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Geometry still becomes difficult for students when spatial relationships are
taught mainly through procedures and fixed images that have little connection
with the daily environment. This study develops and validates the Digital
Ethnogeometry Model (EGL-Model) at the expert level. The model combines
Lampung ethnomathematics, Van Hiele theory of geometric thinking, CTML, and
AR. Design-Based Research approach is applied, but the work only covers the
early design cycle. Activities include desk-based preliminary inquiry,
development of a conceptual framework, creation of an offline Unity 3D AR proof
of concept, evaluation by experts from different fields, together with design
revision. Menara Siger, Lamban Dalom, and Lampung Tapis connect with junior-
secondary geometry topics. These cultural objects are placed within five learning
stages: cultural artifact exploration, geometric identification, formal concept
connection, cultural value reflection, together with mathematical problem
solving. Five experts assessed the model in terms of pedagogical coherence,
cultural authenticity, and technological functionality. The corrected overall mean
reached 4.21/5.00, which passes the predetermined criterion for a highly valid
design. Cultural authenticity had the highest mean at 4.27, followed by
technological functionality at 4.19 and pedagogical coherence at 4.18. Expert
comments mainly ask for a clearer connection between learning stages, stronger
cultural explanation, and a clearer interface. Findings indicate that experts
consider EGL-Model content and design valid as a proof of concept. However, the
results do not confirm teacher or student usability, classroom practicality, or
learning effectiveness. These aspects need to be examined within a later field-
based DBR cycle.

To cite this article: Marian, F., Lestari, F, Julianto, R, & Zain, R. M. (2026). From Lampung culture to geometric
understanding: A digital ethnogeometry framework with augmented reality. Online Learning in Educational Research,
6(3), 117-133. https://doi.org/10.58524/oler.v6i3.1306

INTRODUCTION

Understanding geometry is important because students need to work with visual, spatial, and
relational information, not only remember formulas. Many students still have problems with spatial
visualization and geometric reasoning, especially when they need to change from concrete or visual
form toward abstract relationships (Muhammad et al., 2026; Muhassanah et al., 2025; Parandreni,
2024; Vasquez Hidalgo et al., 2025). Within Lampung, Marian et al. (2025) find that more than 60%
of junior high school students remain below the minimum competency threshold in three-
dimensional geometry and geometric transformation. This problem can become greater when
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classroom instruction focuses heavily on procedures, formula memorization, and fixed two-
dimensional pictures. Such an approach gives students limited help in building and changing mental
images of three-dimensional objects (Gilligan-Lee et al., 2022; Kim, 2020; Rossano et al., 2020).
Therefore, the main issue is not only the geometry of the material itself. Students also need learning
experiences that connect meaningful representation with increasingly formal ways of geometric
reasoning.

Ethnomathematics can help build this connection because familiar cultural practices and
objects can be used to explain mathematical ideas, rather than only being used as decoration (Atmaja
etal, 2025; Rosa & Shirley, 2016). Lampung cultural objects, including Menara Siger, Lamban Dalom,
and Tapis motifs, show forms that can relate to solid geometry, plane figures, symmetry, proportion,
and geometric transformations. Earlier studies within Lampung have already identified these
mathematical elements (Efendi et al., 2025; Marian & Saputra, 2023; Susiana et al., 2020). However,
these studies mainly describe and document mathematics found within cultural objects. They do not
clearly provide a theory-based learning path that takes students from seeing cultural forms toward
examining their properties, connecting them with formal geometry, and finally using concepts to
solve problems. Thus, cultural material already exists, but a clear instructional process for turning it
into structured geometry learning remains limited.

AR can help address this problem because it changes cultural objects from fixed pictures into
representations that students can interact with. The integration of digital technology into learning
also requires an organized learning environment in which digital tools are incorporated into
planning, implementation, and evaluation of instruction (Hafid & Barnoto, 2022). Within geometry
learning, students can use AR to rotate, inspect, compare, and break down three-dimensional objects.
These actions can help them visualize objects and connect different forms of representation (Cetintav
& Yilmaz, 2023; Flores-Bascufiana et al, 2020; Rossano et al, 2020). Previous AR and
ethnomathematics studies also indicate that local culture can combine with digital visualization
(Gustina etal.,, 2025; Umri et al., 2025). Even so, existing studies do not yet form a clear and complete
direction. Some focus on media validity, student motivation, or visualization without explaining how
geometric reasoning should develop. Others use common geometric objects instead of meaningful
cultural objects. Many digital learning systems also depend on stable internet access, which may
become difficult for schools with limited infrastructure (Abdullah et al., 2022; Firdausi, 2025;
Mkwizu & Bordoloi, 2024). AR can improve representation, but it does not, by itself, explain how
students should move from observing objects toward understanding their geometric relationships.

The design problem can be explained through four related gaps. First, many cultural geometry
resources have already been identified, but they are not always converted into organized learning
activities. Second, the learning steps from visual recognition toward analysis and informal deduction
are often not clearly stated. Third, AR features are seldom connected directly with the stages of
geometric thinking proposed by Van Hiele. Fourth, the possibility of using AR without continuous
internet access receives little attention, even though connectivity can become a real problem in many
non-urban schools. These gaps cannot be solved simply by putting several existing approaches
together. A clearer design structure needs to be developed so every component has its own role while
still working together within one learning process.

The EGL model was created to provide this structure. Ethnomathematics is used to select
cultural objects and meanings that become the starting point of learning. Van Hiele theory provides
the expected movement from visualization toward analysis and informal deduction. CTML helps
organize visual, verbal, symbolic, and interactive information. AR can then be used as a medium
through which students interact with cultural and geometric representations. Such integration is
consistent with the broader need to integrate educational technology into instructional practice
while strengthening educators’ capacity to use digital platforms meaningfully (Hakim & Abidin,
2024). These elements connect through five stages: cultural artifact exploration, geometric
identification, formal concept connection, cultural value reflection, and mathematical problem
solving. The main contribution refers to a clear design pathway that connects cultural artifacts,
geometric ideas, reasoning development, multimedia information, and digital interaction. AR is
therefore treated as part of learning design, not as the main purpose of the application.

This study has four main objectives. The first objective was to develop a conceptual framework
and a five-stage learning sequence of the EGL-Model. The second was to create an offline Unity 3D-
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based AR proof of concept using a selected Lampung cultural artifact. The third was to assess expert
perception regarding pedagogical coherence, cultural authenticity, and technological functionality.
Fourth was revising the framework and prototype based on numerical ratings and written expert
comments. The study only covers preliminary inquiry, design and construction, expert evaluation,
and revision. It does not examine teacher or student usability, classroom practicality, or learning
outcomes. With this limited scope, the study provides an expert-validated design proposition that
may serve as a basis for a later DBR cycle. A future cycle can involve direct user testing, classroom
implementation, and evaluation of instructional effectiveness.

METHOD

This study used a Design-Based Research (DBR) approach because DBR supports the iterative
alignment of theoretical learning principles, contextual educational problems, and instructional
design (Akindele, 2025; Asrifan et al., 2025; Barab, 2022; Cochrane et al,, 2024; Flynn et al.,, 2022;
Mygdanis, 2025). The procedure followed the educational design research framework of (McKenney
& Reeves, 2019)which involves analysis and exploration, design and construction, and evaluation
and reflection. In the present study, the preliminary inquiry was desk-based and consisted of
reviewing documented difficulties in geometry learning, published Lampung ethnomathematics and
cultural sources, and technological and instructional constraints associated with geometry
visualization. No separate stakeholder interviews, classroom observations, or field-based needs
assessment were undertaken at this stage. Findings from this preliminary inquiry informed the initial
conceptual framework. The development procedure below translated this DBR logic into four
operational phases: conceptual formulation and artifact-to-concept mapping, AR prototype
construction, multidisciplinary expert validation, and evidence-based revision. These activities
represent an early DBR design cycle rather than a complete DBR implementation; classroom
enactment, user-based usability testing, and empirical effectiveness evaluation were reserved for
subsequent cycles.

Development Procedure

The EGL-Model and AR proof of concept were developed through four operational phases.
Figure 1 shows the iterative relationship among conceptual formulation, prototype construction,
expert evaluation, and revision:
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Formulation of the Engineering the AR Prototype Multidisciplinary Model Revision and

Conceptual Framework (Proof of Concept) Theoretical Validation Finalization
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Figure 1. Research Procedure Flowchart
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Phase 1: Formulation of the Conceptual Framework (EGL-Model v1)

Phase 1 used a structured artifact-to-concept analysis. First, Menara Siger, Lamban Dalom, and
Lampung Tapis were selected because they are repeatedly documented in Lampung-focused
ethnomathematics studies and contain geometric forms relevant to junior-secondary learning
(Efendi et al.,, 2025; Lestari et al., 2025; Loviana et al., 2020; Marian & Saputra, 2023; Noprisa et al.,
2024; Susiana et al., 2020). Second, we identified visible structural units in each artifact, such as roof
and tower profiles, architectural parts, and repeated textile motifs. Third, the authors classified these
units using formal geometric properties, including solid figures, plane figures, symmetry, proportion,
tessellation, and rigid or non-rigid transformations. Fourth, the resulting concepts were aligned with
the junior-secondary geometry topics shown in Table 1. Fifth, the learning actions were mapped to
Van Hiele's progression and CTML principles: visual exploration supported initial recognition;
property-focused prompts supported analysis; comparison, justification, and formalization
supported movement toward informal deduction; and CTML principles guided the placement of
labels, short explanations, formulas, and visual cues. The study synthesized cultural narratives from
the Lampung-focused sources used and then examined them within the cultural-authenticity
dimension with a Lampung cultural-studies expert. The study did not claim to produce new
ethnographic findings from these narratives.

Phase 2: Engineering the AR Prototype (Proof of Concept)

The AR proof-of-concept was built from EGL-Model v1 using Unity 6000.4.3f1 for Android
devices. Image recognition is handled by the Vuforia Engine. When the image target is detected, the
related three-dimensional cultural artifact appears. Three-dimensional assets are prepared and
optimized in Blender before importing into Unity. In Unity, the model is combined with geometric
labels, formulas, short explanations, and cultural narratives. Application design for Android 7.1
Nougat (API Level 25) and later. Technical testing uses a minimum device profile of 2 GB RAM, a
quad-core 1.3 GHz processor, a rear camera of at least 5 MP, and a GPU with OpenGL ES 3.0 support.
Image targets, 3D models, interface components, labels, formulas, and learning content are all stored
locally within the application. Therefore, the main learning function can work without continuous
internet access after installation. Before expert validation, we conduct internal checks for image-
target recognition, local asset loading, offline use, screen navigation, and frame stability on devices
that meet minimum specifications. These checks represent only technical engineering validation for
proof-of-concept feasibility. They are not usability tests involving teachers or students, nor
performance tests using a representative range of devices.

Phase 3: Multidisciplinary Theoretical Validation

Five subject-matter experts assess EGL-Model v1 and its AR proof of concept. Each expert
completes a 27-item instrument covering pedagogical coherence, cultural authenticity, and
technological functionality. They also provide written comments on the design's strengths, problems,
and possible improvements. Numerical data are summarized for each validator and each domain.
Group written responses by the design issue they address. This validation stage is formative in
nature. Scores show which areas are relatively stronger or weaker, while comments help explain the
reasons behind the ratings and the parts that need improvement.

Phase 4: Model Revision and Finalization (EGL-Model v2)

Within Phase 4, validation evidence is used to decide revisions. First, compare quantitative
scores to identify stronger and weaker domains. Next, organize qualitative comments into
pedagogical, cultural, and technological issues. Each issue then connects to specific design changes.
For the pedagogical side, clarify the purpose and links between the five stages. For the cultural side,
cultural meaning and value play a stronger role during exploration and reflection. For the
technological side, navigation and label presentation improve, while the offline local-asset system is
kept. Written comments do not alter numerical scores. Instead, they help explain the score and guide
the revision process. Revised EGL-Model v2 remains a proof of concept and still requires user and
classroom testing.
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Validation Instrument and Content Validity Procedure

The validation tool uses a 5-point Likert scale questionnaire with 27 items. Before use, an
expert panel conducted a systematic content validity process. Items were developed from key
indicators within the established Design-Based Research framework, including McKenney & Reeves
(2019), and the main principles of multimedia learning theory proposed by Mayer (2009). Two
independent experts reviewed the draft instrument for research methodology. They checked
whether items were clear, indicators were relevant, and items matched the intended construct. Items
that were unclear or conceptually weak were revised several times until experts reached agreement.
The final instrument contains three domains: pedagogical coherence (10 items), cultural authenticity
(9 items), and technological functionality (8 items). Validity criteria were decided before expert
scoring. A mean of 3.75 out of 5 is set as the minimum score for validity, equivalent to 75% of the
maximum score. This criterion serves as the decision rule for judging whether each domain has an
acceptable level of expert agreement. A score below 3.75 means major revision is needed, while a
score of 3.75 or above means the component meets the predetermined criterion. The same rule
applies to pedagogical coherence, cultural authenticity, technological functionality, and the overall
score (Mumu et al., 2022; Juliani & Erita, 2023).

Expert Selection Criteria

The expert panel was chosen purposively because the study needed different forms of
expertise rather than statistical representation. Selection focused on relevant professional
knowledge instead of academic rank alone. Academic validators (V1-V3 and V5) were selected based
on disciplinary background, academic position, scholarly or research experience, and at least five
years of experience in the related field. V4, the cultural validator, was selected for sustained
professional involvement with Lampung cultural heritage and at least five years of related cultural
practice. The panel consists of four academic experts and one cultural practitioner. Their field include
mathematics education, ethnomathematics, curriculum design, Lampung cultural studies, and
augmented reality or educational technology. This combination is intended to ensure that the
pedagogical, cultural, curricular, and technological aspects of the model are reviewed by people with
suitable expertise. Throughout the manuscript, five validators are identified as V1-V5 (see Table 1).

Table 1. Characteristics and Roles of the Expert Validators

Primar Academic / Relevant
Validator y Professional . Primary Validation Role
Expertise o Experience
Position
Mathematics Associate Professor Pedagogical cohererllce
Vi . 9 years and geometry-learning
education .
logic
V2 Ethnomathematics Lecturer 5 years Cultuljal-math_ematlcal
Integration
V3 Curriculum design Lecturer 5 years Instruc.t ional sequence
and curriculum alignment
Lampung cultural Lampung cultural Cultural authenticity and
V4 . 2. 6 years : . .
studies practitioner philosophical meaning
Vs AR / educational Lecturer 7 years AR fl.mctlonahty, interface
technology clarity, and offline access

Five validators are chosen through purposive sampling. Several specific requirements are used so

the panel can provide broad methodological triangulation.

1 Academic Competence: Academic validators must hold a doctoral degree (Ph.D. or equivalent) or
an academic rank of Associate Professor or higher. They also need a clear publication record in
the relevant academic field.

2 Domain-Specific Expertise: Each validator has specific knowledge related to one or more areas
assessed in the validation process. These areas include mathematics education,
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ethnomathematics, curriculum design, Lampung cultural studies, and augmented reality
technology.

3 Practical Experience: Each expert has at least five years of direct experience in instructional media
development or ethnomathematical research. This experience is needed so the evaluation can
consider actual practice and local context.

4 Commitment to Iterative Engagement: Validators are willing to take part in several feedback
stages. They also expect to provide detailed qualitative comments that can be used to improve the
model.

The expert panel was intentionally formed with different areas of expertise. This composition
allows the EGL model to receive an initial, broad review from pedagogical, cultural, and technological
perspectives.

Data Analysis

Data from five expert validators were analyzed using descriptive statistics, mainly mean and
standard deviation. Mean scores were calculated for each validation domain based on ratings from
all five validators. The instrument covers three domains: pedagogical coherence (10 items), cultural
authenticity (9 items), and technological functionality (8 items). After calculating the three domain
scores, an overall composite mean was also obtained to describe the validity of the EGL-Model as a
whole. Standard deviation is included to show how much expert ratings differ from one another.
Inferential statistical tests were not used because validators were purposively selected and the
expert panel included only five people.

Validity criteria were decided before data analysis began. A mean score of at least 3.75 on a
five-point Likert scale is considered the minimum level for acceptable content and design validity
(Mumu et al., 2022; Juliani & Erita, 2023). Expert written comments and recommendations are
analyzed thematically to identify repeated issues related to pedagogy, culture, and technology
(Mackiewicz, 2018). These comments are not used to change the numerical score. Instead, they help
explain the scores and identify parts that need revision within EGL-Model v2. In this way,
quantitative results show which areas are stronger or need more attention, while qualitative
feedback explains these results and guides changes from Phase 3 toward Phase 4.

RESULTS AND DISCUSSION

EGL-Model: A Digital Ethnogeometry Framework

The main output of the study refers to the design structure presented in Figure 2. The figure
does not place theory side by side as a separate part. Instead, each has a specific role within the same
learning process. The Lampung cultural artifact becomes the material students explore. Van Hiele
theory explains the expected development of geometric reasoning. CTML helps organize visual,
verbal, symbolic, and interactive information. AR then allows students to interact with and
manipulate representations of the artifact. These roles connect through five learning stages. Cultural
artifact exploration mainly works at the visualization level because students first recognize form
through familiar cultural objects. During geometric identification, students focus on properties and
relationships, which relate to the analysis level within Van Hiele theory and are supported by CTML
principles such as signaling and spatial contiguity. Formal concept connection asks students to
compare properties, give formal names, and connect them with definitions and formulas. This stage
supports movement from analysis toward informal deduction. Cultural value reflection does not
represent a separate Van Hiele level. Instead, it keeps the cultural meaning of the artifact visible while
students consider what mathematical representations can and cannot explain. Finally, mathematical
problem solving asks students to apply and justify geometric relationships within contextual
problems. The main importance of Figure 2 is that it highlights this connection between theory and
stage. It explains how cultural context, geometric reasoning, multimedia presentation, and AR
interaction are expected to work together (Alkharusi et al,, 2019; Yuliardi & Rosjanuardi, 2021)
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Conceptual Framework of the EGL-Model

r . ) / . N
‘ Lampung Cultural Geometric Multimedia
Artifacts Thinking Theory Learning
Menara Siger, Lamban Progression of visualization, Integration of visual,
Dalom, and Tapis analysis, and informal ‘ verbal, and AR

deduction interactivity

EGL-Model

Digital Ethnogeometry

operationalized through a five-step pedagogical sequence

o Cultural Artifact e ldegllﬁcalt@rf of e Connection to o Reflection on e Application to
Exploration e Formal Concepts Cultural Values Problem Solving
Concepts

Figure 2. EGL-model: A digital Ethnogeometry Framework

Figure 2 also shows that the EGL model works as one connected learning system. The Lampung
artifact becomes the first context for students to observe geometric features such as shape,
symmetry, proportion, and transformation. These observations then develop through five learning
stages, starting with cultural artifact exploration and geometric identification and continuing to
formal concept connection, cultural value reflection, and mathematical problem solving. Van Hiele
theory guides the development of geometric reasoning across these stages. At the same time, CTML
organizes visual, verbal, and symbolic information so students can process relevant information
more effectively. AR provides an interactive part of the system. Through AR, students can inspect,
manipulate, and compare geometric properties found within cultural artifacts. Therefore, the
learning process depends on the combined work of cultural context, geometric reasoning, learning
sequence, multimedia representation, and digital interaction.

This structure also explains why AR is included in the EGL-Model. AR itself is not proof that
learning has occurred. Its role is to provide representations that support the mental and visual
activities required at each learning stage. The educational value of digital technology also depends
on how it is planned, implemented, monitored, and evaluated within the learning process (Ulfah et
al., 2026). For example, students can view an artifact from different angles, separate its geometric
parts, and compare spatial relationships. Earlier studies on AR for geometry also report the
usefulness of dynamic visualization for exploring spatial concepts (Flores-Bascufiana et al., 2020;
Rossano et al.,, 2020). Within the EGL model, these AR functions connect with cultural tasks and the
planned progression of geometric reasoning. Thus, AR helps students move from simply observing
cultural objects to understanding their formal geometric meaning.

Mapping Lampung Cultural Artifacts to Geometric Concepts

Figure 3 presents three Lampung cultural artifacts that provide different but related ways to
enter the school geometry curriculum. Menara Siger uses three-dimensional form, circles, symmetry,
and proportional relationships. Lamban Dalom connects architectural form, quadrilaterals, prisms,
symmetry, and similarity. Meanwhile, the Tapis motif shows repeated patterns that can be used to
discuss translation, reflection, rotation, dilation, tessellation, and symmetry. This mapping not only
shows that mathematical ideas can be found in local culture. More importantly, it shows that several
geometry topics can be taught through a small group of recognizable local artifacts while keeping the
cultural context connected. Artifacts can therefore be used as curriculum-related learning resources
instead of being treated as separate cultural examples (Efendi etal., 2025; Lestari etal., 2025; Loviana
etal., 2020).

Online Learning in Educational Research | 123



Online Learning in Educational Research

Marian et al. [ From Lampung Culture to Geometric...

Mapping Lampung Cultural Artifacts to Geometric Concepts

f menana { | ) i e

Geometric concepts: Geometric concepts: Geometric concepts:

Lines, angles, circles, symmetry, Trapezoids, prisms, right angles, Translations, reflections, rotations,
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proportion of sides symmetry

Curriculum alignment: Curriculum alignment: Curriculum alignment:

Three-dimensional shapes, angles, Prisms, right and obtuse angles, Geometric transformations and

and comparison and congruence symmetry

Figure 3. Mapping Lampung Cultural Artifacts to Geometric Concepts

Table 2 presents the detailed mapping between the identified geometric concepts and the
junior-secondary school curriculum.

Table 2. Mapping geometric concepts embedded in Lampung cultural artifacts to the junior secondary
school geometry curriculum

1 1 e . iculum Ali i
Cu t_ura Identified Geometric Concepts Curriculum Alignment (Junior
Artifact Secondary School)
. . . . Grade VIII: three-dimensional geometry,
Menara Square pyramid, cone, circle, vertical line .
siger symmetry, proportional relationships surface area and volume of pyramids and
! cones; Grade VII: circles and ratios
Trapezoids, triangular prisms, Grade VIII: surface area and volume of
Lamban i . .
Dalom rhombuses, rectangular bases, bilateral prisms; Grade VII: quadrilaterals and
symmetry, angular proportionality triangles; Grade IX: similarity
Translations, reflections, rotations, . .
— . . Grade IX: geometric transformations
Lampung dilations, equilateral triangle . . )
; . ; . ; (translation, reflection, rotation, and
Tapis Motifs tessellations, rotational and reflection . ..
dilation) and symmetry
symmetry

Table 2 explains how artifact-to-concept mapping can be used in the curriculum. Mapping is
not only for listing geometric forms found within Lampung culture. It can also be used to decide what
students should observe, manipulate, compare, and later express through formal mathematical
concepts. For example, learning with Menara Siger can start by asking students to observe its overall
structure. They can then identify pyramid- and cone-like parts, compare their properties, and
connect these observations to surface area and volume concepts. Lamban Dalom can help students
move between plane and solid representations while exploring proportional and similarity
relationships. Tapis motifs are especially useful for transformation activities because repeated
patterns allow students to see translation, reflection, rotation, and dilation within one cultural object.

Mapping is therefore important for more than showing the presence of geometry within
Lampung culture. It also explains how these geometric ideas can connect to curriculum content and
become organized learning activities. Within the EGL-Model, geometric features identified from
artifacts become the first material for planned reasoning processes and AR-based exploration. This
approach transforms cultural artifacts from objects described only mathematically into resources for
instructional design. Cultural context, curriculum goals, geometric reasoning, and digital interaction
are intentionally connected. Earlier studies also discuss the educational value of digital and AR
resources based on local culture. The EGL-Model adds a clearer connection between cultural
artifacts, geometry concepts, and learning stages (Gustina et al., 2025; Marian & Saputra, 2023; Sapta
etal.,, 2025).

124 | Online Learning in Educational Research



Online Learning in Educational Research
Marian et al. [ From Lampung Culture to Geometric...

AR Prototype as an Operational Representation of the EGL-Model

The prototype applies the EGL-Model through three learning modules based on selected
artifacts and one shared navigation system. Each module contains a three-dimensional model for
viewing. It combines cultural information, geometric parts, mathematical labels, and formulas,
together with image-based AR visualization of the artifact. The design starts with a familiar cultural
object and then directs students toward its geometric structure and meaning. Technical details of the
Unity environment, image-recognition system, local asset structure, device specifications, and 3D
asset development are explained within the Method section. This section instead focuses on how the
interface turns the EGL-Model into a sequence of learning representations.

Figure 4 shows the main menu, artifact selection page, cultural information page, geometry
page, and AR view for Menara Siger and Lamban Dalom, together with Lampung Tapis. The learning
sequence starts with the cultural object and then moves toward its geometric part and formal
mathematical representation. This order follows the EGL model's intended movement from cultural
artifact exploration toward geometric identification and then formal concept connection. Students
who have difficulty understanding three-dimensional geometry through formulas or fixed two-
dimensional pictures can view the same object through several representations. This allows them to
examine geometric form and spatial relationships while the object remains connected to a familiar
cultural setting. However, these features only describe what the prototype provides. They should not
be interpreted as evidence that the application improves learning outcomes. Such claims require
further classroom-based evaluation.

AR Prototype Modules for Lampung Culture-Based Geometry Learning
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Figure 4. Display of the AR prototype in Lampung Culture-Based Geometry Learning

Figure 4 provides a detailed view of the interface and learning functions included within the
AR prototype. Panel (A) shows the main menu, which gives access to the learning module, user
instructions, and other supporting information. Panel (B) shows the cultural artifact selection page,
where users can select Menara Siger, Lamban Dalom, or Lampung Tapis. Menara Siger learning
module appears within Panel (C), (G), (H), (I), and (K). Panel (C) gives an introduction to the cultural
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background of Menara Siger. Panels (G), (H), and (I) then explain geometric ideas based on its
structural parts, including the cone, circle, and square pyramid, along with their mathematical
representations. Panel (K) shows an AR view, where the user can examine Menara Siger as a three-
dimensional representation.

Lamban Dalom module appears within Panel (D), (E), (F), and (M). Panel (D) explains the
cultural meaning of the traditional house. Panels (E) and (F) then focus on the geometric forms found
within the architectural parts, especially prisms and trapezoids. A three-dimensional AR view is
shown in Panel (M), where the user can examine the structure of Lamban Dalom from different
spatial views. Lampung Tapis module is shown in Panel (J) and (L). Panel (J) explains the cultural
meaning and geometric features of the Tapis motif, including triangles, trapezoids, and rhombuses.
Panel (L) provides an AR view, allowing users to explore geometric patterns that appear within
textile design.

Three modules follow the same basic learning order. First, learners are introduced to the
cultural background of the object. Next, they examine geometric features that can be found within it.
These features then connect to formal mathematical concepts before learners explore the object
through AR. This common structure shows that the prototype does not place culture and geometry
in separate parts. Instead, cultural artifacts become the first object of observation, while the following
geometric and AR representations gradually guide learners toward mathematical properties and
spatial relationships.

The prototype shows how the EGL model can be implemented through digital representation.
However, it does not prove that AR by itself can develop higher-level geometric reasoning. Interactive
visualization becomes useful for learning when students ask to compare properties, describe
relationships, and explain why observations are correct. This idea aligns with research based on Van
Hiele theory, which explains that geometric thinking develops through the order and type of learning
experience, not simply from seeing visual representation (Muhassanah et al,, 2025; Yuliardi &
Rosjanuardi, 2021). Therefore, the next DBR cycle should examine how teachers provide scaffolding
and how structured classroom activities support the intended reasoning process.

Expert Validation Results

Five experts took part in the validation process. Their expertise covers mathematics education,
ethnomathematics, curriculum design, Lampung cultural study, together with augmented reality or
educational technology. Having experts from these different areas allows model review from
pedagogical, cultural, and technological perspectives. The validation instrument contains 27 items
divided into three domains: pedagogical coherence, cultural authenticity, and technological
functionality. These areas were chosen based on common principles for evaluating educational
products, especially those related to design quality, content relevance, and implementation
feasibility. The results of expert validation are presented in Table 3.

Table 3. Expert Validation Scores

Pedagogical = Cultural Technological Composite

Validator - Area of Expertise Coherence Authenticity Functionality Score Category
Mathematics Highly
V1 Education 4.20 4.30 4.20 4.23 Valid
V2 Ethnomathematics 410 4.20 4.10 4.13 Highly
Valid
V3 Curriculum Design 4.30 4.40 4.30 4.33 Ii,‘fl}i‘ily
Lampung Cultural Highly
V4 Studies 4.00 4.30 4.15 4.15 Valid
Augmented Hichl
V5 Reality/Educational 4.30 4.15 4.20 4.22 s1Y
Valid
Technology
Highly
Mean 4.18 4.27 4.19 4.21 .
Valid

126 | Online Learning in Educational Research



Online Learning in Educational Research

Marian et al. | From Lampung Culture to Geometric...

Table 3 shows that the composite score from the five validators ranges between 4.13 and 4.33.
After the arithmetic mean for V4 was corrected from 4.14 to 4.15, the overall composite score
remained 4.21/5.00. Based on an a priori criterion of mean score 2 3.75, the EGL model is classified
as highly valid at the formative design stage. Table 4 also shows that the difference between validator
ratings remains small, with SD values of 0.07- 0.13 across the three domains and an overall composite
SD of 0.08. This means that the high average score is not caused by one validator giving an unusually
high rating. Still, findings should be understood within their limited purpose. Experts consider the
design criteria strongly represented within the current framework and proof of concept. Still, these
scores do not show whether the prototype is easy to use or whether it improves learning.

Cultural authenticity obtained the highest score, with M = 4.27 and SD = 0.10. One reason may
be that the prototype uses Lampung cultural artifacts that have already been discussed within
ethnomathematics studies. The prototype also keeps cultural narrative instead of changing the object
into a general geometric example (Efendi et al., 2025; Marian & Saputra, 2023; Susiana et al., 2020).
Even with a strong rating, cultural experts suggest that meanings related to cooperation, humility,
and social cohesion should be explained more clearly. Pedagogical coherence has a slightly lower
mean of 4.18 with SD = 0.13. The lower score is not because the model has no learning sequence.
Rather, experts want the connection between cultural exploration, geometric analysis, formalization,
and problem solving to become clearer. This issue is important when viewed through Van Hiele
theory because geometric reasoning develops through properly ordered learning experiences. CTML
also stresses that multimedia elements should be organized for clear learning purposes instead of
simply being included within the material (Mayer, 2009; Yuliardi & Rosjanuardi, 2021).
Technological functionality received M = 4.19 and SD = 0.07. However, AR experts still point out
issues related to navigation, label readability, and performance on mid-range devices. This shows
that expert validation cannot replace usability testing with actual users.

Table 4. Domain-Level Expert Validation Summary (n=5)

Mean Score

Validation Domain Number Across Five SD across Category
of Items validator
Experts

Pedagogical Coherence (alignment with Van Hichl
Hiele theory, CTML principles, and learning 10 4.18 0.13 Vglidy
progression)
Cultural  Authenticity = (accuracy  of
ethnomathematical content, fidelity to 9 427 0.10 Highly
Lampung cultural heritage, and ' ' Valid
philosophical integration)
Expert-Perceived Technological
Functionality (AR performance, expert- 8 419 0.07 Highly
perceived  interface clarity, offline ' ' Valid
accessibility, and interactivity)

. Highly
Overall Composite Score 27 4.21 0.08 Valid

Table 5 gives more explanation for the score report in Tables 3 and 4. The high cultural-
authenticity score is supported by a comment saying that the selected artifact is appropriate. At the
same time, the expert asks for a deeper explanation of the cultural meaning. The pedagogical score
is somewhat lower, and comments mainly ask for a clearer explanation of the five stages and their
connection with learning outcomes. The technological score is also high, but the expert still suggests
improvements in navigation, readability, and device compatibility. Therefore, qualitative comments
do not disagree with the quantitative results. Instead, they show which parts still need attention even
though the overall rating is high. This combination of numerical and qualitative evidence is important
within formative DBR because high validation scores do not mean the design should stop being
revised.
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Table 5. Summary of Expert Feedback

Summary of Feedback

. . Focus of
Validator  Area of Expertise Feedback
Vi Mathematics Pedagogical
Education coherence
V2 Ethnomathematics . Cultur:fll
integration
V3 Curriculum Design . Instructlongl
implementation
Va Lampung Cultural Cultural
Studies authenticity
Augmented ;
V5 Reality /Educational Tei};;lgﬁ)iglcal
Technology v

The EGL-Model demonstrates a clear
conceptual structure; however, the connections
between cultural artifact exploration and
geometry learning outcomes require further
clarification.

The selection of Menara Siger, Lamban Dalom,
and Tapis motifs is appropriate as a source of
geometric concepts; however, the cultural
narratives should be enriched to ensure that
they function as meaningful learning resources
rather than merely visual contexts.

The implementation stages of the framework
should be described more explicitly to facilitate
classroom application by teachers.

Greater attention should be given to preserving
the philosophical meanings embedded in
Lampung culture, particularly those related to
cooperation, humility, and social cohesion.

The AR prototype is suitable as a proof of
concept; however, improvements in navigation,
label readability, and usability on mid-range
devices are recommended.

The revision process was documented as an evidence-to-design chain rather than as a general
statement that the model was simply “improved.” Table 6 summarizes the main changes from EGL-
Model v1 to EGL-Model v2. The most substantial revisions concerned the pedagogical structure.
Although EGL-Model v1 already contained the major theoretical components, the purposes of each
stage and the transitions between stages required further clarification. EGL-Model v2 therefore
refined the description of each stage and strengthened its relationship with Van Hiele’s geometric
reasoning and CTML principles. Cultural revisions focused on distinguishing the use of cultural
artifacts as mere visual examples from their use as sources of mathematical and cultural meaning.
Technological revisions addressed navigation and label presentation while maintaining offline
accessibility. Together, these revisions directly responded to the aspects identified by the expert

panel as requiring further development.

Table 6. Traceability from Expert Feedback to EGL-Model v2 Revisions

Design issue

Evidence from

Revision decision

Change in EGL-Model v2

identified validation
. Comments from V1
The links between .
. . and V3; pedagogical
instructional stages -
. coherence obtained
required further :
r the lowest domain
clarification

Cultural content risked
being used mainly as a
visual context

mean (M = 4.18)

Comments from V2
and V4, despite
cultural authenticity
receiving the highest
domain mean (M =
4.27)

Clarify the
instructional
purpose of each stage
and strengthen the
transition from one
stage to the next

Strengthen cultural
narratives and the
role of cultural value
reflection

The five-stage sequence was
refined as a coherent
reasoning pathway from
cultural artifact exploration
to contextual mathematical
problem solving

Cultural meaning  was
incorporated into both the
exploration and reflection
stages so that the artifacts
function as sources of
mathematical and cultural
meaning rather than as
introductory illustrations
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Design issue

Evidence from

Revision decision

Change in EGL-Model v2

identified validation
Strengthen the .
) 1Ehen The artifact-to-concept
The connection relationship among . .
. mapping was linked more
between cultural artifact features, . o
. o i closely to learning activities
representations and Qualitative feedback geometric .
: . that guide students from
formal geometric fromV1andV3 properties,  formal . .
. observation and comparison
concepts required concepts, and ,
e . toward mathematical
further clarification problem-solving N
A formalization.
activities.
Improve interface Navigation and label
Navigation and label o clari while presentation were
gat . Qualitative feedback .ty' . p . .
readability  required from V5 maintaining the reorganized, while local
refinement. proof-of-concept storage and offline access

The available evidence
did not yet justify
claims about classroom
usability or
instructional
effectiveness

Interpretation across
the validation results
and the scope of the
study

scope

Limit the conclusions
to expert-based
content and design
validity

were retained

The conclusion and
implications were revised to
distinguish proof-of-concept
validity = from  usability,
classroom practicality, and
instructional effectiveness

Overall, findings describe a framework that receives strong expert ratings while still having
several areas for further development. Earlier AR-based ethnomathematics studies often focus on
media development, cultural object exploration, or needs analysis. EGL-Model adds a clearer
instructional structure by connecting cultural content, geometric reasoning, multimedia design, and
AR interaction, together with offline access (Gustina et al., 2025; Richardo et al., 2023; Umri et al,,
2025). Its novelty, therefore, should be understood as a contribution at the design level. The study
does not show that EGL-Model is better than other existing approaches. Such a claim requires
classroom comparison and user-based testing.

Implications for Research and Practice

From a research perspective, EGL-Model provides a design proposition that can be tested
within the next DBR cycle. Future research can examine whether teachers and students follow the
five-stage sequence as planned. It can also investigate whether students actually develop from visual
recognition toward analysis and informal deduction—another question concerns which AR
interactions help this development and which ones may distract learners. Since the model clearly
connects artifacts, geometric concepts, reasoning stages, and multimedia representations, together
with interaction, future studies can also examine each design element separately instead of treating
the entire AR application as a single intervention.

For teachers and curriculum developers, artifact-to-concept mapping provides one possible
way to use local cultural heritage within geometry learning. Cultural objects can become a source for
geometry activities instead of being added only as illustrations after the mathematical concept has
already been taught. The five-stage sequence can also be used to organize lessons from cultural
exploration, through formalization, and toward problem solving. In addition, CTML-based
organization may help teachers avoid adding visual or verbal information that is not needed. For
schools where internet access is limited, offline-first design may also become useful. However, its
practical usefulness still needs to be checked on different devices and under actual school conditions
(Lestari et al., 2025; Sapta et al., 2025).

This implication should still be considered preliminary. Current findings only support expert
judgment about coherence, authenticity, and initial technical feasibility. A decision about wider
adoption, therefore, should be made after additional testing. Teacher and student usability,
implementation fidelity, and classroom outcomes need to be examined first. Future classroom study
should also look toward geometric understanding, spatial reasoning, engagement, together with
equal access across different school settings.
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LIMITATIONS

Four main limitations should be considered. First, validation involves only five purposively
selected experts. Therefore, findings represent expert-based content and design validity and cannot
be treated as broadly generalizable results. Second, teachers and students are not involved in
usability testing. The study does not use the System Usability Scale (SUS), task-completion tests, or
user-satisfaction measures. Third, internal technical checks do not produce systematic performance
data from a wide enough range of devices and school environments. Fourth, there is no classroom
implementation and no measurement of geometric understanding, spatial reasoning, motivation,
engagement, or implementation fidelity. The prototype also uses only three Lampung cultural
artifacts, which limits the current model in terms of cultural coverage and curriculum coverage.

Future studies should first involve teachers and students in user-centered usability testing.
This can include SUS assessment, observation of task completion, together with interviews about
navigation and cognitive load. After this stage, pilot and field studies can examine whether the model
is implemented as planned. Researchers can also compare EGL-Model-supported learning with
conventional geometry instruction through experimental, quasi-experimental, or mixed-methods
approaches. More studies are also needed in rural, urban, and inclusive classrooms. Adding other
Lampung cultural artifacts would further help determine whether the model can transfer to different
settings and whether it can produce meaningful educational results.

CONCLUSION

This study develops and validates the EGL model as a framework that combines Lampung
ethnomathematics with Augmented Reality (AR) for geometry learning. The model brings together
Lampung cultural artifacts, formal geometry concepts, AR visualization, and cultural narratives,
together with a five-stage learning sequence. Through this structure, the geometry learning design
has a stronger connection with local culture while also providing a visual and interactive learning
experience. Expert validation produced an overall mean of 4.21 out of 5.00, placing the EGL-Model
within the highly valid category across pedagogical, cultural, and technological domains. The score
suggests that experts find the framework conceptually coherent, culturally appropriate, and
technically feasible at the initial development stage. AR prototype also works as a proof of concept
for three-dimensional visualization. It allows users to interact with Lampung cultural artifacts and
examine geometric concepts connected to them. However, these findings do not yet show that the
prototype is easy for teachers or students to use, practical in a real classroom, or effective for
improving learning outcomes.

Although the results are encouraging, this study only reaches the stage of expert validation and
prototype testing. The EGL-Model has not yet been tested in a real classroom situation. Because of
this, its effect on students' geometric understanding, spatial reasoning, learning motivation, and
engagement remains unknown. These outcomes need to be examined in future studies. Future
research should test the EGL model within more diverse educational settings, including rural schools
and inclusive classrooms. Researchers can also compare geometry learning support by AR and
ethnomathematics with conventional geometry instruction. Experimental, quasi-experimental, or
mixed-method approaches may be used to provide stronger evidence about the educational
effectiveness of the framework.
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