions prepared for each technique used was conditioned by the general 

objectives of this phase of the research. They addressed the following topics in the different 

visit moments: 

a) Pre-visit (questionnaire): 

• Profile of the participants (3 closed questions and 5 open questions): gender, age, 

degree of vision impairment, education level, field of education, occupation, area of 

living, and aptitude to read Braille. 

• Habits regarding visits to museums before the pandemics (1 open question). 

• Previous knowledge about the Pharmacy Museum of Porto and the exhibition (3 closed 

questions). 

• Expectations about the exhibition (2 questions, one open and one closed). 

• Use of technology and facility to use it (2 closed questions, one of them measured in 

a 5-point Likert scale). 

 

b)  During the visit (observations): 

• Observation about the interaction with the 3D layout plan of the Pharmacy Museum 

of Porto (5 observations): pressed areas, voice-overs listened, tactile exploration, 

autonomous interaction, and errors caused by the system. 

• Individual observations about the interaction with the other seven accessible 

interactives (7 observations, for each): handling of objects, voice-overs listening, 

autonomous interaction, and errors caused by the system. 

 

c) After the visit (semi-structured interview): 

• Perceptions about the interaction with the 3D layout plan of the Pharmacy Museum of 

Porto (2 closed questions, measured with 5-point Likert scales) and with the seven 

accessible interactives with objects (2 closed questions, measured with 5-point Likert 

scales). 

• Perceptions about the multi-sensory experiences (6 questions — four closed, 

measured with 5-point Likert scales, and two open questions). 
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• Evaluation of the perception about the acquired knowledge (3 questions, one closed, 

measured with a 5-point Likert scale, and two open questions). 

• Perception about the integrated access (4 closed questions, measured with 5-point 

Likert scales). 

• General perception about the visiting experience (3 questions — two open questions 

and one measured in a 5-point Likert scale). 

The complete research instrument used for gathering quantitative and qualitative data 

related to the user experience and the visiting experience is included in Appendix J. 

Additionally, the think-aloud technique was used with a small number of participants during 

their visits to gather data about their verbal reactions, comments, and expressed thoughts in 

real-time. According to Nielsen (2012) and Preece et al. (2015), this technique requires 

asking test participants to use the solutions while continuously verbalizing their thoughts and 

commenting about their misconceptions and aspects they liked. It demands taking notes of 

the participants’ thoughts and comments expressed loud during the interaction, or even 

recording the interaction in audio or video. However, it has the disadvantage of being an 

unnatural situation, during which people commonly tend to filter their statements or stop 

talking along the process, so the researcher had to prompt users to keep them talking. 

The study was conducted between 5 and 17 of April of 2021, as already mentioned, as a field 

trial (Brown et al., 2011; Hansen et al., 2019), at the Pharmacy Museum of Porto. This means 

it took place in normal conditions of the museum functioning: while other spontaneous 

visitors were also visiting the museum, and in some cases, while internal activities with 

schools were happening simultaneously. 

When arriving at the museum, the research was presented verbally to visually impaired 

visitors and their companions, explaining the exhibition resulted from the institutional 

collaboration between the University and the museum, and the research’s objectives. 

Individuals were invited to participate in the research, informed about the data collection 

and its use, anonymity, and confidentially, and were advised that the aim was to test the 

interactive systems and not themselves, giving their oral consent to participate in the study. 

The initial questionnaire followed, with all the questions read out loud and the responses 

registered in accordance. 

After finishing the initial questionnaire, all participants were introduced to the navigation 

app and asked if they would like to use it during the visit or not. For those who decided to 

use it, it was presented its operation, and participants could test it in the museum’s 

reception area, where two tags were placed to get familiar with it. 
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The visit started when visitors felt ready and with their companions. This means some people 

did the visit with friends, family, teachers, or personal assistants. One person, accompanied 

by an association’s staff member, wanted to do the visit by herself/himself. 

Four participants, who showed to be very communicative during the initial questionnaire and 

the pre-visit moment, were invited to think aloud during the visit and stated they felt 

comfortable with this practice. It is mentioned that it was decided not to audio record the 

visit, as initially planned, given the multiple sound interferences existing in the museum. 

Instead, the researcher wrote the verbalized thoughts about the interaction and other 

significative comments that participants expressed during their visits. 

Observations were made for all cases regarding the topics in analysis, as defined by the 

instrument used for data-gathering. The researcher tried to be quiet during the entire visit 

and only talk when asked about specific things. The only exception was when seeing that 

participants were facing difficulties orienting inside the exhibition, or when they were not 

sure about the interaction with the objects. 

After finishing the visit, individual interviews with the participants followed. In five cases, in 

which two (three cases) and three (two cases) visually impaired participants visited the 

exhibition together, the final interviews were done in groups due to their time constraints. 

Also, given the ambiance noise, the interviews were only audio-recorded in some cases and 

registered manually in others. 

 

8.1.3 Tools for Data Analysis 

During the data analysis, the IBM SPSS 26 software was used to produce statistics information 

regarding the participants’ answers to the initial questionnaire and the closed questions of 

the final interview. This allowed carrying out descriptive statistics and exploratory data 

analysis about the research topics. 

The same software was used to analyze the quantitative data through inferential statistics for 

testing the correlation between the global satisfaction and the assessed aspects of the 

experience, and between the various assessed aspects of the visiting experience. 

The interviews and data gathered from the think-aloud were transcribed manually, and the 

NVivo 12 software was used to conduct the qualitative analysis based on the thematic 

analysis method. A semantic approach was considered from the explicit level of meanings of 

the data to identify different patterns, and the coded themes were derived inductively from 

the collected data. 
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8.2 Results of the Evaluation of the 
Visiting Experience 

During the evaluation phase of the research, between the 5th and 17th of April of 2021, 25 

visually impaired persons visited the exhibition and accepted to participate in the study. This 

number corresponds to 32.9% of the total of individuals (n=76) who visited the Pharmacy 

Museum of Porto during these dates. 

Before exploring the profiles of the participants, it is mentioned that they visited the 

Mysteries of the Art of Healing exhibition in diverse contexts, accompanied by different 

persons. In six cases, corresponding to 24%, visually impaired visitors were accompanied by 

friends, and another six participants (24%) did the visit with their personal assistant. One of 

the persons who attended the museum with her/his personal assistant wanted to visit the 

exhibition by herself/himself. Five persons (20%) visited the exhibition with family members, 

and five students (20%) did the visit in scholarly contexts, accompanied by teachers and 

colleagues. In three cases (12%), visits occurred with family members and friends as well. 

The visits lasted on average for 59 minutes and 10 seconds (SD = 12 minutes and 47 seconds), 

ranging from a maximum of 1 hour and 28 minutes and a minimum of 44 minutes. 

 

8.2.1 Participants’ Profile 

The demographic characteristics of the sample are organized in Table 15. As performed 

before, during the discovery process chapter of this thesis, the participants’ data were 

grouped according to their diverse visual impairments’ degrees. 

Regarding their different degrees of visual impairments, 13 participants reported to be blind 

(corresponding to 52% of the sample), and the remaining 12 were partially sighted (48%). 

Concerning the blind participants, seven were early-blind (28%) and six late-blind (24%), with 

an average age of vision loss of 32 (M = 32; SD = 12.5), for the case of the LB. The 12 

participants who reported having low vision informed about their vision degree: five had 

severe visual impairment (20%), four moderate visual impairment (16%), and three mild visual 

impairment (12%). Based on this data, it is possible to conclude that 72% of the visitors who 

participated in the evaluation stage of the exhibition had visual references (the EB 

participants are the ones congenitally blind, so they have never seen). 
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Table  15. Demographic characteristics of the visually impaired participants 

 

Blind Participants Partially Sighted Participants 

Total Early- 
blind 

Late- 
blind 

Severe 
visual 

impairmen
t 

Moderate 
visual 

impairment 

Mild  
visual 

impairment 

n % n % n % n % n % % 
Gender 
(n=25) 

Female 2 8% 4 16% 3 12% 3 12% 1 4% 52% 

Male 5 20% 2 8% 2 8% 1 4% 2 8% 48% 

Age Range 
(n=25) 

Up to 13 1 4% — — — — 2 8% 1 4% 16% 

14-17 1 4% — — — — 2 8% — — 12% 

18-25 — — — — — — — — — — — 

26-33 1 4% — — 1 4% — — — — 8% 

34-41 — — 1 4% — — — — — — 4% 

42-49 1 4% 3 12% 2 8% — — — — 24% 

50-57 1 4% 1 4% 1 4% — — — — 12% 

58-65 — — — — — — — — — — — 

66-73 1 4% 1 4% — — — — — — 8% 

74 or older 1 4% — — 1 4% — — 2 8% 16% 

Education 
Level 
(n=25) 
 

Basic 1st 
stage — — 1 4% 1 4% — — 2 8% 16% 

Basic 2nd 
stage 2 8% — — 1 4% 4 16% — — 28% 

Basic 3rd 
stage 1 4% — — 1 4% — — — — 8% 

Secondary 
school 1 4% 2 8% — — — — 1 4% 16% 

Bachelor’s 
degree 1 4% 2 8% 1 4% — — — — 16% 

Master’s 
degree 1 4% 1 4% 1 4% — — — — 12% 

Doctoral 
degree 1 4% — — — — — — — — 4% 

Field of 
Education 
(n=12) 

Humanities 4 33.3% 1 8.33% — — — — 1 8.33% 50% 

Social 
sciences — — 1 8.33% 1 8.33% — — — — 16.7% 

Others 1 8.33% 2 16.7% 1 8.33% — — — — 33.3% 

Occupation 
(n=25) 

Retired 2 8% 2 8% 2 8% — — 2 8% 32% 

Student 2 8% — — — — 4 16% 1 4% 28% 

Unemployed — — 1 4% 1 4% — — — — 8% 

Others 3 12% 3 12% 2 8% — — — — 32% 

Area of 
Living (by 
District) 
(n=25) 

Aveiro — — 1 4% 1 4% 1 4% — — 12% 

Porto 5 20% 5 20% 3 12% 3 12% 3 12% 76% 

Others 2 4% — — 1 4% — — — — 12% 

Total of Participants by 
Degree of Visual Impairment 7 28% 6 24% 5 20% 4 16% 3 12%  
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The sample was composed of 52% females and 48% of male participants, with ages ranging 

from 11 to 88 years old (M = 43.5; SD = 23.9). 

Their predominant age group was between 42-49 (24%), followed by 13 or younger, and 74 or 

older, each corresponding to 16%. The age groups of 14-17 and 50-57 relate to 12% of the 

sample in both cases, while the ages between 26-33 and 34-41 represent 8% and 4%, 

respectively. It is mentioned that none of the participants' age was included in the 18-25 and 

58-65 years old groups. The EB participants were the group with a better age distribution, 

while the participants with MoVI and the MiVI represent the groups with the worse 

distribution of ages. 

Regarding the visitors’ education level, 28% stated they had completed the basic second 

stage, 16% the first basic stage, and 8% the third basic stage. If grouped the three stages of 

basic school, it represents the highest education level completed by 52% of the participants, 

while 16% mentioned they had finished secondary school. The remaining eight visitors (32% of 

the sample) mentioned they had completed higher education: 16% hold a bachelor’s degree, 

12% a master’s degree, and one EB participant holds a doctoral degree. 

Only the 12 participants who attended high school or higher school (48%) mentioned their 

field of education. This number includes visitors with all different degrees of vision 

impairment, except for the four with MoVI. The majority (50%) said their field of education 

was in humanities, and 16.7% in social sciences. Four participants referred to other fields of 

education (33.3%): arts (one EB), informatics (one LB), sciences and technologies (one LB), 

and health (one SVI). 

Their occupation at the moment of the visits was also very diversified. Eight persons, 

corresponding to 32%, were retired, while two participants (8%) were unemployed, actively 

searching for a job. Two EB and four partially sighted visitors were students, representing 

28% of the sample. The remaining eight participants (32%) mentioned diverse occupations: 

three EB were respectively a researcher, Braille specialist, and archive conservator; three LB 

worked as an economist, programmer, and translator; and two visitors with severe vision 

impairment work as a businesswoman and as assistant operator. 

Visitors came from diverse places to attend the exhibition. Their area of living was grouped 

by District, and the vast majority (76%) lived in the District of Porto. However, three visitors 

(12%) mentioned they lived in the District of Aveiro, while three other individuals came from 

Lisbon (one EB), Braga (one SVI), and Bragança (one EB). 

 



VIII. Evaluation 

237 

8.2.2 Braille Proficiency and Technology Use 

When questioned about their Braille literacy, twelve visitors (48%) stated they did not know 

to read Braille, while 52% — corresponding to all EB, three LB, two SVI, and one MoVI — 

mentioned they did know Braille. Nevertheless, three participants called attention to the fact 

that, although they learned Braille, they cannot read it nowadays since they have lost 

sensitivity on their fingertips due to diabetes and other age-related complications. 

Regarding the use of ICT, all participants stated they use it in their daily lives, mentioning it 

is very common to use their mobile phones or smartphones and computers almost every day 

for work or leisure purposes. When asked to indicate the level of difficulty or facility 

regarding its use, 48% mentioned it was very easy (5th point of the Likert scale), 24% 

considered it difficult (2nd point of the Likert scale), 14% highlighted it as easy (4th point of 

the scale), and 12% pointed out the half of the scale (medium difficulty). The average of the 

answers was 3.88 (SD = 1.27), meaning participants considered ICT use close to easy. 

 

8.2.3 Habits Regarding Visits to Museums and Participants’ 
Expectations About the Exhibition 

Figure 61 presents the participants’ responses concerning the frequency of visits to museums 

before the COVID-19 pandemics. The scale used to classify their open answers was the same 

used during the presentation of the results of the interviews, based on the work of Gürel and 

Nielsen (2019), with five measurements of the frequency of visit: never, seldom (ranging from 

less than one time every two years to only once in a lifetime), sometimes (once or twice in a 

year), often (three or four times in a year), and almost always (five times or more in a year). 

Eleven participants (44%) stated they seldom visit museums, corresponding this frequency to 

all visitors with moderate vision impairment who participated in the evaluation stage, and 

60% of the severe visually impaired. Four individuals (16%) visit museums once or twice in a 

year (sometimes), and four other individuals (16%) use to visit museums more often, three or 

four times in a year. Three EB participants, corresponding to 12% of the sample (and to 42.8% 

of the participants with congenital blindness), informed that they had never visited museums 

before. On the other hand, three other participants (12%) mentioned they used to go to 

museums at least five times a year (almost always), corresponding this frequency to one EB 

and two MiVI. 
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Figure 61. Participants’ responses about their habits regarding visits to museums. 

 

When asked if they knew about the existence of the Pharmacy Museum of Porto, 92% of the 

participants stated they did never hear about the museum before the visit. Only two visitors 

(8%) with moderate vision impairment mentioned they did know about the museum. However, 

none of the participants had ever visited the museum, meaning that this was their first visit 

to the Pharmacy Museum of Porto. 

Regarding the ways they knew about the exhibition, the participants’ answers are organized 

in Figure 62. Eleven (44%) mentioned friends as the primary source of information, followed 

by social media in eight cases (32%). The third most popular source of information was 

through schools (28%), and associations (20%) occupy the fourth position. Three visitors, 

corresponding to 12% of the sample, mentioned they got to know about the exhibition in a 

Braille periodic publication named Jornalinho (identified as “other” in the figure). Two 

visitors (8%) mentioned family as a source of information, and two other individuals stated 

they heard about the exhibition in the news they read on the Internet. 
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Figure 62. Responses of participants regarding how they knew about the exhibition. 

 

When participants were asked about what expectations they had for the visit to the 

exhibition, one EB who had never visited museums could not formulate an answer, given the 

lack of knowledge she/he stressed out having about museums in general. The remaining 24 

individuals (96%) expressed diverse expectations. 

Twelve visitors (48%), including three EB, five LB, two SVI, and two MoVI, expected to have 

access to information, at least, and learn more about themes related to the pharmacy, its 

history, techniques for fabricating medication, its contributions to medicine and health in 

general, and its evolution during the history of humanity. Eleven participants (44%) 

mentioned they expected to have sensorial access through touch to artifacts in the 

exhibition. This group included three EB, two LB, three SVI, one MoVI, and two MiVI. Some 

individuals mentioned microscopes, vintage pharmacy machines, samples of medication, and 

other pharmacy-related artifacts among the objects they expected to touch. In the case of 

five visitors (20%), their expectations regarded being able to have multisensorial access to 

the exhibition, having mentioned touching objects, listening to their contextual information, 

and having access to smells related to the museum themes. This last group was composed of 

one EB, two SVI, one MoVI, and one MiVI. Lastly, for the case of one EB participant, her/his 

main expectation regarding the visit was to gain inspiration for an art school based on the 

tactile exploration of replicas. 

Figure 63 presents the accessible resources participants expected to find during their visits. 

Audio descriptions were expected by 15 individuals (60%), including the totality of MiVI and 

MoVI, 60% of SVI, 42.9% of EB, and 33.3% of LB. Braille was the second accessibility resource 

expected to find, pointed out by three EB, three LB, three SVI, two MoVI, and two MiVI. 

Twelve participants, corresponding to 48% of the sample, referred to replicas of objects, 
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while guided tours and tactile layout plans were pointed out by ten (40%) persons each. Nine 

visitors mentioned they expected to have access to reliefs, with the highest percentages for 

the case of MiVI (66.7%), MoVI (50%), and SVI (40%). Only two EB (28.6%) and one LB (16.7%) 

expected to find reliefs during their visits. The less expected accessibility resources were 

audio guides (24%), large-sized texts (16%), and four participants, including all MiVI, 

mentioned they expected to find others (16%): a tactile path through tactile paving (two 

MiVI) and touch original objects (one SVI and one MiVI).  

 

 
Figure 63. Participants’ expectations regarding accessibility resources to find during the visit. 

 

8.2.4 Results of the Participants’ Interaction with the 
Accessible Interactives Based on Observation 

The results concerning the participants’ interaction with the eight accessible interactives 

during their visits are presented in Figure 64, organized by the interaction aspects under 

analysis for each case. 

 

 



VIII. Evaluation 

241 

 
Figure 64. Results concerning the participants’ interaction with the eight accessible interactives. 

 

8.2.4.1 Objects Handling and Pressed Areas of the Layout Plan 

Concerning the interactive 3D layout plan (accessible interactive #0), it is concluded that 20 

individuals (80%) pressed all the eleven moveable areas while exploring it, while five (20%) 

did not. For the cases of the other seven accessible interactives (#1 to #7), it was verified 

that the totality of participants handled all replicas of objects displayed in each exhibit — 

ranging from one to three objects depending on the case. 

 

8.2.4.2 Listening to the Voice-overs 

Only the five individuals who did not press all the interactive areas of the 3D layout plan did 

not listen to all the voice-overs until the end, while the remaining 20 participants did, 

corresponding to 80% of the sample. Notwithstanding, it was observed that the five visitors 

who did not press all the buttons listened to the voice-overs of the areas they interacted with 

until the end. Regarding the accessible interactives #1 to #7, 92% of the sample (23 

individuals) listened to all the replicas-related voice-overs until the end. The exception was 

two mild visually impaired visitors (8%) who visited the exhibition together and, because of 

time constraints given to personal reasons, only listened to the museological contents of the 

objects. 

 

8.2.4.3 Exploration after the Voice-overs Ending 

Another aspect under observation was if individuals continued to explore the layout plan and 

the objects after the voice-overs ending. For the case of the accessible interactive #0, it was 

verified that 56%, i.e., 14 participants — four MoVI (all persons with moderate vision 

impairment), four SVI (80% of the severe visually impaired), four EB (57.1% of the 
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congenitally blind), one MiVI (33.3% of the mild visually impaired), and one LB (16.7% of the 

late-blind) — continued to interact with the layout plan after listening to all voice-overs. The 

direct observation allowed to conclude that some persons tactile explored some areas of the 

museum with more detail, other persons kept making sense of the exhibition path to follow 

next, and others commented about the entrance and exit of the museum being the same and 

the way back. 

Different results for each accessible interactive (#1 to #7) can be concluded concerning 

exploring the objects after the voice-overs ending. The portable pharmacy (#7) was the most 

used in this context by 23 participants (92%), who keep discovering and smelling the different 

pharmacological substances of the eight original bottles. It was common visitors commenting 

about the different forms of the bottles, their characteristic smells, familiarity or 

unfamiliarity, and guessing what they were. 

The accessible interactive #5, with the pre-Columbian vessel and the indigenous “toucado,” 

was the second in which 17 individuals (68%) spent more time handling the objects after the 

end of their explanations. In some cases, people kept exploring the vessel in the form of a 

frog to understand its details better. Two congenitally blind participants commented they did 

not know how a frog looked like until then since they never had the chance to touch one nor 

a representation: “I have never known what a frog looks like. I have never had the 

opportunity to touch one in my 80 years life”, said EB17. Other visitors kept feeling the 

feathers of the “toucado” for some time, and seven participants put it on their heads and 

took several photos with their companions. 

In the accessible interactive #6, 16 individuals (64%) dedicated extra time to explore the bas-

relief of the painting of the double-handled drug pot, and some visitors mentioned the 

similarity of the 3D drug pot with objects they had in their own homes. 

For the accessible interactive #4, it was registered that 15 persons (60%) continued to handle 

the objects after the voice-overs ending. The vast majority kept exploring the acupuncture 

model, trying to figure out the diverse acupuncture points. However, some individuals 

commented about the difficulty of feeling them because of their diminished fingers 

sensibility and the model’s texture, making it complex to sense the holes. Other persons tried 

to remove the nails from the wood and explored the object for more time, commenting with 

their companions about their sizes. 

The Greek, Roman, and Arabic bottles, displayed on accessible interactive #2, were also 

explored by 14 participants (56%) after the end of the respective voice-overs. It was common 

for individuals to keep the objects on one hand while exploring the samples of the materials. 

Several commentaries were registered regarding the materials: the glass and glazed 

earthenware were pointed out as similar to the touch but having different temperatures, so it 
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was simple to identify. For the sample of clay, several persons commented that they initially 

thought it was wood or plaster. 

Ten visitors (40%) continued to explore the sheets of the replica of the book on accessible 

interactive #3 after the end of the voice-over. Some conversations emerged about its 

grammage and delicacy. 

After finishing the audio contents, the less explored object was the mortar and pestle, 

displayed on the accessible interactive #1. Only four participants (16%) continued to do it, 

especially to sense better the mortar's irregularities mentioned in the voice-over. 

 

8.2.4.4 Objects Handling More than One Time 

It was not common for participants to handle objects more than one time. However, some 

examples were verified during the observation of their interaction. 

Five visitors (20%) in total did it for the case of the accessible interactive #5. Regarding the 

indigenous “toucado”, people were distracted by its physical characteristics when handling it 

for the first time or by the dynamics generated around it, so they used it at least one more 

time to listening to their voice-overs attentively. The pre-Columbian vessel was only handled 

more than one time by two individuals. 

The mortar and pestle were handled more than one time by four participants (16%), the 

double-handled drug pot by two (8%), and the Greek bottle and the book by one individual 

(4%), each one. 

 

8.2.4.5 Handling More than One Object at the Same Time 

More than one object being handled simultaneously was verified only for accessible 

interactive #2, in four cases (16%). That happened because the participant and the 

accompanying persons picked up two or the three replicas of the bottle at the same time. 

They informed this was because on the accessible interactive #1 they could handle both the 

mortar and pestle while listening to the audio contents and thought they could do the same 

in that case. However, it was not verified for any other accessible interactive. 

 

8.2.4.6 Realized How to Interact Without Extra Explanation 

The 3D layout plan (accessible interactive #0) was the one that caused more confusion 

regarding its interaction. Fourteen participants (56%) understood how to interact with it 

without extra explanation, meaning 44% of the sample did not figure out how to do it by 

themselves. Several participants informed they did not realize there were buttons to press, 
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as explained by SVI15: “When I sensed the velvet areas initially, I did not know they were 

clickable”. 

There were two types of possible interactions with the objects, as already mentioned: pick 

up an object, or open the book or the box. About the cases where visitors had to pick up an 

object, 88% realized by themselves the functioning of the system for the case of the 

accessible interactive #0, and three participants (12%) needed extra explanation to figure it 

out. It is important to mention that it corresponds to the first exhibit people interacted with, 

and for the other cases following the same interaction model (accessible interactives #2, #4, 

#5, and #6), all participants realized how to use them without any clarification. 

Regarding the cases of having to open the book (accessible interactive #3), 80% figured it out 

by themselves. Some people tried to pick up the book, but since it was stuck, they 

understand they had to open it. Five visitors (20%) did not realize how to interact without 

extra explanation. 

The accessible interactive #7, containing the portable pharmacy, was the last replica in the 

exhibition. Two participants (8%) tried to pick up the box, and it was necessary to tell them 

they should open it instead. The remaining 23 individuals (92%) understood how to interact 

with it by themselves. 

 

8.2.4.7 System Errors 

The last aspect under analysis was the errors caused while interacting with the systems. Most 

of the errors were verified for the accessible interactive #2 during the interactions by seven 

participants (28%). Those errors were caused due to their strategies for exploration of the 

surface, combined with the fact that the Greek bottle has a small bottom, the long neck of 

the Roman bottle, and their lightweights. These participants started the interaction from the 

top and not along the surface of the exhibit, knocking over the Greek, Roman, or both bottles 

and activating the voice-overs unintentionally. 

A similar problem was registered for four individuals (16%) using the accessible interactive #4, 

given the same strategy for exploration, and the height, small bottom, and lightweight of the 

replica of the acupuncture model. 

The interaction with the indigenous “toucado” (accessible interactive #5) caused errors in 

three cases (12%). Those were because the object needed a slight rotation in some positions 

to perfectly fit onto the physical constraint to cover the LDR sensor completely. Otherwise, 

the system would interpret it as being used, which occurred in those cases. 

The fact that the system used light-dependent sensors to track the interaction also caused 

errors during two cases (8%) while using the book of the accessible interactive #3, since 

participants lifted its cover while exploring the object. For the case of #1 and #6, one error 
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(4%) was observed in each situation, respectively: a visitor placed the pestle on top of the 

sensor, ending the voice-over, and another individual put the finger on the sensor while 

listening to the audio information of the double-handled drug pot. 

For the accessible interactives #0 and #7 were not registered any errors caused by the 

system. 

 

8.2.5 Results of the Participants’ Perceptions about the 
Visit 

Concerning the participants’ perceptions about their visits to the exhibition, the results will 

be presented in the subsequent subsections, focusing: their interaction with the accessible 

interactives, multisensory experiences, learning assessment, integrated access for mobility 

and orientation, and the visiting experience assessment and related emotions. 

 

8.2.5.1 Participants’ Perceptions about the Interaction with the 
Accessible Interactives 

Figure 65 presents the results concerning the 25 visitors’ perceptions about the interaction 

with the 3D layout plan and the other accessible interactives. 

 

 
Figure 65. Results concerning the participants’ perceptions about the interaction with the 3D layout 
plan and the other accessible interactives. 
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Regarding the easiness, eleven individuals (44%) perceived the interaction with the 3D layout 

plan as very easy, eight (32%) as easy, three (12%) as neutral, and another three (12%) as 

difficult. The global mean value was 4.08 (SD = 1.04). For the case of the interaction with the 

accessible interactives #1 to #7, nineteen participants (76%) perceived it as very easy, five 

(20%) as easy, and three (12%) as neutral. The global mean value for this case was 4.72 (SD = 

0.54). These results point to the easiest interaction with the accessible interactives 

containing the replicas than with the 3D layout plan. 

Several visually impaired visitors pointed out the use of velvet on the bottom of the replicas, 

the physical constraints, and the systems’ functioning as aspects that positively impacted the 

interaction with the accessible interactives. Some examples follow: 

• “Having the velvet on the base of the objects was extremely useful because it serves 

as a reference to know how to put them back down on their places”, said SVI5. 

• “The areas to insert the objects are perfect because this lets me know where I’m 

supposed to place them”, commented EB7. 

• “It was effortless to use them! I really enjoyed these kinds of solutions, it’s better 

than having to carry a smartphone all the time to access the contents”, stated EB12. 

Analyzing the perception of pleasantness, sixteen visitors (64%) indicated the interaction with 

the 3D layout plan as very pleasant, eight (32%) as pleasant, and one (4%) as neutral. The 

global mean value was 4.6 (SD = 0.58). The interaction with the other accessible interactives 

was pointed out by twenty participants (80%) as very pleasant and by five (20%) as pleasant. 

Its global mean value was 4.8 (SD = 0.41), allowing to conclude for both cases that the 

interaction with all the accessible exhibitors was very pleasant. The vast majority of 

participants mentioned they enjoyed having their hands free for the interaction, as 

highlighted in the words of EB12 and LB3: “My favorite part was having my hands free to 

explore the objects”, and “It was so good not to have to use the smartphone while touching 

the objects and listening to the voice-overs. I would prefer having my hands free all the 

time!”.  

 

8.2.5.2 Participants’ Perceptions about the Multisensory Experiences 

All participants assessed their perceptions about the multisensory experiences they had 

during their visits. 

The first factor in the analysis was the perception of pleasantness linked to handling the 

digitally fabricated objects and the manually fabricated ones, and the results are organized 

in Figure 66. 
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Figure 66. Results concerning the participants’ perceptions about the interaction with the digitally and 
manually fabricated objects. 

 

Twenty visually impaired visitors (80%) perceived the handling of the digitally fabricated 

replicas as very pleasant, four (16%) as pleasant, and one (4%) as neutral, having a global 

mean value of 4.76 (SD = 0.52). During their visits, it was common for people to ask what the 

material of those objects was, and they were surprised when the researcher told them it was 

a thermoplastic polyester. Several participants mentioned they did not recognize the 

material and initially thought it was plaster, and some thought the bas-relief of the painting 

of the double-handled drug pot made of wood or stone. However, comments about the 

usefulness of the digitally fabricated replicas were frequent, for example as stated by SVI5 

during her/his visit: “How amazing! These replicas are extremely useful!”. 

The handling of the manually fabricated objects was perceived as very pleasant by 22 

individuals (88%) and as pleasant by three (12%), with a global mean value of 4.88 (SD = 

0.33). The direct observations allowed to conclude that the object that caused more 

strangeness at the first touch was the wood with the nails and the indigenous “toucado”. 

Several reactions were registered: “What is this?”, asked MiVI18, “I like this one, is so soft!”, 

commented LB8, “These things stuck in the wood, I don’t know what they are!”, stated EB21, 

and “These fixed things are nails!”, said LB8 with surprise after discovering it from the voice-

over. 

Although the differences verified between the mean values of the interaction with the 

digitally and manually fabricated objects were very low, there is evidence that the visitors 

found it more pleasant to handle the ones with original materials. 

Figure 67 presents the results regarding the participants’ perceptions about the voice-overs 

duration (image on the left) and their entertainment during the visit (image on the right). 
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Figure 67. Results concerning the participants’ perceptions about the voice clips duration (left) and 
their entertainment during the visit (right). 

 

Concerning the first, twenty individuals (80%) perceived the voice clips’ duration as ideal, 

four (16%) as long, and one person (4%) did not answer this question. The global mean value 

for this case was 2.83 (SD = 0.38), which signifies that the duration of the voice clips was 

considered very near the ideal. It is worth mentioning that the visually impaired visitor who 

did not answer also had a hearing problem and informed she/he could not clearly hear the 

audio contents, even with the sound volume in the maximum. In this case, the researcher 

tried to explain to her/him the objects with the help of her/his companion. 

The results of the perception of entertainment about the experiences provided by the eight 

accessible interactives revealed that fourteen participants (56%) considered them as very 

entertaining, ten (40%) as entertaining, and the visitor (4%) who did not listen to the voice-

overs decided not to assess this aspect. The global mean value was 4.58 (SD = 0.5), meaning 

the participants found the experiences very entertaining. 

The participants’ responses regarding their favorite experiences during their visits to the 

exhibition are summarized in Figure 68. 
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Figure 68. Responses of participants regarding their favorite experiences. 

 

As it is possible to observe, the experience enabled by the portable pharmacy was pointed 

out by 21 individuals (84%) as their preferred, corresponding this number to six EB (85.7% of 

this group), four LB (66.7% of the late-blind persons), four SVI (80% of the severe visually 

impaired), and all MoVI and MiVI visitors. 

The second favorite experience, pointed out by twelve visually impaired visitors (48%), was 

related to the indigenous “toucado”. All the MoVI highlighted this experience, as well as 50% 

LB (three persons), two of the SVI (40%) and two of the EB (33.3%), and one MiVI. 

Eleven participants (44%) said the Estácio Pharmacy was one of their preferred experiences, 

corresponding to three LB, three MoVI, two EB, two MiVI, and one SVI. When visiting this 

pharmacy, several visitors commented that they remember hearing about the talking 

weighing machine, which informed clients of their weight in a loud voice. Conversations 

regarding this subject were frequent, and it was common for people who did not know about 

the weighing machine to laugh when hearing the voice-overs explaining this. 

The 3D layout plan of the museum and the replica of the book were highlighted by ten (40%) 

persons each as their favorite experiences during the visit. In the case of the layout plan, it 

was mentioned 66.6% of the MiVI (two persons), 50% of the LB and the MoVI (three individuals 

in each case), 40% of the SVI, and two EB (28.6%). The replica of “The Canon of Medicine” 

was pointed out by 60% of the SVI (three participants), 50% of the LB (three persons) and the 

MoVI (two persons), and by one MiVI (33.3%) and one EB (14.3%). 

Nine participants (36%) — corresponding to three MoVI (75%), two MiVI (66.7%), three EB 

(42.9%), and one SVI (20%) — pointed out the Islamic Pharmacy as one of their favorite 
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experiences. Three individuals commented that they liked the ambiance smell felt inside the 

pharmacy, as exemplified by the words of EB12: “I appreciated the fragrance on the Islamic 

Pharmacy”.  During the visit to this pharmacy, three participants danced to the rhythm of the 

Islamic music that accompanied the voice-over. 

The pre-Columbian vessel was preferred by eight visitors (32%), corresponding this number to 

three of the SVI (60%), two MoVI (50%), two EB (28.6%), and one LB (16.7%). 

Seven participants (28%) — two MoVI (59%), two LB (33.3%), one MiVI (33.3%), one MoVI (25%), 

and one EB (14.3%) referred the experience of the Greek, Roman, and Arabic bottles as one 

of their favorites. 

The experiences enabled by the accessible interactive #4 were pointed by the same number 

of visitors as their favorite. Six persons (24%) mentioned the nails in wood — two SVI (40%), 

one MiVI (33.3%), one MoVi (25%), one EB (14.3%), and one LB (14.3%). Another six individuals 

highlighted the acupuncture model, corresponding to two of the LB (33.3%), two EB (28.6%), 

one MoVi (25%), and one SVI (20%). 

The last favorite experiences were the double-handled drug pot with the bas-relief, by five 

participants (20%) — two SVI (40%), one MoVi (25%), one LB (16.7%), and one EB (14.3%) — and 

the mortar and pestle, by three persons (12%), including one MoVI (25%), one SVI (20%), and 

one LB (16.7%). 

When questioned about the experiences they liked the least, all participants stated all the 

experiences were unique and that it was unmanageable to point out one they did not like. 

 

8.2.5.3 Participants’ Perceptions of Learning 

Figure 69 presents the results concerning the individuals’ perceptions of learning during their 

visits. Twenty participants (80%) answered they learned a lot, and five (20%) pointed out the 

neutral answer. Based on the global mean value (M= 3.8; SD = 0.41), it can be concluded that 

they perceived they had learned a lot during their visits to the exhibition. 
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Figure 69. Results concerning the participants’ perceptions of learning from the visit. 

 

When asked to provide a brief verbal resume of what they have learned, all participants 

mentioned at least one thing they did not know before the visit, with 46 answers registered 

in the total. From the thematic analysis performed, four principal themes related to the 

participants’ learning emerged. Twelve visitors (48%) commented they learned about the 

history of the pharmacy, its evolution, and that the seek for the cure started thousands of 

years ago. In the case of eleven participants (44%), they revealed discovering how the 

different civilizations deal with health, which substances they used, their concern to store 

and preserve the pharmacological substances, and about the different objects the ancestors 

constructed to heal themselves. Nine individuals (36%) mentioned they learned how the 

civilizations used rituals associated with their health and that the macumba folk religion was 

also practiced to asking for health, contrasting with the negative connotation they used to 

attribute to it before the visit. In the case of five visitors (20%), they stated they got to know 

curiosities related to pharmacy themes, like the existence of portable pharmacies and the 

forms of recipients used to identify their contents better. It is worth mentioning a 

commentary from the SVI10 visitor who does not attend museums given the lack of access 

verified during the few visits she/he made to museums: “There was one thing I learned: that I 

should start visiting museums again!”. 

Regarding the participants’ answers to the question about what they considered better 

helped to their learning, all visitors (including the person who was not able to listen to the 

complete exhibits’ audio contents) mentioned the combination of the handling of the objects 

with the voice-overs. Three representative quotations from participants LB8, SVI15, and EB16 

follow: “The relationship between the object and the audio is a perfect symbiosis”, “This 

interaction is what stimulates the interest in the piece itself”, and “Given the touch and 

audio at the same time, I felt transported to a new world in each object”. 

In fact, the voice-overs were highlighted as being outstanding by the vast majority of 

participants, their companions, directors, and staff of associations and schools, and several 

researchers in the accessibility field that visited the exhibition. They mentioned the perfect 
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balance between the museological themes with the objects’ description, the pleasantness 

and calmness of the voice, and the discourse variations, which captivated their attention. 

The EB7 visitor commented that “The audio descriptions are beyond excellent”, and EB16 

stated they “were simple, very clear and straight to the point”. 

One MoVI visitor also mentioned that the sense of smell contributed to her/his learning about 

the pharmacological substances of the portable pharmacy since she/he was not familiar with 

some of them. Another participant who was congenitally blind (EB16) stressed the samples of 

the materials provided on the accessible interactive #2 as a “genial idea, because I got the 

whole image of the bottles from their handling, the voice-overs, and the touch of the 

materials”. 

 

8.2.5.4 Participants’ Perceptions about the Integrated Access for 
Mobility and Orientation 

Figure 70 presents the results concerning the visitors’ perceptions of the quality of their 

mental image of the museum space based on exploring the interactive layout plan. Nine 

persons (36%) perceived it as very good, eleven (44%) as good, four (16%) as neutral, and one 

(4%) as bad. The global mean value was 4.12 (SD = 0.83), highlighting that the mental image 

of the museum space resulting from interacting with the 3D layout plan was good. 

 

 
Figure 70. Results concerning the participants’ perceptions of the quality of their mental image of the 
museum space. 

 

Concerning the use of the app for mobility and orientation — utilized only by sixteen 

participants (64%) — and its contribution to supporting their navigation, the evaluation results 

are presented in Figure 71, respectively, on the left and right. The nine (36%) visitors who 

decided not to use the app during their visits did not answer these questions. 
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Figure 71. Results concerning the participants’ perceptions of the difficulty of using the app for 
mobility and orientation, and the perception of contribution to navigation. 

 

The perception of the difficulty of using the app for mobility and orientation was pointed out 

as very easy by three individuals (12%), easy by eight (32%), neutral by two (8%), and difficult 

by three (12%). For this case, the global mean value was 3.69 (SD = 1.01), signifying that 

participants perceived it as easy to use. 

On the other hand, eight participants (32%) perceived that the app did not contribute much 

to supporting their navigation, six (24%) stated it did moderately, and two (8%) perceived it 

did completely. The global mean value was 2.75 (SD = 1), which leads to conclude that the 

app was perceived as contributing moderately to supporting visitors’ navigation. 

These results are in line with the direct observations made during the visits. It was frequent 

people did not use the smartphone vertically, as initially instructed, so the app could not 

detect the tags. In other cases, the companions or other persons visiting the museum covered 

the tags while the participants were actively searching for them. Another situation observed 

was that users covered the camera lenses with their fingers and kept walking without 

knowing the supposed direction. During their visits, the LB3 participant commented, “I feel 

lost! The app does not talk or tells me to go to the left and right”, and the EB16 stated, “She 

is telling me to go to the right, but I know now I have to go to the left!”. 

 

 

8.2.5.5 Participants’ General Perceptions about the Visiting 
Experience and Related Emotions 

Regarding the general perceptions about the visiting experience, participants were asked to 

assess their autonomy and global satisfaction. These results are included in Figure 72: the 

image on the left presents the participants’ perception of autonomy during their visits, while 

the image on the right concerns their perception of satisfaction in relation to their initial 

expectations of the exhibition. 
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Figure 72. Results concerning the participants’ perceptions of autonomy and perception of global 
satisfaction. 

 

Four participants (16%) considered they were completely autonomous during their visits, five 

(20%) very autonomous, twelve (48%) partially autonomous, three (12%) little autonomy, and 

one (4%) no autonomy. The global mean value was 3.32 (SD = 1.03), meaning visitors’ 

autonomy during their visits was perceived as partially. Some visitors commented on this 

subject, mentioning that “The museum’s configuration itself does not help an autonomous 

visit”, stated EB16, and that “It was my first time visiting this museum, so it is normal that 

I’m not as autonomous as desired. When I visit the museum again, I believe I will feel more 

autonomous because now I know the space”, commented LB3. 

For the case of the assessment of global satisfaction, fifteen (60%) individuals mentioned 

being very satisfied, nine (36%) satisfied, and one (4%) neutral. In this case, the global mean 

value was 4.56 (SD = 0.58), allowing to conclude that the average rating of 25 visitors 

perceived the visiting experience as very satisfying. 

At the end of their interviews, participants were asked to recall the recent visit and explicitly 

identify some emotions they felt during it. The reported emotion terms (n = 30) were then 

analyzed and represented graphically (Figure 73) based on the circumplex spatial model 

(Bradley & Lang, 1994, 1999), as already performed during the discovery phase of this thesis. 

Nineteen emotion terms (63.3%) were coded based on the research of Soares et al. (2012), 

and eleven (36.7%) based on the research of Warriner, Kuperman and Brysbaert (2013), given 

the limited adapted words to European Portuguese of the first mentioned-work. Again, the 

area of each circle represents the percentage of visitors that reported having felt that 

emotion during their visits. 

From the visual inspection of Figure 73, it can be concluded that a higher concentration of 

emotion terms is on the right side of the valence axis than on its left side, which allows 

concluding that visitors reported they felt mostly positive emotions during their visits to the 

exhibition. Regarding their arousal, the most frequent emotion words are located on the 1st 

quadrant (n=14), meaning stronger activation on subjects. These correspond to 61.9 % of the 

total emotions reported. The positive emotion words located on the 4th quadrant (n = 11) 

present lower arousal and represent about 31% of the emotions informed being felt during 



VIII. Evaluation 

255 

their visits. The positive emotion term “delighted” has neutral arousal, corresponding to 

3.17%. 

The most common emotion words conveyed by participants were curious (13.5%), engaged 

(8.73%), entertaining (7.94%), satisfied (7.94%), surprised (7.14%), and happy (6.35%). 

It is also possible to observe four negative emotions: confused (1.59%), disappointed (0.79%), 

lost (0.79%), and tired (0.79%). The three located on the 2nd quadrant of the figure have 

stronger activation on subjects, representing 3.17%, while another negative emotion with 

lower arousal occupies the 3rd quadrant of the figure, corresponding to 0.79% of the reported 

emotion terms. 

 

 
Figure 73. Distribution of the mean values for the 30 emotion terms onto the bidimensional valence-
arousal affective space. 
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8.2.6 Results of the Correlation Analysis Performed 

The present subsection aims to explore the results of the inferential statistics related to the 

correlation analysis performed to test: (i) the relationship between the global satisfaction 

expressed by participants with the assessed aspects of the use and visiting experience; (ii) 

the relationship between the various aspects of their experiences in this exhibition. 

The Spearman’s rank correlation coefficient was used to test the degree of association 

between variables in both cases given the reduced sample of the study (n = 25), the data did 

not follow a normal distribution, and the use of Likert scales to assess the various aspects. A 

significance level of 5% was considered for the analysis of the inferential statistics. The 

correlation strength was interpreted according to the classification of Evans (1996): very 

weak (r < 0.19), weak (0.2 < r < 0.39), moderate (0.4 < r < 0.59), strong ( 0.6 < r < 0.79), and 

very strong (r > 0.8). 

 

8.2.6.1 Correlation Analysis Between the Global Satisfaction and the 
Assessed Aspects of the Experience 

Table 16 reports the results of the correlation between the global satisfaction expressed by 

participants with the various assessed aspects of their experiences of using the systems and 

visiting the exhibition. 

 

Table  16. Spearman correlation between the global satisfaction of the participants’ visiting 
experience with the assessed aspects 

  
Spearman Correlation 

  n p-value r 

Perception 
about the 
interaction 

[1.1] Perception of easiness regarding the interaction with 
the 3D layout plan 

25 0.221 0.288 

[1.2] Perception of pleasantness regarding the interaction 
with the 3D layout plan 

25 0.265 0.232 

[2.1] Perception of easiness regarding the interaction with 
the other accessible interactives 

25 0.065 0.375 

[2.2] Perception of pleasantness regarding the interaction 
with the other accessible interactives 

25 0.023 0.452 

Perception 
about the 
multisensory 
experiences 

[3] Perception of pleasantness regarding the interaction with 
the digitally fabricated objects 

25 < 0.001 0.656 

[4] Perception of pleasantness regarding the interaction with 
the manually fabricated objects 

25 0.038 0.417 

[5] Perception of the duration of the voice-overs 24 0.591 -0.115 

[6] Perception of entertainment about the experiences 
provided  

24 0.004 0.567 

Perceptions 
of learning 

[9] Perception of learning during the visit 
 

25 0.396 0.178 

Perception 
of the 
integrated 
access 

[12] Perception of quality of the mental image of the 
museum space 

25 0.09 0.346 

[13] Perception of difficulty of using the app for mobility and 
orientation 

16 0.912 0.03 
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[14] Perception of the app’s contribution to supporting 
navigation 

16 0.198 -0.339 

[15] Perception of autonomy during the visit 25 0.209 0.26 

 

Its analysis allows concluding that four variables — corresponding to the points [2.2], [3], [4], 

and [6] of the table — present statistical significance and are correlated to the participants’ 

global satisfaction. For the case of the variable Perception of pleasantness regarding the 

interaction with the digitally fabricated objects, it can be concluded a strong positive 

correlation (r = 0.656). In the second place, the variable Perception of entertainment about 

the experiences provided presents a moderate positive correlation (r = 0.567) with the global 

satisfaction expressed. For the variable Perception of pleasantness regarding the interaction 

with the other accessible interactives, it can be concluded a moderate positive correlation (r 

= 0.452), as well as for the variable Perception of pleasantness regarding the interaction 

with the manually fabricated objects (r = 0.417). 

Based on this data, it is possible to conclude that the global satisfaction expressed by the 25 

visually impaired visitors was mainly correlated with the handling of the digitally fabricated 

objects, which was supported by several commentaries that individuals made during their 

interviews, like, for example, “Touching the objects was the best part of the visit”, as stated 

by MoVI19. 

The level of entertainment participants felt during their visits to the exhibition was the 

second most related factor to their satisfaction in relation to their initial expectations of the 

exhibition. This entertainment was provided during the ten accessible experiences, enabling 

the combination of touching and handling activities with the voice-overs’ contents, and 

smelling experiences in two cases. Visitor EB12 commented, “I’m extremely satisfied, the 

exhibition is very well organized. It seems that time has flown, and I didn’t notice!”, and “I 

completely forgot the world outside”, mentioned LB23. 

The third factor that mainly contributed to the global satisfaction was the pleasantness of 

the interaction with the accessible interactives containing the replicas of the objects in the 

exhibition. As already mentioned, the vast majority of participants mentioned during their 

interviews that they enjoyed simply picking up the objects to start hearing the related 

contents and putting them back down when finishing, having both hands free to interact with 

them all the time. Regarding this subject, EB16 commented, “The visit was amazing! I’ve 

visited many museums in my life, but I’ve never seen anything like it! This new technology is 

amazing, you guys are good!”. 

Handling the manually fabricated objects was the fourth factor correlated with the global 

satisfaction expressed by the participants. This result is not completely unexpected since 

during the assessment of the favorite accessible interactives, three objects were included in 
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the four highest rank: the portable pharmacy, the indigenous “toucado”, and the replica of 

the book “The Canon of Medicine”. Furthermore, the visitors’ reactions observed when 

interacting with them for the first time pointed out they were enjoying these experiences. 

 

8.2.6.2 Correlation Analysis Between the Various Assessed Aspects of 
the Visiting Experience 

The second correlation analysis performed aimed to test the relationship between the 

multiple aspects assessed by the participants regarding their experiences in the exhibition. A 

table containing the results of this correlation analysis is included in Appendix K, where it is 

possible to observe statistical significance for the correlation in twenty cases. 

For the case of the variable [1.1] Perception of easiness regarding the interaction with the 

3D layout plan, it is possible to conclude statistical significance with the variables [12] 

Perception of quality of the mental image of the museum space, and [15] Perception of 

autonomy during the visit. The quality of the mental image of the museum space has a 

moderate positive correlation (r = 0.553) with the easiness of interacting with the 3D layout 

plan, meaning the easiest it was to interact with it, the better the mental image participants 

got of the museum space. Furthermore, the strong positive correlation (r = 0.607) verified for 

the participants’ perception of autonomy during their visits indicates that better autonomy 

was related to the easiest it was to interact with the layout plan. 

Concerning the pleasantness of interacting with the 3D layout plan, a strong positive 

correlation (r = 0.619) was concluded for the variable [2.2] Perception of pleasantness 

regarding the interaction with the other accessible interactives, and a moderate positive 

correlation (r = 0.427) for the [3] Perception of pleasantness regarding the interaction with 

the digitally fabricated objects, and for the [4] Perception of pleasantness regarding the 

interaction with the manually fabricated objects. This allows inferring that the visitors’ 

pleasantness regarding the interaction with the layout plan was related to the pleasantness 

of interacting with the remaining accessible interactives and of handling the objects’ 

replicas. On the other hand, a moderate positive correlation (r = 0.562) is verified with the 

[15] Perception of autonomy during the visit, meaning better autonomy was influenced by 

pleasant interaction with the layout plan. The [9] Perception of learning during the visit also 

presented a moderate positive correlation (r = 0.421) with the pleasantness of interacting 

with the 3D layout plan. Maybe this was because the layout plan introduced visitors to the 

exhibition, presenting the corresponding museological themes to explore chronologically 

during the visit. 

The perception of the easiness of interacting with the accessible interactives #1 to #7 

presented a moderate positive correlation with the perception of the pleasantness of 

interacting with them (r = 0.447), and with the perception of pleasantness regarding the 
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digitally fabricated objects’ handling (r = 0.472). This means the easiest it was to interact 

with those accessible objects, the pleasantest it was the interaction and the handling of the 

replicas made of PLA. 

The perception of the pleasantness of the interaction with the accessible interactives 

containing the replicas has a very strong positive correlation with the handling of the digitally 

fabricated replicas (r = 0.757) and the manually fabricated ones (r = 0.739), as well as with 

the visitors’ perception of learning (r = 0.750). Moreover, the pleasantness of the interaction 

with those accessible interactives was also correlated with the participants’ perception of 

autonomy during the visit, presenting a moderate positive correlation (r = 0.407). This last 

conclusion allows understanding that the sense of autonomy was also achieved from visitors’ 

capacity of independently interacting with the solutions. 

Regarding the pleasantness of handling the digitally fabricated objects, a strong positive 

correlation was verified with the handling of the objects with original materials (r = 0.699), 

so participants considered it was almost equally pleasant (or unpleasant) to handle all the 

objects, despite their materials. A strong positive correlation (r = 0.529) was also verified for 

the case of their perception of entertainment, and a moderate positive correlation (r = 0.468) 

with their perception of learning, meaning higher pleasantness of handling the replicas 

resulted in enhanced entertainment and learning. Similar results were concluded regarding 

the handling of the manually fabricated objects. However, in this case, there was verified a 

stronger positive correlation (r = 0.739) between its handling and the learning perception, 

and a moderate positive correlation (r = 0.447) regarding the perception of entertainment. 

Concerning the [13] Perception of difficulty of using the app for mobility and orientation, it 

was concluded a strong positive correlation (r = 0.661) with the [12] Perception of the quality 

of the mental image of the museum space, and a moderate positive correlation (r = 0.535) 

with the [14] Perception of the app’s contribution to supporting navigation.  This allows to 

conclude that the easiest it was to use the app, the better it was the mental image of the 

museum space and the better it was the perception of its utility to supporting the navigation 

inside the museum. 

 

8.3 Discussion and Aspects for 
Improvement 

The overall visiting experience of the Mysteries of the Art of Healing exhibition of 

participants can be concluded as very positive, based on the results of the evaluation stage of 

the research. 
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Despite about 68% of individuals revealed they were not regular museum attendees and none 

of them have ever visited the Pharmacy Museum of Porto before, they informed leaving the 

experience very satisfied. In fact, the emotional terms linked to the visiting experience that 

they reported pointed out to positive emotions, many of them supporting the curiosity, 

enthusiasm, engagement, happiness, surprise, and interest directly observed during their 

visits. 

The interaction with the accessible interactives displaying the objects proved to be easier 

than with the one with the 3D layout plan of the museum, but the interaction with all of 

them showed to be very pleasant. The direct observation of the users’ interaction with the 

eight accessible interactives allowed concluding that the vast majority of visitors handled all 

replicas and pressed all the areas of the layout plan, listened to all the voice-overs, and, in 

some cases, continued to explore the objects after the ending of their audio contents. This 

last aspect can inform that the physical characteristics of the objects in the exhibition and 

the different experiences provided by each one captivated the visitors’ attention. These 

factors, added to the near-ideal voice clips’ duration and the highlighted perfect balance 

between its audio description contents, seemed to be the key for the individuals’ perception 

of learning a lot during the visit. 

Some interaction errors caused by the systems were verified, which need to be addressed in 

the future. However, the vast majority of errors were observed during the use of the app for 

orientation and wayfinding, concluded by participants as only moderately supporting their 

navigation inside the museum and not contributing to their sense of autonomy. Nevertheless, 

this critical aspect was not correlated with the global satisfaction expressed by participants, 

which concluded as principal factors: the handling of the digitally and manually fabricated 

objects, the level of entertainment participants experienced during their visits, and their 

perception of pleasantness while interacting with the accessible interactives #1 to #7. 

It is also important to note that 72% of the visitors who participated in the evaluation stage 

had visual references. Some partially sighted participants mentioned they would benefit more 

from the digitally fabricated replicas if they had colors and suggested painting them as the 

originals. Still relating the objects’ use, a solution to prevent their accidental fall and 

unintentional starting of the voice-overs when visitors are just exploring the exhibit cases’ 

surfaces, would be using magnets, for instance, so objects would offer additional stability 

and more resistance to being lifted. This solution should be combined with the existent 

physical constraints since some participants highlighted them as extremely useful to let them 

know where to place the objects after the handling. The use of the velvet on the bottom of 

the pieces was also positively perceived, providing tactile information to make sense of the 

bases of the objects. 
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Another aspect that showed necessary to be addressed was the type of sensors used by the 

systems to detect the users’ interaction. In some cases, visitors put their fingers on the LDRs 

sensors, placed the pestle above it while exploring the mortar, or lifted the cover of the 

book, causing the stop of the voice-overs and, consequently, their replay. Also, if objects 

were not correctly inserted inside their constraints, there were verified system errors related 

to these sensors. Future iterations should investigate and test other types of sensors that can 

avoid these kinds of interaction errors. 

Regarding hearing the voice-overs, there was also verified the need to re-design this aspect in 

the future. One of the reasons is the acoustic of the museum space and the areas of its 

rooms, which makes it possible to hear sounds from the surrounding outside world (like the 

metro train and cars), as well as hear noises and conversations of other visitors from different 

areas of the museum. Another reason was the location of the accessible interactives, close to 

each other, which sometimes lead to acoustic interferences: for example, the accessible 

interactives #4 and #5, and #2, #3, #6, and #7. A possible solution would be using 

headphones. However, several participants mentioned they liked hearing the voice-overs at 

the same time as their companions, which contributed to starting conversations or making 

commentaries about the museological themes. Alternative solutions would be using 

directional speakers since they distribute the sound over a confined area while allowing all 

visitors to access the same information simultaneously, or bone-conduction headphones. It 

would also be important to provide visitors the facility of adjusting the volume, especially for 

the case of older persons who have their hearing diminished by their age. 

The use of these kinds of speakers could also be combined with the navigation system, which 

demands a complete re-design. In this case, it could be beneficial if a solution for orientation 

and mobility allows visitors to use bone conduction headphones which, unlike traditional 

headphones, enables users to still listening to the surrounding environment. In this way, the 

navigation system could present audio guiding information through the headphones, and 

sound coming from the directional speakers would allow visitors to be assured of the 

direction to follow and proximity to the accessible interactives. 

Besides this possible functionality of a system for guiding the visitors inside the museum, 

several participants suggested complementing it with physical information, as tactile floor 

pavings augmented with sound. This way, they could get information about their relative 

position throughout the exhibition, and the original objects displayed inside the vitrines and 

related audio descriptions. According to them, it is not necessary to use the traditional 

tactile floor pavings: it can be used carpets, lines with reliefs on the floor, or pavings with a 

different texture than the main floor, provided that it would be easily detected. For 

individuals with low vision, a contrasting color between these and the main floor could be 

beneficial. 
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Another factor that needs to be addressed is the three cable raceways existing on the floor, 

centered with the accessible interactives #3, #6, and #7. Almost all participants referred to 

them as unexpected and undesired situations inside a museum, but some referred they used 

them to locate themselves on the exhibition. On the other hand, the museum’s lighting was 

pointed out as a very positive factor, which helped participants move inside the museum, 

apart from contributing to a better visual exploration of the replicas, for those who can still 

use their residual vision to sense the world. 

Concerning the 3D layout plan, participants suggested how to enhance it to facilitate its 

exploration. Among the features to improve, it was pointed out completely covering the 

buttons with velvet (not only their tops) and use a fluffier velvet. The buttons’ order should 

also be labeled in Braille or presenting this information when touching them (not pressing), so 

users could better identify their order before pressing them to get to know the related 

contents. Two visitors also suggested doubling its size and include line reliefs to tactile 

indicate the sequential path to follow. Also, for this case, a facility of adjusting the volume 

could be beneficial for some users. 

 

8.4 Final Remarks About the 
Exhibition’s Evaluation 

Despite the objectives of the evaluation stage contemplate only the visitors with visual 

impairments, some curious behaviors of the spontaneous public (including children, 

teenagers, adults, and seniors), who visited the Pharmacy Museum of Porto and used the 

accessible interactives, were observed. Direct observations allowed concluding three 

systematic dynamics among them. The first was the anticipated use: handling the 3D objects 

while listening to the sound information. In other cases, visitors took the digitally fabricated 

replicas with them and looked for the original objects inside the vitrines. Some did it just 

after the voice-overs have finished, but others looked for the originals and compared them 

with the replicas while listening to the audio contents. The third behavior verified was that 

some persons picked up the replicas, explored them for a while, and placed them on the 

accessible interactives’ surface (outside their corresponding areas), moving next to the 

vitrines and observing the originals while listening to the information. 

Those observations allowed concluding the potential of this project not only for the visually 

impaired visitors but also for the sighted ones. It is an example that the effort for 

accessibility ended benefiting other persons during their visits to the museum, giving them 

the opportunity to explore replicas of the collection through touch, sound, and smell, apart 

from vision. 
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This conclusion was also perceived by the museum’s curator, who mentioned that the 

applicability of the project exceeds its initial purpose, promoting richer visiting experiences 

not only for spontaneous visitors but also for organized visits with schools, for instance. The 

Pharmacy Museum’s Direction also referred to the new potentials it opens for organized 

activities, besides the spontaneous elements of the public, and its potential applicability also 

in the museums of Lisbon. 

An immediate change introduced with this experience was the fact that a participant in the 

study returned to visit the museum three days later with her/his daughter, surpassing the 

necessity of having to make a previous appointment to visit a museum. In both cases, she/he 

ended stopping at the museum shop at the end of the visits, aiming to buy presents for 

acquaintances. These events called the attention of a museum worker, who commented with 

the researcher about the need for creating inclusive souvenirs, given the potential they could 

offer to all, not just for the visually impaired visitors. 
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IX.      Conclusions 

The last chapter of the present thesis regards the conclusions of the developed research. It 

starts with answering the research questions that guided the research, presenting then some 

limitations. The last part of the chapter elaborates on future research lines concerning the 

topic under research, ending with a final remark. 

 

9.1 Answers to the Research 
Questions 

This research aimed to extend research in the field of accessibility in museums and address 

the topic of using interactive assistive technologies to enhance the visually impaired visitors’ 

experiences in museums. It was designed to address the lack of information in this field by 

understanding first some solutions concerning accessibility resources implemented in 12 

museums of the city of Porto. It followed the investigation on the perspectives of 72 

individuals with blindness and low vision regarding the aspects they considered that 

contribute to positive museum experiences, the constraints that negatively affect it, and 

their expectations to improve it. Then, a set of principles were identified, taking into 

account these persons’ diverse human factors, and an integrative framework was co-created 

to improve their multiple access regarding the various moments of visiting museums (pre, on-

site, and post). Based on these conclusions, an accessible interactive exhibition 

technologically mediated was developed for the Pharmacy Museum of Porto, which aimed to 

support the sensory, intellectual, and physical accessibility of visually impaired visitors. 

Finally, the developed solution was evaluated in situ by 25 visually impaired participants, and 

the assessed components were compared with the global satisfaction opinion expressed by 

them. 

Answers to the four main research questions will be provided next. 
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What are the aspects that either facilitate or constrain the access of visually 
impaired visitors to exhibitions in museums? 

The analysis of the data gathered from the interviews with blind and partially sighted 

individuals who participated in the initial exploration stage of this research allowed 

concluding that these persons have limited experiences in museums. 

In general, participants revealed that opportunities to access some museum exhibits and 

related information are not frequent and are mainly provided during group guided tours. 

These require prior appointments and usually are scheduled to accommodate many visually 

impaired persons at the same time, which hinders visitors from enjoying and having a more 

individualized museum experience, as desired. 

Despite those moments providing some access to museum collections, the lack of training of 

the guides and staff to deal with those publics and communicate them the museological 

themes were highlighted as generating more negative experiences than positive ones. 

However, participants stated these are the most often available means of having some access 

while visiting museums in Portugal. 

Having access to museum exhibits and contents is even worse for the case of spontaneous 

visits to museums, during which individuals rely primarily on their escorts to have some 

intellectual access to the information. 

The lack of accessible materials, like audio descriptions through audio guides, Braille, and 

large-sized labels and texts, was highlighted as rarely available by blind and partially sighted 

individuals. Touching original objects, replicas, or other tactile representations is rarely 

possible. Those aspects are not generally anticipated when designing the exhibitions, so these 

rare opportunities happen mainly due to the museum workers’ compassion for these visitors.  

Provisions for their independent orientation, mobility, and wayfinding are also disregarded, 

both in organized and spontaneous visits. 

Regarding the aspects that facilitate the access of these elements of the public in museums, 

the multiple linear regression model of the usefulness of the 16 assessed accessibility 

resources was explained mainly by four variables: touching reliefs of images, audio guides 

with audio descriptions, orientation indications, and touching tactile maps. 

Besides their significance, the analysis of the qualitative data collected from the interviews 

revealed other dimensions that contribute to positive visiting experiences. Those described as 

more enthusiastic, memorable, and triggering intense positive emotions were the ones in 

which visitors had the opportunity to be fully involved through participatory activities and 

while interacting with the exhibits and replicas during multisensory perceptual occasions. 

Nonetheless, only a very small fraction of the interviewees mentioned they had the chance to 

experience museums in those ways. 
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The last aspect that constrains the access of visually impaired interviewees to museum 

exhibitions was their generalized negative opinions about museums as inaccessible, non-

inclusive, and offering barriers to their autonomous participation. Their convictions do not 

contribute to motivating them to want to visit museums more often. 

 

What are the basic principles that should be included in museum exhibitions to 
ensure the accessibility to exhibits and their interpretation? 

The basic principles that museums should include to ensure access to exhibits and their 

interpretation relate to the concept development stage of this research. A framework was 

proposed to support integrating the different phases identified as relating to the experience 

of visiting museums: pre-visit, on-site visit, and post-visit. It should also be articulated with 

strategies to promote sensory, intellectual, and physical access, so visually impaired 

individuals are more likely to feel a sense of autonomy during the various phases of the visits. 

Concerning the pre-visit planning of visitors, two basic principles should be taken into 

account. Besides being accessible to an independent use by visually impaired persons, 

museum websites must be informative and use inclusive language. By accessing it, users must 

be provided with an introductory presentation of the museum and its collection, and get to 

know, straight away the accessibility services available: if anything is available to be touched 

during the visit, if there are audio descriptions or supports on accessible reading formats, if 

guided dogs are allowed inside, accessible events, and entrance fees and costs of the existing 

accessible services. The second principle to be taken into account is disseminating 

information about the museums through e-mail, user-friendly social media channels, and to 

schools, associations, and other institutions attended by visually impaired persons. 

Concerning the onsite visit, when arriving at the museum visitors should have access to a 

presentation of the museum space and exhibitions, preferentially through audio, with proper 

descriptive language. The tickets and leaflets, with limited information, should use Braille 

and large print to be more inclusive. 

During the visit, audio should be prioritized to present the exhibits’ information, with a 

balanced amount of information and appropriate descriptive language. 

Sensory access to physical objects should also be provided, like three-dimensional replicas, 

models, and reliefs. This sensory access must combine both touching and hearing, at least, to 

be effective, and access to these objects should be available while visiting the entire 

museum, with the aim to promote inclusion. Magnified images presented by tablets or 
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screens with zoomable high-resolution images can amplify the visual capacities of the 

partially sighted. 

Adjusted lighting of the exhibits would also be a good principle to improve their access to 

museum pieces by helping them using their remaining visual capacity. 

Finally, exhibitions must be designed to afford a circulation route free of physical obstacles 

to promote a sense of safety and autonomy of the visitors with blindness and low vision. 

Assistive guides that automatically provide contextual information can complement their 

sense of autonomy and control while moving in exhibitions by offering accurate feedback 

when approaching points of interest, providing route assistance indications while moving, and 

alerting visitors about stairs approaching and other obstacles. 

Basic principles to be included in a post-visit phase would be providing books written in 

Braille and large-sized texts, and additional audio described contents in museum websites. 

Those extra materials would allow visitors the possibility to explore exhibitions in-depth and 

promote their interest, engagement, and motivation for future visits. Social media platforms 

can be used as a strategy to strengthen connections with the visually impaired community, 

foster engagement, and promote interaction with museums. 

Lastly, inclusive souvenirs were pointed out as essential elements in recalling personal 

memories of their visits to museums. Some exemplars can include miniature replicas of 

museum objects, reliefs or other materials, and fragrances or objects that produce music, 

voices, or sounds related to exhibitions. 

 

How should ICT be used to integrate multisensory elements such as sound, touch, 
and smell to improve access to exhibitions and enhance the experience of 
visually impaired people while visiting museums? 

To address the present research question, it reports the prototyping stage of this research. By 

using technology, it is possible to digitally capture the shapes and textures of original three-

dimensional museum objects, processing the data to generate virtual models, post-processing 

and printing them, producing digitally fabricated replicas. The same method can also be 

applied to produce bas-reliefs reconstructions of bi-dimensional elements, such as paintings. 

Software for 3D modeling allows designing virtual models from scratch and printing them by 

using 3D printers.  

During the prototyping stage of this research, nine digitally fabricated replicas were produced 

from the collection of the Pharmacy Museum of Porto, namely: a pre-historic mortar and 

pestle; three Greek, Roman, and Arabic bottles; one acupuncture model; one pre-Columbian 

vessel; one double-handled drug pot; and a bas-relief of the painting of the drug pot. A 3D 

layout plan of the museum was also produced by using technology, and additional four 
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museum replicas, manually fabricated, one of them — the portable pharmacy — with 

technology embedded inside. Those elements aimed to support visually impaired visitors’ 

sensory access through touch and interaction with replicas of the museum objects. 

Voice clips can be co-created to provide intellectual access through sound to museological 

themes, audio descriptions of objects and places. By creating a narrative, visitors can follow 

a story throughout the entire exhibition, essential to keeping them involved and motivated, 

apart from encouraging them to make their own meaning of the exhibits, their context, and 

history. During the prototyping stage, the researcher counted with the collaboration of the 

Museum Director, the curator, and one visually impaired person to prepare the texts for the 

exhibition; and with the participation of another individual to record the voice-overs. 

Olfactive experiences can also be designed to enhance the experience of visually impaired 

visitors. Eight pharmacological substances were selected, and spices and incenses were used 

to integrate elements of smell to augment the multisensory experience. 

The integration of touch, sound, and smell can be achieved by using technological solutions 

like the prototyped ones. By using microcontrollers, computers, sensors, buttons, hardware 

for sound, and constructing electronic systems, eight accessible technology-mediated 

solutions were developed. These aimed to provide users interactive experiences to physically 

sensing objects, as well as to memorize the layout plan of the museum, while having 

intellectual access to the related contents in all of them. In two cases, apart from the access 

through sound and touch, users had the opportunity to sense smells related to the exhibition's 

central theme. Sound can also be used to guide visitors inside exhibitions, like with the 

NaviLens app, that communicated to visitors their relative distance to the various tags 

distributed across the museum space, giving them speech indications while walking across the 

exhibition. 

 

In what way can data related to the user experience and the visiting experience 
be correlated with the global satisfaction opinion expressed by the visually 
impaired visitors? 

The answer to this question regards the evaluation stage of the research, where a correlation 

analysis was performed to test the relationship between the global satisfaction expressed by 

participants with the various assessed aspects of their experiences of using the prototyped 

solutions. It was concluded that four variables presented statistical significance and were 

correlated to the individuals’ global satisfaction. 
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The variable that presented a stronger positive correlation was the pleasantness regarding 

handling the digitally fabricated objects, which was also supported by several comments that 

participants made during their interviews. This means that the more pleasant visitors 

experience the handling of the digitally fabricated replicas, the more they feel satisfied with 

the global experience. 

The variable related to the participants’ perception of entertainment about the experiences 

constituted the second most related factor to their global satisfaction. During their visits to 

the exhibition, the entertainment was provided in ten interactive and accessible experiences, 

combining touching and handling activities with audio described contents, with an olfactory 

dimension in two of them. The more entertained participants perceive to be during their 

visits, the better their global satisfaction. 

The third variable that presented statistical significance was the users’ perception of 

pleasantness concerning the interaction with the accessible interactives containing the 

objects, for which it was concluded a moderate positive correlation. This conclusion was 

supported by comments participants provided after their visits, mentioning that they enjoyed 

simply picking up the replicas to start hearing the correspondent voice-overs and putting 

them back down to finish the exploration. Based on this result, visitors tend to feel more 

satisfied the more pleasant is the interaction with these technological solutions. 

The fourth variable correlated with the global satisfaction expressed by participants was the 

perception of pleasantness regarding the interaction with the manually fabricated objects. 

During the direct observations, several positive reactions from diverse visitors were verified 

regarding their first interaction with those objects and their subsequent handling. This fact 

supports this correlation analysis result, allowing to infer that the more pleasant is the 

interaction with those objects, the better is the global satisfaction of the exhibition. 

 

9.2 Limitations 

This research suffered from some limitations. Regarding the sample of 72 blind and partially 

sighted persons who participated during the initial exploration stage, about 75% had visual 

references, which conditioned the subsequent phases of the research. Moreover, this 

research stage was restricted to the North, Center, and Lisbon as Vale do Tejo regions of 

continental Portugal. It was also not possible to include the same number of participants 

from each region, an equal distribution of their ages, and a similar number of participants 

with visiting and non-visiting museums experience, as desired. 

The framework to enhance the museum experiences of the visually impaired was co-created 

and grounded on the previous visiting experiences, suggestions, and opinions expressed by 
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the mentioned subjects. It solely focused on these participants’ viewpoints, rather than also 

including the perspectives of the diverse museum professionals, like the directors, curators, 

educators, museologists, conservators, museographers, and exhibit designers, to obtain a 

more in-depth perception of the aspects proposed on the framework. Nonetheless, the 

perspectives of the museum Director and curator were included while developing the 

exhibition. 

The COVID-19 pandemic and the consequent lockdowns highly disturbed the present research 

since March of 2020, affecting the number of participants expected to be actively involved 

during the entire research project. Given the participatory design methodology adopted for 

this research, and the characteristics of the target audience of this study, the pandemic 

situation impeded conducting presential work with these persons, as anticipated. During the 

prototyping phase, focus groups with eight visually impaired students previously arranged 

were forced to be canceled due to the second national confinement in January of 2021. The 

pandemic also forced the closing of institutions at the national level, including museums. 

During those phases, there were no conditions to carry out the research activities as initially 

planned, causing several delays in the processes of planning the accessible exhibition, its 

design, development, and implementation. 

The exhibition developed for the Pharmacy Museum of Porto itself presents some limitations. 

Due to time constraints and museum restrictions, it was not possible to implement some of 

the dimensions proposed in the framework. The orientation and mobility system to guide 

visitors presented good results during in situ tests performed by the researcher, but it 

showed some limitations during the participants’ visits. It is also understood that its 

application limited, especially considering the diverse museum types, the nature of some 

collections, financial restrictions, and issues regarding the museum spaces and exhibition 

designs.  

The evaluation stage of the research also suffered an additional delay of one month from the 

ending of its assembling at the museum until its opening, due to the second national 

confinement. Given the uncertainty and possibility of a new lockdown, the final user testing 

was performed only for two weeks, affecting the study’s sample size. The number of 

participants was also directly affected by the pandemic situation: several visually impaired 

persons demonstrated their interest in visiting the exhibition but referred they would not risk 

doing it at the time. Also, given the constrained number of visitors allowed inside the 

museum simultaneously, participants were asked to make previous appointments to visit the 

exhibition and participate in the study, which resulted in agenda conflicts and impeded some 

persons’ participation. 
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9.3 Future Work 

Future research should focus on promoting visually impaired visitors’ accessibility in museum 

exhibitions through improved multimodality and articulate the appeal of multisensory 

experiences to enhance sensory, intellectual, and physical access. Other dimensions of the 

proposed framework can be object of research in other on-site visiting contexts, researching 

how digital media can continue to support individuals experiencing and interacting with 

diverse collections typologies. A suggestion would be testing it in the diverse museum types, 

like natural history, science and technology, art, history, archaeology, ethnography, military, 

and others. 

A relevant need for research would be to study how to support the autonomous navigation of 

blind and partially sighted visitors inside museums and other cultural places and how 

technology can contribute to assist their mobility and orientation. Audio interfaces like bone-

conduction headphones, for instance, could be explored to this end, as well as interfaces that 

simultaneously support haptic-audio interactions, e.g., bone-conduction headphones and 

vibration. The accomplishment of such a challenge would directly benefit not only visually 

impaired visitors’ autonomy and their overall museum experience, but also contribute to 

enhancing the visit of sighted persons. Also, its applicability would exceed the museum 

spaces, reaching several contexts that require navigation in indoor environments. 

Still, regarding the on-site experience, future research could assess and perform multiple 

linear regression analysis with a larger sample to study the experiences of visually impaired 

persons in museums, while mediated by digital media or not. Studies on this field lack, and it 

would be important to research in what extent digital and analogic solutions can support 

those persons’ museum experience. These could guide and assist museum directors and other 

museum professionals to understand how to better address the inclusive museum as the focus 

of the digital transformation. 

Future work should also address the post-visit phase of visiting museums by longitudinal 

studies related to visitors’ memory. Despite the already identified difficulty of conducting 

these kinds of studies, there is a gap in what concerns them in the accessibility field. This 

ambitious challenge could open new contributions and research directions regarding these 

peoples’ experiences in museums, where technology could be used to support data gathering, 

for example. 

Also, concerning longitudinal studies and taking into account the role of souvenirs as helping 

people feeling connected to meaningful experiences of their lives, a future research direction 
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would be producing digitally augmented souvenirs, accessible to the visually impaired 

persons, and test the dynamics generated from them. Those could be used as doorways to 

help visitors keeping in touch with museums, their activities, and related themes, and 

research could focus on studying their potential impacts to strengthen connections with the 

public. 

A last future research direction would be testing the proposed framework with visitors with 

other types of disabilities, for example, deafness and print disability, and with non-disabled 

ones as well, to enhance it based on their specific needs and expectancies, with the aim to 

support inclusive, meaningful, and memorable experiences for all. 

 

 

9.4 Final Remark 

The greater lesson learned with this research was that the search for social responsibility of 

museums should be made through the broader lenses of inclusion, not thinking only about 

solutions directed strictly for specific segments of the public. 

The researcher believes this thesis project can be a contribution to the field of accessibility 

in museums and accessible visits mediated by digital technologies concerning the visually 

impaired’ museum experiences. However, he is conscious that much more is still to be done. 
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Appendix  

Appendix A: Observation Grid Used to Collect the 
Data Regarding the Accessibility Strategies of Visited 
Museums 
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Appendix B: Document Model of the Authorization 
Request for Calling Volunteers for Interviews 
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Appendix C: Semi-structured Interview used During 
the Requirement Gathering Stage 
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Appendix D: Informed Consent Term for 
Participation in the Research 
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Appendix E: List of Portuguese and Foreign Cultural 
Institutions Mentioned by the Interviewees 

Table E1. List of the 101 Portuguese museums and cultural places mentioned by the 
interviewees, organized by districts and frequency of mentions by the different participants. 

Portuguese Museums  
n 

District Museum name 

Porto Museu Nacional Soares dos Reis 8 

Fundação de Serralves 7 

Museu do Carro Elétrico 6 

Museu da Misericórdia do Porto 4 

Museu Municipal de Penafiel 3 

Museu Militar do Porto 3 

Museu Futebol Clube do Porto 3 

Casa-Oficina António Carneiro 2 

Museu do Vinho do Porto 2 

Museu dos Transportes e Comunicações 2 

Casa Almeida Garrett 1 

Casa do Infante 1 

Casa-Museu Abel Salazar 1 

Casa-Museu Guerra Junqueiro 1 

Museu da Irmandade dos Clérigos 1 

Museu da Quinta de Santiago 1 

Museu do Linho e do Milho 1 

Museu do Papel Moeda 1 

Museu Mineiro de São Pedro da Cova 1 

Museu Municipal da Póvoa de Varzim 1 

Museu Nacional da Imprensa 1 

Palacete Pinto Leite 1 

Lisbon Museu Nacional dos Coches 17 

Museu da Marinha 7 

Fundação Calouste Gulbenkian 6 

Museu Nacional de Arte Antiga 6 

Museu Nacional do Traje 5 

Palácio Nacional de Sintra 4 

Museu do Aljube 3 

Museu Militar de Lisboa 3 

Museu Nacional de Arte Contemporânea do Chiado 3 

Museu Nacional do Azulejo 3 

Lisboa Story Centre 2 

Mosteiro dos Jerónimos 2 

Museu da Eletricidade 2 

Museu das Comunicações 2 

Museu de Lisboa - Teatro Romano 2 

Museu Nacional do Teatro e da Dança 2 
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Oceanário de Lisboa 2 

Pavilhão do Conhecimento – Ciência Viva 2 

Casa Fernando Pessoa 1 

Casa-Museu Amália Rodrigues 1 

Dino Parque Lourinhã 1 

Fundação Ricardo Espírito Santo 1 

Museu da Carris 1 

Museu da Pólvora Negra 1 

Museu de Cerâmica de Sacavém 1 

Museu do Ar 1 

Museu do Dinheiro 1 

Museu do Fado 1 

Museu do Mar Rei D. Carlos 1 

Museu Nacional de Arqueologia 1 

Museu Nacional de Etnologia 1 

Museu Nacional de História Natural e da Ciência 1 

Museu RTP 1 

Palácio da Pena 1 

Palácio de Monserrate 1 

Palácio Nacional da Ajuda 1 

Palácio Nacional de Mafra 1 

Palácio Nacional de Queluz 1 

Aveiro Museu de Aveiro – Santa Joana 2 

Museu Marítimo de Ílhavo 2 

Museu de Santa Maria de Lamas 1 

Museu do Brincar 1 

Oficina do Doce 1 

Braga Museu dos Biscainhos 1 

Museu Etnográfico e Arte Sacra de S. Torcato 1 

Paço dos Duques de Bragança 1 

Bragança Museu da Oliveira e do Azeite 4 

Museu Militar de Bragança 1 

Coimbra Casa Municipal da Cultura de Coimbra 1 

Mosteiro de Santa Clara-a-Velha 1 

Museu Monográfico de Conimbriga 1 

Évora Centro de Ciência Viva de Estremoz 1 

Guarda Museu do Pão 3 

Leiria Museu da Comunidade Concelhia da Batalha 8 

Museu do Vidro 1 

Museu Nacional Resistência e Liberdade 1 

Santarém Museu de Cera de Fátima 1 

Viana do Castelo Museu de Cristais de Quartzo 2 

Museu do Brinquedo Português 2 

Museu da Fábrica do Chocolate 1 

Museu do Traje 1 

Museu dos Terceiros 1 
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Núcleo Museológico do Pão e Azenha de Outeiro 1 

Paço de Giela 1 

Torre da Cadeia Velha 1 

Navio-Museu Gil Eannes 1 

Vila Real Museu da Vila Velha 2 

Museu de Arqueologia e Numismática 2 

Casa de Mateus 1 

Museu do Douro 1 

Museu do Som e da Imagem 1 

Viseu Museu Nacional Grão Vasco 5 

Museu do Caramulo 2 

Museu do Quartzo 2 

Casa-Museu Almeida Moreira 1 

Museu da Fundação Arpad Szenes – Vieira da Silva 1 

Museu de Arte Sacra da Catedral de Viseu 1 

Museu de Lamego 1 

Museu Terras de Besteiros 1 
 
 

 

Table E2. List of the 20 foreign museums and cultural places mentioned by the interviewees, 
organized by country and the number of mentions by the different participants. 

Foreign Museums  
n 

Country Museum name 

Brazil Instituto Tomie Ohtake (São Paulo) 1 

Museu de Arte Contemporânea de Niterói 1 

Museu de Arte de São Paulo 1 

Museu de Arte Moderna do Rio de Janeiro 1 

Museu Nacional (Rio de Janeiro) 1 

France Château de Versailles 1 

Louvre (Paris) 1 

Musée Picasso (Paris) 1 

Italy Musei Vaticani 2 

Colosseo (Rome) 1 

Foro Romano (Rome) 1 

Galleria degli Uffizi (Florence) 1 

Pantheon (Rome) 1 

Spain Museo Tiflológico de la ONCE (Madrid) 2 

Domus Artium 2002 – DA2 (Salamanca) 1 

Museo de Historia de la Automoción de Salamanca 1 

Museo del Prado (Madrid) 1 

Museo del Templo Expiatorio de la Sagrada Familia (Barcelona) 1 

Museo do Mar de Galicia (Vigo) 1 

Museo Nacional de Antropología (Madrid) 1 
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Appendix F: Table of the Assessment of the 
Frequency and Usefulness of Accessibility Resources 

 

Table F1. Frequency and usefulness of 16 accessibility resources in Portuguese museums. 

  
Frequency Usefulness 

  n M SD n M SD 

Originals [AR1] Touch original pieces during a visit 67 2.48 1.02 68 4.40 0.83 

[AR2] Touch original pieces during a special 
session 

65 1.63 0.84 67 3.51 1.32 

Replicas, 
reliefs and 
models 

[AR3] Touch replicas of objects without 
samples of the original materials  

63 1.79 0.85 68 4.15 0.95 

[AR4] Touch replicas of objects with 
samples of the original materials 

63 1.44 0.67 68 4.50 0.86 

[AR5] Touch reliefs of images 65 1.77 0.72 68 3.66 1.24 

[AR14] Tactile models of museum buildings 66 1.42 0.66 67 4.12 0.91 

Guided 
visits 

[AR7] Group guided tours 68 4.16 1.29 68 4.19 0.78 

[AR8] Individual guided tours 68 1.25 0.50 64 4.08 1.07 

Information [AR6] Audio descriptions of the exhibits 
through audio guides 

68 1.66 0.78 66 4.32 0.81 

[AR9] Texts in Braille 64 1.91 0.68 68 2.60 1.57 

[AR10] Labels in Braille 64 2.05 0.79 68 2.85 1.66 

[AR11] Labels with large-sized fonts 24 1.58 0.72 26 3.54 1.56 

[AR12] Texts with large-sized fonts 24 1.58 0.72 26 3.46 1.56 

Mobility [AR13] Tactile maps 66 1.24 0.50 68 4.06 1.14 

[AR15] Tactile path through tactile paving 65 1.31 0.56 68 3.68 1.15 

[AR16] Audio guides with orientation 
indications 

68 1.21 0.51 65 4.02 1.14 
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Appendix G: Exhibition Texts 
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Appendix H: Project of the Exhibit Cases 

 

 
Figure H1. Project of the exhibit cases. 
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Appendix I: Document to Disseminate the Exhibition 
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Appendix J: Research Instrument Used During the 
Evaluation Phase 

§ Pre-Visit Questionnaire 
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§ During Visit Observation Guide 
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§ After Visit Semi-Structured Interview 
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Appendix K: Table of the Correlation Analysis 
Between the Multiple Aspects Assessed by the 
Participants 

Table K1. Spearman correlation between the multiple aspects assessed by the participants 
regarding their visit experiences 

 

 


