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Abstract. Access to audible information for deaf and hard-of-hearing 
(DHH) people is an essential component as we move towards a diverse 
society. Real-time captioning is a technology with great potential to help 
the lives of DHH people, and various applications utilizing mobile devices 
have been developed. These technologies can improve the daily lives of 
DHH people and can considerably change the value of audio content 
provided in public facilities such as museums. We developed a real-time 
captioning system called See-Through Captions that displays subtitles 
on a transparent display and conducted a demonstration experiment to 
apply this system to a guided tour in a museum. Eleven DHH people par-
ticipated in this demonstration experiment, and through questionnaires 
and interviews, we explored the possibility of utilizing the transparent 
subtitle system in a guided tour at the museum. 
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1 Introduction 

Deaf and hard-of-hearing (DHH) people have difficulty obtaining auditory infor-
mation. There are several technologies that have been developed to address this 
problem, including hearing aids, cochlear implants, and subtitles. Furthermore, 
as a social issue, various efforts and technologies are becoming more common to 
ensure accessibility for persons with disabilities. 

Automatic speech recognition (ASR) is a typical example of a technology 
for people with deafness. ASR has long been considered a universal access 
method for audio information [21]. The introduction of such technology has 
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Fig. 1. Overview of the See-Through Captions device for use in museum guided tours. 
The two people on the left are visitors, and the person on the right is a guide. 

been attempted in the field of education [1], and user studies have been con-
ducted to explore how DHH people use and benefit from ASR [6,7,9]. Research 
has also been conducted on DHH people to freely utilize speech recognition in 
more varied settings than the classroom [12,22]. In recent years, research into 
text conversion using ASR on mobile devices has increased [5,10], and studies 
have been actively conducted on the use of augmented reality (AR) devices for 
displaying captions [4,16,17]. 

However, there are restrictions specific to the method of real-time captioning 
by ASR using such mobile and AR devices. For example, when communicating 
using a mobile device, the facial expressions of the conversation partner cannot 
be properly attended to by the DHH person because the mobile device must be 
viewed to see the result of speech recognition. When using an AR device, DHH 
people can see the speech-recognized text while looking at the other person’s 
facial expressions. However, the speaker cannot confirm whether the system has 
misrecognized their words, and it may occur a discrepancy in communication. 

The importance of accessibility to such speech information is being examined 
in areas other than educational settings, such as the museum. There has been 
considerable research describing the importance of improving information acces-
sibility for sensory-impaired people in museums [8,11]. For DHH people, audible 
information is most difficult to access in museums. Hence, sign language-guided 
tours are often offered [14]. Alternatively, mobile devices have also been utilized 
for displaying auditory information to DHH people [2,13,18] 

However, these methods have various problems. First, a guided tour with a 
sign language interpreter has the problem that it is difficult to recruit an inter-
preter. Sign language translators improve the quality of information that DHH 
people can receive, but at a higher social and financial cost. Second, the informa-
tion presented on mobile devices is a one-way information transmission method. 
Although users can read the information easily when using such a system, they 
cannot communicate with the guide on the museum tour. 
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To deal with these problems, we have developed a handheld type of See-
Through Captions, a real-time captioning system that utilizes a portable trans-
parent display and allows conversational partners to confirm captions without 
interfering with nonverbal communication, as shown in Fig. 1. We discussed find-
ings based on the results of a case study in which DHH people actually partici-
pated in a guided tour of a museum using See-Through Captions. 

2 See-Through Captions for Guided Tours 

Fig. 2. System configuration of See-Through Captions. 

See-Through Captions is a system that displays the results of real-time captions 
via ASR on a transparent display  [23]. In this study, the system was downsized 
and made portable such that it could be used during a guided tour in a museum, 
as  shown in Fig  2. First, we used a small, portable transparent display with a 
length of 8 cm and a width of 7 cm. As this prototype, Japan Display Inc.’s 
transparent display was used  [15]. Projected images on this transparent display 
can be seen from both sides. The resolution of the display was 320 × 360 pix-
els. The weight of the display was approximately 130 g. Next, a headset micro-
phone (WH20XL; Shure Inc.) was used for speech input. The computer that 
performed the speech recognition processing, the drive board of the display, the 
audio interface, the mobile Wi-Fi hotspot, and the battery were included in the 
backpack. The total weight of the backpack was approximately 3.3 kg. For the 
speech recognition process, the user inputs speech to the headset microphone, 
and the speech data are processed on the cloud server via the Web Speech API1 

on a web browser (Google Chrome; Google LLC). 

1 https://developer.mozilla.org/en-US/docs/Web/API/Web Speech API [Last access 
date: Apr. 1, 2022]. 

https://developer.mozilla.org/en-US/docs/Web/API/Web_Speech_API
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3 Case Study: Guided Tour in Museum 

As a case study in a museum, we conducted a guided tour using See-Through 
Captions. We collaborated with Miraikan - The National Museum of Emerging 
Science and Innovation, Japan. Miraikan hosts tours for their exhibitions by 
science communicators. Guided tour programs using See-Through Captions were 
planned by discussing between authors and science communicators. Guided tours 
were conducted in the Japanese language. 

Fig. 3. Contents of the guided tour. The map depicts the third floor of Miraikan. The 
red arrow shows the route of the guided tour. (Color figure online) 

3.1 Study Design 

Tour Contents. Tour contents were designed under the following precondi-
tions: only one group could participate in one tour, each group was required to 
contain at least one DHH person, a guide person used See-Through Captions 
when they spoke, and communication from DHH people to the guide person was 
through speech or writing. And the guide described the communication proto-
col of the tour: the guide would express “wait” in gestures of sign language if 
the ASR system stopped while the guide was talking, participants would raise 
their hand or notepad when they wanted to talk, and participants would express 
“applause” in gestures of sign language when someone talked one’s idea. The 
guide described the theme of the tour and conducted some quiz games about 
Miraikan. After this brief introduction, they entered the exhibition area. 

The tour guide explained the four exhibits. Figure 3 shows the route of the 
tour and the appearance of each exhibit. The theme of this tour was “The dif-
ference between humans and robots”. Figure 3  (a) shows an exhibition of moving 
androids (human-like robots). Figure 3  (b) shows the exhibition of a dolphin’s 
echolocation mechanism using sound and light. Figure 3  (c) shows the exhibi-
tion of a DNA Origami’s structural model. Figure 3(d) depicts the Geo-Cosmos, 
which is a “globe-like display” showing images of clouds. The exhibition depicted 
in Fig. 3(c) was excluded for some tour groups, depending on the tour’s progress 
and other scheduled events. 
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Fig. 4. Methods of See-Through Captions use in guided tour: (a) basic position, (b) 
overlay position, (c) hands-free position. 

How to Use See-Through Captions. There are three ways to use See-
Through Captions during a guided tour, as shown in Fig. 4. Figure 4  (a) depicts
the most basic way to use See-Through Captions. The display was placed in 
front of the guide’s face. Figure 4  (b) depicts the method in which the transpar-
ent display was overlayed in front of the exhibit so that participants could see 
the linguistic information while looking at the exhibit. This enabled the guide 
to use demonstrative pronouns such as “this” or “here” while pointing at a spe-
cific position of exhibits. Figure 4(c) depicts the method wherein the display was 
fixed to the chest attachment so that the guide was able to communicate hands-
free. This position enabled the guide to make hand movements. For example, 
in Fig. 4(c), the guide describes how we can express the “International Space 
Station” in gestures of the Japanese sign language. Through the guided tour, 
the guide alternated between these three usages flexibly. 

Questionnaire and Interview. We created questionnaires about the usability 
of See-Through Captions. The questionnaires included questions on the follow-
ing: (1) the readability of the ASR results, (2) the noticeability of misrecognition 
of ASR, and (3) whether they wanted to continue utilizing such a device. They 
were rated on a 5-point Likert scale. In addition, we asked the following topics 
with free description questions: (4) “if you would like to continue utilizing the 
device, which situation in your daily life would you like to use it?”, and (5) “are 
there any inconvenience points or improvements you think could be made to the 
device?”. 

3.2 Procedure 

The study was conducted in a permanent exhibition of Miraikan. Each par-
ticipant was briefly informed of the purpose of the study and told that they 
could exit the experiment at any time. These explanations were provided by 
pre-recorded videos with sign language and open captions. Participants were 
provided with a consent form to sign. They were then asked about the preferred 
position of See-Through Captions and preferred infection-prevention methods 
(face shield or face mask). After the completion of the guided tour, the partic-
ipants were asked to fill out the questionnaires and be interviewed about the 
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guided tour and their answers to the questionnaires. The total time required for 
the entire process, including one tour and interview, was approximately 60 to 
90 min. This study was approved by the research ethics committee of the Faculty 
of Library, Information and Media Science, University of Tsukuba. 

3.3 Participants 

Each tour group contained at least one DHH person; some groups contained a 
few hearing people. We conducted nine guided tours in this study. Seven of them 
included one DHH person, and the others included two DHH persons. Three 
groups included one hearing person, and one group included two hearing per-
sons. There are eleven DHH participants (7 females and 4 males), aged between 
18 and 53 years (M = 38, SD = 10.9), four hearing participants (3 females and 
1 male), aged between 36 and 56 years (M = 45.8, SD = 7.8), and one hear-
ing participant without questionnaires. Nine DHH participants had a profound 
impairment, including deafness, one DHH participant had a severe impairment, 
and another DHH participant had not answered about one’s impairment. This 
classification is based on the WHO’s criteria for hearing impairment [3]. We 
recruited participants by posting on the Miraikan website and some social net-
work services. 

3.4 Qualitative Evaluation 

Fig. 5. Result of questionnaires (5-point Likert scale). 

The results of questions that can be answered quantitatively are presented in 
this section. The aggregated results of the scores of DHH people and hearing 
people are illustrated in Fig. 5. First, the readability of the ASR results was 
highly evaluated by all DHH people and by all but one hearing person. Next, 
regarding whether it was easy to notice misrecognition in the text, some peo-
ple responded that it was very easy, whereas other respondents did not find 
it easy. In particular, one hearing person found it difficult to notice instances 
of misrecognition. Finally, all participants responded positively to the question 
of whether they would like to continue using the device in the future. Taken 
together, it is interesting to note that DHH people gave higher marks to this 
system than hearing people did. 
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3.5 Quantitative Evaluation 

We asked the participants to freely describe their answers to questions (4) and 
(5), and conducted further interviews. This section summarizes the pros/cons 
and issues of our method. 

Fig. 6. Relationship between ruby, kanji, and kana in Japanese. 

Automatic Speech Recognition. Because the core of this system is ASR, 
knowing how to interact with ASR is important. Among the functions we pre-
pared, although ruby (giving kana above kanji to show the letters’ readings, as 
shown in Fig. 6) was well received, many people identified that it was difficult to 
read when misrecognition occurred. However, such an accident is a fundamental 
issue of ASR, and it is difficult to completely overcome it. In the interviews, with 
this background in mind, participants often responded that it would be better 
for the speaker to acquire utterances and speaking styles that were easy for the 
system to recognize correctly. For example, speaking without using a double 
negation or writing technical terms, and proper nouns in a separate panel. In 
addition, many people cited dictionary registration as a function to be expected 
in the future. This is because it was often difficult to identify technical terms 
and proper nouns, and that such technical words are to be predicted in contexts 
such as museum-guided tours. 

Readability of Captions. The readability is easily affected by the background 
color/scenery and the reflection on the display. Although the system provided 
functions of changing the text and background colors, the white color that was 
felt to be the most visible in the authors’ pretest was applied, and there was no 
background color. As a result of conducting a guided tour, many participants 
commented that it might be difficult to see in some settings (especially when 
there is a strong light in the background). In addition, there was an opinion 
that it is important to be careful because the reflection on the display changes 
depending on the weather. Because these points cannot be dealt with entirely 
through system design, it will be important for the guide to be careful with their 
behavior and have a system that allows easy changes to the design. 

How to Display Captions. In this experiment, the subtitle display method 
was basically unchanged from the initial stationary type [23], and was originally 
suitable for large display sizes. Therefore, in the small version, there was an 
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opinion that the character flow was too fast and that the screen was filled with 
rephrasing when misrecognition occurred. There was also an opinion that the 
small size of the screen limited the number of subtitles that could be displayed 
at the same time; hence, the system should have a function to look back at the 
history of the conversation. 

Benefits of Transparency. We were able to obtain many positive opinions 
from the participants that they could see the subtitles while looking at the 
contents of the exhibition. There was also an opinion that it was easy to com-
municate in both directions by being able to see the guide’s face and make eye 
contact. Other studies have also confirmed that DHH people tend to prefer eye 
contact when communicating [19,20]. In addition, some participants said that 
transparency made it possible to see the whole without obstructing the view, 
and that they did not feel any gap. 

Display Position. Because this was a handheld setup, it was relatively easy 
to change the position of the device. In addition, when starting the guided tour, 
we confirmed a position that was easy for the participants to see. Based on this 
premise, in the interview, there was an opinion that “if the display is held near 
the face, it is easier because there is only one place to watch.” 

Display Type and Size. The handheld See-Through Captions used in the 
guided tour have features that are not found in existing displays. Therefore, it is 
necessary to compare it with other methods in detail in the future. In comparison 
with other methods, the opinion obtained in this experiment was that although 
the use of AR glasses was tiring, the See-Through Captions system was easier. 
Alternatively, there were many opinions that the display itself was small, and 
there were many complaints about the number of line breaks due to the small 
size of the screen. 

Challenges Specific to Guided Tours. See-Through Captions was originally 
developed as a one-to-one communication support system [23]. This experiment 
was the first to introduce the system to a guided tour. While there were many 
positive opinions, issues specific to guided tours were also found. For example, 
if this system is used with the guide’s mouth visible, people will try to read lips 
and understand the presented linguistic information at the same time, which can 
cause confusion. When multiple people participate in the tour, it will be easier 
to have more fulfilling communication if the audio content of the participants is 
also displayed. 
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In this study, we conducted experiments using See-Through Captions for guided 
tours in a museum. While many of the evaluations of our system were well 
received, some issues have remained. In particular, we must carefully consider 
the means of information transmission from DHH people. The current system 
assumes that DHH people speak using voice; however, some DHH people do not 
tend to speak by their voice. To better accommodate communication with these 
people using our system, it is necessary to consider an additional input interface. 
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