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Abstract

Facial Emotion Expression Recognition is widely agreed to be one aspect of social function that
is impaired within the usual characterisation of Autism Spectrum Disorder. The "Reading the
Mind in the Eyes” test is used to this day in the diagnostic process. However, it disregards tempo-
ral data, has potential test format effects, and only observes performance rather than underlying
behavioral triggers. With the increasing prevalence of VR and EEG tools, including this temporal
data and investigating brain activity during testing may result in novel methods to investigate
impairments in social function. This paper outlines a study protocol to be used to investigate the
application of said tools to this purpose.

1. Introduction

Autism Spectrum Disorder (ASD) is a neuro developmental disorder characterised in part by
persistent and recurring deficits in social interaction, including impaired social skills, weak com-
munication skills, and repetitive behaviours (American Psychiatric Association (2022)).

An aspect that is applied both in the diagnosis and in the care of people with Autism is social
understanding. A long standing canon of research has been performed investigating theory of
mind, emotional understanding, and emotion identification, from developmental stages through
adolescence and into adulthood. Common broad stroke diagnostics include self-reporting of a
patient’s experiences with emotional connection to others, and measurements of the ability to
observe, process, analyse and identify emotions in the face of other people. The latter is a key
component of one of the formative tools for the diagnostic process regarding ASD, the “Reading
the Mind in the Eyes” test or the RMET. This, alongside other tests of its kind, are named tests of
“Facial Emotion Expression Recognition”, or FEER. However, some research contests the consist-
ency and reliability of these tests, specifically when attempting to diagnose ASD (Vellante et al.
(2013), Higgins et al. (2026)).
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Other research also investigates the use of Electroencephalography (EEG) to examine and study
the causes of deficits in FEER - however, there is a persistent problem with low power and poor
repeatability. In particular, a verifiable and easily communicated standard is needed.

This paper will describe an ongoing study that expands the investigation of the technologies ex-
amined in the previous study, investigating the impact of spatial-temporal information on brain
mimicry processes. It will also specifically examine the use of VR and High Realism Human Ava-
tars in the standardisation of FEER assessment tools, utilising low-cost motion capture solutions
to create a replicable research tool.

2. Background

EEG can be used to capture social-action / observation differences relative to Autism; a significant
amount of research has already found some connection between the "Mu rhythm” and Autism,
but the evidence is not yet strong enough to consistently differentiate ASD from typically devel-
oping persons consistently (Bernier et al. (2007)). The Mu rhythm is an alpha-band sensorimotor
rhythm that is often suppressed during action observation, and some studies found reduced mu
attenuation in Autism during observation tasks, with links to imitation ability (Fox et al. (2016)).

Some research has found that there are anomalies in Mu Rhythm when a person with Autism
completes a motor mimicry task (Bernier et al. (2007)). Other studies show that there is a signif-
icant difference in cognitive processing detected by EEG (Wagner et al. (2013)) in general. How-
ever, it remains unclear whether these signals have diagnostic sensitivity (Bender et al. (2025)), in
part due to the poor power in most studies on the subject (Hobson & Bishop (2017)).

For these reasons there is a need to develop a standardised methodology for the creation of FEER
tasks — whilst there appears to be some consensus that there is a potential for a medium-sized ef-
fect relating ASD and Mu Rhythm Attenuation during emotional recognition tasks, there are few
studies with sufficiently high power in and of themselves — and in general studies are not using
sufficiently comparable methods to allow for inter-study validation. Using a method which can
precisely measure or define the strength of the stimuli - say, highly realistic avatars, such as that
in Epic Games’ MetaHuman framework (Fang et al. (2021)) - will improve the ongoing quality
of research into social-emotional recognition.

There are also novel technologies within Brain-Computer-Interfaces that provide some new av-
enues for research. Research headsets such as the Galea (OpenBCI (2026)) couple visualization
and multi-modal data collection - including EEG, with the Mu rhythm in theory able to be cap-
tured. However, as these headsets use dry electrodes, there are complications with obtaining con-
sistently clean data — which could complicate group separation if we only look at Mu. However,
due to the multi-modal aspects of the headset, as well as recent advances in the construction of
dry EEG electrodes, it may be more plausible to filter out unclean data and artifacts resulting
from head movement, eye movement and arm movement.

Other research proposes that Mu Rhythm and EEG in general, could provide a highly sensitive
perspective on understanding internal perception of emotion, especially if integrated into mul-
timodal systems (Huang et al. (2017)). As such, later research could combine Mu band metrics
with eye tracking, response time, task completion accuracy, facial action captured through Elec-
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tromyography (EMG), and broader EEG features, many of which are also shown to have strong
links to emotion processing (Wall et al. (2026)).

The main intent of the planned study is to identify if such a multi-modal system is viable, starting
with an intensive evaluation of the presence of the Mu Rhythm, doing so by proposing a standard
method of FEER evaluation creation.

3. Methodology

3.1. Participants

The recruitment of participants for this study is ongoing. 24 have been recruited so far (April
2026) from an open recruitment call within Nottingham Trent University, UK. More participants
will be recruited from recruitment calls at two partner specialist schools, recruiting a range of stu-
dents with ASD, with the school itself providing verification of a diagnosis of ASD in these cases.
Four further participants have been recruited this way to date. The remainder will be recruited
from a wider recruitment call in mainstream education throughout Nottinghamshire. Where a
verified diagnosis is not available, self-reporting will be utilized.

In addition, 10 volunteers were recruited from Nottingham Trent University to aid in the creation
of the testing software prior to data collection - specifically generating the example avatars and
animations themselves. These were recruited to try and ensure a reasonable range of age and sex,
with any self-reported ASD diagnoses noted.

3.2. Avatar Creation

The MetaHuman toolkit Fang et al. (2021) allows for humanoid models to be generated using
a facial scan generated by a depth sensing camera. In this case, the TrueDepth camera and the
LiDAR scanner on Apple’s iPhone products were used, utilising Epic Games’ integrated solution
for generating MetaHuman assets and motion capture, Live Link Face (Games (2023)). This was
connected to a target device running Unreal Engine 5.6 via a local wireless network connection.
The subject who was to be made an avatar of was handed the recording device, and asked to hold
it at approximately chin height, and then stood with their back to a plain, clear, consistent depth
background, about a meter away to avoid depth sensing artifacts. The connected PC device was
then told to start recording and the participant was taken through a standardised procedure in
which they were asked to follow the researcher’s finger with their face and gaze while keeping
their body steady. The process is adapted from official guidance by Epic Games.

The participant was first to look straight ahead so their gaze passed over the recording device,
then slowly (over about 3 seconds in each direction) directed to turn their head to the left and
right. Once this is done, the connected device stops recording. Then, a specific frame was chosen
based on the visibility of the participant’s ears — when both ears were equally visible (or presumed
to be so if obstructed by hair), that frame was chosen to form the neutral pose. This was then used
to generate a facial mesh, a 3D model of the face, which was then sent to Epic Games for full pro-
cessing, before being made into a MetaHuman properly.

For the volunteers, the same application was used to record a set of seven facial emotion expres-

sions. These were translated into motion capture using other tools within Unreal Engine. These
were invoked using neuropsychologist approved prompting, and based on the eight options used
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in the test as decribed below. These eight options are common forms of the seven emotional ad-
jectives used in the Facial Action Coding System (Ekman (1992)) plus Neutral. Five of the seven
active expressions were chosen at random. This is based on the theory that, rather than strictly
impaired emotional processing, people with ASD have a different emotional model of under-
standing. Therefore, beyond using the adjectives as a baseline, it was decided to avoid strictly
validating the animations for this experiment to capture the breadth of potential data sequences.
This then avoids one of the primary criticisms of the RMET - namely that is is soley based in a
"Neurotypical” understanding of emotion.

3.3. RA-FEER-VR

The Realistic Avatar based assessment of Facial Emotion Expression Recognition utilising Virtual
Reality (the RA-FEER-VR application) was developed for use in this study. In this application,
the participant is placed into a plain game world - a box room with neutral white walls, and a
white table in the centre. Projected from this table is a simple interface of eight purple buttons
with white text. On these buttons were listed Happiness, Sadness, Fear, Surprise, Anger, Disgust,
Contempt and Neutral. In the case of non verbal participants, a version with small pictograms
of the relevant expressions was used. A short way behind this table is a small plinth, on which a
Purple button with START written on it in white text is projected.

The player interacts with this environment through a HTC Vive VR controller - for simplicity,
only the trigger is used, used as a pointer. A representation of the player’s hand is displayed in the
environment, with a red laser projecting from it. The player can interact with the buttons in the
environment by pointing the laser at it and pressing the trigger.

After pressing the start button, a purple wall with a white fixation cross is raised. After approxi-
mately a second, it is lowered again, revealing one of the captured MetaHumans, performing one
of the captured animations. The player, in their own time, points to and selects the word that they
think best fits the expression shown. The wall is then raised again, and the process is repeated - 5
times per model, for 10 models, for a total of 50 tasks.

3.4. Experimental Protocol

After initial briefing and the collection of consent, the Galea headset was shown to the partici-
pants. The Galea Beta headset is an integrated ExG and VR system that can be utilised for rapid
collection of electrographical data - including EEG data — during VR experiments such as these.
Once the participant was comfortable, they were encouraged to put the headset on themselves
before the researcher fastens it, ensuring the participant’s comfort at all times.

At this point, following a short test to ensure that the EEG sensors were collecting clean data, the
test application was started, and the participant was encouraged to move to a place in the game
world where they are comfortable, whilst the test was explained. Then they were encouraged to
select the "Start” button and begin the test.

They were then encouraged to complete the task on their own whilst the headset recorded data.
The system also captured the response times. Once this task was completed, the participants were
debriefed.
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Participants also took a Medical Survey. This was a short questionnaire asking the participant to
self-report diagnoses of ASD, ADHD, DCD, Prosopognosia and other relavant cognitive affects,
as well as handedness and gender (to compensate for artefacts these can cause in EEG (Darvi-
shi-Bayazi et al. (2025) Ramos et al. (2025))). This questionaire also included the AQ50 (Bar-
on-Cohen et al. (2001)) and the Social Phobia — Adult (LeBeau et al. (2016)) diagnostic tools.

4. Discussion

Data are currently being collected and are expected to be completed and analysed prior to pres-
entation at the conference. However, we have the following expectations, based on previous re-
search:

« In prior research, subjects in a general population see a drop-off in the presence of EEG
signals at a specific frequency - the Mu Wavelength — during emotional recognition tasks.
We expect this to persist broadly in VR.

« Participants with ASD in previous research see less Mu attenuation. We expect this to per-
sist broadly in VR.

« Previous research used only models that have been validated within a neuro-typical emo-
tional framework. We expect to see some changes in task performance (assessed by respons-
es and response time) and mu attenuation within each group for ASD face models.

« However, it is worth noting in advance the following limitations:

+ Aside from diagnoses confirmed by the partner institutions, this study relies on the AQ-50
and self reporting. The self reported ASD phenotype varies substantially from that which
is clinically diagnosed. However, if we discover large within-groups variation but small be-
tween-groups variation, we can more accurately monitor these differences.

« Dry EEG electrodes have issues with poorer signal quality, and can be disturbed by hand
and head movement. The Galea does integrate other forms of ExG, and this can be used
to filter some movement artefacts. In many ways, this study is attempting to validate the
technology and identify potential improvements and best practice, as outlined elsewhere in
these proceedings.

Based on prior research, we are expecting to see a somewhat large effect of ASD on Mu Desyn-
chronisation. Prior to the study, we estimated approximately 26 participants per group would be
needed for this study to have sufficient power (a = 0.05, p = 0.2, d = 0.7, right-sided test). This
estimate appears to be supported by early analysis of the data.

5. Conclusion

Depending on the outcomes of this and other studies performed in the same project, the use of a
highly standardised system to create, pose and evaluate social expessions on a humanoid model
can be validated as useful for this kind of work. If this is the case, it opens up possibilities for
wide-reaching multi-institutional research, enabling much faster progression in investigating var-
ious aspects of social perception and interaction. If face tracking can be done whilst a VR headset
is being worn, this could extend this approach even further by opening up the possibility of a fully
immersive social interactive experience, with facial gestures of all participants being monitored at
all times — enabling objective evaluation of facial action, over the time-consuming and unreliable
methods of expert witness currently used.
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As an alternative, a multimodal approach to understanding FEER deficits could be investigated,
analysing EEG, heart rate, broader ExG, etc., in order to gain a fuller image of the nature and
variety of these deficits. This could assist in differentiation between often confused disorders
or symptoms, increasing availability, and improving the nature of support. Multimodal systems
such as this, in this case, would be a very clear avenue for future research within BCI.
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