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Fig. 1. A: Adaption of Pervasive AR would lead to a lack of mutual gaze amongst users due to the opacity of the AR devices. B:
Participants evaluated Snap Spectacles (top-left), Microsoft Hololens 1 (top-right), Microsoft Hololens 2 (bottom-left) and Magic
Leap 1 (bottom-right) for their social acceptability. C: The participant is wearing the apparatus without (top) and with (bottom) eye
visibility adjusted.

As Pervasive Augmented Reality, a continuous and omnipresent augmentation of our environments, presents itself as the next evolution
in wearable technology, we ought to explore how this addition to our day-to-day lives will change the way we interact with each
other. Significantly, how the lack of mutual gaze (eye contact) due to the tinted nature of Augmented Reality glasses would affect our
interpersonal relationships and behaviours. We conducted an empirical study with 20 participants who, in pairs, were exposed to a
Pervasive AR technology probe that allowed them to make their eyes more or less visible based on their preferences. In this work, we
report our findings related to the eye visibility levels the user expects for themselves and from others, as well as its effect on fellow

users’ trustworthiness and the social acceptability of Pervasive AR devices.
CCS Concepts: « Human-centered computing — Empirical studies in HCL

Additional Key Words and Phrases: Augmented Reality, Mutual Gaze, Perception, Acceptability, Empirical Study, Technology Probe

Authors’ addresses: Kushani Perera, kushani.perera@postgrad.otago.ac.nz, University of Otago, Dunedin, New Zealand; Tobias Langlotz, tobias.langlotz@
otago.ac.nz, University of Otago, Dunedin, New Zealand; Nadia Pantidi, nadia.pantidi@vuw.ac.nz, University of Victoria, Wellington, New Zealand;
Holger Regenbrecht, holger.regenbrecht@otago.ac.nz, University of Otago, Dunedin, New Zealand.

Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party
components of this work must be honored. For all other uses, contact the owner/author(s).

© 2024 Copyright held by the owner/author(s).

Manuscript submitted to ACM

Manuscript submitted to ACM 1



2 Kushani Perera, Tobias Langlotz, Nadia Pantidi, and Holger Regenbrecht

ACM Reference Format:
Kushani Perera, Tobias Langlotz, Nadia Pantidi, and Holger Regenbrecht. 2024. Exploring Eye Visibility and Mutual Gaze in Augmented
Reality Glasses. In xxxxxxxxxx. ACM, New York, NY, USA, 13 pages. https://doi.org/XXXX.XXXXXX

1 INTRODUCTION

The introduction of the Apple Vision Pro!, especially the EyeSight feature, has drawn attention to the importance of
device users’ eye visibility. Recent studies have explored the concept of Pervasive Augmented Reality (Pervasive AR),
suggesting it could be the next major advancement in wearable and omnipresent technology [9, 23, 27]. Pervasive AR is
defined as a continuous interface that will overlay relevant information in a timely manner for the user as they move
about their day [11]. Thus, Pervasive AR is context-aware and has the capability of adapting to suit situations.

Pervasive AR is envisioned to offer users a constant stream of information, unlike the sporadic interactions we have
with mobile phones [11]. With our mobile phones, we take them out, seek out specific information, and return them
to our pockets. Whereas Pervasive AR wearables will likely be an always-on system that anticipates the users’ needs
(context-aware) and delivers relevant information without the user having to actively seek it out [11, 23]. Thus, users
will always wear Pervasive AR glasses regardless of the environment or the situation [11]. Recent studies have explored
how Pervasive AR would affect users and non-users in social settings [2, 23, 28]. Many such studies have focused on
the form factor of wearable glasses [8], and in our , research we address one specific aspect of wearable form factors
that may affect how we interact with others in the same environment: eye visibility.

In social interactions, eye contact or mutual gaze is a basic and essential non-verbal cue for successful communication
among people [3, 6, 7, 12, 13], mutual gaze is crucial for connecting with someone. It is a reflection of a person’s qualities,
especially the trustworthiness of a person [18]. And though the newest Augmented Reality (AR) devices in the market
show potential for a Pervasive AR future with their functional capabilities, sensors, and form factor, one of the common
factors about these devices is that they primarily have lenses that are tinted, which limits how much of the user’s eyes
others would be able to see. This creates a limitation of mutual gaze in social interactions when using Pervasive AR
glasses.

Our study aims to explore the effect of lack of eye visibility when using Pervasive AR glasses in public and how it
may influence our behaviours towards each other. Furthermore, we look into the personal preference of eye visibility
for oneself and others they interact with. We hypothesised that participants would prefer to have their partner’s eyes
visible than to have them occluded behind tinted Pervasive AR wearables. Furthermore, we investigated how socially
acceptable different Pervasive AR wearables would be and hypothesised that Snap Spectacles? will have higher social

acceptability than other wearables.

2 RELATED WORK

Pervasive Augmented Reality remains a promising domain, and many have explored its potential [11, 23, 27]. Grubert

et al. [11] defined Pervasive Augmented Reality (Pervasive AR) as,
. a continuous and pervasive user interface that augments the physical world with digital information
registered in 3D, while being aware of and responsive to the users context. [11, p.1]
However, with the potential adoption of Pervasive AR, it is important to look into how they will be adapted to society and
the concerns that may arise from it. While the ethical implications of Pervasive AR have only been minimally explored

!https://www.apple.com/apple-vision-pro/
Zhttps://www.spectacles.com/new-spectacles/
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[23, 27], there has been extensive research on its social acceptability. This research has focused on how device users
perceive gestures and overlays, the impact on social interactions, and the effects on bystanders [9, 16, 17]. Additionally,
studies have examined how social interactions between users and observers influence the social acceptability of AR
devices [2, 28]. Given this focus on social interactions, we aim to explore the importance of mutual gaze, a key non-verbal

cue in communication, in the context of Pervasive AR users.

2.1 Mutual Gaze and Its Importance in Social Interactions

Non-verbal cues, particularly eye contact, are crucial in empathetic communication [12]. Eye contact, or mutual gaze,
has been a focus of social psychology for over six decades [7] and has been regarded as a key indicator of sincerity
in social interactions [3]. Mutual gaze occurs when two people look at each other [3]. Argyle et al. [3] also note that
strangers typically make eye contact about 25% of the time during social encounters. Highlighting the importance of eye
contact, Heron [13] states that, aside from physical contact, mutual gaze is the only action that enables simultaneous
reciprocal interactions. Bindemann et al. [6] report that gaze is processed before other facial expressions in encounters.
In specific contexts, such as between a counsellor and client, eye contact signifies attention and enhances the client’s
connection with the counsellor [14].

Beyond the presence or absence of mutual gaze, people have learned to interpret gaze behaviour and direction as
indicators of personal qualities. Kreysa et al. [18] note that individuals are more likely to trust and believe speakers who
maintain a direct gaze compared to those who avert their gaze. Additionally, gaze behaviour is linked to emotions, with
direct gaze associated with approach emotions (anger and joy) and averted gaze with avoidance emotions (fear and
sadness) [1, 6]. Graham and Ritchie [10] found that wearing sunglasses decreases the wearer’s perceived trustworthiness.
Similarly, Viola [29] explored the impact of sunglasses on identity recognition and the sense of intimacy. While most
research on mutual gaze originates from psychology and sociology, the HCI community has also shown interest in how

mutual gaze affects communication across various mediums.

2.2 Mutual Gaze in Human-Computer Interaction

Regenbrecht et al. [25] in their early explorations of the importance of mutual gaze, investigate and report the strengths
and drawbacks of different methods for implementing mutual gaze in videoconferencing. Similarly, Regenbrecht et al.
[26] reports that mutual gaze in videoconferencing improves perceived trust between users. Expanding on their previous
work Regenbrecht and Langlotz [24] review the importance of mutual gaze in videoconferencing, highlighting its role in
providing feedback cues that enhance conversation quality. They discuss various camera positioning strategies to better
simulate mutual gaze between participants. Furthermore, Lee et al. [19] investigated the role of gaze in collaborative
videoconferencing, finding that it enhances communication by improving presence, facilitating clearer understanding,
and making collaboration more effective.

In the domain of AR and Mixed Reality (MR), the importance of mutual gaze when performing collaborative tasks has
been investigated [4, 5, 21]. These works report that there should be affordances that enable mutual gaze [5] and that
domain warrants further exploration. In this study, we aim to investigate the importance of eye visibility for Pervasive

AR devices in the context of social interactions.

3 METHOD

We conducted this study to investigate how the eye visibility of Pervasive AR glasses affects social interactions and

its potential implications. We were further interested in exploring the effect eye visibility would have on device
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acceptability. While eye contact is a crucial non-verbal cue in social communication, gaze can be directed and received
in different ways to convey specific messages [1, 6, 7, 18]; therefore we hypothesised that there are two dimensions to
eye contact that are worthwhile exploring; how the receiver perceives their own eye contact and how they perceive
their conversation partner’s eye contact. Thus, with the aim of identifying the potential different expectations of eye
contact, we focused on two categories of eye visibility: (1) Acceptable eye visibility for self and (2) Acceptable eye
visibility for others.

We implemented a simple mechanism by fixing LED lights to Snap Spectacles (over both lenses) to make the lenses
reflect light more or less, thereby making the user’s eyes more or less visible to others. The study was conducted with
two participants at a time in a controlled lab environment and consisted of the following five sessions. The procedures

followed during each one of these sessions are defined in detail in section 3.3.

(1) Session 1: Evaluating the perceived social acceptability of Snap Spectacles, Microsoft Hololens 1, Microsoft
Hololens 2 and Magic Leap 1 (Figure 1 image B).

(2) Session 2: Establishing eye visibility levels on the Snap Spectacle apparatus.

(3) Session 3: Evaluating the perceived trustworthiness of partners and social acceptability of eye visibility adjusted
Snap Spectacle apparatus in four conditions.

(4) Session 4: Re-calibrating eye visibility levels post task.

(5) Session 5: Post-study semi-structured interview.

The formulated hypotheses for this study are as follows:
Hypotheses

(1) H1: Due to its form factor, we assumed Snap Spectacles would have a higher social acceptability rating than
other devices.

(2) H2: Due to better eye visibility, we assumed the trust ratings of participants would be higher when the eye
visibility of their partner is set to their optimal than when the glasses are at their original state.

(3) H3: We assumed that the social acceptability of the glasses would be higher when they are eye visibility adjusted
than when it is at their original eye visibility level due to the importance of mutual gaze in interactions, as
suggested by related work.

(4) H4: Due to conditioning and familiarity following the tasks and the higher perceived importance of eye visibility
before the tasks, we assumed eye visibility levels set before the task would be higher than the eye visibility levels
set post-task.

(5) H5: Due to pre-established relationships, we assumed that the optimum eye visibility levels set for partners when

the partner is unknown will be higher than when the partner is a friend.

Ethics approval for this study was obtained from the University of Otago’s Ethics Committee prior to the conducting
of the study (reference number: 24/0658).

3.1 Materials

3.1.1 Apparatus. We used Snap Spectacles as the technology probe for this study. LED lights were fixed over each lens
to adjust lens opacity, controlled by a variable resistor. This setup allowed participants to regulate eye visibility during
the study. Each lens had three individual lights powered by an external 10,000 mAh battery pack. Due to the limited
45-minute battery life of the Snap Spectacles, they were also connected to the battery pack. Additionally, two 47R
resistors limited the LED brightness, and a 10KR potentiometer enabled brightness adjustment within a range of 1-16.
Manuscript submitted to ACM
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3.1.2 Augmented Reality System. Three applications were developed for this study using Lens Studio. The first
application served as a tutorial to help participants familiarize themselves with the device. The second application
was used during Session 2 (establishing the eye visibility levels), displaying definitions for each eye visibility level
participants needed to set. It also allowed participants to balance content legibility with eye visibility.

For the main task, a simple application was developed to display conversation topics in a non-intrusive manner.
Topics were selected from Cambridge IELTS Preparation Textbooks (e.g., “The roles of men and women are changing.
How has this impacted how people view marriage in your culture?” “How has the internet changed the way people have
relationships with each other?”). The goal was to minimize distraction. To determine the optimal content placement,
we referenced Rzayev et al. [28], who suggested displaying non-critical notifications aligned with the conversation
partner’s face (termed "observer-locked alignment"). However, due to limitations in face tracking with Snap Spectacles

when the partner’s face was obstructed, we opted for screen space content display instead.

3.1.3  Quantitative Measures. We recorded the eye visibility levels defined by the participants (1-16 potentiometer
scale). Additionally, the following questionnaires were answered.

All participants completed a demographic questionnaire about their gender, age, profession, ethnicity and prior
experience with AR. In addition to the standard demographics information, we collected the skin colour and eye colour
of participants as it was revealed during pilot testing that skin colour and eye colour affect the level of eye visibility. Our
observations suggested that the lighter the skin colour, the more visible a person’s eyes would be through the glasses at
different eye visibility levels. To collect skin colour from participants, we referred to the findings and categorisations of
Reeder et al. [22]. Similarly, the lighter the eyes, the more visible they were through glasses.

Participants answered three other questionnaires during the study. In Session 1, participants answered the WEAR
Scale [15] on a 6-point Likert-like scale (1 - Strongly Disagree to 6 - Strongly Agree). This questionnaire was used to
evaluate the social acceptability of the aforementioned four AR devices (Figure 1 image B).

During the main task, the participants answered, firstly, the Individualised Trust Scale (ITS) [30]. In our revision of
the questionnaire, we only included items that had an unrotated primary loading of above 0.75. Secondly, to evaluate
the suitability of Pervasive AR devices during interactions, participants completed a social acceptability questionnaire
adapted from Profita et al. [20] by Regenbrecht et al. [23] after each condition. This questionnaire assessed users’
perceptions of their partners while wearing Pervasive AR glasses, focusing on how participants viewed the other

person.

3.1.4 Qualitative Measures. A semi-structured interview was conducted in Session 5, post-task, to gain a better
understanding of the participants’ opinions; (1) on the importance of eye contact in social interactions while using AR
glasses, (2) on potential behavioral changes due to lack of eye contact and (3) the ethical concerns resulting from such
effects. They were also given the opportunity to elaborate on their reasoning behind the answers to the questionnaires

and their opinions on whether they see themselves in the future using similar devices.

3.2 Participants

Participants were recruited by directly approaching them in public settings and advertisements on social media.
Participants were either recruited as pairs, where they signed up together or were recruited individually and paired up
depending on their availability. All participants were compensated for their time with a $20 supermarket voucher as a
token of appreciation. 20 participants (8m, 12f) took part in the study. The participants had an average age of 27.55 years.

None of the participants recognized themselves to have considerable prior experience with AR, 45% of the participants
Manuscript submitted to ACM
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Fig. 2. Session 3 conditions: Participants had the eye visibility set to either the original state of the Spectacles (LED lights switched
off) or to the optimum-self level of eye visibility they established in Session 2

reported that they had no experience with AR at all, with 55% noting that they had some prior experience with AR.
90% of the participants were students, with 1 lecturer and 1 research assistant. Furthermore, 45% of the participants
reported fair skin, 25% medium skin, 20% very fair skin, and 1 participant each reported having olive skin and dark skin,
respectively. 55% of the participants reported brown eyes, 35% reported blue eyes, and 1 participant each reported green

eyes and grey eyes.

3.3 Study Design and Procedure

Upon arrival, participants received an information sheet detailing the study and signed consent forms. Before starting,
they completed a demographic questionnaire. The researcher then introduced Pervasive AR and showed a concept video
for Google Project Glasses® to help envision a future with Pervasive AR. Once participants understood the concept,
Session 1 began, where they evaluated the four AR devices (Figure 1 image B). The researcher explained that all devices
were functionally similar and demonstrated each device on the researcher by putting them on. After each demonstration,
participants completed the WEAR scale for the respective device.

Following the AR device evaluation and prior to beginning Session 2, the researcher demonstrated how to use
the Snap Spectacles, which included browsing through applications, opening and closing applications, and, most
importantly, interacting with the device by tapping on the device’s touch panel by following a tutorial on the glasses.
Finally, the researcher turned on the LED panels and demonstrated how to control the brightness of the LED panels to
increase or reduce their eye visibility.

Session 2 began with participants setting their preferred eye visibility levels for themselves and their partners.

Participants opened an application displaying definitions for the three eye visibility levels:

(1) Minimum eye visibility: Just enough eye visibility for eyes to be seen, but not clearly enough to track gaze.

3https://www.youtube.com/watch?v=5R1snVxGNVs
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Session 2 Session 3

Establishing the eye visibility levels using their
partner as reference

Participant B as seen by participant A

Fig. 3. Participants in Session 2 (left) and Session 3 (right)

(2) Maximal eye visibility: Maximum eye visibility before it appears unnaturally illuminated.

(3) Optimum eye visibility: Ideally, between the Minimum and Maximal eye visibility levels previously set.

Pilot testing revealed that using a mirror did not accurately reflect the visibility due to our eyes adjusting to the
LED light; therefore, the participants were asked to set eye visibility levels using their partners as reference, first for
themselves: Levels set for self, then for their partner: Levels set for partner. Before proceeding, the researcher adjusted
each participant’s glasses to the Self-Optimum level to ensure content legibility.

Session 3 followed by participants engaging in four conditions (Figure 2). The four conditions were defined based on,
(1) eye visibility at the original state of the glasses (with LED lights turned off) and (2) eye visibility set to at Optimum
as set for self (Figure 3).

During each condition, participants sat across from each other and engaged in a conversation for about 10 minutes.
Following the approach of Rzayev et al. [28], the researcher initially instructed participants to introduce themselves.
Subsequently, participants switched to new conversation topics as needed, with topics displayed on their devices. The
topics were drawn from Cambridge IELTS Preparation textbooks’ speaking test prompts. After each conversation,
participants removed their devices and completed the ITS and social acceptability questionnaires.

Following the conclusion of Session 3, Session 4 commenced. Session 4 was conducted the same way as Session
2, where participants, if necessary, made revisions to their previously established Optimum eye visibility levels both
set for themselves and their partner. This session of the study was carried out to investigate whether the perceived
importance of eye visibility levels had changed since having used them during a social interaction in Session 3.

The final session, Session 5, was a semi-structured interview carried out by the researcher with both participants at

the same time. Following that, the participants were thanked for their time and presented with a supermarket voucher.

4 RESULTS

The quantitative data of this study was analyzed using R Studio and SPSS. Shapiro-Wilk tests were performed to assess
normality by testing against the null hypothesis.

Manuscript submitted to ACM
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Table 1. Descriptive statistics of WEAR scores for each evaluated AR device

Device N Mean SD
Snap Spectacles 20 3.56  0.87
Hololens 1 20 324 074
Hololens 2 20  3.13  0.67

Magic Leap 1 20 277  0.73

4.1 HT1 results: No significant difference was found between Snap Spectacles in comparison to the other

three devices.

The responses collected during the AR device evaluations (Session 1) were analyzed as described in Kelly and Gilbert
[15] to derive the social acceptability rating of each device ranging from 1 to 6 (1 - Very socially unacceptable and 6 - Very
socially acceptable). A one-way ANOVA test was carried out, which reported statistically significant differences between
groups, F(3,76) = 3.77, p < 0.05. To explore further if social acceptability scores for Snap Spectacles were significantly
different from other devices, we performed post-hoc Tukey evaluations, identifying that the Snap Spectacles only
reported statistically significant differences in comparison to Magic Leap 1 but not the Hololens 1 or Hololens 2. Hence,
this disproves the hypothesis that the Snap Spectacles would have a higher social acceptability than the other three
devices evaluated. The mean values and standard deviations computed for social acceptability scores of each device can
be seen in Table 1. Furthermore, elaborating on these scores in Session 5, participants noted that they preferred the
Snap Spectacles due to its form factor, which was similar to high-end sunglasses and light-weight and that the Magic
Leap 1 reminded them of devices from science fiction movies, that they would not prefer to wear on a daily basis in

public settings.

4.2 H2 Results: No significant difference was found between the trust scores for the Optimal-Optimal

condition and the Original-Original condition.

The performed paired t-test of the Optimum-Optimum trust scores and the Original-Original trust scores revealed
that the mean difference between trust scores for the two conditions was statistically non-significant, p — value = 0.09.
Cohen’s effect size value (d = —0.33) indicates a small effect size for this finding, thus disproving the hypothesis of

higher trust ratings when eye visibility is set to Optimal as opposed to the glasses’ original state.

4.3 H3 Results: No significant difference found in social acceptability scores between conditions,

Optimum-Optimum and Original-Original

For this evaluation, we focused on the perceived Awkwardness, Appropriateness, Rudeness and Uncomfortability of the
device. For each of these items’ scores, paired t-tests or Wilcoxon signed rank evaluations between the Optimum-
Optimum and Original-Original conditions were performed.

Awkwardness score for the two conditions reported a p —value of 0.29. This indicates that the median awkwardness of
the devices during the optimal eye visibility state is not significantly different from the median original state. Similarly,
the findings indicate a small effect size of d = —0.21. Appropriateness scores for the Optimum-Optimum condition
and the Original-Original scores were deemed statistically non-significant based on the reported p — value of 1. And
the findings suggested a negligibile practical significance of d = 0. Rudeness scores between the Optimum-Optimum
condition and the Original-Original condition were identified to be statistically non-significant with a p — value of 0.07.
Manuscript submitted to ACM
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Table 2. Descriptive statistics of eye visibility levels set for self and partner prior to the task and following the task

Eye visibility for Device N Mean SD

Pre-task 20 13.7 1.38

Self Post-task 20 121 432

Pre-task 20 13.9 1.21

Partner Post-task 20 13.25 3.35

And the practical significance of the findings were small (d = —0.42). Finally, the uncomfortability scores for the two
conditions were also identified as statistically non-significant, p — value = 0.15. And the findings reported a small effect
size, d = —0.27.

Hence, the hypothesis of social acceptability scores being higher when eye visibility is adjusted as opposed to when

it is not, was disproven.

4.4 H4 Results: No significant difference found between the eye visibility levels set before the task and the

eye visibility levels set post task.

The Wilcoxon signed ranks test reported a p — value of 0.24 for Optimum eye visibility levels defined for self prior to and
after the conversation task, indicating that the differences between the levels set before the session and after the session
are statistically non-significant. The effect size for the findings suggests a medium practical significance of d = 0.5.
There is a mean change of 1.6 for Optimum eye visibility levels set pre-task and post-task. Similarly, the eye visibility
levels set for partners show a mean change of 0.65 following the task (refer to Table 2 for the reported mean values).
Even though the Wilcoxon signed rank suggests that the findings are statistically non-significant (p — value = 0.82) and

the effect size for these findings is small with a d value of 0.26.

4.5 H5 Results: No significant differences were found between the levels set for partners who were

unknown and known prior to the study.

To evaluate whether the eye visibility optimums set by participants vary if they knew the partner before participating
in the study or not, we used a one-way ANOVA test followed by a post-hoc Tukey test. The ANOVA results were,
F(3,16) = 1.69, p > 0.05. The Tukey test did not report any significant findings for either group (based on familiarity
categorised as Not at all, A little, Well, Very well). This indicates that the differences between the eye visibility levels set
for partners who were unknown were statistically non-significant from the levels set for partners that the participants

already knew prior to the study.

4.6 Observations

A notable observation during the study was that, during the Session 2 and Session 4 where the participants established
eye visibility levels for both themselves and their partners, the values set were often influenced by facial indications
of discomfort by the partner when exploring the eye visibility range. When the participant is using their partner as
reference and is adjusting the eye visibility (by changing the brightness of the LED panels of the partner’s Spectacles),
the partners often either verbally or facially indicated their discomfort towards the lights, and this factor may have
influenced how accurately the participants defined the levels during Session 2 and Session 4.

Manuscript submitted to ACM
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4.7 Interview

The interview data was transcribed and analysed by identifying patterns in the data set. The main findings concerned
whether the participants would want to wear Pervasive AR devices themselves in the future and the importance of eye
visibility when using such devices.

A common response by the participants was that the form factor of the devices needed to improve and evolve more
to resemble regular spectacles with transparent lenses and be much lighter-weight to be acceptable. The majority
of the participants had concerns about the device potentially making them feel too detached and "disengaged" from
reality and others around them, reporting that the constant feed of data would be too "distracting” and "overwhelming".
One participant suggested that "people will be distant and cold" by always relying on the devices. Another interesting
response was that people might get too used to the device that the reality itself would feel disorienting. However,
one participant noted that Pervasive AR might help connect with people by learning more about them and using that
information to carry out conversations. Another concern was security, especially in public spaces with being recorded
and issues regarding personal data and privacy. Few participants noted that they would eventually start wearing them
as a result of "peer pressure and seeing others wear it", but some preferred to only occasionally use the devices but not
continuously.

Regarding the importance of eye visibility, some participants noted that eye visibility is a sign of respect and makes a
conversation feel more relaxed. With eye visibility, it’s easier to form a trusting connection. One participant noted that
if they could not see the eyes of the other person, it would be harder to focus on that person. Another common response
was that eye visibility would be important during interactions to ensure that the other person is paying attention to
them and not engaging in other activities at the same time. When asked about the symmetry of eye visibility—whether
they preferred that everyone’s eyes were visible or only some people’s were visible, most preferred to have everyone’s
eye visible, with some saying they would let the users decide. Furthermore, most participants noted that eye visibility is
only critical when you are getting to know someone for the first time, as it helps form your impression of them. Some
participants reported that eye contact is important in specific situations, such as in sincere, emotional interactions,

regardless of whether you already know the other person or not.

5 DISCUSSION AND CONCLUSION

The work presented here is our initial exploration in this research space and aims to inform the next steps. The purpose
was to explore the significance of eye visibility for users and for future Pervasive AR applications. This importance, to a
certain extent, has been confirmed by the EyeSight feature of the newly introduced Apple Vision Pro* mixed reality
device. The device was introduced after the study was conducted. Hence, we were unable to probe the participants
in particular about that feature. Although the statistical analysis did not highlight the importance of eye visibility
in social interactions involving Pervasive AR devices, interviews revealed that eye visibility is crucial for forming
meaningful connections. It ensures that our conversation partner is paying attention, even when they are receiving a
constant stream of tailored information. In terms of engagement and the influence of eye visibility on engagement, we
hypothesized that participants would set higher eye visibility levels for their partners whom they did not know prior to
the study than for those whom they were already friends with. This hypothesis was not reflected by the analysis of

the eye visibility levels set, even though the majority of the participants agreed in the interview that eye visibility is

4https://www.apple.com/apple-vision-pro/

Manuscript submitted to ACM


https://www.apple.com/apple-vision-pro/

Exploring Eye Visibility and Mutual Gaze in Augmented Reality Glasses 11

most crucial when you are meeting someone for the first time to form a trusting relationship with them as opposed to
someone you already knew.

Several studies have previously explored the importance of eye contact in collaborative tasks [4, 5, 21]. Billinghurst
and Kato [4], Billinghurst et al. [5] reported that affordances must be provided to ensure mutual gaze via Mixed Reality
devices for effective collaboration. Although Prytz et al. [21] found that the lack of mutual gaze does not negatively
impact collaboration, they suggest that mutual gaze should be explored in other contexts. Therefore, further research is
needed to investigate the effects of the lack of mutual gaze in social interactions where non-verbal cues are crucial for
bonding [3, 6, 7, 12, 13]. Moreover, the participants raised concerns related to the general use of Pervasive AR that were
previously discussed in the works of Regenbrecht et al. [23] such as their theme, the great divide, which stated that
participants believed the technology will create a barrier between the haves and the have-nots and that the constant
feed of information will make the users uncertain about what is real and what is virtual. Thus, our work revealed
that these concerns are omnipresent and warrant addressing through design, creating more opportunities for further
research in the domain of Pervasive AR.

In conclusion, the study does reveal the importance of eye visibility in Pervasive AR social interactions but requires
further investigation with suitable measures that would reflect our findings in a more statistically sound manner,
along with eye visibility adjustment mechanisms that would not influence the participants’ choices negatively or cause
discomfort. Additionally, a larger and more diverse sample has the potential to reveal more interesting dimensions

related to the importance of eye visibility for Pervasive AR users in social interactions.

AUTHOR CONTRIBUTIONS

Kushani Perera performed writing - original draft, conceptualisation, methodology, software, formal analysis, inves-
tigation and data curation; Tobias Langlotz performed writing - review & editing, conceptualisation, methodology,
visualisation and supervision; Nadia Pantidi performed writing - review & editing, and supervision; Holger Regen-
brecht performed writing - review & editing, conceptualisation, methodology, investigation, funding acquisition, and

supervision.

ACKNOWLEDGMENTS

We gratefully acknowledge the generous financial support provided by Mr. Grant Bowie, which was instrumental
in making this research possible. I extend my sincere appreciation to Chris Edwards for his expert assistance in
developing the technology probe, whose technical contributions significantly enhanced this project. We are grateful for
the invaluable encouragement and collaboration we received from our fellow lab-mates at the University of Otago, HCI

Lab. Lastly, we extend our gratitude to Pulina Udapamunuwa for his unwavering support and technical expertise.

REFERENCES

[1] Reginald B Adams and Robert E Kleck. 2005. Effects of Direct and Averted Gaze on the Perception of Facially Communicated Emotion. Emotion
(Washington, D.C.) 5 (2005), 3-11. Issue 1. https://doi.org/10.1037/1528-3542.5.1.3

[2] Fouad Alallah, Ali Neshati, Yumiko Sakamoto, Khalad Hasan, Edward Lank, Andrea Bunt, and Pourang Irani. 2018. Performer vs. Observer: Whose
Comfort Level Should We Consider When Examining the Social Acceptability of Input Modalities for Head-Worn Display?. In Proceedings of the 24th
ACM Symposium on Virtual Reality Software and Technology (Tokyo, Japan) (VRST ’18). Association for Computing Machinery, New York, NY, USA,
Article 10, 9 pages. https://doi.org/10.1145/3281505.3281541

[3] Michael Argyle, Mark Cook, and Duncan Cramer. 1994. Gaze and Mutual Gaze. The British Journal of Psychiatry 165 (12 1994), 848-850. Issue 6.
https://doi.org/10.1017/S0007125000073980

[4] Mark Billinghurst and Hirokazu Kato. 2000. Out and about—real world teleconferencing. BT technology journal 18, 1 (2000), 80-82.

Manuscript submitted to ACM


https://doi.org/10.1037/1528-3542.5.1.3
https://doi.org/10.1145/3281505.3281541
https://doi.org/10.1017/S0007125000073980

12

o
)

>
&

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Kushani Perera, Tobias Langlotz, Nadia Pantidi, and Holger Regenbrecht

Mark Billinghurst, Suzanne Weghorst, and Tom Furness. 1997. Wearable computers for three dimensional CSCW. In Digest of Papers. First International
Symposium on Wearable Computers. IEEE, IEEE, Cambridge, MA, USA, 39-46.

Markus Bindemann, A. Mike Burton, and Stephen R. H. Langton. 2008. How do eye gaze and facial expression interact? Visual Cognition 16 (8 2008),
708-733. Issue 6. https://doi.org/10.1080/13506280701269318

Mark Cook. 1977. Gaze and Mutual Gaze in Social Encounters: How long—and when—we look others "in the eye" is one of the main signals in
nonverbal communication. American Scientist 65 (1977), 328-333. Issue 3. http://www.jstor.org/stable/27847843

Chloe Eghtebas, Francisco Kiss, Marion Koelle, and Pawel Wozniak. 2021. Advantage and Misuse of Vision Augmentation — Exploring User
Perceptions and Attitudes using a Zoom Prototype. In Proceedings of the Augmented Humans International Conference 2021 (Rovaniemi, Finland)
(AHs °21). Association for Computing Machinery, New York, NY, USA, 77-85. https://doi.org/10.1145/3458709.3458984

Chloe Eghtebas, Gudrun Klinker, Susanne Boll, and Marion Koelle. 2023. Co-Speculating on Dark Scenarios and Unintended Consequences of
a Ubiquitous(ly) Augmented Reality. In Proceedings of the 2023 ACM Designing Interactive Systems Conference (, Pittsburgh, PA, USA,) (DIS ’23).
Association for Computing Machinery, New York, NY, USA, 2392-2407. https://doi.org/10.1145/3563657.3596073

Daisy L. Graham and Kay L. Ritchie. 2019. Making a Spectacle of Yourself: The Effect of Glasses and Sunglasses on Face Perception. Perception 48 (6
2019), 461-470. Issue 6. https://doi.org/10.1177/0301006619844680/ASSET/IMAGES/LARGE/10.1177_0301006619844680-FIG3.JPEG

Jens Grubert, Tobias Langlotz, Stefanie Zollmann, and Holger Regenbrecht. 2017. Towards Pervasive Augmented Reality: Context-Awareness in
Augmented Reality. IEEE Transactions on Visualization and Computer Graphics 23 (2017), 1706-1724. Issue 6. https://doi.org/10.1109/TVCG.2016.
2543720

Richard F Haase and Donald T Tepper. 1972. Nonverbal components of empathic communication. Journal of counseling psychology 19 (1972),
417-424. Issue 5. https://doi.org/10.1037/h0033188

John Heron. 1970. The Phenomenology of Social Encounter: The Gaze. Philosophy and Phenomenological Research 31 (12 1970), 243. Issue 2.
https://doi.org/10.2307/2105742

Eugene W. Kelly. 1978. Effects of Counselor’s Eye Contact on Student-Clients’ Perceptions. Perceptual and motor skills 46 (1978), 627-632. Issue 2.
https://doi.org/10.2466/pms.1978.46.2.627

Norene Kelly and Stephen B Gilbert. 2018. The Wearer, the Device, and Its Use: Advances in Understanding the Social Acceptability of Wearables.
Proceedings of the Human Factors and Ergonomics Society Annual Meeting 62 (2018), 1027-1031. Issue 1. https://doi.org/10.1177/1541931218621237
Marion Koelle, Torben Wallbaum, Wilko Heuten, and Susanne Boll. 2019. Evaluating a Wearable Camera’s Social Acceptability In-the-Wild. In
Extended Abstracts of the 2019 CHI Conference on Human Factors in Computing Systems (Glasgow, Scotland Uk) (CHI EA °19). Association for
Computing Machinery, New York, NY, USA, 1-6. https://doi.org/10.1145/3290607.3312837

Marion Koelle, Katrin Wolf, and Susanne Boll. 2018. Beyond LED Status Lights - Design Requirements of Privacy Notices for Body-worn Cameras.
In Proceedings of the Twelfth International Conference on Tangible, Embedded, and Embodied Interaction (Stockholm, Sweden) (TEI ’18). Association
for Computing Machinery, New York, NY, USA, 177-187. https://doi.org/10.1145/3173225.3173234

Helene Kreysa, Luise Kessler, and Stefan R. Schweinberger. 2016. Direct Speaker Gaze Promotes Trust in Truth-Ambiguous Statements. PLOS ONE
11 (9 2016), €0162291. Issue 9. https://doi.org/10.1371/JOURNAL.PONE.0162291

Gun Lee, Seungwon Kim, Youngho Lee, Arindam Dey, Thammathip Piumsomboon, Mitchell Norman, and Mark Billinghurst. 2017. Improving
collaboration in augmented video conference using mutually shared gaze. International Conference on Artificial Reality and Telexistence and
Eurographics Symposium on Virtual Environments, ICAT-EGVE 2017 NA, NA (2017), 197-204. https://doi.org/10.2312/EGVE.20171359

Halley Profita, Reem Albaghli, Leah Findlater, Paul Jaeger, and Shaun K. Kane. 2016. The AT Effect: How Disability Affects the Perceived Social
Acceptability of Head-Mounted Display Use. In Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems (San Jose, California,
USA) (CHI ’16). Association for Computing Machinery, New York, NY, USA, 4884-4895. https://doi.org/10.1145/2858036.2858130

Erik Prytz, Susanna Nilsson, and Arne Jonsson. 2010. The importance of eye-contact for collaboration in AR systems. In 2010 IEEE International
Symposium on Mixed and Augmented Reality. IEEE, IEEE, Seoul, Korea (South), 119-126.

Anthony I. Reeder, Vanessa A. Hammond, and Andrew R. Gray. 2010. Questionnaire Items to Assess Skin Color and Erythemal Sensitivity: Reliability,
Validity, and “the Dark Shift”. Cancer Epidemiology, Biomarkers & Prevention 19 (5 2010), 1167-1173. Issue 5. https://doi.org/10.1158/1055-9965.EPI-
09-1300

Holger Regenbrecht, Alistair Knott, Jennifer Ferreira, and Nadia Pantidi. 2024. To See and be Seen—Perceived Ethics and Acceptability of Pervasive
Augmented Reality. IEEE Access 12 (2024), 32618-32636. https://doi.org/10.1109/ACCESS.2024.3366228

Holger Regenbrecht and Tobias Langlotz. 2015. Mutual Gaze Support in Videoconferencing Reviewed. Communications of the Association for
Information Systems 37 (11 2015), 45. Issue 1. https://doi.org/10.17705/1CAIS.03745

H Regenbrecht, L Miiller, S Hoermann, T Langlotz, and A Duenser. 2012. Implementing eye-to-eye contact in life-sized videoconferencing. Technical
Report. Information Science, University of Otago.

Holger Regenbrecht, Lavell Miiller, Simon Hoermann, Tobias Langlotz, M Wagner, and Mark Billinghurst. 2014. Eye-to-eye contact for life-
sized videoconferencing. In Proceedings of the 26th Australian Computer-Human Interaction Conference on Designing Futures: the Future of Design.
Association for Computing Machinery, New South Wales, Sydney, Australia, 145-148.

Holger Regenbrecht, Sander Zwanenburg, and Tobias Langlotz. 2022. Pervasive Augmented Reality—Technology and Ethics. IEEE Pervasive
Computing 21 (2022), 84-91. Issue 3. https://doi.org/10.1109/MPRV.2022.3152993

Manuscript submitted to ACM


https://doi.org/10.1080/13506280701269318
http://www.jstor.org/stable/27847843
https://doi.org/10.1145/3458709.3458984
https://doi.org/10.1145/3563657.3596073
https://doi.org/10.1177/0301006619844680/ASSET/IMAGES/LARGE/10.1177_0301006619844680-FIG3.JPEG
https://doi.org/10.1109/TVCG.2016.2543720
https://doi.org/10.1109/TVCG.2016.2543720
https://doi.org/10.1037/h0033188
https://doi.org/10.2307/2105742
https://doi.org/10.2466/pms.1978.46.2.627
https://doi.org/10.1177/1541931218621237
https://doi.org/10.1145/3290607.3312837
https://doi.org/10.1145/3173225.3173234
https://doi.org/10.1371/JOURNAL.PONE.0162291
https://doi.org/10.2312/EGVE.20171359
https://doi.org/10.1145/2858036.2858130
https://doi.org/10.1158/1055-9965.EPI-09-1300
https://doi.org/10.1158/1055-9965.EPI-09-1300
https://doi.org/10.1109/ACCESS.2024.3366228
https://doi.org/10.17705/1CAIS.03745
https://doi.org/10.1109/MPRV.2022.3152993

Exploring Eye Visibility and Mutual Gaze in Augmented Reality Glasses 13

[28] Rufat Rzayev, Susanne Korbely, Milena Maul, Alina Schark, Valentin Schwind, and Niels Henze. 2020. Effects of Position and Alignment of
Notifications on AR Glasses during Social Interaction. In Proceedings of the 11th Nordic Conference on Human-Computer Interaction: Shaping
Experiences, Shaping Society (Tallinn, Estonia) (NordiCHI °20). Association for Computing Machinery, New York, NY, USA, Article 30, 11 pages.
https://doi.org/10.1145/3419249.3420095

[29] Marco Viola. 2022. Seeing through the shades of situated affectivity. Sunglasses as a socio-affective artifact. Philosophical Psychology 0, 0 (2022),
1-25. https://doi.org/10.1080/09515089.2022.2118574 arXiv:https://doi.org/10.1080/09515089.2022.2118574

[30] Lawrence R. Wheeless and Janis Grotz. 1977. The Measurement of Trust and Its Relationship to Self-Disclosure. Human Communication Research 3
(3 1977), 250-257. Issue 3. https://doi.org/10.1111/].1468-2958.1977.TB00523.X

Manuscript submitted to ACM


https://doi.org/10.1145/3419249.3420095
https://doi.org/10.1080/09515089.2022.2118574
https://arxiv.org/abs/https://doi.org/10.1080/09515089.2022.2118574
https://doi.org/10.1111/J.1468-2958.1977.TB00523.X

	Abstract
	1 Introduction
	2 Related Work
	2.1 Mutual Gaze and Its Importance in Social Interactions
	2.2 Mutual Gaze in Human-Computer Interaction

	3 Method
	3.1 Materials
	3.2 Participants
	3.3 Study Design and Procedure

	4 Results
	4.1 H1 results: No significant difference was found between Snap Spectacles in comparison to the other three devices.
	4.2 H2 Results: No significant difference was found between the trust scores for the Optimal-Optimal condition and the Original-Original condition.
	4.3 H3 Results: No significant difference found in social acceptability scores between conditions, Optimum-Optimum and Original-Original
	4.4 H4 Results: No significant difference found between the eye visibility levels set before the task and the eye visibility levels set post task.
	4.5 H5 Results: No significant differences were found between the levels set for partners who were unknown and known prior to the study.
	4.6 Observations
	4.7 Interview

	5 Discussion and Conclusion
	Acknowledgments
	References

