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Abstract—Advancements in mobile and computer technology
have made simulations a central component of many science
curricula, supporting students in exploring complex scientific
concepts. Complementing this, integrating culturally familiar
practices, such as local wisdom, into science instruction can
increase student motivation and engagement. By embedding
local wisdom into simulation-based activities, students are
provided with meaningful, contextualized learning experiences
that support deeper understanding of scientific phenomena and
foster the development of modeling competence. Integrating
simulations into science education can enhance learning, but the
role of local wisdom in fostering modeling competence remains
understudied. This study investigates how embedding local
wisdom, specifically the Nem Con folk game, into simulations
impacts students’ modeling competence, using the Locate,
Outline, Create, Apply, and Leverage (L.O.C.A.L) model. A
pre-post-follow-up design measured changes in students’
modeling practices and meta-modeling knowledge after
simulation-based activities. Findings show significant
engagement in modeling practices but limited gains in meta-
modeling knowledge.

Keywords—simulation, local wisdom, science education,
modeling process, modeling competence

[. INTRODUCTION

The growing accessibility of computers and associated
technologies, including smart boards and mobile devices,
combined with the availability of computer simulations
across a broad spectrum of science subjects, has resulted in
simulations becoming a core education technology of
numerous science curricula [1, 2]. Numerous studies have
employed simulation-based software to support various
aspects of science education, revealing that its application
positively impacts learning outcomes across all levels [3-6].
In addition to key advantages such as improved conceptual
understanding [7, 8], active learning and engagement [9, 10],
as well as accessibility and safety [11, 12], various research
studies have demonstrated that simulations can be utilized in
science education to foster modeling competence [13, 14],
which is increasingly recognized as essential for scientific
literacy and practice in the 21st century [15].

Among the methods used to develop students’ modeling
competence with simulations, a commonly applied approach
is having students replicate the modeling process to
investigate a scientific phenomenon or a real-life issue from
a scientific perspective [16]. Regarding real-life problems,
integrating local wisdom (folklore, proverbs, songs, and folk
games) into the teaching process, particularly in science
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teaching, has been shown to motivate students’ learning and
consequently improve their competencies [17, 18]. Therefore,
when organizing science learning activities that integrate
local wisdom, it is expected that students who engage in the
modeling process will not only develop the ability to describe,
explain, and predict phenomena but also enhance their
cultural understanding [19].

Integrating local wisdom into science education not only
enhances students’ scientific literacy but also helps to
preserve cultural heritage. Research has shown that
incorporating indigenous knowledge and cultural contexts
into science curricula improves learning outcomes and
increases student engagement [20, 21]. This approach creates
meaningful and contextual learning experiences by
connecting  traditional knowledge with  scientific
methodologies [22]. However, real-world phenomena often
exceed the complexity of textbook concepts, making
scientific modeling challenging for students, especially when
interpreting and understanding complex systems that span
multiple domains [23]. Nevertheless, students’ familiarity
with and curiosity about these phenomena are believed to
motivate active engagement in this cognitively demanding
process.

Despite its potential, there has been limited research
exploring how local wisdom can be systematically embedded
into the modeling process through simulations to develop
students’ modeling competence. This gap limits our
understanding of how culturally contextualized modeling
tasks may foster students’ modeling competence. To address
this gap, this article presents the idea of embedding local
wisdom into the modeling process in the context of projectile
motion. Specifically, students will engage in researching and
modeling a traditional game called Nem Con.

The Nem Con folk game (Fig. 1), originating from northern
Vietnam’s ethnic minorities such as the Thai, Tay, Nung, and
Muong, is played during traditional festivals, especially the
Lunar New Year, to pray for good weather, harvests, and
prosperity. It symbolizes community cohesion, spirituality,
and a love of nature. Nem Con is played in an open field with
a 10 to 15 Meter pole topped by a 50 to 60 Centimeter ring.
The Con ball, made of fabric filled with sand or seeds, is
thrown through the ring from a distance of 10 to 15 Meters.
Players stand firm, holding the ball, focus on the ring, and
swing their arms back before releasing the ball in a smooth
arc. Hitting the ring is believed to bring good luck, prosperity,
a bountiful harvest, and favorable romance. As such, Nem
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Con carries profound cultural significance for the Vietnamese
people, particularly in ethnic minority communities, as it
embodies ancestral beliefs in fertility and cosmic harmony,
reinforces communal identity through collective participation,
and functions as a medium for preserving and transmitting
traditional values across generations.

A gETE
Fig. 1. The Nem Con folk game.

The learning process begins with students analyzing the
Nem Con game to identify a problem, simplifying it through
assumptions and measurable variables, and then applying
kinematics and dynamics to create a theoretical model. They
integrate simulation tools to visualize the model, test its
outcomes through experiments, and evaluate its reliability, all
while refining their modeling competence.

This study aims to investigate the integration of local
wisdom into the modeling process through computer
simulations, as well as its impact on students’ modeling
competence. Specifically, the study addresses the following
research questions:

o How can local wisdom be effectively embedded into the
modeling process in science classrooms through
computer simulations?

o How does the lesson embedding local wisdom into the
modeling process through simulations impact students’
modeling competence?

By answering these questions, this study contributes to
science education by developing a structured approach to
embedding local wisdom into modeling, introducing a
framework for local wisdom simulation development, and
providing empirical evidence on its impact on students’
modeling competence.

II. LITERATURE REVIEW

A. Simulation in Science Education

A computer simulation refers to a program consisting of a
model of a system or a process, whether natural or
artificial [24]. Models can be defined into two main types:
1) Conceptual models, which are representations of

principles, concepts, and facts related to the system;

2) Operational models, which consist of a series of cognitive
and non-cognitive processes that can be replicated and
analyzed through system simulations.

In the context of discovery learning,
simulations are primarily used [24].

Among the various types of computational technology
studied in K-12 science classrooms, simulations have

conceptual

received the most extensive research attention [23]. In science
education, there are two approaches to utilizing simulations:
using pre-existing tools such as PHET and Crocodile, or
creating custom models with software that supports
simulation and modeling, such as Matlab and Coach. Besides
simulations of specific phenomena, some studies, by
employing the gamification approach, designed immersive
virtual worlds where users can interact with objects, execute
experiments, make observations, and hence engage more
actively in learning about real-life phenomena [25]. On the
one hand, pre-existing simulations can be used as an effective
tool in group activities, homework activities, laboratory

activities, or as a kind of activities database for teachers [26].

Computer simulations play an important role in science
education by providing interactive and flexible learning
environments that help students:

1) Enhance their comprehension of phenomena and physical
laws;

2) Isolate and manipulate parameters so that students can
deepen their understanding of the relationships between
physical concepts, variables, and phenomena;

3) Provide diverse representations (e.g., visuals, animations,
graphs, and data) to simplify complex ideas;

4) Allow learners to express and refine their mental
representations and conceptual models of the physical
world;

5) Allow investigation of inaccessible phenomena due to
complexity, danger, cost, or time constraints [27].

On the other hand, engaging in the modeling cycle is a
powerful approach to enhancing students’ modeling
competence [16]. Previous studies on having students create
simulations typically focus on topics such as ki nematics and
Newtonian mechanics [27, 28]. However, these studies have
not been linked to specific contexts, particularly the cultural
contexts of the country. Moreover, students are often unaware
of the mathematical models behind the simulation and are not
connected to specific modeling processes. Among
simulation-building software, a study conducted in a Dutch
secondary school revealed that Coach software has been
widely used across many European countries, offering
flexible authoring tools that facilitate inquiry-based learning
and incorporate more realistic contexts into science
lessons [29].

Given the benefits of both pre-existing simulations and
custom-built models in enhancing students’ understanding of
scientific concepts and fostering modeling competence, this
research aims to develop simulations embedded in specific
cultural contexts, serving as direct learning materials and
enabling students to utilize Coach software to model and
construct conceptual representations of projectile motion.

B. Embedding Local Wisdom into Science Education

Many Asian countries, such as Indonesia, have conducted
numerous studies on integrating local wisdom into STEM
education to enhance practicality and connect learning with
local culture and contexts [30, 31]. While less common, this
approach has also appeared in some studies from the United
States and Europe. For example, Smith and Cardenas [32]
incorporated traditional Mexican beliefs, such as the notion
that applying cow manure to one’s head can stimulate hair
growth, into a college-level chemistry course at a university
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near the U.S.-Mexico border. Similarly, Smith et al. [33]
engaged Dutch Caribbean students in a science curriculum
that integrated local folktales.

Embedding local wisdom into science education can bring
several  benefits, including  enhancing  cultural
relevance [21, 34], student scientific literacy [35], and
student competence [18]. Hence, developing a curriculum
that integrates local wisdom is necessary, not only for
preserving cultural identity but also for improving science
learning outcomes [36, 37]. Research shows that the effective
embedding of local wisdom requires the implementation of
suitable pedagogical strategies, which facilitate the alignment
of indigenous knowledge with modern scientific
concepts [38].

However, teachers often face difficulties when trying to
integrate local wisdom into their lesson plans and
assessments due to limited understanding and a lack of
appropriate teaching resources [39, 40]. One of the key
challenges lies in the development of instructional materials
that simultaneously align with formal science curricula and
reflect local wisdom. This includes the creation of lesson
plans, student activity sheets, and assessment tools that
incorporate elements of indigenous wisdom in a scientifically
meaningful way [18].

Among various approaches, incorporating local wisdom
into digital tools has been identified as a promising method to
enhance accessibility and student engagement. Nevertheless,
the effectiveness of this approach depends on the careful
design of digital tools to ensure an optimal balance between
culturally relevant content and ease of use [41]. Furthermore,
research has shown that embedding culturally relevant
contexts in science education can significantly increase
student engagement by leveraging their cultural interests to

support and enhance their learning process [42].
C. Modeling Competence in Science Education

1) Modeling process

The modeling process in physics education is the
systematic approach of creating, manipulating, and analyzing
models to represent and understand physical systems and
phenomena. Several steps are identified, such as constructing,
validating, applying, evaluating, and revising scientific
models during the process [15]. Since the 2000 s, there has
been a growing body of research on the modeling process in
science education. Schwarz et al. [43] claimed that the
practice of modeling includes four elements: constructing,
using, comparing and evaluating, and revising. Another
process is the Hannafin and Peck model, which consists of
three main stages: analyzing, designing, developing, and
implementing, and has been widely applied in research on
teaching with simulations (e.g. [44]). However, the Hannafin
and Peck model is a product-oriented development model,
while our research focuses on the modeling process as an
approach to foster students’ competence. The development
model used in this study is Buuren’s model of the ICT-
supported physical-mathematical modeling process (Fig. 2)
[45].

This process is commonly referred to as a cycle because
testing, validation, and evaluation of the model require
revisiting the real-world context. The reason behind the
selection of this model is its alignment with the steps of
scientific inquiry. By participating in the modeling process,
students have the opportunity to develop scientific literacy as
well as scientific modeling competence.

Realistic
text » Real
CONIEX Problem

R L L N e

situation
Analyse

Reduce

Translate

Generate Interpret Test & Evaluate

Fig. 2. The model of the ICT-supported physical-mathematical modeling process used by Van Buuren (2019) [45].

2) Modeling competence

Modeling can be seen as a competence, as it encompasses
not only knowledge and skills but also a combination of
cognitive, motivational, moral, and social foundations that
individuals or communities possess or can develop, all of
which contribute to effective mastery [46]. Regarding
learners’ active participation in modeling-based instruction,
Nicolaou and Constantinou [47] introduced a framework for
modeling competence, which consists of two main
components: modeling practices and modeling meta-
knowledge. The core modeling practices in which learners
participate include model construction (PRAO1), model use
(PRAO02), model comparison (PRA03), model revision
(PRA04), and model validation (PRAO5). Meanwhile,
modeling meta-knowledge is shaped by metacognitive
knowledge about the modeling process and meta-modeling
knowledge, which represents an  epistemological
understanding of the nature and purpose of models. The
understanding of models in science learning can be divided
into five themes: Models as Multiple Representations (MR),
Models as Exact Replicas (ER), Models as Explanatory Tools

(ET), Uses of Scientific Models (USM), and Changing
Nature of Models (CNM) [48]. The MR scale assesses
students’ willingness to engage with multiple representations
at the same time and their awareness of the necessity of such
diversity. The ER scale measures students’ perceptions of
how accurately a model reflects reality. The ET scale
evaluates the ways in which a model aids students in grasping
a concept, such as by offering visual support, fostering the
formation of a mental model, or serving as a tangible
representation. The USM scale examines students’
comprehension of the broader applications of models in
science, extending beyond their roles in description and
explanation. Lastly, the CNM scale pertains to the durability
and lasting nature of models [48].

III. MATERIALS AND METHODS

A. Embedding Local Wisdom into the Modeling Process

in Science Education

This study adapts the Locate, Outline, Create, Apply, and
Leverage (L.O.C.A.L) model (Fig. 3) from Le et al
(2025) [49] to incorporate local wisdom into science
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teaching via scientific modeling. This model consists of five
main phases: Locate, Outling, Create, Apply, and Leverage:

o Locate phase involves identifying and categorizing
local wisdoms based on their educational relevance.

e Outline phase focuses on conducting an in-depth
analysis of the scientific principles embedded in local
wisdom and selecting appropriate modeling methods,
including mathematical, physical, digital, and
interactive simulations.

e Create phase entails the development of simulations,
lesson plans, and instructional materials to enhance
learning.

e Apply phase involves implementing these materials in
real classrooms, gathering feedback to refine and
optimize the approach.

e Leverage phase evaluates the model’s effectiveness and
provides guidelines for broader implementation,
ensuring its sustainability and impact on education.
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Fig. 3. The L.O.C.A.L model: embedding local wisdom into the modeling
process in science education by Le ef al. (2025) [49].

In phase 1 (Locate), we identified Nem Con, a traditional
folk game in Vietnam, as an engaging context to capture
students’ interest while establishing a strong connection
between projectile motion concepts and real-world
applications. The game is chosen due to its due to its inherent
relevance to projectile motion and its roots in Vietnamese
ethnic tradition. By embedding Nem Con into the lesson,
students were encouraged to have familiar experiences,
bridging abstract physics concepts with their lived cultural
practices. This aligns with the L.O.C.A.L model, which aims
to integrate local wisdom into science education.

In phase 2 (Outline), we apply the modeling process
(based on Buuren’s model) to outline the modeling
framework.

Firstly, starting with identifying a realistic context situation,

which in this case is the Nem Con game, students analyze the
game’s mechanism to identify a real problem. A meaningful
problem can be to redesign the game with possible heights
and horizontal distances of the pole relative to the thrower’s
position in order to be suitable for the thrower’s physical
characteristics, such as height, arm length, and throwing
velocity so that the Con ball possibly passes through the ring.

We then reduce the real problem into a more manageable
problem by making suitable assumptions and focusing on
variables that can be measured and calculated.

Here is an example of a manageable problem: Nem Con is
a traditional Vietnamese game in which a player stands on the
ground, holds the Con ball in one hand, and performs a
circular throwing motion with the shoulder as the pivot point.
The objective is to propel the ball through the target ring in a
single throw. The height from the ground to the player’s
shoulder is h, and the distance from the shoulder to the ball
(arm length) is r. Let vy be the average initial throwing
velocity, and a be the angle between the initial velocity and

the horizontal direction, constrained within 0° < a < 90°.
Determine the possible heights and horizontal distances of the
pole relative to the thrower’s position so that the Con ball
possibly passes through the ring.

After that, We apply the physics concepts about kinematics
and dynamics, especially projectile motions, to translate the
problem into a theoretical model of the game, clearly defining
how each variable interacts, with a particular focus on how
the angle and initial velocity affect the outcome. This step
necessitates both experience and proficiency in the
subsequent stages of the modeling process.

At this stage, we begin with a basic mathematical model of
projectile motion, assuming no air resistance.

We then generated model outcomes by inputting data
collected from real-world conditions.

The interpreted outcome can initially describe, explain,
and predict what happens in the game without any
verifications.

Finally, we carry out video tracking experiments (Fig. 4)
to test and evaluate the reliability of the theoretical model in
describing, explaining, and predicting the outcomes.
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Fig. 4. Video tracking experiments with Coach 7.
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However, the first mathematical model did not accurately
describe the phenomenon. Therefore, we developed a second
model that incorporates air resistance, modeled as a linear
function of velocity.

Although this problem is relatively complex, it can be
effectively addressed using computational modeling
techniques, particularly through numerical methods such as
Runge-Kutta second-order method (RK2) and Runge-Kutta
fourth-order method (RK4). These methods allow for a more
accurate model of the con ball’s motion under realistic
conditions.

This Outline phase serves as the foundation for the
following steps, both in creating the simulation and in
enabling students, under the guidance of the teacher during
classroom activities, to fully recreate it.

B. Simulations of the Nem Con Folk Game

In phase 3 (Create), after finalizing the mathematical
model, we proceeded to develop two simulations using
specific tools: a custom-coded simulation built with Python
and Pygame, and a student-created simulation developed with
Coach 7 software.

The first simulation (Simulation 01) is a pre-programmed
Nem Con folk game simulation, integrated as an interactive
tool to introduce key concepts and engage students in
scientific exploration. This simulation provides a dynamic,
visual representation of the traditional Vietnamese game,
allowing students to manipulate key parameters such as
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throwing angle, velocity, rope length, and arm length (Fig. 5).
The simulation is capable of handling complex calculations,
and once packaged, can be shared and used immediately
without requiring additional software installation. Moreover,
students can interact with the simulation without needing to
understand the underlying mathematical model, making it an
accessible and effective learning tool.

& radtional VietNamese game x

Fig. 5. Pre-programmed Nem Con folk game simulation (Simulation 01).

The development process of this simulation applies a
computational modeling approach using Python, integrating
numerical processing techniques, computer graphics, and
educational technology to support the visualization of physics
concepts within the context of Vietnamese folk games.

First, the dynamics model of projectile motion is
established based on second-order differential equations,
solved using numerical integration methods to ensure high
accuracy in calculating the object’s position over time. The
simulation algorithm accommodates various scenarios with
an optional friction setting (enabled or disabled) to simulate
real-world conditions.

Input Parameters.
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s“imulation in Coach 7 (Simulation 02).

Key parameters in the model include gravitational
acceleration, the mass of the Con Ball, the coefficient of drag,
and a frame update frequency of 40 FPS to ensure smooth
display performance.

The user interface is developed using the Pygame library,
combined with pygame widgets to create interactive
components such as input boxes, buttons, and dropdown lists.
Essential physical parameters such as initial velocity, launch
angle, and lengths can be adjusted through the interface.

After completing the simulation algorithm and interface,
Pylnstaller is used to package the program into a standalone
executable file, ensuring easy deployment on systems without
a pre-installed Python environment.

The second simulation (Simulation 02) was developed
using Coach 7, software that enables students to actively

construct their own simulations by connecting variables and
constants based on fundamental mathematical relationships
(e.g., instantaneous velocity as the rate of change of position
over an infinitesimally small-time interval). This hands-on
approach helps students gain deeper insights into the
phenomenon and develop a clearer understanding of the
mathematical model behind it. Furthermore, the simulation
allows students to modify the mathematical model and apply
it to new situations by themselves (Fig. 6).

C. The Developed Lesson: Investigating Projectile
Motion in the Nem Con Folk Game

In phase 3 (Create), we also developed an intervention
consisting of a three-period lesson. The detailed teaching
process for the lessons is presented in Table 1 below.

Table 1. Teaching process: embedding the Nem Con folk game into the
modeling process using simulations to study projectile motion
Activity 1: Defining the learning problem
Objectives: Use simulation 01 to represent understanding of objects and

phenomena. [PRA02]
Educational Technology: Simulation 01;
Content:
Students watch a video of projectile motion (e.g., throwing a ball) to spark
curiosity and interest in physics.
Students use a ready-to-use simulation to experiment with different
variables (angle, velocity, etc.) to explore projectile motion.
Through guided experimentation, students analyze and identify the real
problem (understanding projectile motion) and begin to break it down
into manageable parts.
Students then recognize the real problem and structure the manageable
problem scientifically.
Activity 2: Creating the first model

Objectives: Build Model 01 with the function of representing,
explaining, and predicting; Use Model 01 and Simulation 02 to represent
understanding of objects and phenomena. [PRAO1, PRA02]
Educational Technology: video tracking, Simulation 02;
Content:
Students complete the task to build Model 01, solving the model to find
the motion equation of the Con ball to put in Simulation 02.
Model outcomes: students gather data from Simulation 02.
Interpreting outcomes: from graph x(t), y(t) in Simulation 02, students
describe, explain, and predict the Con’s ball movement.

Activity 3: Testing and evaluating the model
Objectives: Test Model 01 by comparing the outcomes with real-world
data; and finding ways to improve it. [PRA01, PRA03]
Educational Technology: video tracking (COACH 7), Simulation 02;
Content:
Students compare Model 01 (underlying Simulation 02) with actual data
gathered from video tracking (COACH 7); calculate the deviation, and
evaluate the reliability of Model 01.

Activity 4: Revising the model
Objectives: Revise Model 01, build Model 02; test and evaluate Model
02; and choose the most suitable model for the problem. [PRAO3,
PRA04]
Educational Technology: video tracking (COACH 7), Simulation 02;
Content:
List and define the factors influencing Model 01.
After revising Model 01, students then build Model 02, test, and evaluate
its reliability.
Students choose the most suitable model between the two models.
Activity 5: Applying

Objectives: Verify the reliability of a model through real-world
observations and apply it to a new situation [PRA05]; Use the model to
make prediction. [PRA02]
Educational Technology:
Content:
Student test the prediction function of the model in similar phenomena
and new situations assigned as homework.

D. Procedure and Sample

Phase 4 (Apply) followed a pre-post-follow-up research
design to examine the development of students’ modeling
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competence.

To ensure transparency in reporting, this study followed
key elements of the SPIRIT 2013 checklist [50].

The participants were 31 tenth-grade students (16 females,
15 males) from a high school in Hanoi, Vietnam. These
students were enrolled in a physics course and had not
received prior formal instruction on scientific modeling.
Their selection was based on accessibility and willingness to
participate in the study.

The limited sample size in this study was attributed to
several challenges. As this is a pioneering study exploring the
integration of local wisdom into scientific modeling through
the L.O.C.A.L framework, the research received ethical
approval to involve only a small number of students (30—40).
Additionally, the participant group was restricted to Grade 10
students who were studying the topic of projectile motion at
the time of data collection, making it difficult to conduct the
study at other points during the school year. Participation also
required students to have access to a personal laptop to
engage in computer-based modeling and simulation tasks,
further narrowing the eligible pool.

The instructional intervention was designed to integrate
modeling tasks into a physics lesson, incorporating structured
learning activities and problem-solving exercises. Data
collection included a modeling competence survey
administered before (PRE), immediately after (POS), and
three months following the intervention (POL) to assess both
immediate and long-term effects. Additionally, students’
behavioral engagement was documented through structured
observations during learning tasks.

E. Data Collection

To mitigate the potential impact of the small sample size
on the reliability and generalizability of the findings
regarding the development of students’ modeling competence,
the study employed a mixed-methods approach. Qualitative
data were collected to provide contextual depth and to support
the interpretation of quantitative results, and comparisons
with findings from prior studies were used to triangulate the
results and enhance the study’s overall credibility.

The quantitative data were obtained through a Modeling
Competence 5-point Likert Survey administered at three time
points: before instruction (PRE), immediately after
instruction (POS), and in a follow-up assessment (POL).
Based on the framework of Nicolaou and Constantinou [47],
the survey assessed students’ modeling practices (PRA),
metacognitive knowledge about the modeling process (PRO),
and meta-modeling knowledge (MR, ER, ET, USM, CNM).

In this context, meta-modeling knowledge refers to
students’ understanding of the nature of models, their
function in scientific inquiry, and the factors that influence
model development and revision. This knowledge is
measured using the Students’ Understanding of Models in
Science (SUMS) instrument [48], a 27-item, paper-based
survey in which students rate their responses on a five-point
Likert scale: strongly disagree (1), disagree (2), not sure (3),
agree (4), and strongly agree (5). The instrument was selected
due to its strong reliability and validity in assessing students’
meta-modeling knowledge of scientific models. The SUMS
instrument demonstrated high internal consistency, with
Cronbach’s alpha values ranging from 0.71 to 0.84 across its

five scales, MR (a=0.81), ER (¢ =0.84), ET (¢ =0.71), USM
(a = 0.72), and CNM (a = 0.73) [48]. Additionally, factor
analysis using varimax rotation confirmed a clear five-factor
structure, supporting the construct validity of the instrument.
Given its prior implementation with 228 students (Grade 8-
11) from two non-selective, co-educational high schools in
Australia, the SUMS instrument provides a rigorous measure
for evaluating students’ understanding of scientific models in
our educational context (Grade 10 students).

Additionally, students’ engagement in modeling practices
and their comprehension of models were evaluated based on
their self-efficacy in carrying out modeling practices or
articulating the modeling process.

In addition to self-reported data, observational data were
collected through learning activity sheets, which
systematically recorded students’ behavioral expressions
during instructional activities.

F. Data Analysis

Descriptive statistical analysis was conducted to
summarize students’ survey responses, including mean
scores and standard deviations across different time points.
Normality tests were performed to determine the appropriate
statistical tests for further analysis. Given the sample size and
distribution  characteristics, non-parametric statistical
methods were applied where necessary.

To assess changes over time, the Friedman test was used to
analyze within-subject differences across PRE, POS, and
POL phases. Where significant differences were detected,
post-hoc pairwise comparisons were conducted using the
Wilcoxon Signed-Rank test. Effect sizes were also calculated
to determine the magnitude of the observed changes.

For qualitative data, observational records were analyzed
to identify trends in students’ engagement with modeling
practices. The categorization of behaviors into three levels
provided additional insights into students’ participation and
competency development. These observational findings were
compared with quantitative results to triangulate the data and
enhance the validity of the study.

By employing a combination of self-reported survey data
and direct observations, this study ensured a comprehensive
analysis of students’ modeling competence, allowing for both
statistical validation and contextual interpretation of their
learning behaviors.

IV. RESULT AND DISCUSSION

A. Modeling Competence Survey

After filtering out responses that were incomplete or not
taken seriously (e.g., selecting the same answer for all
questions), only 21 responses were used for analysis. The
quantitative analysis aimed to evaluate the effectiveness of
the lesson on students’ modeling competence by comparing
their survey results before the intervention, immediately after,
and in the long term.

To assess students’ modeling competence, descriptive
statistics (Table 2) were calculated for modeling practice
(PRA), metacognitive knowledge about the modeling process
(PRO), and meta-modeling knowledge (MR, ER, ET, USM,
CNM) at three different time points.

The mean scores for PRA increased from PRE (M = 3.09,
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SD =0.73) to POS (M=3.52, SD =0.79) and remained stable
at POL (M = 3.51, SD = 0.59), suggesting a sustained
improvement in students’ modeling practices. Similarly, PRO
showed an increase from PRE (M =2.90, SD = 1.09) to POS
(M=3.52,SD=1.12) but declined slightly at POL (M = 3.14,
SD =0.91). The meta-modeling knowledge components (MR,
ER, ET, USM, CNM) generally followed a pattern of
improvement from PRE to POS and were maintained or
slightly decreased at POL.

After the descriptive analysis, additional statistical
methods were applied to examine the significance of changes
in students’ modeling competence over time. Due to the small
sample size (N = 21), normality was assessed using the
Shapiro-Wilk test. The results indicated that several variables
violated normality assumptions (p < 0.05), leading to the use
of non-parametric tests for further analysis.

Table 2. Descriptive statistics for modeling competence variables

Variable Phase N Min Max Mean SD
PRE 21 2.0 5.0 3.09 0.73

PRA POS 21 1.8 5.0 3.52 0.79
POL 21 2.2 4.6 3.51 0.58

PRE 21 1.0 5.0 2.9 1.09

PRO POS 21 1.0 5.0 3.52 1.12
POL 21 2.0 5.0 3.14 0.91

PRE 21 275 438 3.71 0.39

MR POS 21 3.0 5.0 3.89 0.52
POL 21 3.0 4.63 3.66 0.44

PRE 21 225 4288 3.18 0.62

ER POS 21 2.0 5.0 34 0.64
POL 21 275 4.13 3.49 0.41

PRE 21 2.8 4.8 3.93 0.59

ET POS 21 2.8 5.0 3.87 0.55
POL 21 2.8 4.6 3.87 0.4

PRE 21  1.33 5.0 3.7 0.96

USM POS 21 233 5.0 3.81 0.65
POL 21 2,67 4.67 3.84 0.4

PRE 21 233 5.0 3.54 0.73

CNM POS 21 2.67 5.0 3.83 0.62
POL 21 2.0 5.0 3.71 0.72

To compare students’ modeling competence over time, the
Friedman test was conducted across the three time points. The
results revealed a statistically significant difference for PRA
(x? = 7.658, df = 2, p = 0.022), indicating that students’
modeling practices changed over time, while other
dimensions of modeling competence, including
metacognitive knowledge and meta-modeling knowledge,
did not show significant changes (p > 0.05).

Given the significant result for modeling practices (PRA),
the Wilcoxon Signed-Rank test was performed for pairwise
comparisons. The results showed a significant increase in
PRA from PRE to POS (Z=-2.451, p=0.014) and from PRE
to POL (Z = -2.693, p = 0.007), suggesting that students’
modeling practices improved and that the effect was
sustained over time (Table 3). However, there was no
statistically significant difference between POS and POL
(Z=-0.787, p = 0.431), indicating that the improvement in
PRA was maintained over the long term.

To assess the strength of this effect, the effect size () was
calculated for PRA, yielding » = 0.535 (PRE to POS) and
r = 0.587 (PRE to POL), both indicating a large effect.

Table 3. Wilcoxon Signed-Rank test results for modeling practice

Comparison V4 p value  Effect Size (r)
PRE to POS  —2.451 0.014 0.535
PREtoPOL  —-2.693  0.007 0.587
POSto POL  —0.787  0.431 0.172

These findings suggest that the developed lesson had a
substantial and lasting impact on students’ ability to engage
in modeling practices, while their conceptual understanding
and perception of modeling remained relatively stable.

B. Recording Student Behavioral Expressions through
Learning Activity Sheets

To complement the statistical findings and address
potential limitations of self-reported survey data, we
conducted direct observations of students’ behaviors
throughout the experimental process. Behavioral expressions
related to modeling competence were systematically recorded
using learning activity sheets. These recorded behaviors were
categorized into three levels:

e Level III: Behaviors that were widely observed across
most students.

e [Level II: Behaviors that were observed in some students.

® Level I: Behaviors that did not manifest, even when

conditions were provided to facilitate them.

The recorded data (see Table 4) indicate that the majority
of student behaviors were classified as either Level III
(widely observed) or Level II (partially observed), with no
behaviors falling into Level L.

Table 4. Matrix of recorded expressions of students’ modeling competency
in the lesson investigating projectile motion through the Nem Con folk game
Task PRAO1 PRAO2 PRAO3 PRA0O4 PRAOS
T1 I
T2 11T
T3 I
T4 I
T5 I
T6 I
T7 I
T8 il
T9 I
T10 11T
T11 I
T12 il
T13 11T
T14 I
T15 1T
Maximum
Recorded Level I - 1 I

Modeling Practice

It is evident that Practices 1 and 2 had the highest
engagement, as students had multiple opportunities to apply
them across various learning tasks, with a high frequency of
participation at Level III.

In PRAOI, tasks T4, T6, and T7 showed student behaviors
at Level II; while some students completed these tasks, others
did not participate. In contrast, Level III was observed in TS5,
T8, and T14, where most students successfully constructed
models for the given problems, including identifying
variables and processes. Although some students made errors,
they still demonstrated key aspects of PRAO1, such as the
ability to build models, and were thus recognized as
exhibiting competency. Since T4, T6, and T7 were
preparatory steps for TS and T8, respectively, some students
skipped them and moved directly to T5 and T8, which
explains why T4, T6, and T7 were only marked at Level II.
T14 was also recorded at Level III, as most students
demonstrated the ability to build the second model. The
majority of students’ engagement in these key tasks explains
the significant rise in Practice 01 (model construction) from
PRE to POS, with only a slight decline observed in the POL
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phase.

In PRAO2, all students in the class completed Tasks T1, T2,
T3, T9, T10, and T11 in the worksheet (level IIT). These
learning tasks supported students’ use of models more
fluently, which is further interpreted the results shown in
Table 5. Moreover, students used the models to demonstrate
their understanding of the Con ball’s movement: “When the
Con ball goes up, gravity causes it to decelerate, and when it
goes down, gravity makes it accelerate” (S001). Explaining
the motion of objects in this way helps students grasp the
fundamentals of physics represented by the model.

Although appearing in only two learning tasks, PRAO3 still
demonstrated a high level of student participation (level III).
In T12, most students showed this competency by comparing
the deviation between the first model and real-life
observations, thereby recognizing the model’s reliability.
Students also identified several factors that influence the
motion of the Con ball in order to propose ways to improve
the model, such as: “wind, air resistance, throwing force,
throwing angle, and the thrower’s height” (S015).
Additionally, students were able to choose the factors that
should be considered in order to refine the model.

Practice 4 was observed in just one activity and was
demonstrated by only a few students (Level II). In T15, only
45.83% of students were able to compare the deviation
between the two models and consequently select the one with
higher reliability.

Notably, Practice 5 did not appear due to the scope of the
lesson, where students were only required to investigate
motion in a single scenario. However, it still shares
similarities with other practices in terms of developing,
comparing, and evaluating models. The key difference lies in
students’ ability to apply it in new situations. Therefore,
students still had a basis to assess their ability to perform this
practice.

These qualitative observations align with the quantitative
data for each practice (Table 5). Practices 1, 2, and 3 showed
significant development and sustained improvement over
time, whereas Practice 4 exhibited little noticeable change.
Practice 5 showed some development but was less sustainable
compared to the other practices.

Table 5. Mean scores of students’ modeling practices across time

PRAO1 PRAO2 PRAO3 PRAO4 PRAOS
N=21) V=21) W~=21) W~=21) W~=21)
M (SD) M (SD) M (SD) M (SD) M (SD)
PRE 2.76(023) 3.14(024) 3.14(026) 3.57(020) 2.81(0.16)
POS 3.57(024) 3.57(021) 3.67(020) 338 (0.18) 3.43(0.24)
POL  3.52(0.15) 3.62(0.16) 3.61 (021) 3.67(0.20) 3.14(0.17)

These behavioral observations provide additional support
for the quantitative findings by confirming that students

actively engaged in core modeling practices during the lesson.

The presence of some Level II behaviors suggests that while
most students demonstrated the expected competencies,
others may have required additional instructional support.
This highlights the need for further refinements in
instructional design to ensure broader participation and
deeper engagement with all aspects of modeling competence.

By integrating both self-reported survey data and direct
observations, this study provides a more comprehensive
understanding of  students’ modeling competence
development. While statistical analysis confirmed significant

improvements in modeling practices, the observational data
reinforce the robustness of these findings by capturing real-
time engagement patterns.

C. Discussion

The findings have shown that integrating simulations into
the modeling process can facilitate the development of
students’ modeling practices in science classrooms. A deeper
analysis of the data from the learning tasks reveals that all of
the tasks supported by simulations are at engagement
level III, while tasks at engagement level II do not involve
simulation. This suggests that using simulations can enhance
students’ engagement in the modeling process, thereby
fostering their modeling practices.

The intervention did not lead to significant changes in
students’ understanding of scientific models. This finding
reinforces the perspective presented in the study of Juliane
Griinkorn et al. [51] which suggests that while students’
conceptions of scientific models and their applications in
science can be explained within a theoretical framework,
shifting these understandings remains challenging. This
difficulty arises from deeply rooted misconceptions that are
resistant to change [52]. Conceptual change is rarely a sudden
shift; instead, it typically develops gradually as learners
accumulate information and experiences, which they use to
determine when it is more effective to apply one type of
explanation over another [53]. Therefore, it is understandable
why the intervention in this study, due to its short duration,
could not immediately have a significant impact on students’
modeling meta-knowledge. To foster this higher-order
dimension of modeling competence, potential instructional
improvements include the cognitive conflict strategy [54],
which involves wusing cognitive conflict to reduce
misconceptions; misconception-driven feedback [55], which
provides feedback specifically aimed at correcting
misconceptions; and empirically supported refutational
methods [56], which use evidence-based refutations to
address and correct misconceptions. However, it is also
important to note that conceptual change does not necessarily
have to occur, even when all stages, whether standard or
refined, are followed. In fact, the literature provides evidence
showing that conceptual change often fails to take place [52].

Although the intervention did not result in significant
differences in students’ understanding of scientific models,
the collected data can be compared with findings from
Australian students in Treagust’s study [48], as both studies
utilized the SUMS instrument. A comparison of Vietnamese
and Australian students’ understanding of scientific models
revealed both similarities and notable differences (Table 6).

No significant differences were observed in students’
recognition of models as Multiple Representations (MR) or
their conceptual nature (CNM), suggesting that both groups
generally acknowledge the role of models in science learning.
However, these findings differ from those of
Grosslight ef al. [57], who reported that only a small number
of mixed-ability 7th-grade students and advanced 11th-grade
students showed any indication of understanding the concept
of multiple models.

However, significant differences emerged in other aspects.
Vietnamese students scored significantly lower on models as
Exact Replicas (ER), #247) = -2.79, p = 0.009, d = -0.64,
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which is a positive finding as it indicates a better
understanding that scientific models are not precise copies of
reality but rather abstract representations. Nonetheless, mean
scores above 3 suggest that some students still perceive
scientific models as exact replicas of reality, consistent with
findings from previous studies [58, 59].

Table 6. Comparison of Vietnamese and Australian students’ understanding
of scientific models

Vietnam Australia
Factor V=21 (V=1228) t P Cohen’s d
M (SD) M (SD)
MR 3.71(0.39) 3.52(0.63) 2 0.05 0.42
ER 3.18(0.62) 3.58(0.71) -2.8 0.01 -0.64
ET 3.93(0.59) 3.58(0.71) 2.55 0.02 0.56
USM  3.70(0.96) 3.41(0.73) 1.35 0.19 0.34
CNM  3.54(0.73) 3.73(0.74) -1.1 0.27 -0.26

Additionally, Vietnamese students scored significantly
higher in recognizing the evolving nature of models (ET),
t(247) = 2.55, p = 0.017, d = 0.56, suggesting a stronger
appreciation for the dynamic nature of scientific knowledge.
While Vietnamese students had a slightly higher mean score
in the Use of Scientific Models (USM), this difference was
not statistically significant.

These findings indicate that while both groups have a solid
foundational understanding of scientific models, Vietnamese
students may demonstrate a more sophisticated grasp of their
abstract and evolving nature. Given that neither group
received explicit instruction on scientific models, future
research should investigate how curriculum design and
instructional approaches influence students’
conceptualization of models. Furthermore, studies could
explore the impact of cultural and educational contexts on
students’ understanding of models and assess the
effectiveness of interventions designed to enhance model-
based learning in science classrooms.

V. CONCLUSION

The study demonstrates the effectiveness of embedding
local wisdom into the modeling process in science education,
particularly by utilizing the Nem Con folk game as a context
for teaching projectile motion. The findings yield both
theoretical and practical contributions.

Theoretically, the study advances the conceptual
understanding of how cultural contexts can be integrated into
scientific modeling processes. It proposes a structured
approach to embedding local wisdom into the modeling
process through the use of simulations. Secondly, the
research introduces a framework for developing simulations
that align with scientific modeling practices, bridging the gap

between abstract science concepts and real-world phenomena.

Practically, by integrating a traditional Vietnamese folk
game into a science lesson, this study illustrates how local
wisdom can serve as a meaningful context for the scientific
modeling process. The study evaluates the effects of this
integration on students’ modeling competence, providing
empirical evidence on how cultural-contextualized learning
approaches influence students’ practices in constructing,
using, comparing, revising, and validating scientific models.
The results contribute to ongoing discussions on the role of
simulations in fostering modeling competence and provide
insights into designing culturally relevant science curricula

that enhance both conceptual understanding and engagement.
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