
                                                                    

University of Dundee

Use of eye-gaze technology feedback by assistive technology professionals

Griffiths, Tom; Judge, Simon; Souto, David

Published in:
Disability and Rehabilitation: Assistive Technology

DOI:
10.1080/17483107.2024.2338125

Publication date:
2024

Licence:
CC BY

Document Version
Publisher's PDF, also known as Version of record

Link to publication in Discovery Research Portal

Citation for published version (APA):
Griffiths, T., Judge, S., & Souto, D. (2024). Use of eye-gaze technology feedback by assistive technology
professionals: findings from a thematic analysis. Disability and Rehabilitation: Assistive Technology, 1-18.
Advance online publication. https://doi.org/10.1080/17483107.2024.2338125

General rights
Copyright and moral rights for the publications made accessible in Discovery Research Portal are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 16. Jul. 2024

https://doi.org/10.1080/17483107.2024.2338125
https://discovery.dundee.ac.uk/en/publications/bb988f86-4bd6-417c-9ce1-6b241bf7b4db
https://doi.org/10.1080/17483107.2024.2338125


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iidt20

Disability and Rehabilitation: Assistive Technology

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/iidt20

Use of eye-gaze technology feedback by assistive
technology professionals: findings from a thematic
analysis

Tom Griffiths, Simon Judge & David Souto

To cite this article: Tom Griffiths, Simon Judge & David Souto (09 Apr 2024): Use of eye-gaze
technology feedback by assistive technology professionals: findings from a thematic analysis,
Disability and Rehabilitation: Assistive Technology, DOI: 10.1080/17483107.2024.2338125

To link to this article:  https://doi.org/10.1080/17483107.2024.2338125

© 2024 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

View supplementary material 

Published online: 09 Apr 2024.

Submit your article to this journal 

Article views: 198

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=iidt20
https://www.tandfonline.com/journals/iidt20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/17483107.2024.2338125
https://doi.org/10.1080/17483107.2024.2338125
https://www.tandfonline.com/doi/suppl/10.1080/17483107.2024.2338125
https://www.tandfonline.com/doi/suppl/10.1080/17483107.2024.2338125
https://www.tandfonline.com/action/authorSubmission?journalCode=iidt20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=iidt20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17483107.2024.2338125?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/17483107.2024.2338125?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/17483107.2024.2338125&domain=pdf&date_stamp=09 Apr 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/17483107.2024.2338125&domain=pdf&date_stamp=09 Apr 2024


Disability anD Rehabilitation: assistive technology

Use of eye-gaze technology feedback by assistive technology professionals: 
findings from a thematic analysis

Tom Griffithsa , Simon Judgeb  and David Soutoc 
aschool of computing, University of Dundee, Dundee, UK; bbarnsley assistive technology team, barnsley hospital nhs Foundation trust, barnsley, 
UK; cschool of Psychology and vision sciences, University of leicester, leicester, UK

ABSTRACT
Purpose: Eye-gaze technology offers professionals a range of feedback tools, but it is not well 
understood how these are used to support decision-making or how professionals understand their 
purpose and function. This paper explores how professionals use a variety of feedback tools and 
provides commentary on their current use and ideas for future tool development.
Methods and Materials: The study adopted a focus group methodology with two groups of 
professional participants: those involved in the assessment and provision of eye-gaze technology (n = 
6) and those who interact with individuals using eye-gaze technology on an ongoing basis (n = 5). 
Template analysis was used to provide qualitative insight into the research questions.
Results: Professionals highlighted several issues with existing tools and gave suggestions on how these 
could be made better. It is generally felt that existing tools highlight the existence of problems but offer 
little in the way of solutions or suggestions. Some differences of opinion related to professional 
perspective were highlighted. Questions about automating certain processes were raised by both groups.
Conclusions: Discussion highlighted the need for different levels of feedback for users and professionals. 
Professionals agreed that current tools are useful to identify problems but do not offer insight into 
potential solutions. Some tools are being used to draw inferences about vision and cognition which 
are not supported by existing literature. New tools may be needed to better meet the needs of 
professionals and an increased understanding of how existing tools function may support such 
development.

 h IMPLICATIONS FOR REHABILITATION
• Professionals sometimes make use of feedback tools to infer the cognitive and/or visual abilities of 

users, although the tools are not designed or validated for these purposes, and the existing literature 
does not support this.

• Some eye-gaze feedback tools are perceived as a “black box”, leaving professionals uncertain as to 
how to usefully interpret and apply the outputs.

• There is an opportunity to improve tools that provide feedback on how well an eye-gaze system is 
working or how effectively a user can interact with this technology.

• Professionals identified that tools could be better at offering potential solutions, rather than simply 
identifying the existence of problems.

Background

Eye-gaze technology refers to a method of accessing and oper-
ating computers or other assistive technology (AT) devices using 
the direction and rest of a user’s gaze as an input method. 
Assistive eye-gaze technology (hereafter: eye-gaze technology) 
can be used to interact with computers by users with severe 
motor disorders or movement limitations resulting from conditions 
including cerebral palsy and motor neuron disease [1,2]. Eye-gaze 
technology continuously monitors the user’s gaze point, the point 
at which their line of sight intersects with the display. It uses this 
data to control a computer interface, such as by translating gaze 
data into cursor movement. Thus, eye-gaze can be used as a 

substitute for a conventional mouse, keyboard, or touchscreen for 
those whose movements or level of accurate control impact or 
prohibit conventional use. Using eye-gaze technology, users can 
access a full range of mainstream and AT functions, including 
voice output communication software, computer control, gaming, 
and control of external devices, such as environmental control 
systems and smart home devices [3]. As such, eye-gaze has the 
potential to increase the participation of both children and adults, 
some of whom may have previously not had a reliable method 
of accessing a computer [4].

It is important to distinguish at this point between eye-gaze 
and eye-tracking technologies; the latter refers to a passive tech-
nology that records data on a variety of eye movements and 
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2 PROFESSIONAL’S USE OF EYE-GAZE FEEDBACK

ocular features but does not enable control [5]. Since eye tracking 
is primarily used in research contexts and its use with disabled 
participants is rare [6], this technology is outside the scope of 
discussion in this paper.

Assessment and use of eye-gaze technology

Despite the enabling potential of eye-gaze technology, research 
into its use remains at an early stage [7]. Few studies have focused 
on the assessment of individuals for eye-gaze technology. In 
recent years, Karlsson and colleagues [8] have proposed a set of 
clinical guidelines for decision-making around this technology 
which were drawn from stakeholder consultation with users, sup-
port workers, professionals, and others working with the technol-
ogy. These guidelines bring to the fore the multidisciplinary nature 
of eye-gaze assessment, with the range of professionals involved 
likely to depend on the function for which the technology is 
intended. In addition to the user and their family, the core team 
is likely to include professionals from occupational therapy, spe-
cialist clinical technical professions, educators, and speech and 
language therapy [9].

Assessment for eye-gaze technology in the UK typically involves 
a range of professionals similar to those proposed in Karlsson’s 
guidelines. This is due in part to the creation in 2014 of a network 
of centrally commissioned Specialist Services for augmentative 
and alternative communication (AAC) [10]. Whilst these services 
are commissioned for the assessment and provision of high-tech 
AAC (including eye-gaze), the daily support of such technology 
frequently falls to local team members. Anecdotally, this is often 
led by a speech and language therapist, and the response rate 
in the above study would suggest this is not uncommon, with 
this profession being the largest group of responders [8].

Included within these guidelines is the suggestion that pro-
fessionals working with eye-gaze should have an established 
understanding of the different hardware and software options 
and capabilities available to support users, but professionals often 
report difficulties in accessing reliable information about the tech-
nology and its use [11].

Feedback and feedback tools

Since the entry of eye-gaze into the AT market [12], both eye-gaze 
technology hardware and software have developed significantly, 
with reduced costs and a proliferation of different hardware and 
software interfaces now available on the market. Hardware devices 
(in the form of eye-gaze cameras) have been released by different 
manufacturers, with each device being accompanied by 
manufacturer-specific software that allows configuration of various 
aspects of control and customisation of the user interface, for 
example, changing the cursor or “selection indicator” that lets the 
user know that they are targeting an item for selection [13]. In 
the absence of any standardisation of these software packages 
or hardware components, manufacturers of specialist AT software 
often simplify this situation by providing a single control panel 
for eye-gaze access, allowing professionals and users to set param-
eters (such as dwell time, selection indicators) within their soft-
ware using a consistent interface.

Eye-gaze cameras and their accompanying software can offer 
a range of feedback on aspects, such as a user’s positioning rel-
ative to the camera, the accuracy of their gaze point, or the 
reliability of their calibrations. The algorithms used within all assis-
tive eye-gaze technology are proprietary and this also extends to 

details of how feedback is generated. These algorithms are typi-
cally considered by manufacturers to be commercially sensitive 
and are therefore undisclosed—tracking algorithms and methods 
of calibration are examples of this.

Eye-gaze technology developers provide professionals with a 
variety of different feedback tools to inform how systems are 
configured or used. Feedback tools are designed to give users 
and professionals insight into key operational aspects of the 
device (such as the position of the user and the quality of their 
calibration) or into the users’ performance in tasks (such as a “heat 
map”, which is a summary representation of where the users’ gaze 
point has been registered most often). In practice, professionals 
rely on the output of a variety of feedback tools for decision-making, 
however, these outputs are typically the outcome of undisclosed 
algorithmic calculations.

For this study, the authors selected five feedback tools that 
are commonly featured in eye-gaze technology software, illus-
trated in Figure 1:

• Calibration plot (Figure 1(a))—provides feedback on the 
outcome of a calibration procedure. The calibration pro-
cedure is designed to provide extra information about a 
user’s eyes and eye movements with the goal of increasing 
the accuracy and precision of the tracking algorithm.

• Positioning guide (Figure 1(b))—provides information on 
the position of the user, relative to the eye-gaze camera, 
helping to ensure they are positioned within the track-
box—the area where the camera can track their eyes.

• Heatmap (Figure 1(c))—“two-dimensional graphical rep-
resentation of data where the values of a variable are 
shown as colours” [14], usually overlaid on the original 
stimulus material. In eye-gaze systems the data repre-
sented is typically fixation location and durations or total 
gaze duration.

• Live feed (Figure 1(d))—live video feed of the eye or 
whole face, often highlighting tracked features (pupil and 
corneal glint).

• Scanpath (Figure 1(e))—a graphical representation of a 
user’s fixations around the screen area, typically as a 
sequence of ordered fixations, illustrated by circles of 
increasing size corresponding to fixation duration, and 
connected by lines. Scanpaths are often overlaid on the 
graphical displays that elicited the fixation data.

Feedback tools are known to be used in both assessment and 
in everyday use of eye-gaze technology but, anecdotally, profes-
sionals often find their use and interpretation challenging. Further, 
tools are often perceived as being useful in measuring several 
aspects of performance, including system and tracking perfor-
mance, as well as aspects of a user’s performance, such as their 
use of vision, gaze behaviours, and cognition. Although feedback 
tools may be advertised as being able to measure some of these 
aspects of performance, these tools are not typically designed for 
this purpose and none that we know of are externally validated 
instruments. This situation is reflected in the literature, where the 
authors know of no studies exploring how professionals make 
use of the feedback tools existing in current eye-gaze technology 
systems.

This study seeks to further the conversation about how feed-
back from eye-gaze technology is presented to professionals and 
how they make use of it to further their own understanding and 
to make decisions about when and how to use the technology 
with individual users.
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Methods

This study aimed to investigate the attitude of AT professionals 
towards feedback given by eye-gaze devices, how they understand 
and apply that feedback in practice, and their thoughts on how 
existing feedback methods could be developed or improved. The 
research questions for the study were:

• What feedback provided by eye-gaze technology do AT 
professionals find helpful?

• How is feedback provided by eye-gaze technology used 
by AT professionals?

• How do AT professionals describe performance with 
eye-gaze technology?

• What information about a user’s vision, gaze and cognition 
do AT professionals gain from feedback provided by 
eye-gaze technology?

• What improvements or changes in feedback provided by 
eye-gaze technology would AT professionals find helpful?

The study uses a phenomenological approach to explore these 
questions through consultation with a group of professionals with 
relevant viewpoints. The research team did not seek to recruit or 
represent a total sample of professionals and did not recruit with 
the target of achieving any theoretical data saturation, since the 
development or formation of a new theory was not the goal of 
the work [15]. Instead, the research team considered that sample 
adequacy and a variety of professional backgrounds and contexts 
to be more important than the number of participants. Principles 
of the consolidated criteria for reporting qualitative research were 
followed in reporting the study in this paper [16].

Recruitment of participants

Ethical approval for the study was granted by the School of 
Psychology Research Ethics Committee at the University of 

Leicester (Ethics Reference: 37538). In line with the methodological 
approach adopted for this study, purposive sampling was used 
to recruit two groups of participants. A decision was made to cap 
focus groups at a maximum of eight participants to ensure all 
participants were able to contribute. Recruitment was terminated 
when the research team felt that the information power was 
sufficient to provide helpful insight into the study’s objectives 
[17]. Two groups of participants were defined by the research 
team, considering these to represent the groups of professionals 
who work most closely with eye-gaze and its users. The inclusion 
criteria for each group were as follows:

• Group 1 (Assessment Group): AT professionals involved in 
the assessment and provision of eye-gaze technology in 
the UK.

• Group 2 (Daily Use Group): professionals who interact with 
individuals using eye-gaze technology on an ongoing basis, 
in schools, colleges, or residential settings in the UK.

Participants were not excluded from the study based on client 
group, years of experience, or specific professional credentials, as 
it was intended that the groups would reflect the range of dif-
ferent professionals and roles that support eye-gaze assessment 
and implementation.

The study was advertised on relevant professionally-focused 
forums in the UK and social media channels, and some direct 
approaches to professionals were made by a member of the 
research team. This purposive sampling approach meant that 
participants were only recruited if they had significant, sustained 
exposure to eye-gaze technology in either assessment or use 
and support. A small incentive in the form of a shopping voucher 
was offered for participation in the study. Potential participants 
who expressed an interest in the study were provided with a 
participant information sheet and consented to the study.

Eleven participants were recruited. Participants’ professional 
roles are presented in Table 1. Several other potential partici-
pants were approached but were unable to participate due to 

Figure 1. graphical illustrations of the different feedback displays discussed in this paper: (a) calibration plot, (b) positioning guide, (c) heatmap, (d) live feed, (e) 
scanpath. the actual topic prompts used examples from existing at software and can be viewed in the supplemental Materials for this paper.

https://doi.org/10.1080/17483107.2024.2338125
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a lack of time to commit to the study. No participants dropped 
out of the study before or during the focus groups. A product 
representative from an AAC company that supplies eye-gaze 
cameras responded to the recruitment approaches, the inclusion 
criteria and potential conflict of interest were reviewed at this 
point and discussed within the research team and with external 
advisors. It was concluded that product representatives are an 
integral part of the provision of eye-gaze technology in the UK 
and are frequently involved in assessments alongside state 
registered or independent professionals, therefore capturing 
this viewpoint was important to addressing the research 
questions.

Data collection

A single focus group session was carried out with each group 
of participants. Both focus groups were conducted using 
Microsoft Teams videoconferencing software and consent was 
given by each participant to record and transcribe the content. 
Participants typically connected to the focus groups from their 
place of work. Sessions lasted around 90 min and were facilitated 
by two members of the research team, with one chairing the 
discussion. There was no need for repeat focus groups or indi-
vidual interviews.

Research team positioning and reflexivity
All members of the research team have a doctoral-level academic 
background and work either in academia or in specialist clinical 
services at management level. The first and second authors have 
extensive experience working clinically in the assessment, 

provision, and support of eye-gaze technology. The third author 
has considerable research experience in the use of eye tracking 
to measure aspects of visual performance and human computer 
interaction. The research team has experience in conducting qual-
itative research in relevant fields. Several of the participants had 
pre-existing relationships with the research team through working 
in the same field for several years. It was not considered that 
these relationships would impact participants’ involvement since 
there was no conflict of interest with any researcher and the 
topics of discussion were related to a specific technology, rather 
than any aspect of service delivery or clinical practice where 
participants and members of the research team might have com-
mon ground.

Materials
The discussion guide and focus group topic prompts (see 
Supplemental Material for a PDF of the topic prompts—the dis-
cussion guide followed the same structure as the topic prompts) 
were developed by the research team based on the study objec-
tives, research questions, and overarching methodology. The initial 
topic guides were then presented to three independent experts 
in the field for review: a senior research fellow at a major research 
and teaching hospital, a clinical lead for a specially commissioned 
AAC service, and an independent therapist with a clinical research 
background and over 40 years’ experience as a clinician and clin-
ical lead in AAC and AT service delivery. Reviewers were given 
the study objectives in advance and then shown the research 
questions, before being shown the discussion guide and topic 
prompts. Feedback from the reviewers, obtained during interview 
sessions with the lead author, was subsequently incorporated into 
the design of the materials.

All three reviewers validated the approach and the overall 
goals of the study. Reviewers also confirmed that the feedback 
tools selected were representative of those typically found in 
eye-gaze technology and that the examples of feedback selected 
to use in the focus groups were representative and likely to be 
used in practice by focus group participants. One reviewer sug-
gested the inclusion of multiple examples for two feedback tools 
(calibration plots and positioning guides) where there was signif-
icant variance in how the information was presented by different 
manufacturers. This suggestion was adopted and the topic 
prompts adapted accordingly. Suggestions were made on the 
amount of time allocated to each section of the focus group, 
which were also changed.

Focus groups were conducted by the first and third authors, 
with the first author acting as chair and leading the discussion. 
Both focus groups followed the same structure: introductions from 
the researchers and from all participants were followed by a brief 
overview of the work, during which the research team shared the 
motivation for the study; an initial question (“What information 
or feedback do you get from eye-gaze devices which you consider 
to be helpful?”) then invited general discussion within the groups; 
participants were then shown examples of the five different types 
of feedback commonly offered by eye-gaze technology and invited 
to discuss these.

For each feedback type, the researchers had selected what 
they considered to be one or two representative examples—which 
was confirmed through pilot testing with reviewers. Efforts were 
made to select examples that were not obviously from any par-
ticular software and to provide examples that included represen-
tation from a range of manufacturers. Given the small size of the 
AT manufacturer community and the professional experience of 
all participants, it was possible for individual manufacturers to be 

Table 1. Participant professional roles (all participants are UK-based).

Professional role Working context Main client group

assessment focus group—at professionals involved in the assessment and 
provision of eye-gaze technology in the UK

P01 clinical scientist (Public 
sector)

specialist aac service all ages and 
disabilities

P02 occupational therapist 
(third/charitable sector)

charity providing at 
for play and leisure 
opportunities

all ages—mainly children 
and young adults with 
physical disability

P03 aac Product 
Representative 
(commercial sector)

aac manufacturer/
supplier

all ages and 
disabilities

P04 occupational therapist 
(third/charitable sector)

specialist aac 
consultancy

children and young 
adults

P05 speech and language 
therapist (Public sector)

specialist aac service adults with acquired/
degenerative 
disabilities

P06 clinical technologist 
(third/charitable sector)

specialist aac service adults with acquired/
degenerative disabilities

Daily use focus group—Professionals who interact with individuals using 
eye-gaze technology on an ongoing basis.

P07 speech and language 
therapist (Private sector)

various—mainly 
schools and colleges

children and young 
adults

P08 speech and language 
therapist (Public sector)

local nhs speech 
and language 
therapy Provision

adults with physical 
and/or cognitive 
disabilities

P09 speech and language 
therapist (Public sector)

school-based speech 
and language 
therapy Provision

children and young 
adults with physical 
disabilities

P10 speech and language 
therapist (Public sector)

specialist school and 
college

children and young 
adults with physical 
disabilities

P11 occupational therapist 
(Public sector)

specialist school and 
college

children and young 
adults with physical 
disabilities

https://doi.org/10.1080/17483107.2024.2338125
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identified from the topic prompts. These were each accompanied 
by the same set of prompt questions:

• What information are you getting from this sort of 
feedback?

• How might you use this information to inform your prac-
tice or make decisions?

• What do you think about the way this information is 
presented?

• Do you have any ideas about how this information could 
be presented differently?

Data analysis

Data were analysed thematically using a codebook approach 
based on the principles of template analysis [18]. Focus groups 
were transcribed initially using the Microsoft Teams automatic 
transcription functionality. Transcripts were then reviewed and 
corrected by the first author, using the original video recordings 
of the sessions for reference. This review of transcripts also served 
to better familiarise the first author with the data. The transcripts 
from the two focus group sessions constituted the data analysed 
in this study.

Transcripts were imported into NVivo 12 software. Preliminary 
coding followed, with transcripts iteratively coded by the first 
author during successive re-readings. Codes were identified when 
there were recurrent mentions or descriptions of a phenomenon 
by participants in either group, as described in the thematic anal-
ysis literature [18,19]. This process resulted in the identification 
of 42 individual codes. Definitions were then developed for these 
codes and the first author undertook several sessions of clustering 
similar codes together into themes and sub-themes, with partic-
ular attention paid to merging codes that frequently overlapped. 
The result was a template comprised of 18 sub-themes under five 
main themes. To ensure the robustness of the process, the second 
and third authors completed a validation exercise according to 
the following protocol:

• For each code, a descriptive summary was provided by 
the first author.

• The allocation of these codes to the sub-themes and 
themes was then checked and approved by the second 
and third authors.

• For each theme and sub-theme, a further descriptive sum-
mary was developed by the first author.

• Two representative quotes from each sub-theme were 
extracted by the first author.

• The second and third authors reviewed the quotes to 
confirm that they were reflective of the sub-theme or 
theme to which they had been ascribed.

• Full agreement on the template was reached within the 
group during a discussion session.

Another round of coding of the complete data was then carried 
out by the first author. Participants did not provide feedback on the 
findings, since the aims of this work are exploratory rather than the 
development of a theory or concrete set of recommendations.

Results

Results are presented as a descriptive interpretation of each sub-
theme, organised under their top-level theme. A full list of themes 
and sub-themes is presented in Table 2. Direct quotes from 

participants are included to aid the interpretation of the analysis. 
Quotes have been edited to ensure the anonymity of participants 
and, where required, to increase readability.

The two groups of participants are referred to as the Assessment 
Group and the Daily Use Group in this section. Commonly used 
acronyms for Speech and Language Therapist (SLT ) and 
Occupational Therapist (OT) are also used throughout.

How professionals use feedback tools

Discussions in both groups focused on the different uses of feed-
back provided by the eye-gaze technology feedback tools and 
how professionals made use of the five feedback types.

Adjustments (device, environment, user)
Using feedback to inform adjustments was discussed in both focus 
groups. Participants involved in assessment (Assessment Group) 
and daily use (Daily Use Group) both reported instances of their 
using feedback tools to determine adjustments to the eye-gaze 
device setup, the environment, or a particular aspect of the user. 
Participants discussed the positioning guide as an exemplar of a 
useful piece of feedback in this regard, describing that this feed-
back tool supported adjustments to the relative position of the 
user and the eye-gaze camera.

Given how critical the positioning of the device is, the orientation of the 
device relative to the user, I just find [the positioning guide] so useful, 
especially for clients who’ve got a difficult time positioning a system for 
use, I just think [it’s really useful] having that very precise sliding indicator 
to show where you are, distance-wise. (P01, Clinical Scientist, Assessment 
Group)

Table 2. themes and subthemes identified during transcript analysis.

Main theme theme description identified subthemes

how professionals use 
feedback tools

Related to the ways in 
which participants make 
use of the feedback 
they receive from 
eye-gaze systems.

adjustments (device, 
environment, user)
informing hardware choice
guiding intervention
informing interface design
User presentation
support and training
Discussion with other 
stakeholders
trial and error
Feedback unhelpful

timing and availability 
of feedback tools

Related to the 
availability of feedback 
methods—both how 
easy they are to access 
and when they are 
presented to 
professionals and users.

accessibility of feedback
timing of feedback 
presentation

confidence in 
feedback tools

Related to the 
confidence professionals 
have in different types 
of feedback and how 
that confidence is 
increased or decreased.

clarity of representation
objectivity
transparency of method

impact of prior 
knowledge and 
experience on use of 
feedback tools

Related to how the 
experience and 
knowledge of the 
person receiving or 
interpreting the 
feedback impacts on its 
reception and use.

amount of feedback
Professional experience and 
judgement

Use of feedback tools 
in combination

Related to how 
feedback is used in 
combination with other 
sources of information.

combining multiple 
feedback types
combining with observation
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Calibration plots were also described by both groups as a 
source of feedback that might prompt adjustment to the device 
setup or the user’s position:

Sometimes if there’s a bad line along the top that can indicate that I just 
need to push the device up or down a little bit which tends to fix that. 
(P04, OT, Assessment Group)

[calibration] could potentially inform the position of the device as well. Just 
having to physically raise the device or lower the device if we’re struggling 
at a particular point and recalibrate. That’s still the same, it’s an indicator, 
not a concrete thing. (P03, AAC Product Representative, Assessment Group)

Both groups highlighted that feedback on environmental fac-
tors—specifically light levels—was something that they felt to be 
missing. Given the impact of ambient light on the performance 
of many eye-gaze cameras, it was surprising to both groups that 
devices did not explicitly offer any information on this. Participants 
in the Daily Use Group discussed that ambient light levels can 
be inferred from observation, but that its exact impact on eye-gaze 
functioning was sometimes hard to identify specifically without 
the use of feedback methods, such as a live video feed:

[impact of the environment can be unclear] without the video: too much 
light coming in and things like that. (P08, SLT, Daily Use Group)

Both groups expressed a degree of frustration that eye-gaze 
feedback tools often highlighted the need to make an adjustment, 
but that the tools did not then provide any insight as to what 
adjustments may improve the eye-gaze technology’s performance. 
Participants described needing to attempt to find solutions them-
selves, often through making incremental adjustments and 
re-running the same process to check if the feedback had changed. 
For example, P06 and P08 both described situations when the 
positioning guide might indicate that adjustments were needed 
but that the solution to this was not in adjusting the positioning 
of the individual using the eye-gaze technology:

Although you can’t tell that [a bad result on the positioning guide] is glare. 
[It could be] cleaning glasses or somebody pointing and blocking the cam-
era […]. (P06, Clinical Technologist, Assessment Group)

So it might be their glasses are in the way. So when they’re looking at the 
top left, the rim of their glasses is in the way or they’ve got a reflection 
from the screen on their glasses. (P08, SLT, Daily Use Group)

The addition of a live video feed was seen by both groups as 
a potential solution to this challenge, giving professionals extra 
information with which to “troubleshoot” difficult situations.

Informing hardware choice
Although the choice of eye-gaze hardware was not central to 
either discussion, both groups recounted examples of having used 
the feedback offered by different manufacturers to determine 
which hardware they would prefer to use. The one feedback type 
that was specifically cited as a potential determiner of hardware 
choice was the live feed: participants in the Assessment Group 
described a preference for cameras and software that offered this 
as an option.

Several members of the Assessment group also reported that 
they kept a stock of older hardware that was no longer commer-
cially available because they valued certain functionality that was 
no longer available in the manufacturer’s offering:

I was a fan of the very early [MANUFACTURER] software – they had little 
lines showing the [location of ] the sample points compared to where the 
final decided average gaze point [was] and that direction could really be 
helpful, seeing if it’s all to the left and all to the right. (P06, Clinical 
Technologist, Assessment Group)

We also still keep around a number of the old [MANUFACTURER] cameras 
with the old software so that we can get the lines with the separate eyes 
for those really complex users. (P02, OT, Assessment Group)

Guiding intervention
Both groups provided examples of when the feedback discussed 
had been used to make decisions on the interventions they might 
use with a person, beyond those directly related to the device 
or positioning.

Professionals in both groups discussed the potential for cali-
bration performance to impact their choice of AAC vocabulary, 
with a good calibration linked to the selection of vocabulary with 
more items on the screen. It was also discussed that calibration 
might feed into decisions on what type or level of activities should 
be attempted with the eye-gaze system:

And I think as well from [calibration] data you would then use that to 
support you with a decision about the amount of cells that you’re going 
to provide somebody, whether they’re text to speech or whether they’re 
using their symbol-based vocabulary or whether they are using some cause 
and effect games or different games, and how many symbols or cells? Or 
are they using [full] computer access. So you use all this information for 
that. (P08, SLT, Daily Use Group)

When feedback tools indicated problems or difficulties in using 
the device, participants in the Daily Use Group discussed that 
they may take this as a prompt to consider alternative uses for 
the eye-gaze system: either games or one of the “eye-gaze train-
ing” packages that exist on the AT market. Whilst the Assessment 
Group also discussed how feedback from eye-gaze devices would 
guide their interventions with a user, the use of eye-gaze training 
software was not mentioned by participants involved in eye-gaze 
technology assessment.

Participants who worked daily with users of eye-gaze tech-
nology discussed that, if calibration outcomes were not opti-
mal, ways of improving performance would be sought, rather 
than considering alternative methods of accessing a device. 
The use of training software to increase eye-gaze performance 
was discussed ex tensively  by the Dai ly  group of 
participants:

If the [calibration] doesn’t look marvellous and the bottom left is hard [in 
the example shown to focus group participants] and so you might try some 
specific targeted activities to try and improve people’s ability to access the 
whole screen. […] We might start using some specific targeted eye gaze 
training and games and things alongside communication or IT to target 
specific areas of the screen. (P11, OT, Daily Group)

The decision to persist with eye-gaze by those working with 
eye-gaze technology users daily, even when performance was 
suboptimal, was linked to feelings that direct access of one form 
or another was preferrable and hence, when a user had no other 
reliable movements which could be used to control a computer, 
eye-gaze should be pursued as far as was practical.

[Regarding learners who are using eye-gaze] It’s not the last thing we 
try, but it’s not the first thing. Direct access takes quite a lot of cognitive 
loading out of what you’re trying to do. Most of us, if we can directly 
access a keyboard or directly access our iPhone, that’s what we choose 
to do. So you’ve probably been through quite a lot of different ways 
of trying to access things along your journey to looking at eye-gaze, 
because it’s quite tiring, the equipment can be quite expensive, it can 
need a certain amount of knowledge to be able to set it up and use it 
effectively. So I definitely wouldn’t give up if I got a bad calibration, 
for probably years, because it’s got the potential to enable you to sort 
of access things that other access methods won’t have. (P11, OT, Daily 
Group)
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Informing interface design
Participants in both groups discussed that they used certain types 
of eye-gaze feedback to inform the design of interfaces for users. 
Both groups mentioned using calibration outcomes to guide the 
dimensions and placement of cells in an AAC system—relocating 
items if users were having difficulty targeting the calibration point 
in one particular part of the screen. Similarly, using calibration as 
a measure of overall accuracy was felt by participants in both 
groups to be a suitable way of determining what size of item or 
complexity of vocabulary layout to offer to a user.

[calibration] is kind of what determines, if I’m doing AAC, what vocabulary 
size I’m gonna kick off with. (P04, OT, Assessment Group)

The Daily Use Group discussed the use of heatmaps to overlay 
information about where the user was looking and, in turn, make 
decisions about where to position onscreen items:

Heat mapping and the [live feed] are really useful for that. So, if you’re 
creating individualised grid sets, you can arrange stuff where you want it: 
the most high frequency cells in the areas that they are able to access most 
readily. (P11, OT, Daily Use Group)

User presentation
Participants in both groups felt that they could use feedback 
methods to gain information regarding an eye-gaze user’s indi-
vidual presentation, by which they were referring to a user’s ocu-
lomotor abilities, their cognition, or specific types of visual 
impairment or visual function.

Specific oculomotor disorders were mentioned in both groups, 
with strabismus and nystagmus both mentioned by name in the 
Assessment Group:

When you have a client with a strabismus, I think it’s very important to 
have data from each eye separately and not combined when you’re getting 
calibration feedback data. (P06, Clinical Technologist, Assessment Group)

We’ve also specifically targeted one eye before. We’ve got information that’s 
showing us that it’s picking up two eyes, but if somebody has a divergent 
squint it can be quite confusing, and if you can then tell software just to 
target one eye which has a more reliable gaze that can be really useful 
(P11, OT, Daily Use Group)

In these examples, the feedback is being used to identify a 
user’s dominant eye, which can be used to adjust the tracking 
setup for an individual. Whilst this group acknowledged that the 
presence and severity of nystagmus could impact eye-gaze per-
formance, the consensus within the group was that it was not 
always a barrier to successful control of a system and that any 
such disorder severe enough to limit eye-gaze use would likely 
be observable without the need for technology. Where vision or 
ocular impairments were unknown, participants reported using 
eye-gaze feedback to assess the functional impact of these, and 
to define compensatory strategies, rather than to make any prog-
ress with diagnosis or description:

I’ve had it where people have had damage to their eyes before and they 
didn’t know [about it]. And then, having that calibration really helped to 
be able to then identify “Oh we’ll just use the right eye” (P08, SLT, Daily Use 
Group)

Both groups reported using eye-gaze feedback methods to 
gain insight into visual ability and eye movements:

[On the use of heatmaps] So are they fixating? Are they tracking? Are they 
able to scan? Because it sometimes might appear as if they are, [but I use 
heat maps] as an analysis to reflect on where their skill set is and are they 
just exploring their screen? Do we need to do early visual attention stuff? 
Or are they starting to fixate and scan? (P09, SLT, Daily Use Group)

We can see whether or not this person’s eyes are matching the movements 
on the video when we watch it back. So we know whether or not they are 
purposefully moving their eyes to do what we expect somebody to do. So 
it is useful to tick off certain areas that we might be concerned about. (P04, 
OT, Assessment Group)

The participants in the Daily Use Group appeared to have a 
consensus in feeling that existing feedback methods could provide 
useful insight into eye movement and visual behaviour. There was 
less of a consensus in the Assessment Group, where participants 
discussed a feeling that relying on the technology to infer these 
skills was risky, acknowledging the difficulties some users expe-
rience with eye-gaze technology accurately tracking their gaze. 
The Assessment group also discussed difficulties in using existing 
feedback to differentiate between volitional (deliberate fixation 
of static targets and smooth pursuit of moving targets) and reflex-
ive (automatic, responsive) eye movements.

[At the early stages of assessment] If it’s the reflexive stuff, we wanna know 
if they can see [things on the screen]. So we’re ticking off whether or not 
their eyes are moving involuntarily, reflexively if you see what I mean. We’re 
not looking to see if they’re volitionally doing stuff, we don’t tend to do 
that very much, but maybe we should do. (P04, OT, Assessment Group)

Both groups cited a lack of input from other specialisms, such as 
ophthalmology, as a reason they would make use of eye-gaze feed-
back to learn more about an individual user’s presentation. In this 
scenario, professionals feel that they are trying to obtain information 
that might be helpful to support their decision-making, using the 
tools available to them in the absence of a full assessment.

We’re trying to figure out whether there’s a visual pursuit issue first. If it’s 
the reflexive stuff, we wanna know if they can see [a stimulus] because we 
don’t really get any CVI or ocular data from other professionals. So we need 
to know if [they] can see it. (P04, OT, Assessment Group)

The use of eye-gaze to obtain information about a user’s cog-
nitive ability was discussed in both groups, although it was rarely 
named as such by either group. Instead, participants tended to 
refer to the idea of users making progress through skills that 
might be considered cognitive, such as cause and effect, object 
fixation, choice-making, etc. Here the use of eye-gaze training 
software packages was suggested by some participants as a way 
of developing visual and cognitive skills.

[If a poor calibration is reported] we might start using some specific targeted 
eye gaze training and games and things alongside communication or IT 
to target specific areas of the screen. (P11, OT, Daily Use Group)

For some students, eye gaze does fail just because […] the cognition isn’t 
quite there for them to control their eye movements in that way. (P09, SLT, 
Daily Use Group)

Support and training
Both groups of professionals would be expected to support others 
in using eye-gaze technology—either providing support and train-
ing for families and carers working with individual users or for 
other professionals providing general support. Both groups dis-
cussed types of eye-gaze feedback that they found useful in 
providing such support.

Participants in both groups recounted scenarios where feedback 
had been useful to give others an idea of what to look for as an 
indicator that the device was working well or not working as intended. 
Examples used by both groups were the colour coding of calibration 
plots and the face avatar used in some positioning guides.

It’s easier to say “[this is] the optimum position to be in and look, like this, 
with a smiley face” – that’s a nice easy way to describe that positioning to 
people. (P11, OT, Daily Group)
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Both groups gave examples of having used feedback to illus-
trate specific points during training, having shown examples of 
a particular feedback type to show others “what good looks like”, 
or explaining how the device functions.

A lot of these sorts of tools allows people to see how it’s working: I will 
show clinicians photographs like [the topic prompt], showing how it works. 
(P04, OT, Assessment Group)

One element of support that was raised in the Assessment 
focus group was that of remote support. This was likely more of 
a concern for this group of professionals because of their working 
contexts and less frequent direct contact with individual users. In 
this scenario, professionals are unlikely to have direct “screen 
share” access to the device and hence the feedback from the 
device is typically described to them by a third party or viewed 
on an external camera. As such, there was a recurrence of the 
need for different levels of feedback for different users and 
functions:

When you’re supporting people over the phone and [they say] “the eye gaze 
isn’t working”, you can say “what’s the calibration looking like?”. If it’s lines, 
it’s much more difficult for them to describe [than if the device is giving 
feedback in the form of colours and numbers]. (P04, OT, Assessment Group)

Both groups discussed the need to emphasise caution in the 
use of feedback for support and training, which was closely related 
to the general feeling from all that feedback should not be used 
in isolation from a professional’s own observations, particularly 
around posture and position.

Discussion with other stakeholders
Both groups reported that they had used feedback in discussions 
with users, families, and other professionals. Examples of cases 
where having feedback could both help and hinder discussion 
were provided.

The Daily Use Group discussed heatmaps as helpful discussion 
aids when feeding back to other stakeholders involved in eye-gaze 
provision. The group related this to the need to measure and 
share progress, or to aid target setting for individuals:

I find [heatmaps] really useful as well for showing other people: it’s a nice 
way to explain success with eye gaze or areas of progress as well. Which 
areas are they focusing on more? Is there a reason for that? How close are 
they to those target areas as well? (P10, SLT, Daily Use Group)

It was interesting to note that the converse was true for the 
Assessment Group, whose opinion of heatmaps was that they 
were unhelpful as their interpretation was highly subjective:

[heatmaps] include some things that don’t support an argument either 
way. And then it would be used against me to prove the other case. (P01, 
Clinical Scientist, Assessment Group)

It was interesting to note that the simplicity of the  
presentation of feedback was seen as having both advantages and 
disadvantages for both groups. Both groups cited clear presentation 
and colour coding (in feedback, such as calibration plots and heat-
maps) as a potential asset when attempting to discuss elements of 
eye-gaze provision with users, families, and other professionals who 
were perhaps less familiar with the technology. However, in the 
Assessment Group, the discussion turned to how over-simplification 
could result in differences of opinion:

We can get [calibration plots] in a nice clear visual, coloured form so that 
we can feedback to the person and their family: “well you know green is 
good and red is not so good” (P05, SLT, Assessment Group)

When [you’re with] the family who are looking for [hope], and you get 
these [green calibration points], sometimes that’s immediately translated 
by the family as like, “Oh great, they can use eye gaze”. [But if the user is 
subsequently unable to use eye-gaze functionally] the family then start 
potentially thinking that it’s the clinician that’s the problem because “the 
system actually understood them really well because [the calibration was 
all green]”. (P04, OT, Assessment Group)

Trial and error
Both groups expressed frustration that they felt there was a need 
to rely on trial and error, even once they had the information 
from the different feedback tools. In the Assessment Group, the 
participants discussed that they were able to achieve good out-
comes for users through making incremental adjustments through 
trial and error, but that they felt this process could be expedited 
and made more systematic if the device could provide feedback 
on, for example, dwell times:

[Users] get given a device and it’s 1.5 second dwell time and that just 
becomes “how I use it”, when they could be achieving better by bringing 
that dwell time down in a controlled and informed way. Rather than “Slow 
down a bit. How’s that? Speed it up. How’s that?” (P01, Clinical Scientist, 
Assessment Group)

Similar examples were provided by participants in the Daily 
Use Group, with this group expressing some frustration that 
devices did not provide more information on environmental 
factors (ambient light levels) that could affect device 
performance:

Sometimes it is positioning in the room or something else that’s throwing 
it off, and if you could angle them differently, that would make a big dif-
ference. At the moment, that seems to be quite trial and error. It’s just like, 
“Let’s see if we turn the lights down, does that make a difference? If we 
move over here, is that any better? (P11, OT, Daily Group)

This subtheme was once again closely related to the frustra-
tions felt by professionals in both groups that feedback was some-
times over-simplistic and offered little insight into the cause of 
reported problems.

Unhelpful feedback
There was general agreement across both groups that most feed-
back offered by eye-gaze devices was to some extent useful, with 
two notable exceptions: heatmaps and scan paths.

The groups had contrasting opinions on the usefulness of 
heatmaps with the Assessment Group concluding that they added 
little of use to the assessment and decision-making process, 
whereas the Daily Use Group felt that they were a useful tool for 
gaining insight, measuring progress, and sharing information 
about a user’s performance.

[Heatmaps] give you so much information. I think these are great and it’s 
brilliant. (P08, SLT, Daily Use Group)

[Responding the question “What information do you get from a heatmap] 
Nothing […] I’ve never found them useful. (P01, Clinical Scientist, Assessment 
Group)

There was some variability in the Assessment Group’s feel-
ings about heatmaps, with participants suggesting use cases, 
such as ensuring that users were engaged with the screen or 
finding areas of the screen that were more difficult to access. 
The general feeling in this group, however, was much more 
cautious about the use of heatmaps than were the Daily 
Use Group.
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Both groups felt that scan paths were not helpful to their 
practice, with no participant in either group using them regularly. 
Both groups felt that scan paths were more of a “research” tool 
or a tool to give very specific insight that was not relevant to 
the selection and provision of eye-gaze devices.

Isn’t this more used like for research applications like [putting] an eye-gaze 
camera underneath a shelf to see where someone looks when they walk 
into Boots? (P01, Clinical Scientist, Assessment Group)

The Assessment group felt that there were possible insights 
to be gained from scan paths but had significant worries that the 
data they presented was over-simplified: simply joining recorded 
fixations with straight lines rather than offering a true and accu-
rate representation of gaze behaviour.

I feel like it’s just connecting the fixations, or what the algorithm says is a 
fixation, and it’s a little unclear sometimes what the algorithm is defining 
as a fixation. And then it’s just connecting [them] with straight lines. And 
[the user] could have gone off screen and we wouldn’t know. (P06, Clinical 
Technologist, Assessment Group)

There was some discussion in the Assessment Group that, 
properly executed, the overlay of scan paths on recorded video 
of onscreen content, coupled with audio recorded in the room 
could potentially provide some insight. There was debate around 
exactly what useful information could be gathered from this 
method, over simple observations of the cursor movement within 
other software.

I was watching back a recording and I can hear what information that 
individual is getting so this could be useful if I’m commenting on the star 
on the Christmas tree and at the same time [the user] then looked towards 
it, that is more useful for me because I’m like, “OK you’ve listened to what 
I’ve said, you’ve followed that”. (P03, AAC Product Representative, Assessment 
Group)

I would do a calibration and then go straight into using an AAC grid, 
typically. If something’s up, I might put on a motivating video but I don’t 
really mind about scan paths because I just want to see whether or not 
they are moving their eyes in a way that I would expect. (P04, OT, 
Assessment Group)

The Daily Use group concurred that a scan path offered very 
little interest above what they felt could be ascertained from a 
heatmap—citing that they felt this was a more complicated way 
of presenting similar data.

I very rarely use these, it takes a long time to pick apart. I think for  
the targets I’m usually working on and what I’m interested in, the  
heatmap is sufficient enough. I don’t tend to need this kind of data […] 
It would take a long time to explain to someone else. (P09, SLT, Daily 
Group)

Timing and availability of feedback tools

Participants in both groups discussed the timing and accessibility 
of feedback and these two sub-themes were often inter-related. 
For many in the Assessment Group, timing of feedback was con-
sidered a challenge, with devices not offering feedback in a timely 
fashion, leaving professionals to spot challenges or changes in a 
user’s performance before seeking the feedback to diagnose or 
explore further what the issues might be:

You’re only going here when you think “Why isn’t that working?” And it’s like a 
puzzle. You’re getting a clue and the more the more information you have, the 
more things you could try. (P06, Clinical Technologist, Assessment Group)

Professionals in both groups expressed an interest in having 
devices record certain parts of assessment or intervention 

procedures, for example, calibration attempts, and then provide 
these recordings, along with feedback at a convenient review 
point. In the Assessment Group, there was some discussion about 
feedback becoming a “target” for users—with one participant 
reporting several clients who became fixated on achieving a “high 
score” on calibration:

[Perhaps it would be better to do calibration and] not show it necessarily 
and go straight in. And then be able to go back and look at the data 
afterwards. So almost like calibrate, try whatever you’re doing and then go 
“OK that wasn’t quite ready. Let’s go look at the result”. So almost give that 
impression to the individual themselves to go try it. Is it working? Brilliant. 
[If not] then we can go back and look at our data from the calibration 
5 minutes ago rather than being presented with it instantly. (P03, AAC 
Product Representative, Assessment Group)

The Assessment Group were interested in the possibility of 
devices offering interjections or suggestions if it was noted that, 
for example, accuracy was decreasing and a new calibration or 
change of screen layout might be necessary. Participants in both 
groups made the suggestion that the device could independently 
suggest a change of interface (as distinct from content) if a user’s 
accuracy was reduced. The example of a two-hit keyboard was 
used by participants in both groups to illustrate this point. Two-hit 
keyboards are those where the user selects a group of letters 
before selecting a letter within that group, thus allowing for larger 
onscreen targets.

I’ve wondered in the past whether or not the systems could provide guidance 
in lieu of a clinician. Things like: “Your accuracy seems to have dropped a 
bit, would you care to switch over to this two-hit keyboard I’ve got ready?” 
We do explain to clients and [say in training that] if you notice the accuracy 
is not very good you can try and recalibrate, you can check your position, 
you can do all these other things or if you just wanna get on with stuff 
you can switch to a two hit keyboard. But it rarely happens. (P04, OT, 
Assessment Group)

Or what you could do is have everything on the screen, but you change it 
to a two-step. So your camera just turns into a two-step when your access 
to eye gaze is more difficult. (P08, SLT, Daily Use Group)

Participants in this group discussed that there were limits to 
the types of interjections and advice they would be comfortable 
with a device offering and, although a consensus was not dis-
cussed or agreed upon, there was a general feeling that certain 
interventions were outside what should be outsourced to a device. 
The group discussed, for example, whether a device could rec-
ommend the provision of eye drops if a corneal glint could not 
be identified:

I’d also be a bit cautious around anything that says, “you might need eye 
drops” because from a manufacturing point of view it’s kind of dodgy ground 
of giving advice. I don’t know who’s at the other end of it and, if I tell them 
to do something that actually could cause harm, not that eye drops would 
necessarily, but I can see a can of worms depending on what advice we 
give would be. (P03, AAC Product Representative, Assessment Group)

The accessibility of feedback was another area of focus for the 
Assessment Group only, with participants citing the need to nav-
igate through menus, or even switch to third party eye-gaze 
software, to find feedback, such as the live feed, which they 
considered vital to the processes of assessment and support. This 
group also highlighted the need for some feedback to be as 
ubiquitous as possible, giving examples of good design where 
the camera hardware indicates that the user is in range of the 
tracker, removing the need to have this as a software function 
that needs to be specifically accessed:

The [CAMERA] in its original form, when it had the two LEDs on the front 
to show when it’s got sight of one or both eyes. That was something which 
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is hugely useful. Because otherwise you can only really evaluate the stability 
of the tracking whilst you’ve got a track status window open in front of 
you (P01, Clinical Scientist, Assessment Group)

Professionals’ confidence in feedback tools

The confidence that the two groups of professionals had in the 
feedback from eye-gaze devices was the subject of much discus-
sion in both groups.

Clarity of feedback
Clarity of feedback was linked in discussions to how easy the 
feedback was to interpret, with a particular focus on design 
choices, such as colours or labelling.

Discussions in the Daily Use Group viewed the clarity of feed-
back through the lens of usability. Discussion focused on how 
less experienced staff and support workers might use or interpret 
different types of feedback, relating this closely to the theme of 
experience and role. The discussion was characterised by the use 
of terms, such as “user friendly” and “simplicity”, with decisions 
around colour coding of calibration plots or positioning guides 
viewed as attempts to simplify the information for a less experi-
enced user.

I think [colour coding] makes it easier for the end user because it’s not 
necessarily us that’s going to be doing this every day. It’s gonna be the 
support workers, so it does need to be user friendly. (P08, SLT, Daily Group)

It was notable in this way that the Assessment group viewed 
the simplification of information as opaque, perhaps obscuring 
the full picture:

At the moment, we’ve got the manufacturer labels of red is poor, yellow is 
average or something like that. And then green is good. I think [we need] 
something to actually qualify that a bit more. Because I wouldn’t say that 
is a fair reflection: the yellow being average. No, I’d say “red is a tracking 
error, yellow is bad and green is only good if it’s above 89” (P01, Clinical 
Scientist, Assessment Group)

An area of consensus between the groups was the lack of 
standardisation for some feedback types, in particular calibration. 
Both groups highlighted the difficulty of comparing feedback 
generated by different software and hardware combinations. Both 
groups cited the need for different levels of feedback, tailored to 
a specific audience: where users might need only a top-level 
indicator of whether a task, such as calibration has been passed 
satisfactorily, professionals might require more detail about levels 
of accuracy or potential causes of failure.

Transparency of method
This theme was primarily discussed by the Assessment Group 
and only touched upon tangentially by the Daily Use Group. 
The Assessment Group expressed a perceived discrepancy 
between the presentation of the feedback and their own obser-
vations, relating this to a lack of access to the algorithms and 
calculations that generate the visual representations of each 
type of feedback:

Sample data from each point is very useful [in a calibration plot], rather 
than an average of where the projected gaze point is, compared to the 
offered gaze point. Seeing the grouping of where the sample points were 
and where those cumulatively appear can be very useful. I think, more 
transparency as to what the feedback means. So for example: 89? Well, 
what does that mean exactly? (P06, Clinical Technologist, Assessment Group)

This uncertainty about how some feedback was generated was 
linked to the wariness of participants about a device providing 

more concrete advice or feedback, without professionals having 
access to the data on which these are based.

[There] was a suggestion of “apply eye drops”. OK, but how does [the device] 
distinguish that the reflection that it’s seeing [means] there’s a problem 
with that reflection that probably needs eye drops? How does it know that’s 
on the cornea, it’s not a reflection on the lens of the pair of glasses? (P01, 
Clinical Scientist, Assessment Group)

In the Daily Use Group, the processes by which feedback was 
generated were discussed less. The group felt that most feedback 
tools were rendered simply to increase their usability and that 
they had ways of getting more information if required:

It’s who that information is useful for: where they’ve had a red calibration, 
for example, having that information to say “they did look at it for a period 
of time, but it wasn’t long enough to collect the data, so that’s why it’s 
red” […] But I don’t think that’s useful for service users. (P05, SLT, Assessment 
Group)

I suppose that’s where you use your information from the [live feed], isn’t it? In 
terms of that functionality of where they’re looking and how long they’re looking 
for, you get that information from the [live feed], do we need to necessarily 
know that from the calibration? (P05, SLT, Assessment Group)

Objectivity
The Assessment Group presented a clear distinction between 
feedback methods that they saw as purely objective, such as 
calibration plots, and those that were considered to have an 
element of subjectivity, such as heatmaps. This distinction was 
not overtly discussed by participants in the Daily Use Group.

The Daily Use Group felt that heatmaps were a valuable source 
of information, which could provide insight into a user’s looking 
behaviours, vision abilities, preferences, and attention. This group 
also felt that heatmaps were a good way to measure performance 
or progress and a basis for discussion with families, caregivers, 
and other support workers:

I find these really useful as well for showing other people: it’s a nice way 
to explain success with eye gaze or kind of areas of progress as well. Which 
areas are they focusing on more? Is there a reason for that? How close are 
they to those target areas as well? (P10, SLT, Daily Use Group)

They’re very easy to give to parents and teachers and everyone (P09, SLT, 
Daily Use Group)

The Daily Use Group appeared to consider heatmaps as an 
objective measure, and one which could be presented as evidence 
in the support of funding cases or to reconcile disagreements 
about a user’s performance.

Because it would be able to get that data because it’s got that data with 
the visual, so it would be able to do that if you needed, say, hard evidence. 
If a parent was really struggling to understand why the individual was 
struggling with the top right corner, let’s say, and then you could have that 
information. (P08, SLT, Daily Use Group)

The Assessment Group viewed both heatmaps and scan paths 
with scepticism, even going so far as to say that they did not 
provide any clinically useful information.

I’ve never found them useful because I don’t know about [what else was 
going on while the heatmap was generated]. The thing is, people get dis-
tracted and your normal saccadic eye movement [means] you will look 
around all over the place anyway. So yeah. So I’ve never found [heatmaps] 
useful. (P01, Clinical Scientist, Assessment Group)

This was linked to the discussion in this group about the uncer-
tainty around how the information in these feedback tools was 
calculated:
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I feel like [SOFTWARE] gives misleading data. I feel like it’s just connecting 
the fixations, [or what] the algorithm says is a fixation. And again, it’s a 
little unclear sometimes what the algorithm is defining as a fixation. (P06, 
Clinical Technologist, Assessment Group)

Participants in this group felt that there was too great a reliance 
on the subjective interpretation of this feedback type and that they 
could be used to demonstrate both point and counterpoint. One 
participant in the Assessment Group did report using heatmaps in 
regular practice, although this was more as a way to gather informa-
tion rather than as an aid to decision-making or measurement:

If you’re validating calibration by playing a Peppa Pig video or something, 
before you actually watch back the perceived eye movements, you do get 
the heatmap appear. And sometimes that can indicate that there is some-
thing going on, because all of the pattern is in the top left corner, whereas 
Peppa Pig was hanging around [on the right of the screen] and this is after 
a calibration, so you can see straight away [that] something’s up here 
because we would have thought this young person would be looking at 
Peppa Pig. It doesn’t give us any answers. It’s just one of the sort of triggers 
that you’re, like, “OK, let’s have a look at this, let’s figure out what’s going 
on” and it’s the first moment where you’re, like, “Oh that’s disappointing 
because it looked like they were watching Peppa Pig and it looked like they 
calibrated, but something’s awry”. But I wouldn’t use it to make any […] It 
doesn’t really solve any problems. (P04, OT, Assessment Group)

Another participant in this group reported only having used 
heatmaps on one occasion, for a similar function:

Even though someone could get a really good calibration, they then may 
not be able to use eye gaze. Often in our setting it can be due to cognitive 
difficulties. So, because it was very difficult to explain to a family because 
they were seeing [a] really good calibration, we played some family videos 
and we were using the heat mapping so that afterwards we [could show] 
that when they were playing [the user was] not looking at them: they were 
looking somewhere completely different. But his calibration was really good. 
So on paper, he looked like a good eye-gaze user, but he was having a lot 
of difficulties. So that’s the only instance I have used [a heatmap] and I 
have to say it was very, very, very useful. It was upsetting, but it was useful. 
(P05, SLT, Assessment Group)

Where the Assessment Group only reported any use for heat-
maps in making observations of quite large and specific discrep-
ancies between onscreen action and a user’s gaze, the Daily Use 
Group felt they could be used to unpick diverse aspects of visual 
behaviour and engagement, as well as being useful indicators of 
progress over time.

I use a lot for showing staff what’s happening when they’re using [eye-gaze] 
and lots in target setting. So, finding out exactly where they are in their 
visual attention, visual development and then going from there, based on 
the activities that you’re choosing to target specific skills to work up towards 
using eye gaze for to access communication. (P09, SLT, Daily Use Group)

It’s really good for assessment data: the teachers that we work with like 
this, they can keep those in terms of a measure of progress as well (P07, 
SLT, Daily Use Group)

The objectivity of different feedback types had implications for how 
professionals in the Assessment Group felt about eye-gaze devices 
making adjustments, changes, or suggestions for the user. Where data 
was felt to be more objective (such as in accuracy of calibration), there 
was a greater willingness to potentially automate processes:

[If] there’s nothing subjective around its interpretation: the device would be 
able to tell you: at the end of calibration, at any point did it lose sight of your 
eyes. That would be very useful. (P01, Clinical Scientist, Assessment Group)

Impact of prior knowledge and experience on use of feedback tools

Both focus groups discussed the need for feedback tools to be 
useful to the intended audience. There was consensus between 

the groups that a “one size fits all” approach to feedback could 
cause frustration to users and to professionals and support staff 
at all levels.

Amount of feedback
The amount of feedback available to professionals was a subject 
of discussion in both focus groups. Both groups made a distinction 
between themselves and two other groups: support workers/
families and the users of the technology. There was consensus 
between the focus groups that these groups would have different 
requirements from eye-gaze feedback and that it was potentially 
useful to be able to switch between these:

[Professionals need] a Nerd Mode or an advanced mode. I don’t know if 
you have gone onto YouTube and pressed the Nerd Mode button and it 
just gives you tons of information about the video that you’re watching, 
like all the codec data and stuff. That’s fascinating: but most people don’t 
want it. Having a little Nerd Mode button for us to [press] and it will just 
give you tons of data – that would be really handy. (P04, OT, Assessment 
Group)

[It’s good to keep feedback] as simple as possible for staff in care settings: 
being able to say “look at the numbers, if it’s green it’s good, roughly” and 
then having – I love that – a Nerd Mode for more detailed analysis when 
it’s needed. (P03, AAC Product Representative, Assessment Group)

I don’t think [providing more information on calibration outcomes] would 
be useful for everyone, and again, it’s who the information is useful for. I 
don’t think that’s useful for service users or for support staff. But therapists 
and professionals looking at it, perhaps we’re interpreting things differently. 
(P10, SLT, Daily Use Group)

Role, experience, and judgement
The Assessment Group highlighted that feedback too often relied 
on the knowledge of the professional using it for interpretation. 
Where feedback was presented with little annotation or labelling, 
the group felt that there was an unwarranted requirement for the 
professionals to interpret something that could be made more 
transparent:

On the [MANUFACTURER] positioning guide, I can never remember which 
is near and which is far and I use them every day. And so if I can’t remem-
ber, I don’t know how other people are going to remember these things. 
(P04, OT, Assessment Group)

Similarly, the Daily Use Group highlighted ambiguous interpre-
tations of feedback from some feedback tools. In the example 
below P08 discusses feedback from calibration, where the results 
are often presented as a red-amber-green scale. The participant 
contrasts the interpretation of supplier’s representatives advising 
that green results were not a requirement with the perceptions 
of some staff that green results were a goal that needed to be 
attained before use:

It does get a bit confusing. [Suppliers will say] “it doesn’t have to be green all 
the way around, it could be red all the way around and that could actually be 
a good calibration for that individual”. (P08, SLT, Daily Use Group)

Related to the amount of feedback offered by devices, the 
Daily Use Group felt that there was a balance between offering 
too much information and not enough. They highlighted that 
often the support of eye-gaze systems falls to classroom assistants 
who may not have the skills or the requirement to interpret a lot 
of the information presented by the device:

Because there’s a lot of people that are not computer literate that we work 
with who are meant to be supporting individuals, so having things that 
are very easy to look at is very positive. (P08, SLT, Daily Group)
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Use of feedback tools in combination

Combining with observation
There was a general feeling that certain types of feedback (in 
particular calibration plots) were always used in combination with 
observations of the user. This was closely linked to the feeling 
that feedback often gave an indication that something was wrong, 
but did not always provide or suggest any solutions.

The Daily Use Group discussed the importance of viewing 
feedback alongside observations of a user’s gaze in low-tech or 
no-tech communication. This was often related to observations 
of the use of gaze for communication in other contexts being 
the basis for a trial of eye-gaze technology:

[I would] look at their use of eye pointing, eye gaze in low tech situations: 
do they use eye pointing to make choices from objects? Are they using the 
low tech E-Tran setup or anything like that? Because if they’re consistently 
able to use a low-tech system and that’s been the rationale behind trialling 
a high tech eye gaze [device] It may be something external [to the user]. 
And so I’d definitely look at their eye pointing skills outside of a computer 
based context. (P09, SLT, Daily Group)

In both groups, the Occupational Therapists expressed caution 
about the risks of using positioning guides in isolation from good 
observation of the user. This concern was rooted in the need to 
ensure that users were not positioned in ways that could have 
an adverse effect on them, or that the device was placed some-
where that might put the user at risk, purely to achieve a good 
result on the positioning guide. Equally, there was concern that 
positioning guides offered an “ideal” that would not fit all users 
and could encourage people to position individuals in a way that 
was not optimal for them.

If you are doing it remotely though, [the positioning guide might look] perfect 
and you’re like “there’s no positioning problem that I need to solve”. So what 
we always had to do was have somebody with a camera on WhatsApp or 
something so that we could actually look at the scene just to check that it 
was actually in the right position. (P04, OT, Assessment Group)

When [the positioning guide shows] lovely level eyes in the middle of the 
screen, that looks very nice to me as an OT, but it’s not actually always the 
best way for somebody to access eye-gaze technology. Sometimes people 
can see better, attend better, track better when they’re head is on the side, 
and one eye is higher than the other, and all the things I don’t like. So I 
think the sort of [ideal positioning indicators] aren’t always maybe the ones 
we want. Or they’re what we want, but they might not be what’s best for 
the learner. (P11, OT, Daily Group)

Similarly, when heatmaps were discussed, the groups felt that 
additional data gained from either observing the session or 
recording the audio within the room helped provide a helpful 
extra layer of interpretation. Both groups proposed some func-
tionality where elements of the scene or environmental data could 
be captured alongside the currently available feedback, such as 
providing a video of the user during remote support sessions or 
giving information on ambient light levels during setup and usage.

Combining multiple feedback types
Less frequently discussed by either group was the option to com-
bine multiple types of feedback. In both groups, this was limited 
only to certain scenarios, generally occurring when the profes-
sional was seeking to gather more information for decision-making.

I’d use [calibration plots] to further my assessment. So I’d try and see if we 
can improve some of those points by looking at the [positioning guide], by 
maybe just changing the targets that we’re looking at, just to try and see. 

I then go to my grids and go “Right, I’m gonna have to change things here 
to make it easier for them”. So yeah, I do further assessment I guess, I’d use 
it to help me further in my assessments. (P05, SLT, Assessment Group)

There was some discussion in the Daily Use Group that the 
use of heatmaps and scan paths in combination, for example, 
could offer a more comprehensive picture of what had taken 
place in an eye-gaze assessment session:

[Scan paths have] the real life timings of where somebody’s eyes are looking 
and flowing. The [heat map] is just “this is around about where they looked”. 
(P08, Speech and Language Therapist, Daily Group)

More often, the discussion focused on frustration that feedback 
was not available in combination. For example, having a live feed 
available during a calibration attempt, or whilst viewing a posi-
tioning guide, was felt to be something that would be helpful to 
counter some of the issues related to the device’s notifying pro-
fessionals of problems but not offering suggested solutions: the 
additional information from the live video feed could provide 
clues as to why things were not working as intended.

Related to this topic, both groups reflected that they felt it 
would be helpful to be able to retrospectively review certain types 
of feedback. Whilst scan paths and heatmaps do, in some cases, 
offer the option to watch the session back, there is no similar 
facility for calibration attempts, which the Assessment Group in 
particular felt would be helpful.

Discussion

This study provides insight into how professionals involved in 
eye-gaze provision and support perceive and interpret different 
types of feedback provided by eye-gaze technology. The discus-
sion section of this paper is organised around the findings related 
to each of the five research questions.

What feedback provided by eye-gaze technology do 
professionals find helpful?

The findings from this study suggest that professionals find cal-
ibration plots, positioning guides, and live video feeds all consti-
tute helpful feedback. Professionals do not seem to find scan path 
plots helpful, with only a small number of examples of their use 
being put forward, and no participant using them routinely.

The usefulness of heatmaps appears to be perceived differently 
by professionals depending on their professional perspective. 
Those supporting individuals using eye-gaze technology daily 
appear to perceive heatmaps as a useful tool for a variety of 
purposes including assessing aspects of a person’s visual function, 
gaining insight into their cognition, understanding preferences 
and motivation, and measuring progress over time. Those involved 
in assessment, by contrast, were generally dismissive of the use 
of heatmaps in decision-making and tended to only use this tool 
for purposes, such as exploring whether a user was engaging 
with the whole screen area, or if their gaze was being registered 
only in a particular part of the screen.

How is feedback provided by eye-gaze technology used by 
professionals?

This study suggests that the predominant use of feedback tools 
by professionals is live within sessions, with calibration plots and 
positioning guides being used to provide immediate information 
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which can be used to make adjustments in support of individual 
users. The study suggests that current feedback tools are good 
at identifying the existence of a problem, but comparatively less 
good at giving insight into causes or potential solutions. 
Professionals expressed an interest in having feedback tools record 
and store elements of the process to which the feedback tool 
relates for subsequent, more in-depth analysis.

The use of heatmaps as a tool was where, in this study, there 
appeared to be most variance between professionals involved in 
different aspects of eye-gaze technology support. Heatmaps were 
given as an example of a feedback tool used retrospectively to 
draw inferences about how a person is using the technology or 
the appropriateness of activities and software chosen for or by 
the user. However, those using eye-gaze technology to support 
individuals in daily use appear to perceive heatmaps as being 
more scientific, more data driven, and more allied to the world 
of research than those professionals involved in eye-gaze tech-
nology assessment. This research suggests that heatmaps are 
sometimes presented as evidence of skills or as concrete repre-
sentations of skills or abilities. It is known that the interpretation 
of heatmaps, in particular the attribution of specific intent to 
recorded gaze points and patterns, is highly subjective and may 
be prone to confirmatory biases [5]. There are also several prag-
matic issues in using heatmaps generated by AT software. When 
such tools are used in research, the data they summarise is less 
valid without accompanying information, such as details of the 
calibration, the duration of exposure, information about how the 
software has categorised a fixation, and a legend giving some 
sense of the duration or fixation count represented by the colour 
gradient [5,14].

It is interesting to note that professionals occasionally repurpose 
feedback tools for purposes other than those for which they are 
designed. The use of calibration plots to determine the size and layout 
of AAC vocabularies is an example of this: if a user is having difficulties 
calibrating on one side of the screen, cells may be compressed to 
the other, where their accuracy is better. Whilst there may be validity 
in this, there is a risk that this presents a technical solution to a user 
problem. This practice reinforces the suggestion from this study that 
feedback tools do not provide useful insight into the causes of prob-
lems that users experience: there may be many reasons why certain 
screen areas are hard to access and the discussion suggests that 
feedback tools are used more to identify a problem than to explore 
its cause. Further, the use of calibration plots to make decisions about 
vocabulary size, or even the choice of activity itself, suggests that 
there may be scenarios where eye-gaze has been decided upon as 
an access method and other considerations are adapted to fit this 
choice. There may be multiple reasons for this, such as other access 
methods having already been trialled and found to be unsuitable. 
The use of feedback tools for functions other than those intended 
may speak to a broader feeling that professionals lack the specific 
tools for some areas of decision-making and are instead “making do” 
with whichever tool they deem to be closest to their requirements.

This study suggests that professionals sometimes use multiple 
different feedback types to guide the same decisions. For example, 
using both the positioning guide and calibration plot to prompt 
adjustments to the relative positions of the device and the user. 
This may be interpreted as neither feedback method in isolation 
providing the complete picture. This sentiment was underlined 
by professionals noting that a live video feed could provide extra 
troubleshooting information, but that this feedback tool was not 
always available.

Using feedback in combination with clinical observation 
appears to be a standard practice by professionals. In some cases, 

it was felt that there was a need for professionals to interpret 
feedback (as was the case with heatmaps) or that the output of 
a feedback tool required a level of professional competence to 
be translated into changes to the system. In other cases, there 
were more pragmatic concerns—with the Occupational Therapists 
in both groups highlighting the potential for increased risk if 
making changes to a user’s position based only on an attempt 
to get the positioning guide to report a “good” position.

How do professionals describe performance with eye-gaze 
technology?

The concept of eye-gaze performance is not well defined in assis-
tive technology literature or practice, but this study suggests that 
professionals view performance as a construct of both in-person 
and technical factors.

The most common way in which performance was discussed 
was in the context of progress: professionals appear to use 
eye-gaze technology feedback to measure the progress of their 
eye-gaze users, including tracking the development of “early” 
eye-gaze skills, such as fixation, tracking, and visual scanning. 
There is, to the authors’ knowledge, no support for implying or 
measuring visual ability or specific cognitive processes from 
eye-gaze performance in the existing literature. Whilst there exists 
some literature on the measurement of specific eye movements 
[20], studies tend to focus on neurotypical populations [21] or 
those without physical disability. Studies tend to use eye-tracking 
systems [22,23] with a higher sampling rate and more sophisti-
cated software than is on offer in eye-gaze cameras. Where liter-
ature exists on eye-gaze technology, its focus is more on functional 
use, satisfaction, and evaluation of the technology itself [4].

In this study, the discussion centred on the use of heatmaps 
as a way of measuring the development of skills and this is an 
area in which practice appears to not be aligned with the liter-
ature. In addition to the subjectivity of their interpretation, heat-
maps created from eye-gaze devices are often recorded for varying 
lengths of time and with unknown or unreported calibration 
accuracy, making comparisons between them unlikely to be valid 
in representing progress with a particular skill [14]. Borgestig et  al. 
[24] suggest that there is a need to measure change in perfor-
mance over long periods (>1 year) for some children at the very 
early stages of learning to use eye-gaze technology. In practice, 
the feedback tools discussed in this study do not lend themselves 
well to measuring progress in this way, since they do not offer 
methods to objectively chart changes in accuracy or time on task, 
for example. In this context, it is perhaps understandable that 
heatmaps may be used as a proxy.

It is interesting to observe that the question of moving from 
eye-gaze to another access method, based on comparative per-
formance, was not discussed in either group, although this may 
have been due to the focus of the project and perceptions of 
what the research team was interested in. Indeed, those support-
ing eye-gaze use daily appear reticent to consider abandoning 
eye-gaze technology, even in the face of relatively poor perfor-
mance. The justification given for this was that eye-gaze was 
sometimes the last resort and hence was pursued as far as was 
practical. This finding may be suggestive of resources at a local 
level being scarce, so eye-gaze might not be considered until all 
other access methods had been trialled and, presumably, shown 
not to be appropriate. However, it is equally the case that eye-gaze 
systems are becoming cheaper and it is more common to find 
systems purchased for use by a whole class, year group, or school. 
In this eventuality, it is possible that eye-gaze is used because it 
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is simply available to professionals, an aspect of decision-making 
that has been reported elsewhere in the published literature [11]. 
The idea that eye-gaze is persisted with, whether significant prog-
ress is seen or not, may also be linked to the amount of expec-
tation connected to the technology, with discussions elsewhere 
in the literature [8,25] on the allure of this technology, particularly 
where other access methods have been unsuccessful.

The tendency to persist with eye-gaze may also be explained 
by the emergence of software packages that claim to help users 
develop skills, such as fixation or cause and effect. Such packages 
support the idea that professionals should continue to persist 
with the technology, but the activities are not typically externally 
validated and the efficacy of this approach is yet to be explored 
by researchers [26].

What information about a user’s vision, gaze, and cognition 
do professionals gain from feedback provided by eye-gaze 
technology?

This study suggests that existing eye-gaze feedback tools are 
being used to deduce specific information about a user’s vision, 
their use of gaze, or their cognition. Evidence supporting such 
deductions is, however, not well established [27–30].

In the discussion around vision, there is an important distinc-
tion to be made between visual impairment, which refers to dis-
orders or impairments of the eye, ocular-motor systems or cortical 
and subcortical visual systems, and visual ability, which describes 
how a person functions in vision-related activities [31,32].

Regarding aspects of visual impairment related to structure 
and function, participants felt that there was a role for the tech-
nology to support the identification of specific issues, namely 
strabismus and nystagmus. In the case of strabismus, professionals 
appear to use calibration plots to identify a user’s dominant eye 
to be used use in eye-gaze control. The simplification of feedback 
from this tool was perceived as a hindrance since it was difficult 
to separate out the data from each eye without separately cali-
brating each. This is perhaps another example of professionals 
“making do” when feedback tools are either absent or not meeting 
their needs. Professionals assessing for eye-gaze appear to per-
ceive that any nystagmus severe enough to impact eye-gaze 
control would be observable without the need for an eye tracker. 
The use of existing feedback tools (heatmaps, calibration plots) 
to make an assessment of a user’s range of eye movements 
appears prevalent. Taken together, the above suggests profession-
als in this study are using eye-gaze technology to identify com-
pensatory strategies for impairments of structure and function, 
rather than to diagnose or describe them.

Using eye-gaze technology to provide meaningful insight into 
a person’s visual ability is a considerably more vexing question. 
Professionals appear to use existing eye-gaze feedback tools to 
judge whether individuals were fixating and what these fixations 
likely meant in the context of the activity in which they occurred. 
This appears to be particularly the case in those working with 
eye-gaze technology daily and in the use of heatmaps. This prac-
tice appears contrary to the prevailing understanding that heat-
maps merely aggregate gaze data and that conclusions drawn 
about what made people look at one area for longer are “highly 
speculative” if based solely on these maps [5, p. 241].

Moving beyond gaze behaviours, it is known that cognitive 
functioning is often assumed rather than assessed, in particular 
for children with movement disorders who may be unable to 
access standard assessment materials [33]. Therefore, there 
exists a risk that feedback tools, such as heatmaps may be 

used as confirmatory tools for the preconceptions of those 
using them—it is known in the broader literature that heatmaps 
are prone to confirmation bias [5,14]. This study suggests that 
professionals are inferring specific cognitive behaviours or abil-
ities from feedback provided by eye-gaze technology. This prac-
tice again seems contrary to the literature which suggests that 
this inference is challenging and imprecise, especially when 
the activities have not been designed and validated for this 
purpose [27,34].

When using eye-gaze as a control device, users are subject 
to the “Midas Touch” problem: the fact that the same channel 
(i.e., the eye orientation) is being used to both receive and 
transmit information [20,35]. This makes disentangling unin-
tended (reflexive) eye movements from intended (volitional) gaze 
shifts difficult since the device has no way of differentiating 
between them and both appear the same in a feedback tool, 
such as heatmaps. Fixation data can be used as an indicator of 
attention, since people tend to direct their gaze to the focus of 
their attention, using a combination of saccadic and smooth 
pursuit eye movements [36,37]. However, attention can be 
directed (overtly or covertly) to elements of a game or interface 
designed to capture the user’s attention or by sudden onsets 
[38] or motion in the background, even when those are not 
relevant to the task at hand [39].

What improvements in feedback provided by eye-gaze 
technology would professionals find helpful?

Feedback tailored for different stakeholders
This study suggests that professionals with both perspectives of 
supporting users would benefit from moving away from a “one 
size fits all” approach to feedback tools. A range of stakeholders 
are involved in the provision and use of eye-gaze technology [9], 
and these stakeholder groups have different requirements for 
feedback and feedback tools. Users and their immediate support 
team, for example, may need the information displayed simply 
and in a way that can be immediately used to configure the 
system or easily relayed to others for support or reporting pur-
poses. Assessing professionals might, by contrast, be interested 
in a greater depth of information with more granularity to support 
them in making decisions. Professionals cited calibration plots as 
good examples of this, with the colours and numbers being an 
easy way to conceptualise data, but not in (retrospectively) review-
ing the precision and accuracy of gaze point data collected during 
a calibration process. Participants in this study suggested ways 
of achieving this, such as having a dedicated professional mode 
to see more information that might support decision-making and 
intervention.

Discontinued features
Some professionals involved in eye-gaze assessment have retained 
older eye-gaze technology because of specific feedback tools 
available with this hardware or software. Examples offered 
included hardware indicators that the device was able to detect 
a user’s eyes, calibration plots that showed the dispersion of 
captured gaze data around each calibration point, and access to 
the raw camera image. Whilst some of these features do still exist 
in some hardware/software, the need to retain older technology 
likely relates to a perception that there had been a general sim-
plification of feedback in more recent iterations of eye-gaze sys-
tems and frustration that potentially useful feedback had been 
withdrawn with no suitable alternative provided.
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Remote support
The need to consider ways in which feedback tools might facilitate 
remote support of users and their teams emerged from these 
data. With remote support and teleintervention increasing in AT 
[40], in particular, as a result of the COVID-19 pandemic [41], 
professionals in this study perceive a need for better integration 
of remote support functionality in eye-gaze software and devices. 
Various solutions were suggested for this, including the possibility 
for devices to record certain procedures, such as calibration for 
later review by the remote support team. The potential to com-
bine this with a live feed or “user cam” was also proposed as a 
helpful solution, negating the need for teams to use an extra 
camera to monitor the user and the device simultaneously when 
working remotely.

Unpacking the “black box”
Eye-gaze technology can be considered as a black box: the data, 
algorithms, and methods used to interpret the eye-gaze camera 
data are not transparent and only exposed through feedback tools 
provided by the developers. This study suggests that professionals 
use a range of feedback tools to attempt to diagnose eye gaze 
performance but are often unable to see inside the black box to 
understand why eye-gaze is not performing, or to improve per-
formance. Professionals expressed a need for more and better 
feedback tools to allow better diagnosis and performance tuning 
as well as a need to “demystify” some of the existing feed-
back tools.

This study suggests professionals need greater supporting 
information to accompany some feedback tools: a lack of labelling 
was cited by professionals, along with a lack of clarity about the 
meaning of colours and numerical labels. This lack of clarity leads 
to confusion amongst professionals which can in turn mean that 
they either infer the meanings for themselves or rely on informa-
tion provided by product representatives, which participants 
acknowledged as being inconsistent. Examples were offered in 
both groups of manufacturers advising clinicians that red calibra-
tions were acceptable, creating further confusion about the pur-
pose and definition of the colour coding system.

These results also suggest an overall lack of understanding 
about how different feedback outputs are been generated. The 
percentage score provided in a calibration plot was provided as 
an example of a “black box” where professionals and users are 
not privy to the algorithms that have been used to generate the 
score. It is conceivable that professionals would be better able to 
use existing tools if understanding of the outputs was improved.

For more subjective types of feedback, such as heatmaps, the 
data represented (fixation count or total gaze duration, for exam-
ple) are not generally shared or presented to clinicians, which 
limits their use still further. Bojko [14] draws attention to the 
different inferences that could be drawn from heatmaps created 
using fixation data vs. total gaze duration data. The underlying 
dataset from which heatmaps in AT software are created is not 
made available to professionals using them.

Support for solutions
This study suggests that feedback tools are good at identifying 
to professionals when a problem occurred (and, in some cases, 
giving a measure of the severity of that problem or its likely 
impact) but were less helpful in suggesting possible causes and 
solutions. Professionals might, for example, receive feedback that 
a calibration has been unsuccessful but have no way to ascertain 

why this was the case, other than making adjustments and 
re-running the same procedure.

Professional participants in this study proposed several ideas 
to improve this situation. Recording procedures, such as calibra-
tion, possibly alongside live feed camera footage, for subsequent 
review was proposed as a way to elucidate, for example, whether 
a client’s glasses were occluding their pupil at any point during 
the procedure. Similarly, recordings of sessions that could capture 
information on background noise and potential distractions were 
suggested as a possible way to acquire insight into environmental 
factors that could be affecting performance day to day. Offering 
suggestions based on the data collected, perhaps using an algo-
rithm to determine the most likely cause of an issue and make 
suggestions based on this, was also proposed.

Automation
There is scope, based on the findings from this study, for devices 
to make some adjustments automatically, without intervention 
from either users or professionals, or to use the data gathered to 
make suggestions. Examples of this included the possibility that 
the device might remind the user to recalibrate on a regular basis 
or identify when accuracy was reducing and that a recalibration 
might improve the user’s performance. Perceptions by profession-
als of the “objectivity” of a feedback method, or how much inter-
pretation it was deemed to require, appears to be key in how 
willing they might be to hand off these tasks to an algorithm. 
Calibration or recalibration was felt to be a good candidate for 
automation, owing to the feeling that it is a highly objective 
procedure. Where things were subject to a greater need for inter-
pretation, such as the layout of the interface, professionals were 
less likely to want devices to make this adjustment without some 
professional or user mediation. It is certainly possible for adjust-
ments to be made to aspects of eye-gaze as the user’s perfor-
mance changes, for example, studies have investigated adjusting 
dwell times as a user becomes more proficient at a task [20,42]. 
The translation of automated adjustments into practice is com-
plicated by the unpredictable nature of a user’s output and the 
difficulty of inferring accuracy/error rates on this basis [43].

Several aspects of feedback appear to be perceived by profes-
sionals as inappropriate for automation. Device and user position-
ing or suggesting the use of eye drops in the event of difficulty 
obtaining a glint were both, for example, considered to need 
input from a professional. In these situations, there is an element 
of risk that professionals clearly feel uneasy with. This may be 
related to the confidence professionals have in the competence 
of the people receiving these suggestions, or that professionals 
are uneasy with devices offering advice on areas that are more 
conventionally allied to a professional group: seating, positioning, 
and device mounting usually being the role of an OT or 
Rehabilitation Engineer, and the provision of eye drops perhaps 
requiring the advice of a Doctor or Pharmacist.

Prompts or reminders do appear to be more acceptable to 
professionals appearing to be viewed as being lower risk and 
more easily reversible changes. For example, prompts to cali-
brate, or suggestions on rearranging the items onscreen to 
provide larger targets if accuracy was reduced were suggested 
as acceptable and potential innovations. Whilst the use of adap-
tive interfaces is explored in the broader literature relating to 
human-computer interaction [44] and in the literature related 
to physical access methods, such as touchscreen gestures [45], 
their use is comparatively less well understood in AAC, where 
consistency of interface layout is often considered a cornerstone 
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of design, and in eye-gaze technology [46]. The role of motor 
planning and automaticity in AAC use is subject to debate [47] 
but little literature exists which discusses how these might 
apply to eye-gaze technology and whether there are potential 
advantages to the use of adaptive interfaces with this 
access method.

Limitations

This qualitative study highlighted how feedback tools are being 
used by AT professionals in the UK. A purposive sampling approach 
was used, with a sample size that was appropriate to address the 
research questions, given the high information power of the par-
ticipants [17]—with those recruited to the study having extensive 
knowledge and experience in the subject area. It is notable that 
the Daily Use Group is made up only of therapy professionals, 
predominantly Speech and Language Therapists. It should be 
noted that other groups (e.g., education professionals and family 
members) are actively involved in the support of eye-gaze tech-
nology daily and further studies should explore their perspectives. 
Equally, it was not the aim of this study to look at the experience 
of eye-gaze users, however, this is an important area for future 
study. Recently published guidelines on the assessment, provision, 
and implementation of eye-gaze technology [8,9] were developed 
internationally, and suggest that the practice described by par-
ticipants in this study is in line with what is likely to be occurring 
in other territories. This strengthens the likelihood that these 
results would be similar elsewhere, and the authors would wel-
come replication studies or work that further explores how these 
feedback tools are used.

Conclusions

This paper presents a qualitative analysis of focus group data 
from 11 professionals involved in the assessment, selection, pro-
vision, and support of eye-gaze technology. The analysis of these 
data looked at how participants perceived five different types of 
feedback and how the information from these guided their prac-
tice or interventions.

The findings provide initial indications of how professionals, 
with different perspectives on interaction with eye gaze technol-
ogy, view feedback tools provided by eye gaze technology. Whilst 
certain feedback tools (calibration plots and positioning guides 
in particular) were viewed by professionals as useful to their prac-
tice, participants in the study expressed a general view that feed-
back tools, in their current form, provided only the indication of 
a problem and little information on how that problem might be 
addressed or resolved.

The insights from this study shed light on how professionals 
are using existing tools which may, in turn, provide guidance on 
how future tools to facilitate gathering this insight could be devel-
oped and designed. At present, feedback tools are being used in 
combination, or to supplement clinical observation, but it was 
expressed that the lack of insight into the causes of problems 
left professionals with little option but to make adjustments to 
the device, the user, or the environment and then try running 
the same feedback tool again. Professionals also report using 
existing tools for purposes other than those for which they are 
intended, which implies there are tools to which they do not 
have access or changes to existing tools that they would wish to 
see implemented. Professionals expressed a wish for a tiered 
approach to feedback which accepted the existence of multiple 
users of eye-gaze technology. For example, the need for an 

end-user to have quick and easily interpretable outputs (such as 
specifying whether a calibration is sufficient for accurate control) 
needs designing alongside the corresponding need for a profes-
sional to have more detailed, granular insight into the potential 
problems. Further work could provide a deeper understanding of 
what tools professionals use and could use in assessment.

The responses from participants in this study suggest that 
professionals are using existing feedback tools to infer vision and 
cognitive performance in individuals, but the tools themselves 
are not adequately developed for this and the literature is not 
sufficiently established to support these inferences. The use of 
heatmaps is a good example of this, with reports of these being 
used as evidence of the presence or absence of certain skills. This 
is in contrast to the existing literature which suggests drawing 
inferences from such graphical representations of data is specu-
lative and often based on the subjective interpretation of the 
viewer. The presence of heatmaps as a tool in many eye-gaze 
software packages may lead to professionals using them because 
they are the only real option, even though heatmaps generated 
by these software packages would generally be considered as 
having low validity as they lack data about the metrics used to 
create them, the length of exposure, calibration accuracy, etc. This 
speaks to a general feeling that professionals are dissatisfied with 
the “black box” nature of many feedback tools, wanting more 
information on how eye-gaze devices generate each particular 
feedback type. Further research is needed into what additional 
information could be made available to professionals and how 
they might use this to improve decision-making. This may in turn 
support the development of new tools that would facilitate the 
measurement or assessment of specific processes which might 
aid decision-making. Specific aspects of visual function, properly 
measured, could provide insight into progress, development, and 
learning.

Finally, the discussion about what aspects of intervention pro-
fessionals would be happy to have supported or administered by 
a device is also an area for future study. It was indicated that 
there was a willingness for certain processes to be “outsourced” 
to the device, or for the device to provide prompts or suggestions 
when certain processes are required. This is linked with how con-
fident professionals feel about their understanding of the feedback 
method in question, and how the device generates the outputs 
from each feedback tool. Further research is needed to explore 
professionals’ attitudes to this and to better understand what 
processes or functions they would be happy to see handled or 
supported by eye-gaze devices.
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