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ABSTRACT 
The University of Delaware and the University of 

Dundee are collaborating on a project that is 

investigating the application of spatialization and 

spatial metaphors to interfaces for Augmentative and 

Alternative Communication. This paper outlines the 

project’s motivation, goals, and methodological 

considerations. It presents a number of design 

principles obtained from a review of the HCI 

literature. Finally, it describes progress on the 

demonstration of this approach. This application 

called VAL provides a computer-based word board 

that retains spatial equivalence to the user’s paper-

based system. It also allows the user to access an 

extended lexicon through an interface to the WordNet 

lexical database.  

This collaboration between the University of Dundee and the 

University of Delaware has been supported by a grant from the 

National Institute on Disability and Rehabilitation Research 

(#H133E30010). Additional support has been provided by the 

Nemours Foundation.  

1 INTRODUCTION 

In the last 20 years, a dramatic change has occurred in the 

way that people interact with computers. From the early use 

of batch computing to the modern graphical user interface, 

there has been a fundamental shift from symbolic to spatial 

interaction. The graphical user interface also introduced the 

concept of spatial metaphor (e.g., desktop) as a means to 

facilitate the user’s understanding of the interface. This 

trend shows no signs of relenting with the advent of 

multimedia computing, virtual reality technologies and 

networked cyberspaces. As a consequence, the field of 

Human-Computer Interaction (HCI) has been actively 

researching the use of space and metaphor in interfaces for 

a number of years (e.g., [3,6,8,9,10,13,16,22,23,25]).    

1.1 Visual Information Seeking  
A collaborative project between the University of Dundee 

and the University of Delaware is exploring the design 

issues involved in the application of spatialization and 

spatial metaphor to interfaces for people with disabilities. 

In particular we are interested in the development of 

systems that support the specific user task described by 

Ahlberg and Shneiderman [1] as Visual Information 
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Seeking (VIS). This term is appealing for a number of 

reasons. First, the constituent term Information is broad in 

scope and reflects the fact that the information may include 

both spatial (e.g., maps) and symbolic (e.g., categorization 

hierarchies) relations. The constituent term Visual 

distinguishes VIS from symbolic interfaces such as 

keyword search in that the information is represented 

spatially and the user may need to navigate through this 

information space as part of the retrieval process. Finally, 

the constituent term Seeking reflects the purposeful nature 

of the activity. This can be contrasted to “browsing” which 

is more exploratory. Fundamental to the VIS task is: 1) a 

concentration on the information space from the perspec-

tives of its underlying organization, visual representation 

and the user’s navigation; and 2) the use of metaphors to 

provide a conceptual connection between the representation 

of information structures and the user’s prior experiences.  

1.2 Augmentative and Alternative Communication  
This project focuses on the application of VIS interfaces to 

helping people who, due to severe physical disabilities, are 

unable to speak or use manual communication methods 

such as Sign Language. This communication dysfunction is 

usually due to some impairment to the neuromotor system 

such as the congenital disorder of Cerebral Palsy. The field 

of “Augmentative and Alternative Communication” (AAC) 

is concerned with the development of new technologies for 

people with severe physical and speech impairments and 

the provision of supporting services such as assessment and 

training [2].  

Most electronic AAC systems consist of: 1) a physical 

input device such as a keyboard, pointing device or a set of 

switches; 2) an output device such as a speech synthesizer; 

and 3) a computer or embedded microprocessor that, 

among other things, maps user input into language. The 

mapping process is a function of the specific input device 

(which can be as simple as a single switch) and the user’s 

vocabulary set which contains a collection of linguistic 

units (e.g., words). For example, a selection method called 

scanning allows a user to make selections with a single 

switch. The system sequentially scans items within the 

vocabulary set and the user makes selections by pressing 

the switch when the desired item is highlighted. Techniques 

such as organization of the vocabulary set by frequency of 

use and grouped scanning (e.g., the user first selects a row, 

then an item) can improve average item access time. 

However, communication through methods such as 

scanning can be extremely slow. Foulds [11] reports that 

average communication rates for users of AAC technology 

typically does not exceed 15 words per minute. In contrast, 

typical adult speaking rates are around 150 words per 

minute. The issue of communication rate is not the sole 

problem being addressed by current AAC research. It is, 

however, still a fundamental concern for the field.   

2 PROJECT GOALS 
A user’s vocabulary set can contain a wide range of 

“linguistic units” including the alphabet, words, sentences, 

and more recently narratives [26]. The size of this set can 

potentially be extremely large if the user wants to 

communicate in a broad range of contexts. When the 

information is represented visually, then the user’s retrieval 

task is one of Visual Information Seeking. Consequently, 

the knowledge gained from HCI research related to 

spatialization and spatial metaphor can be beneficial to 

AAC research and development. Conversely, the research 

and development results obtained from the AAC 

application area can help inform our general understanding 

of the VIS process. To these ends, the project has three 

major goals.   

1. Establish a design model for the development of Visual 

Information Seeking interfaces with a specific focus on 

organization and navigation.   

2. Evaluate the model through the execution of design case 

studies related to Augmentative and Alternative 

Communication systems.   

3. Implement and evaluate useful prototypes of AAC 

systems for people with severe physical disabilities.  

3 GUIDING PRINCIPLES  

In the last 10 years, there has been an increasing interest in 

the use of spatialization and spatial metaphors in user 

interfaces. The 1993 InterCHI conference sponsored a 

workshop devoted to this topic [15]. The HCI literature is 

rich with references to topics such as metaphor, information 

visualization, orientation and navigation. More recently, the 

advent of virtual reality and cyberspace has begun to stretch 

our ideas of the nature of the information space and the 

user’s relationship to it. As a consequence of the resulting 

research and development, a number of guiding principles 

have emerged:  

3.1 Perceptually Smooth Movement Principle 
Card, Robertson, Mackinlay [6] have argued for the impor-

tance of “smooth animation” in the design of information 

visualization interfaces. They point to the recent shift in 

theories of perception that recognize that the vast majority of 

people’s everyday perceptual experience relates to a moving 

three dimensional world. They argue that visual interfaces 

should support this mode of perception. In two related 

papers, they implement smooth animation within 3D 

visualization tools for information that is organized 

hierarchically [23] and for information that is structured 

predominantly along a single dimension [16]. In both 

systems, the user’s movement from one point in the 

information structure to another occurs smoothly. They state 

[23]: “The clearest win in this technology is interactive 

animation. It is easy to demonstrate that animation shifts 

cognitive load to the human perceptual system.” 
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3.2 Spatial Contiguity Principle  
If one accepts the Perceptually Smooth Movement Principle 

a second principle naturally follows. In order to achieve 

smooth movement through the information space, it is 

necessary that the space be contiguous. A common example 

of interfaces that violate this principle comes from the area 

of hypermedia. These systems typically consist of a 

collection of separate information spaces (e.g., cards) that 

at best are linearly contiguous. Connections are more often 

made through semantic links such as labeled buttons.   

Given its widespread application and acceptance, it would 

be difficult to dismiss the hypermedia model from the 

perspective of spatial contiguity. However, one of the most 

commonly discussed problems within hypermedia research 

is that of navigation. The phenomenon of users getting lost 

is well documented [9, 7].   

Oren [22] discussed the issue of contiguity in hypermedia 

and suggests the use of structures such as timelines and 

maps as a means to support the concept. This essentially 

would provide greater contiguity to the information space.  

3.3 Separation of Manipulation and Navigation 

Principle 
In a wide variety of computer tasks the information of 

interest is “larger” than the physical screen. A number of 

approaches to dealing with representation and access of 

large information spaces have been developed.  

Richard Bolt [3] was among the first HCI researchers to 

explicitly recognize the power of space in human-computer 

interfaces. The Media Room used the “Room as A 

Terminal” metaphor. It consisted of, among other things, a 

large projection screen (13 feet diagonal) and two 

additional computer monitors each equipped with touch 

screens. These displays, in effect, expanded the user’s view 

of the information space. For input, the user’s chair was 

equipped with a joystick and small touch sensitive pad on 

each arm. The monitor touch screens, speech recognition, 

hand pointing/gestures and eye gaze added additional input 

channels. This rich variety of input and output devices 

provided the means to conceptually separate “direct 

manipulation” into the three activities discussed below.  

One monitor would show an overview of the information 

space. It contained a small rectangular marker that was 

used to indicate the user’s position in the space. The 

projection screen showed a magnified version of the 

contents of the marker. Users would locate data by 

manipulating the marker with joystick or directly selecting 

an area on the touch screen. Users could approach data 

with the second joystick. This effectively zoomed the 

display in or out. Finally, users could peruse data (i.e., 

interact with specific data types) on the second monitor. 

For example, the user could turn pages in a book or use an 

on-screen calculator.  

In stark contrast to the Media Room is the modern GUI 

which was introduced by the Xerox Star [25]. The Star 

stayed within the practical constraints of a single “small” 

monitor. It provided a number of metaphorical mechanisms 

for “extending” the display space including icons, menus, 

support for overlapping objects and scrolling windows. The 

last of these is of greatest interest from the perspective of 

navigation. In interacting with a scrolling window, the user 

could manipulate objects with the mouse (e.g., selection). 

To navigate to other parts of the document, the user could 

interact with scroll bars that would allow movement in 

either vertical or horizontal directions.   

In the case of the Star, and current GUI standards, 

navigation and manipulation are separate activities that use 

the same input device. In the Media Room, they also used 

different devices. The rationale for use of separate input 

devices has been expressed by Buxton [4, 5]. He points out 

that “when compared to other human-operated machinery 

(such as the automobile), todays [SIC] computer systems 

make extremely poor use of the human’s sensory and motor 

systems” [4]. He advocates using both hands in interaction 

and suggests navigation in a large document via a second 

pointing device as a good use for the non-preferred hand.  

3.4 Benefits of Space and Metaphor Principle 
Perhaps, most fundamental to this work is the supposition 

that spatialization and spatial metaphor are widely 

applicable approaches to interface design. This assumption 

is certainly not without its critics. Dumais and Jones [8] 

reported no advantage of spatial filing over symbolic filing 

tasks. HCI visionaries Kay [14] and Nelson [21] are among 

the critics of the use of interface metaphors.   

Support for this principle can be argued from a number of 

perspectives. On the issue of spatialization, two points can 

be made. First, is the recognition of individual differences. 

Gardner [12] points out that people differ in their spatial 

and symbolic abilities. These differences might be 

manifested as individual performance differences as well as 

user preferences for symbolic versus spatial modes. 

Second, spatial and symbolic interactions are not mutually 

exclusive; most applications utilize and integrate both 

modes. For example, symbolic modes (e.g., key word 

search), can be added to spatially oriented systems [23]. 

Spatial modes can also be added to symbolic systems such 

as maps in hypertext interfaces [22].   

The use of metaphor has been criticized from the 

perspective of mismatches between the tenor (i.e., real 

world) and vehicle (i.e., interface) domains. In addition, it 

has been claimed that there is a potential for the metaphor 

to impose rigidity on the interface (i.e., limiting it to the 

properties of tenor domain), essentially creating as Nelson 

[21] describes a “dead weight”. In support of spatial meta-

phors, Hammond and Allinson [13] argue that mismatches 

between the tenor and vehicle domain are reasonable if they 

are principled and consistent. They propose a model of 
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metaphor mapping that consists of task, semantic, lexical, 

and physical levels. This structure helps provide predictions 

of matching appropriateness. For example, they propose 

that internal consistency at any specific level is important to 

metaphor understanding. The notion of rigidity in metaphor 

is questioned by Erikson [10]. He notes from the linguistic 

literature that metaphors provide an extremely rich 

structure of associations that offer internal consistency as 

well as creative extensibility. 

3.5 Summary  
All of these principles form the foundation for the activities 

in this project. While each principle can certainly be 

debated, they all have been successfully applied in a variety 

of research projects and commercial products. It is also 

important in the use of these and other design principles to 

retain some flexibility. 1f a design solution contains a 

construct that in some way violates a principle, but appeals 

to common sense, it must be carefully examined, but not 

automatically abandoned.   

4 VAL: “Virtual Access To The Lexicon”  
VAL is the first in a series of applications that apply the 

principles of spatialization and spatial metaphor to AAC 

interfaces.  

4.1 Background  
There are many individuals who, despite an inability to 

communicate via speech, retain the ability to point with 

reasonable accuracy. They may also lack spelling abilities 

due to their age, developmental disability or cognitive 

impairment, but they may be able to recognize words. 

Before the advent of electronic communication systems, 

manual word boards were developed as a means to provide 

communication options for these individuals [18]. These 

boards typically consisted of between ten and several 

hundred items including words, common phrases and, if the 

user is able to spell, the alphabet. Words are grouped using 

a variety of categorization schemes including syntactic, 

semantic, and thematic. The user composes messages 

simply by pointing to items on the board. The communica-

tion partner helps in constructing the message often by 

echoing each item that is selected and then repeating the 

entire sentence once it is completed. These boards which 

are still used today (even by people who use electronic 

systems) have many advantages such as cost, portability, 

and reliability. They also have many disadvantages. They 

require that a communication partner be involved, which 

limits a user’s independence. Tasks such as writing must be 

accomplished with assistance. In addition, this type of 

communication is not ideal when interacting with non-

familiar partners. In contrast, electronic AAC systems offer 

the potential for increased independence in a wide range of 

situations.  

 

In developing a computer-based AAC system for an 

individual who uses a manual board that may have several 

hundred words, it would be logical to consider as a starting 

point a direct translation of the board to the computer 

screen. The user is familiar with the vocabulary and layout 

of their manual system. It is also likely that they will 

continue using their manual board, and a similarity between 

the two systems would be advantageous. Unfortunately the 

constraints of screen size, especially in commonly used 

portable computers, limits the number of words that can 

“comfortably fit” on the display. Simply stated, the design 

problem is giving the user efficient access to a large lexicon 

in a small display space.  

Within the AAC field, a variety of alternative approaches to 

lexical access have been developed. They include spelling 

with word prediction, coding systems, and level systems. 

All of these techniques are based on constraining the 

amount of information displayed to the limits of the 

physical screen. Word prediction offers a list of likely 

words based on previous words and initial letter input. 

While this is an elegant way to give a user access to a very 

large lexicon, it requires that the user have some spelling 

abilities. Coding systems use some type of symbolic code 

to access words. These codes can be numbers (e.g., 7652 -> 

restaurant), salient letters (e.g., rstnt -> restaurant), or 

semantically coded pictures (e.g., <food> <place> -> 

restaurant). The fundamental limitation of coding systems 

is human memory. Number coding systems while useful 

from the perspective of a small number of input symbols 

represent an arbitrary coding system where there is no 

meaningful correspondence between the item and its code. 

Salient letter coding can be highly ambiguous. For 

example, the user might type “rstt” for “restaurant” rather 

than “rstnt”. Semantically based picture codes, while 

perhaps serving as a useful mnemonic device, force the 

user to work with two separate language representation 

systems. This most likely poses an additional cognitive load 

and does not facilitate the development of literacy skills. 

Finally level-based approaches which share characteristics 

with hypertext systems allow a user to specify items on 

his/her display as a link to other levels. For example, 

selection of the “color” key would branch to a page 

containing a list of specific colors. Unfortunately, there is 

no spatial relationship between levels and users must adjust 

their cognitive-perceptual focus for each display change. 

For a large lexicon, users can get lost (a similar 

phenomenon exists in hypertext systems). Finally, as 

mentioned, many users of electronic systems often use their 

manual word boards as backup or in situations where the 

electronic system is impractical (e.g., shower). All of the 

approaches discussed are unable to provide equivalent 

representations of manual boards.  
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Figure 1. Conceptual view of the VAL  

representational structure. 

4.2 VAL Design Goals  
The goal of VAL is to provide the user with efficient and 

natural access to a “virtual word board.” It is motivated by 

the desire to provide visual equivalence between the user’s 

electronic and manual systems. This is accomplished by 

representing a portion of the word board in the user’s 

display space, and providing an efficient mechanism for 

navigating across the two-dimensional surface. In the case 

of VAL, the user’s word board itself provides the interface 

metaphor.   

Figure 1 shows the basic conceptual model. The user’s 

view point is situated above the plane of the word board. 

The system display shows a portion of the word board and 

a “dashboard” that contains commonly used controls. A 

more detailed view of the display is shown in Figure 2. In 

this example, the dashboard contains a text-editing buffer 

as well as the buttons “speak,” which speaks the contents of 

the text buffer and “menu,” which brings up a set of 

application functions (e.g., “add word”). The system 

display can either exist on a standard computer display or 

on a head-mounted display such as the Private Eye™.   

 

 

Figure 2. User’s view in VAL. The dashboard contains  

a text editing buffer, controls, and words  

associated with the current selection. 

 

4.3 Navigation and Selection in VAL  
In VAL, navigation (i.e., manipulation of view point) and 

selection are conceptually separate. This allows the 

consideration of separate devices for each function. For 

navigation, a range of input options are available including 

joysticks and trackballs (both which have been successfully 

used by people with disabilities). With head-mounted 

displays, the head itself can be used as an input for 

navigation using either position or velocity-based control. 

For item selection, a pointing device is also required. This 

can be a second joystick or trackball, but could also include 

head pointing (i.e., when the head is not used for 

navigation) and eye gaze. Item selection also requires either 

an additional switch to indicate the user’s choice or, as an 

alternative, the user can dwell on an item for a specified 

period of time. The use of separate input devices is 

proposed as being advantageous, but does preclude the 

support of single input devices. For example, a trackball 

with two switches would enable the user to use one switch 

for selection and the second to switch between navigation 

and cursor positioning. The use of scroll bars is not being 

considered primarily because: 1) they are the standard 

method of navigation in current practice; 2) they require 

greater physical dexterity than many users with disabilities 

have; and 3) for people with relatively poor pointing skills, 

the use of scroll bars requires that they visually attend to 

their manipulation of the scroller and the material being 

scrolled. However, the latter two statements are offered 

without empirical support. Consequently the first 

experimental evaluations of VAL will focus on the different 

navigation methods using both single and multiple devices, 

and will include scroll bars as a control.  

4.4 Extending the Lexicon with Word Association  
VAL as described at this point essentially duplicates the 

primary functions of the manual word board and adds the 

advantages of a computer-based system such as 

independent message construction and speech output. An 

additional design goal of VAL is to facilitate retrieval of 

other words that are not defined in the user’s visual lexicon. 

This will give users a greater range of expression than can 

be conveyed in a few hundred (or even a few thousand) 

words. Access to a larger lexicon can also potentially help 

children or individuals with language impairments to learn 

new words.  

VAL’s model for enhanced lexical access is based on 

cognitive psychological research in categorization and 

linguistic research in lexical semantics. This literature 

points to a rich set of relations that exist between words that 

exist in our minds. Categorization which focuses on 

concepts rather than words is primarily concerned with 

taxonomic relations (i.e., ISA), but has also identified 

additional relations such as thematic (e.g., paper GOES-

WITH pencil) [17]. Its theories explain a variety of 

phenomena ranging from people’s perception of graded 

category membership (e.g., a canary seems closer to a bird 
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Relation Name Relation Form Examples (x) 

Synonymy x IS-LIKE car auto, automobile, motorcar 

Taxonomy 
x ISA car ambulance, convertible, police car, sedan 

car ISA x motor vehicle-˃vehicle->artifact->object 

Familial x IS-IN-SAME-FAMILY-AS car truck, motorcycle, bus 

Nominal x ISA-NAME-FOR car BMW, Ford, Chrysler, Jaguar, Volvo 

Meronymy 
x HASA car traffic, garage, crash 

car HASA x bumper, engine, fender, roof, tire, window 

Thematic x GOES-WITH car driving, gasoline, pollution, road, traffic 

Morphology x ISA-FORM-OF car cars 

 
Table 1. Word relations in VAL for the word “car”. The first column shows relation names; the second shows  

relation forms (x is the association); and the third column shows examples.  

 

than a penguin) [24] to children’s extraordinary ability to 

acquire vocabulary [17]. While lexical semantics largely 

overlaps with categorization, it has a greater focus on the 

words themselves. Miller and Fellbaum [20] discussed a 

wide variety of semantic relationships for words such as 

synonymy, hyponymy (i.e., same as taxonomy), antonymy, 

and meronymy (i.e., HASA) for nouns. They used these 

and other relations in the development of a large lexical 

database called “WordNet,” which stores 54,000 words and 

their semantic relations.  

VAL utilizes the findings of research in categorization and 

lexical semantics as well as the data available from the 

WordNet Lexical database. Table 1 shows the available 

relations for nouns using the example of car.  

Currently, a number of interface strategies for presenting 

word associations are under consideration. They are all 

based on the idea that the user first selects a word on their 

word board and then chooses from a list of associated 

words from the lexical database. Any strategy used must 

not prevent the user from selecting one word on the word 

board followed by another.  

One strategy would be to use part of the word board itself 

as a dynamic area that displays associated words. This has 

the disadvantage that the list will often be physically distant 

from the selected word. A second strategy which was 

suggested by a user [19], would be to use a pop-up menu 

that displays the list at the same location as the selected 

word. This has the disadvantage that the user must either 

have “dragging” skills or use a separate control on the 

dashboard to indicate that more words are desired. A third 

strategy is to put the list on the dashboard. While this limits 

the size of the list, it keeps the list in close proximity to the 

selected word (this approach is shown in Figure 2). An 

interesting observation made during a design review, was 

that these approaches are not mutually exclusive. For 

example, the dashboard could be used for words that the 

user has selected in the past, and one of the other 

approaches could be used only for finding a new word that 

s/he would like to add to the working lexicon.  

4.5 Implementation 
VAL is being implemented on an MS-DOS platform using 

C++. Custom screen drivers have been developed for the 

VGA and the Private Eye™ displays. These drivers were 

developed to insure smooth movement of the display across 

a large word board. The basic technique is to store the 

entire word board in memory and at the beginning of the 

vertical retrace, transfer memory contents of the view to 

display memory. With this technique it is possible to update 

the display at 30 frames a second insuring smooth 

animation.  

An interface to the WordNet database is currently under 

development. This module will support the data available in 

WordNet as well as data obtained from other sources that 

will support thematic and morphological relations. Design 

and implementation of VAL is being conducted with input 

both from AAC users and clinicians that provide AAC 

services.  

5 DISCUSSION 
VAL as described in this paper is the first attempt within 

this project to apply the principles of spatialization and 

spatial metaphor to AAC interfaces. Its use of space is 

limited to two dimensions. It does, however, demonstrate 

each of the principles discussed. The development of a 
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portable graphics library oriented towards smooth and rapid 

scrolling support the Perceptually Smooth Movement 

Principle. The mapping of a large word board to a virtual 

space that can be easily navigated through by the user 

illustrates the Spatial Contiguity Principle. The “purity” of 

this principle is somewhat compromised by the presence of 

the dashboard which offers a second non-contiguous plane 

that is connected to the user’s viewpoint. However, this 

violation appeals to common sense in that it makes 

commonly used tools available regardless of viewpoint 

position (much like an automobile dashboard). The system 

design supports navigation and selection through either a 

single pointing device or multiple devices. This illustrates 

the Separation of Manipulation and Navigation Principle. 

Finally, the Benefits of Space and Metaphor Principle is 

fundamental to the system design as a means to provide 

congruence between a user’s non-electronic word board 

(which itself is spatial) and their computer-based 

implementation.  

Limiting VAL to a two-dimensional model provides a good 

starting point for empirical studies. Of particular interest 

will be the evaluation of specific navigation strategies 

including the use of single and multiple input devices. The 

use of word association as a means to extend the user’s 

access to the Lexicon and to support learning of new words 

will also be appropriate for evaluation in the currently 

described system. These results will form the foundation 

for future applications that might extend the word board 

metaphor to three dimensions as well as consider retrieval 

of larger linguistic units such as sentences and narratives.  
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