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ABSTRACT

This study investigates the effect of a flipped classroom integrated with an IMS-based simulator within a
Moodle LMS environment on students’ analytical ability in an undergraduate Automata Theory course.
A quasi-experimental pretest—posttest non-equivalent control group design was employed, involving an
experimental class that received simulation-based learning through a flipped classroom supported by Moodle
LMS and an IMS-based simulator, and a control class that received conventional lecture-based instruction.
Students’ analytical ability was measured using a validated assessment instrument, and statistical analyses
were conducted to examine baseline equivalence and post-intervention differences between groups. The
results indicated that both groups were equivalent at the pretest stage; however, the posttest results showed a
statistically significant difference in favor of the experimental group, accompanied by a meaningful effect size.
These findings demonstrate that integrating simulation-based learning into a Moodle LMS-supported flipped
classroom using an IMS-based simulator effectively enhances students” analytical ability in learning Automata
Theory and provides strong empirical support for the pedagogical effectiveness of this learning approach.

Keywords: Flipped classroom, Moodle LMS, simulation-based learning, IMS-based simulator, analytical
ability, Automata Theory.

INTRODUCTION

Higher education continues to prioritize pedagogical strategies that foster active learning, self-regulated
learning, and higher-order cognitive skills, particularly as institutions transition toward technology-enhanced
and student-centred instruction. One such strategy is the flipped classroom, an instructional model where
foundational knowledge is acquired through pre-class digital resources and class time is dedicated to
interactive activities such as problem solving, discussion, and application exercises. Systematic reviews on
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flipped learning reveal that this approach can enhance academic performance, student engagement, and
learner autonomy when supported by purposeful instructional design and appropriate technological tools
(Baig & Yadegaridehkordi, 2023; Decman et al., 2025) The flipped classroom has been shown to shift the
educational focus from passive content delivery to active engagement, aligning with contemporary demands
for deeper cognitive processing in higher education.

Learning Management Systems such as Moodle are widely used to operationalize flipped classroom models.
As structured digital platforms, LMS facilitate the organization of instructional content, management of
assessments, communication among learners and instructors, and generation of learning analytics. When
LMS functionalities are aligned with pedagogical objectives, these systems can strengthen feedback loops,
support interactive learning activities, and help monitor individual learner progress. This alignment can
be particularly impactful for pedagogical models that require students to manage learning outside of class
and engage in collaborative or inquiry-based tasks during class time. Studies conducted on flipped models
within LMS frameworks indicate significant improvements in problem-solving and communication skills,
suggesting that LMS-supported flipped environments can support the development of complex competencies
beyond basic knowledge acquisition (Ruslan et al., 2024).

Beyond these pedagogical arguments, a substantial body of empirical research grounded in quasi-experimental
methodologies has also demonstrated the effectiveness of the flipped classroom in higher education contexts.
Several Scopus-indexed studies have implemented quasi-experimental pretest to posttest designs to investigate
the effectiveness of flipped classroom models, reporting significant learning gains compared to traditional
lecture-based instruction. For example, Rincon evaluated the implementation of a flipped classroom
methodology in university mathematics courses and identified notable improvements in students’ academic
performance (Rincon et al., 2025). Similarly, a quasi-experimental study comparing flipped classroom and
conventional instruction among nursing students also demonstrated significant advantages of the flipped
classroom approach (Ruzafa-Martinez et al., 2023). At the same time, although fewer Scopus-indexed
studies explicitly integrate flipped classroom models with simulation activities, particularly in engineering
or Automata learning contexts, existing evidence from medical education indicates that combining flipped
learning with simulation-based activities significantly improves students’ applied skills and perceived
competence when compared to traditional instructional formats.

Despite the growing evidence supporting flipped classroom models and the essential role of LMS in facilitating
these models, Empirical evidence on how instructional approaches effectively enhance domain specific
analytical abilities in complex disciplines remains limited and requires further investigation (Loyens et al.,
2023). Analytical ability, which encompasses logical reasoning, abstraction, symbol manipulation, and problem
solving, is fundamental in theoretically demanding fields such as Automata Theory within computer science.
Automata theory, a fundamental area of theoretical computer science that studies abstract machines and formal
languages used to model computational processes, plays an important role in developing students’ logical and
analytical reasoning skills (Hopcroft et al., 2007). However, traditional lecture centred instruction in such
courses often emphasizes content transmission and provides limited opportunities for students to engage with
abstract representations and practice analytical reasoning in authentic problem-solving contexts.

Simulation-based learning environments offer interactive and dynamic representations of abstract concepts
that can support learners in constructing meaningful mental models and engaging with complex phenomena.
Meta-analyses on simulation-based learning have reported substantial positive effects on learners’ acquisition
of complex skills across multiple domains of higher education when simulations are combined with
pedagogical scaffolding and reflection opportunities (Chernikova et al., 2020). Simulations enable learners
to interact with conceptual processes, test hypotheses, and observe outcomes in real time, which can reduce
extraneous cognitive load and support deeper conceptual understanding.

Although flipped classroom and simulation-based learning models have independently demonstrated
promise in facilitating learning outcomes, research that examines their combined integration within an
LMS-supported flipped learning environment remains limited. Most existing studies focus on broad
outcomes such as academic achievement, satisfaction, or engagement, and few investigate the impact of
such integrated pedagogical models on analytical ability in computing education, particularly in abstract
and theoretical courses. This represents a significant gap in the literature, especially given the importance
of analytical reasoning for success in disciplines such as Automata Theory. Empirical evidence that directly
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evaluates how LMS-mediated flipped classroom environments augmented with interactive simulation
tools influence analytical ability is still scarce, and thus limits actionable insights for instructional design in
technology-enhanced higher education (Baig & Yadegaridehkordi, 2023).

To address this gap, this study proposes an integrated instructional model that embeds an IMS-based simulator
within a Moodle LMS-supported flipped classroom for an undergraduate Automata course. This model is
grounded in constructivist learning theory and cognitive load theory, which emphasize active knowledge
construction and the importance of reducing unnecessary cognitive processing through interactive and
scaffolded tasks. In this integrated approach, pre-class learning activities focus on foundational knowledge
acquisition, simulation exercises provide interactive conceptual engagement, and in-class collaborative
activities emphasize analytical reasoning, problem solving, and conceptual application.

Accordingly, this study empirically examines the effect of a flipped classroom integrated with an IMS-based
simulator supported by Moodle LMS on students’ analytical ability in Automata Theory. The findings of this
research are expected to contribute to the literature on technology-enhanced learning in higher education,
provide empirical evidence on the pedagogical value of integrating simulation tools within flipped learning
environments, and inform instructional design practices for enhancing analytical reasoning in complex and
abstract academic domains.

The conceptual framework of this study is grounded in constructivist learning theory and cognitive load
theory, and is informed by research on flipped learning, LMS supported instruction, and simulation-based
learning in distance and blended education. Constructivist perspectives emphasize that knowledge is actively
constructed when learners engage with tasks, interact with digital resources, and participate in meaningful
learning activities rather than passively receiving information. In technology enhanced and distance education
contexts, constructivist theory has been used as a foundation for justifying the integration of digital tools to
support learner autonomy, interaction, and continuous knowledge building (Mohammed & Kinyo, 2020).

Within this lens, the flipped classroom model, supported by video and online resources, is viewed as a
structure that reallocates time and space for more active and collaborative learning experiences during class,
a pattern that has been documented in empirical work on flipped classrooms in language and distance
education contexts (Basal, 2015).

Automata Theory is a core area of theoretical computer science that studies abstract machines and formal
languages used to model computational processes. Due to its highly symbolic and abstract nature, students
often experience difficulties in understanding its concepts and applying them in analytical problem solving
contexts (Silva et al., 2024). From a cognitive load perspective, such domains can impose substantial
cognitive demands when instruction relies primarily on lectures and static materials. Simulation based
environments provide dynamic and interactive representations that support mental model construction and
the development of complex cognitive skills (Wu et al., 2024). Simulation based environments provide
dynamic, visual, and interactive representations of complex processes that can help reduce extraneous load,
support the construction of mental models, and facilitate the development of complex skills. Early work
in TOJDE highlighted the role of simulation and discovery learning as powerful models for structuring
learner interaction with abstract content in technology rich environments (Min, 2003). More recent meta
analyses in higher education have shown that simulation based learning yields substantial positive effects on
complex skills and problem solving when simulations are designed with appropriate scaffolding and salient
information (Chernikova et al., 2020). These findings provide a strong rationale for embedding simulation
tools into structured instructional designs such as flipped classrooms in order to promote analytical reasoning.

Within this integrated perspective, Moodle LMS functions as the central technological and pedagogical hub
that structures the flipped learning cycle and hosts interactive learning activities. Prior research published
in The Turkish Online Journal of Distance Education, such as “Web Tools as E-Icebreakers in Online
Education” (Sat et al., 2022) and “E-Learning Practised Innovation Towards Knowledge Management and
MOOCs” (Rulinawaty, n.d.)there is little study to analyze the effect of an e-learning practiced innovation
on knowledge management and massive open online courses (MOOC:s, has shown that digital learning
environments grounded in constructivist principles can provide rich opportunities for interaction,
collaboration, and learner control when tools such as Web 2.0 applications, online video systems, and social
networking platforms are intentionally aligned with instructional goals (Yuzer, 2011). In the present study,
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Moodle organizes pre class activities in which students acquire foundational knowledge, delivers IMS based
simulation activities that allow students to visualize and manipulate automata concepts, and supports in class
and online collaborative tasks that focus on analytical problem solving.

Accordingly, the proposed conceptual framework posits that an IMS based simulator integrated into a
Moodle supported flipped classroom creates a multi layer learning environment in which constructivist
processes and cognitive load management are jointly supported. Pre class exposure to content prepares
learners conceptually, simulation activities provide interactive engagement with abstract representations,
and in class collaborative work fosters analytical reasoning and problem solving in Automata Theory. Based
on this framework, the core assumption of the study is that students who participate in this simulation
enhanced, LMS mediated flipped classroom may develop higher levels of analytical ability than students
who experience conventional lecture centred instruction in the same course.

PURPOSE OF THE STUDY

The purpose of this study is to empirically examine the effect of a flipped classroom model integrated with an
IMS based simulator within a Moodle LMS environment on students’ analytical ability in an undergraduate
Automata Theory course. The course was chosen because it addresses highly abstract computational
concepts, including finite automata, formal languages, and state transition systems, which often require
strong analytical reasoning and are typically challenging for students to understand through traditional
lecture-based instruction. This study is conducted in response to the limited number of empirical studies
that investigate the combined implementation of flipped classroom pedagogy, simulation-based learning
tools, and LMS-supported learning environments in theoretically demanding computing disciplines. While
previous studies primarily focused on general learning outcomes such as achievement, motivation, or
satisfaction, the present study particularly emphasizes analytical ability as a domain-specific higher-order
cognitive competency that is essential in abstract subjects such as Automata Theory. Through this study, it
is intended to provide empirical evidence and pedagogical insight into how a simulation-enhanced, LMS-
supported flipped classroom model can contribute to the development of analytical reasoning in technology-
enhanced higher education contexts.

Research Objectives
This study specifically aims to:
1. Examine the effect of a flipped classroom model integrated with an IMS-based simulator within
Moodle LMS on students’ analytical ability in Automata Theory.

2. Compare students’ analytical ability between those who learn through an IMS-based simulator
integrated flipped classroom model and those who experience conventional instruction.

3. Determine whether the integration of simulation tools into LMS-supported flipped classroom
environments provides significant pedagogical benefits for developing analytical reasoning in highly
abstract computing subjects.

4. Provide empirical evidence to support the design of effective technology-enhanced instructional
frameworks for complex theoretical learning contexts.

Research Hypotheses

HO (Null Hypothesis): There is no significant difference in students’ analytical ability in Automata
Theory between those who learn through an LMS-supported flipped classroom integrated with an
IMS-based simulator and those who learn through conventional instruction.

H1 (Research Hypothesis): Students who learn through an LMS-supported flipped classroom integrated
with an IMS-based simulator will demonstrate significantly higher analytical ability in Automata
Theory than students who learn through conventional instruction.
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METHOD

The present study employed a quasi experimental (research design to examine the effect of a flipped classroom
model integrated with an IMS-based simulator within Moodle LMS on students’ analytical ability in the
Automata Theory course. This design was selected because it enables the investigation of causal relationships
between instructional interventions and specific learning outcomes, particularly domain-specific higher-
order cognitive competencies such as analytical ability. The instructional intervention involved the integration
of structured pre-class activities, simulation-based engagement tasks, and in-class collaborative analytical
activities, while the comparison group received conventional lecture-centered instruction.

Research Design

This study used a quasi-experimental pre-test-post-test non-equivalent control group design (Creswell &
Creswell, 2018). Two intact classes enrolled in the Automata course were assigned as the experimental and
control groups. The experimental group received instruction through an LMS-supported flipped classroom
model integrated with an IMS-based simulator, while the control group followed conventional lecture-
based instruction without simulation support. Both groups completed a pre-test before the intervention to
check for initial equivalence and a post-test after the intervention to assess learning gains. The intervention
was implemented over three class meetings. This non-randomized experimental design is commonly used
in educational research where random assignment is not feasible but rigorous group comparison is still
needed, particularly in flipped classroom research (Rincon et al., 2025). Similar quasi-experimental flipped
classroom studies in higher education have also reported significant improvements in learning outcomes
compared to traditional instruction approach (Ruzafa-Martinez et al., 2023).

Experimental Design Structure Flipped Classroom Effectiveness (Quasi-Experimental):

Several studies have implemented quasi-experimental pretest—posttest designs to investigate the effectiveness
of flipped classroom models in higher education. For example, Rincon et al. (2025) evaluated the
implementation of a flipped classroom methodology in university mathematics courses and found significant
improvements in academic performance compared to traditional teaching. In addition, a quasi-experimental
study comparing flipped classroom and conventional instruction among nursing students also demonstrated
notable advantages of the flipped classroom approach (Ruzafa-Martinez et al., 2023).

Simulation + Flipped Classroom Integration:

Although fewer studies combine both flipped classroom and simulation explicitly in the context of engineering
or automata learning, a study in medical education shows that combining flipped classroom learning with
simulation-based activities significantly improved students” applied clinical skills and perceived competence
compared to traditional methods.

The structure of the quasi-experimental design (Creswell & Creswell, 2018) is represented as follows:
Experimental Group:

0, —X—0,

Control Group:

0;,——0,

where:

O = pretest

O3 = posttest

X = LMS-supported flipped classroom integrated with IMS-based simulator

— = no treatment (conventional instruction)
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Conceptual Framework of the Instructional Model

In this study, the conceptual framework guiding the instructional design is presented in Figure 1. At the
theoretical level, the model is grounded in constructivist learning theory and cognitive load theory, which
together emphasize the importance of active knowledge construction, meaningful interaction with learning
resources, and the management of cognitive demands in complex learning tasks. In line with constructivist
perspectives, flipped classroom approaches reorganize. instructional time so that students engage with core
content before class and participate in interactive, student centred activities during class, a pattern that has
been shown to support learner autonomy and active engagement in distance and blended education settings
(Basal, 2015).

Within this framework, Moodle LMS functions as the central environment that structures the flipped
learning cycle, reorganize pre class access to digital content, facilitates communication, and hosts interactive
tasks. Prior research in distance education and constructivist e learning has shown that well designed online
environments and virtual laboratories can foster interaction, experimentation, and conceptual understanding
when learning activities are aligned with constructivist principles (Zeynep Tatli & Alipasa Ayas, 2012). In the
present model, pre class activities in Moodle provide foundational exposure to Automata concepts, followed
by IMS based simulation activities that allow students to visualize and manipulate formal structures, and in
class sessions that focus on collaborative problem solving and analytical reasoning.

The simulation component plays a central role in the conceptual framework. Drawing on empirical and
meta analytic evidence, simulation based learning environments are assumed to enhance complex skills and
problem solving performance when simulations provide salient, well scaffolded representations of critical
information (Chernikova et al., 2020) (Chernikova et al., 2020; Min, 2003). In this study, IMS based
simulations embedded in Moodle are expected to reduce extraneous cognitive load, support the construction
of mental models of automata, and create conditions for deeper analytical engagement with abstract symbolic
processes.

Accordingly, the model posits a directional relationship from the LMS supported flipped classroom integrated
with IMS based simulation activities to students’ analytical ability in Automata Theory. The underlying
assumption is that students who participate in the simulation enhanced flipped learning environment will
demonstrate higher levels of domain specific analytical ability than students who experience conventional
lecture centred instruction. This assumption is operationalized in the research questions and directional
hypotheses tested in the present study.

In addition to the pre-class, simulation, and in-class phases, the conceptual framework also incorporates an
after-class consolidation phase as part of the flipped learning cycle. This phase is facilitated through Moodle
LMS and includes reflective activities, extended practice through quizzes or assignments, asynchronous
discussions through forums, and instructor feedback supported by learning analytics. The purpose of this
phase is to reinforce conceptual understanding, promote continued cognitive engagement, and support the
internalisation of analytical reasoning processes beyond classroom interaction. The after-class phase also
strengthens the feedback loop within the instructional model, ensuring that learners continuously monitor,
evaluate, and refine their analytical thinking.
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Learning D

Instructional Environment:
LMS-supported flipped classroom (Moodle)

In-Class

After-Class

Outcomes:
Analytical Ability in Automata Theory

Figure 1. Conceptual framework of the LMS-supported flipped classroom integrated with IMS-based

simulation model

Participants

The participants in this study were 51 undergraduate students enrolled in the Informatics Study Program at
Universitas Wijaya Kusuma Surabaya. All participants were third-semester students during the 2024-2025
academic year and were enrolled in the Automata course as part of their curriculum. Due to practical
constraints in the educational setting, intact classes were used rather than random assignment, which is
typical in quasi-experimental research designs conducted in higher education contexts where administrative
grouping cannot be altered for research purposes. Such use of intact classes and purposive grouping is
common in quasi-experimental flipped classroom research to maintain ecological validity and reflect real
classroom conditions (Abo et al., 2025).

Two classes were purposively assigned to the research conditions. The experimental group consisted of
26 students, who received instruction through the LMS-supported flipped classroom integrated with the
IMS-based simulator. The control group consisted of 25 students, who received conventional lecture-based
instruction without simulation support. All participants completed both pre-test and post-test assessments
as part of the quasi-experimental evaluation.

Participation in the study was voluntary, and students were informed about the purpose of the research
prior to data collection. Ethical considerations, including the anonymity and confidentiality of the collected
data, were strictly maintained. Students were also informed that their participation or non-participation
would not affect their course grades or academic records and that they could withdraw from the study at any
time without penalty. Permission to conduct the study was formally obtained from the Informatics Study
Program of Universitas Wijaya Kusuma Surabaya (UWKS).
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Intervention (Experimental vs Control)

Instructional Phases in the Experimental GroupThe Scale

Students in the experimental group were taught using an LMS-supported flipped classroom model integrated
with an IMS-based simulator. The instructional process followed a structured learning cycle consisting of
pre-class, simulation, in-class, and after-class phases. This structure is consistent with established flipped
classroom frameworks emphasizing preparatory learning before class and active engagement during class
time, which have been widely reported to enhance learning outcomes in higher education contexts (Akcayir
& Akcayir, 2018).

Pre-class Phase

In the pre-class phase, students engaged in asynchronous learning through Moodle by accessing digital
instructional materials, including videos, structured readings, learning modules, and guided documents
designed to build essential conceptual understanding prior to classroom meetings. Within this same phase,
students in the experimental group also interacted with the IMS-based automata simulator embedded in the
Moodle LMS (implemented as ELENA at Universitas Wijaya Kusuma Surabaya), enabling them to visualize
and manipulate key automata concepts such as DFA and NFA construction, state transitions, and language
acceptance processes. This integration of independent digital learning and simulation-based engagement was
intended to develop both conceptual and procedural readiness, so that students entered the in-class sessions
with stronger foundational understanding and better preparedness for higher-order analytical tasks and
collaborative problem solving (Agostino et al., 2024) (Chen & Wu, 2015).

In-class Phase

Students utilized a desktop-based automata simulator to perform analytical tasks and problem-solving
activities under instructor guidance. The use of simulation tools during active classroom learning supports
conceptual understanding and promotes higher-order cognitive skills, as reported in simulation-based
learning research in higher education.

After-class Phase

Students demonstrated their analytical ability related to Chomsky hierarchy concepts through extended
assignments using the same desktop-based automata simulator. Engaging in simulation-based activities
beyond classroom sessions reinforces knowledge transfer and strengthens mastery of complex skills.

Control Group Condition

The control group received conventional lecture-based instruction, with content delivered through teacher
presentations, limited student active engagement, and no integration of flipped learning principles or
simulation tools.

Instruments, Validity, and Reliability
Instruments

The primary instrument in this study was an Analytical Ability Test in Automata Theory, designed to measure
students’ analytical competence in understanding, constructing, and evaluating concepts related to formal
languages and automata. The test consisted of 50 items combining multiple-choice questions and structured
analytical problems targeting key Automata Theory topics, including deterministic and nondeterministic
finite automata (DFA and NFA), transition functions, regular languages, and concepts within the Chomsky
hierarchy. The development of the instrument was directly aligned with the course learning outcomes
and followed current approaches to assessing formal language and automata competencies in computing
education, where problem-solving activities and automata construction tasks are widely employed to evaluate
mastery of abstract computational models (Jovanovic et al., 2021).
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Content validity was initially established through expert review by two lecturers specializing in theoretical
computer science and computing education. The experts evaluated item clarity, relevance, and alignment with
the Automata Theory curriculum, consistent with recommended test development practices in technology-
enhanced higher education environments (Silva et al., 2024). A pilot administration was also conducted
using a small cohort outside the main study sample to refine item quality and structure.

In addition to the analytical ability test, supporting performance data were collected from the LMS and
simulator platforms. Activity logs retrieved from the Moodle-based LMS (ELENA) and interaction data
from the automata simulator provided evidence of student engagement with pre-class and post-class
activities within the flipped classroom model. The integration of LMS platforms and digital simulation tools
to structure learning activities, monitor engagement, and support assessment has been well documented
in distance and blended learning research, including studies published in the Turkish Online Journal of
Distance Education (TOJDE), which emphasize the centrality of LMS environments in organizing flipped
classroom learning processes (Lakarnchua et al., 2020).

Furthermore, the inclusion of simulator-supported tasks within the assessment framework is aligned with
recent advances in educational tools for automata instruction. Prior research demonstrates that interactive
simulation environments (e.g., web-based or Java-based automata simulators) effectively enhance students’
conceptual understanding and procedural competence in automata construction and analysis (Jovanovic
et al., 2021). Accordingly, several post-test items in this study required students to construct, analyze, and
validate DFA/NFA representations and language properties in ways that closely mirror instructional activities
conducted in IMS-based and desktop-based simulators.

Content Validity

Ensuring the validity of the Analytical Ability Test in Automata Theory is essential to confirm that the
instrument accurately measures students’ domain-specific analytical ability in understanding, constructing,
and evaluating automata and formal language concepts. In educational measurement, an instrument is
considered valid when sufficient theoretical and empirical evidence supports that its scores appropriately
represent the intended construct and can be meaningfully interpreted for their intended purpose (Van
Haastrecht et al., 2024).

In this study, the quantitative method employed to assess content validity was Aiken’s V, because this method

is appropriate for measuring validity when the number of validators is > 2. The formula is as follows (An
Nabil et al., 2022).

¥s
'TRe-D

Description:
s = score assigned by the validators minus the lowest score

n = number of validators

¢ = number of scale categories

The value of Aiken’s V ranges from 0 to 1. The closer the value is to 1, the higher the level of content validity.
The detailed interpretation is presented in Table 1.

Table 1. Interpretation of Aiken’s V Values

Aiken’s V Value Interpretation Action

0-0.60 Low content validity Major revision or discard
0.61-0.80 Moderate content validity Minor revision recommended
0.81-0.99 High content validity Suitable for use

1 Very high validity Use without revision
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Content validity served as the primary source of validity evidence given the specialized cognitive nature
of the construct being measured. Content validity refers to the degree to which an assessment instrument
appropriately represents the construct domain and the intended learning outcomes. The development of the
pretest and posttest instruments was guided by the course learning objectives and established conceptual
domains in Automata Theory. The indicators emphasized key analytical competencies related to finite
automata, pushdown automata, Turing machines, and hierarchical language reasoning within the Chomsky
framework. Such systematic alignment between assessment instruments, curriculum structure, and cognitive
objectives is consistently emphasized in contemporary computing education research (Jovanovic et al., 2021).

Content representativeness was strengthened through structured expert judgment. Content validation was
conducted by two experts: one expert in learning and instructional design and one subject-matter expert
in Automata Theory. Rather than evaluating at the level of individual test items, both experts validated
the instrument at the level of construct domains/indicators, ensuring that each conceptual dimension was
sufficiently and appropriately represented. A total of 15 indicators, which formed the foundation of both the
pretest and posttest instruments, were evaluated as shown in Table 2.

Table 2. Content Validation Indicators of the Assessment Instrument

ltem Description

Chom1  This instrument can accurately measure students’ understanding of automata theory concepts.
Chom2  Theitems in this instrument are relevant to the learning objectives of the Automata course.
Chom3  The structure of the test items is aligned with the fundamental concepts of automata theory.
Chom4  The multiple-choice options are clearly presented and distinguishable.

Chom5  This instrument provides an adequate number of items to assess analytical ability.

Chomé  Theitems in this instrument cover essential topics in automata theory comprehensively.
Chom?7  This instrument can be used to identify students’ levels of understanding effectively.

Chom8  The provided answer keys are accurate and appropriate for the test items.

Chom9  This instrument is suitable for measuring analytical ability in automata theory.

Chom10 These items can support students in understanding and analyzing automata-related problems.
Chom11 The multiple-choice format facilitates students in responding to the questions effectively.
Chom12 This instrument is appropriate for use in a higher education learning context.

Chom13 This instrument is easy for students to understand, including those with varying ability levels.
Chom14 The wording of the items is consistent with academic and assessment standards.

Chom15 This instrument is sufficiently comprehensive to evaluate students’ analytical competence in automata theory.

Expert ratings were quantified using Aiken’s V, which is appropriate for structured expert agreement on
content relevance. The obtained Aiken’s V coefficient for both the pretest and posttest instruments was
0.93, as presented in Table 3. Since this value exceeds the commonly accepted threshold of 0.81, the pretest
and posttest instruments designed to measure students’ mastery of Automata Theory, particularly their
understanding of the Chomsky hierarchy, can be considered to demonstrate excellent content validity and
are therefore appropriate for use in this study.
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Table 3. Results of Aiken’s V analysis for the pretest and posttest instruments measuring analytical ability

Iltem Learning Expert Automata Expert Aiken's V
Chom1 4 4 1.00
Chom?2 4 4 1.00
Chom3 4 4 1.00
Chom4 4 4 1.00
Chom5 4 4 1.00
Chomé 4 4 1.00
Chom?7 3 3 0.67
Chom8 4 4 1.00
Chom9 4 4 1.00
Chom10 4 4 1.00
Chom11 4 4 1.00
Chom12 4 4 1.00
Chom13 3 3 0.67
Chom14 4 4 1.00
Chom15 3 3 0.67

Average: 0.93

Reliability

Reliability analysis was conducted to examine the internal consistency of the Analytical Ability Test. The
instrument consisted of 50 multiple-choice items, each providing four alternative response options with one
correct answer. The reliability test was performed using the learning outcome dataset obtained from 43 fifth-
semester Informatics Engineering students at Universitas Wijaya Kusuma Surabaya. Reliability estimation
was carried out using the Jamovi statistical application version 2.6.64. Following the pilot administration,
internal consistency was estimated using Cronbach’s Alpha, and as presented in Table 4, the obtained
coefhicient of a = 0.945 indicates an excellent level of reliability. This result confirms that the instrument
produces stable and consistent measurements and serves as a highly reliable tool for assessing students’
analytical ability in Automata Theory within a technology-enhanced instructional context.

Table 4. Reliability Results of the Analytical Ability Instrument

Mean SD Cronbach’s a

scale 0.720 0.213 0.945

Validity in LMS-Supported and Distance Education Contexts

The integration of LMS-based data and simulation-supported assessment in this study aligns with current
practices in technology-enhanced and distance education research, where valid assessment instruments
are expected to be theoretically grounded, pedagogically aligned, and empirically supported. Prior studies
highlight that rigorous validation procedures, expert-based content review, internal consistency analysis, and
alignment with instructional design principles are essential when evaluating learning outcomes in LMS-
mediated and flipped classroom environments (Soydan Oktay & Yuzer, 2024) (Triswidrananta et al., 2022)
the learning process was carried out from home online using various learning resources. This condition
triggers the emergence of behavioural problems and student competence in Indonesia. One of the distance
learning media that was carried out during the pandemic was using the Learning Management System (LMS.
These perspectives reinforce the methodological rigor of the present study, particularly in contexts where
assessment instruments operate within digitally mediated and simulation-enhanced instructional systems.
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Data Collection Procedure

The data collection process was conducted systematically to ensure robust empirical evidence for evaluating
the effect of the flipped classroom model integrated with an IMS-based simulator on students’ analytical
ability in the Automata Theory course. The procedure followed a sequence of phases designed to maintain
consistency, reliability, and pedagogical alignment with flipped classroom research practices.

Preparatory Phase

Before formal data collection, ethical approval and informed consent were obtained from all participants.
The research instruments, including the pretest and posttest analytical ability measures, were finalized and
validated for content relevance. The Moodle LMS environment was configured to host pre-class instructional
materials, simulator activities, and structured learning tasks. This preparatory work aligns with standard
procedures in flipped classroom studies where LMS platforms are used to organize instructional materials and
collect engagement data (gradebook, log interactions) as part of learning analytics practices in educational

research (Liao & Wu, 2023).

Pretest Administration

At the outset of the semester, both the experimental group (flipped classroom with IMS simulator) and the
control group (conventional instruction) completed the Analytical Ability Pretest under supervised conditions.
The aim of the pretest was to establish baseline analytical competence and ensure initial comparability
between groups. Standardized administration procedures were followed, including uniform instructions and
the same testing environment for all participants, reflecting best practices in quasi-experimental designs with
pretest—posttest control group designs documented in the flipped classroom literature (Rincon et al., 2025).

Implementation of the Intervention

Following the Pretest, the Instructional Intervention was delivered over the Scheduled Course
Period:

1. Experimental Group

Students engaged in a flipped classroom model wherein foundational knowledge was acquired prior
to synchronous class meetings. Pre-class activities included video lectures, readings, and LMS-hosted
interactive modules. The IMS-based simulator was used throughout to provide interactive, visual learning
opportunities that supported conceptual understanding of automata constructs. In-class time focused
on collaborative analytical tasks, group problem solving, and consolidation of simulator experiences.

2. Control Group

Students in the control group experienced a conventional lecture-based instructional approach
without pre-class preparation activities or simulation-based learning. Foundational knowledge was
delivered during in-class lectures focusing on key Automata Theory topics such as deterministic finite
automata, nondeterministic finite automata, regular languages, and state transition systems. After the
lecture sessions, students completed individual practice tasks involving problem solving, construction
of state transition diagrams, and exercises related to formal language representations.

Data collected from Moodle logs included access timestamps, material views, and simulator tool usage.
These data provide contextual evidence of student engagement, consistent with the growing application of
learning analytics in flipped classroom research to support understanding of learner interaction with digital
resources (Liao & Wu, 2023).

Monitoring of Student Engagement

Throughout the intervention period, engagement data were continuously recorded via the Moodle LMS.
These data included access logs (frequency and duration of interactions with pre-class materials), submission
timestamps for flipped classroom assignments, and simulator usage metrics. System log data have been shown
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in the literature to offer insights into students’ learning processes and to serve as meaningful predictors of
academic outcomes when analyzed appropriately, emphasizing the importance of LMS-based data collection
in educational research (Wang, 2021).

Posttest Administration

At the conclusion of the instructional intervention, all participants completed the Analytical Ability Posttest
under the same conditions as the pretest. The posttest was designed to be parallel in structure and cognitive
demand to the pretest, minimizing potential testing effects while still enabling measurement of instructional
impact. By comparing pretest and posttest scores, the study could detect changes in analytical ability
attributable to the instructional model.

Data Screening and Preparation for Analysis

Raw test scores and LMS engagement logs were exported and cleaned. Participation records were checked
for completeness, and cases with missing or inconsistent data were excluded from final analysis. Pretest
and posttest scores were matched at the individual level to ensure valid within-subject comparisons, and
LMS engagement data were linked with test scores for supplementary analysis. Data screening included
normality checks and preliminary descriptive statistics to prepare for inferential analyses such as ANCOVA
or independent t-tests commonly used in quasi-experimental designs.

Data Analysis

Data analysis in this study was conducted to evaluate the effect of the flipped classroom integrated with
an IMS-based simulator on students’ analytical ability in the Automata Theory course. Due to the quasi-
experimental nature of the research design, inferential statistical procedures were applied to compare
learning outcomes between the experimental group (fipped classroom with simulator) and the control
group (conventional instruction).

First, descriptive statistics were computed for all variables of interest to summarize mean scores, standard
deviations, and distribution properties of pretest and posttest analytical ability data. Descriptive analysis
facilitates an initial understanding of central tendencies and variability, which is a recommended practice
before conducting inferential analysis in educational intervention studies (Chikeme et al., 2024).

To assess whether the instructional intervention significantly affected students’ analytical ability, inferential
statistical tests were employed. In quasi-experimental research involving pretest and posttest comparisons
across independent groups, statistical methods such as independent sample t-tests, paired t-tests, and analysis
of covariance (ANCOVA) are frequently used to control for baseline differences and increase precision of
estimated effects (Ruzafa-Martinez et al., 2023).

In this study, the following procedures were applied:

1. Homogeneity and Normality Checks

Prior to hypothesis testing, data were examined for normality and homogeneity of variance. These
assumption checks ensure that parametric methods such as t-tests and ANCOVA are appropriate. If
normal distribution and equal variances are satisfied, parametric tests provide valid estimates of group
differences and treatment effects.

2. Paired Sample t-test

Within-group comparisons between pretest and posttest scores were performed using paired sample
t-tests for both experimental and control groups. This analysis examines whether each instructional
condition produced significant changes in analytical ability over time. Paired t-tests are commonly
used in flipped classroom quasi-experimental research to detect changes attributable to intervention.

3. Independent Sample t-test and ANCOVA

To evaluate differences between groups, independent sample t-tests compare the mean posttest scores
of experimental and control groups. Furthermore, ANCOVA was employed with pretest scores as
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covariates to statistically control for initial group differences, increasing internal validity and providing
adjusted posttest comparisons. The use of ANCOVA in quasi-experimental designs is considered best
practice when randomization is not feasible, allowing for a more accurate estimation of intervention
effects by accounting for baseline variation (Zheng & Lee, 2023).

4. Effect Size Calculation

In addition to statistical significance testing, effect sizes such as Cohen’s d and partial eta squared (n?)
were calculated. Effect size measures provide information about the practical significance of observed
differences beyond p-values, illustrating the magnitude of the instructional impact. Reporting effect
sizes has become a standard convention in educational research for interpreting the strength of
intervention effects and facilitating comparisons across studies.

5. Learning Analytics Data Integration

Beyond test scores, analytic metrics from Moodle LMS and the IMS-based simulator (e.g., activity
frequencies, time-on-task, and task completion rates) were exported and analyzed descriptively
and correlatively to supplement interpretation of learning outcomes. While LMS log data are not
primary dependent variables, they provide contextual evidence about engagement patterns and are
increasingly used in flipped classroom and blended learning research as supporting analysis to interpret
instructional impact.

Ethical and Rigor Consideration

Ensuring ethical compliance and research rigor is fundamental to the credibility and integrity of empirical
studies, particularly in educational intervention research involving human participants. In this study,
multiple ethical procedures and rigor practices were implemented to protect participants’ rights, maintain
data integrity, and ensure the trustworthiness of findings in accordance with contemporary standards for
academic research.

Ethical Considerations

Ethical approval to conduct the study was obtained from the Informatics Study Program of Universitas
Wijaya Kusuma Surabaya prior to data collection. Participation in the study was voluntary, and students
were informed about the purpose of the research, the nature of the instructional intervention, and the
procedures for data collection. Participants were assured that their responses would remain anonymous
and confidential, and that their participation or non-participation would not affect their course grades or
academic records. Students were also informed that they could withdraw from the study at any time without
penalty.

Anonymity and confidentiality were maintained during data collection and analysis. All personal identifiers
were removed from datasets prior to analysis, and academic performance data were stored securely in
password-protected systems. These practices are consistent with ethical guidelines for protecting student
data and privacy, especially when handling digital logs and learning analytics from LMS platforms.

Rigor Considerations

Research rigor was achieved through methodological soundness, careful instrument validation, and
appropriate statistical analysis. The study design followed a quasi-experimental approach with pretest and
posttest measures and both control and experimental groups, which is widely recognized as a valid framework
for evaluating pedagogical interventions in educational technology research (Ruzafa-Martinez et al., 2023).

To ensure the validity and reliability of research instruments, procedures such as expert review of analytic
ability test items and pilot testing were incorporated prior to full implementation. Instrument validation
is critical to guarantee that the measurement accurately represents the construct of interest, reflecting
established best practices in assessment research (Van Haastrecht et al., 2024).
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Rigor was further enhanced by applying appropriate statistical assumption checks before hypothesis testing.
Evaluating data for normal distribution, homogeneity of variance, and the absence of extreme outliers
ensured that parametric tests (e.g., t-tests, ANCOVA) produced reliable results. Conducting assumption

checks prior to inferential analysis is considered best practice in quantitative educational research (Zheng &
Lee, 2023).

Finally, the interpretation of results was guided not only by statistical significance (e.g., p-values) but also by
effect size reporting and practical educational implications, which is regarded as an essential component of
rigorous reporting in empirical intervention research (Chikeme et al., 2024).

Context (LMS, Simulation Environment)

In this study, the instructional intervention was implemented within a technology-enhanced learning
ecosystem that combined a Moodle-based Learning Management System (LMS) with an IMS-based
simulation environment designed for Automata Theory. Together, these components provided an integrated
digital infrastructure to support flipped classroom activities, simulation-based conceptual exploration, and
learning analytics.

Moodle LMS as the Central Instructional Hub

Moodle was employed as the core LMS to organize course materials, structure pre-class and after-class
activities, facilitate assessments, and capture student interaction data. In this study, Moodle was implemented
through Elena, the institutional LMS of Universitas Wijaya Kusuma Surabaya, accessible at https://elearning.
uwks.ac.id/. Evidence from recent reviews indicates that Moodle is widely adopted in higher education,
particularly in STEM disciplines, and is associated with improved student performance, engagement, and
satisfaction when pedagogically aligned (Gamage et al., 2022)especially in STEM education. However,
educational research on using Moodle is scattered throughout the literature. Therefore, this review aims to
summarise this research to assist three sets of stakeholders—educators, researchers, and software developers.
It identifies: (a.. Within this study, Elena hosted pre-class learning materials (videos, readings, and guided
modules), quizzes, and discussion forums that supported the flipped classroom structure and served as
the access point to the IMS-based simulator. Beyond content delivery, Elena also functioned as a learning
analytics platform, where Moodle log data such as activity views, completion records, and time-stamped
interactions provided insight into learner engagement patterns, consistent with current evidence on LMS-
based learning analytics for supporting informed instructional decisions (Banihashem et al., 2022).

IMS-Based Simulation Environment for Automata Theory

Complementing the LMS, this study employed an IMS-based simulation environment fully embedded
in the ELENA Moodle platform to support conceptual and analytical learning in Automata Theory. The
simulator provides interactive, visualization-rich environments that enable students to design, test, and
evaluate different computational models representing key components of the Automata course.

As shown in Figure 2, the IMS-based simulator supports Finite Automata (FA) construction by allowing
students to design state diagrams, define transition functions, and test input strings for acceptance or
rejection. Simulation-based learning environments such as these enable students to explore and manipulate
abstract computational processes, which has been shown to enhance engagement, conceptual understanding,
and analytical reasoning in computing education (Asadi et al., 2024).
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Figure 2. IMS-based Finite Automata Simulator Integrated in ELENA Moodle LMS

Extending beyond finite automata, Figure 3 illustrates the simulator implementation for Pushdown Automata
(PDA), where students can visualize stack operations, configure transitions, and analyze acceptance based
on stack behavior. Research in simulation-based learning demonstrates that such tools facilitate active
knowledge construction and help learners connect theoretical formalism with operational execution in

complex computational systems.

= O @ B Hprieiersing uwesa idemodfmgiies phpid T

. @ EERDAMPAK Hirre  Dashtosd M,uuu

Irgul Strng. ase. L
POA, Smalaar

Transition Table

W . (] |- A

® b A |a It

at b A | |t

[ e e 2 e

Simulation Result

[ socepted

= G R 5

. g BERDAMPAK  Veme Dashbosrd Mycourses

D - 2T

Inpud Sty astash
Transition Table

almla]e

Figure 3. IMS-based Pushdown Automata Simulator Integrated in ELENA Moodle LMS

At an even higher level of abstraction, Figure 4 presents the IMS-based simulation environment for Turing
Machines (TM), where students can define transition rules, observe tape head movements, and simulate

execution step-by-step.
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Figure 4. IMS-based Turing Machine Simulator Integrated in ELENA Moodle LMS

More broadly, recent simulation-based learning research in computer science and engineering confirms
that well-designed simulation tools promote active learning, problem-solving skills, and deeper conceptual
processing, especially when integrated into structured instructional frameworks such as flipped or blended
learning environment. Within this study, the IMS-based simulator was not treated as a standalone tool;
instead, it was pedagogically aligned with Moodle-based activities and embedded directly into the course
workflow. This integration ensured that simulation tasks were meaningfully connected with pre-class
preparation, in-class analytical discussions, and problem-solving activities.

In the broader distance and blended learning context, the use of LMS-integrated tools to structure learning
interaction and support conceptual understanding has also been emphasized in Scopus-indexed work
published in the Turkish Online Journal of Distance Education (TOJDE), which highlights how digital
learning environments grounded in constructivist principles can effectively support student engagement and
analytical learning processes.
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Integration of LMS and IMS-Based Simulation in the Flipped Classroom

As illustrated in Figure 5, the integration of the Moodle LMS and the IMS-based simulation environment
established a structured and pedagogically grounded learning ecosystem that operationalized the flipped
classroom model. The LMS organized the pre-class phase, enabling systematic exposure to foundational
concepts through structured digital content, guided learning materials, and access to the IMS-based
simulation package, thereby initiating early cognitive engagement and preparatory conceptual activation.

During the in-class phase, learning shifted from individual preparation to collaborative knowledge
construction. At this stage, the simulator functioned not merely as a supplementary digital resource,
but as an instructional cognitive tool through which students applied, tested, and negotiated conceptual
understanding in problem-solving contexts under teacher facilitation. The after-class phase further
strengthened this trajectory through reflective activities, extended tasks, and LMS-based analytics feedback,
supporting consolidation and long-term schema development.

Methodologically, this integrated configuration aligns with contemporary perspectives in technology-
enhanced learning and learning analytics, which emphasize that coupling LMS-mediated instructional
structures with activity data from domain-specific learning tools enables richer, process-oriented interpretation
of learning behaviour and outcomes (Banihashem et al., 2022). In line with current evidence on LMS-
supported flipped and blended learning environments, the present instructional design positions the LMS
as the organizational backbone of learning orchestration, while the IMS-based simulation operates as a
discipline-specific cognitive amplifier, collectively and purposefully aligned to foster higher-order analytical
ability in Automata Theory.

Learning Foundations: Constructivist Learning Theory & Cognitive Load Theory

Instructional Environment: LMS-Supported Flipped Classroom (Moodle)

Pre-Class Phase

# Access to structured onling materials within LMS

» Video/reading modules and guided preparation

* |MS-based Simulation Package accessed directly through LMS

= Early conceptual exploration and cognitive engagement supported by simulation

In-Class Phase

* Collaborative learning and problem-solving tasks

« Teacher scaffolding and facilitation

* Continued simulation engagement (desktop/embedded)

= Application of concepts and higher-order analytical reasoning

After-Class Phase

» Reflection and consolidation activities

* Extended assessment and practice tasks

* LMS analytics and feedback informed by learning interactions
* Strengthening analytical schema and long-term retention

Outcome: Enhanced Analytical Ability in Automata Theory

Figure 5. Integration of LMS and IMS-Based Simulation in the Flipped Classroom
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Data Collection and Analysis

Data Collection Procedures

Data collection in this quasi-experimental study was structured to systematically capture information before,
during, and after the instructional intervention. The study employed multiple sources of quantitative data
to provide a comprehensive analysis of the effect of a flipped classroom model integrated with an IMS-based
simulation tool on students’ analytical ability in Automata Theory.

Prior to the intervention, both experimental and control groups completed a pretest designed to measure
baseline analytical ability. The pretest was administered in a controlled, supervised environment to ensure
consistency across participants. This pretest—posttest design is a widely used approach in educational research
when evaluating the effectiveness of instructional interventions, as it allows for comparison of baseline
performance with outcomes after treatment (Ruzafa-Martinez et al., 2023).

Following pretest administration, the instructional intervention was delivered over a full course cycle. For the
experimental group, Moodle LMS was used to organize pre-class digital resources (such as videos and guided
readings) and host links to the IMS-based simulator. Students’ interactions with the LMS (e.g., resource access,
activity completions) and simulation environment (e.g., task executions, state transitions) were tracked to
provide learning analytics data regarding engagement and usage patterns. Research on LMS-supported flipped
classroom implementations demonstrates that LMS log data offer valuable insights into student learning
behaviors and can serve as complementary evidence in effectiveness studies (Banihashem et al., 2022).

Meanwhile, the control group received traditional lecture-based instruction without structured flipped activities
or simulation integration. Instructional fidelity for both groups was monitored through course attendance
records and instructor reports, ensuring consistent delivery aligned with the respective pedagogical approaches.

At the conclusion of the intervention period, all participants completed the posttest, which was equivalent in
structure and cognitive demand to the pretest but contained non-repeated items to minimize practice effects.
Posttest administration followed the same supervised conditions as the pretest. Together, pretest and posttest
scores provided data for examining change in analytical ability attributable to the instructional model.

Data Analysis Procedures

Data analysis began with preliminary data cleaning and screening to ensure accuracy and completeness.
Pretest and posttest scores were matched for each participant, and cases with incomplete or invalid responses
were excluded from the final dataset. Descriptive statistical summaries (including means, standard deviations,
and distribution checks) were calculated to characterize performance patterns within and across groups. Such
descriptive analysis is considered best practice prior to applying inferential statistical tests in educational
intervention studies (Chikeme et al., 2024).

To evaluate the impact of the instructional model, inferential statistical techniques appropriate for quasi-
experimental designs were employed. Specifically, paired sample t-tests were applied to compare within-
group changes from pretest to posttest. Paired comparisons help determine whether instructional exposure
produced significant changes in analytical ability within each group. Moreover, independent sample t-tests
and analysis of covariance (ANCOVA) were used to assess group differences at posttest while controlling
for potential baseline disparities. ANCOVA is commonly recommended in quasi-experimental research to
improve internal validity by adjusting for pretest scores as covariates (Zheng & Lee, 2023).

Throughout inferential analysis, assumption checks for normality and homogeneity of variance were
performed to ensure the appropriate application of parametric tests. Additionally, effect size statistics (e.g.,
Cohen’s d, partial eta squared) were calculated to interpret the practical significance of observed differences
beyond p-value thresholds. Reporting effect sizes aligns with contemporary standards in educational research
and provides more meaningful interpretation of instructional impacts (Chikeme et al., 2024).

In addition to test score analysis, learning analytics data from Moodle LMS and the simulation environment
were extracted and analyzed descriptively. These data included frequency of student interaction with pre-
class materials, completion rates for simulator tasks, and patterns of LMS engagement. Recent research on
learning analytics in LMS contexts highlights how these metrics can deepen understanding of students’
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learning processes and support interpretation of outcome data, particularly in blended and flipped classroom
research (Banihashem et al., 2022).

Collectively, these combined procedures provided robust evidence on both student performance outcomes
and engagement processes, enabling nuanced interpretation of how the flipped classroom with simulation
integration influenced analytical ability development in a complex subject area.

FINDINGS

Before implementing the LMS-supported flipped classroom integrated with an IMS-based simulator in
the experimental group, a pretest was administered to both the experimental and control classes to assess
students’ analytical ability. The pretest was conducted to obtain baseline data and to determine whether the
two groups were comparable prior to the instructional intervention. A total of 51 students participated in
the pretest, consisting of 26 students in the experimental group and 25 students in the control group. The
data were processed using the Jamovi statistical software (version 2.6.44).

Analysis of Class Equivalence Based on Pretest Scores

Prior to conducting the equivalence analysis, prerequisite assumption tests were performed on the pretest data
to ensure the appropriateness of the subsequent statistical procedures. These preliminary analyses included
assessments of data normality and homogeneity of variances. Only after these assumptions were evaluated
were the equivalence analyses conducted to determine whether both groups were statistically comparable at
baseline. Establishing baseline equivalence is essential for strengthening internal validity and ensuring that
any observed differences in posttest performance can be attributed to the instructional intervention rather
than pre-existing differences between the groups.

Normality Test for Pretest Data

A normality test was first conducted as a prerequisite analysis. The normality of the pretest data distribution
was examined using the Shapiro-Wilk test. The results presented in Table 5 show that the pretest data
were not normally distributed (W = 0.777, p < .001). Since the p-value was below the .05 threshold, the
assumption of normality was not fulfilled.

Table 5. Results of the Normality Test for Pretest Data

PRETEST
Shapiro-Wilk W 0.777
Shapiro-Wilk p <.001

Results of the Homogeneity of Variances Test for the Pretest Using Levene’s Test

Levene’s test was applied to examine the homogeneity of variances. As presented in Table 6, the results
indicated that the variances between the experimental and control groups were not significantly different
(F(1, 49) = 2.54, p = 0.117). Since the p-value exceeded .05, the assumption of homogeneity of variances
was met.

Table 6. Results of the homogeneity of variances test for the pretest using Levene’s test

F df df2 p
PRETEST 2.54 1 49 0.117

242


https://drive.google.com/file/d/1CG1EaPvJtWh0YhC6tJiAotN8PHIsX63o/view?usp=sharing
https://drive.google.com/file/d/1CG1EaPvJtWh0YhC6tJiAotN8PHIsX63o/view?usp=sharing
https://drive.google.com/file/d/1akr6Iph25YVASENmnwioe5auOfvk41nx/view?usp=sharing
https://drive.google.com/file/d/1akr6Iph25YVASENmnwioe5auOfvk41nx/view?usp=sharing

Results of the Mann—-Whitney U Test for the Pretest Data

Because the normality assumption was violated, the equivalence of the two groups was examined using the
Mann—Whitney U test. As presented in Table 7, the analysis yielded a Mann—Whitney U value of 282 with p
= 0.414. Since the p-value was greater than .05, no statistically significant difference was found between the
two groups pretest scores. These results indicate that the experimental and control groups were comparable
at baseline.

Table 7. Results of the Mann—Whitney U test for the pretest data

Statistic p
PRETEST Mann-Whitney U 282 0.414

Hypothesis Testing Results

This section presents the results of the hypothesis testing conducted to examine whether students who learned
through the LMS-supported flipped classroom integrated with an IMS-based simulator demonstrated
significantly higher analytical ability in Automata Theory than students who received conventional
instruction. A total of 70 students participated in the posttest, of whom 33 were assigned to the experimental
group and 37 to the control group. The difference in the number of participants between the pretest and
posttest was due to class grouping and participation conditions during data collection. The posttest data
were subsequently analyzed using the Jamovi statistical software, version 2.6.44.

Descriptive Statistics of Posttest Scores

Descriptive statistics for students” analytical ability scores are presented in Table 8. The experimental group
obtained a higher mean score (M = 65.0) compared with the control group (M = 43.8). The median value
was also higher for the experimental group (Median = 70) than for the control group (Median = 35),
indicating a clear difference in central tendency between the two groups. With respect to score variability, the
experimental group showed a standard deviation of 23.2 and an interquartile range of 35.0, while the control
group reported a standard deviation of 20.9 and an interquartile range of 25.0. These descriptive findings
suggest that students in the experimental group generally demonstrated higher analytical ability than those
in the control group.

Table 8. Descriptive Statistics of Posttest Scores

Class Analytical Ability

Mean CONTROL 438
EXPERIMENTAL 65

Median CONTROL 35
EXPERIMENTAL 70

Standard CONTROL 20.9

deviation gy pERIMENTAL 232

IQR CONTROL 25
EXPERIMENTAL 35

Figure 6 presents a comparative visualization of students’ analytical ability scores between the experimental
class, which was taught using a flipped classroom model integrated with an IMS-based simulator in the
Moodle LMS, and the control class, which received conventional instruction. The distribution indicates
a noticeably superior performance among students in the experimental group. The experimental class
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demonstrates a median score of approximately 70, while the control class shows a substantially lower median
of around 35, reflecting a marked difference in central tendency between the two cohorts. Furthermore, the
wider interquartile range in the experimental class suggests more dynamic learning outcomes; however, these
variations consistently remain within higher performance levels compared with the control group, whose
scores cluster within the lower range.

The dispersion of individual data points in Figure 6 further reinforces this pattern, as most students in the
experimental class achieved scores above 60, whereas the majority of students in the control group scored
below 50. These findings visually substantiate that the integration of a flipped classroom approach with an
IMS-based simulator in Moodle LMS contributed positively to enhancing students’ analytical abilities in the
Automata course. Accordingly, Figure 6 provides compelling visual evidence supporting the effectiveness of
the proposed instructional intervention in fostering higher levels of analytical competence compared with
traditional teaching methods. The boxplot in Figure 6 was generated using the R programming language
(version 2025.05.1) to ensure accurate statistical visualization and reproducibility of the analysis.

Comparison of Analytical Ability Scores
Between Experimental and Control Class

100 .

L]

Analytical Ability Score

40

CONTROL EKSPERIMEMNTAL
Class

Figure 6. boxplot representation of posttest

Figure 7 presents a violin plot illustrating the distribution of students’ analytical ability scores in the
experimental and control classes. The visualization clearly demonstrates that the experimental class, which
was taught using a flipped classroom model integrated with an IMS-based simulator in the Moodle LMS,
achieved substantially higher analytical performance compared with the control class receiving conventional
instruction. The experimental group shows a higher density of scores concentrated in the upper range with a
median value around 70, whereas the control group exhibits a concentration of scores in the lower range with
a median of approximately 35. This distribution pattern indicates that the proposed instructional strategy
not only elevated overall performance but also broadened the spread of higher-level analytical achievement
among students.

Referring to Figure 7, the violin plot further reinforces the visual evidence that the instructional intervention
contributed positively to enhancing students’” analytical abilities in the Automata course. Additionally, the
violin plot in Figure 7 was generated using the R programming language (version 2025.05.1)
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Violin Plot of Analytical Ability Scores
Between Experimental and Control Class
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Figure 7. Violin plot representation of posttest

Figure 8 displays the density distribution of analytical ability scores for both the experimental and control
classes, supplemented with indicators of the mean (solid lines) and median (dashed lines). The control group
demonstrates a higher density concentration within the lower score range, with both its mean and median
positioned around the mid-30s to low-40s, indicating generally lower analytical performance. In contrast, the
experimental group shows a right-shifted density curve with both the mean and median situated in the higher
score range, approximately around 70. This pattern signifies a clear improvement in students’ analytical abilities
when exposed to the flipped classroom model integrated with an IMS-based simulator in Moodle LMS.

Referring to Figure 8, these density patterns provide strong visual evidence supporting the effectiveness of the
proposed instructional intervention in enhancing students’ analytical competence compared with conventional
instruction. Furthermore, Figure 8 was generated using the R programming language (Version 2025.05.1) to
ensure methodological rigor, accuracy of statistical visualization, and reproducibility of the analysis.

Density Plot with Mean (solid) and Median (dashed)
0.025
| |

-8 |

0.013

Class

CONTROL
EKSPERIMENTAL

Density

0.010

0.005

0.000

|
a0 80 20 100
Analytical Ability Score

Figure 8. The density distribution of analytical ability
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Normality Test for Posttest Data

A normality test was conducted using the Shapiro—Wilk procedure to examine whether the analytical ability
data met the assumption of normal distribution. As presented in Table 9, the test result was statistically
significant (W = 0.964, p = 0.040), indicating that the data deviated from normality. Since the p-value was
below the .05 threshold, the normality assumption was violated.

Table 9. Results of the Normality Test for Posttest Data

W P
Analytical Ability 0.964 0.040

Results of the Homogeneity of Variances Test for the Posttest Using Levene’s Test

A homogeneity of variances test was conducted using Levene’s test to determine whether the analytical
ability scores had equal variances across groups. As presented in Table 10, the test result was not statistically
significant (F(1, 68) = 0.662, p = 0.419), indicating that the assumption of equal variances was satisfied.
Since the p-value exceeded the .05 threshold, there was no evidence of variance inequality between the
experimental and control groups.

Table 10. Results of the homogeneity of variances test for the posttest using Levene’s test

F df df2 p
Analytical Ability ~ 0.662 1 68 0.419

Results of the Mann—-Whitney U Test for the Posttest Data

Since the normality assumption was violated, the posttest analytical ability scores were analyzed using the
Mann—Whitney U test. As presented in Table 11, the results revealed a statistically significant difference
between the experimental and control groups (U = 315, p < .001). The effect size, expressed through the
rank-biserial correlation, was 0.485, indicating a moderate to large effect in favor of the experimental group.

Table 11. Results of the Mann—Whitney U Test for the Posttest Data

Statistic p Effect Size

Analytical Ability Mann-Whitney U 315 <.001 Rank biserial 0.485
correlation

In summary, the pretest analysis confirmed that the experimental and control groups were equivalent at
baseline. However, the posttest analysis demonstrated a statistically significant difference in analytical
ability in favor of the experimental group. These results indicate that the LMS-supported flipped classroom
integrated with an IMS-based simulator had a positive effect on students’ analytical ability.

DISCUSSION AND CONCLUSION

This study aims to contribute empirical evidence on the effectiveness of integrating IMS-based simulators
within flipped classroom models in Moodle LMS to improve analytical ability in automata learning. The
findings are expected to inform instructional design practices in higher education computing courses and
advance research in technology-enhanced learning in distance education contexts.
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Discussion
Summary of the Main Findings

The present study investigated the effect of a flipped classroom integrated with an IMS-based simulator
in Moodle LMS on students’ analytical ability in the Automata course. Overall, the findings indicate
that students in the flipped classroom supported by the IMS-based simulator outperformed those in
the conventional class in terms of analytical ability. The posttest comparison between the experimental
and control groups demonstrated a statistically significant difference in favor of the experimental group,
supported by a meaningful effect size, while the pretest results confirmed that both groups were equivalent
at baseline. These results suggest that integrating a flipped learning design with Moodle LMS and an IMS-
based simulator can effectively support the development of higher-order analytical skills in a theoretically
demanding computing course.

Flipped Classroom and Higher-Order Learning in Higher Education

These findings are consistent with a growing body of literature reporting that flipped classroom approaches
generally improve academic performance, higher-order thinking, and critical reasoning in higher education
when supported by appropriate instructional design and active learning strategies. Prior research also
highlights that flipped classroom environments aligned with LMS platforms and enhanced by simulation-
based activities can significantly strengthen students’ conceptual understanding, problem solving, and
engagement (Baig & Yadegaridehkordi, 2023).

In the context of Automata Theory, a subject characterized by high levels of abstraction and symbolic reasoning,
the combination of structured pre-class preparation, simulator-supported exploration, and collaborative
in-class analytical activities appears particularly beneficial. The IMS-based simulator enabled students to
manipulate automata, visualize state transitions, and receive immediate feedback, thereby supporting deeper
comprehension and analytical processing. This finding is consistent with previous studies in computing
and STEM education, which indicate that simulation tools help reduce cognitive load, enhance conceptual
clarity, and foster higher-order learning outcomes.

From a pedagogical perspective, the results reinforce the role of the Moodle LMS as an instructional hub that
organizes learning resources, structures learning activities, and supports continuous student engagement.
When integrated with an IMS-based simulator, Moodle not only facilitates content delivery but also serves
as a platform that coordinates independent learning, interactive exploration, and guided analytical practice.
Together, these elements contribute to the enhancement of students” analytical abilities in Automata Theory.

Role of Moodle LMS as a Pedagogical Hub

In this study, Moodle LMS served as the central platform for organizing learning resources, managing
pre-class activities, and integrating the IMS-based simulator. This aligns with bibliometric and empirical
evidence that Moodle is one of the most widely used platforms in higher education for supporting blended
and flipped learning, particularly in STEM fields (Akbar Nasrum et al., 2023). Research on Moodle-based
flipped classrooms has shown that the platform effectively supports the distribution of pre-class materials,
online quizzes, and asynchronous discussions, while also providing a structured environment for monitoring
learner progress and engagement (Fani & Mawardi, 2022).

By leveraging Moodle as an “instructional orchestrator,” this study’s intervention could systematically
combine pre-class video or content delivery, formative assessments, and simulator-based tasks. Such
orchestration likely helped students enter face-to-face sessions better prepared, thereby allowing classroom
time to be devoted to guided practice, clarification of misconceptions, and higher-order analytical activities.

Contribution of the IMS-Based Simulator to Analytical Ability

A distinctive feature of this study is the integration of an IMS-based simulator tailored to Automata learning.
Simulation-based learning is widely recognized as a powerful strategy for promoting complex cognitive
skills, problem solving, and decision making. A meta-analysis of simulation-based learning in higher
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education and reported a large overall effect size (around g = 0.85), particularly for complex skills and
technical performance (Chernikova et al., 2020). More recent work has extended this evidence, confirming
that simulation environments can be especially effective when combined with appropriate scaffolding and
instructional support (Chernikova et al., 2024).

A newer meta-analysis by Ali also showed that simulation-based learning has a substantial positive impact on
complex cognitive skills in higher education contexts, reinforcing the view that simulations are well-suited
to domains requiring high-level reasoning and abstraction (Ali, 2025).

In the present study, the IMS-based simulator allowed students to manipulate automata, visualize state
transitions, and receive immediate feedback on their designs and analyses. This interactive environment
likely reduced extraneous cognitive load and provided concrete representations of abstract formal concepts,
thereby supporting schema construction and deeper analytical processing.

Alignment with Research in Computing and Automata Education

Teaching theoretical computer science topics, such as Automata Theory, has long been recognized as
challenging due to their high level of abstraction and heavy symbolic notation requirements. Studies in
computing education have suggested that blended and flipped learning approaches can mitigate these
challenges by offering more opportunities for iterative practice, visualization, and collaborative problem
solving. A case study by Wolf on a flipped classroom for teaching basics of automata in secondary education
reported that students appreciated the flexibility and interactive nature of the flipped environment and
showed improved engagement with the formal material (Wolf et al., 2018).

The present findings are consistent with this trajectory: by combining a flipped structure, LMS-based
resource management, and a dedicated simulator, the instructional design in this study appears to have
created a learning ecosystem that supports the development of analytical ability in Automata beyond what
was achieved through conventional instruction.

Implications for Practice

From a practical standpoint, the results of this study suggest that higher education instructors in computing,
engineering, and related fields should consider adopting flipped classroom models that are systematically
integrated with LMS platforms and simulation tools. Rather than using the LMS merely as a content
repository, educators can deploy it as a pedagogical hub that coordinates pre-class preparation, simulation-
based exploration, and in-class analytical tasks. This is consistent with emerging recommendations from
flipped classroom research, which emphasize the importance of aligning technology integration with well-
defined learning objectives and scaffolding strategies (Baig & Yadegaridehkordi, 2023).

For curriculum developers and instructional designers, the study highlights the potential of combining
IMS-based simulators with flipped learning principles to address the specific challenges of teaching formal,
abstract topics such as Automata Theory. Similar designs could be adapted for related subjects in theoretical
computer science, algorithms, or discrete mathematics, where students must frequently translate formal
definitions into analytical reasoning and problem solutions.

Limitations and Directions for Future Research

Several limitations should be considered when interpreting these findings. First, the study employed a quasi-
experimental design with intact classes, which limits the extent to which causal claims can be generalized
beyond the sampled cohorts. Second, the study was conducted in a single institutional context and within a
specific Automata course, which may restrict external validity. Third, the primary focus of the present research
was on cognitive outcomes (analytical ability), while affective variables such as motivation, engagement, and
perceived usefulness of the flipped-simulation approach were not systematically measured.

Future research could adopt mixed-methods or longitudinal designs to explore how students’ analytical
ability develops over time within simulation-enhanced flipped environments, and how learners experience
and perceive these instructional innovations. Studies could also investigate the interaction between learner
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characteristics (e.g., prior knowledge, self-regulation, learning styles) and the effectiveness of simulation-
supported flipped classroom models, as recommended in recent reviews of flipped learning and simulation-
based instruction. In addition, expanding this approach to multiple institutions and course types would
provide further evidence regarding the scalability and robustness of the model proposed in this study.

CONCLUSION

This study investigated the effect of a flipped classroom model integrated with an IMS-based simulator
within a Moodle LMS environment on students’ analytical ability in an Automata Theory course. The
findings revealed that students who participated in the simulation-enhanced flipped classroom achieved
significantly higher levels of analytical ability than those who experienced conventional lecture-based
instruction. These results indicate that integrating flipped learning with interactive simulation tools can
provide a more effective instructional approach for supporting higher-order analytical reasoning in complex
and abstract computing subjects.

Pedagogically, the findings suggest that effective implementation of this model requires carefully designed
pre-class learning materials, purposeful integration of simulation tools to support visualization of abstract
computational processes, and in-class collaborative analytical activities that promote deeper reasoning and
problem solving. LMS platforms such as Moodle can further facilitate this process by organizing pre-class
preparation, interactive exploration, and collaborative learning within a coherent instructional structure.

Nevertheless, this study was conducted within a single course context and involved a limited number of participants.
Future research should explore the implementation of simulation-supported flipped learning in other theoretical
computing courses and examine its long-term impact on students’” higher-order cognitive skills.
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