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ABSTRACT 

This paper presents a research effort to determine the needs of older adults with 
severe visual impairments (SVIs) based on a wearable system to support wayfinding 
and object recognition in a social environment. The research is predicated on the 
premise that gestures are manifestations of embodied cognition in the form of 
thoughts, ideas, creative discourse, and reasoning. Individuals with SVIs 
participated as design team members to design a prototype of a wayfinding system 
consisting of orientation and navigational components. The design sessions were 
recorded and gesture analysis was conducted, using categories of gestures identified 
in the literature, to capture critical incidents that reflect user requirements. 
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INTRODUCTION 

Social interaction refers to relationships between two or more individuals 
influencing each other. Individuals with Severe Visual Impairments (SVIs) face 
problems in activities of daily living as they lose vision and this may hinder their 
social interactions (Hatlen, 1996). A prototype of a garment-based wearable 
environment awareness system, called Near and Far Environmental Awareness 
System (NaFEAS), was developed to facilitate users’ social interactions by 
supporting wayfinding and object recognition, which in turn underwent iterations to 
develop a low fidelity prototype (Kim, Smith-Jackson, Carroll, Suh, & Mi, 2009). 
NaFEAS can identify objects tagged by a radio frequency identification (RFID) 
system, information from sensors, and conditions in the near space, which is defined 
as 1.22 meters (4 feet) around the human envelope. The system can also identify the 
current location of the user and provide near-space auditory and haptic feedback 
through user interfaces embedded in clothing.  

The basic design features and functions of NaFEAS were identified and applied 
to concept and prototype design by our participatory design team, which included 
individuals with SVIs (Kim et al., 2009). Participatory design meetings were used to 
access user requirements (Maiden, 2008) for NaFEAS functionality and garment 
design. The participatory design activities included attending design sessions, 
brainstorming, critiquing, and reviewing design concepts to ensure the needs of the 
target users. However, more requirement gathering and analyses are needed to 
improve the current design for use.  

Contemporary research has shown the importance of somatosensory processing 
of environmental cues and cognitive processing. Embodied cognition is used to 
describe this reciprocal relationship between the body, senses, and mind.  Based on 
embodied cognition, mind elements such as thoughts are embodied through physical 
and sensory acts and not as abstract representations (Lakoff, 1980; Varela, 
Thompson, & Rosch, 1991). Thus, physical acts such as gesturing are direct 
representations of abstract cognitions. Speech-linked or conversational gestures 
have been recognized as either complementary to speech or serve as supplements to 
speech, expanding the content expressed in verbal statements (Kendon, 1987; 
McNeill, 2005). The cognitive-motor perspective on gestures views gestures as 
codified representations of concrete objects. The use of gesture-based analysis is 
increasing in the research domain as a means to expand user-centered design efforts 
(Beattie & Shovelton, 2005; Cassell, Bickmore, Campbell, Vilhjálmsson, & Yan, 
2001). Therefore, we used gestures as a means to extract additional data from the 
requirements discussions. 

This paper presents lessons learned from a participatory design session with 
consultants with SVIs to elicit additional requirements for NaFEAS that were 



 

 

specific to social interaction within leisure settings. The primary pieces of 
information acquired from the participatory design session were gestures and verbal 
responses. We explored gestures as an effective manifestation of design inputs by 
target groups. Just as discourse or verbal expressions communicate design ideas, we 
propose that gestures are an equivalent manifestation of design ideas and can be 
used as “data” by designers. 

METHOD 

PARTICIPANTS 

Five individuals with SVIs were recruited via the Roanoke Alliance for the 
Visually Enabled (RAVE) for a participatory design session as consultants The 
participants’ ages varied according to the sociological categories: Generation Y 
(1982-2003, at least above 18), Generation X (1961-1981), Baby Boomers (1943-
1960), and Silent Generation (1925-1942). The participants’ age distributions were 
as follows: one in Generation Y, one in Generation X, two in Baby Boomers, and 
one in Silent Generation. The first and second participants were completely blind. 
The remaining three participants have different eye levels in Snellen: the third 
participant - worse than 20/800 (left), between 20/600-20/800 (right); the fourth 
participant - between 20/400-20/600 (left), between 20/600-20/800 (right); and the 
fifth participant: 20/200 (left), completely blind (right). All the participants except 
one had experience with the white cane. The participants’ experiences with the cane 
include that it is helpful because it helps them avoid obstacles and prevents them 
from tripping or falling. They commented that it has limitations in finding objects at 
near eye level sometimes resulting in collisions.    

DATA COLLECTION INSTRUMENTS 

The participants provided user-requirement data by discussing the topic of social 
interaction within a party setting and the extent to which the current NaFEAS 
prototype (FIGURE 1) would be useful.   
 Informal questions listed below were used to prompt a design discussion: 

 
1. What are some of the problems you encounter (or think you might 

encounter) when interacting with people? 
2. What are some of the problems you encounter (or think you might 

encounter) when you are trying to mingle by moving around the room? 
 

This portion of the design discussion was videotaped to capture both verbal and 
nonverbal data for analysis and extraction of gestures (FIGURE 2).   

 
 



 

 

 
 
 

 
 
 
 
 
 
 
 
 

FIGURE 1. A prototype of NaFEAS (Near and Far Environmental Awareness 
System) 

 

 

FIGURE 2. A participatory design session with five consultants with SVIs 

 
Users with SVIs employ gestures in patterns comparable to users with full vision 
(Iverson, Tencer, Lany, & Goldin-Meadow, 2000; Magnusson & Karlsson, 2008). 
Thus, we used gestures as a means to extract additional data from the requirements 
discussions. In addition to gestures, we also included lexical affiliates; the verbal 
content that corresponds to each gesture (Kendon, 1987; McNeill, 2005).    

A gesture coding matrix was developed based on current gesture research, 
namely McNeil and Kendon’s taxonomies. We selected gesture categories that were 
most likely to be used to represent concrete design concepts. The types of gestures 
that were coded are shown in Table 1.   
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Table 1. Gesture codes and definitions 

GESTURE (CODE) DEFINITION 

Mimicry (M) One person copies another person’s gestures. 

Appropriation (A) 
One person takes over the gesture of another person to 

continue the idea. 

Abstract (Abs) Common gestures with no specific or concrete meaning. 

Referent/Reference/ 

Deictic ( R) 
A gesture that is directed at something or someone. 

Iconic (I) A gesture that refers to a tangible or concrete object. 

Metaphoric (M) 
A gesture that refers to an idea while using a concrete object to 

express the idea. 

Agreement 
One person expresses agreement with another using their 

body (not their voice). 

PROCEDURE 

Design Session 

The participatory design session was centered on the low-fidelity NaFEAS 
prototype, and some of the features of the prototype were demonstrated in that 
session.  At the end of the session, participants were asked to use a party scenario to 
discuss the usefulness of NaFEAS to support social interaction. The following script 
was used:   
 
Scenario: Imagine yourself at a cocktail or other type of party that is not business-
related.  You want to chat with people and walk around the room to meet different 
people as well as find the all-important refreshments table. The goal is for you to do 
all of this independently without relying on a cane, a seeing-eye dog, or an 
assistant. 
 
The discussion was videotaped with the permission of the consultants to assist in 
extracting as many user requirements data as possible. The discussion lasted 25 
minutes.  Consultants were compensated for their time.   

Gesture Coding 

A Youtube video (2 minutes and 12 seconds long) was selected to use as a training 
tool to train an independent coder to a criterion of 75% accuracy. To develop the 



 

 

criterion set of gestures, two of the researchers coded the training video 
independently and then reviewed the codes until a consensus was reached on the 
number and types of codes in the training video. The independent coder was given a 
training session in which codes were defined and examples were provided. After the 
training session, the coder analyzed the training video. After completion, codes 
were checked for accuracy, and an accuracy level of 77% was achieved, which met 
the criterion. The coder was then given access to the participatory design session 
video and used the same matrix for gesture coding.  

RESULTS  

A total of 33 codes were extracted from the video (FIGURE 3). Most of the gestures, 
16 out of 33, were classified as abstract. Eight were coded as metaphoric, four as 
agreement, three as referents, and one each were classified as mimicry and iconic.  

 

 

FIGURE 3. Gesture code classification from the participatory design session video 

Some of the abstract gestures and metaphoric gestures were matched with 
expressions that directly related to user requirements for a system that would 
support social interaction. These topics were: 

 
• Navigation through the social space:  

a. including going up and down stairs;  
b. walking on balconies;  
c. entering and exiting doors;  
d. getting help from other people.   
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• Independent wayfinding:  

a. fear of being abandoned by friends;  
b. moving from a door to a specific area;  
c. determining the gender of others during approach. 

DISCUSSION 

The gesture data helped us to capture concepts that may not have been isolated 
through analyzing the verbal content alone, but the data did not provide the level of 
detail we expected. The complexity of spatial navigation, however, was illustrated 
in more detail through analyzing the gestures, and we may not have been able to 
acquire spatial complexity information using alternate methods such as discourse 
analysis. Negotiating space during a party or social gathering is not simply a factor 
of the design of the space, but also includes the spatial configurations formed by 
balconies, stairs,, doorways and other architectural elements. Users with SVIs 
perceived these spaces to be a necessary part of social engagement in this type of 
setting. Since the mental models seem to be based on the most difficult navigation 
elements (i.e., balconies), these requirements will be given high priority in the next 
iteration. 

The gesture data also revealed issues regarding problems with abandonment in 
social situations by friends or assistants. Older adults with SVIs reported instances 
in which they were abandoned in social gatherings and had difficulty finding their 
assistants, leaving them to negotiate the environment on their own. These 
experiences support the need to ensure that NaFEAS provides collaborative 
components or tags that can be worn by others who provide assistance when 
needed.   

Gender was identified as an important consideration. Interestingly, the female 
participant who discussed the need for the system to provide information regarding 
gender used a “stop” hand gesture while speaking about it. The hand was held 
vertically with the palm facing out. This gesture may signify the value placed on 
interaction with different genders based on different goals. It may also reveal a 
hesitation about selecting people with which to interact without first knowing their 
gender.  

CONCLUSION 

This effort was focused on determining the needs of older adults with SVIs when 
coupled with a garment-based wearable system to support wayfinding and object 
recognition in a party environment. Upon the participatory design session to elicit 
the requirements necessary to iterate the existing prototype, analyzing the gestures 
of the older adults with SVIs participated in the design session was attempted based 
on gesture analysis literature. The gesture analysis could capture concepts that may 



 

 

not have been isolated through other methods although it did not provide the level 
of detail we expected.  

For future work, questions prompting garment design discussion such as 
 

• If you could wear something (like a watch or something on your clothes) 
that would help you recognize people and objects in the room, what would 
you want it to be and how would you want it to work? 

• If you wore a garment to hide this device, what would you want it to look 
like? (Pockets? Shirt/Blouse? Tag?). 

 
will be used as data collection instruments in the iterative participatory design 
sessions.  
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