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                        EDITORIAL    

 From Basic to Applied Research to Improve Outcomes for Individuals 
Who Require Augmentative and Alternative Communication: 
Potential Contributions of Eye Tracking Research Methods      

    JANICE     LIGHT  1     &         DAVID     MCNAUGHTON  2    

  1 Department of Communication Sciences and Disorders, and  2  Department of Educational and School Psychology 
and Special Education, The Pennsylvania State University, University Park, PA, USA                             

  Abstract 
 In order to improve outcomes for individuals who require AAC, there is an urgent need for research across the full spectrum 
 –  from basic research to investigate fundamental language and communication processes, to applied clinical research to test 
applications of this new knowledge in the real world. To date, there has been a notable lack of basic research in the AAC fi eld 
to investigate the underlying cognitive, sensory perceptual, linguistic, and motor processes of individuals with complex com-
munication needs. Eye tracking research technology provides a promising method for researchers to investigate some of the 
visual cognitive processes that underlie interaction via AAC. The eye tracking research technology automatically records the 
latency, duration, and sequence of visual fi xations, providing key information on what elements attract the individual ’ s attention 
(and which ones do not), for how long, and in what sequence. As illustrated by the papers in this special issue, this information 
can be used to improve the design of AAC systems, assessments, and interventions to better meet the needs of individuals with 
developmental and acquired disabilities who require AAC (e.g., individuals with autism spectrum disorders, Down syndrome, 
intellectual disabilities of unknown origin, aphasia).  

  Keywords:    Complex communication needs; Eye tracking; Basic research;   Applied   research   

  Introduction 

 There is a growing body of research that demonstrates 

convincingly that augmentative and alternative com-

munication (AAC) (i.e., the use of a wide range of 

unaided and aided strategies and techniques to enhance 

communication) can have positive effects on commu-

nication and participation, including turn taking skills, 

the expression of communicative functions such as 

requesting and commenting, acquisition of receptive 

and expressive vocabulary, narrative development, the 

length and complexity of messages expressed, acquisi-

tion of phonological awareness and literacy skills, and 

overall communication effectiveness (e.g., Beukelman, 

Fager, Ball,  &  Dietz, 2007; Branson  &  Demchak, 2009; 

Fried-Oken, Beukelman,  &  Hux, 2012; Ganz, et   al., 2011; 

Machalicek et   al., 2010; Roche et   al., 2014; Schlosser, 

Sigafoos,  &  Koul, 2009; Wendt, 2009). Furthermore, the 

research demonstrates that AAC intervention does not 

impede speech production or recovery; in fact, it suggests 

that AAC intervention can have positive effects on the 

frequency and intelligibility of speech production (e.g., 

Hanson, Beukelman,  &  Yorkston, 2013; Millar, Light, 

 &  Schlosser, 2006; Romski et   al., 2010). Beyond these 

benefi ts to communication, speech, language, and 

literacy skills, the research also demonstrates convinc-

ingly that AAC intervention can successfully reduce 

challenging behaviors, enhance on-task behavior, and 

ease transitions across activities (Bopp, Brown,  &  

Mirenda, 2004; Walker  &  Snell, 2013). Perhaps most 

importantly, there is clear evidence that AAC increases 

access to (and participation in) valued life experiences, 

including community life, education, work, and volunteer 

experiences (Batorowicz, McDougall,  &  Shepherd, 2006; 

Chung  &  Carter, 2013; Hunt-Berg, 2005; McNaughton 

 &  Bryen, 2007; Mechling  &  Cronin, 2006; Trembath, 

Balandin, Togher,  &  Stancliffe, 2010). 

 Yet, despite the strong evidence of the benefi ts of 

AAC intervention, the potential of AAC remains unre-

alized for many individuals with complex communica-

tion needs. Many individuals who require AAC struggle 
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to develop communicative competence, demonstrate 

defi cits in key linguistic skills (pragmatic, semantic, 

syntactic, and morphological skills), and fail to demon-

strate functional literacy skills; as a result, they are lim-

ited in their participation in many aspects of daily life: 

education, employment, home, and community living 

(Chung, Carter,  &  Sisco, 2012; Light  &  McNaughton, 

2013; Stancliffe et   al., 2010). The challenge for the fi eld 

is to improve outcomes for individuals who require AAC 

so that they have the opportunity and support required 

to develop communicative competence and attain their 

full potential (Light  &  McNaughton, 2014). 

 Why is there such a gap between the potential offered 

by AAC interventions and the actual outcomes for 

many individuals with complex communication needs? 

The answer is simple: There remain many unanswered 

questions. We do not yet have a clear understanding of 

which AAC interventions are best for which individuals 

to achieve which outcomes in which environments. The 

fi eld urgently needs research aimed at advancing our 

understanding and providing guidelines for evidence-

based practices, in order to improve outcomes for the 

many individuals who could benefi t from the use of 

AAC. 

 In developing AAC interventions, it is possible to 

implement a wide range of systems, both unaided and 

aided, low tech and high tech (with different representa-

tions, organizations, layouts, selection techniques, and 

outputs), taught using a wide array of instructional 

technologies and a range of environmental /partner sup-

ports (Beukelman  &  Mirenda, 2013). The permutations 

and combinations are endless. How do we decide which 

ones are the best approaches for any given child or adult 

with complex communication needs? 

 Unfortunately, most current AAC systems and 

interventions are atheoretical. They have been devel-

oped based on the best guesses of clinicians, technol-

ogy developers, and researchers as to effective systems 

and practices; existing AAC interventions are seldom 

grounded in a strong theoretical understanding of the 

basic motor, visual, auditory, cognitive, and linguistic 

processes of individuals with complex communication 

needs. As a result, although there is evidence that many 

existing AAC interventions can affect positive outcomes, 

it is not at all clear that the outcomes represent the best 

possible outcome that could be achieved. With a better 

understanding of the strengths and challenges in motor, 

visual, auditory, cognitive, and linguistic processing 

for individuals with complex communication needs, 

it should be possible to develop more appropriate and 

effective AAC systems and interventions  –  ones that truly 

and more predictably respond to the needs and skills of 

these individuals (Light  &  McNaughton, 2013).   

 Call for Basic Research in AAC 

 To date, most research in the AAC fi eld has been 

applied clinical research, focused on the performance 

of individuals with complex communication needs with 

specifi c AAC systems and interventions. Clearly, this 

research is very important. However, investigating the 

effectiveness of all of the different interventions in order 

to gain a better understanding of their impact for each 

individual or population group would be a seemingly 

endless task. 

 To date, there has been a notable lack of basic research 

in the AAC fi eld to investigate basic underlying processes 

and test theories to drive the development of effective 

AAC systems and interventions. A better understand-

ing of the role of these basic processes, as they relate 

to the use of AAC, would enable us to develop systems 

and interventions that are a better match for persons 

with complex communication needs. There is an urgent 

need for research across the full continuum in order to 

advance the fi eld and maximize outcomes  –  from basic 

research to unearth fundamental language and commu-

nication processes, to applied clinical research to test 

applications of this new knowledge in the real world. 

Basic research aims to explain, predict, and describe 

the fundamental bases of behavior, in this case, com-

munication (Stanovich, 2007). Too often, there is the 

mistaken belief that basic research has no real-world 

applications; in fact, it is of critical importance in the 

development of theories of communication and human-

system interaction (e.g., human computer interaction, 

HCI) for individuals with complex communication 

needs; these theories are fundamental to designing 

AAC systems and interventions that can be used by 

people to maximize communication in the real world 

(Higginbotham, Shane, Russell,  &  Caves, 2007; 

Wilkinson  &  Jagaroo, 2004). 

 In recent years, consideration of basic research has 

started to emerge in the AAC fi eld with the publication 

of forum papers and studies that have explored the basic 

processing of individuals with complex communication 

needs and applied the results to suggest ways to improve 

the design of AAC systems and interventions (e.g., 

Dukhovny  &  Soto, 2013; Wilkinson  &  Light, 2011; 

Wilkinson, Light,  &  Drager, 2012). The papers in this 

special issue of  Augmentative and Alternative Communica-
tion  represent an important step forward in this process: 

They highlight uses of innovative eye tracking research 

technologies to investigate the basic visual and cognitive 

processes of individuals with complex communication 

needs, including those with developmental disabili-

ties (e.g., individuals with autism spectrum disorders, 

Down syndrome, and/or intellectual/developmental 

disabilities of unknown origin; Brady, Anderson, Hahn, 

Obermeier,  &  Kapa, 2014; Wilkinson  &  Light, 2014; 

Dube  &  Wilkinson, 2014; Gillespie-Smith  &  Fletcher-

Watson, 2014), and those with acquired disabilities 

such as aphasia (e.g., Thiessen, Beukelman, Ullman,  &  

Longenecker, 2014). They then apply this understand-

ing of basic visual cognitive processes to suggest guide-

lines to enhance AAC assessment and intervention. 

 One of the challenges in conducting basic research 

in AAC has been fi nding noninvasive techniques to 

investigate the underlying processing and learning 
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of individuals with complex communication needs. 

In the past, these processes had to be inferred, based 

on observable behaviors such as selecting AAC sym-

bols or messages (Wilkinson  &  Mitchell, 2014, this 

issue). Obviously such behavioral research is critical 

because ultimately communication via AAC relies on 

the observable behaviors of the person with complex 

communication needs. However, these behaviors are 

the end products of a complex interplay of visual, 

cognitive, linguistic, and motor processing; ultimately, it 

is important to understand these underlying processes 

in order to minimize processing demands and maximize 

the communication performance of individuals who 

require AAC. Understanding the underlying processes 

allows clinicians, researchers, and developers to make 

informed and theoretically sound decisions about the 

design of AAC systems and interventions so that these 

systems and interventions are far more likely to affect 

positive outcomes. Eye tracking research technology 

provides one method for researchers to better under-

stand some of the visual cognitive processes that under-

lie interaction via AAC.   

 Potential Contributions of Eye Tracking Research 

to the AAC Field 

 Eye tracking research methods offer additional advan-

tages over traditional research methods that rely solely 

on behavioral responses. Traditional assessment and 

data collection procedures that require behavioral 

responses (e.g., pointing) may underestimate the capa-

bilities of many individuals with complex communica-

tion needs, including those with comprehension impair-

ments that limit their understanding of instructions or 

task requirements; those with motor impairments that 

limit their access to required behavioral responses; those 

with attention defi cits that limit their ability to complete 

tasks; and those with challenging behaviors that limit 

their compliance with task requirements (Wilkinson  &  

Mitchell, 2014). Typically, these individuals have been 

considered untestable; it has been diffi cult to derive 

information on their understanding and performance 

via traditional means. 

 Innovative eye tracking research technologies offer 

the potential to investigate the underlying visual cogni-

tive processes of individuals with complex communica-

tion needs, including those that have previously been 

considered untestable. Eye tracking research methods 

are particularly attractive because they place minimal 

demands on the individual: Specifi cally, there is no need 

for the individual to understand oral instructions, com-

ply with these directions, or produce motor responses 

(Wilkinson  &  Mitchell, 2014). All that the individual 

needs to do in most cases is look. The eye tracking 

research technology (once calibrated appropriately) 

tracks and records the gaze patterns of the individual 

over time. 

 Eye tracking research technologies differ signifi cantly 

from the AAC systems that are controlled via eye gaze. 

The research technologies are not designed as commu-

nication systems; the individual does not use eye gaze 

to control the system; rather, he or she simply looks 

at the screen and the eye tracking research technology 

rapidly samples the position of the eyes in relation to 

the computer display and automatically measures the 

latency, duration, and sequence of fi xations (Wilkinson 

 &  Mitchell, 2014). These data provide important infor-

mation and insights into what elements gain and hold 

an individual ’ s visual attention (and which ones do not), 

for how long, and in what sequence; they also provide 

information on how rapidly information is fi xated and 

processed, what causes distractions, and what may be 

the source of errors in performance (e.g., items to which 

the individual does not attend, but should; or items to 

which the individual attends, but should not). This 

information can be used to improve the design of AAC 

systems and interventions by maximizing attention to 

important information and minimizing distractions that 

may impede processing and reduce the rate of commu-

nication. Eye tracking research is particularly powerful 

because it enables focused investigation of the effects of 

underlying processes that cannot be directly observed 

(i.e., allocation of visual attention). 

 Eye tracking research technologies have been avail-

able for a number of years and have a well-established 

history as a reliable scientifi c means to investigate 

a range of underlying visual cognitive processes, 

including visual attention, perception, memory, and 

language (Karetekin, 2007). It is only recently that 

these methods have been applied to populations with 

disabilities (e.g., Fletcher-Watson, Leekam, Benson, 

Frank,  &  Findlay, 2009; Riby  &  Hancock, 2008, 

2009); initially, this research focused on populations 

that were believed to have no signifi cant oculomotor 

diffi culties (e.g., strabismus, nystagmus), visual acuity 

impairments, or visual fi eld defi cits (e.g., individuals 

with autism spectrum disorders, Williams syndrome). 

However, more recently eye tracking research tech-

nologies have been successfully calibrated and imple-

mented with children and adults with a wide range 

of disabilities, including those with complex com-

munication needs who are at risk for concomitant 

visual impairments (e.g., oculomotor impairments, 

fi eld defi cits). Table I summarizes the success rate 

of calibration of eye tracking research technologies 

with individuals with a wide range of disabilities who 

may require AAC. These data suggest the feasibil-

ity of these research methods as tools to investigate 

visual cognitive processes with these populations, 

including individuals who have been previously con-

sidered untestable. Of course, eye tracking research is 

not appropriate for everyone. Some individuals with 

complex communication needs may have severe visual 

impairments and may not benefi t from eye tracking 

research methods. However, these methods do offer a 

valid and reliable means to investigate visual cognitive 

processes with many individuals with a wide range of 

developmental and acquired disabilities.   
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 Special Issue on Eye Tracking Research in the 

AAC Field 

 Given the potential of eye tracking research to explore 

the basic visual cognitive processes of individuals with 

complex communication needs, we are very excited 

about this special issue of  Augmentative and Alternative 
Communication , which is intended to introduce eye 

tracking research methods to the fi eld and to share 

current research and implications for AAC. We are 

especially grateful to Dr Krista Wilkinson who worked 

with us to develop the vision for this issue and who 

served as guest editor for three of the papers (Brady 

et   al.; Gillespie-Smith  &  Fletcher-Watson; Thiessen, 

Beukelman, Ullman, et   al.). 

 The issue starts with a paper by Wilkinson and Mitchell 

that introduces the fi eld to eye tracking research methods 

and their utility for answering important questions to 

advance understanding in AAC. Specifi cally, these 

authors introduce basic terminology, provide examples 

of implementation of eye tracking research methods 

to investigate AAC issues, and explore some of the 

special challenges of conducting eye tracking research 

with populations with disabilities who might use AAC, 

including those related to inferring attention from the 

presence of fi xation and those related to calibration. 

 The remaining papers then provide examples of 

specifi c applications of eye tracking research to inform 

AAC interventions. Thiessen, Beukelman, Ullman, et   al. 

utilize eye tracking research methods with individuals 

with aphasia to better understand their visual cognitive 

processing and the implications for AAC visual scene 

displays. Specifi cally, they investigate the effects on the 

visual attention of individuals with aphasia of the pre-

sentation of people within visual scenes and the objects/

activities with which they are engaged. They then apply 

their results to inform the design of AAC displays that 

maximize visual attention to important information 

and minimize processing demands in order to enhance 

communication. 

 Like Thiessen, Beukelman, Ullman, et   al. (2014), 

Wilkinson and Light (2014) also utilize eye tracking 

research technology to investigate the visual attention of 

individuals with complex communication needs, with a 

view to improving the design of AAC systems. Whereas 

Thiessen Beukelman, Ullman, et   al. focus on adults with 

aphasia, Wilkinson and Light focus specifi cally on chil-

dren with typical development and three groups of chil-

dren with developmental disabilities who would benefi t 

from AAC (i.e., children with autism spectrum disorders, 

Down syndrome, and intellectual developmental disabili-

ties of unknown origin). Wilkinson and Light specifi cally 

investigate the effects of people within visual scenes on the 

latency and duration of visual attention by the different 

population groups, with a view to optimizing the design of 

visual scene displays as a component of AAC systems. 

 Brady et   al. (2014) also focus on the performance of 

children, but this time, children with typical development 

and those with autism spectrum disorders. However, 

rather than investigating patterns of visual attention as a 

means to inform the design of AAC systems, the authors 

explore the utility of eye tracking research methods to 

assess the receptive language skills of individuals with 

ASD, especially those who are diffi cult to test via tradi-

tional methods that require behavioral responses (e.g., 

pointing to a picture in response to a spoken word). 

Their study provides a preliminary investigation of the 

feasibility of utilizing eye tracking research technologies 

to measure comprehension of single words presented 

orally by measuring duration of fi xations to the target, 

compared to foils in a fi eld of four options, with the 

hypothesis that children will look longer at targets (i.e., 

correct responses) than foils (i.e., incorrect responses) 

when they understand the spoken words. 

 Gillespie-Smith and Fletcher-Watson (2014) also 

address issues related to individuals with autism 

  Table I. Percentage of Participants (by Disability Group) who Attained Successful Calibration for Eye Tracking 
Research.  

Disability group References

Calibration %

Successful Not successful

Children with 
typical 
development

de Bordes, Cox, Hasselman, and Cillessen (2013); 
Ito, Jincho, Minai, Yamane, and Mazuka (2012); 
Lee and Kuhlmeier (2013); Lochbuehler, Otten, 
Voogd, and Engels (2012); Mani, Johnson, McQueen, 
and Huettig (2013); Navab, Gillespie-Lynch, 
Johnson, Sigman, and Hutman (2012); Sasson, 
Elison, Turner-Brown, Dichter, and Bodfi sh (2011); 
Wilkinson and Light (2014); Wilkinson, O ’ Neill, 
and McIlvane (2014)

92 – 100% 0 – 8%

Children with ASD Sasson et   al. (2011); Wilkinson and Light (2014) 90 – 100% 0 – 10%
Children with DS Wilkinson and Light (2014) 88% 12%
Children with IDD Wilkinson and Light (2014) 83% 17%
Adults with aphasia Th iessen, Beukelman, Ullman et   al. (2014) 91% 9%
Adults with TBI Th iessen, Beukelman, and Brown (2014) 72% 18%

     Note . ASD, Autism spectrum disorder; DS, Downs syndrome; IDD, Intellectual and developmental disabilities 
of unknown origin; TBI, Traumatic brain injury.   



From Basic to Applied Research  103

© 2014 International Society for Augmentative and Alternative Communication

spectrum disorders. However, these authors step back 

and provide a broad-based review of the eye track-

ing research with this population; they summarize the 

results of this research and suggest potential implica-

tions for the design of AAC systems. Specifi cally, they 

consider four variables of interest: (a) the inclusion of 

social content (people, faces) in AAC displays; (b) the 

realism of the images used in AAC displays (e.g., realis-

tic photographs, line drawings, cartoons); (c) the inclu-

sion of written text (traditional orthography) alongside 

picture symbols; and (d) the complexity of the images 

used in AAC displays. 

 Finally, Dube and Wilkinson (2014) consider evi-

dence from behavioral and eye tracking research 

studies on the phenomenon of overselective attention 

(i.e., overselectivity) in individuals with developmental 

disabilities. Overselectivity refers to a limitation in the 

number of stimuli or stimulus features to which an indi-

vidual attends; this limitation of attention affects subse-

quent learning. In the case of AAC, this might include 

limitations in the features of AAC symbols to which 

individuals attend (e.g., attending only to the color 

red in the PCS for  APPLE , resulting in confusion with 

other symbols that also are red; or attending only to the 

fi rst letter of written words such as  mom , resulting in 

confusion with other written words that begin with the 

same fi rst letter, such as  man ). Stimulus overselectivity 

limits learning and generalization. Dube and Wilkinson 

consider how data from eye tracking research can be 

used to better understand the processes underlying this 

phenomenon and explore how these data can be used 

to develop interventions to address overselectivity and 

ensure attention to all relevant details.    

 Conclusion 

 As these papers demonstrate, eye tracking research 

technologies provide an innovative noninvasive 

method to investigate the basic visual cognitive pro-

cesses that underlie communication by individuals 

with complex communication needs via AAC. This 

type of basic research can serve to elucidate under-

standing of these processes and support the develop-

ment of scientifi cally grounded theories to inform the 

design of AAC systems specifi cally and interventions 

generally. As previously noted, research in AAC has, 

unfortunately, largely shied away from basic research, 

perhaps because of the realization that there are urgent 

immediate real world problems that must be solved to 

improve outcomes for individuals with complex com-

munication needs and because of the erroneous belief 

that basic research has nothing to contribute to this 

process. However, there are innumerable potential per-

mutations and combinations to design AAC systems 

(e.g., representations, organizations, layouts, selection/

production techniques, output) and interventions, and 

the options continue to increase exponentially. In the 

absence of well-developed theory to guide the design of 

AAC systems and interventions, we face the daunting 

task of testing these myriad combinations until we light 

upon ones that work. Basic research of the underlying 

communication process for individuals with complex 

communication needs provides crucial data to allow 

us to develop scientifi cally sound theory to guide 

our AAC system and intervention development and 

hence to focus our clinical research agenda. Perhaps 

Stanovich (2007) articulated the position best, when 

he wrote: 

  …  [It is] a mistake to view the basic-versus-applied 

distinction solely in terms of whether a study has practi-

cal applications, because this difference often simply boils 

down to a matter of time. Applied fi ndings are of use 

immediately. However, there is nothing so practical as a 

general and accurate theory. (p.107) 

 The development of effective AAC technologies 

and interventions requires coordinated research activi-

ties across the continuum of basic research to applied 

research. Those who develop new AAC technologies 

and applications must be aware of the basic science 

underlying human performance, and must use this 

theory to inform their designs in order to reduce pro-

cessing demands and maximize performance (see, for 

example, Thiessen, Beukelman, Ullman, et   al., 2014; 

Wilkinson  &  Light, 2014; Gillespie-Smith  &  Fletcher-

Watson, 2014). Those who develop new procedures for 

AAC assessment and interventions can benefi t from 

a fuller understanding of the processes that under-

lie human behavior (see Brady et   al., 2014; Dube  &  

Wilkinson, 2014). Recent technological developments, 

including advances in eye tracking technology, pro-

vide important new tools for better understanding the 

underlying processes that infl uence the effective use of 

AAC systems. This special issue represents an impor-

tant fi rst step in developing new approaches to basic 

research, specifi cally utilizing eye tracking research 

methods, to determine underlying visual cognitive 

processing of individuals with complex communica-

tion and to use this information to drive the design 

of scientifi cally sound AAC systems and interventions 

to improve outcomes for individuals with complex 

communication needs. 
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