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Figure 1: An AR face filter overlaying a participant’s realistic face onto a historical photograph of Martin Luther King Jr’s

speech.
Abstract

Embodiment in mixed reality describes the sensation of experi-
encing a virtual representation as an extension of one’s own body.
While research has extensively examined embodiment in virtual
reality (VR) and head-mounted augmented reality (AR), its im-
pact on smartphones remains underexplored. This study examines
how smartphone-based AR embodiment affects user engagement
and cognitive performance in a comprehension task. A study in-
volving 24 participants explored whether using a smartphone AR
face-filter to embody a virtual audience member influenced the
recall of a historical speech. Findings show that participants in
the AR condition scored higher on a factual quiz than those in the
control group. At the same time, stronger perceived embodiment,
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especially self-location, was negatively associated with quiz per-
formance, consistent with Cognitive Load Theory. These results
should be interpreted cautiously: our comparison contrasted a static
image (no AR) with AR that included facial embodiment, so we
did not include an “AR without embodiment” condition to fully
separate AR novelty from embodiment. Stimuli were also restricted
to a single speech and a single historical scene presented as a static
image, limiting generalizability to other content and to dynamic or
interactive AR. Finally, the sample was modest (N=24), so estimates
are preliminary and warrant replication. We discuss implications for
designing smartphone AR that balances engagement with cognitive
efficiency.

CCS Concepts

« Human-centered computing — Human computer interac-
tion (HCI); Empirical studies in HCI; Mixed / augmented
reality.
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1 Introduction

Recent developments have led to various technologies that can sim-
ulate, modify, or enhance our physical and virtual environments.
Among these, smartphone-based augmented reality (AR) has gained
significant attention from industry and academia due to the ubig-
uity and accessibility of smartphones [7]. Technological advances,
such as mobile processing, embedded cameras, sensors, interac-
tion techniques, software and computer vision improvements, have
made smartphones the predominant platform for AR systems. The
growing adoption of smartphones, with a projected user base of 6.2
billion by 2029 [43], ensures that smartphone AR experiences are
highly accessible to a global audience.

Embodiment refers to the psychological experience of identi-
fying with a virtual representation of oneself, influencing user
engagement, perception, and cognition. Despite the growing body
of research on embodiment in augmented/virtual/mixed reality,
studies have focused on fully immersive environments such as vir-
tual reality (VR) [41, 44] or specialized smart glasses. On the other
hand, despite the increasing accessibility of smartphone-based AR,
research on embodiment within this context remains limited. This
may be attributed to technical constraints such as smaller screens
and lower tracking fidelity, which reduce immersion and make
embodiment less intuitive than fully immersive VR or smart glasses.
These constraints may influence how users experience embodi-
ment, potentially affecting cognitive load and task performance.
While previous research suggests that embodiment can enhance
engagement and memory recall [25, 28], it remains unclear whether
smartphone-based AR embodiment yields similar cognitive benefits
or introduces trade-offs that impact user performance.

This study investigates the role of embodiment in smartphone-
based AR by examining its effects on user engagement and cogni-
tive performance in a comprehension task. Specifically, we explore
whether embodying a virtual audience member via a smartphone
AR face filter influences the recall of a historical speech. We de-
signed an AR scenario (as shown in Figure 1) using a face filter that
superimposes participants’ realistic faces onto a static image of an
audience during Dr. Martin Luther King Jr’s iconic speech.

To isolate the effects of embodiment from external social influ-
ences, we employed a passive audience setup, where participants ob-
served themselves within an audience rather than actively engaging
with virtual agents. Moreover, we selected a static image from the
historical video rather than using a dynamic, full-motion sequence
as a moving video could introduce additional visual complexity,
temporal attention shifts, and cognitive load, potentially influenc-
ing memory recall and engagement independently of embodiment
effects. This choice reduces motion-related attentional shifts and
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temporal complexity but narrows ecological validity compared with
dynamic video, interactive 3D, or temporally/location-registered
AR; moreover, using a single speech and a single image further
limits generalizability across content. As such, resulting inferences
should not be over-generalized to richer or multi-stimulus AR ex-
periences. This design choice allows for a controlled investigation
of embodiment in smartphone-based AR without introducing con-
founding variables related to real-time interaction, social presence,
or response dynamics. Previous research suggests that social inter-
action in immersive environments can modulate cognitive load and
attention allocation, potentially influencing learning outcomes and
engagement [17, 39]. Furthermore, passive audience experiences
are common in smartphone-based AR applications, such as virtual
museum tours, educational content, and historical reconstructions,
where users primarily assume an observer role.

Incorporating a user’s real face into virtual or augmented envi-
ronments enhances the sense of embodiment. This phenomenon,
often called the enfacement illusion, is characterized by increased
self-identification and body ownership when users see their real
faces reflected in a virtual body and demonstrated to increase self-
identification with avatars in VR [14]. Studies in avatar customiza-
tion have found that avatars personalized with users’ facial features
strengthen the user’s sense of control and agency over the virtual
body, leading to a heightened embodiment experience [50], impact-
ing in creativity [22], user engagement and sense of self within
augmented environments [50].

Our findings reveal that participants in the experimental group
outperformed those in the control group on a factual comprehen-
sion quiz, indicating that smartphone-based AR embodiment can
positively influence memory retention. However, a negative cor-
relation between embodiment levels and quiz performance was
observed, suggesting that while embodiment may enhance engage-
ment, it can also introduce cognitive trade-offs by increasing cogni-
tive load. These results align with Cognitive Load Theory (CLT),
which posits that excessive presence or agency in an immersive
environment can divert attentional resources away from content
processing, leading to reduced comprehension despite heightened
engagement. This study contributes to the growing body of work
on the cognitive and perceptual effects of AR embodiment, provid-
ing empirical insights into how immersive experiences should be
designed to balance engagement with cognitive effectiveness.

2 Related Work

The following section presents a broad overview of literature related
to the rationale and research questions addressed in the present
study with a focus on embodiment.

2.1 Embodiment

It is important to clarify the term ‘embodiment’ as it has been used
to refer to vastly different concepts depending on the context and
discipline [8]. It generally refers to theories about how our phys-
ical bodies and environment shape cognition and behavior [26].
Within HCI, several usages exist [1]; for instance, to refer to spa-
tial [21], on-body (e.g., skin [16]) or kinaesthetic interactions, for
example gestures [18], as well as tangible interfaces and wearable
technology [9, 10].
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Research in embodiment is relatively young, but there is active
interest in the field to grow our understanding of the subject. Early
research by Longo et al. [24] adopted a psychometric approach
to examine embodiment further and found three subcomponents
through principal components analysis: (i) body ownership, the ex-
tent the virtual body is experienced as user’s own bodys; (ii) agency,
the extent the actions of the virtual body are perceived as from
oneself; and (iii) location, the extent users feel they are co-located
in the same place as the virtual body. Subsequently, Slater [40]
proposed a fourth component, plausibility, which is the extent that
events depicted in XR are realistically occurring. However, this has
yet to be accepted by all researchers.

Different effects of embodiment on perception, attitudes and
behavior have been examined. Early studies tended to focus on em-
bodying a specific other. For instance, adults embodying a smaller
child body led to perspective distortions and overestimating ob-
ject size [47]; White people embodying a dark-skinned body led to
lowered implicit racial bias [3, 31]; and people embodying a figure
that signified intelligence (Albert Einstein) exhibited enhanced cog-
nitive performance [4]. These effects have promising applications
and have already been applied in domains such as pain manage-
ment [27], therapy [15, 30, 33, 46], and rehabilitation [6].

More recently, a few studies have approached embodiment through
the lens of immersive journalism, embodying users in specific sce-
narios about historical and current affairs. In these studies, the
emphasis is less on the characteristics of the virtual body itself and
more on reliving the scenario through the body of another [41, 44].
This is also the approach of the current study.

Enfacement Illusion. Enfacement illusion (EI) is a perceptual phe-
nomenon when an individual perceives his own reflection while
watching the face of another individual [32]. Recent studies have
explored different approaches to induce and enhance the enface-
ment illusion, or measuring the impact in VR on other quantities
such as embodiment or agency. Gonzalez et al. [14] investigated
avatar embodiment in VR and its ability to generate the enfacement
illusion. They looked at how varied amounts of facial animation
affected self-identification with avatars. They attempted to improve
the impression of enfacement by incorporating synchronous lip mo-
tion and additional facial animations. Similarly, La Rocca et al. [20]
used computer-generated faces to trigger the enfacement illusion
to evaluate the impact of diverse situations on embodiment and en-
facement experiences using synchronous multisensory stimulation
(visuotactile and visuomotor).

2.2 AR Face filers inducing Embodiment

Several studies [29, 36, 38] have tried to induce embodiment us-
ing AR instead of VR. However, these studies adopted full-body
tracking using Microsoft Kinect, and with a head-mounted display
(HoloLens, Oculus Rift). There are no existing studies examining
embodiment in MAR. Of particular interest to the present study
are opportunities for AR face filters to enable users to embody
a virtual avatar. This may be achieved through various levels of
sophistication. The user’s face is superimposed or ‘swapped’ onto
the virtual body. This relatively simple implementation is already
widely accessible and familiar to the masses through current apps
such as Snapchat and Instagram. Hence, this is the implementation
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adopted in the present study. In contrast, stylised cartoon figure can
be programmed to respond to a user’s movements in real-time. This
can currently be achieved through commercial applications such
as loom.ai [34] and FaceRig [45], however, they may be relatively
costly to develop or purchase. This implementation is similar to
DeepFakes [49], and requires advanced artificial intelligence and
processing power [52]. These requirements mean that it is cur-
rently not feasible for such an implementation to be conducted in
real-time, especially in a mobile context.

2.3 Embodiment in Smartphone AR

In smartphone AR, front-facing cameras on smartphones can per-
form face/head tracking, blending this real-world information with
virtual content. Popular usage of face filters includes modifying
facial features or trying on different virtual objects (e.g., eye frames).
There is a growing interest in how face filters can affect user percep-
tion, attitudes and behavior [5, 11, 35], but studies remain limited.
Makled et al. (2022) [25] investigate user embodiment by integrat-
ing avatars using smartphone sensors. The study introduces ARIKA,
an inverse-kinematic avatar solution that leverages the tracking ca-
pabilities of smartphones that allows users to control their avatar’s
movements creating a sense of agency and self-location. Similarly,
Rosa et al.[37] examine virtual body ownership and self-presence in
augmented environments by manipulating movement congruency
and anthropomorphism. Their findings indicate that movement
congruency enhances body ownership while visual similarity plays
a lesser role. Our study extends this work by exploring facial move-
ment congruency, where the user’s face is dynamically embedded
into an AR audience scene. Nimcharoen et al. [28] explore AR re-
flections and their impact on self-perception and body ownership,
demonstrating that virtual mirrors can reinforce embodiment by
allowing users to see augmented versions of their real selves. While
these works highlight how AR mirrors and avatars influence body
awareness and self-location, they often assume active participation.
In contrast, our study focuses on passive interaction, examining
whether embodied presence in a static AR setting impacts cognitive
skills such as attention and comprehension.

Li and Duh (2012) [23] discuss cognitive issues in mobile AR
from an embodied perspective, identifying three key factors: infor-
mation representation, physical interaction, and shared experience.
Their framework emphasizes that mobile AR experiences differ
from VR or smart glasses due to limited immersion and tracking
fidelity, which could impact user cognition and embodiment ef-
fects. Our study aligns with these concerns, particularly regarding
information representation—by embedding users into a historical
context through a static AR frame, we examine whether cognitive
processing and recall benefit from embodied engagement despite
reduced interactivity.

Additionally, Stalheim and Somby (2024) [42] highlight the role
of embodied learning in mobile AR, showing that bodily engage-
ment and social collaboration enhance motivation, engagement,
and learning outcomes. Their findings suggest that AR can en-
courage cognitive engagement even in passive or observational
experiences, supporting that embodied presence in AR may con-
tribute to knowledge retention and comprehension. While their
work focuses on active movement-based AR, our study extends
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this inquiry to passive AR settings, investigating whether passively
experiencing embodiment (e.g., as part of an audience) can still
influence cognitive performance.

Genay et al.[12] explore how full-body avatars improve agency
and self-location in AR, reinforcing the importance of realistic rep-
resentations for embodiment. While full-body tracking enhances
presence, our study investigates a partial-body approach—focusing
solely on facial embodiment and its cognitive implications in AR-
mediated historical narratives. Our study therefore targets a con-
trolled, passive, single-scene framing to probe embodiment’s cog-
nitive trade-offs on smartphones; broader claims about interac-
tive/mobile AR require dynamic, multi-scene stimuli. In addition,
it contributes to this ongoing discussion by investigating whether
smartphone-based AR embodiment can enhance cognitive process-
ing despite its passive nature and reduced sensory immersion.

3 Experiment

This study aimed to investigate the effects of embodiment on user
performance in smartphone AR. A one-factorial, between-subjects
design was adopted. The independent variable (IV) was the em-
bodiment, while the main dependent variable (DV) was user per-
formance, measured through a factual quiz about the speech par-
ticipants listened to. The participants’ quiz performance was the
primary measure of how well they comprehended and retained the
information. A quantitative approach was employed to compare
two groups: (i) a control group that listened to Martin Luther King’s
speech while viewing only a static image (no embodiment) and (ii)
an experimental group using a smartphone AR face filter that in-
troduced elements of embodiment. The goal was to assess whether
embodiment in smartphone AR improved participants’ ability to
comprehend and recall the speech, as indicated by their quiz per-
formance. In addition, this study also examined user engagement
to explore potential relationships with embodiment in smartphone
AR. User engagement was assessed using behavioural outcomes,
specifically whether participants clicked on a link to learn more
about the speech at the end of the study.

3.1 Procedure

We designed an experiment where participants had to virtually
attend Martin Luther King Jr’s ‘I Have a Dream’ public speech
held in 1963. This event was picked due to journalistic and public
interests in civil rights and the Black Lives Matter (BLM) movement.
Audio and image of the speech were taken from an online article
by National Public Radio (NPR) [19], a non-profit American news
organisation. The original full speech lasts over 17 minutes; this was
shortened to 5 minutes and 18 seconds based on previous studies,
which typically used an embodiment process lasting 2 — 5 minutes
(e.g., [2, 4, 41, 51]). This duration was also considered reasonable
for sustaining participants’ attention without distraction or fatigue.

Relevant snippets of the speech were extracted based on the
clarity of the audio (some segments of the speech were muffled or
distorted by applause, etc.), as well as their relevance to the BLM
movement (e.g., police brutality).

This image of Martin Luther King Jr. speaking was sized at
1024768 pixels. The photograph was chosen because it depicts
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audience members facing the camera squarely, providing opportu-
nities for participants to embody through a face filter. To maximize
experimental control, we used a single speech excerpt and a single
still image as the stimulus. This avoids content-level variance (topic
difficulty, writing style, visual composition, motion) that could con-
found embodiment effects, but it also restricts generalizability to
other historical speeches and visual scenes. Future work should
employ multiple speeches and images (or dynamic video/3D scenes)
to test whether the effects replicate across content.

System. A web application for the AR face filter was developed.
This allowed for remote testing of participants. This browser-based
implementation was chosen as it allows participants to access the
study without additional downloads or installations, which may
impose a higher burden on participants and security concerns. The
application was built using jeelizFaceFilter [48], a publicly available,
open-source library based on JavaScript and WebGL. The code for
the final application used in the study is publicly available through
the following GitHub repository: removed for anonymous review.

Participants’ faces were detected from their front-facing web-
cams using a neural network and tracked in real-time. This was
then superimposed or ‘swapped’ onto an audience member in the
image to create the sense that they are experiencing the scenario
as a crowd member (see Figure 2 3b). The audience member in the
photograph who underwent the face swap was chosen based on
two criteria. Firstly, he immediately faced the camera, ensuring his
face was captured optimally. Second, his body below the neck was
hidden, making the face swap appear more natural and seamless. As
the application only tracks the face and not the rest of the body, this
helps to maintain congruence and visuomotor synchrony between
participants’ real and virtual bodies. Various factors were consid-

Figure 2: (a) Control condition with a static image; (b) Partic-
ipants’ faces were detected in real-time and superimposed
onto an audience member, as shown inside the red contour.
Image from National Public Radio [19].

ered when building the face filter. This includes the position, size,
dimensions, rotation, and colour correction of the superimposed
face onto the image, that is gray scaled. A pilot of the face filter was
conducted with two colleagues. Qualitative feedback was collected
to design the face filter to look natural and convincing iteratively.

Demographic Measures and Checks. Basic demographic informa-
tion about age and gender was collected for this study. Participants
were also asked if they had listened to the ‘I Have a Dream’ speech
within (i) the past 6 months; (ii) the past year; (iii) the past 3 years;
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(iv) greater than 3 years ago; or (v) never heard the speech. This
was done to check their familiarity and prior knowledge.

The duration spent on each study page was also collected to
ensure that participants did not speed through the study, especially
when listening to the speech.

Embodiment Measure. In this study, we adapted the embodiment
questionnaire from the framework proposed by Gonzalez-Franco
and Peck [13], which calculates embodiment as a composite of body
ownership, body localization, agency, tactile sensation, external
appearance and response to external stimuli. This was not admin-
istered in the control condition due to the complete absence of
a virtual body. We propose a tailored version of the embodiment
questionnaire designed explicitly for such a mobile experience, as
suggested by the authors. Thus, we measured embodiment through
three key dimensions: body ownership, agency and motor control,
and localization of the body. Participants responded to statements
assessing how much they felt the virtual body was their own, their
control over it, and its alignment with their real body. The "Ex-
ternal Appearance" metrics were excluded from the embodiment
questionnaire because the visual modifications in this study were
limited to the participant’s face, without changes to broader aspects
such as body shape, gender, race, or clothing, which are typically
assessed using these metrics. The final instrument administered
consisted of 10 items. Participants rated on a 7-point Likert scale
ranging from -3 (strongly disagree) to +3 (strongly agree) their
agreement on various statements reflecting the dimensions. Com-
ponent scores, as well as a single combined embodiment score, were
derived by summing and averaging the corresponding items based
on Gonzalez-Franco & Peck’s recommendations.

User Engagement Measures. Engagement was assessed using a se-
ries of measures. First, engagement was measured using an adapted
3-item questionnaire previously adopted in the Lenin VR study by
Slater et al. [41]. Participants indicated on a 7-point Likert scale
ranging from 1 (strongly disagree) to 7 (strongly agree) their agree-
ment on statements reflecting curiosity, interest and follow-up
intent. This questionnaire was used as a subjective self-reported
measure of engagement.

Quiz. Participants were also quizzed on the contents of the
speech through four multiple-choice questions. Each question com-
prised a single correct answer out of four different choices. Ques-
tions and answers were derived from the author’s personal reading
of the speech. The questions were designed to be relatively straight-
forward, testing facts about what was being said throughout the
speech without the need for inference. Martin Luther King Jrs ‘T
Have a Dream’ speech is commonly found in educational curricula®.
The quiz was scored by summing up the number of questions par-
ticipants answered correctly. Finally, participants were presented
with the opportunity to visit a website? at the end of the study to
find out more about the scenario they had witnessed. Whether or
not participants clicked on the link to the website was tracked.

Le.g., https://www.pbs.org/newshour/extra/lessons-plans/i-have-a- dream-as-a-work-
of-literature- martin-luther-king-jr/
Zhttps://www.pbs.org/newshour/extra/lessons-plans/i-have-a-dream-as-a-work-of-
literature-martin-luther-king-jr/
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3.2 Participants

Twenty-four participants were recruited to participate in the study.
Participants (11 female, 13 male, mean age 40.4 with standard devi-
ation 16.3) participated in the study. Given the modest sample size
(12 per condition), the study is powered for detecting large effects
only; estimates should be treated as preliminary and replicated with
larger samples.

To account for any potential bias related to ethnic group iden-
tification with the content of the study, we carefully recorded the
demographic composition of our sample; all participants in both
the experimental and control groups were of either white or Asian
ethnic backgrounds. While this was not done by choice, it ensured
that any differences observed in embodiment, comprehension, or
engagement could be attributed to the experimental conditions
rather than to participants’ personal or historical connections to
the content of the study. Participants were recruited on a voluntary
basis with no compensation through university and snowball sam-
pling (participants were asked to forward the study to their families
with a good knowledge of spoken English). All participants were
blind to the hypotheses of the study. The inclusion criteria for the
study required participants to: (i) be at least 18 years old, (ii) own a
mobile that supports a display resolution of at least 1024x768 pixels
and with a functional front-facing webcam. These requirements
ensured consistency and compatibility when running the AR face
filter app.

3.3 Procedure

The study was conducted remotely and asynchronously through a
web platform hosted on an ANON server. Participants were sent a
URL to the study and told them they could complete it on their own
time and pace. Upon clicking the link, participants were presented
with information about the study. At this stage, checks were con-
ducted, and access was denied to participants whose web browsers
were smaller than 1024*768 pixels. After providing informed con-
sent, participants were presented with a set of instructions. They
were informed that they would be listening to a 5-minute speech
and instructed to “try to imagine that you are at the scene of the
speech and listen carefully to what is being said”. They were also
asked to retrieve and put on a pair of earphones/headphones and en-
sure they were in a well-lit environment with mobile front-camera
access before proceeding with the study.

On the next page, players were either presented with a static
image (control condition) or the image with their face superimposed
onto an audience member (experimental condition). The speech
audio was triggered to play automatically once the AR application
detected a face. Participants were required to manually click to the
next page once the speech had ended. Subsequently, participants
were presented with the questionnaires in the following order:
(i) demographics and control, (ii) embodiment questionnaire, (iii)
engagement quiz about the speech, and (iv) engagement 3-item
self-report.

On the final page, participants were told that they had reached
the end of the study and that their results had been recorded. They
were also presented with a link to an external website hosted by
HistoryExtra, the official website for BBC History Magazine and
BBC History Revealed. Participants were told that the site provided
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additional information and commentary about Martin Luther King
Jr. and the civil rights movement that might interest them.

Quiz Score Distribution: Control vs. Experimental

Control Experimental
S N=12 N =12
Mean = 2.75 Mean = 3.67
SD = 0.62 SD =0.49

Total Quiz Score

1 mmm Control
I Experimental

8 7 6 5432 1012324567 8
Frequency

Figure 3: Quiz Scores for experimental condition and control
condition participants.

4 Results

The statistical package provided by scipy.stats version 1.14.1 for
Python 3.10.9 was employed for all statistical analyses in this study.

4.1 Quiz

We conducted a t-test to assess the difference in quiz scores be-
tween the experimental and control groups. The experimental group
achieved significantly higher scores (mean = 3.67, SD = 0.49) com-
pared to the control group (mean = 2.75, SD = 0.62), with a t-statistic
of 4.00 (p = 0.0006), indicating a statistically significant difference
between the two groups, as shown by Figure 3. The effect size,
measured by Cohen’s d, was significant (d = 1.64), suggesting a
substantial impact of the experimental intervention on participants’
quiz performance.

4.2 Embodiment

Since participants retained their real facial features through the
AR face filter, metrics related to overall external appearance were
deemed unnecessary for this context. Descriptive statistics of em-
bodiment measures are reported in Table 1 and Figure 4.

4.3 Engagement

4.3.1 Self-Reported Measures. Descriptive statistics are visualized
in Figure 5. For ‘curiosity’, a Shapiro-Wilk test found that scores
in the control group, D(12) = 0.89, p = .13 and in the experimental
group, D(12) = 0.87, p = .074 follow a normal distribution. We ran the
Kolmogorov-Smirnov test, and the distribution has the same shape
(p=0.99). As our sample is sufficiently large, we ran an independent
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N Min Max Mean SD
Body 15 067 233 o056 083
Ownership
Agency 12 -150 1.00 -0.06 0.87
Location | 12 -1.00 2.00 0.06  0.94
Combined | ) 120 178 018 0.68
Score

Table 1: Descriptive statistics of Embodiment Questionnaire

Clicked on link?
‘ NO YES
Control 11 1
Experimental ‘ 10 2

Table 2: Two-way contingency table showing the number
of participants in different experimental conditions who
clicked on follow-up link.

samples t-test. We found that participants in the experimental con-
dition (M = 4.83 SD = 1.62) reported a not significantly different
curijosity than control participants (M = 5.25 SD = 0.92), t(24) = 0.73,
p = 0.46.

For ‘interest’, a Shapiro-Wilk test found that scores in both the
control group, D(12) = 0.89, p = 0.13 and experimental group, D(12)
=0.91, p = .13, follow a normal distribution. We ran Kolmogorov-
Smirnov test, and the distribution have the same shape (p=0.87).
An independent samples t-test found no significant difference in
interest scores between experimental (M = 4.5, SD = 1.66) and
control conditions (M = 5.25, SD = 0.92), t(24) = 1.31, p = 0.20.

For ‘follow-up intent’, a Shapiro-Wilk test found that scores
in both the control group, D(12) = 0.80, p = .011, not following
a normal distribution, and the experimental group, D(12) = 0.89,
p = 0.13 follows a normal distribution. The distribution of scores
for the two groups also share the same shape (p=0.87) using the
Kolmogorow-Smirnov test. An independent samples t-test found no
significant difference in intent to follow up between experimental
(M = 4.83, SD = 1.82) and control conditions (M = 5.25, SD = 0.92),
t(24) = 0.68, p = 0.51.

4.3.2  Click-through Web Visit. As seen in Table 2 below, two out
of twelve participants (16%) in the experimental condition clicked
on the follow-up link at the end of the study, compared to one out
of twelve participants (8%) in the control condition.

Due to the number of total samples (24 split in 12 experimental
and 12 control) and the categorical data we performed a y?-test.
The test found no statistically significant difference in follow-up
web visits between control and experimental conditions (p = 1.00).

4.4 Embodiment on Quiz Results

We conducted a Spearman rank correlation analysis to investigate
the relationship between various aspects of embodiment and partic-
ipants’ quiz performance. Our analysis revealed significant negative
correlations between both overall embodiment and the location
aspect of embodiment with quiz scores. Specifically, we found that
the Spearman rank correlation between total embodiment and quiz
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Figure 4: Box-plots showing median and distribu-
tion of Embodiment Questionnaire data.

performance was rg = —0.615, p = 0.033, indicating a negative rela-
tionship. Additionally, the location aspect of embodiment demon-
strated a significant negative correlation with quiz performance,
rs = —0.648, p = 0.023, suggesting that participants who reported a
stronger sense of being collocated with the virtual body tended to
perform worse on the quiz. The other components of embodiment
did not exhibit significant correlations with quiz scores. Body own-
ership showed a weak positive but non-significant correlation with
quiz performance (rs = 0.052, p = 0.873). Meanwhile, agency was
moderately negatively correlated with quiz performance, though
not significantly (rs = —0.492, p = 0.104).

As seen in Figure 6, simple linear regression showed a significant
relationship between embodiment and location with quiz scores
(for embodiment F = 16.9, p = 0.0014, R2 = 0.29). The regression
coefficient B = -0.40 indicated that an increase in one point of
embodiment corresponded, on average, to a decrease in quiz score of
0.40. Data met the assumptions of normal distribution for residuals
and homoscedasticity.

E Quiz correlation

Location Quiz correlation

-1 3 1 H 3 -1 o 1 2 3
Embodiment Score

Figure 6: Simple linear regression showing embodiment,
agency and location predicting quiz scores.

4.5 Embodiment and Self-Reported Measures

For ‘curiosity’, a Spearman’s rank-order correlation test was run as
scores did meet the normality assumption. There is no statistically
significant relationship (rs = 0.26, n = 13, p = 0.41) between the
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Figure 5: Box-plots showing median and distribution of self-
reported engagement measures, grouped by experimental
condition.

variables. For ‘interest’, a Spearman’s rank-order correlation test
was run as scores did meet the normality assumption. There was
no significant relationship (rs = 0.28, n = 13, p = 0.38) For ‘follow-
up intent’, a Spearman’s rank-order correlation test was run as
scores did meet the normality assumption. There was no significant
relationship (rs = 0.14, n = 13, p = .66)

5 Discussion

The present study aimed to explore the impact of embodiment in
smartphone AR on user comprehension, specifically how embodi-
ment influenced participants’ performance in a comprehension quiz
about Dr. Martin Luther King Jr’s iconic speech. Descriptive analy-
ses revealed that participants in the experimental group reported
positive scores across various subcomponents of embodiment, in-
cluding body ownership, agency, and location. While participants
in the experimental group performed significantly better on the
factual quiz than the control group participants, further analysis
revealed a negative correlation between embodiment and quiz per-
formance. Higher agency and location scores were associated with
lower quiz performance, suggesting that while embodiment can
enhance subjective engagement, it may also divert cognitive re-
sources away from content comprehension. These findings can be
explained through CLT, which describes how cognitive resources
are divided into intrinsic, extraneous, and germane loads. Due to its
rhetorical complexity and historical significance, the speech likely
imposed a high intrinsic load. At the same time, the AR experi-
ence may have introduced additional extraneous load by requiring
participants to process both their virtual embodiment and the sur-
rounding digital environment. The negative regression coefficient
for location supports the interpretation that participants who felt a
stronger presence in the virtual audience might have devoted more
cognitive effort to maintaining spatial awareness within the scene
rather than focusing on speech comprehension. This aligns with
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previous studies in VR and AR, where heightened presence some-
times interferes with task performance due to increased cognitive
demands.

Although we argue the pattern aligns with CLT rather than
a pure novelty effect, we cannot exclude AR-specific novelty or
presentation factors without an explicit “AR without embodiment”
control. Moreover, because we used a single, static scene, readers
should be cautious in generalizing to dynamic or interactive AR.
In addition, using a single speech and a single photographic scene
prioritizes internal validity at the cost of content diversity; motion
and scene variability could modulate attention and cognitive load
independently of embodiment. Testing multiple speeches and visual
scenes (including moving video) will therefore be important to
establish robustness across content and format. Participants in the
experimental group reported higher follow-up intent, suggesting
that embodiment in smartphone AR can stimulate curiosity about
historical content. However, interest scores were uniformly low
across conditions, which may be attributed to the way the question
was framed.

The survey measured interest in the broader civil rights move-
ment rather than the specific speech event participants experienced,
which could have misaligned with their immediate engagement.
These results raise broader questions about the implications of
smartphone AR for education, particularly in historical or infor-
mational contexts. While AR enhances immersion and motivation,
its cognitive trade-offs must be carefully managed. The observed
inverse relationship between embodiment and factual recall sug-
gests that immersive experiences should be designed to minimize
extraneous cognitive load while preserving the benefits of engage-
ment. Strategies such as structuring content delivery to balance
immersion with cognitive efficiency, reducing unnecessary visual
complexity, and allowing users to adjust immersion settings may
help optimize learning outcomes.

6 Limitations & Future Work

When we design the study, we contrasted “No AR, No Embodiment”
with “AR with Embodiment”, so embodiment and AR-specific fac-
tors (e.g., novelty, interface salience) are not fully separable. A third
“AR without embodiment” condition is needed to isolate embodi-
ment’s unique contribution. As stimulus, We used a single, static
photograph to maximize control and reduce motion-related con-
founds; this limits generalizability to dynamic video, interactive
3D, or temporally/location-registered AR experiences common in
practice.

Future studies should try to examine a "With AR, No Embod-
iment" condition; this might involve an AR experience without
the use of face filters/virtual avatars. For instance, exploring a 360°
AR environment of Martin Luther King Jr’s speech through the
back-facing camera on a smartphone.

Within smartphone AR, different software implementations can
also exist. The present study utilized a simple face-swap onto a static
image. However, more dynamic and immersive implementations are
also possible (e.g., with video, fully explorable 3D environments). In
addition, different effects can be delivered through face filters, such
as trying on different outfits, hats, or uniforms to embody other
persons. As previously discussed, artificial intelligence (AI) and
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machine learning (ML) may also soon make it possible to embody
and control hyper-realistic virtual avatars [52]. How these different
implementations will affect embodiment and its subsequent effects
is an interesting area of research for future studies. The dependency
of an ad-hoc static image with specific visual conditions (face crowd,
not occluded) may limit the broader applicability of the method.
However, recent advancements in generative Al technologies offer
a potential solution by allowing the creation or modification of
original images to ensure they are more compatible with the AR
face filter setup, enabling more flexible and adaptive applications
of the method.

7 Conclusion

This study explored the impact of embodiment in smartphone AR
on user engagement, comprehension, and performance, specifically
focusing on the relationship between perceived embodiment and
cognitive outcomes. Using a controlled scenario based on a histori-
cal event and leveraging a smartphone AR face filter, we showed
that smartphone AR can effectively induce a sense of embodiment,
even with minimal hardware requirements. Participants in the ex-
perimental group demonstrated higher overall quiz scores than
the control group, showcasing the potential of smartphone AR for
enhancing user interaction. However, our findings also revealed
a more complex dynamic between embodiment and task perfor-
mance. While participants in the experimental group performed
better on the quiz overall, those with higher levels of perceived
embodiment, particularly in the dimensions of location, tended to
perform worse. This suggests that the immersive qualities of em-
bodiment may inadvertently divert cognitive resources away from
content comprehension, particularly in tasks requiring focused at-
tention. These findings contribute to the growing body of research
on AR and embodiment, highlighting both the opportunities and
challenges of integrating embodied experiences into smartphone
AR applications. While smartphone AR offers a more accessible
platform than fully immersive virtual reality, designers must care-
fully consider the cognitive trade-offs associated with embodiment.
For applications that prioritize learning or information retention, it
may be necessary to moderate the degree of embodiment to avoid
cognitive overload. Our study therefore targets a controlled, passive,
single-scene framing to probe embodiment’s cognitive trade-offs on
smartphones; broader claims about interactive/mobile AR require
dynamic, multi-scene stimuli and multiple content domains.
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