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Abstract—Technical education increasingly requires environ-
ments that enable learners to demonstrate procedural compe-
tence rather than merely conceptual understanding. Although
augmented reality and serious-game simulations are widely used
to enhance visualization and engagement, they are typically
designed as instructional media and rarely support observation
of user behavior during task execution. This paper proposes
a puzzle-based technical simulation framework in which aug-
mented reality is positioned as a contextual support within
procedural interaction rather than as a primary learning content.
The system integrates rule-based component configuration, op-
tional AR inspection, and interaction log to capture user decision
processes during task completion. Implemented as a lightweight
mobile-based application, the framework supports realistic pro-
cedural simulation while maintaining accessibility and scalability.
The proposed approach contributes (1) a procedural simula-
tion framework with contextual AR support, (2) a rule-based
interaction model that enables behavioral observation, and (3)
a lightweight implementation suitable for scalable deployment.
These contributions provide a foundation for future research
on simulation-based competency assessment in technical training
environments

Index Terms—augmented reality, procedural simulation, rule-
based interaction, behavioral observation, interaction logging,
mobile interactive systems

I. INTRODUCTION

According to the International Telecommunication Union
(ITU), global Internet usage reached 5.4 billion users in 2023,
representing approximately 67% of the world’s population [1].
This rapid expansion of digital connectivity has significantly
increased the dependence of industries and public services on
computer and network infrastructures. Labor market analyses
further indicate that digital and technical competencies remain
among the most demanded skills worldwide. The World Eco-
nomic Forum reports that technology-related roles, including
network specialists and digital infrastructure operators, con-
tinue to grow as organizations accelerate digital transformation
[2]. Similarly, industry surveys consistently highlight opera-
tional computer and network skills as fundamental entry-level
requirements in technical and administrative job postings [3].

Despite this growing demand, a critical question remains:
how do educational institutions determine whether students
are truly ready to perform these tasks in practice? In technical
education, passing a course does not necessarily mean that a
student is prepared to execute real procedures. Students may

understand the concepts of computer and network systems, yet
still struggle to configure devices, interpret their functions, or
troubleshoot problems. This reveals a persistent gap between
knowledge certification and capability demonstration. When
real practice opportunities are limited, what is needed is
not merely additional infrastructure, but environments that
can simulate technical tasks and reveal how users act when
facing realistic problems. Such environments would allow
both practice and evaluation of job-relevant competencies in a
structured and scalable way.

Simulation technologies provide controlled environments
for representing technical procedures without requiring physi-
cal infrastructure. Game-based simulations support sequential
task execution and decision making, while augmented reality
(AR) enhances visualization of technical components and
device structures.

Previous studies have demonstrated the potential of AR-
based serious games and learning systems for computer and
network education. For example, AR has been used to enhance
visualization and engagement in networking instruction [4],
to support serious-game-based learning design [5], and to
structure technical learning interactions through cognitive-
level frameworks [6]. More recent studies have shown that
puzzle-based immersive learning environments can promote
critical thinking, engagement, and problem-solving behavior
during task execution [11], [12]. Furthermore, research on
3D programming puzzle games has highlighted the influence
of interaction characteristics and task execution strategies on
user performance and perceived difficulty [13]. These findings
indicate that immersive and interactive technologies can im-
prove user understanding and interaction with technical con-
tent while also providing opportunities to observe procedural
problem-solving behavior. However, most existing implemen-
tations position simulation and AR primarily as instructional
tools. Their evaluation mechanisms typically focus on learning
outcomes, usability, or motivation, rather than examining how
users perform procedures or seek assistance while solving
technical problems.

Despite advances in AR-supported learning and serious-
game environments, simulation is still rarely used to evaluate
procedural competency. Existing approaches mainly empha-
size content delivery and engagement, while mechanisms

2026 International Seminar on Intelligent Technology and Its Applications (ISITIA)

979-8-3195-2156-9/26/$31.00 © 2026 IEEE 176

20
26

 In
te

rn
at

io
na

l S
em

in
ar

 o
n 

In
te

lli
ge

nt
 T

ec
hn

ol
og

y 
an

d 
Its

 A
pp

lic
at

io
ns

 (I
SI

TI
A)

 |
 9

79
-8

-3
19

5-
21

57
-6

/2
6/

$3
1.

00
 ©

20
26

 IE
EE

 |
 D

O
I: 

10
.1

10
9/

IS
IT

IA
71

26
7.

20
26

.1
16

42
19

3

Authorized licensed use limited to: Universitas Indonesia. Downloaded on August 18,2026 at 03:24:20 UTC from IEEE Xplore.  Restrictions apply. 



for observing how users execute technical procedures and
seek assistance remain limited. This highlights the need for
simulation environments capable of revealing user behavior
during problem solving.

In response to this gap, this study proposes a puzzle-
based technical simulation framework in which augmented
reality is positioned as contextual support rather than primary
instructional content. The proposed system enables users to
access AR visualizations of technical components during
task execution, allowing them to relate simulated procedures
to real-world device representations. By structuring AR as
optional support within the simulation process, the system
aims to provide a lightweight yet informative environment that
can be used both for practice and for observing competency-
related behavior. This paper focuses on the system design
and interaction model of the proposed framework, providing
a foundation for future work on behavior-aware technical
assessment.

Unlike the authors’ previous AJAR system, which focused
on AR-based learning delivery and learner engagement, this
paper contributes (1) a procedural simulation framework with
contextual AR support, (2) a rule-based interaction model for
behavioral observation and competency-related analysis, and
(3) a lightweight architecture suitable for scalable deployment.

To guide the development of the proposed framework, three
research questions are formulated as summarized in Table I.

TABLE I
RESEARCH QUESTIONS AND FRAMEWORK COMPONENTS

RQ Research Question Addressed By
RQ1 How can AR be integrated as

contextual support within a pro-
cedural technical simulation en-
vironment?

Contextual AR Mod-
ule

RQ2 How can user interactions dur-
ing procedural task execution be
captured and recorded?

Interaction Logging
Module

RQ3 How can interaction traces sup-
port future behavioral analysis
and competency assessment?

Behavioral Observa-
tion Framework

II. PROPOSED SIMULATION FRAMEWORK

To address the limitations of conventional competency eval-
uation, this study proposes a simulation-based environment
that represents procedural technical tasks while enabling obser-
vation of user behavior during task execution. The framework
integrates puzzle-based procedural simulation, optional aug-
mented reality (AR) support, and interaction logging within a
lightweight architecture. Puzzle activities represent sequential
technical procedures, while AR provides contextual assistance
for interpreting simulated components. User interactions are
recorded to capture both task outcomes and problem-solving
processes. The overall architecture of the proposed framework
is illustrated in Fig. 3.

Fig. 3 illustrates the integration of the puzzle-based simu-
lation module, AR contextual support, and interaction logging
components. Together, these modules provide an environment

Fig. 1. Proposed simulation framework integrating puzzle simulation, AR
support, and behavior logging.

capable of representing procedural tasks while enabling ob-
servation of user behavior. Each framework component is
described in the following subsections.

A. System Architecture

The proposed framework consists of three primary com-
ponents: the puzzle-based simulation module, the augmented
reality support module, and the interaction logging module.
These components operate as an integrated system in which
user interactions within the simulation environment trigger vi-
sualization support and generate observable behavioral traces.

The puzzle simulation module serves as the core environ-
ment where procedural tasks are represented and executed. The
augmented reality module functions as contextual assistance
that can be activated when users require additional interpre-
tation of simulated components. Meanwhile, the interaction
logging module continuously records user actions to capture
procedural engagement throughout task execution. Through
the integration of these modules, the framework enables both
structured task representation and process observation within
a single lightweight system architecture.

B. Puzzle-Based Simulation Module

The proposed simulation represents technical tasks as struc-
tured puzzle scenarios in which users must complete pro-
cedural steps to achieve a functional system configuration.
Simulation-based learning environments have been shown to
support experiential interaction, skill development, and pro-
cedural understanding in technical education [14], [15]. By
structuring tasks as puzzles, the system transforms procedural
operations into observable interaction sequences, allowing
evaluation to focus on how users approach a problem rather
than solely on the final result. Recent studies further indicate
that puzzle-based and immersive learning environments can
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support stepwise reasoning, critical thinking, and problem-
solving processes during task execution [11]–[13].

The puzzle environment is implemented in a lightweight
two-dimensional interface to ensure accessibility across di-
verse devices and network conditions. Within each level, users
interact with visual representations of technical components
and must arrange or configure them according to logical
constraints. Incorrect actions do not immediately terminate the
session; instead, the system allows retries, enabling the capture
of iterative problem-solving behavior.

Through this design, the simulation module produces in-
teraction traces that reflect user strategies, persistence, and
decision patterns. Such behavioral traces are increasingly
considered valuable indicators of competency in simulation-
based assessment environments [7].

C. Augmented Reality Support Module
The augmented reality module provides contextual visual-

ization of technical components appearing in the simulation
environment. When users encounter uncertainty regarding the
structure, placement, or role of a device, they may activate
AR visualization associated with the selected component. The
AR interface presents a three-dimensional representation that
allows users to inspect the object and better interpret its
relation to the simulated configuration.

Unlike instructional AR systems that deliver learning con-
tent, the proposed module functions as contextual assistance
within the procedural simulation. By providing visual ref-
erence only when needed, AR supports interpretation while
preserving the task-solving process. This design allows the
simulation to remain lightweight while still providing mean-
ingful support for understanding technical components.

D. Interaction Logging Module
A central component of the proposed framework is the

interaction logging mechanism, which records user behavior
during task execution. Rather than focusing solely on whether
a task is completed successfully, the system captures process-
related information such as action sequences, retry attempts,
time spent on each step, and the activation of AR support.
These interaction traces provide observable evidence of how
users approach procedural problems within the simulation
environment.

Process-oriented data have increasingly been recognized
as valuable indicators in digital assessment contexts, as they
reveal decision making patterns and problem solving strategies
that are not visible from final outcomes alone [10]. By
collecting such traces, the framework enables the observation
of behavioral characteristics such as persistence, exploration
patterns, and dependence on contextual assistance. While the
present study focuses on system design and implementation,
these logged interactions establish the foundation for future
work on behavior-based competency evaluation.

III. SYSTEM DESIGN SCENARIO
To illustrate how the proposed framework operates in prac-

tice, this section presents a representative interaction scenario

within the simulation environment. The scenario demonstrates
how procedural tasks, contextual AR support, and interaction
logging are integrated during user activity, enabling observa-
tion of user behavior during task execution.

A. Task Environment and Interface Design

The simulation environment presents a workstation-
configuration task in which users assemble a functional com-
puter system by arranging hardware components within a
predefined workspace. The interface displays system ports,
peripheral devices, and target connection slots, while users de-
termine the correct configuration based on their understanding
of device functions and relationships.

To support interpretation without interrupting the problem-
solving process, the system provides two optional assistance
mechanisms: textual hints and augmented reality visualizations
of selected components. These features serve as contextual
support rather than instructional guidance, allowing users to
remain responsible for procedural decisions.

Fig. 2 illustrates the simulation workspace and available
interaction elements.

Fig. 2. Puzzle-based workstation configuration interface with optional AR
support.

B. Interaction Procedure

When a simulation level begins, the workspace and available
devices are displayed simultaneously. Users may freely explore
the interface and begin arranging components according to
their interpretation of the system configuration. Each place-
ment action is processed by the simulation rules, but feedback
is intentionally minimal to encourage reasoning rather than
step-by-step following.

If uncertainty arises regarding a component, users may acti-
vate the AR feature to inspect the device in three-dimensional
form. The AR visualization provides contextual information
about structure, orientation, and connection interfaces without
revealing the correct procedural step. Users may repeatedly
adjust placements, request assistance, or verify configurations
until a valid arrangement is achieved. Once the system detects
a functional configuration, the level is marked as complete and
progression becomes available.
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C. System Response and Validation Logic

The system evaluates each user action through rule-based
validation that compares component placement with prede-
fined configuration constraints. Instead of blocking incorrect
actions, the simulation allows iterative adjustments so that
users can refine their configurations over time. This design
enables the capture of interaction patterns that reflect users’
reasoning strategies rather than only their final outcomes.

The procedural interaction cycle, including placement at-
tempts, validation checks, optional AR activation, and retry
loops, is summarized in Fig. 3.

Fig. 3. Interaction flow of the puzzle-based simulation showing validation
loops and optional AR assistance.

D. Observability of User Behavior

Throughout the interaction process, the system continu-
ously records user activity, including component placement
sequences, retry frequency, timing information, and AR acti-
vation events. These traces provide observable indicators of
how users approach procedural tasks, revealing patterns such
as systematic reasoning, exploratory behavior, or reliance on
contextual visualization.

By enabling both procedural interaction and behavioral
observation within a lightweight environment, the presented
scenario demonstrates how the proposed framework functions
not only as a simulation platform but also as a tool for

examining competency-related interaction processes. This ca-
pability forms the basis for future work on behavior-informed
assessment in technical training contexts.

IV. IMPLEMENTATION DETAILS

To realize the interaction scenario described in Section III,
the proposed framework was implemented as a mobile-based
system integrating puzzle interaction, contextual augmented
reality visualization, and interaction logging. This implemen-
tation enables procedural task execution and observable user
interaction within a lightweight simulation environment.

A. System Architecture Realization

The implemented system integrates three subsystems: puz-
zle interaction, contextual AR visualization, and interaction
logging. The puzzle module manages component placement,
the AR module provides on-demand device inspection, and
the logging module records user interactions for behavioral
observation. Their functional roles are summarized in Table II.

Together, these components operationalize the interaction
model illustrated in Fig. 2 and Fig. 3.

TABLE II
SYSTEM MODULES AND FUNCTIONAL ROLES

Module Functional Role
Puzzle Interface Handles drag-and-drop placement of components,

triggered by user touch interaction, and produces
placement events.

AR Visualization Displays device structure in 3D view, triggered by
AR inspection request, and produces contextual
visualization.

Validation Engine Checks configuration rules, triggered by validation
request, and produces functional/non-functional
state.

Logging Module Records user interaction sequences from all inter-
action events and produces event trace data.

B. Puzzle Interaction Implementation

The workspace interaction described in Section III-A is
implemented using a rule-based placement mechanism. Each
device is associated with predefined connection constraints that
determine valid target ports. Drag-and-drop actions generate
placement events that are evaluated by the validation engine.

Incorrect placements remain possible until users explicitly
request validation. This design enables iterative problem solv-
ing and allows the system to capture procedural reasoning
patterns rather than enforcing linear steps, consistent with the
interaction loop illustrated in Fig. 3.

C. AR Contextual Support Integration

The AR feature described in Section III-B is implemented
as an optional visualization module linked to each hardware
component. When activated, the system loads a corresponding
three-dimensional model and presents it in an inspection view.

The AR module operates independently from the puzzle
logic and does not provide procedural instructions. Instead, it
serves as contextual support that helps users interpret device
structure and port orientation during task execution. The device
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models used in this module were adapted from prior AR-
based hardware visualization development, ensuring realistic
representation while maintaining implementation efficiency.

D. Interaction Logging Mechanism

To support behavioral observation, the system records in-
teraction events throughout each simulation session. Each
event entry includes a timestamp, action type, and associated
object identifier, forming a sequential trace of user activity.The
recorded event categories and associated behavioral data cap-
tured during simulation activities are summarized in Table III.

This logging approach enables the system to capture not
only final task outcomes but also the procedural paths taken by
users, providing observable indicators of interaction patterns
and decision sequences.

TABLE III
RECORDED INTERACTION EVENTS

Event Type Description Data Captured
Placement At-
tempt

User drops component
into workspace

Component ID,
target slot, times-
tamp

Validation
Check

User requests configu-
ration evaluation

Result flag,
timestamp

AR Activation User inspects compo-
nent in AR view

Component ID,
activation dura-
tion

Retry Action User modifies place-
ment sequence

Sequence index,
timestamp

Completion
Event

Configuration becomes
functional

Total attempts,
completion time

E. Implementation Feasibility

The simulation was deployed on mobile devices to ensure
portability and accessibility in technical learning environ-
ments. The two-dimensional interface design minimizes com-
putational load, while AR visualization is invoked only when
requested, allowing stable performance on typical hardware.

These results demonstrate that the procedural interaction
scenario described in Section III can be realized within a
lightweight system architecture suitable for practical deploy-
ment and future scalability.

V. DISCUSSION AND FUTURE WORK

The design considerations of the proposed framework are
informed by findings from earlier work involving augmented
reality based learning environments. A previous study on the
AJAR augmented reality learning application [4] evaluated
the system using a three-group experimental design consisting
of a game-with-instruction group, a game-only group, and
a control group. The evaluation results indicated measurable
improvements in learning outcomes for participants who in-
teracted with the game-based environment. The average post-
test score increased from 25.05 to 38.03 in the game-with-
instruction group and from 24.03 to 33.22 in the game-only
group, compared with 22.42 to 27.43 in the control group.
Statistical analysis using ANCOVA demonstrated a significant

TABLE IV
AJAR-TO-COMPASS EVOLUTION

AJAR Evidence Limitation Identified COMPASS Extension
Game + Instruction
gain: +12.98

Learning outcome
was measured
only from score
improvement

Interaction process is
captured through task
execution logs

Game Only gain:
+9.19

User decision process
during gameplay was
not observed

Action sequence, retry
behavior, and task pro-
gression are recorded

Control gain: +5.01 Lower gain indicates
limited interaction-
driven learning
support

Puzzle-based simulation
is used as the primary
activity

ANCOVA result:
F (2, 79) = 4.12,
p < 0.001

Significant
differences were
found, but behavioral
causes were not
analyzed

Behavioral features are
extracted from time, fre-
quency, sequence, ex-
ploration, and perfor-
mance data

AR as primary
learning medium

AR usage was not
treated as an observ-
able behavioral indi-
cator

AR activation and mate-
rial access are recorded
as optional assistance
logs

difference among groups (F(2,79) = 4.12, p ¡ 0.001). These
findings suggest that interactive simulation and game-based
environments can positively influence learner engagement
and learning performance. Similar outcomes have also been
reported in recent simulation-based learning studies, where
structured simulation activities and feedback mechanisms con-
tributed to learning outcomes, skill development, and learner
engagement [14], [15]. However, the earlier study primarily
focused on learning outcomes, while the interaction processes
occurring during gameplay were not systematically analyzed.

Table IV shows how the proposed COMPASS framework
extends the previous AJAR study from outcome-based eval-
uation toward process-based behavioral observation. While
AJAR demonstrated measurable learning gains in game-based
learning conditions, the earlier evaluation did not capture
how users interacted with the system during task execution.
COMPASS addresses this limitation by recording interaction
traces such as action sequences, retry behavior, hint usage,
AR activation, material access, completion time, and task
performance. These logs are intended to support feature extrac-
tion and future behavioral analysis of procedural competency
development. Recent studies in serious game analytics and
learning analytics have demonstrated that gameplay trace data
can be transformed into meaningful indicators of learner per-
formance, progression, and behavioral characteristics through
systematic feature extraction and analytical modeling [16],
[17]. These findings further support the integration of inter-
action logging mechanisms within the proposed framework.

The proposed framework demonstrates how augmented re-
ality can be repositioned from a primary instructional medium
toward contextual support within a procedural technical sim-
ulation environment. By integrating AR as an optional in-
spection tool rather than a direct source of instructional guid-
ance, the system allows users to rely primarily on their own
reasoning during task execution while still providing visual
assistance when needed. This design preserves the authenticity
of the problem-solving process and enables the observation of
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how users interpret technical components during procedural
interaction.

The puzzle-based simulation structure further supports the
representation of operational technical tasks in an interactive
environment. Instead of presenting conceptual exercises, the
simulation models procedural activities that require users
to arrange and configure system components according to
predefined rules. Through this design, the system captures
interaction traces that reflect how users approach a problem,
including action sequences, retry attempts, response timing,
and contextual assistance usage. These interaction traces pro-
vide observable evidence of procedural engagement, enabling
the simulation environment to function not only as a training
platform but also as a source of behavioral process data.

The implementation results demonstrate that such a sim-
ulation environment can be realized within a lightweight
mobile-based architecture. By combining rule-based procedu-
ral simulation, contextual AR visualization, and interaction
logging within a unified system, the framework establishes the
foundation for capturing rich interaction data during technical
task execution. This capability is particularly relevant for
competency-oriented training contexts, where understanding
how users perform a task can be more informative than
evaluating final outcomes alone.

To verify the logging mechanism before user-based evalua-
tion, a simulated interaction-log scenario was generated using
ten task-completion sessions. The simulated sessions were
designed to represent different interaction patterns, including
independent completion, repeated validation attempts, contex-
tual AR assistance usage, and material-access behavior. This
validation was used to examine whether the proposed logging
structure can capture the intended behavioral indicators before
conducting formal user testing.

TABLE V
SIMULATED INTERACTION-LOG SUMMARY FOR LOGGING VALIDATION

Behavioral Indicator Range Observed Pattern
Completion time 6–15 min Varied task efficiency
Retry count 0–5 Repeated attempts indicate uncertainty
Hint usage 0–3 Assistance-seeking behavior
AR activation 0–4 Contextual visualization support
Material access 0–2 Conceptual support request
Validation checks 1–6 Trial-and-error behavior

The simulated interaction-log scenarios summarized in Ta-
ble V indicate that the proposed framework can capture
multiple behavioral indicators associated with procedural task
execution.

The simulated sessions exhibited several observable behav-
ioral patterns, including independent completion, assistance-
oriented completion, trial-and-error behavior, and exploratory
interaction. Although these patterns were derived from simu-
lated sessions rather than formal user evaluation, they demon-
strate the feasibility of using interaction logs to distinguish
different problem-solving approaches and assistance-seeking
behaviors during technical task execution.

Future work will extend the proposed framework toward
behavior-informed competency evaluation. Interaction process

data generated during simulation activities will be transformed
into computational features representing user decision patterns,
including action sequences, retry behavior, response time,
and contextual assistance usage. These features will support
behavioral modeling for identifying problem-solving strategies
and competency-related characteristics during task execution.
Consistent with recent studies utilizing interaction traces and
process-oriented analytics in serious games for skill assess-
ment and competency evaluation [18], the proposed frame-
work may evolve into a process-based competency assessment
environment that integrates procedural simulation, behavioral
modeling, and adaptive competency inference within a unified
technical training platform.
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