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Abstract

Advances in augmented reality (AR) and three-dimensional (3D) reconstruction technologies are transforming the way criminal investigators
are trained to interpret complex crime scenes. This research examines the integration of AR tools in improving investigative skills. Drawing upon
publicly available court case information and witness testimony, the researchers in this study assumed the role of investigators and developed
a three-dimensional digital reconstruction of the crime scene described in the legal proceeding’s narrative to model spatial relationships,
evidence placement, bullet trajectory, movement pathways, and the sequence of events associated with the incident. Findings indicate that
AR-supported visualization enhances spatial reasoning, supports hypothesis testing, and allows investigators to explore crime scenes from
multiple perspectives in a safe, repeatable, and cost-effective manner. By eliminating logistical limitations associated with physical simulations,
AR provides innovative experiences to modernize crime scene investigation and strengthen training in forensic science. Additionally, the use of
AR promotes active learning by enabling practitioners to interact dynamically with reconstructed environments, thereby reinforcing analytical
decision-making, collaboration, and evidentiary interpretation skills. These findings underscore the implementation value of AR-based crime
scene reconstruction, which holds significant potential as a scalable training tool for advancing experiential learning to improve spatial cognition,
and applied problem-solving skills. AR-based systems strengthen investigator competencies by bridging the gap between theoretical knowledge
and practical investigative applications. As immersive technologies continue to evolve, their integration into criminal investigators’ toolkit has
the potential to significantly enhance the development of their expertise.
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Introduction

Augmented reality (AR) has gained increasing attention in AR can improve learning efficiency and effective outcomes

research as a training tool that enhances teaching and learning
by integrating digital content into real-world instructional
settings. AR supports active, hands-on learning by enabling
investigators to interact with visual and spatial representations
of complex concepts, thereby promoting engagement, conceptual
understanding, and knowledge retention. Studies suggest that
AR-based instructional approaches foster inquiry, collaboration,
and higher-order thinking by allowing users to explore content in
authentic contexts. As a result, AR has demonstrated promises in
science and applied practice, where contextualized visualization
and experiential learning are essential to enhancing and
developing investigator skill sets.

when compared to traditional instructional methods. For example,
medical students using a mobile AR learning environment
showed significantly greater knowledge gains compared to
textbook-based instruction, highlighting AR’s potential to support
both cognitive and emotional dimensions of learning [1]. These
findings are particularly relevant for subjects involving complex
or ethically sensitive content, where direct real-world exposure
may be limited. AR has also been shown to promote engagement
and interest through game-based and contextualized learning
designs through a mobile AR forensic science game. AR-supported
learning experiences fostered student flow and triggered
situational interest in science, with higher engagement predicting
greater likelihood of interest development [2].
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From a pedagogical perspective, AR supports collaborative
learning by enabling shared visualizations and interaction with
3D content. Research on collaboration in AR environments
indicates that these representations enhance communication,
collaboration, and hypothesis development by reducing the
cognitive distance between task space and discussion space [3,4].
These affordances align with constructivist learning theories
that emphasize active knowledge construction through social
interaction. Within criminal justice and forensic education, AR and
related technologies offer significant opportunities for learners to
engage with realistic, low-risk, scenarios in a safe and repeatable
manner and provide potential to support skills development and
applied learning [5]. Despite the benefits demonstrated, effective
AR integration depends on sound instructional design, educator
preparedness in developing training materials, and alignment
with learning objectives. State-of-the-art reviews highlight
persistent research gaps, including the need for standardized
assessment methods, larger samples, and longitudinal studies to
better evaluate AR’s long-term pedagogical impact [6].

AR and related immersive technologies have become
increasingly prominent due to their ability to support experiential,
project-based, and applied learning. In forensic science and
criminal justice disciplines, these technologies are especially
valuable for teaching crime scene reconstruction, where spatial
reasoning, evidence interpretation, and procedural accuracy
are essential learning outcomes. Virtual technologies enhance
students’ ability to understand and analyze complex crime
scenes. Early implementations of virtual reality (VR) for crime
scene investigation showed that immersive simulations could
effectively address limitations associated with physical crime
scene spaces, including restricted access, high costs, and limited
scenario variability. A VR-based crime scene investigation system
demonstrated that users perceived computer generated crime
scenes as realistic and pedagogically effective, allowing repeated
practice without logistical limitations [7]. These findings highlight
VR'’s capacity to provide equitable access to authentic learning
experiences while reducing institutional resource burdens, which
can also be applied to investigators’ use of AR.

The role of immersive reconstruction technologies in
developing analytical and spatial reasoning skills is a critical
proficiency for criminal investigators. 3D forensic crime scene
reconstruction through these technologies improves accuracy,
efficiency, and collaboration in crime scene analysis when
compared to traditional two-dimensional such as photographic,
written, and drawing methods [8]. Advanced technological
integrations, such as photogrammetry, laser scanning, VR, and
artificial intelligence, within immersive environments can support
detailed evidence examination, measurement, and hypothesis
testing while minimizing contamination and subjective bias [9].
These capabilities are particularly favorable for training settings,
where investigators can engage in realistic reconstruction tasks
while receiving structured, repeatable learning experiences.

3D technologies further reinforce the didactic value of crime
scene reconstruction. Analyses of AR adoption in indicate that
learning through computer simulated environments increases
engagement, motivation, and conceptual understanding,
especially in disciplines that require visualization of abstract
or spatially complex information [10]. Student performance
outcomes reflected high levels of comprehension, participation,
and retention, indicating that immersive technologies can
strengthen critical thinking and applied forensic competencies
[11]. Within forensic education, virtual crime scene simulations
enable investigators to practice evidence identification and
analytical reasoning in ways that the physical scene and traditional
classroom instruction cannot easily replicate.

Materials and Methods

This study employed a qualitative case study approach
to gauge the application of augmented reality (AR) to crime
investigators’ task in scene reconstruction. Using a publicly
available court opinion from the State of New York (USA) Court
of Appeals [12] of a shooting that resulted in the death of the
victim, the researchers assumed the role of criminal investigators
and developed a 3D digital model representing the physical
environment and participant movements associated with the
incident to understand the events from different perspectives.
The researchers collaborated on all aspects of the reconstruction
from interpreting the legal documents to placement of artifacts
in the visualization. The crime scene was created in TwinMotion
AR software, which was selected due to its intuitive, user-friendly
design which is beneficial to practitioners in this field. Advantages
include a drag-and-drop workflow and access to an extensive
built-in library of assets, including architectural elements,
environmental features, and objects commonly encountered in
real-world settings. This functionality allowed the researchers/
investigators to rapidly construct and modify the simulated
crime scene described in the court’s decision without requiring
programming knowledge or advanced technical expertise [13].

Validation and Reliability of Spatial Modeling Outputs

To ensure the consistency of the reconstructed environment
corresponded with the court documents, repeated walkthroughs
were conducted by the investigators throughout the AR simulation
process to validate the spatial accuracy, scalability, and visibility of
the digital models. This methodology is consistent with previous
research on AR reconstructions to enhance methodological rigor
through iterative model refinement and triangulation of multiple
vantage points to simulate positioning of the shooter, victim and
witness [14].

Case Selection and Data Sources

In the present case, details were obtained through openly
available records and relied primarily on the eyewitness testimony
and the medical examiners’ reporting described in the court
documents. Specifics indicated that there was a dispute between
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the victim and a shopkeeper of a hair salon relating to an illegal
drug transaction between the two individuals. The shopkeeper
called an armed friend for assistance, who then confronted the
victim. While arguing inside the doorway to the store, the friend,
while facing the victim, “drew his gun and shot him six times,”
resulting in his death. The friend/shooter had believed there was
an imminent danger from the victim who threatened him with a
razor blade close to his face. The medical examiner opined that they
were more than two feet apart due to the victim’s bullet wounds
lacking certain stippling markings, which would be present if the
shooter was in closer range. Thus, the issue for the investigators
was to determine if indeed the victim holding the razor blade
constituted a threat based on his distance from the shooter. The
autopsy revealed that the victim sustained a bullet wound to the
side, one in the arm, and four entered through his back; the one to
the side and two of the bullets in the back each would have been
fatal with none exhibiting the wound characteristics of a shooting
less than two feet from the firearm. Thus, two Research Questions
arise:

RQ1: What are the benefits and limitations of using AR as a
training tool by investigators in re-creating a crime scene?

RQ2: Can the AR software visually depict the shooting in a
clear and understandable format to test the eyewitness testimony
for accuracy?

Results

The AR environment enabled the researchers to assume the
role of investigators assigned to reconstruct and present the
sequence of events in a visual and spatially accurate manner,
including the relative positioning of individuals, movement
pathways, and bullet trajectories. By presenting the chain of events
through an interactive AR visualization, the study illustrates
how complex investigative narratives can be transformed
into understandable and accessible artifacts. This approach
supports forensic science education by allowing investigators to
analyze spatial and temporal aspects of crime scenes, engage in
hypothesis testing, and develop evidence-based reasoning skills
without the restrictions of building replica crime scene facilities
or revisiting the scene of the crime. This is in line with prior
reporting on the beneficial aspect of immersive technologies in
creating a convenient repeatable environment in which to study
the scenario [5].

Therefore, the answers to the research questions are as
follows: RQ1: The AR software offered beneficial capabilities to
training investigators; in addition to ease of use and simplicity in
operation in terms of functionality such as adding architectural
elements, features,
investigators’ skill development. The researchers were able to

and environmental it also Dbenefited
explore multiple perspectives, visualize spatial relationships
between evidence, and analyze bullet trajectories in a dynamic
3D environment to support analytical decision-making and

evidence interpretation. Additionally, this immersive technology
enabled the application of theoretical concepts to determine
the relative positions and movement of the shooter and victim,
ascertain the chain of events, and strengthen communication
and collaboration in the discussion of evidence and investigative
hypotheses. The researchers in this study (AKA investigators)
interpreted the court documents, worked together in partnership
to evaluate and assess different viewpoints, brainstorm ideas, and
implement AR to reflect those understandings. Similarly, when
investigators work in the field, they need to identify theories and
test hypotheses, however, it is difficult to test and visualize the
findings in a manner which is easily comprehendible especially
when it involves firearm discharges. 3D technologies offer an
apparatus that makes the process more efficient and results in
representations that can be manipulated to test assumptions
and theories in a manner that is simple to grasp. This finding
supports previous research that AR assists in discussion spaces
which leads to heightened learning from social interaction [3,4].
This collaborative capability enhances investigative coordination
and allows investigators to present complex spatial evidence
more clearly during case briefings or courtroom testimony.
Although the limitations are technical in nature; for example
a narrow selection of models, the inability to adjust the model
posture and facial expressions, the more important constraint
involves the scalability in that the lack of precise measurements
and placement of objects within the scene is imperfect, but
with technology and perhaps artificial intelligence (Al), that
can eventually be rectified. Therefore, the answer to the second
research question is apparent: AR technologies clearly depict the
event through various true-to-life visual representations of the
roles of the individuals involved as displayed in the images. The
ability to adjust and test alternative positioning and perspectives
to determine proximity of the victim with the razor blade prior
to the shooting offers a unique ability to determine the events
that unfolded (Figures 1-3), while experimenting with different
distances noted by the witness which was contradictory and
inconsistent with the medical examiners reporting (Figures 4-6).
The ability to have investigators interact with crime scenes in
an immersive and dynamic manner, provides an effective tool to
enhance their spatial reasoning and evidence interpretation. As
immersive 3D technologies continue to evolve, their integration
into investigative training programs may play an increasingly
important role in preparing criminal investigators to analyze
complex crime scenes and make informed investigative decisions.

Discussion

This study presents a case-based module to visualize bullet
trajectories through virtual vectors and model the movement paths
of the shooter and victim. The results of this research indicate that
AR-based environments facilitate active knowledge construction
by allowing users, in this case investigators, to visualize abstract
concepts, manipulate virtual objects, and apply theory within
authentic contexts. AR has emerged as a transformative applied
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technology that enhances skill building abilities by blending
digital content with real-world environments. By supporting

interactive, experiential, and learner-centered applications,

AR promotes deeper conceptual understanding and improved

spatial reasoning which makes it particularly effective for applied
investigative fields where observation, analysis, and contextual
understanding are critical in practice.

Ve
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Figure 1: In this image, the investigators utilized augmented reality to demonstrate the proximity of the victim and shooter to support the
conclusion of the medical examiner that the two individuals were more than two feet apart.

Ve

the victim and shooter as greater than two feet.

Figure 2: To further clarify the distance, AR was utilized to provide a different perspective of the encounter to demonstrate the distance between

J

Unlike fully immersive VR environments, AR enables
investigators to remain aware of their physical surroundings
while simultaneously interacting with digital evidence markers,
trajectory lines, and reconstructed scene elements. Research
on AR-based training platforms has demonstrated that these
technologies can improve investigator comprehension of crime

How to cite this article:

scene dynamics by visually representing spatial relationships that
are often difficult to interpret using traditional two-dimensional
photographs or diagrams [15]. By visualizing evidence within a
real-world context, AR allows users to develop stronger cognitive
connections between theoretical investigative procedures and
their practical application.
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Figure 3: A benefit of AR is that it provides multiple perspectives unlike a static two-dimensional photograph; in this image of the same situation
but from a slightly different angle presents that the distance the blade-holding individual is not as close as the witness testified.

Figure 4: As the victim (blade-holder) turned and ran from the shooter upon drawing and firing the weapon, indicating the distance was = 2 feet.

Immersive technologies are particularly valuable in the barriers, may have influenced bullet paths [16]. Such capabilities
training of investigators involved in firearm-related incidents. enhance investigators’ spatial reasoning and improve their ability
Ballistic investigations frequently require investigators to to reconstruct the sequence of events during a shooting incident.
interpret projectile trajectories, determine the relative positioning
of shooters and victims, and analyze bullet impact patterns
within complex environments. Studies examining immersive
visualization technologies demonstrate that investigators can
more effectively interpret ballistic evidence when trajectory
paths and impact points are visualized within a 3D environment.
These digital reconstructions allow investigators to observe the
trajectory of a projectile from multiple vantage points and evaluate
how environmental features such as walls, furniture, or structural

Research focusing on immersive ballistic analysis further
supports the value of 3D visualization in investigator training. In a
VR-based system for example, forensic practitioners can examine
ballistic evidence using 3D graphical reconstructions of bullets
and cartridge cases. By allowing investigators to manipulate
digital evidence within an immersive environment, the system
enhances the ability to identify patterns and compare ballistic
evidence more effectively than traditional two-dimensional
visualization methods [17]. Although this research focuses
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primarily on forensic analysis, the methodological approach investigators’ understanding of firearm evidence and trajectory
demonstrates how immersive environments can strengthen relationships within crime scenes.

4 A

Figure 5: This perspective illustrates less than 2 feet (1.9 ft); however, according to the medical examiner this distance would leave the stippling
marks around the wound, thus the shooter was further away indicating that the witness was incorrect in distance estimation.
\ J

4 A

Figure 6: This perspective illustrates less than 2 feet (1.9 ft); however, according to the medical examiner this distance would leave the stippling
marks around the wound, thus the shooter was further away indicating that the witness was incorrect in distance estimation.
\ J

Conclusion dimensional or physical methods. These immersive imaginings

. o L . support the development of spatial reasoning, critical thinking,
Augmented Reality (AR) offers significant training benefits for

crime scene practitioners by bridging theoretical instruction with
applied practice. By overlaying digital evidence, spatial markers,
and analytical tools onto a simulated environment, AR enables In the field setting, AR provides safe, repeatable access to
investigators to visualize complex relationships such as weapon realistic crime scene scenarios without the logistical limitations
placement and scene dynamics in ways thatexceed traditionaltwo- ~ or financial costs associated with building physical mock

and core decision-making competencies in forensic science and
criminal investigator trainings.
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scenes. This flexibility allows investigators to revisit scenes,
test reconstruction hypotheses, and collaborate in shared visual
environments, thus reinforcing procedural accuracy and scientific
reasoning. Moreover, AR-supported undertakings promote user
engagement and motivation by enabling interactive, learner-
centered exploration of authentic investigative tasks.

AR provides a new tool to enhance both the quality and
accessibility of crime scene investigators’ capabilities. As AR
technologies continue to advance and become more accessible,
their adoption in forensic science has the potential to strengthen
investigators’ preparedness and modernize the approaches to
crime scene reconstruction training.

Methodological Limitations and Future Directions

This study utilized a small case sample, limiting the ability
to generalize findings to the broader population of firearm-
related incidents; additionally, the AR platform utilized in this
research, (TwinMotion), is not specifically designed for forensic
or crime scene reconstruction. Future research should employ
a larger sample and a mixed-method design incorporating
qualitative interviews and survey data from a larger population
of investigators using AR to reconstruct crime scenes as well as
methods to ensure scalability to ensure accuracy in dimensions
and measurements.
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