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Abstract

Students often struggle to express mathematical ideas through multiple external representations,
particularly when learning polyhedral geometry that requires coordination of visual, verbal, and
symbolic forms. This study aims to design a project-based learning worksheet and examine its validity
and feasibility through the Geometrocity project. In this activity, students construct a miniature city as
a contextual medium to explore geometric concepts while engaging with structured representational
tasks. The study follows the ADDIE development framework and is limited to the development stage.
The focus lies on producing a valid and feasible learning tool rather than measuring classroom
effectiveness. Two material experts and one media expert evaluated the worksheet using validation
instruments that assess content accuracy, language clarity, instructional presentation, and graphical
design. Quantitative ratings were analyzed using descriptive statistics, while qualitative feedback
supported iterative product revisions. The results indicate that the Geometrocity worksheet achieved
high validity scores across all assessed aspects and met the criteria for feasibility. These findings suggest
that the worksheet is suitable for use in further implementation studies. This study contributes a project-
based worksheet that integrates structured representational activities within contextual geometry tasks.
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INTRODUCTION

Mathematics education in junior high school plays an essential role in strengthening students’
numeracy literacy and supporting their ability to interpret mathematical ideas across diverse contexts
(Kolar & Hodnik, 2021). Effective mathematics learning extends beyond procedural competence and
requires students to understand, communicate, and apply mathematical concepts in real situations
(Siswantari et al., 2025). One key component that supports this process is representational ability,
particularly external representation. External representation refers to the expression of mathematical
ideas through diagrams, graphs, symbols, models, and written explanations (Ahmad et al., 2023; Duval,
2006). These representations enable learners to articulate reasoning processes and communicate
mathematical thinking in a clear and structured manner (Abrahamson et al., 2020). Moreover, external
representations function as cognitive tools that transform abstract concepts into forms that are more
concrete and accessible for learners (Dreher et al., 2024).

From a theoretical perspective, Duval’s theory of semiotic representation registers highlights that
mathematical understanding emerges through the coordination of multiple forms of representation.
According to this framework, conceptual learning requires students to translate and connect visual,
symbolic, and verbal representations. Difficulties in shifting between these representational registers
may limit students’ conceptual development and restrict their ability to construct meaning from
mathematical ideas (Uegatani et al., 2024). This perspective suggests that instructional design should
deliberately provide opportunities for students to engage with and coordinate multiple representations
during learning activities (Desai et al., 2021).

Despite its importance, many studies report persistent difficulties among students in constructing
and using appropriate representations during problem solving. Kohen & Orenstein (2021) found that
students frequently struggle to model real-world objects or produce accurate diagrams when solving
mathematical tasks. Similar difficulties appear in symbolic reasoning, particularly when students must
formulate mathematical expressions from contextual problems (Hidayat & Mawaddah, 2023). Hughes,
Riccomini, & Lee (2020) also reported that students often encounter challenges when communicating
mathematical reasoning using symbols or written explanations. Recent research further indicates that
representational barriers remain common among lower secondary students, especially when they must
transition between symbolic and visual representations in geometry and modeling tasks (Hatisaru,
2020).

These challenges align with broader findings showing that junior high school students tend to rely
heavily on procedural strategies rather than constructing conceptual understanding through multiple
representations. Such tendencies often result in weak performance when students encounter contextual
or non-routine problems (Ahmar & Soro, 2023; Kablan & Ugur, 2020). In addition, several studies have
highlighted limitations in existing instructional materials. Many student worksheets emphasize
procedural exercises but rarely provide explicit opportunities for students to develop visual, symbolic,
and verbal representations simultaneously. Astuti et al., (2022) observed that worksheets frequently fail
to guide students in constructing representations systematically. Similar conclusions were reported by
Gradini & Susanti (2022) as well as Sukmaningthias et al., (2022) who noted that the absence of
representational scaffolding often leads to fragmented conceptual understanding.

Empirical evidence from a diagnostic test conducted in this study confirms these findings. Results
from ninth-grade students show relatively higher performance on visual representation tasks (69.4%)
compared with tasks that require verbal explanations (33.3%) and symbolic expressions (40.3%). These
results indicate that students are more comfortable interpreting visual forms but encounter difficulties
when they must articulate reasoning or express ideas symbolically. Similar patterns have been reported
in broader educational contexts, where limited opportunities to externalize mathematical reasoning often
led students to rely on superficial procedural approaches (Magana et al., 2024). These findings highlight
the need for instructional innovations that deliberately support the development of multiple
representations.

Contextual learning environments have shown potential to improve students’ reasoning and
engagement in mathematics. Marhamah et al., (2024) reported that contextual problem situations
enhance students’ reasoning processes, while Susanti et al., (2024) identified improvements in
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motivation and conceptual understanding when learning activities incorporate real-life contexts.
However, research also indicates that contextualization alone does not guarantee deep conceptual
learning. Cai & Gu (2022) argue that visual tools without explicit representational integration may fail
to support meaningful understanding. Therefore, contextual tasks must be combined with structured
representational activities to support conceptual development. Recent innovations also emphasize the
role of local contexts in strengthening reasoning processes by connecting mathematical ideas with
students’ real-life experiences (Nusantara et al., 2025).

Project-Based Learning (PjBL) provides a promising pedagogical approach to address these
challenges. This model engages students in meaningful learning through authentic tasks and
collaborative problem solving (Chang et al., 2024; Kokotsaki et al., 2016). Recent studies show that
PjBL can enhance student autonomy, engagement, and higher-order thinking skills (Himmi et al., 2025;
Yang et al., 2022). Additional research also reports improvements in creative problem solving (Loyens,
van Meerten, Schaap, & Wijnia, 2023), scientific creativity (Markula & Aksela, 2022), and student
motivation (Maros, Korenkova, Fila, Levicky, & Schoberova, 2023). Within project-based
environments, students often interact with multiple forms of representation when designing solutions,
constructing models, and communicating ideas. Pramasdyahsari, Setyawati, Wardani, Fenyvesi, & Jusni
(2025) demonstrated that project-based tasks can facilitate representational coordination, while Magana
et al. (2024) and Song et al., (2024) reported improvements in representational reasoning through
design-oriented projects. Similar findings were documented in geometry learning contexts (Zakelj &
Klancar, 2022).

Research on PjBL-based instructional materials has also expanded in recent years. Project-based
worksheets have been shown to enhance student engagement and learning autonomy (Gonzalez-
Ramirez & Garcia-Hernandez, 2022). Contextualized worksheets further support meaningful learning
by connecting mathematical tasks with students’ everyday experiences (LOpez & Palacios, 2024).
Sudianto et al., (2023) report improvements in mathematical literacy among pre-service teachers and
enhanced critical thinking among junior high school students (Kemdikbudristek, 2023). Nevertheless,
most existing studies primarily focus on general outcomes such as student participation, motivation, or
collaboration. Few investigations explicitly examine how PjBL-based worksheets can support the
development of students’ external representation skills.

This limitation indicates a significant research gap. Instructional materials that intentionally
integrate structured scaffolds for visual, symbolic, and verbal representations within project-based
learning remain limited, particularly in the context of geometry learning at the junior high school level.
Addressing this gap requires the development of learning materials that combine contextual project
activities with explicit representational guidance.

Responding to this need, the present study introduces the Geometrocity Project, a project-based
worksheet designed to foster students’ external representation skills in geometry. In this project, students
construct a miniature city by creating two-dimensional plans, developing three-dimensional models,
performing symbolic calculations, and providing written explanations of geometric concepts. The
worksheet integrates representational scaffolds based on semiotic representation theory, ensuring that
representational processes are embedded systematically within the project activities.

Previous studies have demonstrated the potential of project-based learning to enhance higher-
order thinking and mathematical communication Yanto et al., (2020) while recent design-oriented
innovations such as pocketbook and augmented reality media have also shown potential to strengthen
conceptual and creative thinking in mathematics (Nusantara et al., 2025). However, research that
specifically integrates representational scaffolds within PjBL-based worksheets for geometry learning
remains limited. Therefore, this study offers a novel contribution by designing and evaluating a project-
based worksheet that explicitly targets the development of students’ external mathematical
representations.

Accordingly, this study aims to design and examine the validity and feasibility of a PjBL
worksheet, the Geometrocity Project, to support junior high school students’ external representation
skills in geometry. The study contributes theoretically by demonstrating how project-based learning can
be structured to strengthen representational processes in mathematics education. Practically, it provides
a validated instructional tool that addresses students documented difficulties in coordinating multiple
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representations. In a broader perspective, this research also supports the goals of Sustainable
Development Goal (SDG) 4: Quality Education, particularly in promoting inclusive and high-quality
learning resources that strengthen numeracy literacy and critical thinking skills among secondary school
students.

METHOD

This study employed a research and development (R&D) approach to design and validate a
Project-Based Learning (PjBL) student worksheet. The development process followed the ADDIE
framework, which includes five stages: analysis, design, development, implementation, and evaluation
(Branch, 2009; Plomp & Nieveen, 2014).

The present study focused on the first three stages: analysis, design, and development. This scope
aligns with the objective of producing a valid and feasible instructional product before conducting large-
scale classroom implementation. Limiting development studies to the early stages of ADDIE is common
in educational research when the main goal is to ensure product validity through expert review prior to
field testing (Creswell & Creswell, 2018; Sari et al., 2024). The product developed in this study was a
Project-Based Learning worksheet entitled The Geometrocity Project, designed to support junior high
school students’ external mathematical representation skills in learning polyhedral geometry.

The research was conducted at a public junior high school in Jambi City, Indonesia. Two groups
of participants were involved. First, expert validation involved two validators: one mathematics
education expert and one instructional media expert. Both were selected purposively based on the
following criteria: holding at least a master’s degree in mathematics education or educational
technology, having a minimum of five years of professional experience, and possessing prior experience
in evaluating instructional materials. Second, practicality testing involved 32 ninth-grade students and
one mathematics teacher who used the worksheet during regular classroom learning.

The development procedure followed three stages of the ADDIE model: analysis, design, and
development. This procedure provided a systematic framework for designing and refining the
instructional material. The overall research workflow is presented in Figure 1.

Analysis Stage

Literature review mathematica

e g
RESEARCH :
seeeteears, -
PROCESS s it Design Stage
: H Design of the PjBL-based worksheet
H ".’ Geometrocity project), learning objectives
I project v sessment instrument
ext epr r r
Development Stage
Dev yment of the Gex ity she
"""" > fol rt val d r
ba jator feed
ith Grad
""" » \ir lity of the
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Evaluation Stage
Evaluation of the development results to
sesl jetermine th bilit i bil fth

> fe d u
rksheet and to inform further refinement

Figure 1. Research Procedure based on the ADDIE development model
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As shown in Figure 1, the research process began with the analysis stage to identify instructional
needs and examine students’ difficulties in external mathematical representation. The findings from this
stage served as the basis for determining learning objectives and designing the structure of the worksheet
and project activities. The subsequent design stage focused on organizing the learning tasks according
to the Project-Based Learning framework. Finally, the development stage involved producing the initial
worksheet prototype, conducting expert validation, and revising the material before limited classroom
implementation. The detailed procedures undertaken in each stage are described as follows.

Analysis Stage

This stage aimed to identify instructional needs through curriculum analysis, examination of
student characteristics, and a diagnostic assessment of students’ external representation skills. The
diagnostic test consisted of three items measuring visual, verbal, and symbolic representations. The
results indicated that students performed better on visual tasks but experienced difficulties expressing
mathematical ideas verbally and symbolically. These findings informed the formulation of learning
objectives and representational scaffolding within the worksheet.

Design Stage

The worksheet structure was designed according to the Project-Based Learning syntax,
including driving questions, project planning, scheduling, monitoring, testing results, and reflection
(Kemdikbudristek, 2023). Each project activity required students to express mathematical ideas through
drawings, physical models, symbolic calculations, and written explanations. This design aimed to
promote coordination between visual, symbolic, and verbal representations, which is essential for
conceptual understanding in mathematics learning (Pramasdyahsari et al., 2025; Song et al., 2024).
Development Stage

During this stage, the initial worksheet prototype was produced and evaluated through expert
validation and practicality testing. Experts assessed the quality of the worksheet prior to classroom use.
After revision, the worksheet was implemented in a small-scale classroom setting to evaluate its
usability.

Two instruments were used to collect data: validation questionnaires and practicality
questionnaires. The validation questionnaire was completed by expert validators to assess four aspects
of the worksheet: content accuracy, language clarity, instructional presentation, and graphical design
(Nurhayati et al., 2022). Each indicator was rated using a five-point Likert scale ranging from 1 (very
poor) to 5 (very good). The practicality questionnaire was administered to students and the mathematics
teacher after using the worksheet. The instrument evaluated ease of use, clarity of instructions,
usefulness for learning, and student engagement. Open-ended questions were also included in both
instruments to obtain qualitative feedback for product revision.

Quantitative data obtained from the validation questionnaires were analyzed using descriptive
statistics. The validity score was calculated by converting the obtained score into a percentage of the
maximum possible score using the following formula:

V=22 100%
where V represents the validity index, ). s is the total score obtained, and N is the maximum possible
score. The resulting percentage was then interpreted using the validation criteria presented in Table 1.

Table 1. Validation Criteria for the Geometrocity PjBL Worksheet

Validity Level Validity Criteria
85,01% Very valid, or can be used without revision
—100,00%

70,01% — 85,00% Quite valid, or can be used with minor revisions

50,01% — 70,00% Less valid, or not recommended for use because major revisions are
required

01,00% — 50,00% Invalid, or should not be used

Table 1 presents the validity criteria used to interpret the validation results. A score above 70%
indicates that the material is at minimum quite valid and suitable for use with minor revisions.
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Similarly, the practicality score was calculated by converting the total score obtained from
students and the teacher into a percentage using the following formula:

P =22 100%
where P represents the practicality index, }; sthe total score obtained from the respondents, and N is the
maximum possible score. The resulting percentage was interpreted according to the practicality criteria
presented in Table 2.

Table 2. Practical Criteria for the Geometrocity PjBL Worksheet
Validity Level Validity Criteria
81% < P <100% Very practical or usable without modification
61% < P <81% Quite practical, usable, needs minor improvements
41% < P < 61% Not very practical, not recommended for use
21% < P <41% Not practical or not allowed to be used
0% < P <21% Veryimpractical, unusable

Table 2 presents the practical criteria used to evaluate teacher and student responses. A score of
81% or above indicates that the worksheet is very practical and can be used without modification.
The resulting percentages were interpreted using criteria adapted from (Akbar, 2013). Qualitative
feedback from experts, teachers, and students was analyzed thematically and used to revise the
worksheet prototype.

RESULTS
Analysis

The analysis phase examined instructional needs through curriculum analysis, student
characteristics, and the initial condition of students’ external representation skills. Curriculum analysis
was conducted to ensure that the instructional material aligns with the learning outcomes specified in
the merdeka curriculum for junior high school geometry. this process involved identifying the relevant
learning outcomes and translating them into more operational learning objective flow that could guide
the design of the project-based worksheet. The results of the curriculum mapping are summarized in
Table 3.

Table 3. Alignment of Learning Outcomes and Learning Objective Flow for Polyhedral Geometry

Curriculum Relevance to the Study
Component
Curriculum Students are expected to understand two- and three-dimensional

Learning Outcomes  geometric concepts and perform calculations involving perimeter, area,
surface area, and volume. The curriculum also emphasizes the use of
visual representations to solve contextual mathematical problems.

Learning Objective Learning activities guide students to construct, draw, and calculate

Flow geometric objects within real-world contexts, such as the Geometrocity
project. Students are also encouraged to communicate their solutions
through multiple forms of representation, including visual models,
symbolic calculations, and written explanations.

As shown in Table 3, the curriculum emphasizes not only conceptual understanding of
polyhedral geometry but also the ability to express mathematical ideas through different forms of
representation. These competencies provide a foundation for designing learning activities that integrate
visual modeling, symbolic reasoning, and verbal explanation within project-based tasks.

Following the curriculum analysis, a diagnostic test was administered to examine students’
initial external representation skills. The test consisted of three items representing visual, verbal, and
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symbolic or mathematical expression indicators and was given to nine ninth-grade students. Student
responses were evaluated using an analytic rubric that assessed accuracy, completeness, and clarity of
representation. The results indicate that students achieved an average score of 69.4% for visual
representation, while lower scores were obtained for verbal representation (33.3%) and symbolic
representation (40.3%). These findings suggest that students are relatively capable of illustrating
geometric objects visually but encounter substantial difficulty when expressing mathematical ideas
through written explanations and symbolic formulations (Hatisaru, 2020).

Given the limited number of participants (n = 9), these findings are not intended to provide
statistical generalization but rather to serve as a preliminary needs assessment for guiding product
development. Nevertheless, the pattern of representation difficulties is consistent with previous
international studies. According to Duval (2006), students frequently struggle to coordinate
transformations between semiotic representation registers, particularly when translating visual
information into symbolic form. Similarly, Dreher et al. (2024) report that representational reasoning
develops slowly when instructional tasks do not explicitly require students to transform ideas across
multiple representational forms (Lockwood & Ellis, 2022).

Based on these findings, the Project-Based Learning approach was selected as the instructional
framework for the worksheet. Project-based environments provide opportunities for students to
construct authentic products through collaborative investigation and reflection (Leow & Neo, 2023).
Previous research has demonstrated that such environments can strengthen students’ representational
communication and conceptual understanding in mathematics learning (Markula & Aksela, 2022; Song
et al., 2024). Therefore, the results of the analysis phase provide both empirical and theoretical
justification for developing a PjBL-based worksheet that facilitates visual, verbal, and symbolic
representations in spatial geometry learning.

Design

The design stage generated the initial form of the Project-Based Learning worksheet
(Geometrocity), which was structured to align with the characteristics of junior high school learners and
the geometry learning outcomes in the Merdeka Curriculum. Rather than merely providing tasks, the
worksheet was intentionally designed to facilitate the development of students’ external representation
skills. This orientation shaped the selection of learning flow, activities, and visual, verbal, symbolic
prompts embedded throughout the worksheet. The preliminary version of the Geometrocity worksheet
developed during this stage can be accessed through the following link:
https://bit.ly/Geometrocity\Worksheet.

The resulting design consists of four main components: (1) an introductory section that guides
students on how to navigate the project; (2) project activity sheets aligned with the PjBL syntax adopted
from the Ministry of Education and Culture’s model as cited in Kemdikbudristek (2023) including
driving questions, project planning, scheduling, monitoring, product preparation, and reflection; (3)
explicit representation tasks prompting students to draw geometric nets and 3D models, explain them
verbally, and translate them into mathematical expressions; and (4) a reflection section where students
evaluate their work and reasoning. Each project stage was structured to encourage active knowledge
construction through model-building, discussion, validation of ideas, and written communication
reflecting the principles of PjBL in supporting deeper conceptual understanding (Markula & Aksela,
2022; Song et al., 2024; Wu, 2024).

Unlike the procedural worksheets commonly used in mathematics classes, the Geometrocity
design emphasizes guided exploration and representation. Space is provided for students to sketch
models, write explanations, and represent dimensions symbolically, allowing smooth transitions across
visual, verbal, and symbolic forms of external representation (Abrahamson et al., 2020). This approach
is consistent with Duval (2006) theory that conceptual understanding in mathematics requires
coordination between semiotic representation registers. The design also adheres to established
instructional design principles such as clarity of visual layout, consistency of symbols, and minimization
of unnecessary decorative elements to ensure readability and cognitive efficiency during problem-
solving.
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Overall, the design phase successfully produced a structured and representation-oriented
worksheet ready for expert validation. The organization of activities and prompts is intended to support
not only product completion in PjBL but also the process of expressing mathematical meaning through
multiple representational forms, as recommended in recent studies on mathematics learning materials
that foster external representation (Dreher et al., 2024; Lopez & Palacios, 2024).

Development

The development phase aimed to finalize the Geometrocity Project-Based Learning (PjBL)
worksheet through expert validation and iterative revision (Shakeel, Al Mamun, & Haolader, 2023).
Two experts participated in the validation process: a mathematics education expert who evaluated the
accuracy and relevance of the learning content, and a media design expert who assessed visual
presentation, layout consistency, and readability. Both experts used a five-point Likert scale to evaluate
the worksheet. The validation results are summarized in Table 4.

Table 4. Material and Media Expert Validation Results

No Assessed Aspect  Validator 1 Validator 2 Average Category

1 Content 80 % 81 % 80,5 % Valid

2 Design (Media) 86,67 % 85 % 85,83 % Very Valid
Overall average 83,17 % Very Valid

As shown in Table 4, the worksheet obtained an overall validity score of 83.17%, indicating
that the instructional content, language clarity, activity sequence, and visual presentation meet the
feasibility standards for instructional materials. The design aspect received a slightly higher score than
the content aspect, suggesting strong alignment between graphical presentation and pedagogical
objectives. Comparable validity levels have been reported in previous studies on PjBL-based
instructional materials, which highlight the role of clear visual design and contextual tasks in supporting
effective mathematics learning(Nusantara, Pasaribu, et al., 2025).

Despite the high validity score, the validators provided constructive recommendations for
refinement, particularly simplifying complex instructions, improving layout proportionality, and adding
a reflection component. These suggestions were incorporated to ensure that the worksheet supports not
only content mastery but also accessibility and ease of implementation for teachers and students.
Following the expert validation results, several revisions were made to improve the clarity, instructional
quality, and visual organization of the PjBL-based Geometrocity worksheet. The details of each revision
are presented sequentially in Figures 2 through 9.
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| Figure 2. Improvement of Visuél Layout and Proportionality (Before vs. After)

The first revision focused on increasing the visual proportionality and readability of the cover
page. In the before version, the font size hierarchy, spatial margins, and image placement were
inconsistent, which risked distracting students. In the after version, a more balanced layout was applied
by standardizing title typography, centralizing the geometric project icon, and adjusting color contrast
to improve accessibility for students. These changes were intended to support student engagement and
reduce visual load while maintaining the identity of the Geometrocity project. The revised learning
objective layout is illustrated in Figure 3.

Activity 2 Activity 2
Designing Cities Building the City

Now, betors we start working on the project. fill in the table below to test bow, after you have filled
your memory of spatial shopes.

=

Spatial Name of
Many Many
No. Construction Building sides Ribs
Image Space Spatial N
No. [~ truction Fislds The fields
1 Image
L
7
N [—‘
- A AR
L

S
Figure 3. Refinement of Learning Objectives and Concept Focus (Before vs. After)
The second revision addressed the clarity and flow of the learning objectives related to nets of

polyhedra. Initially, the objectives combined conceptual and procedural elements in a way that could
overwhelm students. The revised version reorganizes the statements into a gradual progression from
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identifying polyhedron attributes to constructing nets enabling students to understand the expectations
of the lesson more intuitively. This restructuring supports a more coherent learning pathway. The
alignment improvement is shown in Figure 4.

Activity 2 Activity 2
Designing Cities Building a City
~ -
From the previous table, you have begun to remember the existing p z
spatial structures. Now, try to imagine what spatial structures will be Alright, once you have determined the spatial structure that suits the
formed from each of the buildings you have designed previously. Fill building you are designing, we will then create a spatial structure grid
in your answers in the table balow. according to the building you are designing

Can you create a spatial structure grid according to the building
you are designing?

No. Building Name of Building | )
Space ——— —_—

Draw the nets of the solid figures according to the structures you
have designed in this column.

L
o Memeat SO g of it

2 g Building 9 9

Space

Figure 4. Strengthening Alignment Between Objectives and Activity Design (Before vs. After)

In the third revision, the alignment between learning objectives and activity tasks was made
explicit. In the before version, the connection between activity steps and intended learning outcomes
was not clearly visible to students. The after version links each activity directly to targeted indicators of
external representation, helping students understand how every project task contributes to building
visual, verbal, and symbolic mathematical reasoning. The revised sequencing is displayed in Figure 5.
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Activity 2 Activity 2
Urban Design Building a City

you

—_—

L._ — — ___J Calculate the area of each flat surface on the nets you have
X i ) made, Then add up the total area of afl the fiat surfaces.

Let's test whether you can really make spoticl nets. Draw spatiol

Pets accarding 1o the BUInGs you have designed in this calumn.

No.  Nomeol g areaof each fiat surface Soa
Buiiding area

Figure 5. Integration of Polyhedron Analysis Before Net Construction (Before vs. After)

The fourth revision focused on mathematical sequencing. The earlier version positioned the
construction of nets without sufficient preliminary analysis of polyhedron components. In the revised
version, students first identify faces, edges, and vertices, and only then proceed to construct nets. This
modification ensures that net construction is grounded in conceptual understanding rather than trial-and-
error. The revised net construction sequence is shown in Figure 6.

Activity 3 Activity 2
Presenting the Project Building the City

DRAWING UP A PROJECT PLAN DRAWING UP A PROJECT PLAN ;

-
~
Before you present your miniature city, let's first calculate the
Sul e area and volume of your buildings.

Do you still remember the formulas for surface area and volume
of solid figures?

Now you know the total area of all the fields that make up your
bullding and the surface area and velume of your bullding.
Enter all the dota you have obtained into the table below.

| nome of ot ot o
Home of Suilding Building e Surface Area Voume
spac

write in the toble below the nome of the solid shape that
corresponds to your structure and the formula for its surface
area and volurme.
Nome of
No. Building Surface Area Velume
Spoce

Now that you have filled in the table, what can you conclude

about the total area of all the fields that moke up your building

. and the surfece areo of your building.
. 1
! |
- |
| J

Figure 6. Reinforcement of Conceptual Link Between Nets and Surface Area (Before vs. After)

The fifth revision clarified the connection between building nets and calculating surface area.
The before layout separated these two components, which risked students viewing them as unrelated
tasks. The after version presents surface area calculations immediately after the net diagrams, prompting
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students to use their constructed visual representations to support symbolic computation. This
improvement is presented in Figure 7.

Activity 3

Presenting the Project

DRAWING UP A PROJECT PLAN

Before you present your miniature city, let's first calculate the
surface area and volume of your buildings.

Do you still remember the formulas for surface area and volume
of solid figures?

I )

Write in the table below the name of the solid shope that
cofesponds to your structure and the formula for its surfoce
area and volume

Activity 2
Building a City

DRAWING UP A PROJECT PLAN

Before you present your miniature city later, lets first calculate
the surface orea and volume of your Bu\\l_‘hl\g

Do you still remember the formulas for surface area and velume
of a building?

( )

Write in the toble below the nome of the solid shope that
corresponds to your structure and the formula for its surface
area and volume.

Nome of Name of
No. Building surface Area volume No. Building Surface Area Volume
space Space
L
e 2
. a
a .
. 5
e n
et =t

Figure 7. Reordering of Surface Area and Volume Tasks (Before vs. After)

The sixth revision improved learning progression by adjusting the sequence of geometric
problem solving. Initially, surface area and volume appeared in a single task, which could burden
students cognitively. The revised version separates them: surface area problems appear first, while
volume problems are addressed in the next activity. This structure helps students internalize one concept
securely before moving to the next. The reordered task layout is illustrated in Figure 8.

QUESTION 2 QUESTION 1
Look at the following picture! Look at the following picture!

1.Draw the top view of the stack of boxes above. What shape Determine:
does the stack of boxes form when viewed from above? 1.The volume of the stack of rice boxes above.
Calculate the area of that shape! 2.The number of rice boxes.
2.What shape does the stack of boxes above form? Calculate 3.The surface area of the solid formed by the stack of rice

the volume of the stack of boxes! boxes above.
4.Redraw the stack of rice boxes above as a complete solid.

Figure 8. Enhancement of Contextual Problem Placement and Illustration (Before vs. After)
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The seventh revision optimized the placement of the contextual 3D geometry task. Previously,
the task appeared at a later stage without strong contextual cues. The revised version places the
contextual prompt earlier and pairs it with a more relevant and motivating illustration. This framing
encourages students to recognize the real-world relevance of geometry before engaging in symbolic
work. The adjusted contextual task placement is shown in Figure 9.

EVALUATION EVALUATION

QUESTION 1 QUESTION 2
Observe the following 3D object! Observe the following 3D object!

&

1.Draw the front, right, and top views of the shape.

2.Write a description of the shape in your own words! State
how many cubes there are and how they are arranged 1.Determine:

3.Determine: a. Total number of cubes used
a. Total number of cubes used b. Total volume of the structure if each cube has an edge

b. Total volume of the structure if each cube has an edge length of 1cm.

length of 1cm

c. Total surface area of the structure.

c. Total surface area of the structure.

2. Redraw the stack of blocks above into o complete solid
figure.

Figure 9. Adjustment of Drawing and Representation Tasks (Before vs. After)

The final revision improved the pacing of representational tasks. In the before version, students
were required to draw geometric models too early, which risked producing sketches based on intuition
rather than mathematical reasoning. In the after version, drawing is placed at the final phase of the
activity after students have performed analysis, calculations, and planning. This encourages more
accurate and meaningful external representations grounded in prior reasoning.

After revision based on expert input, the practicality test was conducted involving one
mathematics teacher and 32 ninth-grade students to evaluate usability during learning activities.
Practicality was assessed using a 5-point Likert scale and analyzed using Akbar (2013) practicality
criteria. The results are presented in Table 5.

Table 5. Practicality Test Results

No  Respondent Practicality Percentage Category
1 Teacher 97,14 % Very Practical
2 Student 86,29 % Very Practical
Overall Average 91,72 % Very Practical

As shown in Table 5, both teacher and student responses indicate a high level of practicality.
The teacher reported that the structured sequence of activities supported the implementation of project-
based learning and facilitated classroom management. Students also indicated that the worksheet was
visually engaging, easy to follow, and helpful in completing the Geometrocity project collaboratively.

Overall, the development stage resulted in a worksheet that met both validity and practicality
standards. The high validation score confirmed that the content and graphical design were feasible, while
the practicality test indicated strong acceptance and usability by both teachers and students (Zardari,
Hussain, Arain, Rizvi, & Vighio, 2021). With expert-driven revisions and positive user responses, the
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final version of the Geometrocity worksheet is ready for the next phase of implementation to further
investigate its contribution to learning processes and students’ external representation skills.

DISCUSSION

The high validity score obtained from expert evaluation indicates that the ADDIE-based
development process successfully produced a feasible instructional tool for learning polyhedral
geometry. Beyond confirming feasibility, this result demonstrates how alignment between curriculum
objectives, instructional design, and project-based learning activities can support meaningful
mathematical learning (Zhao, Zhao, & Li, 2023). The strong content validity reflects the coherence
between the worksheet’s learning trajectory and the competencies outlined in the Merdeka Curriculum.
This finding is consistent with studies by Akbar (2013) and Najah (2024), which emphasize that
effective instructional materials should demonstrate conceptual accuracy and be appropriate for
students’ cognitive development.

In the Geometrocity worksheet, project tasks were intentionally structured to guide students in
interpreting geometric concepts through multiple forms of external representation. This approach aligns
with Duval (2006) theory of semiotic representation, which states that mathematical understanding
emerges when learners coordinate transformations across visual, symbolic, and verbal representations
rather than relying on a single representational mode. Similar conclusions have been reported by
Nusantara & Putri (2025) who show that tasks requiring students to articulate and justify mathematical
reasoning can strengthen representational coordination and argumentation skills.

In addition to the accuracy of the content, the quality of media design contributed substantially to
the high validity classification. Experts evaluated the visual organization, readability, and layout
structure as highly supportive of student engagement. These findings highlight the important role of
visual communication in helping students interpret geometric concepts. Prior research has shown that
visualization linked to meaningful contexts can assist learners in interpreting abstract mathematical
structures and developing representational fluency (Lépez & Palacios, 2024; Sinclair & Bruce, 2015).
Moreover, the integration of visual, symbolic, and verbal representations in instructional materials can
reduce cognitive load and facilitate conceptual reasoning when design elements are coherent and
purposeful (Latifa et al., 2025; Ruamba et al., 2025).

Empirical studies also demonstrate that well-designed visual and linguistic elements in
mathematics learning media can enhance spatial reasoning and improve student engagement during
geometry instruction (Winarni, Hanim, Kumalasari, Marlina, & Rohati, 2023; Winarni, Kumalasari,
Marlina, & Rohati, 2021). Therefore, the effectiveness of the Geometrocity worksheet cannot be
attributed solely to its visual appeal, but rather to the deliberate integration of design features that support
mathematical meaning-making. These results are consistent with findings by Yanto et al. (2020) and
Marhamah et al. (2024), who highlight that contextual geometry tasks supported by visual
representations can strengthen students’ understanding of spatial relationships and representational
structures.

Feedback from the expert validators also emphasized the importance of balancing exploratory
project activities with clear instructional guidance. Several revisions were made to simplify instructional
language, clarify the sequence of tasks, and position representational spaces more strategically within
the worksheet. These adjustments were necessary to improve usability and ensure that students could
navigate the project activities independently. This observation supports the conclusions of Dewi &
Darussyamsu (2024) and Weinhandl et al. (2024), who reported that worksheets with clear language and
coherent visual organization can enhance student autonomy and facilitate smoother classroom
implementation. Although classroom implementation was not included in the present study, the pattern
of revisions indicates that contextual project activities combined with multimodal representation
opportunities have strong potential to support representational competence.

This potential is consistent with previous research demonstrating that Project-Based Learning
environments promote conceptual understanding through collaborative exploration, visualization, and
mathematical communication (Markula & Aksela, 2022; Wu, 2024). Large-scale studies also suggest
that instructional tools requiring students to transition between symbolic, verbal, and visual
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representations encourage deeper conceptual processing compared with materials focused primarily on
procedural practice (Kamid et al., 2022; Winarni et al., 2024). Similar findings have been reported in
mathematics education studies showing that representational scaffolding within worksheets can improve
students’ reasoning and communication of mathematical ideas (Astuti et al., 2022; Sukmaningthias et
al., 2022).

Despite these promising results, several limitations should be acknowledged. First, the validation
process involved only two experts, which may limit the diversity of professional perspectives captured
in the evaluation. Second, the diagnostic test used to inform the worksheet design was conducted with
a relatively small sample of nine students. Consequently, the findings from the diagnostic assessment
should be interpreted as preliminary indicators rather than broadly generalizable results. Third, because
the study focused only on the development stage of the ADDIE model, the practical impact of the
worksheet on students’ external representation abilities has not yet been empirically examined. Future
studies should therefore conduct classroom implementation and effectiveness testing to evaluate the
extent to which the Geometrocity worksheet can improve students’ representational competence and
conceptual understanding in geometry.

Nevertheless, the study provides several important implications for mathematics education. The
Geometrocity worksheet offers a structured project-based learning resource that can support polyhedral
geometry instruction by encouraging students to engage with multiple forms of representation. Effective
teacher facilitation remains essential, particularly in guiding students to connect visual, symbolic, and
verbal representations during project activities (Zakelj & Klangar, 2022). In addition, the development
workflow used in this study, combining the ADDIE framework with expert validation, can serve as a
methodological reference for future instructional material development aimed at strengthening
representational competence in mathematics learning.

This implication aligns with recent studies indicating that project-based instructional tools
designed within contextual learning environments can enhance student engagement and conceptual
understanding (Ahmar & Soro, 2023; Kablan & Ugur, 2020). Furthermore, bibliometric analyses show
that research on representation-based innovation has become a major trend in mathematics education
between 2020 and 2025, particularly in Indonesia (Qodaria et al., 2025). These findings suggest that
continued development of representation-oriented learning materials remains a relevant direction for
advancing mathematics education research and practice.

CONCLUSION

This study developed the Geometrocity Project-Based Learning (PjBL) worksheet as a
representation-oriented instructional material for learning polyhedral geometry. The development
process produced a worksheet that integrates visual, verbal, and symbolic representation tasks within
project-based activities, allowing students to construct and communicate mathematical ideas through
multiple representational forms. Expert validation results indicate that the worksheet meets pedagogical
and design feasibility standards, suggesting that it is suitable for use as a learning resource to support
students’ representational reasoning in geometry. However, this study was limited to the development
stage of the ADDIE model, and therefore the effectiveness of the worksheet in improving students’
external representation skills has not yet been empirically tested in classroom settings. Future research
should examine its impact through classroom implementation and experimental or quasi-experimental
designs, while also involving a broader panel of experts and extending the design framework to other
mathematical topics to further strengthen its contribution to representation-oriented mathematics
learning.
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