Pertanika J. Sci. & Technol. 34 (3): 1655 - 1683 (2026)

/ SCIENCE & TECHNOLOGY
PERTANIKA

Journal homepage: http://www.pertanika.upm.edu.my/

Gamification for Extended Reality Informative Space (XRIS)
Visualisation in the Construction Industry

Changsaar Chai, Anne Ann Yii Chua*, and Felix Kai Han Yong

School of Architecture, Building and Design, Faculty of Innovation and Technology, Taylor s University, 47500
Subang Jaya, Selangor, Malaysia

ABSTRACT

Intuitive visualisation tools are essential for the effective coordination of construction projects
to convey complex spatial and technical information to diverse stakeholders. Traditional design
documentation using 2D drawings and static 3D models cannot accurately depict complex spatial
relationships and construction sequences. This results in design misinterpretations, inefficient
constructability reviews and rework costs. Most of the current extended reality (XR) deployments
in construction are essentially used as visualisation tools. Gamification usage in the industry is
mainly oriented to the educational workflow context. This study develops an Extended Reality
Information Space (XRIS), a HoloLens-based system that spatially anchors construction data onto
physical environments. The system operates through gaze-triggered information tags and embedded
game-based mechanics. Three functional layers covering immersive visualisation, information
management, and interaction and gamification were comprised in this system. Semi-structured
interviews were conducted with eight construction professionals and two XR specialists to identify the
benefits of XRIS implementation and the impact of gamification on XRIS. Data were then analysed
using thematic analysis. The findings suggest that XRIS enhanced spatial understanding, user
accessibility, team communication, and motivation. Gamification integrated in the visualisation layer
maintained the users’ engagement through the behaviour of spatial exploration and task completion.

Both mechanisms supported deeper retention

and more precise articulation of design logic

than passive documentation review. This study
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INTRODUCTION

Design coordination, stakeholder communication, and spatial information delivery are still
significant challenges in the construction sector. Costly rework and schedule delays are a
result of design misinterpretation, information asymmetry, and inefficient constructability
reviews (Le et al., 2024). A survey found that 48% of all reworks arise from poor project
data and miscommunication, leading to an estimated USD 31.3 billion in avoidable
rework costs (FMI & PlanGrid, 2018). Traditional two-dimensional (2D) drawings and
static three-dimensional (3D) models cannot represent complex spatial relationships and
construction sequencing (Abouelkhier et al., 2025). These emphasise the need for more
intuitive, interactive approaches that support collaborative decision-making.

Extended Reality (XR), encompassing Virtual Reality (VR), Augmented Reality
(AR), and Mixed Reality (MR), has emerged as a key digital development in architecture,
engineering, and construction (AEC). Integrations between XR and Building Information
Modelling (BIM) provide spatial awareness, clash detection and constructability analysis
(Safikhani et al., 2022). On-site progress monitoring and information overlay are also
enabled through AR applications. However, most XR deployments remain as standalone
visualisation tools, and limited evidence can be found of professional benefits or continued
use in the daily work of projects (Trindade et al., 2023).

Gamification has shown potential to address engagement and motivation in professional
settings. In construction, it has demonstrated benefits for hazard recognition, safety
behaviour, and sustainable design involvement (Oke et al., 2024). Its broader application,
though, is constrained by technical complexity, usability barriers, and poor integration
with live project data (Davila Delgado et al., 2020). While the individual merits of
XR and gamification in construction are documented, empirical evaluations of integrated,
gamified XR systems targeting professional end-users remain scarce. Limited study has
examined the perceived benefits and adoption performance of a gamified XR platform
that spatially anchors construction data within an immersive environment for professional
use.

To address these gaps, this study presents the Extended Reality Informative Space
(XRIS), a gamified XR platform that integrates spatially anchored construction data with
interactive game-based mechanisms in an immersive environment. This study includes two
objectives: (1) to identify the benefits of XRIS implementation in the construction industry,
and (2) to evaluate the impact of gamification on XRIS use. It delivers empirical evidence
on the integration of gamification and XR for professional construction workflows, an area
currently underrepresented in the literature. These findings guide the design of gamified
XR tools supporting spatial understanding, stakeholder engagement, and collaborative
decision-making.
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LITERATURE REVIEW

There has been a growing amount of research interest on the use of gamification in
construction practice. A keyword co-occurrence analysis of the current research landscape
was performed using VOSviewer software based on a Scopus database search of documents
with the keywords “construction” and “gamification”, resulting in 375 documents.
The VOSviewer keyword network in Figure 1 shows that “gamification” is strongly linked
to educational terms such as “students”, “teaching”, and “learning systems”. A separate
cluster, however, consisting of professional construction-related terms like “construction
projects”, “construction management”, and “project management”, can be perceived but
is relatively less dense.

These clusters are structurally separated, suggesting that gamification studies
in the construction domain have focused on educational gamification. Its use as an
operational mechanism within professional construction workflows, particularly
in combination with immersive XR environments, remains largely unexamined.
This gap is not merely topical but methodological. Existing studies have not empirically
assessed the perceptions of construction professionals toward gamified, immersive
visualisation tools designed for project-level tasks such as design review, spatial

coordination, and information retrieval.
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Figure 1. Keyword co-occurrence analysis
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Gamification in Digital Technologies

Gamification applies game design elements such as points, challenges and leaderboards
to non-game contexts (Koivisto et al., 2014). Reward systems, feedback, and progression
mechanisms are organised to influence user behaviour. Reward systems are points or
badges for completing tasks. Feedback loops provide immediate feedback and help users
take certain actions. Progression mechanics allow for a progression of levels, milestones,
or unlockable content to give the player a sense of progression. These elements transform
routine activities into structured, goal-oriented experiences. These principles have
been applied in education, corporate training and health and wellness. The evolution
of gamification further reflects a shift from entertainment-oriented video games to
productivity-focused tools. This is gradually integrating with new technologies such as
AR and VR (Lee et al., 2022).

In construction, gamified applications have emerged to support stakeholder engagement
and project monitoring (Yu et al., 2024). Guimaraes et al. (2024) developed a game-like
BIM application for on-demand monitoring of construction projects. Further research
has confirm the integration of gamification techniques with BIM-based VR has enabled
public engagement in architectural design (Yal¢in, 2024). A BIM-VR system with
gamified simulations was also developed for health risk assessment in urban infrastructure
(Chen et al., 2024). Collectively, these developments illustrate the growing integration of
gamification digital construction tools across diverse project functions, highlighting the
need for more immersive and interactive approaches that sustain user engagement with
construction information.

Extended Reality (XR) in Construction

Computer graphics simulation in the manufacturing and defence sectors has led to
the development of Extended Reality (XR). It has since evolved into a transformative
technology within the AEC industry. XR refers to a set of technologies that have the
capacity to integrate digital content with physical environments to varying degrees.
It is applied in the construction process from the design to the operation and maintenance
(Li et al., 2024). The early applications were on architectural walkthrough systems
(Brooks, 1987). These showed the potential of immersive visualisation to reduce design
misinterpretation. XR was then extended to 4D construction simulation and scheduling
visualisation (Dawood et al., 2003). As computing power matured, XR advanced into safety
training and hazard simulation. Immersive environments enabled workers to practise high-
risk tasks without physical exposure (Sacks et al., 2013). The release of head-mounted
devices later broadened access across project teams. This development also accelerated
research output within the AEC domain. More recently, XR has supported on-site assembly
guidance, inspection, progress monitoring, and remote collaboration (Gornall et al., 2025).
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Visualisation remains one of XR's strongest assets in construction. It enhances spatial
understanding of building structures and construction sequencing across project stages
(Safikhani et al., 2022).

Benefits of Gamification

Gamification boosts user engagement by fulfilling psychological needs for competence,
autonomy, and relatedness (Bitrian et al., 2021). Repetitive tasks are less boring with
interactive activities and rewards. Well-designed game mechanics tap into intrinsic
motivation, supporting goal attainment and challenge-oriented behaviours (Manzano-Ledn
et al., 2021). Beyond engagement, gamified challenges, levels, and real-time feedback
promote active learning, deepen understanding, and enhance long-term recall (Liu et al.,
2023; Ortiz-Rojas et al., 2025). Badges, milestones, and progress indicators make effort
visible and motivate users to complete tasks more efficiently and consistently (Encarnagao
etal., 2021; Bizzi, 2023; Oke et al., 2023). At the group level, team-based quests and shared
rewards foster collaboration and collective problem-solving, stimulating communication
and trust among respondents (Patricio et al., 2022). Table 1 summarises the benefits of
gamification identified in recent studies that are relevant to this research.

Table 1
Benefits of gamification

Benefits References
Enhancing User Engagement (Bitrian et al.,2021; Chang et al., 2022; Manzano-Leon et al.,
2021)
Improved Learning and Retention (Jato-Espino et al., 2024; Liu et al., 2023; Ortiz-Rojas et al., 2025)
Motivation and Productivity (Bizzi, 2023; Encarnagdo et al., 2021; Oke et al., 2023)
Collaboration and Teamwork (Bizzi, 2023; Encarnagdo et al., 2021; Patricio et al., 2022)

Challenges of Gamification

The interrelated challenges of gamification adoption in construction impede its progress
from controlled environments to real projects. Usability represents the most immediate
barrier, as gamified systems misaligned with complex, time-sensitive construction
workflows risk disrupting site activities and undermining operational efficiency (Guimaraes
et al., 2024; Oke et al., 2023). User fatigue occurs even in well-designed systems, where
prolonged exposure erodes the novelty effect that initially drives engagement (Almeida et
al., 2023; Priyantini et al., 2023; Yang et al., 2024). Attributing performance gains solely to
gamification remains difficult, as its effects are rarely separable from other factors (Klein,
2021; Monteiro et al., 2021; Oke et al., 2024). Competitive mechanics such as leaderboards
may reinforce hierarchical tensions and discourage equitable participation across diverse
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cultural and demographic groups (Gomez et al., 2024; Henry et al., 2024; Othman et al.,
2023). These challenges, summarised in Table 2, suggest that successful gamification
requires careful contextualisation.

Table 2
Challenges of gamification

Challenges References
Usability issues (Guimardes et al., 2024; Oke et al., 2023; Priyantini et al.,
2023)
User fatigue (Almeida et al., 2023; Guimaraes et al., 2024; Yang et al., 2024)
Outcome attribution difficulty (Gomez et al., 2024; Henry et al., 2024; Klein, 2021; Monteiro

Cultural and demographic constraints et al., 2021; Oke et al., 2024; Othman et al., 2023)

Impacts of Gamification

There is evidence that gamification has an impact, but this relates to conditions where
gains are shown to exist or to vanish. Reported outcomes hinge on task characteristics,
organisational context, and design quality. Similar interventions yield different results
across settings (Hammedi et al., 2024; Jacobides et al., 2024). A major constant constraint
is the lack of motivation. Feedback, rewards and structured tasks influence work practices
in the short term (Patricio et al., 2022), but behavioural change rarely persists beyond the
mechanics that engender it (Manzano-Leon et al., 2021; Mohanty & Christopher, 2024).
Collaboration follows a similar pattern. Cooperation can be facilitated by shared goals,
although primarily when working relationships already exist (Bizzi, 2023; Cheng & Chau,
2022; Leite et al., 2022). While efficiency improvements have been documented (Leite
et al., 2023; Rahiman et al., 2023), it is challenging to clearly separate the impact of
gamification from organisational and task-related factors (Jacobides et al., 2024). Table 3
summarises these impacts.

Table 3
Impacts of gamification

Impact References

Context-dependent engagement  (Hammedi et al., 2024; Jacobides et al., 2024; Sailer & Homner,
2020)

Extrinsic motivation dependency (Manzano-Ledn et al., 2021; Mohanty & Christopher, 2024;
Patricio et al., 2022)

Conditional collaboration (Bizzi, 2023; Cheng & Chau, 2022; Jacobides et al., 2024; Leite et

Attribution difficulty in al., 2022; Leite et al., 2023; Rahiman et al., 2023)

performance gains
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Benefits of XR

XR introduces capabilities that address longstanding limitations in construction project
workflows. Enhanced visualisation is the most frequently cited benefit. XR enables
stakeholders to interact with 3D representations before construction begins, supporting
clash detection, design review, and client communication more effectively than 2D
drawings (Arslan et al. 2024; Alhady et al. 2024; Pham et al. 2025). Real-time feedback
further strengthens spatial immersion, as XR platforms allow users to manipulate
models and receive immediate system responses, reducing reliance on sequential review
processes (Bhatarai et al., 2025; Hajji et al., 2022; Yu et al., 2024). XR also supports
training and simulation in controlled settings, allowing workers to rehearse high-risk
tasks without physical exposure (Alzarrad et al., 2024; Liu et al., 2022; Speiser & Teizer,
2024). Additionally, immersive environments support decision-making during design and
constructability assessments by enabling project teams to evaluate alternatives spatially
rather than abstractly (Chen et al., 2024; Delgado et al., 2020; Wang & Tung, 2023). Table 4
summarises these capabilities.

Table 4
Benefits of XR
Impact References
Enhanced Visualisation (Arslan et al.,2024; Alhady et al., 2024; Pham et al.,2025)
Real-Time feedback and interaction (Bhatarai et al., 2025; Hajji et al., 2022; Yu et al., 2024)
Training and simulation (Alzarrad et al., 2024; Liu et al., 2022; Speiser & Teizer, 2024)
Decision-Making (Chen et al., 2024; Delgado et al., 2020; Wang & Tung, 2023)
Challenges of XR

XR adoption in construction remains constrained by interrelated resource, technical, and
organisational barriers. High hardware prices and content development expenses restrict
access, particularly for small and medium-sized enterprises with limited budgets (Ali et al.,
2024; Davila Delgado et al., 2020; Pavlou et al., 2021). These pressures are compounded by
technological limitations, as processing constraints and limited device performance reduce
the reliability of real-time XR environments (Gornall et al., 2025; Heo et al., 2023; Struye
etal., 2024). Even where financial and technical conditions are met, organisational factors
introduce further friction. Cultural resistance and reluctance to adopt unfamiliar workflows
slow uptake (Jalo & Pirkkalainen, 2024; Schwarz et al., 2024). Poor compatibility between
XR platforms and legacy software infrastructures further weakens integration into existing
project processes (Fernandez-Caramés & Fraga-Lamas, 2024; Vona et al., 2025). These
barriers diminish XR's reliability as a decision-support tool during critical construction
phases. Most evaluations focus on technical feasibility, leaving user perceptions of usability
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and engagement within professional workflows underexamined. These challenges are
outlined in Table 5.

Table 5
Challenges of XR
Challenges References
High implementation costs (Ali et al., 2024; Davila Delgado et al., 2020; Pavlou et al., 2021)
Technological limitations (Alam et al., 2025; Heo et al., 2023; Irani et al., 2023; Jalo &
Resistance to change Pirkkalainen, 2024; Schwarz et al., 2024; Struye et al., 2024)
Integration with legacy systems (Fernandez-Caramés & Fraga-Lamas, 2024; Irani et al., 2023; Vona
et al., 2025)
Impacts of XR

There is emerging evidence on the impact of XR in professional settings. Improved
learning outcomes are the most consistently reported impact. Immersive task rehearsal
produces stronger knowledge retention and faster skill acquisition than conventional
instruction (Margheritti et al., 2025; Pavlou et al., 2021). These gains feed into a
second outcome of reduced errors and rework. Early clash detection and verification on
design phase helps project teams resolve discrepancies before construction (Alhady et
al., 2024; Alshboul and Shehadeh, 2025). Enhanced stakeholder decision-making has
also been noted with the aid of immersive visualisation to help stakeholders evaluate
design alternatives and construction sequences more effectively (Mi & Li, 2024; Oral
et al., 2023). On an industry level, the adoption of XR can drive innovation across the
industry, fostering the use of digital workflows in project delivery and organisational
practice (Nyqvist et al., 2025; Radanovic et al., 2023). Table 6 summarises these impacts.
Overall, the available evidence is positive but limited to context-specific and sometimes
small-scale trials. The outcomes will be based on the readiness of the organisation and its
digital skills, as well as its integration into the already existing platforms. Issues of pilot
experience transferability to real-world site conditions, usability and motion sickness
indicate that impacts of XR are mediated but not guaranteed.

Table 6
Impacts of XR
Impact References
Improved learning outcomes (Margheritti et al., 2025; Pavlou et al., 2021)
Reduced errors and rework (Alhady et al., 2024; Alshboul and Shehadeh, 2025)
Enhanced stakeholder decision-making (Mi & Li, 2024; Oral et al., 2023)
Industry Innovation (Nyqvist et al., 2025; Radanovic et al., 2023)
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Extended Reality Information Space (XRIS)

XRIS is an extension to the traditional XR visualisation that incorporates structured
information management in immersive environments. XR-BIM platforms are mainly
used for the rendering of 3D models for visual inspection. XRIS, on the other hand, adds
a spatial information layer that binds data to the actual or virtual object when the object is
gazed. This distinction matters. XR-BIM is concerned with the visualisation of the model,
while XRIS is about the immersive environment as an active space of information. Users
access, manipulate and react to project information in real time.

XRIS comprises three integrated layers as shown in Figure 2. The visualisation layer
is an immersive visualisation that leverages XR technologies to represent construction
environments. The information management layer bridges the gap between BIM, GIS,
and IoT platforms to specific spatial locations (Morris et al., 2021). The interaction and
gamification layer controls access to the user via spatial control, including gaze activation,
proximity detection and gesture selection. It also includes elements such as points,
challenges, and rewards to keep users engaged in the game.

The system boundary of XRIS is defined by spatially anchored data within a single
immersive session. Users interact with a bounded set of construction components,
each linked to embedded information tags. The system does not extend to live project
management functions such as scheduling, procurement, or cost tracking. It focuses instead
on information retrieval, spatial comprehension, and design communication within an
immersive setting. Though not yet widely adopted, XRIS holds potential to improve spatial
cognition, real-time decision-making, and digital collaboration among project stakeholders.
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Figure 2. Functional architecture diagram of XRIS
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Table 7 shows a comparison of the findings of the current study in relation to previous
works. Platforms without gamification demonstrated visualisation and coordination benefits
but did not address sustained engagement during information retrieval. Prior gamified
platforms recorded incidental engagement from task completion and measured retention
narrowly as hazard recall or procedural knowledge transfer. Neither construct was linked to
gamification as a deliberate design mechanism. Unlike prior platforms where gamification
functioned as an external layer, XRIS embedded it within the visualisation layer as part
of the information retrieval mechanism. Gaze-triggered mechanics and spatial discovery
structured sustained engagement, while active interaction supported respondent-reported
conceptual retention of construction information. This gap in the existing literature informed
the empirical evaluation presented in this study.

Table 7
Comparison of the present study with previous studies

Author Technology Engagement Retention Gamification  User Context
Current study XR Sustained Conceptual Embedded XR specialist
engagement retention gaze-triggered  and
confirmed reported mechanics Construction
professionals
(Speiser & VR + BIM Not measured  Hazard recall None Construction
Teizer, 2024) supported professionals
(Alhady et XR + BIM Not measured ~ Not measured  None Infrastructure
al., 2024) professionals
(Chenetal., BIM-VR+ Scenario Not measured ~ Scenario-based Mixed
2024) gamification engagement (students/
reported professionals)
(Yal¢in,2024) BIM-VR Participation Not measured  Game Public
reported mechanics stakeholders
(Margheritti ~ XR + serious Enhanced Knowledge Serious games  Workplace
etal., 2025) games engagement transfer safety trainees
reported supported
METHODS

A qualitative research design was adopted to identify the benefits of XRIS implementation
in the construction industry and evaluate the impact of gamification on XRIS use.
A qualitative method was appropriate to generate in-depth narrative data, as the
research centred on subjective experiences and perceptual responses that cannot be
adequately captured through numerical measurement (Creswell & Creswell, 2017).
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A purposive sampling strategy recruited respondents with direct experience in XR
technologies or construction project workflows. The sampling frame required at least
five years of industry experience and active professional involvement. Determining an
appropriate sample size was guided by the concept of data saturation, which occurs
when no new information or themes emerge from additional data collection. Guest et al.
(2006) demonstrated that data saturation becomes evident after six in-depth interviews. A
larger sample size can hinder the depth of analysis in qualitative inquiry (Boddy, 2016).

Respondents engaged in a controlled session with a gamified XRIS prototype on
a HoloLens at the Vortex XR Lab, Taylor's University, as shown in Figure 3. Each
respondent explored the prototype independently within a standardised timeframe. This
setup provided a consistent experiential baseline for the interviews. Each respondent then
took part in a semi-structured interview. The protocol covered four thematic areas: spatial
understanding, system accessibility, gamification experience, and collaborative potential.

Figure 3. XRIS prototype session at the Vortex XR Lab

Research Framework

Figure 4 presents the integrated research framework designed to guide the methodological
process of this study. The framework starts with XR sessions, whereby respondents
engaged with an XRIS prototype with a HoloLens. Two forms of data were collected
from each session: interaction logs documenting user navigation patterns and spatial
engagement, and feedback transcripts capturing verbal responses during and after the
experience. These dimensions provided the basis for connecting XRIS experiences and
gamification design features to user responses across the thematic categories identified in
the study.
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Figure 4. Research framework

Thematic Analysis

A thematic analysis was conducted following Braun and Clarke’s (2006) six-phase
framework. After familiarisation with the transcripts, descriptive and interpretive codes
were generated and iteratively reviewed to refine emerging patterns into coherent themes.
The findings were consolidated into two primary categories: (A) Benefits of XRIS in
construction and (B) Impact of Gamification on XRIS Use.

The coding structure followed a two-tier sub-theme system within each thematic
group. Two sub-themes were constructed for each main theme. For example, Improved
Visualisation comprised easier spatial relationship comprehension (Ala-i) and a more
immersive experience than 2D drawings (Ala-ii), while User Engagement was split into
encouragement of extended use (B1la-i) and stimulation of curiosity and task completion
(Bla-ii). This allowed for more in-depth analysis and for different perceptions to be
captured. Table 8 presents the complete coding structure along with the themes, sub-themes
and distribution of respondents.
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RESULTS AND DISCUSSION
Respondents’ Profile

The various professional positions from the respondents covered the entire project lifecycle.
From design advisory and feasibility assessment (consultant) to coordination and construction
sequencing on site (contractor), and evaluation from XR specialists and academics. Ten
respondents came from four different occupational groups, providing cross-disciplinary
coverage in the evaluation. The XR specialists had experience in XR facility management,
hardware deployment, and immersive content development, with firsthand experience in
applications using HoloLens. This background enabled them to assess the technical fidelity
and interaction design of the prototype from a development standpoint. Table 9 provides
succinct details about the interviewees' backgrounds. By the eighth interview, no new themes
emerged, confirming that the sample was sufficient for thematic saturation (Lim, 2025).
The final two interviews confirmed existing patterns without adding new codes.

Table 9
Demographic profile of respondents

Respondent Discipline Years of Industry XR Experience Level
ID Experience
R1 XR Specialist >10 Advanced
R2 XR Integration Designer >5 Advanced
R3 Consultant >5 Basic
R4 Consultant >10 Basic
RS Consultant >15 Basic
R6 Contractor >20 Basic
R7 Contractor >10 Basic
RS Contractor >5 Basic
R9 Academia >10 Basic
R10 Academia >15 Basic

Benefits of XRIS in Construction
Improved Visualisation

The empirical findings demonstrated that XRIS significantly enhanced visualisation
as it allowed users to view the spatial relationship and get access to information more
intuitively compared to the traditional two-dimensional way of representation. The
respondents stressed that the direct overlay of the data on virtual objects fixed the gap
between the abstract data and the physical layout. The system eliminated the need of
cross-referencing external manuals or fixed slides as it spatially anchored the information
related to the component.
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The page made it easier to comprehend the spatial relationship between components. -R6

The spatial placement allowed me to link each element with its function without
confusion. -R8

The way the info popped up next to each component made it easier for me to understand
what [ was looking at. It's clearer than trying to read a manual. -R3

The info tag comes out beside the item, so I can understand straight away what it is
for. -R4

It helps to give more of your space differently, give a new meaning to what spatial
spaces mean. -R1

These results support the findings obtained by Arslan et al. (2024), who found that
immersive 3D environments can promote spatial knowledge and reduce misunderstanding.
The ability of the users to find their way through interrelations and absorb data conforms to the
propositions of Azmi et al. (2017), who argued that XRIS facilitates a deeper understanding
of intricate designs and spatial relationships in the design planning processes. In addition,
this finding aligns with more generalised evidence that suggests interactive visualisation
helps to promote a better understanding of choices compared to non-interactive media (Mi
& Li, 2024; Oral et al., 2023). Hence, this allows the users to manipulate complicated data
without the frustration that is often caused by conventional documentation.

User Accessibility

The empirical results indicated that the XRIS environment was concomitant with high
user access, as indicated by an extraordinarily short learning curve. These are the results
compared to the current fears of digital complexity in the context of construction. Users
claimed an intuitively easy experience that requires minimal training, which highlights
the instantaneous usability of the system.

Honestly, it didn’t take more than a minute to figure out. Everything felt intuitive. -R3

Didn’t need any guide. I just wear and explore already. -R7

Very easy to use. Just try one time, already can use. -R5
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These outcomes contradict the usability issues described by Priyantini et al. (2023),
suggesting that the problematic usability can be alleviated by an effective interface design.
The ability of the respondents to communicate with each other using simple gestures was
consistent with the long-term interaction goal expressed by Bitriany et al. (2021). Moreover,
the users noted that the system is responsive, especially in the efficiency of gaze-based
triggers, which were used to achieve smooth and hands-free access to information.

Information access was seamless. It appeared automatically as I focused on a
component. -R6

Basically, you just look at wherever you want, and then basically the information is
there. -R1

It auto comes out when I look at it. Very fast, very simple. -R10

The automaticity can be linked to the benefits of real-time feedback and interaction
described by Hajji et al. (2022) and Yu et al. (2024). The system also made it easier to
navigate and interactively manipulate datasets in immersive settings, which supports the
propositions of Morris et al. (2021).

Team Communication

According to the respondents, the XRIS system greatly helped in the presentation of design
logic and construction concepts to the team members. The respondents noted that the direct
interaction with the spatial model allowed them to come up with eloquent explanations.
This further helped them to properly coordinate their individual understanding to the group
observation.

After I tried XRIS, I had a clearer idea how to explain my design logic in the group. —R3

When [ talked to my friends, I just walked them through what I saw. That made my
explanation clearer. — R9

It can support my ability to explain construction ideas if | communicate with teams
in the future. — R6

These results support the existing body of literature about team dynamics in which
shared visual tools are linked to better shared objectives and more transparency (Cheng and
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Chau, 2022; Bizzi, 2023). The internalisation of spatial data allows stakeholders to exchange
knowledge more efficiently, which justifies the findings by Encarnagao et al. (2021)
on improved communication and trust in a team-based environment. Additionally, the
respondents identified how the use of spatial referencing can be useful to minimise
ambiguity in discussions. The ability to recognise and highlight visual items allowed users
to produce more accurate messages.

You want to point out to a specific location or specific object... it makes it easier to
send the message to your team member. -R1

When our group discuss the assignment, we can just share what we see in the VR. -R10

This is in line with the advantages reported by Hajji et al. (2022) and Yu et al. (2024),
who established that XR will help in remote coordination and immediate reactions to design
alterations. The fact that it is possible to anchor the discussion on specific visual objects
confirms the possibility of XRIS to facilitate group problem-solving (Patricio et al., 2022).

User Motivation

Active interaction in the XRIS system significantly contributes to the element of
user motivation as it transforms passive observation into an active exploration. The
respondents also noted that they always found the experience interesting, and they rated
the experience highly when compared to traditional industry practices, such as didactic
presentations or when using manuals. The immersive features embedded in the system
made the users engage in the project data understanding voluntarily and give extra time
and effort.

Besides just looking at a website, [users] can walk around... it makes the [process]
much more fun. -R2

Better engaging way... unsuspectingly spending more time, engaging more time with
the application. -R1

I think it is more engaging instead of looking at the [static] slide. -R6

These findings are in line with the research on gamification in the workplace, which
argues that interactive exercises are attention-grabbing and lead to long-term engagement
(Bitrian et al., 2021; Chang et al., 2022). The unintentional time expenditure of the
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respondents is consistent with the results of Encarnagao et al. (2021) and Bizzi (2023),
who found that motivational cues strengthen effort and prompt users to perform tasks
more effectively. Respondents indicated that physical movement and exploration resulted
in better memory retention compared to passive briefing.

Since I was exploring actively, I think I retained more than usual. -R3

I retained the concepts better because I was actively involved. -R6

It makes me feel like I want to learn more after the testing to XRIS. -R8

These results confirm the hypotheses of Ortiz-Rojas et al. (2025) who argue that
gamified tasks provide active learning experiences, enhance a better understanding, and
enhance long-term memory of information. The shift in the consumption to the active
enquiry and the inquiry shows how XRIS can support the adoption and continuation of
preferred work practices, as Kim and Castelli (2021) propose.

Impact of Gamification on XRIS Use

User Engagement

The qualitative data revealed that the gamified mechanisms within the XRIS system
significantly prolonged user engagement, fostering a state of sustained interaction,
whereby stakeholders voluntarily invested more time in exploration than anticipated.
Respondents described a compelling attraction to the system, whereby the drive to
complete tasks overrode the perception of time passing. Curiosity-driven engagement
was observed in respondents who voluntarily extended their session time due to an
intrinsic interest in the immersive experience. These users described an unplanned desire
to continue exploring without external instruction or prompting.

That would encourage you to stay more without realising it because you are trying to
achieve a particular gamified task within the application. -R1

I spent more time than expected. I didn’t want to stop halfway. -R3

I engaged with the content longer because the feature grabs my [attention]. -R6
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The results were congruent with the literature on gamification mechanics, which
claimed that these activities were successful in attracting attention, maintaining
engagement and avoiding disengagement by satisfying psychological needs for
competence and autonomy (Bitrian et al., 2021; Chang et al., 2022). Gamification also
produced an excitement that enhanced the level of attentional investment. The treasure-
hunt framing of XRIS drew respondents in before task-driven engagement became a
conscious goal. This distinction matters analytically, as sustained interaction describes
persistence while excitement-driven attention capture prevents disengagement.
Self-Determination Theory further illuminates this, as the spatial challenge structure
satisfied the need for competence by triggering intrinsic curiosity rather than extrinsic
reward-seeking (Ryan & Deci, 2000). This effect was magnified in the immersive
environment, which focused attention on the gamified content (Smith & Mulligan,
2021).

The layout encouraged full exploration of all elements. -R6

I want to stay longer just to make sure I got through all the parts. -R9

Besides just looking at a website, [users] can walk around, doing treasure hunting, it
makes the [process] much more fun. -R2

This behaviour validated Encarnagao et al. (2021) and Bizzi (2023), who noted that
progress indicators reinforce effort and task completion. The immersive aspect of XRIS
transformed routine information retrieval into an active task, reducing boredom caused by
repetitive technical tasks (Almeida et al., 2023). High engagement translates into readiness
to adopt XRIS professionally, supporting well-designed gamified systems, maintaining
desired work practices (Kim & Castelli, 2021).

For me, I think I will continue to use it in the future if it’s developed in the construction

industry. -R8

I would say it encouraged more, for example, how can I apply VR and XR in
construction architecture? -R2

Game Features

XRIS effectively developed a mission-oriented attitude, transforming traditional information
retrieval into a systematic challenge. The respondents repeatedly compared the experience
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to a treasure hunt, a mini mission. They also noted that the implicit gamification encouraged
them to search proactively and find certain data points in space. This task structure provided
an intrinsic compass, ensuring that all the contents were covered even where no specific
guidelines were given.

It gamified the learning without needing traditional scores or points. -R8

The learning is like a game, because we need to walk around the room and search for
the info... the system guided me naturally. -R6

Similar to game elements, like having to find where the spot is located, making it
challenging and fun. -R10

It felt like I was completing a task, kind of gamified. -R3

These results correspond to the existing literature on gamified challenges, which are
the ones that have been found to facilitate active learning and further comprehension
(Liu et al., 2023; Ortiz-Rojas et al., 2025). The fact that the respondents have specifically
mentioned the aspect of natural guidance. On the other hand, facilitated the discussion
that effective gamified interfaces can enhance usability and lessen the cognitive burden of
intricate navigation. Completionist behaviour was one of the results of this mechanic that
was notable. There was a psychological desire to check every node reported by its users
to make sure that they did not miss any important information, which is not so inherent in
the traditional document reviews.

I explored every tag just to make sure I didn’t miss anything. -R3

I moved through the entire layout because it felt like a complete learning sequence. -R8

User can walk around, doing treasure hunting, it makes the [process] much more
fun. - R2

This confirmed the claim of Encarnagéo et al. (2021) and Bizzi (2023) that gamified features,
including progress indicators or the design of a quest, strengthen the effort and motivate users
to perform tasks more regularly. The system should make the users eager to explore the content
more carefully by positioning the construction data inspection as a discovery process, thus
increasing the likelihood of retaining the information (Ortiz-Rojas et al., 2025).
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Learning Experience

The findings indicated that XRIS was interactive, which led to a better understanding of
elements of construction in comparison to the passive modes of learning. The respondents
highlighted that they could perceive spatial elements and labels directly, which contributed
to the increased conceptual clarity. Through the interaction with the information in a spatial
environment, they indicated having greatly improved their capacity to understand the logic
behind the construction assemblies.

It helps me understand more about the elements of the construction. -R2

Interactive learning enhanced my conceptual clarity. -R6

By interacting with each label, I think it makes my understanding better. -R8

These observations were also supported by the knowledge about XR-based training,
which implied that spatial knowledge is better learned in immersive environments and is
less prone to misinterpretation (Arslan et al., 2024). The claim by the respondents that
the system enhances conceptual understanding was in line with Azmi et al. (2017), who
argued that XRIS visualisation enables users to have a better understanding of complex
designs and spatial relationships.

Out of direct understanding, the data indicated that the practicality of the experience
was a great enhancer of the memory. Respondents observed that the process of physically
navigating and interacting with the data produced a greater cognitive impression as
compared to traditional reading, and, therefore, they were able to remember the information
much better.

Interacting with the system helped me understand the content more deeply... I can still
recall what [ saw because I was hands-on. -R3

The experience is unique, and I can memorise things better through the visualisation. -R9

The key takeaways remain with me because of the immersive experience. -R6

This supports the research of Ortiz-Rojas et al. (2025), who assumed that gamified
interactive challenges facilitated active learning and increased long-term information
retention. Moreover, it proves the conclusion made by Pavlou et al. (2021) that knowledge
retention and practical preparedness can be improved through XR-based skills training.
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Lastly, the findings indicated improved efficiency in learning. Respondents also said that
the interactive model made them quicker at processing information, partly because the
device was hands-free and therefore, they could do multiple activities at the same time and
access information instantly. This was in line with the literature that reported enhanced
task performance and skill learning as the main advantage of XR integration (Liu et al.,
2022; Speiser and Teizer, 2024).

When I interact with myself, I understand faster. -R4

Can understand the elements faster besides just searching the info on the internet. -R7

You free your hands when you are using it to get data... basically you can do other
stuff like hold other things. -R1

CONCLUSION

This study presents a gamified Extended Reality Informative Space (XRIS), a HoloLens-
based platform that spatially anchors construction data within an immersive environment
through gaze-triggered information retrieval and embedded game-based mechanics.
These advances address persistent challenges in the construction industry, such as design
misinterpretation, information asymmetry, and inefficient constructability reviews that
arise from conventional 2D documentation and static 3D models. Through semi-structured
interviews with industry stakeholders and XR specialists, this study identified the benefits
of XRIS implementation and the impact of gamification on XRIS use.

The findings indicated that XRIS supported spatial cognition and improved access
to construction information relative to traditional methods. Respondents described the
system as intuitive, reporting gains in perception, retention, and articulation of design logic.
Gamified discovery cues were associated with sustained user engagement throughout the
controlled prototype sessions. Respondents distinguished curiosity-driven exploration from
task-driven persistence prompted by completion goals and progress cues.

This study goes beyond existing XR-BIM and gamification research by integrating
spatially anchored information retrieval, immersive interaction triggers, and embedded
gamification within a single professional workflow configuration. In contrast to the generic
XR-BIM, XRIS is a system that integrates motivational elements into the visualisation layer
as opposed to being an external layer. This configuration was evaluated with practising
construction stakeholders, a population underrepresented in gamified XR research. This
positions the study as a meaningful contribution to the design of immersive tools for
professional construction practice.
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Several limitations bound these findings. The primary purpose of this study was to
focus on the development of an XRIS prototype that can be applied practically in the
industry and establishing proof of concept in controlled conditions before its deployment
in the field. The controlled laboratory environment was hence not entirely representative
of environmental conditions and pressures on working construction sites. Respondents
also voiced concerns over long-term use of the devices and the learning curve for new
users. The constraints of ergonomic and usability may affect the feasibility of adoption.

Future research should consider the performance of XRIS with alternative head-
mounted devices over longer periods. Comparative experimental designs would enhance
causal claims by benchmarking XRIS with non-gamified XR and conventional review
to assess whether there is discomfort reduction or onboarding time reduction. The
collaborative potential suggested by respondents requires multi-user deployment studies to
be conducted. A mixed-method assessment, utilising efficiency, error, and decision quality
measures, along with qualitative feedback, would evaluate the impact of workflow.
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