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ABSTRACT

Traditional methods used for presenting to-be-remembered events in eyewitness memory research are often criticized for lacking

scientific rigor. Videos lack ecological validity, and though staged live events are realistic, they lack experimental control. Virtual

reality (VR) has been proposed as a promising alternative, offering immersive realism in a controlled environment. In this study,

141 participants viewed an event either live, on video, or in VR. Presence, emotional experience, heart rate, and recall were com-

pared across groups, and it was seen that the VR experience was highly similar to the live-event group. The video group reported
significantly lower presence, ecological validity, and heart rate changes compared to the VR group. These findings suggest that
VR can offer a highly realistic witness experience while maintaining experimental control, making it a valuable tool for eyewit-

ness memory research.

1 | Introduction

Eyewitness memory reports are a critical form of evidence in
the criminal justice system. Decades of research in the area sug-
gest that memory is highly susceptible to error and manipula-
tion and is a leading cause of wrongful conviction (Innocence
Project 2025). A substantial body of research has demonstrated
that eyewitness memory is not always accurate and that mem-
ory for past experiences can be manipulated with ease (see
Loftus 2005 for a review). Commonly, in this research, par-
ticipants are exposed to a to-be-remembered stimulus event
(such as a crime) and their memory is subsequently assessed,
perhaps following a delay or manipulation. The event is often
displayed as a video (Foster et al. 2012) or as a live event
(Rubinova et al. 2021), though other mediums are used such as
slides (Loftus et al. 1978) or clips from existing media (LaPaglia

et al. 2014). However, these methods are frequently criticized for
lacking scientific rigor.

Laboratory studies, which often use video stimuli, are criti-
cised for lacking ecological validity. Videos may offer a perfect
view of events, which may not be the case in real life (Thlebaek
et al. 2003), and are viewed in the safety of a lab environment,
under the supervision of a researcher. As such, it can be chal-
lenging to elicit realistic physiological responses from partici-
pants, which have been shown to impact eyewitness memory
(Deffenbacher et al. 2004). Stress during encoding has been
shown to negatively affect eyewitness' free recall (Metcalfe et al.
2019) and cued recall (Stanny and Johnson 2000). Experiencing
real world threat can change attentional demands of witnesses,
as they may be assessing the situation (Chae 2010) rather than
trying to memorise details. Watching a video of a crime does not
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provide a realistic witness experience, and thus the results are
difficult to generalise to the real world. However, it is a popular
method of displaying events, as videos are easy to create and
manipulate, and are highly reliable. Laboratory studies allow re-
searchers high levels of internal validity, at the cost of ecological
validity.

An alternative approach that offers high levels of ecological
validity is live events. A to-be-remembered event is portrayed
in person by actors and is often intended to be believed as real
by participants. These events can be staged in front of large
groups of participants, such as students in a lecture (Buckhout
et al. 1975; Flin et al. 1992). If participants believe the event to be
real, this should lead to responses that are congruent with see-
ing an actual crime occur. This approach can be less reliable as
actors may make errors or vary behavior between performances,
and participants may try to intervene. Conducting live events
with large groups reduces repetitions and thus improves reliabil-
ity; however, this means that any mistakes that do occur will im-
pact many participants (Wells and Penrod 2011). Using smaller
groups or presenting events to individuals can limit the impact
of mistakes, but the larger number of repetitions increases the
chances of mistakes happening in the first place.

As live events are often designed so that participants believe
a real crime is being committed, there are substantial ethical
concerns, and it may not be possible to present distressing or
violent crimes. Some researchers address this issue by present-
ing forensically relevant, non-crime events. For example, Bates
et al. (1999) compared the recall of child eyewitnesses who wit-
nessed an event live or on video. The to-be-remembered event
involved a librarian searching for a lost bag in the school library,
finding more accurate recall following a live event compared to
avideo. Due to the need for less distressing stimuli in live events,
perhaps videos are the more ecologically valid option for certain
research questions, such as those involving violent offenses
or weapons, as they more easily accommodate these types of
crime. Additionally, it may be difficult to relate the findings of
non-crime research to the experience of witnessing crimes in
the real world. However, in general, live events can allow for
high levels of ecological validity but decrease reliability and in-
ternal validity.

Thlebaek et al. (2003) staged a crime event in front of live eye-
witnesses, recorded this, and presented the video to a video
condition. When comparing the memory of the two groups,
they found that participants who saw a video stimulus re-
called more correct information than those who experienced
the live event. They proposed that participants in video stud-
ies see the event take place in ideal and unrealistic circum-
stances and that these studies may overestimate memory
performance. While videos can provide participants a uniform
viewing experience, the perspectives of live-event participants
may vary. Although this might replicate differences between
eyewitnesses to real crimes, it also introduces confounding
variables such as viewing distance, which can impact mem-
ory (Semmler et al. 2018). The contrasting findings of Bates
et al. (1999) and Thlebxk et al. (2003), as well as the issues
they highlight, demonstrate the need to further compare these
methods and identify the best way to present stimuli in eye-
witness memory experiments.

Kothgassner and Felnhofer (2020) discuss the compromise
many researchers have to make between ecological validity
and experimental control, and suggest virtual reality (VR) as
a potential solution for the issue. VR refers to technology that
is used to surround a user's senses with a computer-generated
environment (Slater 2018). The virtual environments can be
entirely computer-generated, like a video game, or they can be
360° videos recorded in the real world. These experiences sur-
round the user in all directions, allowing them to turn their
head and explore the environment as if they were actually
there. In addition to providing a more realistic visual experi-
ence than a video, VR can elicit a sense of presence. This term
describes the feeling of “being there” (Reeves 1991) within a
virtual environment. Users experience a cognitive illusion of
being located within the virtual world rather than the phys-
ical one, temporarily forgetting that the experience is medi-
ated by technology (Lombard and Ditton 1997). Though users
know at some level that they are interacting with a virtual en-
vironment, they may respond to that world as if it were real
(Slater 2018). Research has shown that VR can elicit realistic
physiological, behavioral (Kisker et al. 2021; van Dammen
et al. 2022) and emotional responses (Felnhofer et al. 2015).
If VR can provoke real-world responses, then this is an indi-
cator of ecological validity (Kothgassner and Felnhofer 2020).
Additionally, the use of 360-videos allows researchers to
maintain the reliability and control of a traditional laboratory
video study, suggesting that VR is a research tool that is worth
investigating for eyewitness research.

In a scoping review of studies examining the differ-
ences between VR, videos, and the realorld, Hepperle and
Wolfel (2023) found that VR headsets provide experiences
that are more similar to the real world than to videos and that
there are more similarities between VR and the real world
than differences. For example, they reviewed 57 perception
studies which compared VR to video or a live event, including
topics such as emotion, engagement, learning, realism, and
presence. Generally, they found that there was no difference
between VR and live events in these studies, while VR was
significantly different from videos in almost all instances. VR
has been shown to elicit similar levels of emotion and pres-
ence to live events (Chirico and Gaggioli 2019), suggesting a
high level of ecological validity. Ceccato et al. (2024) exposed
participants to an office either as 2D pictures on a screen, in
VR, or in real life, and it was found that the real-life group had
the best memory performance, and there was no difference
between the 2D and VR groups. Though this was a recall task,
the experiment included no social actors or narrative events;
therefore, the findings may not generalize to eyewitness mem-
ory. Kim et al. (2014), Kloft et al. (2020) and Glomb et al. (2024)
chose to display to-be-remembered events to participants in
eyewitness memory experiments, as VR can provide a realistic
experience that can induce a sense of presence. These studies
did not explore VR or presence as variables of interest; rather,
the medium was used to explore expectation and arousal, sub-
stance use and sleep restriction, and cognitive styles, respec-
tively. Nyman et al. (2020) compared video stimuli to a 360°
VR video in a recognition (rather than recall) study, where
they found that the video group was more accurate. This is in
line with the view of Thlebak et al. (2003) that studies involv-
ing video stimuli may overestimate performance.
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Attention allocation, physiological arousal, and emotional ex-
perience are connected factors that can influence memory
(Wulff and Thomas 2021). Witmer and Singer (1998) suggest
that presence in a virtual environment is directly related to how
much attention is directed to the virtual and real world. This is
supported by Kober and Neuper (2012) who have demonstrated
that increasing presence also increases activity in brain regions
associated with allocating attention. This implies that high lev-
els of presence correlate with high levels of attention, which in
turn has implications for memory encoding (Chun and Turk-
Browne 2007). Presence has been shown to correlate with levels
of emotion experienced (Dibbets and Schulte-Ostermann 2015),
and there is evidence that people are more likely to recall emo-
tional than neutral events (Kensinger and Schacter 2006). This
emotional enhancement of memory occurs as emotional stim-
uli (positive or negative) attract more attention than neutral,
and more encoding resources are applied, enhancing storage
and recall of related information (Kensinger and Corkin 2004).
This attention-mediation hypothesis is mostly based on non-VR
studies (Cadet and Chainay 2020); however, there has been
some research investigating the link between VR, emotion, and
memory. Schone et al. (2019) had participants experience what
they considered a highly emotional motorcycle ride in VR and
on a desktop computer. Recall was better in the VR condition,
and mood positively correlated with recall.

Our previous work (Green et al. 2025) sought to directly com-
pare eyewitness memory, arousal, and emotional experience
between a video and VR group. Across two studies, viewing
a to-be-remembered crime event in VR elicited a statistically
significantly higher sense of presence and involvement in the
scene. In the first study, participants in the VR group had a sig-
nificantly higher heartrate during that event compared to the
video group. In the second study, participants in the VR group
reported a more emotional experience than the video group.
These results suggest that participants in the VR condition may
have had a more realistic and ecologically valid eyewitness ex-
perience. There was no difference in recall accuracy between
the groups in either experiment. These results are consistent
with the findings of Glomb et al. (2024) who conducted a simi-
lar study. Both Green et al. (2025) and Glomb et al. (2024) sug-
gest that though VR may be seen as more realistic than videos
in their studies, a live event is needed for comparison.

The current study aims to build on those studies outlined by Green
et al. (2025). Participants were presented a to-be-remembered
event live, on video, or in VR. Memory, sense of presence, emo-
tional experience, and arousal were compared to establish if VR
is a suitable alternative method of stimulus presentation that
provides an ecologically valid experience. To date, no eyewitness
memory research has compared these three groups. In line with
Thlebaek et al. (2003) it was hypothesized that the video group
would have significantly better recall of events compared to the
VR or live-event group [H1], and that there would be no signif-
icant difference in recall between the VR and live-event groups
[H2]. It was also expected that the live-event group would have a
significantly greater sense of presence than the other two groups
[H3], while the VR group would have a greater sense of presence
than the video group [H4]. As it is anticipated that the video
group will be the least realistic, it is hypothesized that they would
have a less emotional experience than the other groups [H5] and

that there would be no significant difference between the VR and
live-event groups [H6]. As physiological arousal can be directly
linked to the level of presence experienced, it was expected that
presence would have a significant positive correlation with heart
rate (HR) [H7], and that the video group would experience a sig-
nificantly lower HR than the VR group [H8].

All hypotheses were preregistered on the open science frame-
work (https://osf.io/e39nz) prior to data collection.

2 | Method
2.1 | Design and Participants

The study was approved by the Psychology ethics committee
of the University of Bedfordshire. A power analysis using ef-
fect sizes from Green et al. (2025) suggested a minimum of 41
participants per group (power=0.80, F=0.29, alpha=0.05)
to detect significant differences in presence. Fifty-five partic-
ipants were present and took part in the initial live condition,
with additional data collected beyond the power analysis to
avoid falling short of the desired sample size if participant data
had to be removed. Eight participants in the live-event group
provided incomplete data (only signing the consent form or
providing basic demographic information) and were removed
from analysis. Participant numbers for the video and VR group
were then matched to the live-event group, with 47 taking part
in each condition. The authors acknowledge that this slightly
exceeds the preregistered sample size; however, the target sam-
ple size for the VR and video groups (based on the live group
attendance) was set prior to data collection in those groups.

Overall, 141 participants (98 female, 37 male, 6 did not disclose)
aged 18-63 (M=31.16, SD=11.16) took part in the study. The
live-event group consisted of a cohort of third-year undergradu-
ate psychology students from the University of Bedfordshire who
viewed the to-be-remembered event in a scheduled lecture. The
video and VR groups were invited to take part in a memory study
through opportunity sampling. First-and second-year psychol-
ogy undergraduate students were recruited through the SONA
participant pool and received credits required for their research
methods unit. All participants were offered the opportunity to
enter a prize draw for an Amazon voucher. The total sample con-
sisted of psychology students (75.89%) and staff (6.38%), students
and staff from other disciplines within the university (4.26% and
8.51% respectively), and members of the public (4.96%).

Participants in the live-event group were not randomly allocated
to the group, as it was a surprise event that took place during a
scheduled lecture. However, participants in the video and VR
groups were randomly allocated using Qualtrics.

2.2 | Materials
2.2.1 | Stimulus Event and Recording
Two actors entered a university lecture and had an argument

with the lecturer regarding their grades in front of the student
cohort. After approximately 2min, the actors left the room,
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pushing items to the floor on the way out. Although the disrup-
tive individuals were actors, and the scene was staged, the in-
tention was that the student audience present in the room would
perceive it as real. The to-be-remembered event was filmed
using an Insta360 OneX2, 360° camera (Video version: https://
osf.io/27qja; 360 version: https://osf.io/txdmq). Awareness of the
camera during the live event could have made participants sus-
pect that the events taking place were not real. To reduce this
suspicion, the camera was present at the lecture from the begin-
ning of the semester and was occluded from participants line of
sight. This video was then used as the stimuli for the video and
VR groups. All participants saw the exact same stimuli, with the
only difference being the medium of viewing (real life, video
screen or VR HMD).

A HTC Vive Pro 2 virtual reality head-mounted display was
used to display the stimuli to participants in the VR group, and
a 21" computer monitor was used to display to the video group.
A Powerlab 26T and pulse transducer from ADInstruments was
used to record HR, and this was analysed using Lab Chart 7.

2.2.2 | Scales

Experiences in VR can cause visually induced motion sickness
(VIMS), so the Simulator Sickness Questionnaire (SSQ; Kennedy
et al. 1993) was used before and after viewing the video or VR
stimulus to measure well-being and likelihood of experiencing
VIMS, with high scores leading to the termination of the exper-
iment. The experiments described by Green et al. (2025) used
the IPQ (Schubert et al. 2001) to measure presence. Though this
scale is reliable and consists of subfactors relevant to this re-
search, itis applicable only to digital stimuli as it specifically asks
participants about the “virtual world”. Instead, the Independent
Television Commission Sense of Presence Inventory (ITC-SOPI;
Lessiter et al. 2001) was used as it was specifically designed
as a cross-media presence scale that can be used beyond VR
and can discriminate between real and virtual worlds (Busch
et al. 2014; Nisenfeld 2003). This is a 38-item scale that assesses
spatial presence, engagement, ecological validity, and negative
effects of stimuli. Spatial presence refers to the sense of physical
presence within the scene, engagement refers to psychological
involvement, and ecological validity refers to how real or life-
like the experience was. Negative effects describe physiological
symptoms such as nausea and eyestrain. The subscales have
been shown by the authors to be reliable (@ =0.76—a =0.94), sen-
sitive to different media, and valid when compared to corrobo-
rative measures. Participants respond to statements on a 5-point
Likert scale running from strongly disagree to strongly agree.

The Affective Slider (AS; Betella and Verschure 2016) was
used to measure overall valence of the scene and self-reported
arousal. This scale, consisting of two illustrated questions, uses
a slider that runs from 0 (negative emotion or low arousal) to 1
(positive emotion or high arousal). This scale was proposed as
a simpler alternative to the Self-Assessment Manikin (Bradley
and Lang 1994) to which it strongly correlates. The Positive and
Negative Affect Schedule (PANAS; Watson et al. 1988) was also
used to measure the emotional experience of participants. This
scale has 20 self-report items such as guilt, fear, and enthusi-
asm, as well as providing overall positive (PA) and negative (NA)

affect scores. The PANAS has high reliability, with Cronbach's
alphas ranging from 0.86-0.90 (positive affect) and 0.84-0.87
(negative affect).

In the video and VR group, all measures were administered
using the Qualtrics platform. In the live-event group, this was
done on paper and entered into Qualtrics later by a research
assistant.

2.2.3 | Recall Tasks

To assess participants’ memory accuracy, free and cued recall
tasks were completed. In the free recall task, participants were
asked to write as much information about the event as they
could possibly recall, and were encouraged to provide specific
details where possible. The cued recall task asked participants
specific questions about the event. Usually, cued recall ques-
tions would be developed in a pilot study, where participants
are shown the target stimulus and asked to recall events. This
free recall would then be the basis of the cued questions (as de-
scribed by Wilford et al. 2014). However, in the current study the
video was recorded minutes before the live-event group would
be asked to complete free and cued recall tasks, so a pilot was
not possible. Instead, questions were developed from those used
by Green et al. (2025). For example, as there were several ques-
tions that related to the appearance of the perpetrator, a question
was developed in line with that theme: “What colour was the
perpetrator's hair?” Questions were avoided that the live-event
group might have an advantage in answering (e.g., “Where did
the event take place?”, as they were still in the lecture hall when
answering the cued recall questions). In total, 12 cued recall
questions were developed.

2.3 | Procedure
2.3.1 | Live-Event Group

During a final year psychology lecture, a short event occurred
which served as the to-be-remembered stimulus for all three
groups, as described in the materials. The lecture then continued
for 10min before it was revealed to be an experiment. Students
in the room were then given the opportunity to volunteer to take
part in the study and were provided a paper questionnaire to
complete by hand. Participants were asked to provide demo-
graphic information and complete the ITC-SOPI, PANAS, and
AS. Following these scales, they were asked to complete a free
and cued recall task to assess their memory of the event. They
were also offered the opportunity to ask questions and opt in to
a prize draw. They were then fully debriefed and thanked for
their time. HR recording was not possible in the live-event group
due to the number of simultaneous participants and the surprise
nature of the scenario.

2.3.2 | Video and VR Groups
The video and VR conditions took place one participant at a

time, in a research laboratory at the University of Bedfordshire.
Participants in these groups were asked to complete the SSQ
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to assess their current wellbeing, with a high score leading to
termination of the experiment. However, no participants were
excluded on this basis. They were then randomly allocated to
either the video or VR group by Qualtrics and provided demo-
graphic information. Baseline HR was recorded for 1 min, and
participants then watched the stimulus video either on screen or
in virtual reality while the HR recording continued. Following
the stimulus video, participants completed the ITC-SOPI, AS,
and PANAS.

Participants then completed a 10-min distractor task to sim-
ulate the 10-min delay in the live-event group and were then
asked to complete the free and cued recall tasks. Participants
were again offered the opportunity to ask questions and opt
into the prize draw, as well as being debriefed and thanked
for their time.

3 | Results

Hypotheses and planned data analysis were pre-registered prior
to data collection (https://osf.io/e39nz) following the initial pre-
registered analysis, several exploratory analyses were also con-
ducted and are reported separately.

3.1 | Pre-Registered Data Analysis
3.1.1 | Recall

Participants’ free recall was coded and scored following the
guidelines from Wright and Holliday (2007). The stimulus video
was coded into idea units, encompassing any information that
could possibly be correctly recalled. This coding process was
completed by the researcher and a research assistant separately,
to ensure that all possible items were included. In total, 440
items were identified: 161 person, 140 action, 34 object, and 105
surrounding.

Once participants’ free recall were collected, they were coded
into these idea units, compared to the original list, and classed
as correct, incorrect or confabulation. For example, in part of the
scene, a woman knocks papers onto the floor. The participant
response “the man pushed over the papers” would be marked
as “the man (incorrect/person) pushed over (correct/action)
the papers (correct/item)”. Each participant recall was scored
by the researcher and a research assistant who was not aware
of the specific hypotheses of the study. From each account, the
total number of correct, incorrect and confabulated items were
recorded. An accuracy ratio was calculated as: N, .../ (N,o rect

incorrect T Neonfabulations): L His value ranging from 0 to 1 rep-
resents the correct items as a proportion of a participant's en-
tire account, with 0 being 0% accurate, and 1 representing 100%
accuracy. Total number of items reported was also calculated
by summing the correct, incorrect and confabulation scores. An
intraclass correlation of 0.64 was found between the researcher
and research assistant's accuracy ratios, 0.62 for total correct
items and 0.58 for incorrect items suggesting moderate inter-
rater reliability (p<0.001). However, reliability was poor for
confabulated items (0.20), likely due to the subjective difference
between coding items as incorrect or confabulations. When

incorrect and confabulated items were combined into a “non-
correct” category, interrater reliability rose to 0.60, supporting
this conclusion. Cued recall responses were scored as either cor-
rect, incorrect or a “not sure” response. A cued recall accuracy
ratio was calculated as N, ..../(N.o et T Nincorrect):  NOt sure”
responses were not treated as incorrect, rather removed from
the accuracy calculation. Like the free recall, the cued recall
accuracy ratio can be directly interpreted as a percentage of ac-
curacy. The descriptive statistics for these recall variables can be
seen in Table 1.

Participants in the video and VR groups were 95% accurate in their
free recall, and the live-event group was slightly higher at 96%. In
the cued recall task, accuracy was 59% for the VR group, 63% for
video, and 68% for the live-event group. The video group reported
the most correct and incorrect items, as they reported the high-
est number of items in general. They also had the lowest number
of “not sure” responses in the cued task. The VR group had the
most confabulations and “not sure” responses, the lowest mean
correct score in the cued task, and the lowest cued accuracy ratio.
The live-event group had the lowest free recall correct, incorrect,
and confabulation scores; thus, they also reported the least items.
The live-event group reported the least incorrect items in the cued
task and had the highest free and cued accuracy ratios.

Multivariate analyses were conducted to address hypotheses 1
and 2. A one-way MANOVA was conducted to compare the free
recall scores of the three groups, including the outcome variables
of total correct, incorrect, and confabulated items, and the accu-
racy ratios. Using Pillai's trace, there was a statistically signif-
icant difference between the groups, V=0.25, F(8, 272)=4.90,
p<0.001, np>=0.13. Univariate comparison of the free recall
measures revealed that there was a significant difference be-
tween the groups in total correct items (p < 0.001, 7p?>=0.18) and
total incorrect items (p=0.01, 7p>=0.06). Post hoc t-tests, em-
ploying the Bonferroni adjustment, showed that the live-event
group recalled significantly fewer correct items (video, p <0.001;
VR, p<0.001) and incorrect items (video, p=0.03; VR, p=0.03)
than the other groups. Further analysis is reported in the ex-
ploratory analysis section, comparing the total number of items
reported by each group. There was no significant difference be-
tween the video or VR groups in any of these variables (p <0.05).
There was no significant difference between the groups' total
confabulations (p=0.05, np>=0.04) or accuracy ratios (p=0.25,
np*=0.02). A one-way MANOVA was conducted to compare the
cued recall scores across groups, including the outcome vari-
ables of total correct, incorrect, and “not sure” items, and the
accuracy ratio. Two participants in the live-event group did not
complete the cued recall task. Using Pillai's trace, there was no
statistically significant difference between the groups, V=0.08,
F(6, 270)=1.90, p=0.08, np>*=0.04. Overall, the findings sug-
gest that though there was a difference in the quantity of freely
recalled information, with the live-event group reporting less
than the other groups, there was no difference in free or cued
recall accuracy.

3.1.2 | Ecological Validity

Presence, HR, and emotional experience were investigated as
indicators of ecological validity. To address hypotheses 3 and 4,
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TABLE1 | Means and standard deviation of recall scores across groups.

Video

VR

Live

Mean (SD) [95% CI]

Mean (SD) [95% CI]

Mean (SD) [95% CI]

Free recall Total correct

32.68 (11.91)
[29.28, 36.09]

Total incorrect 1.43 (1.57)
[0.98, 1.88]
Total confabulation 0.36 (0.70)
[0.16, 0.56]
Accuracy ratio 0.95(0.05)
[0.93,0.96]

Total items 34.47 (12.78)

[30.81, 38.12]

Cued recall Total correct 6.13 (1.94)
[5.56, 6.70]

Total incorrect 3.60 (1.91)

[3.04, 4.16]

Total “not sure” 2.28 (1.64)

[1.80, 2.76]

Accuracy ratio 0.63(0.18)

[0.58, 0.69]

31.17 (11.09) 21.62 (7.93)
[28.00, 34.34] [19.35, 23.89]
1.40 (1.80) 0.60 (1.10)
[0.89, 1.92] [0.28,0.91]
0.68 (1.00) 0.32(0.59)
[0.39, 0.97] [0.15, 0.49]

0.95 (05) 0.96 (0.05)
[0.93,0.96] [0.95, 0.98]
33.25 (12.76) 22.53(8.29)

[29.61, 36.91]

[20.16, 24.90]

5.74(2.21) 6.56 (1.81)
[5.10, 6.39] [6.01, 7.10]
3.85 (1.68) 3.09 (1.64)
[3.36, 4.35] [2.60, 3.58]
2.40 (1.75) 2.36 (1.65)
[1.89, 2.92] [1.86, 2.85]
0.59 (0.18) 0.68 (0.16)
[0.53,0.64] [0.64, 0.73]

the four ITC-SOPI subfactors of spatial presence, engagement,
ecological validity, and negative effects were compared across
groups. As can be seen in Table 1, the ITC-SOPI scores for spa-
tial presence and ecological validity are highest in the live-event
group, which is expected as those who were physically in the
room are reporting a greater feeling of “being there” and real-
ness of the event, as well as the greatest level of negative impact
from the event. The VR group scored highest for engagement,
and the video group scored lowest on all presence factors. A
one-way MANOVA was conducted to compare the ITC-SOPI
presence scores across the groups, including the outcome vari-
ables of spatial presence, engagement, ecological validity, and
negative effects. Using Pillai's trace, there was a statistically sig-
nificant difference in the sense of presence between the groups,
V=0.430, F(8, 270)=9.24, p <0.001, np*>=0.22.

Univariate comparisons were conducted to investigate each fac-
tor in more depth. Post hoc t-tests, employing the Bonferroni ad-
justment, were then used to compare the groups on each factor.
There was a statistically significant difference in spatial pres-
ence between the groups, F(2, 137)=24.03, p<0.001, np>=0.26.
The video group experienced significantly less spatial presence
than the VR and live-event groups (p<0.001). There was no
significant difference between the VR and live-event groups
(p=0.98). Participants in the live and VR groups had a similar
sense of “being there” within a real physical space, which was
much greater than the video group. There was a statistically
significant difference in engagement between the groups, F(2,

137)=4.70, p=0.01, np?=0.06. The live-event group experienced
a statistically similar level of engagement to the other groups
(video, p=0.81; VR, p=0.18), however there was a significant
difference between the VR and video groups (p=0.009), with
the VR group reporting a greater sense of involvement in events
than the video group. There was a statistically significant differ-
ence in ecological validity between the groups, F(2, 137)=8.12,
p<0.001, np*=0.20. The live-event group scored significantly
higher than the other groups (video, p<0.001; VR, p=0.008),
and the VR group scored significantly higher than the video
group (p=0.02). The live-event group rated the event highest
in terms of realism, and the VR group found it more realistic
than the video group. There was a statistically significant dif-
ference in negative effects between the groups, F(2, 137)="7.64,
p<0.001, np>=0.10. The live-event group scored significantly
higher than the video group (p<0.001) but similar to the VR
group (p=0.35). There was no significant difference in score be-
tween the VR and video groups (p=0.07). The live-event group
reported the highest level of physical discomfort during the
scene, which was similar to the VR group, and higher than the
video group. These results are illustrated in Figure 1.

To address hypotheses 5 and 6, the AS arousal, AS valence,
PANAS PA, and PANAS NA were compared across groups. As
displayed in Table 2, the video group had the lowest positive af-
fect. The VR group scored highly on AS arousal, rated the va-
lence the most positive, and had the lowest negative affect score
on the PANAS. The live-event group had high scores for both
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positive and negative affect and the lowest self-report arousal.
A one-way MANOVA was conducted to compare the emotion
scores across the groups, including the outcome variables of
AS arousal, AS valence, PANAS positive affect, and PANAS
negative affect. Using Pillai's trace, there was a statistically

Stimuli
5.00 I Video
I VR
I Live

Mean score

Spatial Engagement Ecological Negative Effects
Presence Validity

Presence Factor
FIGURE 1 | Mean ITC-SOPI presence scores across conditions.
Error bars represent 95% confidence intervals.

significant difference in emotional experience between the
groups, V=0.162, F(8, 260)=9.24, p=0.004, np>=0.08.

There was no statistically significant difference in the AS arousal
[F(2,132)=2.90, p=0.06, np*=0.04], AS valence [F(2, 132)=2.54,
p=0.08, np*=0.04] or PANAS positive affect [F(2, 132)=1.27,
p=0.28, np*=0.02] scores between groups. However, there was
a statistically significant difference between the PANAS nega-
tive affect scores, F(2, 132)=5.34, p=0.006, 7p?>=0.08. Post hoc
t-tests, employing the Bonferroni adjustment, showed that the
participants in the live-event group reported a significantly greater
level of negative affect than the other groups (video, p=0.047;
VR, p=0.006). There was no statistically significant difference
between the video and VR groups (p > 0.05). The live-event group
reported feeling more negative emotions during the event than the
other groups, which were similar to each other. The differences in
emotional experience are illustrated in Figure 2.

To address hypothesis 7, that HR would correlate with pres-
ence, a series of correlations were conducted between ex-
perimental HR and the ITC-SOPI measures of presence.
All variables were normally distributed except for eco-
logical validity (W=0.95, p=0.003) and negative effects
(W=0.88, p<0.001), which were analyzed using Spearman's

TABLE 2 | Mean and SD for measures of ecological validity across groups.

Video

VR Live

Mean (SD) [95% CI]

Mean (SD) [95% CI] Mean (SD) [95% CI]

Spatial presence 2.23(0.79)
[2.01, 2.46]
Engagement 3.18 (0.65)
[2.99, 3.36]
Ecological validity 3.43(0.86)
[3.18, 3.67]
Negative effects 1.43 (0.42)
[1.31, 1.55]
AS arousal 72.85 (23.69)
[66.08, 79.63]
AS valence 56.06 (24.98)
[48.92, 63.20]
PANAS positive 24.32 (7.86)
[22.07, 26.57]
PANAS negative 15.72 (6.12)

Baseline heart rate

Experimental heart rate

[13.97, 17.47)
80.50 (12.46)
[76.86, 84.14]
80.88 (12.74)
[77.12, 84.64]

3.04(0.68) 3.23(0.72)
[2.85,3.24] [3.03, 3.44]
3.57(0.59) 3.36 (0.70)
[3.40, 3.74] [3.16, 3.56]
3.82(0.60) 4.28 (0.59)
[3.65, 3.99] [4.11, 4.45)
1.71 (0.66) 1.90 (0.64)
[1.52, 1.90] [1.72, 2.09]
80.62 (16.06) 67.36 (30.95)

[76.03, 85.21]
67.81 (24.40)
[60.83, 74.79]
26.30 (9.04)
[23.71, 28.88]
14.79 (5.73)
[13.15, 16.43]
77.93 (12.91)
[74.23, 81.62]
81.49 (12.87)
[77.81, 85.17]

[58.51, 76.21]
65.38 (32.48)
[56.10, 74.67]
26.93 (7.27)
[24.73,29.13]
18.80 (7.16)
[16.71, 20.89]
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Stimuli

100.00 I Video
VR
I Live

80.00

60.00

Mean Score

4000

2000

0.00

AS Arousal AS Valence PANAS PA PANAS NA

Measure of Emotion

FIGURE2 | Mean PANAS and AS emotion scores across conditions.
Error bars represent 95% confidence intervals.

correlations. There were no significant correlations between
HR and presence (p>0.05, r,<0.11).

To address hypothesis 8, a mixed ANOVA was conducted to
compare the HR (baseline and experimental) between the
two groups. There was a significant main effect of time [F(1,
89)=11.61, p<0.001, an:O.lz] and a significant interac-
tion effect between time and group [F(1, 89)=9.07, p=0.003,
np2 =0.09]. Post hoc analysis suggested that there was no signif-
icant difference in HR between the groups at either time point
(p>0.05). The video group experienced no significant change
in HR between the time points (p =0.78), the VR group did ex-
perience a significantly higher HR in the experimental phase
compared to the baseline (p < 0.001), though this was a relatively
small effect (d =0.28).

3.2 | Exploratory Analysis

Following the initial, pre-registered data analysis, exploratory
analysis was conducted to determine if the VR stimulus was
more likely to induce VIMS than the video stimulus. A mixed
ANOVA was conducted, comparing the SSQ scores between the
groups before and after viewing. The VR group had a higher
SSQ score before (M=76.52, SD=88.12) and after (M =87.54,
SD =88.49) stimulus exposure than the video group (before:
M=63.48, SD=74.33; after: M=51.81, SD=62.86). However,
there was no significant main effect of time [F(1, 92)=0.002,
p=0.97, np*<0.001] or a significant interaction effect between
time and group [F(1, 92)=1.87, p=0.18, np*=0.02]. This sug-
gests that the VR stimulus was no more likely to induce VIMS
symptoms than the video. This supports the previous result
that showed no difference in ITC-SOPI negative effect scores
between the video and VR groups, which, like the SSQ, also in-
cludes physical symptoms.

The pre-registered analysis showed that the live group re-
ported fewer correct and incorrect items than the other groups,
potentially because they reported fewer items overall. A one-
way ANOVA confirmed this, demonstrating a statistically
significant difference in the total number of items reported
in each group, F(2, 138)=15.41, p<0.001, n?>=0.18. Post hoc

t-tests, employing the Bonferroni adjustment, showed that
the live-event group recalled significantly fewer total items
(video, p<0.001; VR, p<0.001) than the other groups, while
the video and VR groups reported similar amounts of infor-
mation (p > 0.05).

4 | Discussion

This study aimed to compare the experience of participant eye-
witnesses who view a to-be-remembered event on video, in VR,
or in a live event. In doing so, it sought to determine if VR offers
a realistic eyewitness experience and if it could be a useful tool
for researchers that provides the enhanced ecological validity of
a live event while maintaining experimental control.

Participants who viewed the event in VR reported a similar level
of spatial presence and engagement to the live-event group, sug-
gesting that in this study, the reported sense of physical location
and psychological involvement in the scene provided by VR is
comparable to real life. This is not the case with video stimuli,
which elicited significantly lower scores for both factors. Perhaps
unsurprisingly, the live-event group had the highest ecological
validity rating, with the VR experience rated as more real and
lifelike than the video group. These findings suggest that VR
offers an eyewitness experience that is more ecologically valid
than video and may be psychologically similar to witnessing
an event in person. This is in line with the review by Hepperle
and Wolfel (2023), who found that VR offers experiences that
are more similar to real life than video. Participants in the VR
group experienced a significantly greater increase in physiolog-
ical arousal than the video group, suggesting that the more re-
alistic experience led to a more realistic physiological response.
However, the presence measures did not correlate with HR,
in contrast to a similar study conducted by Green et al. (2025).
This is contrary to the current body of evidence, which suggests
that HR is usually a reliable correlate of presence (Grassini and
Laumann 2020). It may be the case that the stimulus in the cur-
rent study was limited in its ability to evoke a physiological re-
sponse, as experimental eyewitness research is restricted in how
much stress it can intentionally cause participants (Chae 2010),
and a non-crime event was used. Recording the HR of those in
the live-event group, who may have believed the event to be real,
might also shed some light on this issue.

Emotional experience was similar between the groups, suggest-
ing that VR provides an emotional experience similar to real life.
This reflects research by Chirico and Gaggioli (2019), who found
that 360° videos presented in VR can elicit similar emotional
responses to their real-world equivalents. The live-event group
did, however, have a significantly greater negative affect com-
pared to the other two groups. Participants were more likely to
report feeling uncomfortable or shocked during the scene if it
was viewed in person. It may be that though VR offers a realistic
experience, it is enjoyable by nature (Glomb et al. 2024) which
may reduce negative emotion. However, it is likely that as the
live experience is the most ecologically valid, the negative emo-
tions measured by the PANAS (such as being upset, irritable or
hostile) were heightened in the inherently negative scene. The
VR group reported a similar level of negative physiological ef-
fects to the live-event group; however, they were no more likely
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to experience VIMS than the video group. This suggests that
using VR can elicit similar negative effects to real life, but when
used in this way is unlikely to cause motion sickness.

There was no difference in free or cued recall accuracy between
the groups, which supports some of the previous literature.
(Pozzulo et al. 2008) found that there was no difference in recall
between live and video stimuli, while Green et al. (2025) and
Glomb et al. (2024) found that there was no difference between
video and VR stimuli. This suggests that using VR does not pos-
itively or negatively impact recall and produces similar results
to live events and should be considered as a methodologically
valid alternative to traditional methods such as videos or live
events. The live-event group, however, did report significantly
fewer items in the free recall task (though were no less accu-
rate). This is possibly due to the method of data entry, as they
completed questionnaires on paper rather than on computer and
handwrote responses, or could be due to perceived time pres-
sure as the data collection took place during a lecture. Those in
the video and VR groups, who knew the event was not real from
the start, may have actively attempted to recall more informa-
tion or felt under pressure to provide a higher level of detail due
to demand characteristics.

Participants who view video stimuli have their attention di-
rected by the researcher to focus on the event (Thlebak
et al. 2003) and spend more time looking at people in the video
(Foulsham et al. 2011) than they might in real life, which may
impact encoding. Though participants could turn their heads
to allocate their attention in VR, the view was uninterrupted
and consistently clear, whereas the live-event group had vary-
ing perspectives depending on their location in the room, which
may also help to explain the decrease in information reported.
An increased sense of presence may imply increased levels of
attention (Witmer and Singer 1998), which can impact recall.
However, the implication is that attention is allocated to the vir-
tual world rather than the real world, but may still be divided
within the virtual environment, as it might be in the real world.

These findings suggest that VR may offer an experience that pro-
vides a similar sense of “being there” to a live eyewitness event,
maintains experimental control, and is more ecologically valid
than video stimuli. Further research is needed to confirm these
findings; however, the authors suggest that eyewitness memory
researchers consider using VR to display stimuli in their studies
due to the methodological benefits outlined in this paper.

4.1 | Limitations and Future Direction

This study aimed to examine the differences in eyewitness
memory research when using different stimulus mediums.
Inferences have been made about witnessing a crime, though
the authors acknowledge that the stimulus video did not include
a crime scenario. However, it was an emotionally charged, fo-
rensically relevant event, which was designed to have many
features of a crime (e.g., a clear perpetrator and victim). This
is not an uncommon approach; for example, Flin et al. (1992)
conducted a similar live event, which had actors knock over
some items and engage in a heated argument in front of a lec-
ture hall. Though this was a non-crime event, the findings were

still directly relevant and applicable to eyewitness memory of
crimes. There was also an expectation that participants in the
live-event group would believe the staged event to be real, and
the use of a non-crime event was intended to minimize the risk
of participant distress or intervention. Unfortunately, this may
have limited the ability of the stimulus to elicit levels of physical
or emotional arousal similar to real life, which may explain the
non-significant correlation between HR and presence, and the
limited effect of stimulus type on HR. While VR may lead to a
similar experience to live events, it is unlikely that viewers of a
VR event would believe the events to be real. Therefore, future
eyewitness memory research using VR should consider present-
ing crime events where possible.

All participants in the live-event group were final year psychol-
ogy students, while the VR and video groups consisted mostly of
psychology students, or other university students and staff. This
narrow scope of participant recruitment is common in psycho-
logical research, though it can be difficult to generalize findings
from students to the general population (Hanel and Vione 2016).
This is also the case for eyewitness research; for example, Flowe
et al. (2018) found that 69% of eyewitness identification studies
used student populations. As the current study aims to evalu-
ate existing methods against a new one, it is logical to recruit
the most commonly used population; however, it should be
noted that the findings may not apply to the general population.
Beyond age and educational differences, university students may
be more likely to have previous exposure to technologies like
virtual reality than the general public. It should also be noted
that the inter-rater reliability was mostly moderate, or poor. As
mentioned in the results section, this could have been due to the
subjective nature of the coding process or a need for enhanced
training and guidance for the coders. Review of the second cod-
er's data suggests that, despite the variation in coding, the same
overall conclusions would have been drawn if it had been re-
lied upon in the analysis. It should be noted that this issue is
only related to the free recall findings, about which few strong
claims are made in this paper. The authors acknowledge that
the free recall finding at the edge of statistical significance, that
the live group reported fewer incorrect items (p=0.03), should
be interpreted with caution; however, it is consistent with the
overall amount of information provided by the group. The lack
of difference in free recall between the video and VR group is
consistent with previous research in the area (Glomb et al. 2024;
Green et al. 2025), supporting the validity of the finding.

Another possible limitation is that the live-event group consisted
solely of final year psychology students, while the other groups
included participants from a wider pool. This likely means an
unequal exposure to psychological research methods, as well
as VR, which is integrated into their course. Due to this prior
knowledge, they may have suspected the event to be staged,
which could have impacted measures such as spatial presence,
ecological validity, and emotional engagement. However, the
high ecological validity rating on the ITC-SOPI, suggesting
realism of experience, contradicts this. Where the live-event
group may have believed it to be a real event, the other groups
knew this not to be the case as they were watching a recording.
However, the VR group reported having a very similar experi-
ence to the live-event group, so it seems that this was of little
consequence to the findings.
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The research would have benefited from recording the HR of the
live-event group, for a real-world comparison to the other groups,
to better gauge ecological validity. However, to ensure that the
event was a surprise, and because of the number of simultane-
ous participants, this was not possible. The live-event partici-
pants witnessed the scene, and completed the questionnaires, as
a largely unsupervised group and could have colluded. It could
be the case that participants in this group with poor recall could
have asked or copied their peers, inflating the performance of
the group overall. The video and VR groups had a uniform expe-
rience in view angle and distance, close to the events, while the
live-event group had a highly varied experience, with some par-
ticipants sat near the back of the lecture room. Such variations
in viewing distance can impact eyewitness memory (Semmler
et al. 2018). Future research in this area could use live events
presented to individuals or small groups, which would allow
researchers to record HR, more easily monitor participants to
reduce collusion and standardise viewing distance.

As it has been shown to offer an enhanced level of ecological va-
lidity, researchers could consider presenting to-be-remembered
events in VR for a range of forensic purposes. For example, it
would be appropriate for studies of eyewitness identification or
weapon focus effect, though particular elements of the technol-
ogy warrant further evaluation such as screen resolution. VR
screen resolution can be substantially lower than videos, due
to the stretching of the image over a 360° canvas, and this may
impact the level of face or weapon detail available to participant-
witnesses. VR provides researchers a unique opportunity to
place participants in situations that would normally be dif-
ficult or dangerous to orchestrate in real life, while providing
a level of realism superior to a video. For example, Maass and
Kohnken (1989) stated that one of the key criteria that weapon
focus research should meet is the presence of a weapon that par-
ticipants would be fearful of. However, they also acknowledge
that ethical considerations also limit the type of weapons that
should be included, suggesting that knives or guns would not be
appropriate. This restricts the ecological validity of the research,
as they are commonly used in crimes. VR could provide an ex-
perience that offers enhanced ecological validity, compared to
video, while still using knives or guns, as participants are not
likely to believe them to be real. It would also be interesting to
explore the differences in eye tracking between VR, live and
video eyewitness scenarios. IThlebak et al. (2003) suggested that
participants who watch video stimuli have their attention di-
rected by the camera, and may pay attention to different aspects
of the scene compared to participants who believe the event to be
real. VR eye tracking, which is provided in a number of devices,
would also allow eyewitness researchers to explore this as well
as other factors such as weapon focus, with the benefits of VR's
ecological validity.

The findings of this study suggest that VR may offer an ecolog-
ically valid and reliable eyewitness experience, which is highly
similar to viewing an event in real life and is more realistic than
traditional video stimuli. VR offers a method of displaying events
that elicits real world responses, a sense of “being there” and recall
accuracy representative of real life. Though this is the first study
of its kind, future researchers could benefit from using VR to pres-
ent to-be-remembered events in eyewitness memory research.
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