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RESEARCH ARTICLE

Development of a tool to assess visual attention in Rett syndrome: a pilot study

Helena Wandina,b� , Per Lindbergc and Karin Sonnandera

aDepartment of Public Health and Caring Sciences, Uppsala University, Uppsala, Sweden; bSwedish National Center for Rett Syndrome and
Related Disorders, Fr€os€on, Sweden; cDepartment of Psychology, Uppsala University, Uppsala, Sweden

ABSTRACT
This was a two-phase study that aimed to (a) develop a tool for assessing visual attention in individu-
als with Rett syndrome using AAC with a communication partner during naturalistic interactions in
clinical settings; and (b) explore aspects of the tool’s reliability, validity, and utility. The Assessment of
Visual Attention in Interaction (AVAI) tool was developed to assess visual attention operationalized as
focused gazes (1 s or longer) at the communication partner, an object, and a symbol set. For the
study, six video-recorded interactions with nine female participants diagnosed with Rett syndrome
(range: 15–52-years-old) were used to calculate intra- and inter-rater agreement, and 18 recorded
interactions were analyzed to examine sensitivity to change and acceptability. There was a significant
difference in the AVAI results between two conditions (with and without aided-language modeling).
Inter-rater agreement ranged from moderate and strong. There was a range in scores, indicating that
the AVAI could differentiate between participants. The AVAI was found to be reliable, able to detect
change, and acceptable to the participants. This tool could potentially be used for evaluating interven-
tions that utilize aided AAC.
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Communication is a complex dynamic process in which
shared engagement and active participation are important
factors. In the International Classification of Functioning,
Disability and Health (ICF), the World Health Organization
(WHO, 2001) proposes a model that distinguishes between
activity and participation. Activity refers to “how an individ-
ual executes a task or an action” while participation is “the
individual’s actual involvement in a life situation” (p. 10).
That participation was included in the model means that, in
addition to assessing how an individual performs a task, it is
also necessary to assess the frequency of the performance in
naturally occurring situations and the individual’s engage-
ment in various situations in daily life. Activity and participa-
tion are influenced by environmental factors such as context,
products and technology, attitudes of the communication
partners, social support, and relationships (WHO, 2001).

In a dialogue, both interaction partners need to communi-
cate in a way that is clear and easy for the other to interpret
to respond to each other’s communicative actions. Before an
individual masters a language (or symbol system), the
exchange is more dependent on the communication part-
ner’s ability to support the communication. In partner-sup-
ported interaction, the communication partner often has to
interpret the communicative function of the individual’s
actions (Cress, Grabast, & Burgers Jerke, 2013). This can be
especially difficult during interactions with individuals with
significant motor and communication disabilities, such as

people diagnosed with Rett syndrome (Julien, Parker-
McGowan, Byiers, & Reichle, 2015; Sigafoos et al., 2011).

Rett syndrome is a neurodevelopmental disorder almost
exclusively affecting females (Neul et al., 2010). The four
main diagnostic criteria are (a) partial or complete loss of
acquired purposeful hand skills, (b) partial or complete loss
of acquired spoken language (including babbling), (c)
impaired (dyspraxic) gait, and (d) stereotypic hand move-
ments (Neul et al., 2010). Dyspraxia (i.e., difficulties in initiat-
ing and coordinating voluntary movements) contributes
significantly to difficulties in controlling movements (Downs
et al., 2014; Larsson & Witt Engerstr€om, 2001), and hand
function especially is often limited (Downs, Bebbington,
Kaufmann, & Leonard, 2011). One common feature is severe
communication difficulties. In particular, expressive communi-
cation is severely affected, and approximately 80% of individ-
uals diagnosed with Rett syndrome lack speech (Bartolotta,
Zipp, Simpkins, & Glazewski, 2011; Didden et al., 2010;
Urbanowicz, Downs, Girdler, Ciccone, & Leonard, 2015). Even
so, a number of studies have found that people with Rett
syndrome enjoy social interaction (Fabio, Giannatiempo,
Oliva, & Murdaca, 2011; Sandberg, Ehlers, Hagberg, &
Gillberg, 2000; Urbanowicz, Downs, Girdler, Ciccone, &
Leonard, 2016), and that the most efficient form of commu-
nication is eye pointing (Bartolotta et al., 2011; Didden
et al., 2010).
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Many individuals with Rett syndrome are reported to use
aided augmentative and alternative communication (AAC)
(e.g., speech-generating devices, eye-gaze boards, etc.),
which can increase functional communication, engagement,
and independence (Townend, Bartolotta, Urbanowicz,
Wandin, & Curfs, 2020; Townend et al., 2016; Wandin,
Lindberg, & Sonnander, 2015). As is the case for all learning,
attention and alertness are important factors for learning to
use aided AAC. Yet, autonomic dysfunction is common in
individuals with Rett Syndrome, causing seizure activity,
breathing disturbances, and fluctuating levels of attention
(Bartolotta et al., 2011; Fabio, Antonietti, Castelli, & Marchetti,
2009). Attention is defined as “the ability to deploy the
resources of the brain so as to optimize performance
towards behavioral goals” (Atkinson & Braddick, 2012, p.
589). Findlay (2003) describes visual attention as "the process
by which some objects or locations are selected to receive
more processing than others" (p. 1). Visual attention can be
guided by higher cognitive processes or orienting events in
the environment; overt signs include occurrence and dur-
ation of gaze fixations (Carrasco, 2011).

Visual attention is also important for acquisition of spoken
language. For example, when a parent moves or points to an
object, their child’s gaze tends to focus on the hands and
the object (Yu, 2007; Yu & Smith, 2013). When the parent
simultaneously labels the object, it is presumed that the con-
nection between the object and the label is strengthened
and, thus, language learning is facilitated (Yu, 2007).
Communication with aided AAC also requires shifting one’s
gaze to objects or symbols and thus places higher demands
on the control of visual attention (Benigno & McCarthy,
2012). Moreover, it can be assumed that the individual needs
to visually focus their attention on the symbols to connect
the symbol to what it represents. Their ability to visually
focus on the communication partner, objects, and symbols
is essential.

Increased visual attention may be an early outcome when
learning to use eye-gaze technology and partner-assisted
scanning with communication books. Mastering eye-gaze
technology (Borgestig, Sandqvist, Parsons, Falkmer, &
Hemmingsson, 2016) may take a long time and require
extensive support from the individual’s social network
(Tegler, Pless, Blom Johansson, & Sonnander, 2019). To be
able to measure early progress could facilitate and reinforce
effective communication partner strategies and thus help to
prevent AAC abandonment, which is a reported problem in
AAC interventions (e.g., Johnson, Inglebret, Jones, &
Ray, 2006).

Visual attention has been assessed mainly in laboratory
settings (e.g., Forssman & Wass, 2018), with eye-gaze tech-
nology used for this purpose in several studies (e.g., Rose,
Djukic, Jankowski, Feldman, & Rimler, 2016). Although there
have been studies that have examined visual attention
related to aided AAC (Dube & Wilkinson, 2014; Wilkinson
et al., 2015), to be able to assess participation, it is important
to observe visual attention in naturalistic interactions. There
are tools for assessing visual attention in interaction but
mainly as a component of joint engagement (Adamson,

Bakeman, & Deckner, 2004; Mundy et al., 2003) or eye point-
ing (Sargent, Clarke, Price, Griffiths, & Swettenham, 2013).
Joint engagement/attention is reported to be important to
communication development (e.g., Koegel, Koegel, &
McNerney, 2001). Some authors have also highlighted the
importance of joint engagement to communication partners
(Wilder, 2008; Wilder, Axelsson, & Granlund, 2004), although
existing assessment tools require interpretation of the indi-
vidual’s intent. Such interpretation is often difficult when
assessing communication in individuals with Rett Syndrome.

The Eye-Pointing Classification Scale (EpCS) (now under
development) is a promising tool that does not require that
the assessor interpret intention (Clarke et al., 2016). The tool
differentiates between different levels of eye-pointing devel-
opment of children with cerebral palsy. Eye pointing integra-
tes an individual’s ability to shift and fixate gazes with social,
cognitive, and motor skills in communication with others
(Sargent et al., 2013). EpCS describes the development from
foundation skills such as the single ability to fix gaze, to fully
functional eye pointing. For some individuals, however, it
may take longer to reach a new level of eye pointing, thus,
it may be valuable to also be able to assess more frequent
behaviors within the same skill level. None of the aforemen-
tioned tools specifically takes AAC into account.

Currently, there is no tool for assessing visual attention
involving aided AAC in a naturalistic setting with a communi-
cation partner including aided AAC (regardless of demon-
strated intent or shared attention) that is able to detect
gains that can impact participation even when an individual
does not move on to a more advanced skill level. Given the
importance of visual attention for learning aided AAC for
individuals with Rett syndrome and the lack of such a tool,
the current study aimed to (a) develop a tool for assessing
visual attention in individuals with Rett syndrome using AAC
with a communication partner during naturalistic interactions
in clinical settings, and (b) explore aspects of the tool’s reli-
ability, validity, and utility, including assessments of inter-
and intra-rater agreement, sensitivity to change, and
acceptability.

Method

This study had two phases: Development of the Assessment
of Visual Attention in Interaction (AVAI) tool, and assessment
of the tool’s validity with a group of participants with Rett
Syndrome. Ethical approval for the study was obtained from
the appropriate institutional review board; ethical regulations
and guidelines complied with Swedish law.

Phase 1: Development of the AVAI tool

Research design
Inter-rater agreement (IRA) was assessed using Occurrence
Percentage Agreement (OPA) across all three coders because
the coding material was considered non-exhaustive (Yoder &
Symons, 2010). The IRA and the coders’ comments regarding
feasibility formed the basis for a revised version of the AVAI
that was evaluated in Phase 2.
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Coders. A preliminary version of the AVAI tool was devel-
oped during Phase 1, and three external coders (Coders A, B,
and C) participated in evaluation of the tool. All of the
coders had extensive experience of communication with indi-
viduals with communication and motor disabilities.

Participants
Convenience sampling was used to recruit participants for
Phase 1 from a center that specialized in Rett syndrome
diagnoses. Inclusion criteria were (a) confirmed diagnosis of
Rett syndrome, (b) aged 15 and over, and (c) limited speech
(i.e., no intelligible words, and word approximations used
inconsistently). Two individuals were asked by proxy to par-
ticipate and agreed through the following consent proced-
ure: The caregivers or legal guardians of the participants
who participated in the video clips were given written infor-
mation about confidentiality of the study, that participation
was voluntary, and that they could choose to withdraw from
the study at any time. They provided written informed con-
sent on behalf of the participants, who could at any time
indirectly withdraw from participating in the session (the
caregivers were asked to be attentive to any displays of dis-
comfort inflicted by the situation). In such cases, the session
would be changed or terminated. The communication part-
ner in the session was also attentive to displays of discom-
fort from the participant and was prepared to change or
terminate the session.

Materials
Materials for Phase 1 were (a) the preliminary version of the
AVAI tool, (b) a Panasonic HCx920 video camera used to
record video clips of interactions, (c) Adobe Premiere Pro
CC3 video editing software to code the recorded interac-
tions, and (d) a symbol set.

Preliminary version of the AVAI. This tool was used to
assess visual attention and consisted of (a) definitions of the
coding categories to be used, and (b) the coding procedure.
The following coding categories were defined: gaze at com-
munication partner, gaze at object, gaze at symbol set, and
gaze without any specific focus. To identify gaze shifts, the
time of the onset of each gaze shift was noted along with
the gaze focus (gaze at communication partner, gaze at
object, gaze at symbol set, and gaze without any specific
focus). The coding procedure was as follows: to identify gaze
shift, the time of the onset of each gaze shift was noted
along with the gaze focus (gaze at communication partner,
gaze at object, gaze at symbol set, and gaze without any
specific focus).

Panasonic HCx920 video camera. The Panasonic HCx9201

video camera was used to record video clips of interactions.

Adobe premiere pro CC3 video editing software. The
Adobe Premier Pro CC3 Video Editing software2 has a zoom
function, making it possible to enlarge selected parts of the
screen. It is also possible to change the frequency of frames
per second shown (to a maximum four per s), which allows
for high precision when moving the cursor back and forth
along the timeline.

Symbol set. The symbol set was Picture Communication
Symbols3, which were arranged in pages for core words such
as more, finished, and I/me; for comments such as good, fan-
tastic, and boring; and for specific activities such as sing,
play, and faster.

Procedures
Four short video clips of interactions between the two partic-
ipants and the communication partner (the first author) were
recorded. The interactions took place in a room that was
well known to the participants, who engaged in two activ-
ities that the caregivers had considered to be motivating.
One of the video clips could not be used because the eyes
of the participant were not visible. The coders independently
coded the first 5min of the three video clips and noted their
comments in writing while coding (e.g., when finding it diffi-
cult to categorize a specific behavior). Once the coding was
complete, the first author conducted a brief interview with
each of the three coders. Inter-rater agreement was assessed
using OPA across all three coders because the coding mater-
ial was non-exhaustive (Yoder & Symons, 2010). The formula
for calculating OPA is: Number of agreements divided by the
number of agreements plus disagreements, multiplied
by 100.

Results
OPA was 67% for gazes at communication partner, 55% for
gazes at object, and 25% for gazes at symbol set.
Disagreements were categorized, per Yoder and Symons
(2010), into unitizing disagreement (i.e., only one of the
coders coded an action) and classifying disagreement (i.e.,
when the coders coded the same action differently). Of the
disagreements (n¼ 67), 93% were unitizing disagreements
and 7% were classifying disagreements.

The coder comments revealed that there were instances
when a participant’s eyes were not visible, either because of
the positioning of the communication partner or the partici-
pant’s eyes were semi-closed. The coders also noted difficul-
ties in identifying the exact gaze focus, especially when gaze
duration was very short, and that it was easier to code when
the participant was alert, engaged, and interested in the
activity. The coders also commented about difficulties identi-
fying the exact gaze focus (e.g., when the participant was
looking at nothing specific or at the symbol set), and

1Panasonic HCx920 is a product of Panasonic Corporation of Dublin, www.
panasonic.com.

2Adobe Premiere Pro CC is a product of Adobe Systems Software Ireland
Limited of Dublin, http://www.adobe.com/se/products/premiere.html.
3Picture Communication Symbols is a product of TobiiDynavox LLC,
Stockholm, Sweden.
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reported that coding of visual attention to be time consum-
ing and taxing. Thus, it may have been difficult for them to
remain attentive while coding the entire 5-min clip.

Discussion
The coder’s comments resulted in revisions designed to
improve the reliability and feasibility of the AVAI tool. To
increase the low inter-rater agreement, revisions were made
to the overall procedure and to clarify the instructions. The
importance of alertness for communication, as emphasized
by Munde, Vlaskamp, Ruijssenaars, and Nakken (2011), was
confirmed and alertness was also concluded to be important
for the inter-rater agreement of the AVAI. Therefore, assess-
ment using the Alertness Observation List (AOL), developed
by Vlaskamp, Fonteine, and Tadema (2005), was added to
the AVAI to identify the periods in the video clips during
which the participant was most alert. The instruction for the
video-recording procedure was written so that it clearly
stated that the video-recorded interaction should include
two activities. The rationale was that the change of activity
would increase the chances that the participant would be
alert and engaged. The criterion for visual attention to be
coded was limited to focused gazes (of 1 s or longer) as this
was considered to increase inter-rater reliability. Gaze dur-
ation is also considered an overt sign of visual attention
(Carrasco, 2011). Finally, an assistant was assigned specifically
to ensure that the eyes of the participant were visible
through the camera during the entire video-
recorded session.

Phase 2: Assessment of the AVAI tool

Research design
Phase 2 focused on an evaluation of the psychometric and
ecological characteristics of the revised AVAI tool, including
aspects of reliability, validity, and utility. Sensitivity to change
was explored by coding interactions under two different con-
ditions: with and without aided language modeling. It was
hypothesized that visual-attention scores would be higher
when aided language modeling was used.

Coders. During exploration of the AVAI tool’s reliability, val-
idity, and utility, the first author (Coder D), coded all video
clips; during the assessment of inter-rater reliability, an exter-
nal coder (Coder A) also participated.

Participants
A convenience sampling was used to recruit participants for
Phase 2 of the study (assessment of the AVAI tool) from a
center that specialized in Rett syndrome diagnoses. Inclusion
criteria were (a) confirmed diagnosis of Rett syndrome, (b)
aged 15 or older, and (c) limited speech (i.e., no intelligible
words, and word approximations used inconsistently). In all,
16 individuals met the criteria and were asked by proxy to
participate using the same consent procedure as in Phase 1.
Of these, 13 individuals agreed and three eventually with-
drew their participation due to illness. One participant

completed only one of the two sessions due to health issues
and was therefore excluded from the analysis. This resulted
in a total of nine participants who were between 15 and
52 years old (Mage ¼ 30, Mdnage ¼ 28).

Of the nine participants, five could not walk, two could
walk with support, and two could walk a minimum of 25
meters (82 feet) without support. Per caregiver report, two of
the participants could sometimes move a hand toward
objects; three others could rarely do so. None of the partici-
pants consistently used any form of expression recognized
by the caregivers as a means to indicate accepting or reject-
ing. Six participants inconsistently used a recognized way to
accept or reject, such as looking at a symbol for YES or NO,
vocalizing, or making movements that the caregivers inter-
preted as yes/no responses.

Materials
Materials for Phase 2 were (a) the revised AVAI tool, (b) the
AOL (Vlaskamp et al., 2005), (c) a Panasonic HCx920 video
camera used to record video clips of interactions, (d) Adobe
Premiere Pro CC video editing software to code the recorded
interactions, and (e) a symbol set (c through e were also
used in Phase 1).

AVAI tool. The revised AVAI tool was used to assess visual
attention and consisted of the following: (a) instructions for
video-recording sessions, (b) definitions of the coding cate-
gories to be used, and (c) the coding procedure. The instruc-
tions for video recording the sessions were:

Setting. Find a room with few competing stimuli. The com-
munication partner sits at the short end of the table, to one
side of the participant who sits at the long side of the table
(see Figure 1). A symbol set is placed in front of the partici-
pant, slightly to the other side to facilitate video recording of
gaze direction.

Activities. Use leisure activities that the caregivers consider
to be motivating to the participant (e.g., an object or a pic-
ture representing a song) or use a tablet in the activities.
Example of activities are singing, listening to music on a tab-
let, playing with bubbles or vibrating toys, or painting nails.
Perform each activity as long as the participant shows inter-
est in the activity (maximum 20min). Introduce the next
activity when the participant shows no or little interest in
the activity after 5min. If the participant does not show
interest after two activities, introduce a third activity. End the
session if the participant does not show any interest in the
third activity.

Interaction. Engage the participant in the activity, and to
attend to the objects, for example, by pacing and adjusting
the activity to the participant’s responses and by moving the
objects into their visual field when necessary. In addition,
engage the participant in the interaction by, for example,
attracting attention to one’s self by varying voice volume
and quality when necessary. Give the participant
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opportunities to choose and to take initiatives throughout
the activities.

AVAI coding followed three steps: (a) identification of
video clips to code, (b) identification of gaze shifts, and (c)
identification of focused gazes (see Appendix A). To identify
the time periods of the sessions during which the participant
appears to be most alert and focused on the environment,
the full recording of the session should be assessed using
the AOL (described below). Every 15 s, 5 s of footage are
coded for state of alertness. The consecutive 2min of every
activity containing the largest number of intervals when the
participant is coded to be active/focused on the environment
are then edited into a 4-min video clip to be coded using
the AVAI. Subsequently, these video clips are coded for vis-
ual attention. To identify gaze shift, the time of the onset of
each gaze shift is noted along with the gaze focus (gaze at
communication partner, gaze at object, gaze at symbol set,
and gaze without any specific focus). Finally, focused gazes
are identified by calculating the time between each gaze
shift. All gazes at the communication partner, object, or sym-
bol set that last for 1 s or longer are coded as focused gazes.

AOL. The AOL (Vlaskamp et al., 2005) had an average inter-
rater agreement of 81% and an average intra-rater agree-
ment of 87% (Munde et al., 2011). The following codes are
used: active/focused on the environment, inactive/with-
drawn, sleeping/drowsy, and agitated/discontent.

Procedures
Data collection. Data collection consisted of recording 18
video clips of the nine participants and the communication
partner (the first author) across two sessions. The recording
procedure followed the AVAI protocol. The caregivers were
present in the room but did not take part in the interaction.
The sessions were between 8 and 44min in duration. Each
session, and its recording, started as soon as the participant
and communication partner were seated and ended when

the session was finished. The session was finished when the
participant seemed to lose interest in the second or the third
activity or after maximum 40min. On one occasion, the ses-
sion lasted longer because the participant showed clear signs
that she did not want to finish (e.g., leaning toward objects
and vocalizing). Between the two sessions, the participants
and their caretakers were encouraged to engage in any pre-
ferred restorative activity, such as going for a walk during
the break, which lasted between 30 and 60min.

To explore the tool’s sensitivity to change, the two
recorded sessions were performed under two different condi-
tions. The first condition utilized aided-language modeling
(Allen, Schlosser, Brock, & Shane, 2017; Dada & Alant, 2009;
Drager et al., 2006) and involved the communication partner
pointing at a symbol approximately once per minute while
speaking. To minimize order effects, the aided language
modeling was used in the first session with every second
participant and in the second session with the other
participants.

Coder D used the AVAI tool to code all recorded interac-
tions. Identification of gaze shifts was carried out by placing
a marker at each onset of the target action on the timeline
in the video editing software. For each marker, the coder
also made a notation of the gaze focus. As soon as the gaze
was shifted from the communication partner, an object, or
the symbol set, a marker was placed with the notation “gaze
without any specific focus.” Once the coding was complete,
the markers and notations for each clip were exported into a
spreadsheet showing when the marker was placed (minutes,
seconds, hundredths of a second) and the categorization of
gaze focus.

Data analysis. To explore inter-rater agreement, 6 (33%) of
the 18 video clips were randomly selected and an external
coder independently coded these using the AVAI. To explore
intra-rater agreement, the same coder coded six (33%)
randomly selected video clips 4 years after the first scoring.

Participant 

Video camera      

Table  
Communication partner 

Symbol set                     Objects 

Figure 1. Schematic view of the setting of the video recorded interactions.
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To explore acceptability, the AOL assessments from the iden-
tification of which clips to code were analyzed.

All statistical analyses were conducted using SPSS version
22.0 (SPSS Inc., Chicago, IL). The proportion of each alertness
state during the entire session was calculated for each video
recorded interaction and presented as percentages. The fre-
quencies of focused gazes directed at the (a) communication
partner, (b) object, or (c) symbol set were calculated separ-
ately and in (d) total for each clip coded with the AVAI. A
Wilcoxon-signed rank test was used to analyze the differen-
ces between the number of focused gazes in the condition
when aided language modeling was used and in the condi-
tion when aided language modeling was not used. To check
for possible order effects, the Wilcoxon test was also used to
analyze differences between the first and second sessions.
The hypothesis for this specific procedure was that focused
gazes would be more frequent when aided language model-
ing was used. A non-parametric test was chosen due to the
small sample size (Bridge & Sawilowsky, 1999; Fritz, Morris, &
Richler, 2012). Cohen’s kappa was used to assess intra-, and
inter-rater agreement. The video clips were divided into 10-s
intervals, and agreement for each interval was noted. When
there was one agreement and one disagreement within the
same interval, which occurred on two instances, it was noted
as a disagreement.

Results
Alertness and acceptability. The AOL assessment showed a
large variation in levels of alertness across the nine partici-
pants. The proportion of time that the participants were
assessed as active/focused on the environment ranged from
6% to 98%. The proportion of active/focused time was rela-
tively consistent between both sessions for each participant,
with the largest difference between sessions at 11%. The
proportion of time that the participants were assessed as
inactive/withdrawn ranged from 3% to 63%; for sleeping/
drowsy the range was 0–65%; and for agitated/discontent
the range was 1% of the coded intervals.

Visual attention. As can be seen in Table 1, the number of
focused gazes ranged between 0 and 22 for communication
partner (M¼ 7.78, SD¼ 5.94), between 1 and 15 for objects
(M¼ 9.22, SD¼ 4.65), and between 0 and 13 for symbol set
(M¼ 4.44, SD¼ 3.26). The total number of all focused gazes
ranged between seven and 45 (M¼ 19.78, SD¼ 10.21).

Inter-rater and intra-rater agreement (IRA). Agreement
between the two coders for communication partner, objects,
and symbol set was j ¼ .86, p < .0001, 95% CI [.76, .95], .79,
p < .0001, 95% CI [.67, .90], and .88, p < .0001, 95% CI [.78,
.98], respectively. The IRA can be interpreted as moderate for
objects and strong for communication partner and symbol
set (McHugh, 2012). All non-agreements were unitizing non-
agreements (i.e., behaviors identified by only one of the
coders). IRA between one coder’s scorings for communica-
tion partner, objects, and symbol set was j ¼ .95, p < .0001,
95% CI [.89, 1], .81, p < .0001, 95% CI [.70, .92], and .93, p <

.0001, 95% CI [.86, .1], respectively. The IRA can be inter-
preted as strong (McHugh, 2012). All non-agreements were
unitizing non-agreements (i.e., behaviors identified on only
one occasion).

Sensitivity to change. The number of focused gazes was
higher when aided language modeling was used (see Table 1
for results on an individual level and Table 2 for results on
group level). During the session when aided language model-
ing was used, there were 24 more gazes at the communica-
tion partner for the whole group (M¼ 2.67, Mdn¼ 0), 15
gazes at objects (M¼ 1.66, Mdn¼ 0), 26 gazes at the symbol
set (M¼ 2.89, Mdn¼ 1), and 81 focused gazes in total (M¼ 9,
Mdn¼ 8). According to the Wilcoxon-signed rank test, the dif-
ference was significant for gazes at symbol set, z¼ 2.38, (p <

.05) and total gazes, z¼ 2.17, (p < .05). The effect size was .79
for symbol set and .72 for total focused gazes, which can be
considered large according to Cohen’s classification of effect
sizes. There were no significant differences in the number of
focused gazes between the first and the second session.

Discussion
Reliability. The number of unitizing non-agreements
between the two coders was relatively high even after the
revision of the preliminary version of the AVAI tool in Phase
1. This indicates that it was still difficult to detect all gaze
shifts (e.g., when the gaze shifted from no specific focus to
an object). More detailed instructions could further enhance
reliability. For example, the instructions to the coders did not
specify the number of frames per second to use while cod-
ing, thus, the precision with which markers were placed for a
specific behavior might have varied among the coders.
Furthermore, the instructions did not include the amount of
time that should be allocated for the coding of each clip or
the number of times each clip should be watched. It is not
known whether the allocated time differed among the
coders; however, while not all gaze shifts were detected, the
intra- and inter-rater agreements were still moderate to
strong (McHugh, 2012).

Gaze-based assistive technology is advancing rapidly and
portable eye-tracking solutions that can identify gaze focus,
on and outside a computer screen, have been developed.
Portable eye trackers would potentially make identification of
gaze focus more accurate (Wilkinson & Mitchell, 2014); how-
ever, any assessment of visual attention would require a sys-
tematic procedure (such as that offered by the AVAI tool) for
identification of coding units, gaze shifts, and focused gazes.

Sensitivity to change. It was hypothesized that the AVAI
scores would be higher when the communication partner
used the aided language modeling intervention strategy dur-
ing the interaction. This was confirmed, thus, the results sup-
port that the tool is sensitive to the use of aided language
modeling to increase visual attention. Validation of the tool
in terms of sensitivity to change was demonstrated.

Sensitivity to change is often used to detect changes in an
individual’s abilities (e.g., when they reach a new level of a
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particular ability). But sensitivity to change can also be used
for context-dependent measures, including changes that are
induced by the communication partner’s behavior. As noted
by Yoder and Symons (2010), it is important that the change
be linked to a treatment. Aided language modeling was used
as a treatment in a number of prior studies (Allen et al., 2017;
Dada & Alant, 2009; Drager et al., 2006). The intervention in
Phase 2 lasted only for one session and it remains to be seen
if and how visual attention might change after a longer period
of aided language modeling intervention.

Acceptability. Any assessment should be acceptable to the
individual being assessed. When identifying which sequences to
code using the AVAI tool, sessions were coded in their entirety
for alertness using the AOL. Only a small proportion of the ses-
sions included intervals in which the participants were agitated
or upset, even though the communication partner was unfamil-
iar, indicating that, overall, the assessments were acceptable to
the participants. It should be noted that some of the partici-
pants were only active/focused on the environment during a
few of the coded intervals. It is possible that these participants
did not find the situation enjoyable. Another possible explan-
ation is that some of the intervals during which the participants
were coded as inactive/withdrawn or drowsy/asleep could have
been the result of commonly occurring symptoms related to
Rett Syndrome such as seizures, breath holds, and stereotypies.
All of these symptoms can decrease alertness and ability to
focus on the environment.

General discussion

Targeting visual attention

Visual attention and the ability to voluntarily control visual
attention are considered important for language acquisition

and learning (Forssman & Wass, 2018; Rose et al., 2016).
Visual attention is also a component of joint engagement,
which is an important objective for parents of children who
do not communicate at a symbolic level (Wilder et al., 2004).
Furthermore, visual attention is related to eye pointing, the
intentional use of the gaze for communicative purposes
(Sargent et al., 2013). Consequently, visual attention is an
important aspect to assess in interventions with individuals
with significant motor and communication disabilities.
Implementation of aided AAC often requires dedication and
a high level of support from the social network, and initially,
the individual may not be able to use aided AAC effectively.
If increased visual attention is an early result of the process,
it might encourage communication partners to persist. Aided
AAC holds the potential to support language development
and increase participation in daily activities. Any contribution
to successful implementation is therefore of value. Earlier
studies have examined aspects of visual attention in relation
to interaction or aided AAC (Dube & Wilkinson, 2014;
Wilkinson & Jagaroo, 2004; Wilkinson et al., 2015). The devel-
opment of the AVAI appears to represent the first attempt to
assess visual attention of individuals using aided AAC during
naturalistic communication situations in clinical settings.

Clinical implications

The ICF model (WHO, 2001) emphasizes the importance of
participation. In line with this model, environmental factors,
such as the communication partner’s communicative style
and strategies used, should be taken into account because
they influence participation in the interaction. In aided AAC
interventions, an important component of the process is to
teach the communication partner strategies for facilitating
communication development. The AVAI tool provides ave-
nues for assessing visual attention in more naturalistic inter-
actions with communication partners and, therefore, may
potentially be of use both in research studies as well as in
clinical practice. For example, the AVAI tool could be used to
evaluate a communication partner-directed AAC intervention
by assessing the dyad before, during, and after the
intervention.

In the coding protocol, gazes were scored as frequencies,
which is generally considered a sensitive measurement that
readily reflects changes of actions over time (Kazdin, 2013).
The scores differed among the participants, which indicated
that coding with the AVAI protocol differentiated between

Table 1. Number of focused gazes at partner, object, symbol set, and total number of focused gazes in interaction with and without (w/o) aided language mod-
eling (ALM) for each participant.

Partner Object Symbol Total

Participant With ALM W/o ALM With ALM W/o ALM With ALM W/o ALM With ALM W/o ALM

1 4 6 14 13 13 3 31 22
2 22 9 15 8 8 4 45 12
3 4 4 5 3 0 0 9 7
4 6 1 8 3 4 3 18 7
5 2 3 12 14 6 6 20 23
6 17 6 7 1 3 2 27 9
7 0 1 10 15 9 3 19 19
8 11 11 16 9 6 5 33 25
9 1 2 7 6 4 1 12 9

Table 2. Number of focused gazes in interaction with and without aided lan-
guage modeling (ALM) for the group.

With ALM Without ALM

Gaze Target Mdn M SD Range Mdn M SD Range z

Partner 4 7.44 7.65 0-22 4 4.78 3.53 1-11 �0.681
Object 10 10.44 3.97 5-16 8 8.00 5.17 1-15 �1.605
Symbol set� 6 5.89 3.79 0-13 3 3.00 1.87 0-6 �2.384
Total gazes� 20 23.78 11.32 9-45 19 15.78 7.40 7-25 �2.173

Note. N¼ 9.�Significant difference in Mdn between sessions with and without ALM, p <
.05 (Wilcoxon signed rank test).
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levels of visual attention in terms of focused gazes as a con-
text-dependent behavior. There are tools that are used to
assess different levels of abilities related to visual attention
such as joint engagement (Adamson et al., 2004) and eye
pointing (Clarke et al., 2016); however, it may be valuable
that an individual shows a behavior more often even if they
do not develop skills to a more advanced level. More fre-
quent focused gazes could therefore be an early intervention
goal to help the social network to evaluate an AAC
intervention.

The AVAI tool provides not only information about visual
attention in general but also what the individual focuses on
more and less frequently. If an individual rarely looks at
objects, it is likely that they will miss important information
if the objects are the focus of the conversation.
Consequently, an intervention using the AVAI could attempt
to redirect focus to objects and activities and pace the con-
versation accordingly. When the level of visual attention is
low, the goal of an intervention may be to increase visual
attention generally. Instructions for use of the AVAI are not
standardized and so can be adjusted to align with the pur-
pose of each study or clinical situation.

Limitations and future directions

The results of this pilot study should be interpreted with
caution for a number of reasons, including the small number
of participants. Moreover, there is a risk of bias because the
same communication partner who interacted with the par-
ticipant also coded the video clips in Phase 2, even though
agreement with the external coder was acceptable. It would
have been preferred that the intra-rater assessment was per-
formed by an external coder who is blind to the purpose of
the study (Tate et al., 2016), which was not possible within
the limits of the project. It is also important to keep in mind
that evidence for the validity of a tool cannot be established
in a single study but rather needs to be collected over time
and across studies and is restricted to the context and the
population studied.

Several aspects of validity were not explored. For
example, little is known about visual attention in naturalistic
interactions among individuals who are using AAC, thus, it
was beyond the scope of this study to compare the AVAI
with other available instruments or to examine expected dif-
ferences between participant groups, which are standard
methods to assess construct validity. This will be an import-
ant area for future research. A comparison option would be
the Eye-Pointing Classification Scale (EpCS) (Clarke et al.,
2016, in press).

Regarding utility, acceptability to clinicians was not inves-
tigated; the priority was to develop a measure of visual
attention that would be acceptable to the individual being
assessed. Acceptability to the participants indicates that the
AVAI tool could be used as a tool in research and that it
would be worthwhile to also investigate its acceptability to
and feasibility for clinicians. Even though the administration
procedure is time consuming it would be still worthwhile to

also investigate its acceptability to and feasibility
for clinicians.

Although the difference in the number of focused gazes
between the two conditions was significant for gazes at sym-
bols and total number of gazes, it is not known if this differ-
ence is of clinical importance. The participants looked at the
symbol set almost once per minute on average and more
often during the session when aided language modeling was
used. In previous studies, the dosage of aided language
modeling was between once and twice per minute (Allen
et al., 2017). Therefore, it could be of clinical value if an indi-
vidual is visually attentive once per minute. All psychometric
properties would need to be evaluated in future studies with
larger groups of participants (Prinsen et al., 2018), after
which the AVAI tool could potentially be used as both an ini-
tial assessment and evaluative tool of aided communication
intervention. Moreover, future research could also examine
how communication partners perceive increased vis-
ual attention.

Conclusion

The AVAI is the first tool of its kind for assessing the visual
attention of individuals using aided AAC during naturalistic
interactions in clinical settings. In this pilot study, the proto-
col seems to have acceptable reliability and validity in terms
of sensitivity to change for assessing visual attention. The
assessment with the AVAI was also acceptable for the partici-
pants. A systematic, step-by-step procedure was necessary to
enhance feasibility and to reach an acceptable level of reli-
ability, although there is still a large potential for
development.
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Appendix

Instructions for coding using the assessment of visual
attention in interaction (AVAI) tool
Use software that allows easy placement of time markers of different
colors (e.g., Adobe Premiere pro). If necessary, it is possible to change
the number of frames per second or zoom in/out on the picture.

Identification of clips to code using alertness observation
list (AOL)
The full coding is recorded. Every 15 seconds, code 5 seconds for the fol-
lowing states of alertness:

� Active/focused on the environment (mark with green marker in
the software).

� Inactive/withdrawn (mark with orange marker in the software).
� Sleeping/drowsy (mark with red marker in the software).
� Agitated/discontent (mark with blue marker in the software).

Edit the two consecutive minutes of every activity containing the
largest number of the category active/focused on the environment into
a 4-min video clip to be coded using AVAI.

AVAI implementation
Mark all gaze shifts: For each marker, make a note of the target: (a) gaze
directed at communication partner (p), (b) gaze directed at object (o),
and (c) gaze directed at symbol set (s). The objects are the referents of
the communication, for example nail polish, song props, a tablet. Only a
communication book or a device with a communication application are
marked as a symbol set. Set a marker and note with a dash – as soon as
the gaze leaves the partner, object or symbol set. Set a marker as soon
as the gaze reaches the communication partner, the object or the sym-
bol set. Score all gazes that last 1 s or longer.
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