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ABSTRACT Despite the emerging literature on adopting Mixed Reality headsets in crime scene investi-
gation —, it is still debatable on how to employ these headsets and its application for training purposes in
higher education and police academies. Hence, this research presents a novel hybrid theoretical framework
that combines the Task-technology Fit and Technology Acceptance Model variables and the most prominent
features of MR headsets—immersion, interactivity and mobility. The main objective is to explore young
investigators’ behavioural intention to adopt MR headsets and their applications for investigation training
practices. To validate the developed model, a questionnaire survey was the primary method used to
collect data from 160 police academy students using the partial least squares-structural equation modelling
technique. The empirical results revealed that task technology fit has a positive impact on the perceived
usefulness of MR headset applications and no significant positive impact on the perceived ease of use
applications of MR devices. On the contrary, individual technology fit has a positive impact on the perceived
ease of use and no significant positive effects were found regarding the perceived usefulness of investigation
training purposes. Furthermore, the results indicated that the mobility of MR wearable devices positively
influences the perceived ease of use and the perceived usefulness for crime scene practices. The study also
addresses the theoretical contributions and practical implications of these outcomes.

INDEX TERMS Crime investigation training, task-technology fit, technology acceptance model.
I. INTRODUCTION

In the realm of modern law enforcement, the ability to effec-
tively investigate and analyse crime scenes is of paramount

investigators with thorough, hands-on training that prepares
them for the challenges and complexity they may run across
in the field.

importance. Crime scene investigators are tasked with gather-
ing crucial information and recreating difficult circumstances
in order to aid in the pursuit of justice [1]. Given the delicate
nature of their work, it is essential to provide crime scene
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Technological advancements have consistently reshaped
various industries, particularly law enforcement, by revolu-
tionising how tasks are performed and pushing the boundaries
of what was once possible. The crime scene investigation
(CSI), with its constant pursuit of innovation and improve-
ment, has been significantly impacted by these technological
developments. In order to improve and refine the training
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process, academics and practitioners utilised cutting-edge
technologies after realising the crucial role that training
plays in providing investigators with the essential skills and
knowledge to enhance and optimise the training process.
One of the most promising new technologies for trans-
forming and revolutionising CSI training is Mixed Reality
(MR) [2]. MR offers a unique and captivating environment
that blurs the boundaries between the virtual and physical
worlds. In this hybrid environment, users are immersed in
a simulated reality that combines virtual elements with real-
world surroundings, creating a heightened sense of presence
and interactivity [3]. A previous study examined the effec-
tiveness of mobile computing in CSI through the theory of
Task Technology Fit (TTF); it was noticed an improvement in
their process with an increase in the time consumed to operate
it [4]. Researchers have recently begun utilising immersive
technology to support crime scene investigation practices,
particularly in training. Virtual Reality (VR) technologies
offer unique opportunities for crime scene investigations that
are not available in the real world. They allow for analysis of
the scene and accurate measurements of its dimensions from
various perspectives [5], thereby enhancing the amount of
information that can be gathered during the investigation [6].
Immersive technology solutions have been developed specif-
ically for crime scene training. One VR application, for
example, supports practical skills training by providing sim-
ulations that overcome the limitations of cost, accessibility,
and size associated with real crime scenes [7]. However,
this application relies on computer-generated environments
and may cause motion sickness during training. Another VR
application employs a game-based learning approach in arti-
ficial environments to teach criminal law [8]. Furthermore,
a conceptual framework has been developed to train digital
forensic investigators in incident response, offering immedi-
ate performance feedback to each trainee [9].

The technology acceptance model (TAM) was validated in
previous literature that explored the adoption of immersive
technologies in training methods in different contexts [10],
[11], [12]. Despite that fact, there is an insufficient amount
of studies considering the validation of the model for using
mixed reality devices and their applications in crime scene
investigation practices considering the factor of behavioural
intention [13], [14]. Moreover, there has been an indication
that factors such as mobility can enhance the effectiveness
and practical usage of wearable devices [15], [16]. Also,
several studies emphasised that the immersion factor —
described as an aesthetic experience — positively impacted
the usefulness and perceived ease of use [17]. Previous
literature suggested the role of the mentioned factors in
the adoption of immersive wearable devices; however, their
impact is expected to vary in the specific context of this
study [18], [19].

The integrating of TAM model and TTF theory influ-
ences the adoption of technological tools that support training
activities [20]. Other scholars concluded that integrating both
frameworks enhances understanding of the training tool [21].
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Integrating both frameworks led to predicting behavioural
and future learning intentions [22], [23]. Other scholars found
that the integration of TAM and TTF led to enhance student
satisfaction and academic performance [24]. TTF supported
the acceptance of the technological tool among students when
the study investigated TTF framework combined with TAM
and other factors such as enjoyment, usefulness, convenience,
mobility and social influence [25]. In spite of the conducted
literature, the integration between both frameworks TTF
and TAM is not explored in the context of CSI training
with its unique nature using mixed reality devices and its
applications.

In light of these arguments, this research aims to address
the disparities in existing literature concerning the use of MR
applications for crime scene training purposes and its impact
on young investigators’ performance in police academies.
This study presents a novel model that combines TTF the-
ory with the TAM model in the particular context of CSI
training, providing valuable insights. By integrating TTF
theory and the TAM model, this research also contributes
to the advancement of MR hardware and its applications,
fostering interest in future usage. The study highlights the
effectiveness of spatial mapping, 3D scanning, photogram-
metry technologies and the sense of presence combined with
the interaction with virtual environments capabilities in pro-
moting better crime scene investigation training. To enhance
the investigation performance in policing students, the study
recommends utilising mixed reality and its applications com-
bined with 3D scanning technologies based on TTF and TAM
theories to understand trainees’ behavioural intentions and
task-technology fit. The model proposed in this research can
be applied to evaluate the practical usage of mixed reality
in connection with TTF, Individual Technology Fit (ITF),
perceived interactivity, and mobility, benefiting students and
young investigators across various institutions and policing
academies. Notably, the study emphasises the importance
of disseminating knowledge about using mixed reality and
its application for crime scene investigation training through
TTF, as it has the potential to positively impact practical
and academic progress in higher education. Ultimately, the
integration of TTF and students’ behavioural intentions to
use MR applications for practising investigation enhances
the academic experience of higher education students and
contributes significantly to TAM research that previously did
not fully consider the impact of mixed reality applications on
investigation practices.

The subsequent sections will address the literature about
crime scene investigations training. Following that, the paper
will explore the theoretical models and hypotheses then,
research methodology. This will be followed by a results of
the findings and their subsequent analysis, culminating in a
discussion and final conclusions.

Il. CRIME INVESTIGATION TRAINING
Providing on-site training to young investigators presents a
difficult undertaking as it involves handling sensitive crime
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scenes, where there is a risk of trainees unintentionally com-
promising evidence due to their inquisitiveness or lack of
experience. Contamination or tampering with the scene may
occur, causing crucial evidence to be lost. Additionally, a high
presence of people at a crime scene can impede effective
investigations and raise the likelihood of disturbing hidden
evidence [26]. Furthermore, certain crime scenes may not
be accessible for wheelchair students [7]. Certain students
have voiced challenges in staying up to speed with the rapid
movements and processes occurring at crime scenes, which
hampers their ability to observe effectively [27]. Although
certain educational institutions offer crime scene facilities for
students to practice, it is not feasible to provide individual
investigations to a large number of students at various aca-
demic levels and scenarios within a single facility [7]. Police
academies encounter challenges when it comes to offering
context-oriented activities during the investigation and foren-
sic training, primarily because they have a large number of
trainees [28].

Therefore, the literature showed that immersive realities
with the privilege of interactive environments can over-
come the previous challenges and contribute to crime scene
investigations. A study adopted immersive technologies for
practising evidence collecting from crime scenes, which is
considered a significant element during crime scene inves-
tigation [29]. Immersive technology can be employed in
multiple ways, such as offering 360-degree panoramic views
of three-dimensional environments within a mixed reality
context, as these applications aim to enable distant investi-
gators to collaborate effectively [30]. Building on the notion
of MR collaboration as a distinguished capability in CSI
training, additional researchers evaluated the potential appli-
cability of collaborative interactions using MR devices in
the field of forensics [31]. Earlier research has utilised Aug-
mented Reality (AR) to encourage cooperation among distant
forensic teams, consequently enhancing their understanding
of the situation [32], [33]. Scholars discovered that integrat-
ing immersive technology into crime scenes can enhance
these spaces using storytelling and fiction and for training
purposes [34].

Several well-known authors in the realm of immersive
technologies have suggested that MR and AR can be used
interchangeably to some degree. They believe that MR offers
more interaction with real-world surroundings and a height-
ened level of engagement [35]. Based on this consideration,
the literature also encompasses research AR in the context
of training for crime scene investigation. Nevertheless, most
of these studies have been specifically tailored for smart-
phones and portable devices. For instance, there was an
AR pilot research conducted, which employed a gaming
method to enhance the forensic training experience [36].
AR applications are also developed for forensic education
purposes, using AR tags to overlay virtual objects onto real
environments for smartphone users [37], [38]. Recent studies
have investigated markerless AR app usage [39], [40], [41].
In regards to immersive hardware and tools, several recent
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studies and industrial uses have concentrated on utilising AR
and MR headsets like Microsoft HoloLens and Magic Leap
for crime scene training [42], [43].

Law enforcement, police academies, and educational insti-
tutions worldwide are increasingly using virtual reality
simulations to train for crime scene investigation [7], [44],
[45], [46]. Even with the advancements made so far, there
is still a noticeable absence of simulators that make use
of MR technology to enhance immersion and the realistic
experience of training for learners. This involves allowing
them to navigate within a digitally recreated crime scene and
engage with it in a way that closely imitates real investigative
processes.

Ill. THEORETICAL MODEL AND HYPOTHESES

The current investigation introduces a theoretical frame-
work that thoroughly examines various factors associated
with the TTF theory. These factors encompass individual
technology fit, in combination with the pertinent elements
from the Model TAM, including perceived usefulness, per-
ceived ease of use, and young investigators’ intention to
adopt MR devices and their applications. Additionally, more
extrinsic factors that are related to the MR devices, such as
mobility (MOB), perceived interactivity (PI) and immersion
(IM), were integrated into the proposed framework. These
identified factors are subsequently observed to exert a con-
sequential influence on the behaviour intention (BI) to the
adoption of these technologies within police academies and
higher education institutions. A detailed examination of these
factors is presented within this section through a theoretical
model, and its hypothesis is depicted in Figure 1.

A. TASK TECHNOLOGY FIT (TTF)

1) TECHNOLOGY FIT

In order to study the inclination of young investigators to
adopt mixed reality devices and their applications, it’s essen-
tial to look beyond just their interaction with the device
and also consider the specific tasks-oriented practices linked
with it. Based on this premise, the key to assessment when
assessing the device adoption should take into account both
the ITF and the TTF [21], [47].

a: INDIVIDUAL-TECHNOLOGY FIT (ITF)

The relationship between people’s engagement and interac-
tion with technologies often ties back to their adaptability
behaviour to such technologies [48]. The functions of these
technologies align with individual abilities and the demands
of tasks [21]. Earlier research by Wu and Chen [21] indi-
cated that when there’s a good fit between a person and
the technology, there’s a perceived increase in its usefulness
and ease of use, especially in the context of Massive Open
Online Courses (MOOCs). Additionally, aligning technologi-
cal features with individuals’ requirements notably influences
their outlook and usage. Beyond the alignment of technology
with a specific task, it’s crucial to ensure that the features
of the technology align with users’ needs. This alignment
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FIGURE 1. Research model and hypotheses.

significantly influences an individual’s perspective and use
of the technology, as highlighted by several studies [48],
[49], [50], [51], [52]. Therefore, if technology is tailored
to fit individuals’ learning preferences and capabilities, its
adoption and effective use are more likely. In this research,
the term ITF is understood as the compatibility of online
technology features in the MR applications’ platform with the
unique learning styles of individuals. When there’s a strong
match between the technology and users’ learning methods,
it increases the likelihood of the technology being utilised,
as explained by [53]. Therefore, it is suggested the following
hypothesis:

H1. Individual-technology fit has a positive influence on
the perceived usefulness of MR in CSI training.

H2. Individual-technology fit has a positive influence on
the perceived ease of use of MR in CSI training.

b: TASK-TECHNOLOGY FIT (TTF)

TTF indicates the extent to which a particular technology aids
an individual in carrying out a specific set of tasks. Generally,
it can be utilised in any condition where individuals employ
technology to execute particular tasks [54]. It is defined as
the alignment between a task and the capabilities of the
technological device, or the system plays a significant role
in determining job performance outcomes [55]. Past empir-
ical research, such as the study by Pal and Patra [20] and
Jung et al. [56] concluded that the alignment of technology
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with users’ current values, specifically perceived ease of use
and perceived usefulness, construct their views on using and
adopting that technology. Additionally, these studies have
shown that task-technology fit impacts the perceived ease
of use and perceived usefulness. In other words, the better
the alignment between the task and the technology, the more
likely users are to find it user-friendly and beneficial for
that task. The features of a technology play a role in the
effectiveness of VR headsets, as VR is part of the immersive
technologies including MR. It is concluded from the literature
that the perceived value of the study context, which is CSI
training through MR devices, hinges on users finding a match
between the task and the technology. The tendency of users to
willingly adopt MR devices and their associated applications
for training is probably driven by how well the task aligns
with the technology, influencing their perception of how easy
MR headsets and applications are to use. Based on this, it is
suggested that the subsequent study hypotheses:

H3. Task-technology fit has a positive influence on the
perceived usefulness of MR in CSI training.

H4. Task-technology fit has a positive on the perceived ease
of use of MR in CSI training.

B. MR HEADSET QUALITIES

Several capabilities exist in MR devices to support users’
demands and needs [57]. Several scholars discussed these
capabilities and features, and among all these features was
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immersion in MR headsets, as it is one of the most influential
aspects of the experience, according to Liberatore and Wag-
ner [58]. Recently, mobility has been considered a prominent
feature for several usages in MR applications in different
disciplines, encouraging the adoption behaviour [59], [60].
Most immersive technologies and tools require a level of
interactivity to be featured in the developed application and it
is linked to the static and dynamic content [61]. Several stud-
ies claimed the role of interactivity in encouraging users to
adopt technologies [62], [63]. Therefore, this study involves
these features to investigate their influence on the adoption
behaviour of MR devices for CSI training.

a: PERCEIVED INTERACTIVITY

PI refers to the capability of users to modify the structure
and substance of a mediated environment instantly [64].
McMillan and Hwang [65] defined interactivity using three
key factors: communication direction, user command, and
timing. Communication direction pertains to how comput-
ers promote human interactions, highlighting bidirectional
communication. User control looks into how humans operate
computers, with some human-computer interaction research
concentrating on human awareness and others on computer
design [66]. Time, the third aspect of interactivity, assesses
how swiftly and effortlessly users can move within an appli-
cation. Interactive systems allow users to operate at their
pace and select their desired navigation routes [67]. In pre-
vious studies that adopted AR and VR, CSI training systems
adopted interactivity which is considered an integral part of
the training [13], [68]. This is due to the need to get responses
from virtual crime scenes, collect evidence, and validate the
investigation [14]. Papakostas et al. [62] argued that the
perceived interactivity of an AR training system positively
impacted trainees’ ease of using the system. Another study
conducted by Pantano et al. [69] demonstrated that interac-
tivity greatly enhances a consumer’s perception of how easy
itis to use the AR try-on system for glasses. Moreover, Huang
and Liaw [70] claimed that perceived interactivity positively
influences the usefulness of using a virtual reality learning
system.

Within the scope of this study, the sense of interactivity
leads young researchers to have positive perceptions about
the utility and user-friendliness of the MR headset and its
usage. This subsequently shapes their behavioural intentions
in CSI training. By integrating the interactivity of virtual
instruments and the captured environment as a foundational
factor, we have further developed the model, leading to the
formulation of the subsequent hypotheses:

HS. Interactivity has a positive influence on the perceived
usefulness of MR in CSI training.

H6. Interactivity has a positive influence on the perceived
ease of use of MR in CSI training.

b: PERCEIVED IMMERSION

Immersion (IM) is a complex concept with multiple inter-
pretations across academic literature. Scholars discussed its
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various conceptualisations, from being a characteristic of the
VR system itself to the perceptual and narrative responses
elicited within a virtual environment [71]. In contrast, other
scholars see immersion as an objective property that can be
measured, which conflicts with the perspective of immersion
as an individual’s personal psychological experience [72].
Slater and Sanchez-Vives [72] define immersion as a quantifi-
able feature of a VR system, indicating that a system is more
immersive when it can replicate the characteristics of another
system. For instance, a VR system using a head-mounted
display can fully mimic the functionalities of a desktop VR
system, but the opposite isn’t feasible. While Slater and
Sanchez-Vives [72] interpretation of immersion sheds light
on the immersion potential of VR devices, it doesn’t nec-
essarily address the users’ sensory experiences or how they
interact with virtual content, which Miitterlein [73] views as
a subjective evaluation of immersion. Such diverse perspec-
tives highlight the multifaceted nature of immersion. It can be
seen as a technological trait, a purely physical feeling similar
to being submerged in a substance like water, or an entirely
mental engagement, much like immersion in an exciting
novel [74], [75].

Disztinger et al. [76] described the perceived immersion
as a person’s ability to fully engage in a virtual setting.
Immersion is considered a critical component of VR [77].
The spectrum of VR immersion, ranging from low to high,
was theorised by Milgram and Kishino [78] in 1994 and later
by Kim and Leathem [79] in 2018. Based on this taxonomy,
as users engage with more advanced VR systems on the
spectrum, they would increasingly feel as though they are
experiencing an unmediated reality, which is considered a
mixed reality in this study [14], [80]. The sense of immer-
sion makes users in immersive environments operate more
efficiently and feel a stronger sense of presence compared to
those in non-immersive environments [81]. Kothgassner et al.
[82] highlighted that the more immersive a VR experience is,
the more it is accepted by users. The sense of being present
in the virtual environments - representing crime scenes in this
study- during a VR experience evokes strong feelings in the
participants’ minds. Huang et al. [83] found a meaningful
and positive relationship between immersion and perceived
usefulness, though they did not observe a significant link with
perceived ease of use. Explaining this pattern of immersion,
they pointed out that the VR equipment used in their research
wasn’t genuinely immersive VR and that users could only
interact with the system through simple tasks like zooming
and rotating a 3D object. There haven’t been any recog-
nised studies using structural equation modelling that have
examined the influence of immersion on perceived usefulness
or perceived ease of use for a high-immersion HMD-based
MR system. When a high-immersion device runs a program
with several interactive features, it’s possible that immersion
could have a notable positive effect on perceived ease of use.
A recent article found that perceived immersion has a positive
influence on perceived interactivity while using immersive
displays, which can be hypothesised in this study with the
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adoption of mixed reality devices [84]. Consequently, we are
proposing the following hypotheses.

H7. Immersion has a positive influence on the perceived
ease of use of MR in CSI training.

HS8. Immersion has a positive influence on the perceived
usefulness of MR in CSI training.

HO9. Immersion has a positive influence on the perceived
interactivity of MR in CSI training.

c: MOBILITY
MOB reflects the ability of mobile technology to be used
“anywhere” [85]. It describes how users feel they can tran-
sition between places and utilise their devices on the go [86].
In regards to this study, it can be defined as “‘the degree
to which users are aware of the spatial environments of
crime scenes”’. Mobile devices excel in giving users a pro-
found feeling of practicality and immediacy, making them
believe they can access information swiftly, effortlessly, and
promptly [87], [88]. A scholar claims that the accessibility
to content and services anywhere-anytime is the most signifi-
cant feature of mobile-based Information and communication
technologies (ICT) [89]. Mobility is a core factor in this
study, particularly the ability to move around wearing the
device and navigate in the virtual space. The significant
role of perceived mobility in encouraging the adoption of
mobile devices is well documented. Several studies have
argued that perceived mobility plays a crucial role in shaping
perceived usefulness, which in turn influences user accep-
tance of mobile systems [88], [90], [91]. It was also argued
that perceived mobility influences the perceived ease of use
of mobile devices, which can be suggested in this study
in the case of MR devices [92]. Based on the VR headset
restriction of navigation as it blocks the users’ sight, the
relationship between mobility and immersion has not been
explored. On contrary, mixed reality devices allow users to
navigate while wearing the devices as they are transparent.
By extension, this study suggests that mobility will be crucial
for the adoption of mixed reality wearable devices because
their primary utility is to offer quick and direct access to
information, leading to the subsequent hypotheses:

H10. Mobility has a positive influence on the perceived
usefulness of MR in CSI training.

HI11. Mobility has a positive influence on the perceived
ease of use of MR in CSI training.

H12. Mobility has a positive influence on the immersion
experience of MR in CSI training.

C. TECHNOLOGY ACCEPTANCE MODEL

The TAM by Davis [93] is grounded in the psychosocial
theories of Reasoned Action by Fishbein and Ajzen [94]
and Planned Behaviour by Ajzen [95]. These theories aim
to clarify and forecast specific behaviours. The initial TAM
comprises two external exogenous constructs: the perceived
ease of use and the perceived usefulness. Both constructs
directly influence the inherent users’ behavioural intention to
use technology.

VOLUME 11, 2023

a: PERCEIVED USEFULNESS
Perceived usefulness (PU) was defined as ‘“‘the degree to
which a person believes that using a particular system would
enhance his or her job performance” (p.320) [93]. The tech-
nology adoption model indicates that the primary motivation
for using information technology is its perceived useful-
ness [96], [97]. Davis [93] argues that if users believe a
technology could be beneficial and improve their job per-
formance, their intention to adopt it will increase. Numerous
previous studies have shown that perceived usefulness pos-
itively impacts the adoption of different technologies, e.g,
wearable devices [16], [98], and mobile applications [99],
[100]. Several scholars conducted the TAM model to mea-
sure the behaviour intention to adopt VR headsets in several
contexts and found a significant collection between PU
and BI [83], [101], [102]. For the generic training context,
PU influences the intention to use VR headsets in higher
education training and e-learning for adults [11], [103], [104].
Regarding crime scene investigation training using immersive
headsets, a few studies involved TAM to measure the correla-
tion between PU and BI [68], and no study encountered mixed
reality devices and their application in this context. Therefore,
in view of the previous discussion, this study suggests the
following hypothesis:

H13. Perceived usefulness has a positive influence on the
behavioural intention to adopt MR in CSI training.

b: PERCEIVED EASE OF USE
The perceived ease of use (PEOU) was defined as “the
degree to which a person believes that using a the particular
system would be free of effort” (p.320) [93] and to reduce
cognitive efforts [105]. Venkatesh [106] argued that the key
behavioural belief influencing user intentions to embrace a
particular technology is how easily they perceive it to be used.
Cheung, et al. [96] indicate that numerous scholars highlight
this as a significant factor in individuals’ attitudes toward
technology. Furthermore, the perceived simplicity of use is
noted to play a crucial role in shaping attitudes [107].

Across various technologies, PEOU showed an influence
on the behavioural attention to adopt these technologies. King
and He [108] conducted a statistical analysis of 88 studies
and found a significant correlation between PEOU and BI in
different contexts using recent technologies and applications.
During the last two decades, several studies involved TAM
model to explore the user’s intention to use VR considering
the ease of use construct [101], [109], [110], [111]. In the con-
text of CSI training, a scholar conducted VR experience and
found a significant relation between PEOU and the adoption
of the VR headset to proceed with the training [68]. Despite
the general agreement of this correlation between PEOU and
BI of adopting VR, MR did not take much attention, espe-
cially in the training discipline, particularly in CSI training.
In view of the previous discussion, this study suggests the
following hypothesis:

H14. Perceived ease of use has a positive influence on the
behavioural intention to adopt MR in CSI training.
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¢: BEHAVIOUR INTENTION

BI is a concept that was built from the theory of reasoned
action by Fishbein and Ajzen [94] and it is defined as “a mea-
sure of the strength of one’s intention to perform a specified
behavior”. It is also considered an immediate precursor to
usage behavior, serving as a signal for when a person is ready
to engage in a particular action. BI is the critical element that
dictates the success of a system. In the original TAM proposed
by Davis [93], factors such as attitude, perceived utility, and
perceived simplicity influence BI.

IV. RESEARCH METHODOLOGY

A. PARTICIPANTS AND PROCEDURE

The study questionnaire was reviewed and evaluated by aca-
demics and senior crime scene investigators - see appendix.
The data collection was conducted at the Kuwait Police
Academy in Kuwait with the help of their staff. The ethical
approval has been obtained and approved from the University
of Liverpool John Moores. The proposed research model
involved the young investigators and the students of the
academy to explore the behaviour intention to adopt the MR
devices and its applications in CSI training. The questionnaire
was constructed from TAM and TTF frameworks, and it is
tackled in the following section.

The targeted group of participants are students or young
investigators who practice crime investigation in the academy
through traditional methods. They were invited by email
to attend the trial day. A booking system was prepared to
dedicate each participant 20 minutes. The system trail was
experimented for several participants for 4 weeks a day after
day. Initially, all participants had to sign the consent form
then they were instructed to use the device and the MR
investigation system. Questionnaire was written initially in
English and translated into Arabic (local language in Kuwait).
The participant group was provided a training to use the
mixed reality system that is comprised of Microsoft HoloLens
2-MR headset - and the HoloHolmes application. They were
instructed to experiment the investigation MR application in
a wide space or an empty classroom. Then, they invited to fill
questionnaires, The approximate time for experimenting the
mixed reality investigation system took from 15 to 20 min
for each participant. Then, questionnaires took additional
5 minutes. Initially, the email sent to 400 students at the final
year of the academy. Out of the 400 students emailed, 49%
responded, with 160 valid responses (40% of the original
number) being used for the final analysis.

B. QUESTIONNAIRE DESIGN

The questionnaire is divided into two essential parts. The first
part contains questions that gather demographic details of the
respondents. The second part is focused on evaluating eight
different constructs, including TTF with 4 items, ITF with
3 items, IM with 3 items, PI with 3 items, MOB with 3 items,
PEOU with 4 items, PU with 5 items, and BI with 5 items.
The questionnaire used a five-point Likert scale ranging
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from 1 = strongly disagree to 5 = strongly agree. The mea-
surements for individual-technology fit and task-technology
fit were adjusted slightly from earlier published work to
match this research’s focus [21], [112]. The items for mobility
were taken from Park et al. [91], and those for immersion
came from Huang et al. [83]. The criteria for evaluating
perceived ease of use, perceived usefulness, and behavioural
intention were based on studies by Davis [93] and
Chen et al. [113]. Appendix A provides a detailed demon-
stration of these constructs and the associated items.

C. MR TRAINING SYSTEM

The study involved designing a MR system that utilises
Microsoft HoloLens 2 for reconstructing crime scenes for
junior police officer training. The design is based on the
user’s workflow, and details for each stage are provided.
Tools and development cycle for the MR application rely
on Microsoft HoloLens 2, as a MR device. The process
involved the Unity game engine and C# in combination with
a MR toolkit (MRTK). The application, named HoloHolmes,
was deployed through Microsoft Visual Studio. The sys-
tem includes four stages: “Look Around”, “Find Clues”,
“Check victims” and “Define the criminal” — as depicted in
Figure 2.0. After completing the stages, a crime simulation is
presented, showing how the incident occurred and the crimi-
nal’s actions. The system design structured and implemented
based on each step of the framework that is introduced by CSI
Practioners. Several other resources were examined to inform
the architecture of the system, including CSI4FS, a mobile
augmented reality program geared towards crime scene train-
ing [39]. Additional training applications of a comparable
nature, such as the virtual crime simulator that was developed
to served as valuable references in shaping the training mod-
ule. The investigator also incorporated his own expertise and
experience in real-life crime-solving into the system’s design
framework. The design process underwent multiple cycles,
adhering to a user-centric design methodology to ascertain
both feasibility and the requisite user experience.

Stage 1: Look Around - This stage familiarises the user
with the environment and emphasises finding clues through
critical examination. A user-guided interface leads the inves-
tigation, and the stage includes exploration and interaction
through various buttons and interfaces.

- Stage 2: Find Clues- Focused on evidence gathering,
this stage employs MR tags to identify and categorise clues.
A system of 24 tags is used, divided into different categories —
as depicted in Figure 3. A virtual keyboard allows note-taking
and task completion is contingent on proper tagging and
checklist completion.

- Stage 3: Check Victims - This stage reveals biometric
information of victims and crime tool data through interactive
formative tasks. It emulates real-world investigation com-
munication, and completion requires revealing all updated
forensic information.
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FIGURE 2. Mixed Reality Application “HoloHolmes".

FIGURE 3. Mixed Reality Application “HoloHolmes".

- Stage 4: Define the Criminal - Involving identification of - Simulation - This final part emphasises a life-size anima-
the criminal from multiple subjects, this stage offers detailed tion simulation of the entire crime, connecting evidence and
profiles and additional investigation tools. Unique buttons actions. The animation provides a replay feature, allowing
and visuals aid in suspect scrutiny and decision-making, lead- review and enhanced understanding. Upon solving the case,
ing to the identification of the criminal. the user is directed to multiple other missions.
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TABLE 1. Units for magnetic properties.

Variables Measures N %
Gender Male 118 73.7
Female 42 26.2
Age 18-25 0 0.00
26-34 80 50.0
35-45 76 47.5
46-60 4 250
Level of Study A-LEVEL 27 16.8
Bachelor 86 53.7
Masters 37 23.1
PHD 10 6.25
Which of the following VR devices have you Oculus Quest (1 or 2) 12 7.50
heard about (before the experiment)? Samsung VR 36 225
HTC Vive 11 6.87
HoloLens 41 25.6
Z:ji\;ee :ot tried any of the above 60 375
Have you ever used either an AR ora VR Yes 92 57.5
headset? No 68 425
If this system can improve your investigative Yes 145 90.6
skills, will it increase your intention to use it? No 15 9.37

D. APPARATU

The Microsoft HoloLens 2, released in 2019, is an advanced
mixed reality headset that improves upon its predecessor by
incorporating new hardware and software. It features a Holo-
graphic Processing Unit, depth sensors, and cameras, among
other components, to generate a 3D holographic experience.
The device also supports intuitive hand and voice controls for
enhanced user interaction [114] [115].

E. DATA ANALYSIS

The data was collected and analysed in IBM SPSS which
refers to (Statistical Package for the Social Sciences). The
analysis adopted the partial least squares structural equation
modelling (PLS-SEM) approach through SmartPLS 4.0 to
validate the system’s usefulness using the TAM. SmartPLS
4.0 was used to test the validity of the hypotheses. PLS-
SEM is adopted as it is more focused on predicting and
explaining variables such as the BI in this study. As, the
primary goal of this research is to maximise the explained
variance of the dependent variables. In our study, the most
crucial statistical methods were made up of two stages, as
Hair et al. [116] recommended this method. The first stage
involved conducting the validity of measures, including
measure convergence validity and discriminant validity of
the measure. The second stage included the examination
of the structural model. Defining the sample size in this
study depends on the equation provided by Krejcie and
Morgan [117] based on population size. Refer to (1) for the
sample size calculations, it is considered the probability of
p = 0.05, meaning there is less than a 5% chance of
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committing a type I error, or p < 0.05. It means that there
is less than a 5% chance that the observed results occurred
by random chance, assuming that the null hypothesis is true.
Yet, there remains a probability of up to 5% that the rejection
of the null hypothesis is incorrect, constituting a Type I error.

X2NP(1 — P)
S =
d>(1-N)+X?P(1-P)

Here, (S) stands for the necessary sample size, (N) represents
the overall population size, (P) denotes the population propor-
tion (presumed to be 0.50 to yield the maximum sample size),
(d) indicates the level of accuracy as a proportion (0.05), and
(X?) is the chi-square table value for 1 degree of freedom at
the desired confidence level (0.05 equating to 3.841).

ey

V. RESULT AND ANALYSIS

A. RESPONDENTS’ PROFILE

Table 1 shows the demographic details of police academy
students. The data reveals that 73.75% of the 160 students
were male, and their ages varied between 18 and 60 years.
The majority of respondents (50%) were between the ages
of 26 and 34. More than half of the students, 53.5%,
had obtained a bachelor’s degree, and 37.50% had never
interacted with any devices before the experiment. Out of
160 students said that it would increase their intention to use
it if this system could improve their investigative skills.

B. MEASUREMENT MODEL ASSESSMENT
The execution of a confirmatory factor analysis (CFA)
resulted in the removal of two items, keeping only those with
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TABLE 2. Convergent validity results.

Cronbach’s

Construct Items Factor loadings Alpha CR AVE
BI BI1 0.794 0.826 0.882 0.653
BI2 0.741
Bl4 0.818
BI5 0.873
™M M1 0.786 0.738 0.817 0.691
M2 0.874
m™m3 0.789
ITF ITF1 0.833 0.741 0.809 0.586
ITF2 0.729
ITF3 0.730
‘o MOB1 0.864 0.790 0.831 0.711
MOB2 0.825
MOB3 0.822
PEOU PEOUI 0.823 0.851 0.894 0.629
PEOU2 0.768
PEOU3 0.816
PEOU4 0.816
PEOUS 0.738
PI PI1 0.751 0.731 0.813 0.686
P12 0.899
PI3 0.835
PU PUI1 0.821 0.805 0.870 0.627
PU3 0.811
PU4 0.793
PU5 0.739
TTF TTF1 0.734 0.789 0.863 0.613
TTF2 0.852
TTF3 0.824
TTF4 0.713

a factor loading greater than 0.05. Consequently, the final
model was composed of 29 items, forming the foundation
of the confirmatory reflective analysis that was conducted.
The findings related to internal consistency reliability and
convergent validity are displayed in Table 2.

Both TAM and TTF for CSI training were influenced
by other factors related to the behavioural intention to
use Mixed Reality devices and applications. Regarding the
assessment and measurement of the proposed model, Cron-
bach’s alpha for the reliability coefficient ranged from
0.731 to 0.851, which surpasses the suggested value of 0.7 by
Nunnally [118]. Validity is a critical aspect that is signifi-
cantly required to be measured. Therefore, in Table 2, The
Composite Reliability (CR) values fell within the range of
0.713 to 0.899, surpassing the suggested value of 0.70 as per
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Ab Hamid et al. [119] and Mitrany [120], thus affirming the
reliability of every variable.

Validity is assessed by evaluating convergent validity and
discriminant validity [121]. Convergent validity was gauged
by measuring the average variance extracted (AVE) and factor
loadings [122]. As demonstrated in Table 2, all the constructs
ranged from 0.586 to 0.711, which is higher than the required
value of 0.50, as stated by Hair Jr et al. [121]. As all the factor
loadings of the constructs were beyond the cut-off value
of 0.70, the convergent validity was deemed sufficient.

The Fornell-Larker criterion and cross-loadings are used to
assess the discriminant validity [123]. According to Table 3,
following the Fornell-Larker criterion, the diagonal values
(calculated as the square root of AVE) exceed the off-diagonal
values in every row and column [124]. These figures
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TABLE 3. Fornell-larker criterion.

BI M ITF MOB PEOU PI PU TTF
BI 0.808
M 0.511 0.831
ITF 0.601 0.528 0.765
MOB 0.446 0.413 0.551 0.843
PEOU 0.683 0.461 0.656 0.536 0.793
PI 0.561 0.513 0.577 0.574 0.605 0.828
PU 0.594 0.508 0.53 0.517 0.651 0.455 0.792
TTF 0.613 0.469 0.762 0.385 0.552 0.487 0.545 0.783

indicate a positive correlation coefficient between the con-
structs. Cross-loading results can be seen in Table 4. The
item loadings related to each construct were greater than
the content of its corresponding variables. Thus, it can be
recommended that there be no doubts about the discriminant
validity assessment in this study.

C. STRUCTURAL MODEL ASSESSMENT

In the structure model evaluation, the hypothesis testing
was performed through a bootstrapping method of 3,000
re-samples. The hypothesis testing included the standard
beta (B), t-values, and p-values, following the guidelines
set by Hair Jr et al. [125]. Prior to the hypothesis testing,
an algorithm was developed for the research model, as illus-
trated in Figure 3.

1) HYPOTHESES OF TTF THEORY

The first four hypotheses are related TTF theory. The findings
as depicted in Table 4 and Figure 4 showed that TTF has a
significant positive influence on PU (8 = 0.326, t = 2.885),
while TTF has no significant influence on PEOU (8 =
0.099, t = 1.089). As a result, HI was accepted and H2 was
rejected. Additionally, the findings revealed that ITF has no
significant influence on PU (8 = —0.008, t = 0.065) and ITF
has a significant positive influence on PEOU (8 = 0.325,
t = 3.662). Therefore, H3 was rejected, while H4 was
accepted. These results are consistent with previous
studies [21], [126], [127], [128], [129], [130].

2) HYPOTHESES OF TAM THEORY

The second set of ten hypotheses is related to the TAM model.
As depicted in Table 5 and Figure 4, The results similarly
showed that the PI’s influence on PU is insignificant (8 =
0.022, t = 0.022), while its influence on PEOU is significant
(B = 0.252, t = 2.743). Consequently, H5 was rejected, and
H6 was accepted. These results are consistent with the previ-
ous studies [70], [131], [132]. Moreover, the study revealed
that IM significantly influences PU (8 = 0.229, t = 0.229),
but has an insignificant effect on PEOU (8 = 0.051, t =
0.051), leading to the acceptance of H7 and rejection of HS.
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However, It was revealed that IM significantly influences PI
((B = 0.515, t = 9.631), leading to the acceptance of H9.
These results are consistent with previous studies [76], [83],
[133], [134]. Additionally, the findings illustrated that MOB
significantly impacts both PU (8 = 0.289, t = 3.610) and
PEOU (B = 0.157, t = 2.276), resulting in the acceptance
of H9 and H10. The study also indicated that IM signifi-
cantly influences PI (8 = 0.515, t = 9.631), hence H11 was
accepted, and MOB has a significant effect on IM (8 = 0.418,
t = 5.614), so H12 was accepted as well. These results are
consistent with previous studies [88], [135], [136], [137],
[138]. Lastly, the study proved that both PU (8 = 0.265, t =
3.571) and PEOU (B8 = 0.512, t = 7.631) have a significant
influence on BI, leading to the acceptance of H13 and H14.
These results are consistent with previous studies [21], [103],
[128], [129], [130], [139].

Regarding the R2 results, according to Figure 3, it was
noticed that task technology fit and individual technology
fit, perceived interaction, perceived immersion, and perceived
mobility together explain 52.6% of the variance in perceived
ease of use. Interestingly, both perceived ease of use and per-
ceived usefulness explain 50.5% of the variance in behaviour
intention to adopt mixed reality devices and their application
in CSI training. Considering the R2 threshold values, the
R2 values resulting from this proposed model are considered
acceptable.

VI. DISCUSSION AND IMPLICATIONS

The advancement of MR technologies offers unparalleled
prospects for police students and young investigators in
CSI process. This is by facilitating the accessibility to
crime scenes in a virtual format and conducting investiga-
tion training. This technology allows investigation in remote
collaboration with the visual and auditory communication
capability between investigators and trainees [140]. Tradi-
tional CSI training often relies on static, pre-designed settings
that might not account for the varied nature of crime scenes.
However, MR can create dynamic, evolving scenarios that
are adaptable in real time. However, there is limited under-
standing regarding the utilisation of these devices in the CSI
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TABLE 4. Cross loadings.

BI M ITF MOB PEOU PI PU TTF
BII 0.794 0.440 0.549 0.411 0.498 0.389 0.496 0.493
BI2 0.741 0.364 0.448 0.373 0.426 0.373 0.384 0.457
BI4 0.818 0.409 0.51 0304 0.66 0.496 0.572 0.560
BI5 0.873 0.437 0.433 0376 0.578 0.531 0.437 0.459
M1 0.323 0.786 0411 0.273 0.359 0.310 0.427 0.420
M2 0.509 0.874 0.464 0.402 0.405 0.521 0.421 0.369
M3 0.521 0.789 0.398 0.462 0.543 0.455 0387 0.414
ITF1 0.542 0.456 0.833 0.487 0.543 0.446 0.418 0.621
ITF2 0.401 0.473 0.729 0.465 0.467 0.538 0.429 0.477
ITF3 0.430 0.277 0.730 0.307 0.495 0.339 0.370 0.651
MOBI 0.369 0.327 0.471 0.864 0.481 0.562 0.494 0.414
MORB2 0.420 0411 0.423 0.825 0.593 0.429 0.382 0.477
MOB3 0.386 0.374 0.459 0.822 0.420 0.396 0.372 0.224
PEOUI 0.561 0.370 0.478 0.473 0.823 0.538 0.460 0.389
PEOU2 0.555 0.409 0.585 0376 0.768 0.449 0.513 0.460
PEOU3 0.565 0.324 0.577 0416 0.816 0.469 0.563 0515
PEOU4 0.544 0.352 0.537 0.534 0.816 0.495 0.509 0.424
PEOUS 0.473 0.376 0.410 0.309 0.738 0.445 0.543 0393
PIl 0.374 0.309 0.539 0.415 0.435 0.751 0.255 0.434
PI2 0.536 0.512 0.449 0.527 0.556 0.899 0.466 0393
PI3 0.574 0.366 0.431 0.432 0.502 0.835 0.412 0.366
PU1 0.482 0.305 0.447 0.395 0.558 0411 0.821 0.484
PU3 0.480 0.378 0.394 0.356 0.536 0.440 0.811 0.460
PU4 0.489 0.498 0.452 0.478 0.534 0379 0.793 0.395
PUS 0.425 0.422 0.382 0.405 0.429 0.201 0.739 0.387
TTF1 0.430 0.315 0.561 0.224 0.406 0362 0.405 0.734
TTF2 0.544 0.437 0.624 0.294 0.429 0.307 0.425 0.852
TTF3 0.509 0.374 0.611 0.420 0.543 0.537 0.478 0.824
TTF4 0.429 0.340 0.596 0.236 0314 0.278 0.390 0.713

training context [7]. Consequently, the present study aims
to investigate specific factors anticipated to influence police
students’ willingness to adopt these technologies for CSI
training purposes. To this end, a novel theoretical framework
is introduced, which enhances the TAM by incorporating
TTF variables and key attributes of mixed reality devices,
specifically their mobility, immersion and interactivity.

A. TASK TECHNOLOGY FIT

The findings of the current investigation confirm that TTF
significantly influences PU, suggesting that users assessed
the HoloHolmes MR application to be an effective instru-
ment for crime scene investigation in their routine training
and practices. The utility and pertinence of technology for
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particular tasks are key determinants in its adoption and
practical use in varying crime scene training scenarios,
as highlighted by Mayne and Green [7]. Several previous
studies confirmed the positive and significant influence of
TTF on PU in several contexts [21], [126], [127], [128], [129],
[130]. Contrary to these findings, a prior study conducted by
Vanduhe et al. [103] did not present conclusive evidence
to affirm or negate a significant influence of TTF on
PU, although a positive association between the two vari-
ables was observed. The significant relationship between
TTF and PU suggests that when the technology closely
aligns with the operational needs of crime scene investi-
gation, it is more likely to be viewed as beneficial. This
emphasizes the importance of co-design approaches, wherein

114743



IEEE Access

M. Albeedan et al.: Evaluating the Use of MR in CSI Training

TABLE 5. Hypotheses testing results.

H Independent Relationship Independent Std. Beta t-value p-value Result
H1 TTF _ PU 0.326 2.885 0.004* Supported
H2 TTF _— PEOU 0.099 1.089 0.276 Rejected
H3 ITF —_— PU -0.008 0.065 0.949 Rejected
H4 ITF L PEOU 0.325 3.662 0.000* Supported
H5 PI —_ PU 0.022 0.188 0.851 Rejected
H6 PI —_— PEOU 0.252 2.743 0.006* Supported
H7 M _— PU 0.229 2.888 0.004* Supported
H8 M _ PEOU 0.051 0.657 0.511 Rejected
H9 M —_—) PI 0.515 9.631 0.000* Supported
H10 MOB _— PU 0.289 3.610 0.000* Supported
H11 MOB —_—) PEOU 0.157 2.276 0.023* Supported
H12 MOB _— M 0.418 5.614 0.000%* Supported
H13 PU —_— BI 0.265 3.571 0.000* Supported
H14 PEOU B —— BI 0.512 7.631 0.000* Supported
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Yor3s
TIF2 <852
40824
iz /IJ.T 13 TTE
TIF4
. PU1 PU3 PU4 PUS
1TF1 ’\ f
0821 0811 0793 0739
ITF2 ™~
ITF3
P 0.259, B
0794
PI2 e B2
0818
22 0 srs-* =
0514 BI A

M1

M2

M3

PEOU1

MOR

FIGURE 4. PLS-SEM Algorithm Model Results.

law enforcement professionals are involved in the itera-
tive design process of the MR application. Future research
may explore the granularity of this alignment; for instance,
whether more advanced features like real-time data analysis
or collaborative interfaces have varying degrees of perceived
usefulness.

The present research results indicated that TTF does not
significantly influence PEOU, thereby leading to rejecting the
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hypothesised relationship between TTF and PEOU. On the
other hand, a positive correlation between TTF and PEOU
was observed. This observation is congruent with a previous
study, which was particularly undertaken by Yen et al. [139]
and Ishfaq and Mengxing [141] to explore the adoption of
different technologies. Both literature studies rejected the
relationship between TTF and PEOU, leading to dismissing
the posited linkage between these variables. In regard to
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the context of this study, when mixed reality technology is
viewed as compatible with a given task or exhibits TTF, it will
not influence enhancing Perceived Ease of Use of the MR
devices and their applications. One hypothesis for further
inquiry could be that the technical complexities introduced by
a well-fitting technology are perhaps offset by its perceived
benefit, rendering the ease of use as a secondary considera-
tion.

The results of this study, which the police academy stu-
dents conducted, revealed that the influence of ITF on PU
was insignificant, thereby rejecting the hypothesised rela-
tionship between the two variables. These results aligned
with earlier studies that adopted different technologies in
different contexts and argued that ITF has an insignificant
impact on PU, leading to rejecting the hypothesised asso-
ciation [21], [130]. In a different context, authors claimed
that ITF alone may not be adequate to achieve the degree
of PU necessary for a technology’s broad acceptance [21].
Conversely, in this investigation, ITF significantly impacted
PEOU, which accordingly accepts the tested relationship
between ITF and PEOU. This result goes along with the pre-
vious literature that utilised different technologies [21], [129],
[130]. On the other hand, this outcome contradicts a previous
study, which proved that ITF has no significant influence on
PEOU, resulting in rejecting the explored correlation [142].
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For the context of mixed reality and its applications, despite
the new user experience that students were exposed to, this
result highlights an absence of a positive correlation and sug-
gests that ITF does not significantly influence PEOU [142].
The insignificant relationship between Individual Task Fit
and perceived usefulness might indicate that personal pro-
ficiency or suitability for crime scene investigation tasks
doesn’t strongly influence how useful the technology is per-
ceived to be. However, its significant influence on perceived
ease of use suggests that prior expertise in crime scene investi-
gations can potentially make the MR interface more intuitive
to navigate.

B. MR HEADSET QUALITIES

Regarding the perceived interaction for the MR application,
the findings suggest that PI has no significant influence on
PU, confirming the rejection of the hypothesised correlation
between PI and PU. There is a lack of uniform agree-
ment within the extant scholarship concerning the degree to
which PI significantly affects PU. The multifaceted nature
of interactivity, especially in the realm of AR/VR technolo-
gies, may contribute to ambiguities surrounding its perceived
usefulness [143]. On the contrary, the results proved that
the perceived interactivity of the MR device and its appli-
cation significantly influence the perceived ease of use;
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hence, the measured relationship between PI and PEOU is
accepted. This aligns with prior research findings that have
confirmed the substantial influence of PEOU on PI, thereby
confirming the posited link between PI and PEOU [70],
[132]. Consequently, the study establishes a unidirectional
dependency, indicating that PEOU is a determinant of PI
rather than vice versa [144]. While perceived interactivity did
not significantly influence perceived usefulness, its notable
impact on perceived ease of use calls for further investiga-
tion. This might imply that a higher degree of interactivity
does not necessarily translate into functional advantage
but does contribute to a more intuitive or engaging user
experience.

Regarding the immersion construct, the findings substan-
tiate a significant influence of IM on PU, thereby confirming
the hypothesised relationship between the IM and PU.
Contrarily, the prior literature lacks a comprehensive under-
standing of the influence of IM on PU in the discipline of
training using AR/VR devices; however, there are few in
different disciplines [83], [133]. The concept of immersion
presents a complicated variable that challenges the mea-
surement of any direct relationship with PU, leading to the
rejection of the measured relationship between IM and PU
in the existing literature. In the current investigation, it was
observed that IM has no significant impact on the PEOU,
leading to the rejection of the hypothesised relationship
between IM and PEOU. These results align with previous
studies that confirmed the insignificance of the impact of IM
on PEOU [83], [145]. Furthermore, there was no evidence
from existing literature to validate a significant influence
of IM on PEOU, particularly in the training discipline
using mixed reality devices. Conversely, prior research that
Ghobadi et al. [146] conducted identified a robust con-
nection between IM and PEOU, inferring that high levels
of immersion facilitated users in adopting new technol-
ogy, thereby enhancing PEOU. In conditions of heightened
immersion, technology is perceived as user-friendly and con-
textually pertinent, underscoring the potential significance
of immersion in shaping ease of use. Ghobadi et al. [146]
also reported a robust positive interrelation between IM and
PEOU, evidencing direct positive correlations between IM
and PEOU.

This study also found that IM has a positive significant
influence on PI, thereby confirming the hypothesised rela-
tionship between IM and PI. Surprisingly, there was no prior
study that can either confirm or reject this relationship. These
results imply that technologies involving AR, VR or MR
have the potential to positively shape the way users perceive
interactivity, thereby augmenting their learning experience
in new technological environments. Therefore, the degree of
immersion is crucial for affecting how users perceive a tech-
nology’s interactive capabilities, which consequently impacts
the technology’s utilisation and adoption rate. If technology
provides an experience that is both deeply immersive and
meets the needs of the user, it is more likely to experi-
ence higher rates of adoption and usage [147]. Immersion’s
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significant impact on perceived usefulness and interactivity,
but not on ease of use, could be explained by the role it plays
in replicating a ‘real-world’ training environment. This raises
important questions about the optimal level of immersion
required for effective training, which merits further empirical
study.

In regards to mobility, the findings of this investiga-
tion confirmed that MOB has a significant influence on
PU, thereby accepting the hypothesised relationship between
MOB and PU. The existing academic literature lacks defini-
tive insights into the influence of MOB on PU in the discipline
of training using mixed reality devices, despite a few estab-
lishing this relationship with different technologies in differ-
ent domains [88], [135]. Mobile technologies may necessitate
sacrifices in certain domains, and demand increased effort for
effective utilization. Consequently, despite its potential con-
tributions in realms such as criminal investigation, mobility
poses a disadvantage to PU, according to existing schol-
arly work. This accentuates the notion that mobility should
not be a prioritized factor or subject of focus [148]. Fur-
thermore, this research confirmed that MOB significantly
influences PEOU, thereby accepting the hypothesised rela-
tionship between MOB and PEOU. Previous literature proved
the relationship between MOB and PEOU with different tech-
nologies [136], [137], [138]. For the current study, mobility
is crucial for young police investigators to walk around the
scanned crime scene to conduct the investigation practices.
Hence, these findings confirm that the mobility feature of
the mixed reality devices influences the perceived usefulness
and the ease of use of the MR application, and facilitates
understanding of the application and establishes a friendly
user experience.

The outcomes of this study indicate a significant influence
of MOB on IM, thus confirming the examined correlation
between MOB and IM. Despite the lack of previous studies
regarding this type of relationship, the mobility privilege in
mixed reality devices in this study proved the enhancement
of the perceived interactivity between the user and the vir-
tual content. This reflects on the nature of practising the
investigation of the crime scene by the young investigators
that is performed in this study. Mobility influencing both
perceived usefulness and ease of use is significant, espe-
cially in the context of crime scene investigations, which
often require rapid response and adaptability. This stresses
the need for future MR applications to focus on lightweight,
mobile solutions without compromising on computational
power.

C. TECHNOLOGY ACCEPTANCE

In the present research, and in line with prior literature,
it was indicated that PU significantly influences BI; as
such, the hypothesised relationship between PU and BI is
accepted. PU was identified as a key determinant of BI,
specifically within the context of student engagement with
e-portfolios. Hence, PU serves as a crucial factor in shaping
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BI[149]. Although several studies confirmed this relationship
in several types of technologies [21], [103], [129], [139],
[130], none of the published literature involved mixed reality
and its application to measure this relationship. Moreover,
the current study demonstrates that PEOU also significantly
influences BI, confirming the hypothesis that the relationship
between PEOU and BI is significant. These results were
aligned with prior research, which emphasised the signifi-
cant influence of PEOU on BI [103], [128], [129], [139].
Therefore, it becomes imperative for emerging technologies
to be conceived as user-friendly in order to foster user accep-
tance and adoption. When a technological tool is viewed
as user-friendly, it minimises obstacles to its application,
thereby enhancing its significance for users in accomplish-
ing their tasks. As a result, this increases the likelihood of
technology adoption. The intent to employ the technology
and its actual behaviour are essential elements to examine in
user acceptance [150]. Both perceived usefulness and ease
of use were found to significantly affect the behavioural
intention to adopt the MR system. This indicates that for
widespread adoption, MR applications must not only be func-
tionally aligned with the task but also be easy to interact
with.

VIi. CONCLUSION AND FUTURE WORK

A. THEORETICAL CONTRIBUTIONS

In conclusion, this study successfully developed a sys-
tematic MR application using Microsoft HoloLens 2 to
enhance communication and interaction among investi-
gators during crime scene investigations. The research
incorporated five external factors from the TAM and
utilised a mixed-methods approach. The quantitative phase
employed SmartPLS 4.0 and structural equation modelling
to analyse the relationships between the research model’s
constructs.

In light of the empirical results and further discussion, it is
evident that MR applications using HoloLens hold signifi-
cant potential for building effective training systems in crime
scene investigation for police students. However, the adoption
and success of such technology are influenced by a complex
interplay of variables such as TTF, ITF, PI, IM, MOB, PU,
and PEUO.

The observed significant influence of TTF on perceived
usefulness underscores the critical role that technological
alignment plays in addressing the operational needs of crime
scene investigation. Meanwhile, ITF’s significant influence
on perceived ease of use indicates that the interface becomes
more intuitive with prior expertise in the field, emphasizing
the importance of user-centric design. The data reveals that
both perceived usefulness and ease of use significantly affect
the behavioural intention to adopt the MR system. As it was
insightfully pointed out, the development of MR applications
should be directed toward creating a balance between func-
tionality and user experience. Future research should focus
on specific elements, such as real-time data analysis and
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collaborative interfaces, which can enhance both the per-
ceived usefulness and ease of use of these systems.

The findings of this research not only provide valuable
insights for the development and evaluation of MR applica-
tions in law enforcement training but also contribute to the
broader discourse on the adoption of advanced technology in
professional educational contexts.

The multi-dimensional relationships between these factors
offer numerous avenues for future research. Particular atten-
tion should be given to studying the long-term impacts of such
technology in real-world law enforcement training. More-
over, these insights could serve as a foundational framework
for developing and evaluating similar MR-based training sys-
tems in various professional settings.

B. PRACTICAL CONTRIBUTIONS

The practical contributions of this study lie in the develop-
ment and implementation of the MR application itself. The
application’s realistic environment allows investigators to
experience crime scenes more effectively, aiding in evidence
collection and navigation. This has the potential to improve
the efficiency and accuracy of crime scene investigations,
leading to more reliable and comprehensive outcomes. Fur-
thermore, the application’s use in court settings can enhance
judges’ and juries’ understanding of the crime scene, leading
to informed decision-making and potentially reducing the
time required for trial processes.

C. LIMITATIONS AND FUTURE WORK

Concerning the limitations, the sample size and demographic
distribution of the participants might be one of the study
limitations. If the study primarily focused on a specific group,
the results might not be generalizable to a larger, more diverse
population. Another limitation is relying on one type of mixed
reality device; The study is tailored to HoloLens and its capa-
bilities. The findings can be expanded to other MR platforms
or evolving technologies. Furthermore, the study is specifi-
cally focused on crime scene investigation for police students.
The findings might not apply to other training domains within
or outside law enforcement.

Future research could involve larger and more diverse
genders to validate the study’s findings across various pop-
ulations. It would be beneficial to compare the effectiveness
of HoloLens with other MR or Virtual Reality (VR) plat-
forms to determine any platform-specific advantages or
limitations. Future studies could employ objective measures
such as task completion time, error rates, or physiological
indicators like eye tracking to supplement subjective self-
reports. Research could explore the applicability of these
MR technologies in different law enforcement or educational
contexts, beyond crime scene investigation. Additionally,
further studies could be designed to assess how orga-
nizational and policy-level factors influence the adoption
and scaling of MR technologies in professional training
environments.
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APPENDIX
TECHNOLOGY ACCEPTANCE MODEL (TAM)
QUESTIONNAIRE

Perceived Ease of Use

I believe that the HoloLens application would be
PEOU1  useful for practising crime scene investigation
practices.

Using the MR application in HoloLens increases my
PEOU2 > . .
learning and practice achievement.

Using the HoloLens app makes it easier for me to
PEOU3  better understand the investigation practices in crime
scenes.

PEOU4 | think the HoloLens app can help me perform the
required investigation practices in crime cases.

Task-Technology Fit

TTF1 The mixed reality application can fit the requirement of
practising crime scene investigation.

TTF Using the mixed reality application fits with my
educational practice.

TTF3 While practising, it is easy to understand which function to
use on the mixed reality crime scene application.

TTF4 The mixed reality application is suitable for helping me to

complete my crime scene investigation education.

Overall, using the HoloLens application in crime
PEOUS . L0 . L
investigation learning and practices is useful.

Perceived Usefulness

Individual-Technology Fit

ITF1 I can independently and consciously practice crime
scene investigation on the mixed reality application.

I believe that the HoloLens application would be

ITF2 I can participate in various types of discussions and
evaluations on the mixed reality application.

PUI useful for practising crime scene investigation
practices.
PU2 Using the MR application in HoloLens increases my

learning and practice achievement.

I can solve crime cases and get good marks for
ITF3 . . .
outstanding performance on the mixed reality app.

Using the HoloLens app makes it easier for me to

Immersion

PU3 better understand the investigation practices in crime
scenes.
PU4 I think the HoloLens app can help me perform the

required investigation practices in crime cases.

M1 The application provides an authentic crime scene
for learning and practice.

PU5 Overall, using the HoloLens application in crime
investigation learning and practices is useful.

The app created an environment that immerses users
M2 into a virtual crime scene investigation despite being
physically inside a classroom.

Behavioural intention

IM3 I feel fully engaged by the mixed reality crime scene
environment.

BI1 I intend to start using the HoloLens crime scene app
to interact with my colleagues and lecturers.

Perceived Interactivity

BI2 I intend to continue using the HoloLens crime scene
app frequently.

BI3 I will strongly recommend the use of mixed reality
crime scene app to my peers.

I will always try to use the HoloLens application in
BI4 . . . .
my practical studies on a daily basis.

BIS Overall, I intend to continue using the crime scene
application in my future learning.

P11 I felt that [ had a lot of control over my
Investigation practices of using the MR application.

PP Getting information from the MR application was
very fast.

PI3 I think using the MR application was enjoyable.

Mobility

MOBI Mobility is an outstanding advantage of the MR
application.

MOB2 I feeI. that I can use the MR application anywhere at
any time.

MOB3 Mobility. makes .it possible to get the required
information on time.
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