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ABSTRACT

There are numerous crime scene investigation applications of 3D scanning that have been previously docu-
mented. This paper documents the application of a 3D point cloud in the presentation of Bloodstain Pattern
Analysis evidence to mock jurors. 150 mock jurors viewed a presentation of Bloodstain Pattern Analysis evidence
from a murder trial in the UK. After viewing the evidence, the participants were tested on their knowledge of the
evidence and repeated the test again 2 weeks later; to simulate criminal trial conditions; whereby there is a time
lapse between the initial viewing of evidential material and deliberation. This paper found that the mock jurors
who additionally viewed a 3D flythrough of a point cloud of the crime scene, better retained knowledge of the
evidence over time, reported a greater ability to visualise the crime scene and had higher levels of interest in the
evidence. Crucially, the 3D flythrough group did not report different levels of confidence in the accuracy of their
memories of the evidence, nor different levels of emotional arousal to the group that viewed the evidence
without the 3D presentation. Together, these findings suggest that 3D scanning of crime scenes, and the resultant
point cloud’s presentation to jurors, could add further value to the justice system when spatial information, such

as Bloodstain Pattern Analysis evidence, is presented.

1. Introduction

Forensic applications of 3D scanning and modelling have been
extensively documented [1-3] and include different methods, such as
terrestrial laser scanning, structured blue-light scanning and photo-
grammetry, for the capture of geometric information for crime scene
reconstruction [4-6], Road Traffic Collision (RTC) investigations [7]
and shooting reconstructions [8]. Researchers have also transformed 3D
point clouds of crime scenes into Virtual Reality (VR) environments for
crime scene reconstructions [9] and to test suspects’ concealed recog-
nition [10]. With regards to Bloodstain Pattern Analysis (BPA),
numerous publications have explored software that utilise 3D scanning
to calculate an Area-of-Origin (AO) from blunt-force impact pattern,
however the literature has not yet produced results that could satisfy
judicial standards [11].

In the UK, an expert witness at a criminal trial will introduce their
forensic discipline to the jury, define technical language and present
their findings verbally. Jurors may have access to a written statement
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from the expert and crime scene photography within a traditional
printed jury bundle. However, although much of the crime scene
forensic evidence is 3-dimensional in nature, it is seldom presented in a
3D modality. Intuitively, presenting spatial information in a 3D mo-
dality (e.g., video flythroughs of the crime scene) should improve a
jury’s comprehension and memory of such forensic evidence; though
this largely remains an assumption. Indeed, one previous study found no
significant effects on mock juror verdict, confidence in the verdict, and
understanding of technical language when 3D visualisation or 3D
printed models were included in the presentation of forensic pathology
evidence [12]. However, another study found that juror spatial memory
was improved by a 3D reconstruction viewed in VR when compared with
photographs alone [13]. BPA evidence often refers to spatial informa-
tion, such as where someone has bled, sustained an injury, or been
assaulted. Therefore, 3D visualisations could add value and improve
juror understanding of BPA evidence. One of the aims of this current
study was to explore this issue.

Another goal of the current work was to assess the impact of emotion
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on recall of BPA evidence. Visual materials that cause emotional arousal
can significantly affect a juror’s judgment [14,15]. However, emotion
can also provide a critical function in constructing and evaluating nar-
ratives, assessing witness credibility, and issuing a verdict [16].
Different emotions affect the juror in various ways. Sadness may
improve a juror’s recall of testimonial inconsistencies, whilst anger may
increase their feeling of certainty and confidence [17] but impair pro-
cessing and bias their judgments [18], as greater confidence may not
correlate with greater recall accuracy [19].

Therefore, this study examined how the inclusion of a 3D visual-
isation affected mock jurors’ ability to accurately recall the facts from a
BPA evidence presentation. Mock jurors reported how confident they
were in the accuracy of their memories, their emotional state, their
perceived ability to recall the crime scene, and their levels of interest
and engagement with the task.

2. Method
2.1. Study design

This experimental study was a 2 (3D Evidence: Provided vs. Not
Provided/Control) x 2 (Time point: Baseline vs. Delay) mixed design
with time point as the within-subjects factor. The 3D evidence provided
only to the test group was a video flythrough of a 3D point cloud of the
crime scene: a 2:00 min video whereby a virtual camera moves through
the 3D model of the scene. Two weeks after completion of the first
session (Baseline condition), all participants were invited to complete
the second session (Delayed condition) in their own time, with up to 8
days to do so. The time lapse between the sessions simulated a condition
of a criminal trial; whereby jurors view evidence some time before their
deliberation proceedings begin. The study was administered using
Qualtrics®, an online survey platform. The dependant variables were
self-reported emotional states, self-reported engagement with the ma-
terial, crime scene information recall accuracy and recall confidence.

2.2. Participants

A total of 150 adults completed the study and were included in the
analysis. Participants were recruited from a single cohort of first year
BSc Psychology students from the primary author’s institution to
participate as mock jurors for this study. Participants were pseudo
randomly assigned to the control group (i.e., no additional 3D evidence
provided) or the test group (i.e., additional 3D evidence provided) to
produce groups of equal size. The students were incentivised by the
provision of course credit upon completion of the second session of the
study.

2.3. Exclusions

Initially, 161 participants were recruited for session 1. However, six
participants completed session 1 but did not complete session 2, and so
their data was removed from the dataset. Qualtrics click counters
monitored the number of mouse clicks a participant performed on each
page. It was impossible to view the 2D evidence without recording 2
clicks on the 2D evidence page. If a participant registered only 1 click,
this indicated that they did not view the 2D evidence. Four participants
from the test group and 1 participant from the control group registered
only one click on the 2D evidence page of the survey, meaning that they
did not comply with experiment instructions and proceeded to the
questionnaire without viewing the 2D evidence. Their responses were
removed from the dataset. The resultant dataset was comprised of two
complete sessions from 150 participants, 76 in the control and 74 within
the test group.
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2.4. Session 1 procedure

Participants completed the first session in a computer lab on the
University campus. The lead researcher supervised the session and
ensured that participants did not view each other’s screens, nor copy or
capture any of the forensic content. The test group’s experience was
identical to that of the control group, but with the addition of a 3D
model to be viewed in the evidence presentation phase. Participants
were briefed regarding their role as a mock juror which would involve
viewing an evidence presentation involving bloody imagery of a real
crime scene. After briefing, if participants provided consent, they
proceeded.

2.4.1. Pre-presentation

After consenting, the participants were asked to indicate on a 5-point
scale (from 1 = Lowest to 5 = Highest) the extent to which they were
feeling: “Anxious”, “Calm”, “Angry”, “Sad’, “Happy”, “Disgusted”,
“Enthusiastic”.

2.4.2. Evidence presentation

All participants then viewed BPA evidence from a real crime scene.
The crime scene, pictured in Fig. 1, was from 2021 and the subsequent
murder enquiry had concluded in court months prior to the study’s
design phase. Written permission to use material from the investigation
was obtained from multiple stakeholders at West Midlands Police,
including the Senior Investigating Officer (SIO). Both the control and the
test group viewed 15 slides which included a floorplan of the scene, 10
photographs of bloodstaining taken by the reporting scientist and 4
direct written quotes extracted from the expert witness’ written state-
ment for court. There were 263 written words in total, separated into 4
statements. This information provided the answers to the questions in
the post-presentation phase.

The test group differed from the control group in that they also
viewed a video flythrough of a 3D point cloud (2:00 min in length).
During the initial investigation, the primary researcher scanned the
crime scene with a 3D terrestrial laser scanner and provided the resul-
tant 3D point clouds to members of the forensic investigation team. This
scene was selected by the researcher for the study as it was deemed to be
a representative BPA scene, with multiple common characteristics
which were detailed in a previous paper [20]; the scene was indoors,
there was one Injured Party (IP), there was evidence of sharp-force
trauma and transfer, spatter, drip and cast-off stains were present. The
video flythrough navigated a 3D point cloud of the scene and Fig. 2
displays a screenshot of this. The flythrough had a virtual camera
moving through the crime scene, giving a first person perspective. The
flightpath through the model was created by the researcher. The blood
patterns were visible within the 3D model, but they were better defined
in the photography. The aim of the 3D model was to contextualise what
the participants had already observed from the 2D evidence and written
testimony. Participants could pause the video and watch it and replay it
but could not interact with the flightpath as they were viewing an MP4
video file.

The participants were free to review the evidence available to them
as many times as they wished before proceeding.

2.4.3. Post-presentation

When the participants proceeded, they were prompted to close all
windows of the evidence, which was monitored for compliance by the
supervising researcher. The participants then repeated the emotions
questionnaire from the pre-presentation phase.

The next series of questions assessed participants’ perceived ability
to remember the scene, as well as their engagement. These were re-
ported on a 5-point scale (I = Strongly disagree, 2 = Disagree, 3 = Neither
agree nor disagree, 4 = Agree, 5 = Strongly agree). “Please indicate the
extent to which you agree with the following statements regarding the pre-
sentation you just viewed: 1. I can visualise and recall what the crime scene
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Statement 3: “In the hallway, blood stains resulting from contact with a bloody object or surface are present on
the radiator, walls, and front door. There are also some drips of bloed in the hallway. Together, these suggest

H

that an actively bleeding person had moved along the hallway.”

Fig. 1. An example slide of the BPA evidence presentation viewed by all participants.

Fig. 2. Screen capture of the 3D flythrough viewed by the test group.

looked like, 2. I can visualise and recall where blood was distributed in the
crime scene, 3. The forensic materials gave me a comprehensive knowledge of
what the crime scene was like, 4. I found the evidence to be interesting. ”.

Finally, the participants’ completed a recognition memory test for
the evidence they had examined. For eight statements, they were
required to respond with either “true” or “false”. Four of the statements
were true, and four were false. For example, one of the true statements
was “The victim was stabbed” which was explicitly written and read by all
participants in the evidence presentation phase. Participants were also
required to indicate their confidence in each answer on a 4-point scale
(1 = Unsure, 2 = Slightly unsure, 3 = Slightly confident, 4 = Highly
confident).

2.5. Session 2 procedure

Participants could access the second session 2 weeks after comple-
tion of the first and had 8 days to do so. The second Qualtrics survey was
a shorter version of the first session with the omission of the evidence
presentation, the emotion questionnaire, and the statements: “3. The
forensic materials gave me a comprehensive knowledge of what the crime
scene was like and 4. I found the evidence to be interesting.” The purpose
was to assess changes in the participants’ responses over time, without
additional presentation of the evidence, to simulate the process whereby
a juror may initially view an expert witness’ evidence several weeks
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before they are required to deliberate upon a verdict. The time interval
of 2 weeks did not wholly simulate court conditions as murder trials can
last many more weeks and months, however it was deemed an appro-
priate interval for the purpose of this study as the students did not view
any further material regarding the case between completing sessions 1
and 2, meaning they were disengaged from the subject matter within the
time interval which would have impacted their knowledge retention. No
evidence was re-viewed in the second session and the participants were
able to complete this session independently, on any device. Finally,
participants read a debriefing statement and were invited to contact the
lead researcher if they had questions or required further information
about the study.

Each participant was allocated a unique response ID code that was
used to link their session 1 and session 2 data. However, the lead
researcher did not have access to the University database which could
identify individuals based on their response ID code and once the data
from both sessions was linked during analysis, the response ID was
deleted. Therefore, all data collected was anonymous.

2.6. Planned analysis

The data was analysed with two-way mixed ANOVAs, independent
samples t-tests and a Welch t-test; which was used when data were non-
parametric [21]. Bonferroni corrections [22] were applied where similar
data was analysed with multiple statistical tests. For example, test
confidence and test score were directly linked in the questionnaire;
therefore, corrections were applied. Finally, effects sizes are reported as
either partial eta squared (11}%) for ANOVASs or Cohen’s d (d) for t-tests
which can be interpreted as small (7 = 0.01, d = 0.2), medium (72 =

0.06, d = 0.5) or large (17 = 0.14, d = 0.8) [23].

3. Results
3.1. Memory test scores

Participants could score between 0-8 on the memory test. Partici-
pants’ mean memory test scores at time points 1 and 2 are illustrated in
Fig. 3. A corrected (p/2) 2 (Time point) x 2 (Group) mixed ANOVA was
used to analyse the accuracy of participants’ memories of the evidence.
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Fig. 3. Mean memory test scores at time points 1 and 2.

There was a statistically significant interaction between group and time
point on memory test score, F(1, 148) = 6.299, p = .013, ;7; =.041.
Specifically, there was no significant difference between the test and
control groups for memory test score at baseline (Mean Difference MD =
.007, SE = .10, p = .969, d < 0.01). However, test scores at the 2-week
delay (Time point 2) were greater in the test group than in the control
group (MD = 0.48, SE = .10, p =.020, d = 0.41). For the control group,
mean test score was significantly lower following the 2-week delay (MD
= 0.605, SE = 0.141, p < .001, d = 0.49), whereas it was not signifi-
cantly different after the 2-week delay for the test group (MD = 0.122,
SE = 0.141, p = .374, d = 0.10).

3.2. Memory confidence

Participants rated their confidence in their test answers on a 4-point
scale (1 = Unsure, to 4 = Highly confident). Fig. 4 shows participants’
mean confidence ratings at each time point. A corrected (p/2) 2 (Time
point) x 2 (Group) mixed ANOVA was used to analyse participants’
confidence ratings. There was no significant interaction between group
and time point on mean confidence, F(1, 148) = 1.151, p = .285, r]ﬁ =
.008. There was a main effect of time point showing that mean confi-
dence was significantly lower after the 2-week delay (MD = .265, [95 %
CI, 0.198—0.331], F(1, 148) = 62.08, p < .001, ;13:.296). No main
effect of group was found for mean confidence F(1, 148) = .277,p =
599, 72 = .002.

3.3. Perceived memory

Participants were asked to rate the extent to which they agreed with
the two statements, ‘I can visualise and recall what the crime scene looked
like’ and ‘I can visualise and recall where blood was distributed in the crime

4.0
3.5
3.0
25 - - Control

2.0 —e— Test

Mean Memory Confidence

1.5

1.0

1 (Baseline) 2 (>2 weeks)

Error bars +

Time Point 1SE

Fig. 4. Mean confidence ratings at time points 1 and 2.
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scene’ on a 5-point scale at time points 1 and 2. The ratings for both
statements were combined in both instances to form a perceived mem-
ory score, thereby producing a value between 2 and 10. The mean
perceived memory scores are shown in Fig. 5. With this perceived
memory score, a two-way mixed ANOVA was conducted. There was no
significant interaction between group and time point on perceived
memory scores, F(1,148) =.022, p = .882, 113 ~ 0. However, there was a
main effect of time point whereby perceived memory scores were 0.887
[95 % CI,.641—1.133] lower in the second test than in the first, F(1,
148) = 50.61, p < .001, r]ﬁ =.255. Furthermore, there was a main effect
of group whereby test group participants reported scores that were on
average 0.371 [95 % CI,.014 —.728] higher than the control group, F(1,
148) = 4.22, p = .042, > = .028.

3.4. Self-reported engagement

Participants in the test group self-reported higher agreement ratings
for the statement “I found the evidence to be interesting” than participants
in the control group, (MD = 0.41, SE + 0.14, Welch t(137) = 2.873,p =
.005, d = .46). Participants in the test group self-reported marginally
greater ratings to the statement “The forensic materials gave me a
comprehensive knowledge of what the crime scene was like”, (MD = 0.27, SE
+ 0.13, t(148) = 2.174, p = .031, d = .07) however note that this is
below the corrected Bonferroni threshold.

Seven corrected (p/7) independent samples t-tests found no statisti-
cally significant differences between the control and test group in any of
the 7 reported emotion changes. None of the p-values for emotion
changes were smaller than p = 0.05, therefore the results would have
been the same even without the correction (p/7).

4. Discussion

This experiment tested how including a 3D presentation in a BPA
evidence presentation affected juror memory, confidence, engagement,
and emotional change. The test group that viewed a 3D flythrough of the
crime scene, in addition to the BPA evidence, correctly remembered
more of the facts over time, reported higher levels of interest in the
evidence, as well as a greater ability to visualise and remember the crime
scene than the control group. There was no difference in confidence
between groups, and inclusion of the 3D modelling did not result in
different emotional changes.

The ecological validity of mock juror studies comprised wholly of
undergraduate students has been criticised [24] and is something the
reader should consider when reviewing the results of this study. How-
ever, a meta-analysis [25] found few differences between community
and student-based samples. The participants in this study acted as mock
jurors to the extent that they viewed forensic evidence as laypersons and
were tested on their knowledge of the evidence. They did not deliberate
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Fig. 5. Mean perceived memory scores at time points 1 and 2.
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with each other, nor were they asked to assess guilt. For the purposes of
testing knowledge retention and emotional changes between test and
control groups, this sample was deemed appropriate by the researchers.

The test group were more likely to remember the evidence correctly
than the control group in session 2 and. This suggests that the inclusion
of 3D visualisation in a BPA evidence presentation could help jurors to
better retain knowledge over time. This could be crucial in a long trial,
where a jury may need to recall facts from the trial many weeks or
months later in deliberation, and attrition of knowledge is likely to be a
factor. The test group participants’ significantly better memory test
performance was coupled with a higher interest in the evidence itself (i.
e., higher agreement with the statement, “I found the evidence to be
interesting”). If the test group found the presentation that included 3D
visualisation more engaging, it could explain the greater performance in
session 2’s memory test. Again, in a long trial, keeping a jury engaged
with the evidence could be critical. Alternatively, the test group viewed
2:00 min of additional material which could potentially have contrib-
uted to their improved knowledge retention in session 2. However, if
this was the cause of the effect in session 2, it did not have a significant
effect on the jurors’ knowledge retention in session 1. This study was
limited, in that the subjects were tested on only 8 statements with a 50/
50 chance of picking the correct answer. However, a significant differ-
ence with medium effect sizes in session 2 was observed with the test
group scoring higher. Future work could increase the scale of the testing,
with more questions from different subject areas and use of multiple
choice or written answers, and then observe whether differences be-
tween test and control groups persist or change in scale.

Whilst it is desirable that jurors feel confident in their knowledge of
the facts, it is equally important that the evidence they observe does not
make them more certain when their judgments are wrong. Confidence in
a false recollection of fact could be more damaging to a deliberation
process than low confidence in the truth. Our findings for confidence
mirrored those found in another study [12] that showed no significant
effect on confidence with the inclusion of 3D modelling. The findings
from these studies suggest that confidence is not significantly affected by
the inclusion of 3D modelling, which would help justify its use in the
judicial process without the fear of biasing the jurors. However, future
work could examine whether differences in confidence occur when
further complexities are introduced into experimental parameters.

There was no significant difference between the two groups for
agreement with the statement “The forensic materials gave me a compre-
hensive knowledge of what the crime scene was like” however the test group
reported significantly higher recall scores (obtained from the two
statements: ‘I can visualise and recall what the crime scene looked like’ and
‘I can visualise and recall where blood was distributed in the crime scene’).
This appears to make sense when taking into consideration the no sig-
nificant difference in confidence between groups. The test group did not
feel as if the evidence was any more or less comprehensive than the
control group, thus confidence in their test answers was not significantly
different. However, their perceived ability to recall the scene and its
details was significantly greater at both time points, and this also coin-
cided with a greater retention of knowledge in session 2, illustrated by
significantly better performances in session 2’s test.

Previous studies have reported on the impact of anger, disgust, and
anxiety on mock jurors’ conviction rates [26,27]. Another study sug-
gested that future research could explore disgust and anxiety and how
they affect juror processes [18]. This study did not aim to prove how
viewing BPA evidence alters different emotions. Due to the nature of the
study design, the participants were introduced to the evidence in the
middle of an undergraduate study week, thus after viewing and reading
information regarding a real person’s violent death, emotional change
would inevitably be evoked. The data was therefore analysed to
compare the effects of viewing 3D modelling on mock jurors’ emotional
change. As the test group did not significantly differ in any emotional
change from the control group, it suggests that the inclusion of 3D vis-
ualisation within BPA evidence presentation will not introduce
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emotional bias to any degree greater than is already present in currently
established court practices.

Courts in the UK generally still operate with limited technology
which may contribute to barriers to the inclusion of interactive 3D
models in criminal proceedings. However, the conversion of a 3D model
to a video flythrough format would allow any court room with a tele-
vision screen, which are commonplace, to present a video file of the 3D
modelling to the court with relative ease. Whilst not every police force in
the UK may have access to 3D scanners, forces already deploying them
as a standard data capture method at homicide scenes may seek to
provide the 3D models to expert witnesses to improve the cost-benefit of
investing in the 3D capture technology.

5. Conclusion

Inclusion of a 3D visualisation within BPA evidence presentation
may prove useful to the judicial system when physical scene visitation
by the jury is impractical. This study suggests that juror knowledge
retention improves with the inclusion of 3D visualisation without
significantly altering their emotional state compared with the status quo
of verbal descriptions and photography. This paper recommends that
BPA expert witnesses make use of 3D crime scene models in their evi-
dence presentations, if the material is readily available to them. If 3D
scanning of the scene for this purpose would require further monetary
expense, a cost-benefit decision should be made to determine whether
the case would proportionately benefit from the material being pre-
sented in a 3D context. Courts may endeavour to accommodate the in-
clusion of digital presentations, and the inclusion of 3D modelling if
available, especially if further research continues to prove a value added
in knowledge retention, which will ultimately contribute to the delivery
of justice. Finally, future work could expand upon this study to test the
effects of presenting other types of evidence to mock jurors in a 3D
modality, with particular focus on those with spatial factors and
complexities.
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