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in a Museum Context: An Experimental Perspective 

 

Xi Wang, Danny Crookes, Sue-Ann Harding & David Johnston 

Queen’s University Belfast 

Abstract  

Museums face a particular challenge in enabling blind and partially sighted (BPS) visitors to 

engage emotionally with the narrative(s) they present. In collaboration with a world-leading 

tourist attraction (Titanic Belfast) and the Royal National Institute of Blind People (RNIB), we 

have applied several different approaches for improving emotional engagement for BPS 

visitors. This paper addresses the critical challenge of how to obtain reliable evidence for 

evaluating the emotional response of BPS visitors to the museum’s audio description (AD) and 

overall experience. We consider six different methods for measuring emotional engagement, 

and consider their potential for providing reliable experimental evidence. Based on BPS-user 

feedback, we present a qualitative comparison of these methods, uniquely all applied to the 

same museum context. 

Keywords: audio description (AD); emotion; museum; blind and partially sighted (BPS); 

evaluation methods 

Audiovisual translation (AVT) studies have made “a shift from individual, descriptive case 

studies towards an attempt at establishing some evidence-based truths” (Cintas and 

Szarkowska 2020, 3). Starting from this point, this paper investigates several methods for 

obtaining experimental evidence of the effectiveness of audio description (AD) for blind and 

partially sighted (BPS) visitors to museums and, in particular, evidence of enhanced emotional 

engagement. Museums hold a privileged position in telling stories, which visitors can relate to 

their own experiences, often establishing a closer bond with their local communities. However, 

when BPS visitors are unable to access an exhibition’s emotional content to the same extent as 

their accompanying (sighted) friends or relatives, they can feel socially excluded from those 

venues.  

1. Introduction  
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In this paper, we firstly describe three related projects whose purpose is to enhance emotional 

engagement for BPS visitors. To evaluate the effectiveness of our approaches, it is of course 

necessary to measure the emotional response of visitors. We have therefore applied several 

practical methods for evaluating participant emotional responses. Because we have applied 

these methods to the same context, we are able to compare the methods reliably and 

consequently identify their respective strengths and limitations. The three related projects were 

conducted in collaboration with Titanic Belfast and the Royal National Institute of Blind People 

(RNIB). 

The paper begins with a background overview of current research, covering museum 

accessibility, and current approaches both to enhancing and evaluating emotional engagement. 

Section 3 introduces our three related projects, while Section 4 analyses our methods of 

evaluating emotional responses. These include three qualitative methods (questionnaires, in-

tour questions and focus groups) and three quantitative, technology-based methods, (a low-cost 

electroencephalogram (EEG) headset, a Tactile Self-Assessment Manikin (T-SAM) and 

software-based automatic on-the-fly gathering of user interaction statistics). These six methods 

applied in the same context enables a qualitative comparison to be performed.  

2.1. Importance of Accessibility in Museums 

Museums play a significant role in educating, engaging, inspiring and socially connecting with 

local communities, and are places where people of all abilities should be able to enjoy public 

social and cultural life. Accordingly, equal access to museums for people with various abilities 

is a human right declared at national and international levels, e.g., the United Nations 

Convention on the Rights of Persons with Disabilities, 2014.1 Cultural venues are required to 

provide accessibility, where “[a]ccessibility allows anybody to achieve specific goals with 

effectiveness, efficiency and satisfaction in a specific context of use, allows communication to 

go beyond any social, cognitive, age, gender divide and mental, sensory, physical impairment” 

(Di Giovanni and Gambier 2018, 8).  

Accessibility, then, is not a side issue, but central to the remit of museums and cultural venues 

required to meet the needs of a sizeable – and, with aging populations, growing – demographic. 

 
1 United Nations Convention on the Rights of Persons with Disabilities: 

https://www.ohchr.org/EN/HRBodies/CRPD/Pages/ConventionRightsPersonsWithDisabilities.aspx#9 

2. Background 
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Yet, for example, only 3% of UK museums provide audio-descriptive guides, and only 11% 

provide handling/tactile objects as an accessible option (Cock et al. 2018). Many disabled 

persons continue to find museums exclusive (McMillen and Alter 2017). 

Audio-descriptive guides are primary tools used to provide equal access to museums for BPS 

visitors. The AD, usually verbal descriptions of objects, can be live or recorded. It is usually 

made available through audio or multimedia guides, and sometimes used in combination with 

touch tours, handling sessions, or other multisensory tour experiences.  

Various guidelines are available on how to write and structure AD, such as those provided by 

VocalEyes2 and Mind’s Eye3 in the UK, and ADLAB (Remael, Reviers, and Vercauteren 

2015) – a project conducted across six European countries. These guidelines reveal that, apart 

from providing factual information, stories or narrative are expected to be delivered to enhance 

the museum experience for BPS visitors (Hutchinson and Eardley 2020). Many studies and 

practitioners also stress the importance of interpretive and creative AD, and storytelling, as 

enhancing social, cognitive and emotional experience and memorability (Caro 2016; 

Randaccio 2018; Hutchinson and Eardley 2019; 2020). For example, in London’s Tate Modern, 

a detailed AD of a painting by Chris Ofili, ‘No Woman, No Cry’, is delivered in combination 

with music and stories.4  

2.2. Current Solutions for Enhancing Emotional Engagement 

Emotions play an essential role in visitor satisfaction, memorability, learning and engagement 

(Bedigan 2016). Indeed, “[e]xperiencing emotion is one of the main reasons why we watch 

movies, go to the theatre or expose ourselves to different audiovisual manifestations” (Ramos 

2015, 68). Wang et al. (2020) argue that AD creation must consider the emotional engagement 

of BPS visitors. Museums employ many, often sophisticated, ways to enhance visitor emotional 

engagement, e.g., immersive audio storytelling, virtual reality (VR) and augmented reality 

(AR). However, there is limited experimental evidence to show that BPS visitors are able to 

fully experience and share the emotional engagement on offer. The ability to access a similar 

level of emotional experience adds an extra layer of social inclusion to museum visits. 

 
2 VocalEyes’s website: https://vocaleyes.co.uk/services/resources/ 
3 Mind’s Eye’s website: http://www.mindseyedescription.co.uk/ 
4 Listen to the AD of ‘No Woman, No Cry’ at: https://www.tate.org.uk/art/artworks/ofili-no-woman-no-cry-

t07502/audio-description-no-woman-no-cry 
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Greco identifies three shifts which show that the approach to accessibility has changed 

significantly in the past few years: a shift from particularist accounts to a universalist account 

of access, from a maker-centred to a user-centred approach, and from reactive to proactive 

approaches (Greco 2018). The first shift highlights the concept of universal access, and 

storytelling lies at the heart of our universal access approach. Storytelling is universal, since 

“[h]uman beings are natural storytellers; they make sense of the world and themselves through 

narrative, a form shared both by storytelling and history” (Bedford 2001, 28; Bruner 1990).  

Universal access is underpinned by user-centred design (Neves 2018, 412), Greco’s second 

shift. In 2014, Pérez-González noted that “audio describers have so far tended to select the 

information they convey to their blind audience by relying on their own intuitions as to what 

their viewers require to enjoy the narrative” (2014, 102; Orero 2008). In more recent studies, 

users are more central, and the needs, priorities and preferences of the end-users are placed at 

the core of AD research (Di Giovanni 2018). Reception studies play a crucial role in narrowing 

the maker-user gap (Greco 2018). The third shift is narrowing the maker-expert-user gap 

(Greco 2018), emphasising the creative co-production process between makers, experts, and 

end-users, where “users are not passive recipients but co-creators of meaning, and where each 

agent – maker, expert, and user – plays an (inter)active role in the semantic construction of an 

experience” (Greco 2019, 32).  

There are several recent imaginative approaches to AD, which embody these shifts and value 

emotional engagement. Neves suggests a “soundpainting” approach as a form of artistic 

transcreation promoting a multisensory art experience. AD is enriched with music, sound 

effects and even touch to “provide the story(ies) and emotions that a particular piece of art may 

offer” (Neves 2012, 290).  

In terms of universal access, Neves also proposes the use of enriched descriptive guides (EDGs) 

to create a multisensory guiding experience for all visitors in her reception study, focussing on 

the scripting of EDGs (Neves 2016). Such EDGs are employed in Batalha Municipal 

Community Museum, Portugal, which “create a more immersive, embodied, memorable 

experience and one that visually impaired and sighted people can enjoy together” (Eardley et 

al. 2017, 204). In their exploration of the use of inclusive audio descriptions to provide this 

experience, Hutchinson and Eardley compared three different modes – standard audio guide, 

audio descriptive guide and visual exploration alone – for engaging with photographs in 

London Museum, and found that, as well as enabling access for BPS visitors, sighted people 
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who used the audio descriptive guide have longer lasting memories of their experience 

(Hutchinson and Eardley 2021). 

Moreover, stories engage people emotionally, and are a powerful tool for museums. To access 

stories and emotions through AD adds a vital layer to accessibility. For example, “Everything 

Must Change”, an exhibition at the Minnesota Historical Society, brought music, photographs 

and artifacts together to tell first-person stories about moments of loss and change in the cycle 

of life. This multisensory and universal experience “resonated deeply and emotionally with 

visitors, many of whom could not watch it dry-eyed” (Bedford 2001, 30). The universal 

capacity of storytelling both to arouse a shared emotional experience and treat each visitor as 

a unique individual, opens up a space for personal connection and inspires internal dialogues 

through which “the listener’s own thoughts, feelings, and memories can flow and expand” 

(Bedford 2001, 29).  

2.3. Current Methods for Evaluating Emotional Responses  

As Greco argues, “A major consequence of the new outlook towards users is the privileged 

status that reception studies have reached in the fields affected by accessibility” (Greco 2018, 

212). Di Giovanni identifies four types of AD reception studies, mainly in the context of screen 

AD. The first strand is the what-to-describe strand, which concerns “the realm of the linguistic 

and semantic features of AD” (2018, 234). Evaluation methods include eye tracker data, 

questionnaires, etc. The second strand is a psychology-based strand, where immersion 

evaluation underpins the experiment design, based on psychological methodologies, such as 

Gross and Levenson’s Elicited Emotion Scale, to measure emotional responses to screen AD 

(Fryer and Freeman 2014, 101). The third strand, alternative-routes strand, focuses on the 

“creation, provision and fruition of AD”, such as using text-to-speech technology to record 

AD. The fourth, inclusive strand, concerns two aspects: (i) “the reception of AD as part of a 

wider, multifarious entertainment experience”, and (ii) “AD as an element among many, a brick 

in the wall of universal design and accessibility for all” (Di Giovanni 2018, 244). Examples 

are enriched descriptive guides (Neves, 2016) and the Easy Access for Social Inclusion 

Training (EASIT) project, run by the Transmedia Catalonia research group at University of 

Barcelona, investigating training and design methods whereby (audio-visual) information is 

made easy to understand using Easy-to-Read language and Plain Language.5 All four of these 

 
5 Project website: https://pagines.uab.cat/easit/en 
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strands run through our own research context and the three projects described in this paper 

(Section 3).  

Experimental research on screen AD is usually conducted in a controlled setting. However, 

evaluating AD in museum contexts raises further challenges. People usually enjoy screen AD 

more passively, while in museums, AD involves movement, touch, or interaction at the same 

time as listening to the descriptive guides. Navigation, safety, comfort, and even proprioception 

can be so critical that simultaneously hearing a description can be a hindrance rather than a 

benefit (Remael, Reviers, and Vercauteren 2015). 

Given the differences between screen AD and descriptive guides, the challenges raised in 

relation to evaluating AD for museums may relate to other factors. In particular, (i) the setting 

is not entirely controlled when the evaluation happens in a real scenario; (ii) AD is not the only 

tool for BPS visitors to access information; (iii) BPS visitors may navigate, move, touch and 

handle objects and interact with family members, friends, museum staff or even strangers in 

museums while listening to AD; and most importantly, (iv) even the best AD cannot guarantee 

a high-quality visitor experience, as everyone brings their own background and interests and 

has to interact with the physical space and people around them (Falk and Dierking 2016). 

Therefore, the AD is part of a personalized and participatory experience.  

Chmiel and Mazur (2012) describe standard reception studies in AD research, such as using 

questionnaires with qualitative and quantitative responses, interviews, and focus groups. These 

approaches offer many benefits. For example, unstructured or semi-structured interviews help 

researchers gather much valuable qualitative data (Pérez-González 2014, 159). However, as 

Tymoczko observes, many specialists “lack basic training in hypothesis formation and testing, 

recognition and determination of margins or error or uncertainties in research conclusions, 

protocols facilitating replicability of results, and interrogation of the researcher’s perspective 

and presupposition” (Tymoczko 2014, 142). Another methodological difficulty is that some of 

the answers may be influenced by respondents’ lack of concentration, or the wish to avoid 

criticism, or memory unreliability. There is also the problem – perhaps the key problem – that 

reception studies require time and effort from both the subjects and the researcher, and need 

close cooperation.  

Other problems facing any evaluation method include: the number of participants involved, 

particularly for a specialised group such as BPS people; the obtrusiveness of data gathering; 



 7 

and the accuracy of measurements of emotional response and visitor experience. Therefore, 

much remains to be done to contribute to “research methods and tools for framing the 

experience by the sensory impaired, in order to feed back into practice and effectively gauge 

the validity of the ‘for-all’ approach” (Di Giovanni, 2018, p.246). The remainder of this paper 

proposes a contribution to this research. 

We have collaborated with Titanic Belfast and the RNIB to develop the use of new technologies 

to improve accessibility and visitor experience for BPS visitors, and to evaluate the 

effectiveness of these technologies. Titanic Belfast is recognised internationally as a top tourist 

attraction, and was awarded World’s Leading Tourist Attraction in 2016. Located on the site 

where Titanic was built and launched, Titanic Belfast has the potential for deep emotional 

engagement with local history and Titanic’s human stories. We now describe three specific 

projects which we carried out as part of our collaboration with Titanic Belfast. 

3.1. Project 1 - An Analysis of BPS Visitor Experience  

To evaluate the specific responses of BPS visitors to Titanic Belfast, we arranged for several 

groups of BPS people to visit the venue. Each person undertook a tour of part of the exhibition 

using the venue’s existing audio descriptive guide. One of the evaluation methods we 

experimented with was the use of an EEG headset to gather data which would later be used to 

evaluate whether the person was having either an emotionally stimulating experience (positive) 

or an unengaging experience (negative). As a complimentary approach, during the tour, the 

(human) tour facilitator asked occasional in-tour questions to monitor visitor responses. 

Finally, at the end of the tour, a questionnaire-based reception study was carried out. Full details 

of the study have been published elsewhere (Wang et al. 2020), but in section 4 we will focus 

specifically on the instruments used to evaluate visitor emotional engagement. 

3.2. Project 2 – The ‘Story to Journey to Smart Map’ (SJSM) Approach  

As the basis of an approach to Universal Access, we have proposed the ‘Story to Journey to 

Smart Map’ (SJSM) approach. As noted above, emotional engagement with stories is generally 

a universal human capability, whatever a person’s level of ability or disability. It is therefore a 

key aspect of our approach to universal access. We have further noted that, through history, 

stories are often based on journeying (Homer’s Odyssey, Virgil’s Aeneid, etc.). The third pillar 

of our approach is that a journey can often be represented physically as an interactive 3D tactile 

3. Our Research Context: Three Projects with Titanic Belfast 
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smart map. The journey can be in space (geographical) or in time (an historical timeline), or in 

other domains. We have applied this approach to create a smart map of Titanic’s maiden voyage 

(see Figure 1). Full details of the study have been published elsewhere (Wang et al. 2021). 

 

Figure 1. The interactive 3D tactile smart map of Titanic’s maiden voyage  

This map aims to bring visitors on board Titanic. Visitors use their fingers to trace the voyage 

route, along which several multi-function buttons respond with the relevant AD for that point 

in the journey. Users can request additional information or personal stories by long pressing 

the same button, perhaps several times. They can hear music typical of the different locations 

and follow the personal stories of some passengers narrated using different voices. Every 

button press is timestamped and logged automatically by the software. 

3.3. Project 3 - A Voice-driven Interactive Audio Descriptive Guide 

While smart maps can enhance the experience for BPS museum visitors, they are only part of 

the overall experience, since the user is static while exploring the journey. Supporting BPS 

users in touring exhibitions potentially necessitates extra support. Accordingly, we have used 

more advanced technologies to improve visitor experience, developing a prototype voice-

driven audio descriptive guide for Titanic Belfast – a sort of Alexa-like device, dedicated to 

the venue. It is a piece of software, deliverable as a mobile app, using high quality text-to-

speech technology to generate the AD. Following Project 1 feedback from BPS users about the 

difficulty of using the keypad to control the existing standard audio guide, we now use speech 

recognition for input. 
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The guide enables visitors to autonomously enjoy a semi-structured guided tour of the galleries 

and navigate the facilities. Specifically, the guide has four functions: audio description, 

navigation, assistance, and free-format question response. Like other audio descriptive guides 

in museums or galleries, the audio descriptive guide is designed to accompany visitors on their 

way through the galleries. Visitors can ask to repeat the most recent AD, ask for more AD, or 

move on to the next display. At certain points, visitors can also select which path to follow 

after hearing an overview of the options. The guide also provides navigational instructions for 

proceeding to the next location, and visitors can ask for assistance by selecting from options in 

relation to the location of lifts, toilets, café, etc. Finally, visitors can ask any free-format 

questions about the Titanic and the exhibits in the galleries, such as How big was the Titanic? 

and Who designed it? We have a database of about 900 questions and answers. To enhance 

user freedom in formulating questions, we use various techniques such as AI-based fuzzy 

matching and multiple ways of asking for the same information in the database. 

In each of our three projects, we had to measure the emotional engagement of BPS visitors. 

We experimented with various approaches, six in all: three were more qualitative in nature, 

and three more quantitative. Although these methods examined below are used in combination, 

in this central section we discuss each approach separately for the sake of clarity; firstly the 

three qualitative methods, then the quantitative, technology-based methods. We also present 

some experimental results from our evaluations using each method with BPS participants. 

4.1. Questionnaires  

Questionnaires with qualitative (open-ended) and quantitative (Likert scale, multiple choice) 

questions were used in Projects 1 and 2 described above, in combination with other 

experimental approaches. Participants were questioned verbally after taking the tour and 

exploring the smart map, and user responses were recorded in writing by the researcher 

conducting the reception study.    

The advantages of the questionnaire approach are well documented. However, it presents 

several problems. Obtaining accurate data can be time-consuming and staff-resource intensive. 

Importantly, since the questionnaire is completed after the fact, and since participants’ 

emotions can vary considerably at various stages of the tour or smart map exploration, they can 

forget their emotional reactions at specific points.  

4. Measuring AD and Emotional Engagement and Experimental Analysis 
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4.2. In-tour Questions 

During the tour described in Project 1, the human guides asked a number of open questions – 

such as, How do you feel so far? – at various fixed points in the tour. Participants could freely 

express their ideas about their emotions, their visitor experience, their thoughts on the AD, any 

particular points of interest, etc. The advantage of this is that we can capture response in real 

time, rather than after the tour end. However, asking the questions and recording the answers 

needs to be done by a human guide, which requires extra staff resources (we propose a more 

convenient way of achieving this in Section 4.6 below). A further issue is whether asking users 

to articulate their emotions forces them to become more aware of their emotional state 

(interrupting their actual engagement with the museum story), and whether this process of 

sharing emotions may indeed affect their emotional state. This aspect needs further 

investigation. 

4.3. Focus Groups 

We carried out several focus groups as part of all three projects. Focus groups are particularly 

helpful in a project’s early design phases, since major changes can be accommodated more 

easily at that stage. As an example of reducing the maker-expert-user gap (Greco 2018), 

mentioned above, a focus group can produce original ideas and suggestions, previously not 

considered by the developers and stakeholders. Here, we report on one particular online focus 

group held during the Covid-19 pandemic (by the time of the meeting, all participants already 

had experience in using video-conferencing software).   

The purpose of this group was to evaluate our prototype voice-driven interactive audio 

descriptive guide, described above in Project 3. Carrying out a proper evaluation, including in 

situ use, was challenging during the pandemic when the museum was closed to visitors. With 

the prolonged effects of the pandemic, however, we decided that an initial, even if partial, 

evaluation through an online focus group was better than no evaluation at all.  

During this online reception study, we played a 12-minute demo audio-clip simulating the use 

of our interactive audio descriptive guide. The audio-clip, a recording of one of the researchers 

using the guide, demonstrated a number of guide features, including a semi-structured guided 

tour of the Fit-out Gallery (that presents the ship’s interior), the navigation features, the user-

led request for (or decline of) more information, a request to replay the most recent AD, and 
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the novel free-format Question and Answer (Q&A) feature of the guide. A group discussion 

with the BPS participants followed. 

The response of the focus group was universally enthusiastic. While the group commented on 

a wide range of guide features, we list here only the main points which reveal BPS-specific 

cognitive design issues: 

• The group suggested the idea that, for certain exhibits, the AD narrator could ‘hand over’ 

to different narrators (such as crew members), with different voices and identities. This 

reflects the fact that BPS visitors are more likely to perceive the world as consisting of 

people, not merely sources of information. We call this principle the personisation 

principle: having an appropriate number of clearly visualisable persons presenting the AD. 

This is easier with today’s more sophisticated speech synthesis technologies. 

• When discussing the Q&A facility, it became clear that BPS visitors might ask questions 

not included in the database. For example, the AD for the First Class Cabin mentioned a 

teddy bear on the bed. One participant said she wanted to ask, “Why is a teddy bear there?” 

Given the current state of AI, no automatic system could respond to this. This apparently 

minor comment actually reveals four important AD design principles: (i) BPS participants 

may have a greater interest in the personal stories behind objects which sighted people 

might overlook; (ii) The purpose of objects mentioned in passing in the AD might not be 

apparent to a BPS person, whereas a sighted person might be able to deduce the answer by 

scanning the context visually; (iii) Considerable care therefore needs to exercised in 

constructing the AD, perhaps avoiding the mention of throwaway details that generate 

unpredictable responses unlikely to be in the Q&A database; (iv) It is important, in practice, 

to have a human expert in the Q&A loop, to whom questions not in the database can be 

automatically referred in real time, rather than responding with the stock “I’m sorry, I don’t 

have the answer to that question.” These new questions, and their answers, could then be 

automatically added to the database, so that in time it becomes populated with the questions 

users actually ask rather than being limited to what the designers envisaged. The cost would 

be to have an expert on call, but this could be an existing staff member. 

• The navigation instructions, which sometimes told the user how many steps to take, was 

perceived as providing participants with a greater sense of safety and independence. 

• Nevertheless, perhaps the greatest concern BPS visitors have is their fear of getting lost. 

The navigation instructions in our prototype did not employ location sensing technology 
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such as the beacon system (Sakpere, Adeyeye-Oshin, and Mlitwa 2017); so our current 

system itself could not know if the visitor was lost, and could not guide the person back to 

where they went wrong. This whole issue highlights the need, not only for location-based 

navigation technology within the venue, but, crucially, for this navigation to be integrated 

into the audio guide. 

In summary, the value of the focus group approach lies not only in measuring user response, 

but also in discovering design principles relevant to the particular group. The use of the focus 

group approach is thus iterative, and should begin at the earliest stage of concept design. As 

the working prototype develops, the role of the focus group will move from exploring 

fundamental design issues to measuring and evaluating user responses.   

The focus group approach has acknowledged limitations, which we experienced. Since the 

participants were not able to use the navigation system themselves, they could not test it, and 

had to rely on the recorded demo, which was limited in terms of its features and capabilities. 

Also, in terms of group dynamics, one strong participant can lead the group, either in a positive 

or a negative direction. Nevertheless, under the circumstances beyond our control, we found 

that using a carefully prepared demo audio recording was a very effective way to communicate 

the likely experience of the guide, prompting much speculation and leading to enlightening 

discussion.  

4.4. EEG 

As part of Project 1, we conducted a study into whether EEG-based emotion recognition can 

be used to evaluate the emotional responses for a group of BPS visitors to Titanic Belfast. The 

aim was to ascertain whether such technology might improve the reception process. Another 

reason for using EEG, rather than more well-established approaches such as galvanic skin 

response (GSR) and Electrocardiography (ECG), was that the physical process of walking 

through a museum may affect physical characteristics, such as heart rate and sweating, in ways 

that could obscure the emotion we wanted to detect. 

Our study was in two stages: training and test sessions. We used the low-cost Emotiv Epoc+ 

headset, the MyEmotiv app, and we took the output of the MyEmotiv app for emotion 

recognition as the input to our own neural network.  
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The training session was conducted in a controlled environment, with ten BPS participants. We 

used this session to gather training data to train a neural network for classifying the overall 

response as either positive (sad or happy) or negative (bored or confused), and to do an initial 

evaluation of the feasibility of the concept before applying it. A range of emotions were 

stimulated using video and audio clips volunteered by the participants in advance. The neural 

network was able to successfully identify the correct category about 85% of the time. This gave 

us sufficient confidence to proceed to testing the technology live. 

The testing stage took place in Titanic Belfast. Eleven BPS participants wore the EEG headset 

during the tour, five of whom had participated in the first stage. However, we found that the 

classification results in the real-world environment were disappointing, and revealed little 

ability to identify emotional responses reliably. This reflected previous studies using the Epoc+ 

headset.  

As an evaluation of the portable EEG approach for measuring emotional engagement in a real- 

world venue, we make the following methodological observations: 

• It is difficult and costly to get a sufficiently large sample size of participants to make the 

results statistically meaningful. 

• The quality of data from a portable headset EEG is much inferior to that from an MRI scan. 

The latter, however, is not feasible for a real-world test. 

• Using the output of the MyEmotiv app can be problematic, as the commercial software 

provides no information on how the EEG signal has been filtered, cleaned, transformed, 

etc.; nor on the contexts in which it has been tested.  Similarly, Orero et al ( 2018, 114) also 

point out the shortcomings of the app, “since the manufacturers do not share the algorithms 

used for data processing, making it impossible to verify the calculations”. 

• The reception questionnaire results in our study pointed to a more fundamental problem 

with using EEG data in a real-world environment. Some users reported that they 

experienced a mixture of conflicting emotions simultaneously. For example, one person 

said that the noisy ‘Ride’ through the ship building exhibition made them feel disoriented 

and afraid; yet they also reported that it was enjoyable. It is likely to be practically 

impossible ever to be able to generate sufficient training data for machine learning 

algorithms to be able to distinguish multiple simultaneous emotions reliably. 

• Using an EEG headset is intrusive. Fitting the sensors to the head was somewhat 

uncomfortable, and occasionally they became detached in the real-world test. While some 
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participants found wearing the headset interesting and even ‘cool’, others felt some 

embarrassment. This is in keeping with the rising awareness among scholars (Ekandem et 

al. 2012) that participants may find EEG monitoring equipment embarrassing or intrusive, 

not only causing discomfort to participants but disturbing the very emotional responses the 

technology aims to detect and measure.  

We therefore conclude that, as a general approach to measuring visitor experience and 

emotional response in a real environment, the EEG approach is intrusive, inaccurate and 

unlikely to be capable of the complex task of distinguishing between multiple simultaneous 

emotional responses to the AD and responses to other environmental triggers in real situations.  

4.5. A Tactile Self-Assessment Manikin (T-SAM) 

First designed by Lang (Bradley and Lang 1994), a SAM is a simple picture-oriented and self-

managed tool designed to measure a person’s emotional state. Bynion and Feldner described 

these states in terms of three dimensions: “valence/pleasure of the response (from positive to 

negative), perceived arousal (from high to low levels), and perceptions of dominance/control 

(from low to high levels)” (2017, 4654). They represented each scale by a set of visual 

emoticons. 

For BPS participants, these visual icons should be tactile. Gallardo and Ulrich (2020) were the 

first to create a tactile version of SAM (called T-SAM), which they evaluated with a focus 

group and further revised based on their findings. They removed the third feature – perception 

dominance/control – as they found that Lang (Lang, Bradley, and Cuthbert 2008) and other 

scholars tend not to use this feature (Iturregui-Gallardo and Méndez-Ulrich 2020). Gallardo 

and Ulrich also simplified the graphic features of the T-SAM used to represent the valence and 

arousal scales.  

Based on their evaluation with a focus group of BPS people, Gallardo and Ulrich (2020) found 

that their T-SAM is understandable and usable for people with low vision and who become 

blind later in life. Limitations, however, were found with people born with sight loss, who 

found the SAM difficult to understand; for example, participants who are born blind may have 

difficulties ‘reading’ faces. Nevertheless, the study found that this group can understand the 

SAM with appropriate explanation.  
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Based on Gallardo and Ulrich’s model, we designed and produced our own tactile SAM, using 

a laser-cutting machine to engrave the emoticons on a plastic board. For BPS participants, we 

removed every detail which was not necessary for the tactile experience.  For the valence scale, 

we retained only the mouth part of the face. We also did not include Braille or large printed 

numbers. For the arousal intensity scale, we used increasing numbers of symbols to represent 

the increase in emotional arousal. Our resulting T-SAM is shown in Figure 2. The five symbols 

in the first row range from an ‘unpleasant’ to a ‘pleasant’ mouth expression (from sad to happy 

emotional state). The five symbols in the second row express the strength of feeling (arousal) 

in terms of increasing intensity.  

Figure 2. Our simplified T-SAM showing symbols for valence (top row) and intensity (bottom 

row)  

We used our T-SAM in the context of evaluating user emotional response while using the smart 

map for Titanic’s maiden voyage, as part of Project 2. Our BPS participants were given time 

to become familiar with the T-SAM. Everyone was comfortable with using the T-SAM and 

found it clear and easy to use.  
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When each participant began to explore the interactive smart map, they were asked to respond 

after visiting each point in the map which had an AD button. They used their finger to point to 

any of the five symbols in each scale, or in between if their emotions were in between. Cameras 

were used to record what they were pointing at and where they were on the map (see Figure 3). 

This numerical data was then captured afterwards by viewing the video.  

Figure 3. A BPS participant testing the map and using the T-SAM at RNIB. Used with 

permission. 

We accumulated the data for all six participants, and plotted the numbers of each reported 

emotional state on a 5x5 grid (see Figure 4). This shows how many times each emotional state 

(in terms of valence and arousal) was self-reported by each BPS participant while exploring 

each stage of the smart map (a total of 60 reports).  
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Figure 4. The total number of self-reports for each emotional state for 6 users 

From Figure 4 we can draw at least two conclusions: (i) 42 out of 60 (70%) reported an arousal 

level as either high or very high (4 or 5). This indicates the success of the smart map in 

enhancing emotional engagement. (ii) The number of ‘sad’ emotional states (1 or 2) is 8 out of 

60 (13%). Given the subject of the tragic journey, we might have initially expected a higher 

level of ‘sad’ emotional states. However, since only the last button deals with the actual sinking 

of the Titanic, the other buttons correspond to the ‘happier’ part of the maiden voyage (see 

Figure 1). Therefore, the experimental data corresponds closely to the emotional responses the 

smart map is intended to produce. This gives us some confidence in the reliability of the T-

SAM approach. 

Although the T-SAM facilitates BPS participants’ self-evaluation of their emotional responses, 

processing the video is time-consuming, although not difficult. This aspect of our T-SAM could 

be improved by including a Bluetooth button with each emoticon for automatic recording of 

the data. 

4.6. On-the-Fly Interaction Usage Statistics 

A valuable feature of our software-controlled devices (the smart map and the voice-driven 

audio guide) is that we have included software to automatically monitor and log visitor 

interactions on-the-fly. This can mitigate social bias in questionnaire completion. We can 

record which AD files were listened to and for how long; the length of time between button 

presses may also be relevant. We can compare this data with the answers in the questionnaire 
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completed in the reception study, and later use statistical analysis to detect usage patterns across 

many users, such as the typical uptake of each AD fragment, and which parts of the AD are 

more, or less, popular.   

The same approach is used in our voice-driven audio descriptive guide (Project 3). We have 

also integrated a feedback feature in the guide to ask the in-tour questions and log the answers 

as text. Questionnaires can also be carried out through the guide. Again, the uptake of each AD 

fragment is logged. We also log the help requests and the questions asked and answered (or 

not) in the Q&A feature. Over time, data for a large sample set of users can be accumulated 

and processed without any staff involvement. This gathering of on-the-fly feedback should 

enable the venue to respond continuously to visitor needs. With enough data, machine learning 

could be used to detect less obvious usage patterns and correlations. The logged data is 

anonymised, although some form of user profile (e.g., if the visitor is sighted, blind, or partially 

sighted) might be helpful.  

The benefits of this approach are that it requires fewer staff and resources; it is less intrusive; 

it can accommodate a large sample size; the data itself is objective and accurate; and it can 

facilitate the venue in delivering continuous improvement. A significant limitation of the 

approach is that, while the data can be used to measure individual interest and engagement, it 

does not measure individual emotional engagement directly. (It may be that machine-learning 

approaches acting on accumulated data could indirectly measure collective rather than 

individual emotional responses). There may also be privacy and ethical issues, and users need 

to give permission to have their anonymised data retained and processed.  

4.7. Qualitative Comparison of the Six Methods 

To summarise, Table 1 compares our six approaches, in terms of personal (non-) intrusion, 

staff resources needed to gather the data, and the accuracy of the data in evaluating emotional 

response or interest. We use a simple, admittedly subjective, five-star ranking for each category 

(from 0 to 5), where five black stars indicate the best evaluation (low intrusion, few resources, 

high accuracy) and zero stars indicates the worst (highly intrusive, many resources, low 

accuracy). Our ratings are debatable, but are intended as a summary of our comments above. 
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Table 1.  Comparison of the six methods in the same museum context6  

In this paper, experimental experience in evaluating AD and determining emotional 

engagement of BPS visitors in a museum context is discussed and analysed based on six 

different tried and tested measurement approaches, whose advantages and shortcomings are 

discussed. Each approach presents its own challenges. By using each approach in the same 

context (Titanic Belfast), we are uniquely able to compare the six approaches on something of 

a level playing field. 

It is clear from the analysis that, while portable EEG technology may improve in the future, 

there are currently fundamental reasons why it is not feasible in a real-world environment. Our 

findings with the more traditional Questionnaire approach confirm the known benefits (data 

quality) and shortcomings (resource issues). The In-tour question approach has similar 

properties to the Questionnaire approach, though it is less intrusive and requires fewer 

resources, especially if integrated into a voice-driven audio guide. The tactile SAM (T-SAM) 

approach appears to give the best data quality, and is particularly promising and convenient for 

static exhibits such as a Smart Map – provided the T-SAM device is fitted with Bluetooth 

buttons. Perhaps the most novel approach is our on-the-fly statistical data capture approach, 

which offers potential benefits for the museum in supporting longer-term improvement while 

requiring few staff resources. Focus groups are a well established approach, and are generally 

 
6 Assuming the T-SAM is Bluetooth enabled for automatically recording the self-reports 

 Non-intrusive 

for visitor 

Staff Resources 

required 

Data quality and 

accuracy of  

emotion/interest 

Questionnaire 
   

In-tour questions 
   

Focus groups 
   

EEG 
   

T-SAM 
   

On-the-fly 

statistics    

 

5. Conclusions  
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more helpful at the initial design stages – where they can generate significant and otherwise 

unforeseen feedback – rather than for gathering emotional responses. 
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