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Abstract

Background Impairments in social cognition are common after traumatic brain injury (TBI) and may have severe
negative consequences for patients and their families. Most tests of social cognition have limited ecological validity
due to simplistic and contrived social stimuli with limited relevance to everyday social functioning. There is a need

for measures of social cognition that reflect the dynamic, multimodal and contextualized nature of social situations
and that predict real-world functioning. Three hundred sixty—degree (360°) Virtual Reality (VR) video can increase eco-
logical validity through enhanced social presence, or a sense of “being there” This paper describes the development
and protocol design for validation of a Norwegian VR-version of The Awareness of Social Inference Test (TASIT), which
is a widely used video-based test of social cognition.

Methods Development of VR TASIT included filming 61 short videos depicting social interactions in both VR

and desktop format, using a 360° camera. Software for standardized test administration and collection of perfor-
mance data was developed in Unity, for administration on both VR and desktop interface. The validation study will test
the reliability and validity of VR TASIT in participants with TBI (n=100) and healthy controls (n=100). Half of the par-
ticipants will perform the desktop version, and the other half the VR version. Analyses will include known groups
validity, convergent and divergent validity, as well as test-retest reliability of VR TASIT. A comparison of the abil-

ity of TASIT VR and desktop versions to predict real-world functioning (ecological validity) will be explored using

the Social Skills Questionnaire for TBI and La Trobe Communication Questionnaire. Finally, the levels of perceived social
presence of the stimulus materials and prevalence of cybersickness after exposure to the virtual environment will be
documented.

Discussion |t is expected that VR TASIT will have comparable or better psychometric properties than the desktop
version, and that the hypothesized increased level of social presence experienced in a virtual environment will result
in improved ecological validity. More broadly, benefits and limitations of using VR video as stimulus material in assess-
ment of social cognition and considerations for future development and clinical validation are discussed.
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Background

Social cognition refers to the ability to identify and inter-
pret social cues in order to make sense of social situations
and respond appropriately [1]. Social cognitive impair-
ments are common after traumatic brain injury (TBI).
For instance, 13—-39% of people with moderate to severe
TBI show impaired ability to recognize emotion in facial
expressions [2]. Social cognitive impairment is a leading
cause of social isolation, relationship disintegration and
unemployment in this population [3, 4].

Despite the severe negative consequences for patients
and their families, social cognition is rarely assessed sys-
tematically by clinicians: In a survey of 443 clinicians,
84% reported that more than half of their patients with
severe TBI had social cognitive impairments, but 78%
acknowledged that they infrequently or never assessed
this domain with standardized assessment tools [5]. The
most frequently reported reason for this was the lack of
access to standardized assessment tools with relevance
to everyday social functioning, i.e. sufficient ecological
validity to be clinically relevant. The lack of ecologically
valid tests of social cognition has also been addressed by
leading researchers in the field [6-9].

Social cognition is an umbrella term involving sev-
eral related domains, including the ability to recognize
emotions in others, inferring other people’s state of
mind, taking the social context into account and regu-
lating social behavior [10]. The social cognitive domains
that have received the most attention in TBI research
are empathy, emotion recognition and Theory of Mind
(ToM) — the ability to take another person’s perspec-
tive [11, 12]. A recent scoping review [12] found that the
most commonly used stimulus materials in research on
impaired emotion recognition after TBI are the Ekman
and Friesen photographs [13, 14]. Here, emotional
expressions are conveyed by actors from the 1970s in
black and white. Measures of ToM typically present par-
ticipants with very short stories in the form of cartoons
or short text vignettes, asking them to interpret what is
implicitly communicated by one of the actors in the story
[15]. These stimuli are designed to minimize the effect of
potential confounding variables, thus increasing internal
validity in controlled experiments. However, the primary
clinical concern is to predict patients’ behavior in every-
day social situations, i.e., ecological validity. Several stud-
ies have found that tests of social cognition developed for
research purposes have limited value [16, 17], despite the

impairments reported by both clinicians, patients with
TBI and their relatives [18].

Everyday social cognition depends on many sources of
information, e.g. facial expression, verbal content, body
language, tone of voice and context [9, 19]. Furthermore,
social information unfolds and changes over time and is
embedded in a specific context [20]. Tasks that incorpo-
rate naturalistic stimuli that are dynamic, multimodal,
and context-embedded, may increase generalizability of
performance on social cognitive tasks to everyday social
situations. This would mean moving beyond stimuli such
as photographs and text vignettes, as well as adding back-
ground information usually available when interpreting
social situations. However, few such tests are available for
clinicians today.

One example of a test with dynamic and multimodal
stimuli is The Awareness of Social Inferences Test
(TASIT), which uses videos of everyday social situa-
tions to measure emotion recognition and Theory of
Mind [21]. It assesses emotion perception and Theory of
Mind, as the test person is asked to interpret the beliefs,
intentions, and emotions of people in everyday social
situations. TASIT performance predicts everyday social
functioning in TBI [22], likely as a result of the increased
social presence afforded by the stimulus materials. How-
ever, watching videos on a two-dimensional screen
affords limited social presence [23], i.e. the sense of actu-
ally being present in the social situation. In real life, social
cognitive impairments manifest themselves in social situ-
ations that patients are part of. The lack of this dimension
reduces the ecological validity of TASIT.

Virtual Reality (VR) technology is well suited to gener-
ate realistic stimuli that can generalize to everyday social
situations. VR can be defined as an “externally mediated
presentation of sensory stimuli that enables the person to
perceive an artificial environment as non-synthetic to a
greater or lesser extent” [24]. A head mounted visual dis-
play obscures the external environment, which together
with audio input allows for immersion in the virtual
environment. VR software using stimuli similar to real
world cues is effective in both assessment and treatment
of many mental disorders, including anxiety disorders,
eating disorders and alcohol and substance use disorders
[25]. A likely reason why VR is successful in both predict-
ing and treating real world phenomena is that it facilitates
a sense of presence, i.e. “the perceptual illusion of non-
mediation that occurs when a person fails to perceive
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the existence of a medium” [26], which is not attainable
in a two-dimensional medium. Social presence refers to
the sense of being with another person [27]. A range of
factors influences social presence, from the presence or
absence of a visual representation of the other person
to the photographic and behavioral realism of that per-
son [28]. VR has other benefits in addition to increasing
ecological validity through enhanced social presence. As
VR technology allows for standardized stimulus presen-
tation, the internal validity of the test can be preserved.
Furthermore, VR offers time- and cost-efficient auto-
mated test administration and recording of responses
[29]. A minority of VR users experience adverse effects,
such as headaches or nausea, referred to as cybersickness
[30]. Both clinical practice and preliminary research indi-
cates that persons with TBI in the chronic phase tolerate
the use of VR well, but there are few empirical studies on
cybersickness in the TBI population [31].

Aims and objectives

Our long-term goal is to establish an ecologically vali-
dated measure of social cognition for patients with TBI.
To this end, the primary aim of our overall study is to
develop a Norwegian VR-version of the TASIT (VR
TASIT) and explore its psychometric properties, includ-
ing ecological validity, in participants with and without
TBI. For the present paper, our objective is to describe
the development and design for future validation of the
Norwegian VR TASIT through:

1) A detailed account of the development of VR TASIT.
2) Description of the protocol for validation of VR
TASIT, i.e., procedures for determining.

A) construct validity and test—retest reliability of VR
TASIT

B) ecological validity of VR TASIT

C) perceived level of presence in VR TASIT.

D) occurrence of cybersickness, ie. symptoms of
physiological discomfort, after performing VR
TASIT.

Methods

Development of VR TASIT

The original TASIT [21] consists of three subtests, one
measuring emotion recognition, the Emotional Evalu-
ation Test (EET), and two measuring Theory of Mind,
the Situational Inference Test—minimal (SIT-m) and
the Situational Inference Test—enriched (SIT-e). In SIT-
m, the characters are either sarcastic or sincere; in SIT-e
they are either sarcastic or lying. After each EET video,
participants are asked to choose among seven emotion
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categories (happy, angry, sad, anxious, surprised, revolted
or neutral). After each SIT-m/SIT-e video, four yes/no-
questions are presented, assessing the ability to infer a
character’s underlying belief, intention, emotion and
meaning. Each subtest consists of videos of 15-60 s dura-
tion and contains 1-3 actors in various social scenes. It
has an A and a B form for retest purposes, resulting in
a total of 118 videos. Each form takes approximately
60 min to administer. Responses to the multiple-choice
questions are recorded on a pen and paper form after
each video. The stimuli are designed to be natural and
unambiguous, causing ceiling effects for healthy partici-
pants and reduced and more variable scores for persons
with TBI [32]. It has been demonstrated that TASIT has
good construct validity and test-retest reliability [33].
TASIT performance has been shown to be affected in a
range of clinical populations with impaired social cog-
nition, including schizophrenia, [34], frontotemporal
dementia [35], and TBI [36, 37].

Planning and preparations for production of VR TASIT

It was decided that VR TASIT should track the original
test as closely as possible except for level of social pres-
ence, i.e. the VR aspect. The overall format of the original
test was preserved, as was item order instructions, dia-
logues, as well as questions and answers. For practical
purposes, it was decided to produce the three subtests
that make up the A Form and not the alternate B Form,
as the former is most frequently used in the research lit-
erature [32]. A collaboration was established with Prof.
Skye McDonald, the researcher who developed the origi-
nal version of TASIT. McDonald has taken part in sev-
eral meetings and discussions throughout the production
process.

Development of stimulus material

The A Form of TASIT consists of 61 videos in total, 59
test items and two practice items. Prior to the video pro-
duction, clinical neuropsychologists (authors MM and
ML) examined the original videos in order to determine
the need to adjust the content to preserve face validity, as
the original videos were filmed in Australia in the early
00 s. Some cultural differences were anticipated, but as
none emerged after examination of the videos, it was
decided not to make any changes based on culture. How-
ever, as two decades had passed since TASIT was pro-
duced, some modernization was needed. For example,
as most purchases in Norway are presently made digi-
tally or with credit cards, cash is seldom seen and scenes
with coins or notes were adapted somewhat. In addition,
landline telephones were replaced with mobile phones.
The actors’ appearance and the locations were a natu-
ral reflection of present-time Norway and differed from
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the original test. Only one video was replaced, for mod-
ernization purposes. In SIT-e, task 10 a man is teased for
being overweight. This was replaced with a scene with
identical content, but overweight was replaced with look-
ing tired after having spent the night out partying, as this
was considered more culturally acceptable.

It was decided that the actors should from time to time
“break the fourth wall’} the invisible wall between the
actor and the audience/viewer [38], by looking directly
at the camera (see Fig. 1). This is a deviation from the
original TASIT, where actors never gaze into the camera.
This decision was made to take maximum advantage of
the higher level of social presence in the virtual reality
medium, enhancing the participants’ sense of being part
of the social situation [39].

All dialogues were translated from English to Nor-
wegian without major changes. English names were
replaced with Norwegian names. While verbatim trans-
lation was strived for, slight alterations had to be made
in some videos to preserve the intended meaning of the
original. For instance, sentences that began with the word
“well” in the original dialogues were replaced with a Nor-
wegian word with a different literal meaning, while serv-
ing the same pragmatic function.

The original TASIT videos alternate between using a
neutral black background and studio sets (office, kitchen,

Fig. 1 Example of an actor turning to the camera to enhance
the level of social presence
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etc.). In order to maximize virtual reality’s propensity for
presence [40, 41], and thus increase the ecological valid-
ity of the stimuli, it was decided to film all videos in set-
tings where social interaction naturally occurs, such as
private apartments and in various public places (Fig. 2).

Filming

A professional film producer was hired for filming and
editing of the 61 videos. In addition, the producer was
responsible for hiring actors, securing appropriate loca-
tions and logistics related to filming. The importance of
an even distribution of the actors’ gender, age and ethnic-
ity, as well as realistic social contexts, were conveyed to
the producer. As the expression of emotions and beliefs
in the TASIT videos were designed to be simple and
clear for neurotypical people with average social skills
[21], several steps were taken to ensure that the actors
understood the importance of expressing emotions and
beliefs in an exaggerated, yet natural, style and to as
far as possible express one emotion only in each scene.
Before filming, the rationale of TASIT was explained in
detail to the film producer by specialists in neuroreha-
bilitation (authors M.M. and M.L.) and on the first day
on set, a clinical neuropsychologist (author M.M.) was
present to brief the actors about the purpose of the pro-
duction. The producer instructed the actors to convey
social cues unambiguously throughout filming, and first
author M.M. and the producer collaborated very closely
throughout the entire production, which is considered an
important asset of the process.

Filming commenced in August 2021 and finalized in
March 2022. Five days of filming were required to film
the 61 videos. In all, nine different locations were used.
Two were private residences, the rest public settings
(cafe, public library, office building, and hospital). At all
sets, different rooms and spaces were used to maximize
novelty. A clinical neuropsychologist (M.M.) was present
on set to ensure that the actors performed in accordance
with the requirements of TASIT. Before each scene was
filmed, the actors were told the question(s) participants

484

Fig. 2 To the left: A screenshot from an emotion recognition video in the original TASIT. To the right: A screenshot from the corresponding video

in VRTASIT
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would be asked after watching the scene, as well as the
correct answers.

A GoPro MAX 360 Action Camera, a 360-degree cam-
era that captures the full circle of the horizontal plane
of the surroundings, was used to film all scenes (Fig. 3).
Compared to a lens that is limited to capturing e.g.
40-60°s of any given field of view, a 360° video immerses
the viewer in a realistic virtual environment [42]. Dis-
playing the 360° videos on a head mounted display, which
occludes external stimuli and provides additional depth,
increases levels of presence beyond what is experienced
when watching a desktop version of the same videos [43].
The raw material of each take was reviewed on set by
both producer and author MM immediately after film-
ing each item, to ensure that the intended content was
achieved. If not, a new take of the scene was performed.

Editing process

In the intervals between filming, raw materials were
edited, using Final Cut Pro X software. Most videos con-
sisted of one scene only, except for the eight items in
SIT-e that have a prologue or epilogue providing partici-
pants with a cue to help participants infer the actor’s true
belief. Thus, relatively little editing was required. While
all videos were recorded with the 360-degree camera,
two versions of each video were produced, one VR ver-
sion in a format compatible with commercially available
VR equipment and one in standard 2D desktop format.

Postproduction expert considerations

The videos were reviewed by an expert panel consist-
ing of three persons with extensive clinical and research
experience within brain injury rehabilitation (authors
M.L., S.T,, T.J.). The purpose was to ensure that the con-
tent of the videos conformed to the original TASIT in
terms of the emotions, beliefs and intentions expressed
by the actors, as well as a general quality assessment, i.e.
not validity testing of the entire test as such. The review
consisted of a group administration of TASIT, where
the panelists gave their response after having viewed
each video, without knowledge of the other panelists’
responses or knowledge of the correct responses.
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For 87,5% of all questions (a total of 155 questions
across the 61 videos), at least two of the three experts’
responses were correct. No items were given an incorrect
response by the entire expert panel. For EET, there were
no items where two of the three answered incorrectly. In
SIT-m, there were two questions (out of 60) that two of
the three experts answered incorrectly. In SIT-e, there
were 14 (out of 64) questions where two of the three
experts answered incorrectly. On a positive note, these
results are largely in line with the scores of healthy con-
trols in the original TASIT [21]. Still, some quality issues
with a subset of videos were addressed.

After the panelists had provided their responses, the
videos were scrutinized qualitatively, both in terms of
the acting performance and if there were issues with the
location. One example of the latter was in a video where
an actor pointed to and talked about a car, and it was
identified that rotating the head 60° in VR would reveal
that there were no cars there to be seen. In total, issues
were identified in eight videos. In five of these, a majority
of the panel found that either sarcasm or an emotion was
poorly expressed by the actor. In three videos, problems
were identified with the location and/or the 360° presen-
tation. A further 15 videos were identified as potentially
problematic, either because two of the three panelists
had given an incorrect response to one or more of the
four questions in SIT-m and SIT-e or because of minor
issues with the actors performance.

It was decided that the eight videos identified by the
panel as problematic should be shot again. In addition,
the 15 videos that were identified as potentially problem-
atic were shown to a panel of non-experts, consisting of
10 healthy individuals. No limit was set as to how many
errors were acceptable, instead a combination of quali-
tative and quantitative reasons guided which videos to
shoot again, resulting in an additional six videos to be
reshot.

Development of digital test instructions

The test instructions were translated into Norwegian by
author MM in collaboration with author ML. To famil-
iarize participants with the virtual environment it was

Fig. 3 To the left, the 360-degree camera used to film all videos. To the right, film set example, with all on set except for the actor out of the
camera’s field of view. A written permission to display the camera and company logo was obtained from the copyright holder
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decided to record a VR video with a virtual test admin-
istrator delivering the first introductory test instructions,
with a duration of approximately 1 min. The remaining
instructions were delivered with text and audio, but not
filmed.

Software development

A computer program was developed in order to create
unique users (i.e., participants), administer the test and
generate a score sheet for each user. The rationale for
this was to save administration resources, as the original
TASIT requires a test administrator to query the partici-
pant after each video for a response and then record the
answers on paper, as well as to avoid errors in registration
of responses and calculation of total scores.

Conceptual discussions were had with the software
developer to convey the necessary software functions
and structure. It was decided to create a menu-based VR
computer program (Fig. 4) with the following functions:

1. Create new user. Unique users are registered in a
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and “gender” are recorded, this could be expanded on
in a future version of the test.

. Administration of TASIT. Options are to administer

the whole test or to select one or two of the subtests.
If the test is aborted midway throughout admin-
istration, it picks up at the same place when run
again. Each item begins with a prompt (e.g., “Focus
on the man to the left”) and a box to be selected for
the video to start. When the box is selected, a 3-2-1
countdown appears, to signal that the video is about
to begin, followed by the video. After the video, the
item’s question(s) appears on the screen. For SIT-m
and SIT-e, each of the four questions appear sequen-
tially. Below each question, boxes represent response
alternatives to be selected by the participant. When
a response is selected, the program moves on to the
next question in SIT-m and SIT-e or to the next item
in EET/after the fourth question in a SIT-m/SIT-e
task.

. Results. As new users are created, they are added to

a list of all users in a separate submenu. When a spe-
cific user is selected, a result form is accessed, where

menu. For the initial version, only “name/ID’, “age both item level results and total scores for each sub-
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Fig.4 A: Software main menu, with options to either select an existing user to start a new test session, register a new user or to show a list of all
registered users and create a score sheet. B: Example of response screen, which appears after each video has finished. The header shows which part
and task the participant is currently at, the question indicates which actor to respond to and the big blue boxes represent the alternative emotion
categories. The bottom options are to see the video again, move forward or move backward in the test. C: Example of score sheet. Background
information in the top left corner, summary scores in the top right corner and item level scores underneath
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test are displayed. The result form can be exported to
pdf-format or printed.

The software was implemented in C# with object-
oriented programming principles, divided into separate
classes for different parts of the program. For the desk-
top version, a Windows Forms application was developed
in Visual Studio 2019. The VR version was an extension
of the desktop version, developed in Unity. The program
was implemented with a modified model-view-control-
ler architecture, with view and control combined as one
component. Windows Forms framework was used to
create the user interface, which handles user operation,
updates models, and displays relevant data in the appli-
cation. Throughout the development process, principles
from user-centered design were implemented, frequently
testing the applications on users to ensure that it was
user-friendly.

Throughout the stages of software development, it
was tested and reviewed by author MM to ensure both
the usability of the functions and that the software con-
formed to the structure of the original TASIT. The
software was then tested on both rehabilitation pro-
fessionals familiar with TASIT and patients with TBI,
to confirm that the program was user friendly for both

Patient enrollment

l

Allocation to test
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administrators and participants, that it performed as
intended and to eliminate minor errors.

Validation study protocol

Study design

The study is a prospective observational cohort study.
Patients will be randomly assigned to perform TASIT
in either VR (VR TASIT) or 2D version (2D TASIT). All
participants, regardless of TASIT-condition, will report
on measures determining validity both at baseline (before
randomization) and at T2 16 weeks later. An equal num-
ber of healthy adults will be matched to the patient group
with respect to age, gender, and education and perform
either VR or 2D TASIT (see Fig. 5).

Settings and study population
Data collection will take place at the Sunnaas Rehabili-
tation Hospital (SRH) VR-laboratory from November
2022 to spring 2024. SRH is a tertiary level rehabilita-
tion hospital that treats approximately 1000 patients with
acquired brain injury each year. We will recruit former
inpatients at SRH with moderate to severe TBL
Participants needed to fulfill all of the inclusion criteria
noted below:

Assessment of eligibility

4){ Exclusion
Y

Randomization (n=100)

condition
VR TASIT 2D TASIT
Enroliment of VGG ABI group ABI group VGG
trol control group (n=50) =50 control group
controls (n=50) (n=50) (n=50)
(e Known groups validity\ (e Known groups validity\
e Convergent validity e Convergent validity
T1 o Divergent validity o Divergent validity
Baseline assessment e Ecological validity o Ecological validity
o Presence o Presence
\___* Cybersickness /) \___ Cybersickness Y
l y A Y A

T2
16 weeks after
baseline

Fig. 5 Study design

Test retest reliability

Test retest reliability
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A) Moderate or severe TBI according to the diagnostic
criteria of The American Congress of Rehabilitation
Medicine: Duration of loss of consciousness > 30 min,
a Glasgow Coma Scale score<13, or post-traumatic
amnesia > 24 h [44].

B) Positive trauma-related intracranial findings on CT
and/or MRL

C) Minimum 12 months after injury and maximum
10 years after injury.

D) 1865 years of age.

E) Physically able to operate VR-equipment.

F) Able to understand instructions in Norwegian.

G) Cognitively capable of providing informed consent.

Exclusion criteria were:

A) Language impairments affecting the ability to under-
stand instructions.

B) Motor impairments affecting the ability to utilize the
VR equipment.

C) Visual neglect.

D) Severe mental illness.

E) Comorbid neurological disorders.

F) Non-Western cultural background.

Identical inclusion and exclusion criteria apply to the
healthy control group, except for a prior history of TBI.

Table 1 Measurements used for validation
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Self-report and informant questionnaires will be col-
lected digitally, by means of a secure platform for data
collection and storage (Service for Sensitive Data, TSD).
TSD is an IT-platform at the University of Oslo with a
secure server approved for storage of sensitive research
data. Data collections were handled by questionnaires
created with nettskjema.no, a survey solution developed
and hosted by the University of Oslo [45].

Validation measurement

The construct validity, test—retest reliability, and ecologi-
cal validity of both TASIT versions will be investigated.
In addition, any adverse effects of exposure to VR TASIT
(i.e., cybersickness) and the participants’ experienced
level of social presence is assessed (See Table 1 for an
overview of measurements).

Construct validity

The construct validity of both TASIT versions will be
established if it is demonstrated that they (1) discriminate
between two groups known to differ on a measured con-
struct (known groups validity), (2) correlate with other
tests of social cognition (convergent validity) and (3) do
not correlate with tests that measure general cognition
(divergent validity).

MEASURE

TIME

Questionnaires
Interpersonal Reactivity Index, IRI [50]
Social Skills Questionnaire for Traumatic Brain Injury, SSQ-TBI [62]
LaTrobe Communication Questionnaire, LCQ [63]

Behavioral Rating Inventory of Executive Functions—adult version, BRIEF-A [54]

Simulator Sickness Questionnaire, SSQ [67]
Multimodal Presence Scale, MPS [66]
General Anxiety Disorder 7, GAD-7 [57]
Patient Health Questionnaire, PHQ-9 [58]
Social Cognitive tests
Emotion Recognition Task, ERT [48]
Hinting Task [46]
Cognitive tests

CPT Ill - Hit Reaction Time and Standard Deviation of Hit Reaction Time [52]

WAIS IV: Coding [51]

WAIS IV: Similarities [51]

WAIS IV: Matrices [57]

WAIS IV: Digit Span Backwards [51]

WAIS IV: Digit Span Sequencing [51]
D-KEFS: Color Word Interference Test 3 [53]
D-KEFS: Trail Making Test 4 [53]
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Known groups validity

Comparison of the performance of participants with TBI
and healthy controls in both the 2D and VR TASIT ver-
sions (total score and score on each subtest) will be per-
formed, to assess whether the VR version is superior to
the 2D version in discriminating between social cognitive
impairment and normal performance.

Convergent validity

Performance on TASIT will be compared with per-
formance on established tests of three social cognitive
domains: Theory of Mind, emotion recognition and
empathy. The Hinting Task is a measure of Theory of
Mind that assesses understanding of people’s intentions
from indirect messages [46]. The task consists of 10 text
vignettes of a protagonist expressing an indirect mes-
sage to another person. Participants are asked to describe
the meaning behind the indirect messages. The Hinting
Task has been translated to Norwegian and validated in
Norwegian patients with schizophrenia [47], but not in
patients with TBIL. The Emotion Recognition Task (ERT)
measures emotion recognition by asking participants to
label facial expressions from photographs [48]. The ERT
has well-established psychometric properties and corre-
lates with performance on the original TASIT [49]. The
Interpersonal Reactivity Index is a self-report measure of
empathy [50]. It contains 28 items that are answered on a
5-point Likert scale.

Divergent validity

Coding from WAIS IV [51] and Hit Reaction Time on
the Conners’ Continuous Performance Test 3rd edi-
tion (CPT III) [52] will measure processing speed. Sus-
tained attention will be measured with the coefficient
of variation (Standard deviation of Hit Reaction time
/ Hit Reaction time), where the final three test blocks
will be compared to the first three. The mean scores on
Backwards Digit Span and Digit Sequencing tests from
WAIS IV will be used to measure working memory
[51]. Executive functions will be assessed with Trail
Making Test 4, a test of mental flexibility and Color
Word Interference Test 3, which measures inhibition,
both from the Delis-Kaplan Executive Function System
test battery [53]. Everyday executive functioning will
be assessed with the patient and informant versions of
the Behavior Rated Inventory of Executive Function-
ing — Adult (BRIEF-A) [54], and abstract reasoning
with Similarities and Matrices from WAIS IV [51]. As
VR TASIT is both complex and dynamic, it is expected
to correlate weakly with other cognitive functions, but
not to overlap to a large degree. As mood disorders may
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impair social cognitive functioning [55, 56], self-report
measures of anxiety (Generalized Anxiety Disorder 7
(GAD-7) [57] and depression (Patient Health Question-
naire (PHQ-9) [58] are also included.

Reliability

At T2, i.e., 16 weeks after T1, the two patient groups
will perform the same TASIT version a second time,
to determine the test—retest reliability of the two tests.
The expected near ceiling effects of controls limits the
ability to calculate reliability estimates in this popula-
tion. The stability of social cognitive impairments over
time [59], together with the inclusion criterion of mini-
mum 12 months post TBI, justifies a relatively long
test—retest interval and reduces the risk that recollec-
tion from T1 assessment interferes with performance
on T2.

Ecological validity

As research on social cognition after TBI is a relatively
new field, no gold standard test exists against which the
ecological validity, i.e., the relevance to social functioning
in everyday life, of VR TASIT can be tested. Some meas-
ures of social skills that have been developed for other
populations have been used in TBI samples, such as the
Katz Adjustment Scale [60, 61], but these include psychi-
atric symptoms that are not relevant after TBI. The Social
Skills Questionnaire after Traumatic Brain Injury (SSQ-
TBI) is however promising, as it assesses informant-rated
behaviors that are important for normal social interac-
tions, as well as those impaired following TBI, such as
emotion recognition, empathy, egocentrism and com-
munication [62]. The SSQ-TBI taps 16 desirable and 24
undesirable behaviors, which yield negative and positive
subscales, respectively. A final item measures a global
evaluation of social functioning. The SSQ-TBI has been
translated to Norwegian and a new informant version
with identical items to the self-report version is incor-
porated into the protocol. The SSQ-TBI is relatively new,
and empirical investigations are few. We will therefore
also include the La Trobe Communication Question-
naire (LCQ) as a measure of ecological validity [63]. LCQ
measures impairments in social communication with
30 items being rated by patients and informants. The
LCQ has been translated into Norwegian [64] and dis-
criminates between people with brain injury and healthy
adults [65]. Ecological validity will thus be determined by
how well both 2D and VR TASIT results correlate with
a measure of everyday social skills (SSQ-TBI), and social
communication (LCQ), as rated by patients and their
close relatives.
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Assessment of social presence

The Multimodal Presence Scale measures the perceived
physical, social and self-presence in a mediated experi-
ence on 15 five-point Likert-type questions [66]. It has
been translated to Norwegian and will be used to estab-
lish if differences between scores in the two TASIT ver-
sions are associated with differences in perceived social
presence.

Assessment of cybersickness

A small subgroup of VR users experiences cybersick-
ness, such as headaches, nausea or disorientation [30].
The extent of adverse effects after exposure to a virtual
environment has not been empirically investigated in
the TBI population. The Simulator Sickness Question-
naire (SSQ) has been translated to Norwegian and will
be used to assess cybersickness [67]. The questionnaire
asks participants to score 16 symptoms on a four-point
scale (0-3). SSQ will be administered before and after
TASIT is administered for both 2D and VR versions
and comparisons will be made to determine if the VR
version has more adverse effects than the 2D version.

Statistical analysis

Based on published data on the original version of
TASIT [21, 33], there is reason to believe that the
healthy control group scores will not be normally
distributed, while TBI group scores will have a nor-
mal distribution. We will use paired sample t-tests in
comparisons involving normally distributed continu-
ous data and Mann Whitney U tests when comparing
skewed data.

Construct validity will be determined by known groups
validity, convergent and divergent validity. Known-groups
validity will be established by exploring differences
between both VR-and 2D TASIT and between patients
with TBI and healthy controls using independent sample
t-test or Mann—Whitney U test, depending on distribu-
tion of data. Convergent validity will be calculated as the
correlation between VR TASIT results with established
tests of emotion recognition and Theory of Mind, as well
as self-reported empathy. Divergent validity will be calcu-
lated as the correlation between VR TASIT results with
results on cognitive measures (processing speed, atten-
tion, working memory, abstract reasoning and execu-
tive functions) and measures of anxiety and depression
symptoms.

Test—retest reliability will be calculated as the intraclass
correlation coefficient between VR TASIT at T1 and T2.

Ecological validity will be calculated as correlation
between VR TASIT results and self- and informant
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reported results on measures of everyday social function-
ing and social communication.

Presence will be calculated as correlation between
measures of self-reported levels of presence after expo-
sure to VR TASIT and 2D TASIT.

Cybersickness will be calculated as correlation between
measures of self-reported cybersickness after exposure to
VR TASIT and 2D TASIT.

Sample size and power calculation

Calculation of power using g*power [68] has dem-
onstrated that paired sample t-tests (e.g. test-—retest
in patients) would require a sample of 45 pairs, given
a medium effect size, a -value of 0.05, and power of
0.95. Given the planned group size of 50, we allow for
an expected drop-out rate of 10% from T1 to T2. For
the Mann Whitney U tests, we have calculated power
based on the group means reported by McDonald et al.
[33], where controls had a mean score of 25 (SD 2), and
patients had a mean of 19 (SD 5). Provided a medium
effect size, a -value 0.05 and power of 0.9, we would
only need 9 patients to detect the same difference. How-
ever, we do not know that the Norwegian data will have
the same score ratio, and this has never been done in
VR, leaving a sample size of 50 in each group robust.
As a strong relationship between VR and 2D TASIT is
expected, we will pool data from VR and 2D TASIT in
the correlational analysis (validity testing), giving a sam-
ple of 100 patients and 100 controls. This implies that we
will be able to detect a weak correlation of r=0.25 with
a power of 0.9, given a -value 0.05. In sub-analysis of VR
and 2D TASIT separately (n=50), a weak correlation
could still be detected with a power of 0.08.

Discussion

The purpose of this paper is to describe the development
of a Norwegian VR test of social cognition, VR TASIT,
and the protocol for the validation of VR TASIT in par-
ticipants with TBI and in healthy controls. As the soft-
ware has been successfully developed, the next step is to
explore whether it has good construct validity, test—retest
reliability and ecological validity. We will also explore the
level of social presence experienced when exposed to VR
TASIT and document the prevalence of adverse effects,
i.e. cybersickness.

TASIT is one of few standardized tests of social cogni-
tion that recognizes the need for dynamic, multidimen-
sional and contextually embedded assessment of social
cognition in clinical populations at risk of impaired social
cognition [32]. It is however limited by stimulus mate-
rials presented on a computer screen, a situation quite
different from everyday social interaction. VR technol-
ogy allows for a balance between the internal validity of
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standardized test conditions and a naturalistic environ-
ment representative of everyday social behavior. It is
hypothesized that the use of 360° videos with realistic
social contexts in a head mounted display that eliminates
distraction from outside stimuli increases the experience
of social presence, and thus, ecological validity. In addi-
tion, there are practical benefits to computerized testing
in general, in terms of automatization of administration,
which provides clinicians more time for interpreting
results and providing feedback and rehabilitation advice
to patients.

Although dynamic and complex stimuli are more simi-
lar to everyday social situations than static pictures, and
thus may also be more sensitive to everyday social cog-
nitive impairment, it might well be the case that com-
plex tasks at the same time introduces more noise to the
measurement. For example, impaired attention, working
memory, processing speed, and other cognitive functions
may affect performance in addition to social cognitive
problems. Thus, there is a possibility that more dynamic
and complex tests may be less specific than more tests
with higher levels of experimental control. A study that
compared three emotion recognition tests in healthy
people using static photographs, morphed photographs
and videos as stimuli found only moderate correlations
between the total scores of the three tests, suggesting
that these stimuli might tap into different aspects of the
emotion recognition construct [69].

To date, VR technology in healthcare has primarily
been applied to medical training and treatment of condi-
tions such as pain and anxiety [70]. VR is weakly estab-
lished in neurorehabilitation, and although some VR
interventions exist, they are characterized by few par-
ticipants and lack of control groups [71]. The present
study aims to implement VR in neurological rehabilita-
tion using a systematic methodological research design,
as well as systematically measuring any ill effects of VR
exposure, both of which have been lacking in research on
VR technology in health care in general [72].

The development of VR TASIT has benefited from
collaboration between experts in brain injury reha-
bilitation, computer programming and film produc-
tion. Further work remains before VR TASIT can be
clinically implemented. The test’s usability (i.e. user-
friendliness) for patients and clinicians is yet to be
systematically assessed. Both clinical practice and
preliminary research indicates that persons with TBI
in the chronic phase tolerate VR use well [31], but
this remains to be investigated with regards to VR
TASIT. In addition, in its current form the full test is
lengthy, with an administration time of approximately
1 % hours. Thus, the total number of items may need
to be reduced, which requires a systematic analysis to
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determine which items can be eliminated without sac-
rificing validity. Furthermore, our overall aim of this
work does not include establishment of normative data,
which will ultimately be important for guiding clini-
cians in determining whether a patient has impaired
social cognitive functioning. It is also an empirical
question whether VR TASIT is sensitive to change in
social cognition. This important question should be
explored in future studies once the test is made avail-
able and has been validated. In summary, the develop-
ment and validation of VR TASIT will be an important
first step towards establishing a valuable clinical tool
for assessment of social cognition. Finally, the relatively
low costs of development of realistic everyday stimu-
lus material indicates that this approach is of poten-
tial relevance to related research areas, both basic and
applied.
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