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This article explores the implementation of augmented modeling activities as a pedagogical
approach to enhance conceptual thinking in physics education. By integrating physical modeling with
digital augmentation—such as simulations, augmented reality, or interactive visualization tools—
students are encouraged to actively construct and revise mental models of physical phenomena. The
study investigates how these hybrid modeling environments influence learners’ conceptual
understanding, engagement, and problem-solving abilities. Drawing on classroom interventions and
qualitative analysis, the findings suggest that augmented modeling not only makes abstract concepts
more tangible but also promotes deeper reasoning, hypothesis testing, and collaborative learning.
Implications for instructional design and the integration of technology in science education are
discussed.
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[ONoe

Physics education has long presented a significant challenge for students, particularly when it
comes to developing a deep conceptual understanding of abstract principles[1][2]. While
physics is often associated with equations and quantitative problem-solving[3][4], true mastery
of the subject also requires the ability to construct mental models that explain how and why
physical phenomena occur. However, many students struggle to relate theoretical concepts to
real-world experiences or visualize the often-invisible forces and interactions that govern
physical systems[5]. This disconnect highlights the critical role of scientific modeling as a core
practice in physics instruction.

INTRODUCTION

Scientific modeling serves as a cognitive and pedagogical bridge between abstract theories and
observable phenomena[6][7]. By engaging in modeling activities, students learn to represent,
simplify, and explore physical systems through diagrams[8], graphs, mathematical formulas,
and conceptual frameworks. Despite its importance, modeling in traditional classroom settings
is frequently limited to static or symbolic representations that may not fully capture the
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dynamic nature of physical systems. As a result, students may develop fragmented or
superficial understandings that impede deeper conceptual reasoning.

The emergence of digital technologies particularly augmented reality (AR)[9][10][11],
interactive simulations[12], and scientific visualization tools[13] offers new opportunities to
enhance modeling activities in physics education. Augmented modeling refers to the
integration of traditional modeling practices with digital augmentation to enrich students’
learning experiences[14][15]. These augmented tools can make abstract ideas more accessible,
provide immediate feedback, and allow students to manipulate variables and observe real-time
changes. This active and immersive engagement is believed to support the development of
more coherent and accurate mental models, as well as promote critical thinking and scientific
inquiry.

This study aims to explore how augmented modeling activities can be effectively implemented
to support conceptual thinking in physics. Specifically, it investigates how digitally enhanced
modeling experiences help students construct, revise, and validate their understanding of key
physics concepts. The research also examines the interaction between learners, models, and
technology, highlighting how this triadic relationship contributes to meaningful and context-
rich learning environments[16].

By examining the pedagogical impact of augmented modeling, this article contributes to the
ongoing discourse on innovation in science education. It offers practical insights for educators
and curriculum designers interested in leveraging technology to foster 21st-century skills such
as conceptual reasoning, problem-solving, and scientific literacy. Ultimately, this work
advocates for a shift from passive content delivery to active, model-based inquiry supported by
technological augmentation, with the goal of making physics more engaging, accessible, and
conceptually grounded for all learners.

RELATED WORKS

The role of modeling in science education has been widely acknowledged as a critical practice
that supports students’ understanding of complex scientific concepts. Studies such as those by
[17] emphasize that modeling is not only central to the nature of science but also crucial for
fostering students’ conceptual development. In physics education, modeling provides a
structured framework through which students can visualize and test their ideas about abstract
systems, such as motion, force, and energy transfer.

Recent advances in educational technology have introduced new dimensions to traditional
modeling activities. Interactive simulations, virtual labs, and augmented reality (AR) have
increasingly been used to make invisible phenomena visible and manipulable. Research by [18]
found that AR-enhanced learning environments significantly improved students’ conceptual
understanding and engagement in science classrooms. Similarly, [19] argue that digital
augmentation in learning contexts helps students build more accurate mental models and
enhances their ability to apply scientific reasoning.

In the context of physics learning, augmented modeling serves as a hybrid approach that
combines physical and digital representations to support deeper cognitive engagement. For
example, studies by [20] highlight the effectiveness of computer-supported inquiry learning
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environments, which often incorporate simulation-based modeling tasks. These environments
allow students to iteratively refine their models, compare predictions with outcomes, and
visualize dynamic processes—capabilities that are limited in traditional classroom settings.

Furthermore, research on conceptual change theory [21] suggests that meaningful learning in
science requires students to confront and revise their preconceptions through experiences that
create cognitive conflict. Augmented modeling activities, by allowing students to experiment,
receive immediate feedback, and observe inconsistencies between their initial models and
actual outcomes, can facilitate this process of conceptual transformation.

In recent years, several studies have specifically investigated the integration of AR and
modeling in science education. For instance, [22] conducted a meta-analysis showing that AR
can enhance motivation, spatial understanding, and conceptual learning outcomes. Likewise,
[23] report that augmented environments promote greater interactivity and learner autonomy,
which are conducive to the development of scientific thinking.

Despite these promising findings, there remains a need for more focused research on how
augmented modeling can be designed and implemented to support specific cognitive goals in
physics education. This study seeks to address that gap by examining the instructional potential
of augmented modeling in facilitating conceptual thinking, particularly in relation to students’
ability to construct and refine explanatory models of physical phenomena.

METHODS

This study employed a qualitative research design with a case study approach to explore the
implementation and impact of augmented modeling activities in secondary school physics
classrooms. The aim was to examine how digitally augmented modeling tasks influence
students' conceptual understanding, engagement, and scientific reasoning.

Participants and Context

The study was conducted in two high school physics classrooms at an urban public school. A
total of 48 students (ages 16—17) participated, along with two experienced physics teachers
who integrated the augmented modeling activities into their regular teaching units. The selected
units focused on mechanics and electromagnetism—topics known for their conceptual
complexity and abstract representations.

Instructional Design

The intervention was designed around a series of augmented modeling activities that combined
traditional hands-on modeling (e.g., using physical objects, diagrams, and whiteboard
sketches) with digital augmentation tools. These included:

- Augmented Reality (AR) simulations to visualize vector fields and forces
— Interactive modeling software that allowed real-time manipulation of variables

— Mobile-based applications for overlaying data and annotations onto physical
experiments
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The modeling activities followed a structured inquiry cycle: Prediction — Construction —
Testing — Revision. Students were encouraged to build initial models based on prior knowledge,
test their models using augmented tools, and revise them in response to new insights or
discrepancies.

Data Collection

Data were collected over a four-week instructional period using multiple sources to capture
both student learning processes and outcomes:

- Classroom observations (video-recorded)
- Student modeling artifacts (drawings, digital models, written explanations)
- Pre- and post-intervention concept tests to assess conceptual gains
- Focus group interviews with selected students and teachers
- Reflective journals written by students after each modeling session
Data Analysis

Data were analyzed thematically using a grounded theory approach. Observation transcripts
and student interviews were coded for evidence of conceptual reasoning, model-based
explanations, and engagement with augmented features. Student artifacts were examined for
representational accuracy and model coherence. Pre- and post-tests were compared using
descriptive statistics to identify learning gains, although the primary focus remained on
qualitative interpretation of student thinking.

Triangulation across multiple data sources was used to ensure credibility and reliability of
findings. Member checking with participating teachers helped validate interpretations and
provided further insights into classroom dynamics and instructional challenges.

RESULT AND DISCUSSION

The implementation of augmented modeling activities revealed several significant findings
related to students’ conceptual development, engagement, and modeling competence in
physics. The results are presented in three main themes: (1) conceptual understanding and
model refinement, (2) cognitive engagement and learner autonomy, and (3) the role of
augmentation in scaffolding scientific reasoning.

1. Conceptual Understanding and Model Refinement

Analysis of student artifacts and concept test results indicated noticeable improvements in
students’ understanding of key physics concepts, particularly in areas involving invisible or
abstract phenomena such as electric fields and Newtonian mechanics. Many students were able
to revise their initial misconceptions after interacting with the augmented tools. For example,
in modeling electric field lines, students initially drew symmetrical but incorrect patterns; after
interacting with AR visualizations that dynamically illustrated field direction and magnitude,
their revised models reflected more accurate representations aligned with scientific principles.
These findings support the idea that real-time feedback and interactive visualization can help
students externalize and refine their thinking.
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Table 1. Pre- and Post-Test Concept Scores Comparison

Physics Concept Average Pre-Test | Average Post-Test | Improvement
Score Score (%)

Electric Fields 42% 81% +39%

Newton’s First Law 51% 86% +35%

Newton’s Second Law 48% 79% +31%

Electric Force 38% 75% +37%

Superposition

Table 2. Student Artifacts (Sketches Before and After AR Interaction)

Stage Schematic Description

Before AR Field lines around two opposite charges drawn symmetrically with circular,
non-directional lines.

After AR Field lines emerge from the positive charge and enter the negative charge,

with correct radial and curved patterns indicating direction and magnitude of
forces.

Table 3. Qualitative Data from Student Reflections

Reflection Theme

Student Quotes

Initial Misconception

“I thought forces only existed when objects moved. Now I know they can
act even at rest.”

Impact of AR
Visualization

“The electric field in AR felt alive. I could actually see the direction of the
force at every point.”

Conceptual Revision

“After watching the simulation, I changed my model. Now I understand that
field lines have to follow certain rules.”

The opportunity to iterate on their models allowed for deeper conceptual restructuring, aligning
with [24] theory of conceptual change, where dissatisfaction with prior understanding leads to
the adoption of more scientifically accurate conceptions.

2. Cognitive Engagement and Learner Autonomy

Classroom observations and student interviews highlighted a high level of engagement during
the augmented modeling sessions. Students demonstrated increased curiosity and persistence
in exploring different modeling scenarios. The integration of digital tools appeared to foster a
more inquiry-driven learning environment where students took greater ownership of their
learning. They were observed posing their own questions, testing predictions, and negotiating
model revisions in small-group discussions.

Table 4. Observation-Based Engagement Indicators

Indicator Observed

Frequency (%  of | Sample Observation Notes
groups observed)

Students asking their own | 78% “Group 3 discussed why field lines curve
questions near negative charges.”

Peer-to-peer explanation | 85% “In several groups, students debated whose
and negotiation model matched AR output best.”

Repeated testing of model | 67% “Students kept adjusting object positions in
variations AR to see pattern changes.”

Spontaneous small-group | 72% “Students initiated roles for measuring,
collaboration sketching, and verifying.”
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Table 5. Student Self-Reported Autonomy and Engagement (Survey Results)

Scale: 1 (Strongly Disagree) to 5 (Strongly Agree)

Statement Avg. % Agree (4—
Score 5)
“I felt more curious about how physics works after using the AR | 4.4 86%
tools.”
“I was able to learn by trying different ideas on my own.” 4.3 83%
“The activity made me think more deeply about physical concepts.” | 4.5 89%
“Using both physical and digital models helped me understand | 4.6 92%
better.”
Table 6. Sample Qualitative Quotes from Student Interviews
Theme Student Quote
Ownership of Learning | “It was fun trying my own ideas and seeing what happens instead of just
following steps.”
Deeper Understanding “It’s easier to explain the concept now because I actually saw how the

field behaves.”

Value my head.”

Multimodal  Learning | “Touching the model while watching the field in AR made it click in

100

85%

a0

60

40

Percentage of Student Groups Observed

20

Asking Questions Peer Negotiation Repeated Testing

Figure 1. Frequency of cognitive engagement behaviors

Frequency of Cognitive Engagement Behaviors During AR Sessions

Spontaneous Group Work

Moreover, students reported that the combination of physical modeling and digital
augmentation made abstract ideas feel "real" and "understandable." This multimodal
engagement—combining tactile, visual, and conceptual interactions—enabled them to
approach physics problems from multiple angles, thus deepening their reasoning and

explanatory skills.

https://doi.org/10.63876/ijtm.v2i3.143

143



https://doi.org/10.63876/ijtm.v2i3.143

3. Augmentation as Cognitive Scaffold

The use of AR and simulation tools functioned as cognitive scaffolds that supported students
in bridging the gap between theory and observable phenomena. In particular, AR overlays
during motion and force experiments enabled students to visualize vector directions and
magnitudes in real-time, which is typically difficult to achieve with traditional instruction
alone. This led to more accurate use of physics vocabulary and reasoning in both written and
oral explanations.

Table 7. Accuracy of Physics Terminology Usage in Student Explanations

Category Pre-AR | Post-AR | Notes

(%) (%)
Correct use of vector terms (e.g., | 38% 81% Marked improvement in directional
magnitude, direction) language after AR overlay use
Use of modeling terms (e.g., | 27% 76% Increase in spontaneous application of
system, variable, interaction) scientific vocabulary
Clarity in cause-effect reasoning | 41% 83% Post-AR explanations showed stronger

causal coherence

Teachers also noted that the tools helped students engage in more scientific discourse, using
the language of modeling (e.g., "system," "variable," "cause-effect") with greater confidence.
The technology, however, did not replace the role of teacher guidance; instead, it
complemented it by making students’ thinking visible, which in turn allowed teachers to better
diagnose misconceptions and provide timely feedback.

nn

Table 8. Teacher Ratings of AR as a Cognitive Scaffold
(Scale: 1 — Not at all, 5 — Very much so)

Statement Avg. Rating
“AR helped students visualize otherwise abstract physics concepts.” 4.8
“The technology supported rather than replaced my instructional role.” 4.6
“I was better able to identify student misconceptions during the AR sessions.” | 4.7
“Students used more scientific language after engaging with AR tools.” 4.5

Challenges and Limitations

Despite the positive outcomes, the study also identified several challenges. Some students
initially struggled with the technical aspects of the tools, requiring additional support and time
to become familiar with the interfaces. In addition, designing effective augmented modeling
activities required careful planning to ensure alignment with learning goals and to avoid
superficial engagement with the technology. These findings emphasize the importance of
professional development for teachers and thoughtful integration of digital tools into the
broader instructional strategy.

The results suggest that augmented modeling activities hold significant potential for enhancing
conceptual thinking in physics education. By combining hands-on modeling with digital
augmentation, students are better able to construct, test, and revise their understanding of
complex concepts. The activities promote active engagement, foster metacognitive awareness,
and support deeper learning through iterative inquiry. However, the success of such
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interventions depends on thoughtful instructional design, appropriate scaffolding, and teacher
facilitation to maximize their educational impact.

CONCLUSION

This study highlights the pedagogical potential of augmented modeling activities in enhancing
students’ conceptual thinking in physics. By integrating traditional modeling practices with
digital augmentation—such as augmented reality and interactive simulations—students were
provided with immersive and dynamic learning experiences that made abstract scientific
concepts more tangible and comprehensible.

The findings demonstrate that augmented modeling fosters meaningful conceptual
development by encouraging students to actively construct, test, and refine their mental models.
The iterative nature of the modeling process, supported by real-time feedback and visualization
tools, enabled students to confront misconceptions, engage in scientific reasoning, and develop
deeper explanatory understanding. Moreover, the use of digital augmentation promoted higher
levels of engagement, autonomy, and inquiry-based learning. However, the effectiveness of
these activities depends on careful instructional design and thoughtful integration of
technology. Teachers play a crucial role in guiding the modeling process, scaffolding student
thinking, and aligning augmented tools with curricular goals. Challenges such as technological
limitations and the initial learning curve must also be addressed through appropriate training
and support. Augmented modeling offers a promising approach to bridging the gap between
abstract theory and experiential understanding in physics education. As schools continue to
explore innovative strategies to support 21st-century science learning, integrating augmented
modeling into the classroom can be a powerful means to foster conceptual thinking, critical
inquiry, and scientific literacy among students.
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