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Figure 1: A commonly taught response to the initiation of joint attention, a prerequisite of any social interaction, in sighted
school children is to silently raise their hands to indicate readiness for engagement. In this image, the blind child has just
told her peers that she is going to choose one of them to demonstrate the rules of a game with, to which the sighted children
raise their hands in reply. This automatic nonverbal gesture by the sighted peers does not signal to the blind child that her
joint attention initiation attempt was successful, meaning that she has to either try again or wait for a signal of readiness for

engagement that she can interpret from her sighted peers, such as a vocalisation.

Abstract

Initiating joint attention (JA) is a fundamental first step in social in-
teractions. In sighted individuals, it relies predominantly on visual
cues, such as gaze and hand gestures. These features can reduce
opportunities for blind and visually impaired (BVI) and sighted
people to interact. Understanding the strategies to navigate these
challenges is necessary to develop technology that can facilitate
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more inclusive JA. To address this, we conducted a longitudinal
case study of five children with mixed visual abilities engaging in
activities rich with JA opportunities. In a teacher-led classroom,
the children experimented with the use of an Al-powered headset
designed to support BVI people in social situations. Interaction anal-
ysis established that situational complexity affects the children’s
responses to initiation attempts. Furthermore, the headset adds to
this complexity, affecting the frequency and reactions to attempts
to initiate JA. The findings informed the creation of a JA initiation
framework and suggestions for future design.
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1 Introduction

Joint attention (JA) is a phenomenon where two or more people
pay attention to each other and an object or concept [147]. JA is
crucial for social and cognitive development. However, initiating JA
that leads to meaningful engagement is significantly challenging
among mixed-visual groups [68]. We sought to understand how
blind, visually impaired! (BVI) and sighted children initiate joint
attention (JA). We begin by introducing a common scenario ob-
served throughout this work between BVI and sighted children
when attempting to initiate JA, when using assistive technology.
(Figure 1).

Four seven-year-old children are playing a pass-the-object game
called ‘melting ice-cream’ (4.2). Their sighted teacher, Miss Williams,
is facilitating. One of the children (Belle) is congenitally blind and has
no light perception, and the other three (Esme, Margaret and Tiffany)
are sighted. Belle is wearing a headset designed to support BVI people
in social situations by identifying faces and verbalising to the wearer
where their peers are in proximity. She also holds the JA object, a
wooden ice cream cone with a blob of wooden ice cream on top. Miss
Williams initiates the activity through speech:

“OK, so melting ice cream (the game) is starting. Girls, what
you are doing is showing Belle where you are by telling her and
touching her...”

“Oh, don’t forget the forewarning!” Belle interrupts the teacher,
her engagement implying that the initiation was a success. “The
forewarning”, Belle repeats.

“Yeah, remember to forewarn you”, the teacher agrees, “which
means what, Belle?”

The word forewarning is complex, and Belle becomes motionless
for two seconds before saying, “T'll show you”.

“You are demonstrating it, aren’t you?” the teacher says, “So if
you are passing something to Belle...”

“So” Belle interrupts again. “Imagine that if I was. So, 'm going
to demonstrate it, and 'm going to pick somebody to demonstrate.”

In unison, Esme, Margaret and Tiffany wordlessly throw their hands
in the air in a bid to be chosen by Belle. The headset, designed only to
identify faces, does not recognise gesturing with intent to engage and

'We recognise that research has suggested that identity-first language is the preferred
approach for many individuals [20, 70]. However, people-first language is still recom-
mended academically and medically [50]. We acknowledge this debate by choosing to
use a mix of identity-first and people-first language [41, 149].
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remains silent. The gestures, useful for Esme, Margaret and Tiffany,
go unheeded by Belle.

This scenario indicates that there needs to be an understanding
of what leads to the successful initiation of JA for social interac-
tions between mixed visual groups before developing technology
that facilitates JA for all social partners. The collective reflex of
sighted people to silently raise their hands to indicate a desire to be
selected for a task, even when a blind child is making the selection,
shows that nonverbal gestures are so ingrained in everyday social
interactions that despite interaction partners not benefiting from
these actions, they are used anyway (see Figure 1). This response
is a testament to sighted people’s reliance on vision for the com-
plex subtle nuances that social interactions require [68]. Here, we
refer specifically to JA, a principal element for social and cognitive
development in children [86, 133]. JA can involve physical objects,
such as a ball, or non-tangible concepts, such as discussions about
friendship, that all interaction partners attend to. Initiating JA is
a frequent occurrence in everyday social life. However, due to the
strong reliance of sighted people on nonverbal (predominately)
visual cues for JA events, sighted people have more opportunities
to pick up on or initiate an event, for example, via gaze, than those
with visual impairments [120].

Any social interaction needs to be initiated by at least one person
as well as responded to by another and attempts to share atten-
tion with others are based on sensory cues [83]. Initiation can
occur through different modalities, such as speech, touch, gaze and
nonverbal gestures. For sighted people, the modality to initiate
interactions with others relies heavily on visual cues [58]. A wave
and a shout show interest in initiating an interaction with some-
one. A nod or orientation of the head implies a positive response,
whereas turning away suggests a lack of interest. Visual cues are
even indicators to tell that someone has not heard the initiation
attempt, such as looking out for a lack of physical response, which
suggests a need to try again [124, 139].

BVIindividuals do not necessarily have access to visual cues such
as a quick glance or a wave to signal intent to engage in an activity.
Instead, they use different signals of intent, such as verbal or tactile
signals. Furthermore, sighted individuals may not notice sensory
cues sent by a BVI individual as these cues may not be the ones
commonly used by the sighted majority. This subtle difference in
using signals from different modalities to initiate JA may contribute
to a lack of social opportunities for BVI individuals [21, 88]. A lack
of opportunities for social engagement is, in turn, the most likely
contributor to many BVI individuals’ experiences of having fewer
friends, lower educational achievement and higher unemployment
rates [73, 125].

Increasing social opportunities for BVI people has been iden-
tified as an important area of technology design in recent years
[16, 56, 115]. This technology development has focused on par-
ticipatory designs to prioritise BVI people’s autonomy in their
environment, as well as interdependence in social situations [128].
For example, substantial progress has been made in supporting
navigation [72, 74], collaboration in the workplace [90], classroom
support [89, 95, 97], access to social media platforms [127] and
identifying people in proximity [150]. Yet, research on technology
designed to support JA, specifically its initiation and continuation
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once the interaction has successfully begun, is still in its infancy
[68]. To develop technology that specifically addresses the ability to
initiate JA in complex social situations, we need first to understand
what leads to the successful initiation of JA for social interactions
between BVI children and their sighted peers. The aim of this paper
is to start reducing this gap in our knowledge by developing an
understanding of this phenomenon through interaction analysis.
For this, videos were collected of a mixed visual children’s group
during teacher-led sessions focusing on PeopleLens technology in
a mainstream UK primary school.

As it stands, there is no clear understanding of what causes an
absence of JA initiation for children in mixed visual groups. As a
result, little clarity exists around what technology needs to address
when trying to facilitate the initiation of JA between BVI children
and their sighted peers. We specifically look at the initiation of JA so
that we can identify how and why it differs from the JA event itself
to inform technology design to encourage more opportunities for
social interactions. We thus make the following three contributions:

(1) We investigate the initiation of JA in a mixed visual group
of children.

(2) We explore how the initiation of JA is affected by the com-
plexity of context, activity type and number of possible in-
teraction partners.

(3) We emphasise how our findings can inform future technol-
ogy design to support an increase in the frequency of suc-
cessful initiations of JA in mixed visual groups.

2 Background and related works

2.1 Joint attention

Coordination of behaviour is an essential part of social interac-
tion [8, 133]. This coordination tends to pivot around an object or
concept, a phenomenon known as joint attention (JA) [1, 47, 145].
Recognised as an important developmental milestone, JA begins
to emerge in a child’s first year of life and starts with eye gaze
[80, 103, 129]. This ability enables the child to begin to communi-
cate with their caregivers and is a skill that continues its develop-
ment throughout infancy into childhood and beyond [8, 102, 138].
The concept of JA has been addressed in a wide range of literature,
which means that we have a deep understanding of when the skill
manifests, what it entails and how it helps with cognitive, cultural,
linguistic and social development [2, 104, 131, 146, 148, 152]. As
with many developmental skills, JA has a flurry of growth in in-
fancy, mostly around physical objects, which appears to conflate
at around three years of age. However, its progression does not
stop there. JA progresses from a simple focus on the physical object
to encompass concepts, such as using symbols to describe what
colour something is, or conceptual, such as exploring the beauty
of nature [3, 24, 37]. Whilst relying on multi-sensory cues such as
touch during early infancy, the initiation and maintenance of JA in
older children and adults move predominately to eye gaze and non-
verbal gestures [10, 25, 30]. Verbal skills have also been shown to
affect the quality of engagement that children have with their joint
attention partner, and as it improves, so too does the interaction
[4, 5, 18]. A major takeaway from the literature is that JA requires
the ability to coordinate our senses, whether it be through vision,
speech, or other modalities, with vision being the dominant sense
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for most people. If one or more of these cannot be utilised, then the
ability to successfully engage in JA with others is affected. This is
particularly the case for vision loss due to the reliance that JA has
on visual cues [9, 19, 75, 77].

2.2 Development of joint attention in children
who have visual impairment

Globally, there are around 90 million children under 18 living with
a vision impairment [143]. On a spectrum, vision impairment varies
significantly in type and severity across individuals [54, 142, 156].
Whether the condition is congenital, total, partial or progressive, it
affects how BVI individuals interact with others and how sighted
people interact with BVI individuals [118]. The more severe the
vision loss, the more challenges the individual faces, and if an
individual is born with no vision, not even light perception, then the
difficulty in sharing interactions with others increases significantly
[60]. Indeed, research shows that even a small amount of light
perception has a significant effect on an individual’s ability to share
attention [117]. Research shows us that BVI and sighted infants
show the same rate of development in JA for the first six months
or so, at which point the BVI infant’s development appears to
slow [140]. Early learning of JA focuses on a person and an object,
with touch being a key sensory factor contributing to JA; however,
already during these early stages, BVI children demonstrate delays
in object permanence, cannot read facial expressions, and struggle
with spatial awareness [7, 17]. As the child gets older, their lack
of responses to visual JA cues can mirror those of autism and lead
to inaccurate diagnoses [23, 153]. A possible contributing factor to
BVI children’s poorer outcomes is the sighted majority’s lack of
understanding of BVI children’s social signals [33]. BVI children,
as a result, are more likely to experience loneliness and bullying,
have poor educational outcomes, and, when older, be less likely
to marry or have a full-time job than their sighted peers [73, 125].
These outcomes may be impacted by the fact that BVI and sighted
people do not initiate or respond to initiation attempts to socially
interact in the same way. In particular, BVI people do not seem to
have the same type or number of opportunities to develop social
and cognitive skills as their sighted peers [68]. This knowledge
highlights the importance of establishing the different nuances
between the initiation of JA and the JA event itself. Understanding
these differences means that future technology design can make
clear distinctions between the two phenomena, thus directing its
attention to where it would be of most use.

2.3 Initiating joint attention

Recent research has shown that being able to initiate JA is key
for successful interactions to take place and that BVI individuals
may struggle with the ability to initiate JA successfully with their
sighted peers [68]. As they grow older, initiation of JA in sighted
children relies more and more on gestures, body language, eye
contact and vocalisations such as “hi!”, often paired with an accom-
panying visual gesture such as a wave with their hand [55]. BVI
children, however, experience the initiation of JA differently. In
adults, for example, sighted people may offer nonverbal visual cues
in a typical way to the BVI person, but these initiations will not
be perceived and responded to, which results in a void or lack of
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opportunity to interact [68]. Despite the importance of JA, the liter-
ature on the initiation of JA is sparse and focuses either on infants
[17, 51, 145], autistic children and the importance of nonverbal
visual cues such as a smile [31, 53], or on the JA event itself [105].
This lack of research means that in Human-Computer Interaction
(HCTI), we do not yet know how to effectively design technology
that can give children greater autonomy whilst also experiencing
interdependence in social groups.

2.3.1 Situational awareness and joint attention. Typically measured
via eye tracking, situational awareness is the individual’s ability
to perceive entities in the environment, know what they are, what
they are for, and how they might affect them[43, 107]. It is the
prerequisite for us to be able to perform tasks effectively [44]. Situa-
tional awareness not only relies on the readiness of the participant
to perform a task but also on being able to understand the environ-
mental context to perform the task successfully. If there is too much
sensory information to be processed, decision-making is delayed or
based on higher uncertainty, leading to more errors in performing
the task [81]. One example of a failure in situational awareness is
inattentional blindness, the inability to recognise important objects
when completing a task [35]. Inattentional blindness is common
in sighted people, who miss information they do not expect to see
[134]. In the context of JA, inattentional blindness and disrupted sit-
uational awareness might affect attempts by both BVI and sighted
parties to initiate JA successfully. Environmental interference would
be greater for BVI people because where a sighted person can ob-
tain immediate spatial information of the environment, including
potential social interaction partners, in a single glance, the same
environment for a BVI person is a continuous learning process that
takes time [144, 162].

2.3.2  Dual tasks and joint attention. Indeed, sighted children can
assimilate information from the environment, such as its spatial lay-
out, very quickly through their vision (i.e. they get a gist of a scene
within a few hundred milliseconds and can dynamically update in-
formation through simultaneously available sensory information);
this means that when confronted with a simple switch in tasks
that require different types of sensory information, they expertly
switch between the two [62]. However, BVI children have difficulty
switching between tasks, primarily because they do not continu-
ously receive visual information about environmental changes and
thus rely on memory about spatial configurations of the environ-
ment around them or sequential updating of information through
other sensory modalities [126]. For example, it is very hard for them
to notice if one of their potential social interaction partners has
moved silently to another location or is engaged in another task, i.e.
has changed the focus of their attention. This reliance on memory
increases cognitive load substantially. Moreover, for each new task,
they are essentially novices having to construct the information
required to perform this task as they encounter it, which in turn
may affect the BVI child’s speed of interaction [39].

2.4 Technology to support social interactions
for blind and visually impaired children

Early technology for BVI people has prioritised navigation and mo-
bility [15]. The vOICe, a headset that turns images into sounds, or
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SmartVision, an electronic whitecane used for navigation, both fo-
cus on providing verbal information about the environment [46, 66,
92, 93]. Research interest in assistive technology, designed specifi-
cally for BVI people to have greater autonomy in social situations,
is also increasing [42, 158, 163] with more technical support for BVI
people’s inclusion within mainstream society [98]. In particular,
early intervention to support children’s development is key because
support in early childhood tends to lead to better outcomes in later
life [26, 27, 52, 68, 101].

Furthermore, there is growing interest in utilising the power
of Al to support BVI children and adults, such as with wearable
bracelets, smart glasses, robot guide dogs, and Al-powered suitcases
to aid in navigation [40, 45, 57, 119, 155]. The aim of these designs is
to lay the foundation for greater autonomy for BVI people. However,
whereas children tend to use mobility devices such as canes, pre-
canes, and virtual reality [32], so far, there has been little uptake of
other types of technology, perhaps due to concerns around potential
negative social stigmas [11, 132].

To address this problem, research is moving away from searching
for solutions that focus on only the BVI person to solutions that
focus on the interplay between different yet equal partners and thus
promoting interdependence between different individuals [12, 34].
The same holds for efforts to support social relationships between
BVI and sighted children in classrooms. Examples of work with
mixed visual groups of children include co-designing educational
games [95] and Incloodle, an inclusive, tablet-based, picture-taking
application designed to encourage children to engage with each
other [135]. However, such technological support does not focus
specifically on the behavioural and environmental complexity that
affects social interactions between BVI and sighted people. Further-
more, although there is work for interdependence in social spaces
for adults [154], to date, no technology is readily available in the
public domain that is specifically designed to encourage interdepen-
dence in mixed visual groups of children with regard to interpreting
social cues for the successful initiation of social interactions. More
importantly, the methods used have been very context-dependent,
whereas, for the initiation of JA in social situations, the requirement
would be to develop something that can be used across a wide range
of different contexts and thus in everyday life.

Even though there have been a number of designs that considered
the need for more interdependence opportunities [49, 108, 113, 121],
these attempts focused on how to provide "missing" visual informa-
tion to the BVI person, thus prioritising a sighted person’s and thus
ableist’s perspectives. To be useful and utilised, any technology
needs to incorporate both interaction partners’ points of view to
establish exactly what is needed for both partners to interact with
each other as equals [95, 97, 123]. An example of technology that
aims at supporting social-spatial awareness to initiate JA is the
PeopleLens [28]. The PeopleLens is a pair of Al-powered glasses
worn by the BVI person. The headset is in development and has
progressed through a number of iterations, most recently using a
specialised adaptation of Nreal light glasses [160]. During its devel-
opment, the researchers and technicians worked with BVI children
and adults with the goal of creating a user-centred device that gives
autonomy to BVI children and interdependence to mixed visual
social groups.
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3 Scope

We aimed to develop an understanding of the initiation of JA be-
tween BVI and sighted children through an analysis of interactions
between a blind child within her peer group of sighted children.
The children interacted with each other during teacher-led sessions
focused on an Al-powered headset designed to support BVI children
in social situations in a mainstream primary school. We wanted to
develop an understanding of how blind and sighted children initiate
JA with each other, which techniques worked well, which worked
less well and why breakdowns in initiation might be happening.
We also wanted to identify the effects of initiation when the blind
child was wearing the PeopleLens compared to when she was not
wearing it. We focused on the following research questions:

e RQ1: What characterises the initiation of JA from the per-
spectives of both the BVI child and their sighted peers?

e RQ2: What situational factors impact the initiation of JA in
mixed visual groups?

4 Methods
4.1 Participants

Four seven-year-old sighted children, one seven-year-old congeni-
tally blind child and two sighted teachers were recruited via direct
contact with an inclusive mainstream school in England, UK. This
particular school was chosen because its special education needs re-
source section had acquired an Al-powered headset to help support
BVI children in the development of their social skills. All children
attended the same year in the same school. In order to protect
the anonymity of participants, the following pseudonyms are used
throughout: Teachers: Miss Williams and Miss Thomas [T]; Blind
child: Belle [B]; Sighted children: Bobbi [S1], Esme [S2], Margaret
[S3], Tiffany [S4].

4.2 Al-powered PeopleLens headset technology
and accompanying games

The PeopleLens technology has features that aim to indicate to the
wearer where their peers are within a social space. The headset
employs a specialised Al tool that is pre-programmed with the faces
of up to fifteen people. If it detects that one of these people is in
front of the wearer, it provides a knock-knock sound that alternates
in pitch and tempo as the face of the social partner orients to face
the user. If the headset locks onto a person, it will speak their
name. The PeopleLens comes with an accompanying set of games
designed to encourage social interaction with increasing difficulty:

Melting ice cream: Placement of the children is established
prior to the game’s commencement and does not change. The game
encourages the initial establishment of a social-spatial map and
involves the dual task of tracking an ice cream toy object, as well
as who has it so that once the ice cream "melts", the BVI person
names who has it.

Who stole the cookie?: The children sit in a circle and clap their
hands whilst singing, "Who stole the cookie from the cookie jar?"
A pre-selected member of the group names another member of the
group, "Esme stole the cookie from the cookie jar", she sings. Esme
asks, "Who me?" Everyone replies, "Yes, you!" Esme retorts, "Not
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me", and everyone wonders, "Then who?!" The song is repeated
with Esme now accusing someone else of stealing the cookie. As
for the melting ice cream game, this game has a comparably low
memory load for the blind child as nobody changes location during
the game.

The rescue: A safe zone is established by the group, and the
teacher sets it in the application so that the headset can indicate to
the user where the safe zone is. The children find a spot in the room
some distance from each other and the user of the technology. The
wearer then uses the headset to find the other members of the group
and return them to the safe zone. This game is more complex with
regard to updating locations of already searched spaces relative to
the safe zone and the blind child’s own location within the room.

Everybody here?: The most complex and the most frequently
chosen game to play involves the children sitting around a table
doing a separate activity, for example, a brick-building activity. The
wearer needs to maintain a social-spatial map because the rest of
the group moves around the room and talks to each other.

4.3 Procedure

We observed six naturally occurring sessions of social interaction
between participants at the school over a period of two and a
half months (see table 1 for session content). The sessions were
held in a classroom in the school and facilitated by a teacher. At
the beginning of each session, the children decided as a group
which game they wanted to play. Once the decision was made, the
teacher facilitated while the children organised themselves and
began to play the chosen game. The teacher retained control of
who wore the PeopleLens in each session. We recorded three hours,
16 minutes and 41 seconds of video data. The sessions were very
relaxed and had a playful atmosphere, with the main focus being
the children interacting with each other, the headset and the JA
games. The time wearing the headset varied from 2 to 15 minutes
between sessions for Belle and from 1 to 7 minutes for the sighted
children. Attendance of the sighted children varied across sessions.
However, if Belle was not present, the session did not go ahead. To
complement the data collection timeline shown in table 1, below are
details of who attended each session, and which game was played.

Session 1: Sighted children present were Bobbi, Esme, Mar-
garet and Tiffany. Facilitated by the teacher, the children
chose to play the “rescue” game first, then the “melting ice
cream game”, both whilst Belle was wearing the headset and
again without.

Session 2: Sighted children present were Esme, Tiffany,
Bobbi and Margaret. The children first chose “who stole
the cookie”, followed by “everybody here?”. The teacher
swapped which child was wearing the headset each time
the wearer correctly guessed who had left the room. When
the sighted child was wearing the headset, she also wore a
blindfold. The blindfold method was repeated across the rest
of the sessions. Once “everybody here?” finished, the teacher
requested the children sit around the table to choose a new
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Table 1: Table showing data collection timeline.

Session Date Duration  Games played wearing technology Games played no technology
of session
1 25th Jan 18m, 39s The rescue (7m 53s) & Ice cream (7m 53.8s) The rescue (13m 35.8s) & Ice cream (3m 30s)
2 8th Feb 30m, 5.8s  Everybody here? (55s) & the rescue (4m 47.8s)  Cookie Jar (4m 6s) & Everybody here? (8m 7.8s)
3 22nd Feb 32m, 34.3s  The rescue (6m 37.8s) The rescue (4m 47.8s)
4 29th Feb 37m,59s N/A Everybody here? (21m 57.8s)
5 7th March ~ 39m, 5.2s  Everybody here? (8m 32.55s) Everybody here? 9m 15s)
6 14th March  39m, 13.1s  Everybody here? (15m 5.2s) N/A

game. They chose the “rescue”. They played the rescue with
Belle wearing the headset.

Session 3: Sighted children present were Esme, Bobbi and
Margaret. The children chose the rescue game and played
the game throughout the whole session.

Session 4: Sighted children present were Esme, Tiffany,
Bobbi and Margaret. No headset was worn. The teacher
chose the game for this session. The group played with mag-
nets whilst also playing “everybody here?”. Belle chose not
to wear the headset during this session.

Session 5: Sighted children present were Tiffany and Bobbi.
The group played with magnets whilst playing “everybody
here?” again. Belle alternated between wearing the headset
and not.

Session 6: Sighted children present were Esme and Bobbi.
The children chose to play with magnets whilst also playing
“everybody here?”. Belle wore the headset for most of the
session.

4.4 Ethical Considerations

This work was conducted by researchers with backgrounds in Ed-
ucation, Human-Computer Interaction, Industry, Psychology and
Social Care. The team has personal and professional ties to the
BVI community. Learning, reflecting and holding flexible views
in light of new knowledge is prioritised in the team’s approach.
Our collective experiences mean that we apply our personal and
professional values, ethics and knowledge to work reflectively with
BVI and sighted children and adults. Ethical approval was gained
from the University of Bristol Ethics Review Board. Consent was
gained from the parents of the children. Assent was gained from
the children prior to the study and, with the help of the teachers,
re-established periodically throughout [22, 91]. The sessions were
held in a separate classroom on the school site and were facilitated
by staff specialised in supporting mixed ability groups of children.
In a closing feedback session, and mentioned in a follow-up email
from one of the teachers, the children expressed a desire to continue
with the games introduced during the research after the research
study had been completed, which suggests that measures taken
to prevent participants from psychological harm were managed
appropriately [114, 130].

4.5 Data analysis

To understand the theory-driven concept of JA as a key aspect
of group interactions, we conducted a longitudinal empirical case

study using interaction analysis of video data of a group of mixed
visual children and their sighted teachers in sessions rich with JA
opportunities collected by the first author. The first author visited
the school on a weekly basis, set up the cameras, and then left
whilst the sessions took place. To minimise disruption to the group,
the first author did not remain in the classroom during the sessions,
which meant that the data were obtained in as natural a way as
possible. The video data were analysed using a systematic research
technique for coding sequential naturally occurring interaction
behaviours, namely an interaction analysis approach [48, 69, 71].
All data were stored securely in the institution’s secure data stor-
age facility. The raw data remain confidential, were only looked
at by the research team; and only fully anonymised data will be
made publicly available. Following these guidelines, the first author
watched the videos, transcribed them and familiarised themselves
with the data before collaborating with the other authors to iter-
atively create the codes. The codes were created using inductive
and deductive coding. We started with the deductive approach, ap-
plying codes established in previous research on JA between BVI
and sighted people [68]. These codes focused on the engagement
in JA by identifying three primary behaviours, namely:

e Verbal engagement with JA object or person: Using verbal
sounds to engage with the object or person.

o Orientation toward JA partner: Looking at, turning head,
body, reaching for, touching, holding partner.

e Orientation toward JA object: Looking at, turning head, body,
reaching for, touching, holding object.

We expanded the above codes through inductive coding to in-
clude a further focus on the initiation of JA. The inductive coding
was driven by a distinction between initiation of JA and engage-
ment within the JA event itself. According to previous literature,
JA initiation requires a prompt and a response [94]. We thus set out
criteria to clarify that for a JA event to occur, the following needs
to happen:

1. One member of the group sends out a request to a potential
JA partner.

2. The partner replies in a way that the first person can access.

3. The first person acknowledges the reply provided by the
initiation partner.

Only when these three actions have taken place and move into a JA
episode, can the initiation of JA be acted upon by the JA partners.
If any of these three points don’t occur, then the initiation does not
lead to a JA event. The person who made the initiation attempt, or
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someone else, needs to try again. This would be considered a new
attempt to initiate JA. Based on the understanding that BVI people
experience fewer JA opportunities when in a group of sighted
people than any of the sighted people amongst each other [68],
and in a bid to identify why there are fewer opportunities for these
mixed visual groups, we split the codes into the most foundational
element with the aim to build from there. Namely, whether an
initiation attempt was made, who it was made by, whether the
attempt led to a JA episode, and what might have influenced this
outcome. Once the initiation attempts were identified, we explored
what was happening within each attempt. As a result, we coded two
levels of codes: Level 1 codes identified who made the attempt and
whether it led to a JA episode. Level 2 codes identified the actions
that were taken by the JA partners within individual JA initiation
attempts. For detailed descriptions of the level 2 codes, please refer
to (table 2). No codes focused on the effect of the headset being
worn by the sighted people, because it was worn by them for playful
purposes rather than functionality. The video analysis coding and
inter-coder reliability were conducted in NVIVO [82]. The analysis
of the inter-coder reliability results was conducted in SPSS [65]. All
graphs were created in R [122]. The transcripts were written using
the transcription glossary provided in Hutchby and Wooffitt (2008)
[64].

4.5.1 Inter-coder Reliability. Inter-coder reliability was conducted
to assess the coding frame’s rigour and how well it can be applied to
the data [112]. The first author coded all codes in the first instance,
which were reviewed and discussed with the second and third
authors. 166 initiation attempts were identified and coded. The
first author then coded the actions taken within those initiation
attempts. To gain a clearer idea of how reliable these action codes
were, two members of the research team not otherwise involved
used the code book to code 30% of the data. We calculated Cohen’s
Kappa to test for inter-rater reliability and then computed the mean
to obtain Light’s kappa [36, 59, 78]:

o First author and Coder 2: Cohen’s k = .466, p <.001, moderate

agreement

o First author and Coder 3: Cohen’s k = .632, p <.001, moderate
agreement

e Coder 2 and Coder 3: Cohen’s k = .408, p <.001, moderate
agreement

The mean of the above Cohen’s kappa provided Light’s kappa,
which showed that moderate agreement between the researchers’
judgements remained, k = .502, p < .001.

5 Results

Figure 2 summarises attempts to initiate JA by a) Belle, the BVI
child; b) Miss Williams or Miss Thomas, the teachers; and c) Bobbi,
Esme, Margaret and Tiffany, the sighted children, for situations with
technology use by Belle as compared to situations without technol-
ogy. With the exception of the teachers who initiated substantially
more JA events with the sighted children when technology was
used by Belle, technology use consistently reduced the amount of
JA attempts within the mixed vision group. Overall, the sighted
people made more initiation attempts than Belle. However, this
was expected given that at any one time, there were 3-5 sighted
people in the session, whereas Belle was the only blind person.
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When compared to each group member individually, Belle actually
made more initiation attempts than each of her sighted peers. The
sighted participants’ attempts to initiate JA with Belle tended to
continue into a JA episode more often than if Belle made an initia-
tion attempt. No relationship was observed between the frequency
of initiation attempts leading to JA episodes and the session num-
ber. This indicates that practice did not increase the efficiency of
initiation attempts over time.

5.1 Actions taken during JA initiation attempts

We next examined the different actions taken by the group (see
figures 3 and 4) when they attempted to initiate JA with one an-
other. To simplify the analysis, we treated Bobbi, Esme, Margaret
and Tiffany as a single unit, aggregating all JA attempts by any
sighted child towards Belle whilst ignoring any JA initiations be-
tween sighted children. We established what sequence of events
the successful initiation of JA took when led by the entire group,
both when Belle was wearing the headset and when she was not.
Overall, initiation attempts were dominated by speech across all
three steps of the process. Touch and auditory cues were also used
but far less frequently. Sighted children had a greater variety in the
way they initiated JA, possibly due to the fact that they had access
to more information in the environment with dynamic updates
possible at a glance [111].

5.1.1 Actions used by Belle to initiate JA. As shown in figure 3, the
blind child Belle used speech as the dominant action, followed by
orienting toward the JA object with either her body or her hands.
The third most prominent action was to initiate JA in response to
an environmental cue, such as a knock at the door.

5.1.2  Actions used by sighted peers Bobbi, Esme, Margaret and
Tiffany during JA initiation attempts with Belle. As shown in figure
4, the sighted children also relied on speech as an action to initiate
JA with Belle. At the same time, they used typically visible actions
such as orienting themselves toward Belle with gaze, head, body or
hands, thus showing behaviour they would usually use with sighted
peers to initiate JA, but that Belle could not perceive. Furthermore,
the sighted children clearly oriented themselves toward the JA
objects in any given situation.

5.2 Impact of situational factors on JA initiation

While the likelihood that an initiation attempt led to JA did not
seem to change over time, irrespective of who initiated JA, the
presence of the headset technology seemed to matter. To explore
this, we examined the interactions across the games (see section
4.2), which varied in terms of situational complexity and identified
what appeared to impact the efficiency of JA initiation:

5.2.1 Low situational complexity. In one instance (see figure 5),
Belle hangs up her white cane and seeks out her chair. Tiffany
watches her and offers guidance where she can, which Belle accepts.
This is the easiest type of scenario because there is only one static,
concrete JA object (i.e. the chair), only Belle is in motion, Tiffany
and Belle are in proximity to each other, and Tiffany’s attention is
focused on Belle with no distractions.
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Table 2: Level 2 codes: Actions taken by joint attention (JA) partners within the initiation attempts

Code

Description

1 Auditory feedback from the technology

Environmental auditory cues
Nonverbal gestures
Orientation toward JA object
Orientation toward JA partner
Quietening

AN U R W N

7  Speaking to JA partner(s)

The headset gives the wearer auditory feedback regarding people placement, this is received
passively and not actively sought by the wearer. This also takes into account when auditory
feedback from the headset was audible when someone else was wearing it.

Such as knocking on a door or table, playing a keyboard or a wind chime.

Such as hand waving, clapping, shrugs or facial expressions.

Turning their head or body towards the JA object.

Turning their head or body towards their JA partner.

The child does not respond to a question from their peer or becomes still in response to a
question or auditory cue such as a knock on the door.

For example, the child asks or answers a question, makes a sound, or verbally grabs their
peers’ attention and vice-versa.
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Figure 2: Number of attempts to initiate joint attention with different partners by (a) Blind child, (b) Teachers, (c) Sighted
children, whilst the BVI child was wearing the technology (dark grey bars) compared to when she was not (light grey bars).

5.22  Medium situational complexity. We observed instances where
initiating JA seemed to get more challenging as the environment
became more dynamic. This was seen, for example, in the scenario
depicted in figure 6. In this scenario, the children were engaged in
playing with pegs and pegboards facilitated by the teacher, Miss
Williams. Margaret had chosen to fill her board with all orange
pegs, and there was some conflict among the sighted children about
this. Belle tried to initiate JA by addressing the entire group but
expecting Esme to reply. However, Esme was attending to Bobbi
and Tiffany, not reacting to Belle’s initiation attempt. Instead, Mar-
garet replied, which seemed to surprise Belle, so that she did not
react to Margaret but reinitiated JA by addressing Esme directly.
In other words, Belle has spoken to the group as a whole and then
again to an individual person. This scenario is thus difficult for
Belle as she cannot easily find out what her peers are attending to,
even though Margaret is next to her, trying to fill her in on some of
what is happening around her. Despite the feedback she gets from
Margaret and the lack of response from the other children, she is

still not able to understand the situation around her and how this
might affect her ability to initiate JA with her intended interaction
partner. Task-switching (i.e. moving attention from one’s own task
to understand the situation around oneself affecting potential inter-
action partners) required to initiate JA in such a way that it moves
into a JA episode is reliant on a number of factors that, at this time,
Belle does not have enough access to. In more general terms, the
factors impacting the environment include a number of potential
JA partners and a number of concrete JA objects.

5.2.3 High situational complexity. We observed instances where it
was extremely hard to initiate JA. In one such instance (figure 7),
the children were playing the “everybody here?” game (4.2) at the
same time as playing with magnet sheets and building shapes. In
this scenario, it was Belle’s turn to wear the headset.

Despite the auditory cues around her and the technology she
was wearing, Belle remained oblivious to her friends leaving the
room. She talked into the void and only became aware of it when a
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Figure 3: Radial charts showing the frequency of each action (table 2) used by the blind child during JA initiation attempts:
leading to JA by the blind child (a), by sighted children (b), not leading to JA by the blind child (c), by sighted children (d).

familiar auditory cue, the knock on the door, grabbed her attention.
Here, the factors impacting the environment include a change in the
number of potential JA partners, a number of concrete JA objects,
and an abstract game involving movement that affects the number
of potential JA partners available. Furthermore, Belle has the addi-
tional dual-task switching situation of wearing the headset, and no
one is updating her about the environmental changes happening
around her in the same way that Margaret did in the example above
for medium situational complexity.

5.3 A Conceptual Framework of the Complexity
Levels of JA Initiation

In Figure 8, we present a hierarchical framework that aims to visual-
ize the different levels of situational complexity identified in section
5.2. We do this to clarify the challenges mixed visual groups might
experience in achieving and maintaining JA based on aspects nec-
essary for interdependence. The framework demonstrates that the
initiation of JA becomes more challenging for the BVI person than
it does for the sighted person as the situational complexity of the
environment increases because it requires awareness of situational
dynamics. As shown in figure 8, the low complexity scenario has
the highest chances of success. This environment has few moving
parts, with just one concrete object or game, such as a ball. Both
BVI and sighted partners are focused on the same object and each
other. Each initiation attempt by either partner is likely to succeed

because there are no external distractions interrupting attention,
and they remain in the same location.

Referring back to figure 8, a medium situational complexity
scenario shows a divergence in the chance of success experienced
by BVI and sighted people. The situation becomes more complex as
the dynamic changes within the environment increase. For example,
an additional concrete object, such as a jigsaw puzzle, is introduced,
which divides the attention of the JA partners toward different
objects or tasks. A second contributing factor is an increase in
potential JA partners. This means that the environment will start
changing faster, and there will be more options with whom to
initiate JA. The visual information received by the sighted members
of the group provides rapid updates on who is where, and what
individual people are doing. However, as the BVI child does not
have instant access to updated information, they are more likely
to make initiation attempts at a time when others are focused on
something else and are thus not aligned with the BVI person’s focus
of attention. Whilst sighted people may experience a slight drop in
the likelihood of an initiation attempt leading to a JA episode, for
the BVI child, this reduction is far more notable.

A high complexity scenario shows a significant divergence in
the chances of success experienced by BVI and sighted people (see
figure 8). In highly complex social situations, there are a number of
both stable and dynamic features atHi Pet play. Consider a birthday
or
work party with different types of games, in an unfamiliar space.
People are moving in and out of rooms, and chatting with various



CHI ’25, April 26-May 01, 2025, Yokohama, Japan

(a) Initiation attempt leading to JA by blind child
Auditory feedback from technology

Environmental
auditory cue ¢
’

] L

Nonverbal, A ~pt
4

’ td

’

.

gesture Quietening

Orientation
toward object toward person

(c) Initiation attempt not leading to JA by blind child
Auditory feedback from technology

Environmental
auditory cue

[
Nonverbal, <
L)

gesture °, .

Orientation
toward object toward person

® Technology

Jones et al.

(b) Initiation attempt leading to JA by sighted children
Auditory feedback from technology

Environmental

~ . Speaking
auditory cue ¢ -
?

]
Nonverbal,

gesture

[}
[l
P

) Quietening

Orientation
toward object toward person

(d) Initiation attempt not leading to JA by sighted children
Auditory feedback from technology

Environmental
auditory cue

Nonverbal,
gesture

Orientation
toward object toward person

Orientation

¢ No Technology

Figure 4: Radial charts showing the frequency of each action (Table 2) used by the sighted children during JA initiation attempts:
leading to JA by the blind child (a), by sighted children (b), not leading to JA by the blind child (c), by sighted children (d).

friends or colleagues. There are multiple games in play that every-
one can take part in. There is music playing, just loud enough for
conversation to be difficult. In environments such as these, sighted
people are able to continuously update their environment through a
single glance, knowing their JA options within microseconds. Their
initiation attempts may not always lead to JA, but they are able
to assess the outcome quickly and move on. The social situation
is tricky, and everyone is task-switching and likely to experience
cognitive overload to some extent. Therefore, they are only able
to manage their own experience of the event and are more likely
to fail to update a peer on what is going on around them. A BVI
person might be making attempts to initiate JA with people they
still assume are in their vicinity. These attempts are not being heard
because of, for example, noise levels or inattentional blindness [84].
The person they are attempting to engage with might not even
be in the room anymore, but the BVI person has no way of know-
ing. Each time they make an attempt to engage in a new JA event,
they are taking a risk. Although on the surface, the party is one of
interdependence, in actuality, the autonomy needed to be able to
navigate the dynamically changing environment is not available to
the BVI person, and so their attempts to initiate JA with a partner
of their choice are less likely to be successful.

6 Discussion

In this paper, while considering models of assistive technology such
as those discussed by Hersh (2008) [61], as well as technological
designs like the ABBI, PeopleLens, or Meta Ray-Bans [87, 100, 155],

we build upon previous research that examines the challenges of
interdependence experienced by children in groups, particularly in
mixed visual ability settings [68, 97, 151]. Our focus is on identifying
the challenges faced by children with mixed visual abilities while
engaging in joint attention (JA) rich games and investigating how
these challenges are influenced by the use of an Al-powered headset
(the PeopleLens), which is designed to support the identification of
social partners.

Using interaction analysis of videos, we found that the initiation
of JA between children with different visual abilities is shaped by the
situational complexity of social interactions, which differentially
impacts both the frequency of initiation and the transition into
JA episodes for blind and sighted children. Specifically, four main
environmental characteristics were identified as influencing the
fluidity of engagement: the number of potential JA objects, the type
of JA activities, the number of potential JA partners, and the overall
stability or dynamics of the JA environment.

Finally, while we observed that the technology has the potential
to alleviate access challenges, its usefulness is diminished by the
requirement for the blind child to actively seek information from
the device, making it an additional cognitive task. Rather than
promoting interdependence by equalizing opportunities for sighted
and blind JA partners, it inadvertently exacerbates the existing
inequality. In the following sections, we discuss these two main
findings under the overarching topics of ‘maintaining situational
awareness in increasingly complex situations’ and ‘design insights,
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Participant Action Level 2 code

Participant Action Level 2 code

01 Belle ((Reach: looking for her chair)) 4

02 Tiffany ((Gaze)) 3

03 ((Reach: toward Belle’s hands)) 5

04 ((Touch: takes hold of Belle’s 5
hand))

05 Your chair is. here 7

06 Belle ((Touch: allows Tiffany to guide 5
her hand))

07 Tiffany ((Touch: pulls Belle’s hand 4
down so it touches the chair))

08 Belle ((Lets go of Tiffany’s hand and

sits))

Figure 5: Vignette depicting an example of low situational
complexity (see 5.2.1) : Above: Corresponding video illustra-
tion, Below: Transcript and corresponding level 2 codes (see
also, table 2).

before addressing limitations and suggesting directions for future
research.

6.1 Maintaining situational awareness in
increasingly complex social situations

As we have demonstrated in sections 5.2 and 5.3, the opportuni-
ties for mixed visual groups to maintain situational awareness in
JA-rich activities are skewed in favour of sighted children as the
environment becomes more dynamically complex. Research has
previously confirmed that greater perceptual sensitivity supports
more complex play for sighted children and that the less attention
that can be paid to social partners, the more reliant children are on
a pre-established schema [13, 157]. It has also long been understood
that blind children have to build up a schema of their environment
through tactile and auditory senses and that, even when used to-
gether, touch and sound do not capture all the information that
might be required for dynamically changing social interactions at
all times [79]. This knowledge leads us to understand why language

01 Belle Guys, put your hand up (.) put 7
your hand up. who wants this

tow]er. ((Belle says to the

room))
02 Margaret  Not me:? 7
03 Belle Do you want it Esme. 7
04 Belle ((Belle leans over and sweeps 5

her hand across the empty seat))

Figure 6: Vignette depicting an example of medium situa-
tional complexity (see 5.2.2): Above: Corresponding video
illustration, Below: Transcript and codes (see also, table 2).

development, friendships and interdependence, as well as auton-
omy and independence, are so important when considering the
initiation of JA activities in mixed visual groups [99, 109, 141].

This increase in situational complexity increases the likelihood of
disruption to the three-step process of initiating JA between BVI and
sighted people [29]. We established that for the mixed visual ability
group, the three steps to successfully initiate JA, namely an initial
hail of some kind, a response to that hail, and an acknowledgement
of that response by the instigator, consisted primarily of speech
as a modality of interaction. This substantially restricted more
subtle turn-taking scenarios that are an important part of sharing
attention in social interactions [137]. For sighted people, this turn-
taking does not usually rely on speech [38, 67], but on eye gaze
and visual signalling, to know when it is one’s turn to speak [159].
For the BVI child, turn-taking is difficult because she does not
have access to the visual cues to know when her turn is, and the
place holding auditory cue that she used to procure attention is not
necessarily utilised or recognised as being important by others [85].
Together with the lack of situational awareness, the blind child,
therefore, might accidentally interrupt others’ social interactions,
or their initiation attempts might go unnoticed.

A lack of situational awareness is exacerbated by the dual de-
mands of tasks and group dynamics. In other words, as demon-
strated by our results, the primary issue for the blind child is the
inability to quickly update their understanding of the surrounding
environment when shifting attention from one focus to another, a
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01 Belle ((There is a knock on the door. 2
Belle tilts her head in
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01 Belle Ms Williams 7
02 Ms Williams. Yea:h? 7
03 Belle Did you tap somebody (.) 7
somebody on the head]
04 Ms Williams What. to say they could go:? 7
05 Belle Yea:h 7
06 Ms Williams Well, did I? Is everyone herfe 7
or not.
07 Belle Hello? ((she asks the room)) 7
08 Belle ((After no reply she muses)) I 7

feel like (.) both of them left.

Figure 7: Vignette depicting an example of high situational
complexity (see 5.2.3): Above: Corresponding video illustra-
tion, Below: Transcript and level 2 codes (see also, table 2).

skill essential for fluid social interactions [161]. Social situations
tend to grow more complex during childhood development [14].
The decline in the success rate of initiating JA observed with increas-
ing situational complexity, is likely attributable to the heightened
cognitive load placed on the blind child. Specifically, this refers
to the amount of working memory required to track changes in
the (social) environment without the benefit of visual dynamic
updating available to sighted children. The more challenging and
time-intensive this updating process becomes, the lower the likeli-
hood that the child will respond to JA bids from sighted peers or
send appropriate JA requests out [116].

Jones et al.

A notable characteristic of more complex environments is the
divergence of tasks performed by potential interaction partners.
This divergence necessitates task switching for the initiators of JA,
who must update themselves on environmental changes. For a blind
child, this task is significantly more challenging, as environmental
updates can only be obtained sequentially through active non-
visual “scanning.” Unlike sighted children, who can process visual
updates in milliseconds to capture the gist of a scene, blind children
require several seconds for such updates [110]. This delay reduces
the opportunities for a blind child to engage in JA with their peers.

Moreover, failures to initiate JA opportunities may stem from
the inaccessibility of signals provided by sighted children, such as
nonverbal gestures. These cues, effective for those with vision, are
not accessible to blind children [106]. This challenge may be further
compounded by the potential misinterpretation of cues from the
blind child. For instance, a blind child might inadvertently provide
misleading verbal prompts to sighted peers, such as suggesting they
raise their hands, despite being unable to perceive such nonverbal
responses.

6.2 Design insights for adaptive technologies
supporting inclusive joint attention in
mixed visual ability groups

In conversations with the participant group, we discovered that
Belle is articulate, friendly and chatty and takes a keen interest
in the people around her and her environment. She spends her
lunch and play breaks in school with her friends and is very socia-
ble. Her lessons are somewhat different from those of her sighted
peers; she has a big braille machine that takes almost half of her
desk and a plethora of physical objects to learn with. She often
starts her lessons in the main classroom with everyone else in her
class. However, she expresses that the classroom environment is
often too noisy, and she can’t concentrate on her work with her
teaching assistant because there is too much going on around her.
Prior research has dubbed this situation as leading to a potential
“assistance bubble” [97]. Perhaps as a result, Belle tends to request
to spend many of her lessons in a room away from her classmates,
where she is alone with her teacher. However, for the PeopleLens
sessions, Belle asked that they continue. She expressed how much
she enjoyed using the headset, and equally enjoyed her friends
using it. In fact, the whole group expressed how much they enjoyed
and wanted to continue the sessions. The aim of the PeopleLens
was to support more opportunities for BVI children to engage with
their peers, and in this instance it succeeded. It is with this con-
sideration in mind that we explore ways that future designs could
be adjusted and adapted to support interdependence among mixed
visual groups of people across the whole range of vision.

The key insight of this work for the design of technology is, that
to be useful, it will need to adapt to the fluidity of social situations.
We suggest that this could be captured through the following design
insights:

Consider the complexity of the environment. If initiation
attempts are being made in environments with low situational com-
plexity, the need for technology to support the initiation between
mixed visual JA partners is not there in the same way as it is for a
dynamic situation involving a group of people engaged in multiple
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Figure 8: Line graph with integrated images showing the different elements of initiating JA, with the opportunities for a BVI

person diminishing with each increase in situational complexity.

JA potential roles. In medium-complexity environments, the BVI
person could potentially be updated regarding changes to the envi-
ronment by their sighted JA partner. Also, current models such as
the vOICe or SmartVision [46, 66, 92, 93] could be used to update
the BVI person about their environment if desired. It is as the dy-
namic complexity of the environment increases that mixed visual
groups would benefit more from technology that could facilitate
the initiation of JA. In more complex situations, the technology
could update on request the BVI people on environmental changes
important for their social interaction intent and any nonverbal in-
formation they might be missing. This could, for example, include
information about the current location and focus of attention of
their intended JA partner. At the same time, the sighted people
should be updated or signalled when the BVI person makes an
initiation attempt in a way that they might not have perceived. Fur-
thermore, there could be a feature that alerts the sighted potential
JA partners to inform the technology of bigger or more dynamic
changes in the environment, such as them leaving the room or a
new person entering.

Consider what constitutes “relevant” information, then pro-
vide relevant updates on environmental changes. The use of
the PeopleLens was an insightful first step into figuring out how
one could increase situational awareness in the blind child. The
PeopleLens currently relies on sequential (undirected) active scan-
ning of who is present and where in the environment. This could
be taken to the next step by exploring how one might be able to
enable extraction of information about the relevant changes in the

social environment only, to increase the speed and specificity of
the initiation attempt required in busy social settings.

In this context, the term relevant is used for the intended inter-
action. However, an awareness needs to be maintained that some
intentions arise only when one knows who is present and what
opportunities there are to interact. With that in mind, to understand
better what kind of environmental change is relevant and when
and how to provide this information requires more research. Prior
research has pointed out that being able to tease out which infor-
mation is relevant is crucial when designing awareness support in
non-visual environments since overloading users with too much
information can be detrimental when users engage in activities
that compete for attention and memory resources [96]. The use
of technology is a good step forward from the perspective of the
children, as can be seen in the fact that the whole group requested
to continue using the PeopleLens after the study was over. Indeed,
already at the current stage of technological design, they may be
benefiting from the social element of the technology (such as the
sighted children gaining more insight into the world of the blind
child when being blind-folded and having to rely on the PeopleLens
and non-visual cues) in a way that we could not derive from this
study.

Design for discretion, to reduce distraction from the main
JA activity. As highlighted before, if not used carefully, technology
becomes a complicated dual task too slow to be of use and too
difficult to manage with regard to memory load. Instead of providing
information indiscriminately through active scanning, the next
stages in technology development should focus on tackling the
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problem of how one can enable access to information relevant to
increase social interaction-specific situational awareness only [96].
Such filtered information would ensure that any potential negative
side effects of information overload could be avoided, helping the
blind child with object-based and people-based task switching. We
are mindful of previous research that found blind children can
experience a void when attempting to interact with others seeming
to become invisible to their friends due to not sending out the
signals the friends expect [68]. Based on this understanding of
a “void”, a second important factor to explore is how the blind
child can signal interaction intents to sighted potential JA partners
without having to use language, and how sighted children’s visual
signals can be translated into useful signals for the blind child. This
might require two or more separate pieces of technology or a multi-
part piece of technology that is linked and usable by all potential
JA partners.

Consider both independence and interdependence when sup-
porting the establishment of the JA triad. Our observations re-
vealed that the blind child enjoyed it when her friends used the
Al-powered technology. The group as a whole seemed to benefit
from learning about each other’s different experiences, fostering
a deeper understanding among members. Shifting the responsi-
bility of using the technology from the BVI child to the sighted
children could reframe the dynamic, emphasising the collective
efforts of the group rather than placing the burden on an individ-
ual. When reflecting on interdependence in the initiation of JA,
it is important to acknowledge that any technology design must
account for the entire JA triad. This triad includes not only the
BVI and sighted individuals but also the potential JA objects, con-
cepts, and the technology that mediates their interactions [11]. A
balanced approach should consider the individual’s independence
and autonomy within the group [76], the group’s interdependence
with one another [154], and the interplay between the individual,
the group, and the JA objects or concepts [164]. Such an approach
could effectively address the concerns outlined above.

Once again, one size does not fit all. Vision and vision loss
occur on a spectrum, and the initiation of JA, and JA itself have
a wide range of complexity. As a result, designers might want to
consider that one piece of technology might not be sufficient to
meet the needs of everyone in all situations. We recognise that this
proposal is not a new one [6, 63, 136]. However, our conclusions and
the proposed framework of JA initiation that is grounded in them,
coincide with the premise that adaptable technology that users can
pick up and put down at the appropriate moments would be of
more use than trying to fit a square peg into a round hole [132]. In
other words, trying to fit a single device into such a multi-faceted,
constantly changing phenomenon, such as inclusive JA, does not
justifiably benefit all members of a mixed visual group.

6.3 Limitations and future work

The work in this paper focuses on the mechanics of the initiation
of JA between BVI children and their sighted peers. As this is a
little-researched area, there are some limitations in the study, which
show a need for further investigations. This piece of research was
a case study of one blind child and her sighted peers, as we wanted
to delve deeply into the social interaction dynamics of a group of
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mixed visual children in a mainstream school. We decided to keep
the sample small, choosing depth over breadth, which has led to
further questions for future research [141]. Further research with
larger samples, both within and across groups would be valuable
to develop our understanding of the initiation of JA and JA itself in
mixed visual groups. Furthermore, we recognise that the children
were recorded in a classroom with a facilitator, with tasks focused
either on the technology or on JA-rich scenarios, thus giving plenty
of opportunities for the children to initiate JA with each other.
Future studies could focus on observing children in other, less con-
trolled situations that don’t have a facilitator or include strangers
to see if this affects the initiation attempts. The study concluded
with short semi-structured interviews to gauge the participants’
opinions. We acknowledge that closing questionnaires could also
add to the richness of establishing the perceptions of participants
in future studies. We also consider the fact that the sample was
imbalanced in that it had more sighted children than blind chil-
dren in the group. Future work could explore the initiation of JA
in peer groups with a more balanced dynamic between BVI and
sighted children. We would also appreciate more work exploring
JA experiences for BVI adults in various settings, including groups
of friends, family and strangers. Further research would approach
inter-coder reliability more robustly to include the coding process
as it matures through the analysis process. An interview study to
consider the opinions and experiences of BVI and sighted adults
with regard to initiating JA in mixed visual groups is a valuable
next step to place lived experiences at the forefront of the research.
Additionally, participatory design workshops would greatly benefit
our understanding of how to implement the design insights we
proposed for the initiation of JA in mixed visual social situations.
These future research proposals will be the next steps in provid-
ing a thorough analysis of the whole JA triad, including both BVI
children and BVI adults, their sighted peers, friends, and strangers.

7 Conclusion

In this paper, we observed one blind child, four sighted children
and two sighted adults initiating and engaging in JA-rich activities
whilst using wearable technology designed to support these sce-
narios. We explored previously identified issues around initiating
JA through interaction analysis. We looked at the initiation of JA
from the sighted person and the blind person’s point of view to be
certain that the suggestions we make around the increasing difficul-
ties of the initiation of JA are representative of mixed visual groups,
with a specific focal point on the blind child. We focused on un-
derstanding the blind child’s experience when initiating JA so that
we can confidently identify what support BVI children and their
sighted peers need to initiate JA episodes successfully in increas-
ingly complex levels of social interactions they might encounter.
We found that the more activity around the blind child, the less
likely they were to successfully initiate JA with their sighted peers.
We propose, therefore, that technology be designed to adapt to
task-relevant changes in the environment so that it can support
variations between interactions in mixed visual groups.
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