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Abstract. This is a case study of the design of a communication system and its 
interfaces aimed at addressing the communication needs of the hearing-
impaired. The design work is based on an in-depth investigation of the prob-
lems pertaining to mobile phone usage and general conversation difficulties of 
Korean deaf people. It was determined from this investigation that the technol-
ogy-related issues of the hearing impaired are not limited to usability or acces-
sibility, but arise from hindered executive actions and differing executive  
behaviors for achieving communication goals at varying levels of ability. 
Therefore the design study has developed a new approach to the unique com-
munication needs of the hearing-impaired, as well as their behavioral patterns, 
and presents possible overall improvements in face-to-face and distance  
communication through mobile technology.  
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1   Introduction 

Despite the increased usability and accessibility of information technology, there are 
still substantial challenges with regard to technology design for people with disabili-
ties. There exists a broad range of activities that occur after the initial perception that 
a person must undergo to fully interact with a device and to fulfill the person’s inter-
action goal. [1] Although many technologies provide supplementary “accessible” 
means through which the disabled can perceive and react to interface information, this 
by no means renders them “usable” in that the interaction is often unsatisfactory. [4] 
To provide satisfactory technology usability, for users disabled or not, designers need 
to focus on consideration of users' practical goals and behaviors. In order to design a 
user-friendly technology for the disabled, we need expansion from a design perspec-
tive, in consideration of their overall goals and behaviors, that stretches beyond partial 
accessibility. 

This is a case study of the design of a communication system and its interfaces 
aimed at addressing the communication needs of the hearing-impaired. The design 
work is based on an in-depth investigation of the problems pertaining to mobile phone 
usage and general conversation difficulties of Korean deaf people. The design  
study has developed a new approach to the unique communication needs of the hear-
ing-impaired, as well as their behavioral patterns, and presents possible overall  
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improvements in face-to-face and distance communication through mobile technol-
ogy. This paper includes the knowledge gained from the investigation and explanation 
of the methods used to overcome the overall problems. 

2   Gulfs in Disabilities’ Technology Interaction 

According to Donald Norman (1990), in the use of a product, there are gaps, called 
gulfs of execution and evaluation, between user goals and an artifact (Figure 1) [2]. 
The gulf of execution lies between our desired achievement (our goals and intentions) 
and the available means of physical execution. The gulf of evaluation reflects the 
amount of effort required by the user to interpret the physical state of the system and 
to determine how well expectations and intentions have been met.  

When an artifact is used, the gap is bridged through the user's specific actions. To 
bridge the gulf of execution, users perform actions as follows: 

1. The user forms an intention to achieve a goal.  
2. The user specifies a sequence of actions required to achieve the goal.  
3. The user physically executes the intended actions to achieve the goal.  

The evaluation stage can be broken down into three parts also: 

1. The user perceives the state of the world after the performance of some actions. 
2. The user interprets those perceptions according to the expectations resulting from 

the actions. 
3. The user must examine the current state of the world with respect to both his/her 

own intermediate expectations and his/her overall goal [1]. 

 

PHYSICAL SYSTEM USER’S GOALS

GULF OF
   EVALUATION

GULF OF
    EXECUTION

 

Fig. 1. Interaction Gulfs (Norman (1986)) [3] 

In the HCI area, the gulf framework between user goals and an artifact, has helped 
to discuss usability problems such as the ease with which users can find possible 
actions and execute them accordingly, and whether they can determine the interaction 
state without misunderstanding and can respond to it. For Instance, Norman suggested 
visibility, a sound conceptual model, good mappings and feedback, as typically good 
design principles to reduce the distance of gulfs [2].  

However, for the disabled, whom have limited sensory or other abilities, solutions 
to the gulf problem are not limited to good conceptual model and feedback. From our 
investigation of mobile phone usage by the hearing-impaired, it was determined that 
the technology-related issues experienced by these people arise from hindered  
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executive actions and differing executive behaviors for achieving communication 
goals at varying levels of ability. On the basis of Norman’s executive stage action 
framework, to achieve the goal, the disabled need to specify and execute a sequence 
of actions planned to achieve the goal. However, the limited sensory function of the 
hearing-impaired interrupts the sequence of communication actions, rendering them 
unable to achieve the goal through the same means as those with unimpaired hearing. 
This interruption extends beyond interface perception problems to fundamental com-
munication activities. From the user research, we found that the hearing-impaired are 
giving up on their communication goals due to a lack of executive actions, and that 
they have altered their actions unrelated to hearing to supplement the broken actions 
and ultimately achieve their intentions, if only primitively. The differing behavioral 
patterns in supplementary actions have also lead to serious usability problems in their 
technology usage. 

3   User Research on Communication for Hearing-Impaired 

With the aim of designing a mobile communication system for the hearing-impaired, 
we investigated hearing-impaired mobile phone usage and general conversations. 
Three sessions of focus-group interviews (FGI) with eight hearing-impaired people and 
three sign language interpreters were conducted in two Korean cities. The first inter-
view was at Kimhae sign-language interpretation center, with interpreters whose job is 
to assist hearing-impaired people in their everyday communication. It was a pilot-
interview to gather basic knowledge on how the hearing-impaired communicate and to 
get some advice on interview methods for deaf people. The second and third interviews 
were conducted with five deaf citizens and three deaf people from the Korea Associa-
tion of the Deaf, at the Kimhae branch and Chanwon branch, respectively. The partici-
pants were aged from their twenties to forties; six people lived with their families and 
two lived alone. The FGI is designed to discuss issues relating to hearing-impaired 
communication, how they use mobile phones and what particular and practical needs 
they have for both mobile phone usage and general conversation. Because writing is 
insufficient in complex interview communication, due to the differing grammatical 
structure of sign language and written Korean, the second and third FGIs were  
interpreted by sign-language interpreters between a moderator and participants. The 
interpreted interviews were voice-recorded with participants' consent.  

From the interviews, we found hearing-impaired people to have the same objec-
tives in general conversation and mobile-phone usage, communication, as those with 
unimpaired hearing, but with the obvious hindrance of their disability standing in the 
way of them accomplishing goals. The current technological design trends don't do 
enough to help bridge the gap. The main means of communication between the hear-
ing-impaired is sign-language at close range. They use sign-language via video call-
ing technology in distance communication, in addition to Short Message Service 
(SMS). In a conversation with a person of unimpaired hearing who is unacquainted 
with sign language, they use writing or lip-reading at close range, and SMS for dis-
tance communication. When a complex conversation is necessary with a person of 
unimpaired hearing (e.g. at a hospital or government office), either via face-to-face  
or by distance communication, deaf people often need sign-language interpretation 
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because SMS and writing are often awkward due to the differing grammatical struc-
ture of sign language and written Korean. However, the current interpretation service 
for such cases is available only in a face-to-face conversation involving a deaf person, 
an interpreter, and a conversational partner. On account of this, the hearing-impaired 
tend to give up most distance communication, and even close-range communication 
with those of unimpaired hearing (Figure 2). 

 

Unavailable
communicationUnavailable

communication

 

Fig. 2. Available executive actions for close-range and distance communication 

In addition, limited hearing sensitivity differed other communication actions using 
mobile phones for SMS and video-calls. Because the hearing-impaired accomplish 
communication through these alternative means, to supplement their hindered com-
munication channels, it has altered their SMS and video-call behaviors. Consequently, 
these differing behaviors lead to serious usability problems. Whereas SMS usage is 
secondary to voice calls for people with unimpaired hearing, SMS is the primary 
means of distance communication in Korea's deaf society. Differing from short in-
formation exchange in non-deaf people’s usage, for a simple but garrulous conversa-
tion, the hearing-impaired exchange at least four to ten times as many messages.  
Often in the SMS interface corresponding to the message received time, the sent or 
received messages forming a continuous conversation are mixed with messages from 
other conversations, interrupting the smooth flow of hearing-impaired communica-
tion. Because of these difficulties, sign language conversations between deaf people 
via video call have recently enjoyed an increase in popularity. However, the video-
calling interface is designed to show only the speaker’s face, and is generally too 
small to accommodate the chest and the two hands making signs, or postures in which 
signs are made using only one hand while the other hand holds the phone. In being 
alerted to mobile phone signals, the hearing-impaired have shown particular behav-
iors: because the vibrating signals supplementing auditory signals aren’t effective if a 
device is not in contact with the user's body, the hearing-impaired will hold a mobile 
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phone at all times so as to not miss incoming signals. Some participants said they hold 
the device even when they sleep, or put it under their pillow. Additional details of the 
problems involved with each communication method and mobile phone usage re-
vealed in the FGI are presented in Table 1. 

Table 1. Hearing-impaired peoples' communication methods and associated problems 

Not fluent due to the differing grammatical structure of sign 
language and written Korean. 
Writing ability is varied depending on educational 
background 
Writing devices required (pen and paper) 

Available only for face-to-face conversation 
Due to limited interpreter numbers, face to face 
interpretation is not readily available 
Immediate interpretation is required in emergency situations  
The hearing-impaired often find themselves in unfavorable 
situations without an interpretation service 

Awkward in writing due to grammar problems 
Only for simple conversation 
At least four to ten times as many messages required 
Mixed messages from other conversations can hinder fluent 
communication 

Screen too small for sign-language 
One handed sign-language while the other hand holds the 
phone  
Hard to hold during long conversations (arm aches) 
Invisible in a dark place or at night time 
Service charge is expensive 

Calling signals often missed even if set to vibration signal 
Video phone (local line) and mobile phone video calls are 
not compatible 
Door bell is not perceived 

 

4   System Design  

4.1   Design Process 

From the user research results, we found that many different problems pertaining to 
communication and mobile phone usage by the hearing-impaired are primarily caused 
by the fact that current technology is not designed to support their unique communica-
tion needs and behavioral patterns. From this discovery, our design goals developed 
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two major focuses: firstly, providing an appropriate set of communication means to 
cover all distance and close-range communication, so as to fulfill the communication 
needs upon which the hearing-impaired have all but given up; secondly, we propose 
to provide improved interaction and interface for each communication method to 
better suit the unique communication behavioral patterns of the hearing-impaired. To 
achieve this design goal, our design approach was as follows:  

First, we recommend a communication framework to offer sufficient available ex-
ecutive actions to cover the majority of hearing-impaired communication objectives 
with other deaf people, as well as with people with unimpaired hearing, in close-range 
or distance communication.  

Second, on the basis of this framework, we designed a communication system and 
interfaces. Three personas and six design scenarios, reflecting communicational situa-
tions selected from the user research, were employed as the major tools in designing the 
system interaction, and form factors fitting deaf peoples' unique behavioral patterns. 
Design scenarios describing user behavior and experience are essential in discussing and 
analyzing how the technology is (or could be) reshaping their activities [5]. 

 

   

Fig. 3. User test with deaf people (Left) using video prototype (Right) 

Third, a user evaluation was conducted, in which six deaf people and two interpret-
ers reviewed the system design via video and model prototypes, and expressed their 
opinions and identified possible problems (Figure 3). In this way, it was verified that 
the design concept of the communication system would be effective in addressing the 
overall communication needs of the hearing-impaired. Currently, the project is under-
going a procedure of design refinement for further development.   

4.2   Communication Framework and Interaction Design 

The communication means of the system are developed from a communication 
framework as previously mentioned. A deaf person’s communication environments 
were divided into close range and long distance, and they are distinguished by 
whether the partner is hearing-impaired or not. In each distinguished communication 
situation, appropriate communication methods were developed, as indicated in Figure 
4. The framework suggests new communication methods such as remote interpreta-
tion service or interpretation calls, as well as sign-language video call, SMS, and 
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digital memo, which are those currently used by Korea's deaf citizens. A remote sign 
language interpretation service, connecting the device to the interpreter’s video 
phone, helps face-to-face communication between people of impaired and non-
impaired hearing. Similarly, for distance communication in the same situation – 
which Korea's hearing impaired have basically given up on – the system is designed 
to provide an interpretation call service by establishing a connection between the 
hearing-impaired person, an interpreter, and the non-hearing-impaired person, through 
video calling.  

 

  

Fig. 4. Proposed framework to develop communication methods of the system 

The mobile device is designed to provide various means of communication, devel-
oped from the framework, via sign-language video calls, threaded SMS, digital 
memos, remote interpretation services, and interpretation calls (Figure 5). The inter-
faces and form factors of the devices are intended to suit the behavioral patterns and 
needs of the hearing-impaired in sign-language conversations using two hands, SMS 
conversations with several exchanges, and digital memos to another person. The de-
vice has two screens. The screens are slightly bigger than those of normal mobile 
phones (3.3 inches) to show each person's sign language, including the chest and the 
hands making signs. It is designed to stand independently so that a user can make 
signs using two hands. When the device is not in a situation in which it can stand 
independently, like in a car, it can be worn on the arm to reduce the annoyance of  
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having to hold the phone. Threaded SMS is applied to provide fluent conversation  
with a particular person without the disturbance of other incoming messages. Digital 
memo is added to help users with short and instant face-to-face communication, for 
which the interface is designed to clearly and easily present a memo by rotating the 
text as per the open angle of the upper screen.  

 

Threaded SMS

Remote Interpretation
Service

Digital Memo

Interpretation Call

Sign-Language 
Video Call

A Mobile Communication Device

Initial Display

Front

Back

 
Fig. 5. Form factors and interfaces of the mobile communication device 

4.3   The Additional Devices 

The final proposed system adds a vibrator and a cradle to a mobile communication 
device which provides the major communicational aids explained above (Figure 6). 
The vibrator and cradle work together to help mitigate additional daily problems of 
the hearing-impaired. The vibrator is designed to be worn on the wrist in order to 
prevent the missing of incoming call and message signals through wireless communi-
cation. It is also assembled with mobile device to be used without holding the device 
when a user uses long time sign language communication. The cradle, in which the 
device can be docked, supports the needs of the hearing-impaired by allowing wide-
screen, hands-free viewing at the home or office, as well as charging of the device's 
battery and providing a secure and stable location for device storage. The cradle can 
also act as a house door bell, which is but another unfilled daily need of Korea's  
hearing-impaired.  
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Fig. 6. The proposed communication system modules and functions 

5   Conclusion 

Computing system design is part of an ongoing cycle in which new technologies cre-
ate opportunities for humans. Technology design, considering the practical needs of 
the disabled, can provide new opportunities for these people and improve their quality 
of life. From the design study case, we discovered that limited sensitivity and ability 
can alter the overall executive actions of the disabled in their interaction with a de-
vice. For conspicuous improvement in technology usability for the disabled, serious 
efforts are vital for the provision of appropriate executive actions and to better suit 
disabled citizens' unique behavioral patterns on the basis of deepening understanding 
of the daily problems they face.  

In this design study, a concrete design approach to improving the overall commu-
nication methods and abilities of the hearing-impaired can help them to achieve their 
communication goals in face-to-face and distance communication. The interaction 
design, directly addressing each communication method commonly used by the hear-
ing-impaired, is based solely on their unique behavioral patterns, and poses to  
improve their overall quality of communication activities and life. 
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