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We present a design of an indoor orientation terminal for visually impaired older adults. Interaction is based on buttons, tactile symbols, and audio feedback. The terminal consists of five parts dedicated to a particular function. The tactile symbols mimic real-world objects. We performed three design iterations and conduct evaluations with a total of 17 participants, their mean age was 84.2 years. The results show that usage of real-world objects and low level of symbol abstraction leads to an unambiguous pairing of user expectations and real functions. Introduction of complicated and abstract artifacts like contour objects or complex tactile map was very hard to understand and recognize. Our final design was well accepted by all participants and allowed the participants to orient themselves in the indoor environment.

Introduction

Visually impaired people challenged with severe impairment or even blindness (according to WHO classification [START_REF]International Classification of Diseases 11 -Vision impairment including blindness[END_REF]) appear mostly among older adults. According to Bourne et al. [START_REF] Rupert Ra Bourne | Magnitude, temporal trends, and projections of the global prevalence of blindness and distance and near vision impairment: a systematic review and meta-analysis[END_REF], 86.3 % of blind people are older than 50 years and 52.8 % older than 70 years.

Unfortunately, the research attention on visually impaired older adults is limited. We have analyzed 39 papers focusing on visually impaired people presented on last three CHI conferences (2016)(2017)(2018). When excluding studies focused primarily on children and young adults, the mean age of study participant was 37.3 years (weighted mean, sample size as weight). This clearly reveals a bias in favor of the younger part of the population that forms a minority of the visually impaired population.

As visual impairment limits mainly a person's mobility and reduces travelrelated activities [START_REF] Golledge | Geography and the disabled: a survey with special reference to vision impaired and blind populations[END_REF], solutions helping visually impaired people with spatial orientation and navigation are of high importance. A tactile user interface is one of the efficient ways of interaction for visually impaired people as their passive tactile acuity is superior [START_REF] Goldreich | Tactile acuity is enhanced in blindness[END_REF].

In our research, we focus on the design of tactile symbols used for buttons of an interactive indoor orientation system helping visually impaired older adults with orientation and navigation inside a large complex building. The previous research [START_REF] Macik | Tactile symbols for visually impaired older adults[END_REF] shows, that visually impaired older adults experience serious problems with understanding the meaning of abstract tactile symbols. Our research shows a way how to design tactile symbols whose meaning is understandable by visually impaired older adults.

Related work

There exist extensive research in the field of tactile symbols used especially in the framework of tactile maps like [START_REF] Ns Amick | Tactile graphics kit[END_REF][START_REF] Wang | Instant tactileaudio map: enabling access to digital maps for people with visual impairment[END_REF]. Besides 2D symbols researches experiment also with 3D (volumetric) tactile symbols [START_REF] Gual-Ortí | Improving tactile map usability through 3D printing techniques: an experiment with new tactile symbols[END_REF][START_REF] Gual | The effect of volumetric (3D) tactile symbols within inclusive tactile maps[END_REF]. Moreover, the tactile perception of visually impaired people is superior [START_REF] Goldreich | Tactile acuity is enhanced in blindness[END_REF].

There are also other approaches to solve the orientation and navigation by means of a combination of active and passive elements. PERCEPT [START_REF] Ganz | PERCEPT indoor navigation system for the blind and visually impaired: architecture and experimentation[END_REF] uses RFID tags with a special glove to read them. Another similar solution [START_REF] Willis | RFID information grid for blind navigation and wayfinding[END_REF] is based on RFID tag grid on the floor and speaker placed on the white cane. Other solutions typically use a smartphone or another dedicated electronic device which should be carried by the user in combination with Bluetooth beacons like [START_REF]Right Hear -App for Visually Impaired & Blind People[END_REF].

Unfortunately, all currently widely used orientation and navigation systems require the user to carry a special artifact or electronic device. We want to avoid that as our user group can often include people with mobility issues [START_REF]Musculoskeletal conditions[END_REF] or mental illness (approximately 20 % of adults aged 60 and over suffer from a mental disorder) [START_REF]Mental health of older adults[END_REF].

Analysis of related work shows that there is a lot of research dedicated to tactile symbols and alternative solutions. However, there is a lack of research focusing on tactile symbols for visually impaired older adults being a majority in the user group of visually impaired.

Design of tactile symbols

As the tactile symbols were designed in the context of an orientation system, we had to define the user requirements related to orientation and navigation at first. We cooperated with special housing for visually impaired older adults and gathered all requirements and recruited experiment participants there. Following the methodology of participatory design [START_REF] Spinuzzi | The methodology of participatory design[END_REF], we conducted a workshop with four employees of the special housing (two nurses and two social workers), 21 semi-structured interviews with residents, and numerous observations. From the requirements we can state four primary purposes of the system: spatial orientation, navigation to a known place, general information (about time, date, schedule and lunch menu) and emergency call for help. The proposed orientation system consists of three types of components (orientation terminals, guiding lines, and mini-info buttons). In this paper, we focus on the design of the tactile symbols of the orientation terminal.

The orientation terminal is a small box placed on the wall on the most strategic places in the building, like entry halls or next to elevators; it outputs all the information as natural language voice instructions. IIt serves as the central hub of interaction for the other parts of the system that relate to the information provided by an orientation terminal. It serves the following functions:

-Orientation -where I am, whats around me, where this direction leads.

-Navigation -how do I get back to safety (to my room).

-Information -what time is it, whats the date today, what's for lunch or dinner, whats the weather, whats todays schedule. -Emergency -call for help. Specifics of the target user audience create significant challenges for designing interactive devices. We decided to use buttons that will invoke the voice recordings (or TTS). The choice of buttons was made with three factors in mind. It is one of the simplest types of interaction, and it can be easily used by visually impaired as well as sighted individuals and everyone ever used a button at some point in their life (elevator, radio or television, etc.).

The previous research [START_REF] Macik | Tactile symbols for visually impaired older adults[END_REF] showed that simplified or abstract tactile pictograms did not work for visually impaired older adults. The symbol representing a clock (circle with little and big hand), for instance, was recognized by one participant only. On the other hand, simple abstract symbols, like a triangle, were recognized by almost everybody, but without any notion what function it can represent. We started looking for a different tactile representation of corresponding terminal functions, that will be both easy to recognize and assign a corresponding function of an orientation terminal.

Design A -Mimic the real world

We organized a design studio [START_REF] Blevis | Supporting design studio culture in HCI[END_REF] with four employees of the special housing (two nurses and two social workers) and came out with an idea to focus on the objects from daily-life of clients they are used to from past period. We also decided to mimic the real world as much as possible during the design of the symbols. We created a lo-fi prototype of an orientation terminal with four squared panels corresponding to four functions of the terminal (see Fig. 1). On each panel, there was an object representing a function and a square button. We have picked the following four objects as symbols:

-Wristwatch -represents time-related information. The button provides information about current time and date, daily schedule and weather. -A spoon -represents eating. The button provides information about lunch time and lunch menu. -A key -represents going in/out of the room, walking. The button provides spatial information about the nearby surroundings and directions as well as navigation instructions back to a known place (their room). -A whistle -represents loud noise, draw attention to yourself. The button provides a way to call for help. Participants. We recruited six visually impaired older adults from the special housing (5 women, 1 man), mean age 87.7 (M ED = 86, M IN = 81, M AX = 98, SD = 5.8), see table 1. The recruitment and execution of all experiments were under the supervision of the special housing authorities.

Procedure. The low-fi prototype was introduced to the participants, and then they were asked to perform exploration. We encourage them to comment aloud their exploration. Then we asked them to inspect the explored objects and identify them. After that, participants were given a task to determine what information would be provided by the orientation terminal if they would press the button next to the corresponding object.

Results. All participant correctly identified all four objects. All of them also assigned wristwatch to information about time or schedule. All participants assigned the key to a movement; three assigned it to "getting back to room", three assigned it to "leaving a room" or "leaving a building". All participants assigned a spoon to food and drink, four of six assigned spoon to a lunch menu, two assigned the information to the time of the lunch. All participants assigned the whistle to a call for help action.

Conclusion. The real-life objects were identified without any error. Moreover, the assignment to a terminal function was except the navigation function unambiguous. This can be explained by overloading this option with more slightly different functions (what is nearby and way back to a room). Our suggestions were to split these functions into more objects on the orientation terminal. 

Design B -Adding a tactile map

According to results from the Design A, we focused on splitting "what is nearby" and "way back to room" functions. We have replaced the panel with a key symbol by a tactile map, which consisted of four symbols: square representing a room, triangle/arrow representing a continuation of a corridor, a line representing corridor, and a small dot representing the current position (see Fig. 2).

Participants. We recruited 7 visually impaired older adults (6 female) from the special housing, mean age 83 (M ED = 81, M IN = 70, M AX = 94, SD = 7, 9).

Procedure. Participants were standing in a hall next to the elevator on the second floor in front of the lo-fi prototype of the terminal. They were asked to explore the terminal and describe aloud the parts of it. We used the Wizard of Oz technique to play corresponding voice information from a nearby tablet after pressing the buttons. After exploration, participants answered the following six questions one by one. Results. P2 and P7 did not recognize whistle, they thought it is a keychain. All participants correctly recognized all other objects. Questions 1 and 3 were answered correctly in all cases. No one identified "Where I am" button. P1 and P6 missed the tactile map part of the terminal. P1, P2, and P6 did not realize it is a map. P3 and P7 though it is a side projection instead of a floor plan. P5 did not explore the whole range of the tactile map, only near surroundings. P4 answered that the hierarchy and connections are too confusing.

Conclusion. The real-world objects worked again almost perfectly, however, the tactile map did not work at all. It seems that the tactile map is too complicated and too abstract for our target group.

Design C -Replacing a map with tactile cursor

Evaluation of the Design B showed that tactile map integrating more functions at once become too complicated and not understandable. We decided to introduce back the key symbol, but we reduced the functionality to "navigating back to the room" only. For the remaining functions "What is around me" and "Current position" we have introduced new artifact called tactile cursor. It consists of three triangle/arrow buttons and square button. The arrow buttons describe what is on the left/right-hand side and behind the participant. The square button describes the current location.

The whistle was changed for a metal one as these were more common during the time participants could encounter them during their life. The design of an orientation terminal now consisted of five color panels with corresponding symbols and buttons on it (see Fig. 3). All distances between objects on the panels were defined to ensure discovery of all object on a particular panel. The distances (button-to-symbol, or button-to-button) are set to a width of one finger. To manifest clearly the borders between panels, the distance between objects and the edge of a panel and the distance between edges of two neighboring panels is set to the width of two fingers. All panels also have different colors to support recognition for people with residual sight.

Participants. We recruited 6 visually impaired older adults (4 female) from the special housing, mean age 79.5 (M ED = 86, M IN = 52, M AX = 93, SD = 15.8).

Procedure. Participants were standing in a hall next to the elevator on the second floor in front of the lo-fi prototype of the terminal. They were asked to explore the terminal a describe aloud the parts of the prototype. We used the Wizard of Oz technique to play corresponding voice information from a nearby tablet after pressing the buttons. Participants were asked to predict what function or information could the buttons serve. After the exploration, participants answered the following eight questions one by one.

1. Can it tell you what time is it? How? Which button? 2. Can it tell you where you are? How? Which button? Results. All objects on the panels were correctly identified. This also includes tactile cursor and its buttons. This panel was often described as a signpost or pointer. Exchanging the whistle for a metal one improved identification. All predictions of functions were correct except for P5 who could not assign a key to any reasonable function. All participants correctly answered each of the eight questions. Every participant had a suggestion on modifications of the instructions and information given. Some requested enhanced information and more details; others suggested shortening the information.

Conclusion. Tactile cursor was correctly connected with the meaning of directions and movement by all participants. Real-world objects again proved to work as intended. Even the key object (back to my room) was experiencing correct predictions of purpose caused by narrowing down possible functions by the neighboring tactile cursor. Diversion in requests on information granularity and detail suggest further possible improvements by using different possible activations (single push, double push, long push) or usage of the contextual model and serving of personalized information.

Discussion

The level of abstraction is the key to our design. As we observed, the more abstract is the interface, the less correct mental connections are made between the interface and expected functionality. The usage of real-world objects worked in its full capability exactly as intended as real-world objects are the lowest level of abstraction we could employ. It is also important how close and related are the objects to the intended functionality and interaction context. We observed that even minor details, like the material of the object, can play a key role. For example, the metal whistle worked better than the plastic one. As the metal whistle represented exactly the object visually impaired older adults had a chance to encounter in an earlier life period.

Overloading of a single symbol with too many functions and meanings leads to ambiguous expectations and thus less reliable functionality. It turned out that fine-tuning of minor details of the symbols can improve the functionality of the design. The next step is a series of experiments exploring which aspects are important. For example, if the wristwatch should have a leather or metal watchband. Should it produce a typical tick-tock sound or be tactfully readable. An interesting idea could be the usage of the main function of the symbols. The wristwatch could really show time and date, as well as the whistle, could be blown on to draw attention.

We also observed that various people with various mental capabilities and preferences require different information and even different level of detail and granularity of the information given. The terminal should then provide a way of identification of the user and users needs and contextual adaptation of the provided information.

Conclusion and Future Work

We have conducted several iterations of participatory design and qualitative evaluation leading to a functioning interaction with orientation terminal. Usage of real-world objects and low level of symbol abstraction leads to an unambiguous pairing of user expectations and real functions with our user group of visually impaired older adults recruited from special housing.

According to our observation, future steps should be focused on improvements in audio feedback and especially contextual level of detail based on individual users capabilities and cognitive load as users directly asked for this. In terms of both extremes, some users asked for more detail while others for less detailed audio feedback.
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Fig. 1 :

 1 Fig. 1: Design A -lo-fi prototype introducing four panels with real-world symbols and buttons representing four functions of an orientation terminal.

Fig. 2 :

 2 Fig. 2: Design B -lo-fi prototype introducing a tactile map replacing the panel with a key symbol.

Fig. 3 :

 3 Fig. 3: Design C -lo-fi prototype introducing a tactile cursor providing information about the surrounding and current location. The panel with key symbol served to navigate the user back to the room. Other three panel's function did not change.

Table 1 :

 1 Table of participants for evaluation of design A, P5 is also P3 from evaluation of design C

Table 2 :

 2 Table of participants for evaluation of design B, P4 is P5 from evaluation of design C

  Can it tell you which direction the nearest staircase is? How? Which button?

	6.
	1. Can it tell you what time is it? How? Which button?
	2. Can it tell you where you are? How? Which button?
	3. Can it tell you what is for lunch? How? Which button?
	4. Can it tell you what is around? How? Which button?
	5. Can it tell you how to get to a room XY? How? Which button?

Table 3 :

 3 Table of participants for evaluation of design C, P3 is P5 from evaluation of design A, P5 is P4 from design B

	3. Can it tell you whats for lunch? How? Which button?
	4. Can it tell you whats around? How? Which button?
	5. Can it call you help? How? Which button?
	6. Can it tell you how to get back to your room? How? Which button?
	7. Can it tell you how to get to a room XY? How? Which button?
	8. Can it tell you which direction is the nearest staircase? How? Which button?