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Abstract This study aims to identify and analyze the learning obstacles faced by first-grade elementary school students in
mathematics learning using CPA (Concrete-Pictorial-Abstract) approach-based textbooks. The CPA approach is considered
effective in helping students understand mathematical concepts gradually, starting from the concrete stage, moving to the
pictorial stage, and finally reaching the abstract stage. Howeuver, in its implementation, various challenges and difficulties
may still be encountered by both students and teachers. This research will be conducted randomly in several Grade 1 classes
at Sekolah Lentera Harapan, which are confirmed to be using CPA-approach, namely the Matematika Juara book that adopts
the Singapore curriculum. Through qualitative methods and direct observation, this study seeks to gain a deep
understanding of the types of learning obstacles experienced by students and to explore the factors that influence the
effectiveness of CPA-approach in teaching and learning activities.The expected outcomes of this research include several
key aspects. First, documentation of the types of learning obstacles found among students when using CPA-based
textbooks. Second, the formulation of more effective teaching strategies to overcome the identified learning obstacles,
thereby improving students' understanding of mathematics. Third, a practical guide for teachers on how to optimally
implement CPA-based books in Grade 1 classrooms. It is hoped that this study will make a significant contribution to the
development of curriculum and mathematics teaching methods, particularly in Grade 1, by promoting more optimal use of
the CPA approach.

Keywords: learning obstacles, grade 1 elementary mathematics, concrete-pictorial-Abstract (CPA) approach, analysis of
learning barriers

1. Introduction

Mathematics is one of the core subjects that plays a vital role in developing students' logical and analytical thinking skills
from an early age. At the elementary school level, the understanding of fundamental mathematical concepts serves as a
foundation for critical thinking and problem-solving abilities in subsequent stages of education (NCTM, 2000). However, despite
its importance, mathematics instruction at the elementary level often faces various challenges. First-grade students in
particular frequently encounter difficulties in understanding mathematical content, which can negatively impact their learning
capacity and overall development. One factor that may influence students’ understanding of mathematics is the presence of
learning obstacles encountered during the instructional process (Brousseau, 1997).

The use of the Concrete-Pictorial-Abstract (CPA) approach in mathematics education is believed to help address such
learning obstacles. Jerome Bruner first introduced the CPA approach as part of his theory of representation, which states that
children learn through three stages of representation: enactive (concrete), iconic (visual), and symbolic (abstract) (Bruner,
1996). The CPA method is designed to support students’ understanding of mathematical concepts progressively from
manipulating concrete objects, to representing them visually, and ultimately transitioning to abstract conceptualization. This
method aims to foster deep conceptual understanding through a developmentally appropriate instructional sequence (Piaget,
1952). CPA-based textbooks offer strategies that emphasize these stages, allowing students to internalize mathematical
concepts in a step-by-step manner (Moyer, 2001). However, although the CPA approach holds significant promise, its
implementation in classrooms particularly in Grade 1 often encounters barriers that require further investigation.

In elementary schools, especially in first grade, students tend to show significant differences in comprehension levels
and learning pace, which frequently pose challenges to the effective application of the CPA approach. Learning obstacles
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experienced by students may arise from various factors, ranging from cognitive challenges, such as difficulties in grasping
abstract representations (Tall, 2004), to psychomotor limitations, such as difficulty converting concrete information into visual
representations. Additional obstacles may also stem from affective factors, including lack of confidence or anxiety when faced
with mathematical problems (Ashcraft & Krause, 2007).

Based on the aforementioned issues, there is a need for an in-depth investigation into the learning obstacles faced by
Grade 1 students in mathematics instruction using CPA-approach. This study focuses on analyzing the types of learning
obstacles encountered by students and examining how the use of CPA-approach influences the teaching and learning process.
Sekolah Lentera Harapan, which has adopted the CPA Juara textbook as part of its formal instructional approach in Grade 1
mathematics, was selected as the research site. Utilizing a qualitative research method that includes direct observation and
interviews, this study aims to provide insights into the effectiveness of CPA-based materials in addressing learning obstacles,
as well as the factors that influence the successful implementation of this approach in the classroom.

2. Materials and Methods
2.1. Qualitative Research Method

A qualitative approach is highly appropriate for this study because it allows for a rich, contextualized understanding of
the learning obstacles encountered by students in mathematics learning through the CPA (Concrete—Pictorial-Abstract)
approach. This method emphasizes the exploration of meaning and experiences rather than numerical measurement, making
it particularly suitable for capturing the complexity of classroom interactions, students’ cognitive processes, and teachers’
instructional practices (Babchuk, 2017; Creswell, 2017). By employing a qualitative design, the researcher can deeply
investigate the perceptions, beliefs, and lived experiences of both students and teachers, uncovering nuanced insights that
might be overlooked by quantitative methods (Patton, 2015). Moreover, qualitative inquiry facilitates the identification of
specific pedagogical, cognitive, and affective factors that either enhance or hinder the effectiveness of CPA-based textbooks in
mathematics instruction. This approach also allows for the integration of triangulation techniques, such as interviews,
classroom observations, and document analysis, to strengthen the credibility and trustworthiness of the findings (Lincoln &
Guba, 1985).

2.2. Case Study Design

A case study design can be applied by selecting several classes or schools as samples for the research. In this case, the
focus of the study is on Grade 1 at Sekolah Lentera Harapan, which has implemented CPA-based textbooks. The case study
provides a detailed picture of the learning context, students’ interactions with the material, and classroom dynamics that may
influence learning obstacles (Yin, 2018).

2.3. Data Collection Techniques

Classroom Observation: Direct classroom observation provides valuable insights into student behavior when using CPA-
based textbooks, their responses to the material, and the difficulties they encounter at each stage of CPA (concrete, pictorial,
and abstract). The observation also records teacher-student interactions in overcoming learning obstacles (Merriam & Tisdell,
2016).

In-depth Interviews: Interviews are conducted with both teachers and students to gain deeper insights into their
experiences using CPA-based textbooks. Interviews allow the researcher to understand teachers' strategies in addressing
learning obstacles and gather students’ perspectives on their experiences (Patton, 2015).

Documentation: The collection of documents such as lesson plans, student work, or teachers' daily notes provides
additional data to identify patterns of learning obstacles and students' responses to the CPA approach (Bowen, 2009).

Data collection was conducted over a period of three months (March—May 2025) to allow for multiple cycles of
observation, interviews, and document analysis. The timeline was as follows:

March 2025: Initial coordination with the school, obtaining informed consent from participants, and conducting
preliminary classroom observations to understand the teaching context.

April 2025: Classroom observations of mathematics lessons implementing the CPA approach (four sessions, one per
week). Collection of students’ written work during CPA-based mathematics lessons for further analysis of problem-solving
strategies and misconceptions. First round of semi-structured interviews with the mathematics teacher focusing on
instructional practices and perceived learning obstacles.

May 2025: Follow-up classroom observations to confirm patterns identified in earlier sessions. Second round of teacher
interviews for clarification and elaboration of emerging themes. Brief follow-up interviews with selected students to validate
interpretations from observations and written work analysis.

During the second round of interviews, the responses from the teacher and students began to repeat previously
identified themes such as difficulties in transitioning from the pictorial to abstract stage, language barriers in word problems,
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and differences in conceptual understanding among achievement levels. This repetition indicated that further interviews were
unlikely to produce additional insights, thus confirming saturation.

2.4. Data Analysis

Thematic Analysis: This analysis is used to identify key themes in the data, such as types of cognitive, affective, or
psychomotor obstacles experienced by students, as well as factors affecting the success of using CPA (Braun & Clarke, 2006).

Data Triangulation: Triangulation is carried out by comparing data from observations, interviews, and documentation
to ensure the validity and accuracy of the research findings (Denzin, 1978). This approach strengthens the reliability of the
analysis and provides a more comprehensive picture. A qualitative approach is highly appropriate for this study because it
allows for a rich and contextualized understanding of the learning obstacles encountered by students in mathematics learning
through the CPA (Concrete—Pictorial-Abstract) approach. This study employs a qualitative design by analyzing three main
sources of data: (1) students’ written work, which reveals their problem-solving strategies, conceptual understanding, and
common misconceptions; (2) classroom observations, which provide insights into the learning process, teacher—student
interactions, and the implementation of CPA-based instructional strategies; and (3) in-depth interviews with teachers, which
capture professional reflections, pedagogical considerations, and perceptions of students’ learning challenges. By integrating
these data sources, the researcher can triangulate findings to increase the credibility and trustworthiness of the research
(Lincoln & Guba, 1985). The analysis of students’ work enables the identification of specific misconceptions or gaps in
understanding (Cai et al., 2020), while classroom observations offer rich contextual information about instructional delivery
and student engagement (Creswell & Creswell, 2017). Teacher interviews, in turn, provide an insider perspective on
pedagogical decision-making and the challenges faced in implementing CPA-based mathematics teaching (Patton, 2015).
Together, these qualitative techniques allow for a comprehensive and in-depth exploration of the factors influencing the
success or challenges of using CPA-based textbooks in mathematics instruction.

2.5. Development of Recommendations

After analyzing the data, the researcher formulates practical recommendations for teachers to address learning
obstacles in CPA-based mathematics instruction. These recommendations are developed based on empirical data and are
expected to be relevant for application in primary education contexts (Miles et al., 2014).

2.6. Sampling Techniques

This study employed purposive sampling to select participants who could provide rich and relevant information
regarding the implementation of the CPA (Concrete—Pictorial-Abstract) approach in mathematics learning. Purposive sampling
is particularly suitable in qualitative research because it allows the researcher to intentionally select individuals who have
specific characteristics and experiences related to the research focus (Creswell & Creswell, 2017; Patton, 2015). The
participants consisted of students and mathematics teachers from one elementary school that had adopted CPA-based
mathematics instruction. Student selection criteria are actively enrolled in the first grade level where CPA-based mathematics
is implemented. Willingness to participate and provide informed consent from both students and from the school. Teacher
selection criteria are mathematics teachers who have been implementing the CPA approach in their teaching for at least one
academic semester, willing to participate in interviews, classroom observations, and allow the analysis of students’ work beside
that possessing experience in using CPA-based textbooks in daily instruction. The final sample comprised two mathematics
teacher and three students (three high-achieving, three medium-achieving, and three low-achieving). This distribution was
intended to ensure representation of various learning profiles and to enable the identification of learning obstacles across
different achievement levels.

3. Results and Discussion

This study on the analysis of mathematics learning obstacles among Grade 1 students was conducted at a private
elementary school located in Labuan Bajo, Flores, East Nusa Tenggara (NTT), Indonesia. The school was selected randomly,
considering the accessibility for the researcher and the willingness of the institution to collaborate in the study. Additionally,
the compatibility of schedules between the researcher and the educational institution was also a determining factor. The
selected school has a unique background, having experienced rapid growth in recent years and becoming one of the most
sought-after schools in the Labuan Bajo area. Its strategic location in the heart of one of NTT’s most prominent tourist
destinations significantly influences the dynamics of classroom learning. Labuan Bajo is widely recognized as the gateway to
Komodo National Park, a UNESCO World Heritage Site (see in Figure 1). The area not only offers breathtaking natural attractions
such as Komodo Island, Pink Beach, and Wae Rebo Village, but also serves as a hub for economic, cultural, and educational
activities in the region. In light of the rapid development of tourism, schools in this area face both challenges and opportunities
in creating an optimal learning environment for students, including in the context of mathematics education. The evolving
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social and economic landscape of Labuan Bajo necessitates adaptive teaching approaches to ensure that foundational subjects
such as mathematics remain relevant, engaging, and meaningful for young learners.

Figure 1 Iconic Photos of Labuan Bajo Indonesia.
Source: https://explore.airasia.com/.

3.1. Interview Findings with Two Grade 1 Elementary School Teachers

Table 1 presents the interview findings with two Grade 1 elementary school teachers regarding the epistemological
obstacles faced by students in understanding mathematics.

Table 1 Interview Findings with Two Grade 1 Elementary School Teachers.

Indicator Question Teacher 1 Response Teacher 2 Response
Epistemological In your opinion, which The concept of time, because it requires Arithmetic operations (addition and
Obstacles mathematical concepts are complex understanding to grasp the subtraction) are among the most
most difficult for first-grade meaning of minutes, seconds, hours, and difficult concepts. Students often
students to understand? the function of the hour and minute hands struggle to distinguish between
Why? on a clock. addition and subtraction, especially
when problems are abstract.
Do students often experience Yes, some misunderstandings still occur, A common conceptual error is that
conceptual errors (e.g., such as distinguishing “more” and “less” in students often solve subtraction
assuming a larger number word problems. problems as if they were addition.
always means “more”)? Can They also often confuse the
you give an example? function of the hour and minute
hands on a clock.
How do students typically They tend to understand addition fairly well ~ Most students are excited because
respond when first at first because they are used to counting they already have some
introduced to addition and forward. Subtraction is more difficult as understanding of addition and
subtraction? they are less familiar with counting subtraction, but some students are
backward. They also get confused with the still confused about the concepts.
borrowing method in vertical subtraction.
What strategies do you use to | use manipulatives or contextualized word Strategies | use: 1) Analyze
correct students’ problems that relate to students’ daily lives. students’ misconceptions, 2)
misconceptions about basic Reinforce simpler, foundational
math concepts? concepts, 3) Apply the CPA
approach.
What is your students’ 50% of my students attend tutoring. Most None of my students attend
background? Do they attend of them understand math quickly. tutoring. About 61.9% (13 students)
tutoring? Do most of them are quick to understand math.
learn math quickly?
What types of problems are Word problems. Students have difficulty Word problems involving
most confusing for your translating the problem into mathematical operations or time calculation.
students? Can you give an form.
example?
Ontological Do students find it hard to Students are often confused with Students find abstract math
Obstacles understand abstract math subtraction. | try various methods such as concepts difficult, especially in

concepts (such as numbers or
operations)? If so, how do
you help them understand?

number bonds.

operations. | help them by: - Using
physical manipulatives, - Playing

simple math games, - Using number
lines, - Repeating basic concepts.
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Do you use concrete media
(e.g., beads, pictures, physical
objects) in your teaching?
How effective do you find
them?

How do students react when
math is taught without real-
life examples? Do they tend
to be confused or frustrated?

Didactical
Obstacles

What teaching methods do
you use most frequently for
first-grade math?
Have you tried problem-
based learning? If yes, what
was the main challenge?

Do you think the available
teaching materials (textbooks,
worksheets, digital content)
meet the needs of first-grade
students? If not, what is
missing?

Do you feel you have enough
time to prepare interactive
and engaging math lessons?

What challenges do you face
in designing enjoyable math
lessons for Grade 1 students?

Have you ever used local NTT
cultural elements to teach
first-grade math? If yes, what
objects or visuals did you use?
What support do you need to
overcome challenges in
teaching first-grade math?
(e.g., teacher training,
manipulatives, clearer
curriculum)

Have you ever implemented a
specific strategy or innovation
that successfully improved
students’ math
understanding? If so, please
describe.

Yes. For operations, | use small origami
paper in two colors. For geometry, | use
simple 3D nets. For time, | use a clock
model with movable hands.

Yes, they tend to be confused.

Project-Based Learning and Inquiry.

Yes. The main challenge is classroom
management. First-grade students still
need a lot of detailed guidance and often
ask questions before taking action.
| think the materials are appropriate, but it
would be better if they included simple
activities students can do directly, such as
arranging patterns or assembling 3D shapes
from nets.

If using regular work hours, time is
insufficient due to the school’s busy agenda
and event preparation. | usually work
overtime to make time.

My class is diverse. Some students learn
quickly (often with extra tutoring), while
others need slow, careful instruction. Fast
learners may get bored if the material is
repeated, but slower learners will fall
behind if the pace is too fast.
Never.

Simple activity references for Grade 1,
manipulatives, and teacher training.

| invited students to do simple activities like
creating patterns or assembling 3D shapes
from nets (cube, cuboid, cone). They
enjoyed the activities and were able to
identify shapes and attributes directly.

Yes, | often use concrete media. |
find them very effective for
teaching math.

They tend to be confused.

Discussion method, lecture method,
and conceptual learning.

Yes, | have tried it. The main
challenge is that students take a
long time to analyze the problem

and understand the context.

| think some parts are lacking,
especially in explaining pictograms.
The printed book does not cover
this material in enough detail.

| believe the time provided is
sufficient for preparing lessons.

So far, | haven’t faced major
challenges. The only issue I've had is
limited materials for creating
teaching media, but | found
alternative solutions.

Yes. | used traditional NTT
patterned fabric (Songke cloth) to
introduce visual patterns (non-
numerical).
| need teacher training and
manipulatives.

My strategies and innovations have
not been fully successful, but they
have helped students gradually
improve their understanding of
math.

3.2. Examples of Student Work

The task in Question 1 (see in Figure 2) required the student to observe and complete visual patterns by placing a
cross (X) on the correct missing image in each sub-question (1a—1c). The student's performance reveals various types of

learning obstacles:

3.2.1. Didactical Obstacles (related to instruction and task design)

Item 1.a: The student correctly identified the missing pattern element but did not follow the specific instruction to “mark
with a cross (X).” Instead, they drew and circled the image, which reflects a misinterpretation of the task format. This suggests
the student may not have fully understood the instructional language or was influenced by prior experiences where similar
tasks used different marking conventions. Teacher feedback written on the page ("kurang memahami instruksi", "did not
understand the instructions well") supports this interpretation. The instructional design (or its delivery) may not have
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sufficiently supported students' understanding of expected task behavior, especially for early-grade learners still developing
test-taking routines.

\:erikan tanda silang untuk melengkapi kotak yang kosong!
) Amatilah pola di bawah ini!
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Gambar apa yang tepat unluk melengknpl kotak yang kosong?

C% :g &;’ Kuang memahame mshkn |
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c) Amatilah pola di bawah ini!

Figure 2 Student's Response to Question 1.
3.2.2. Epistemological Obstacles (related to students’ understanding of concepts)

Item 1.b: The student incorrectly identified the missing image in the pattern. This error indicates a misconception about
repeating visual sequences, possibly due to a surface-level understanding of the images rather than recognizing underlying
structure or pattern rules. The choice may have been based on visual similarity or position rather than pattern logic, reflecting
a limited conceptual grasp of sequencing and patterning, which are foundational in early mathematics learning.

3.2.3. Ontogenic Obstacles (related to cognitive development and readiness)

Item 1.c: The student correctly identified the missing shape but again used inconsistent marking, including circling and
placing the answer outside the expected area. This may reflect developmental limitations in fine motor control, attention to
multi-step instructions, or spatial awareness common in early primary students. Although the pattern logic was understood,
the execution did not align with the format expected, suggesting a gap between conceptual understanding and performance
execution.

Based on Figure 3, here is a detailed learning obstacle analysis of Student’s responses to Question 2, using the
epistemological, didactical, and ontogenic framework. Question 2 is about basic addition and subtraction (number operations
1-20). This section consists of basic number sentences involving addition and subtraction. The student made frequent
calculation errors in this section:

e |[tem 2a: Correct.

e Iltems 2b, 2c, 2d, and 2e: Incorrect. The student answered:

2b). 8 + 12 = 22 (incorrect).

2¢). 18 — 6 = 17 - wrong (correct answer: 12).

2d). 7+ 9 =16 - correct.

2e(.17 — 8 =10 - wrong (correct answer: 9).

2f). 20 - 6 = 14 = wrong (correct answer: 6).

2. Lengkapi bagian yang kosong'
a) 10 + 0 =30

8 + 12=7)

=17

d) e
e 17 -8 0
n 20 -0 18 A

Figure 3 Student's Response to Question 2: Basic Addition and Subtraction (Number Operations 1-20).
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3.2.3.1. Identified Obstacles
3.2.3.1.1. Epistemological Obstacles

The student seems to rely on memorization or estimation rather than solid conceptual understanding. For example, the
error in 17 — 8 = 10 indicates a misunderstanding or misapplication of subtraction facts.

3.2.3.1.2. Ontogenic Obstacles

Multiple basic errors suggest the student may not yet have fluency in number operations within 20, a developmental
stage common for early primary students. This includes difficulties with mental computation and number sense.

3.2.3.1.3. Didactical Obstacles

The variety in how operations are presented (horizontal equation, missing element format) may contribute to confusion
if students are not regularly exposed to these representations during instruction.

Question 3 Figure 4 is about word problems.

3a. “Santi bought 12 pencils. She already had 5 pencils. How many pencils does Santi have now?”. The student
incorrectly wrote 14, indicating the operation performed was 12 — 5 instead of 12 + 5.

3b.“Andre has 18 marbles. Bani has 9 fewer marbles than Andre. How many marbles does Bani have?”. Student
answered correctly: 9 marbles, using 18 —9=9.

3. Selesaikan soal cerita berikut ini!
a) Santi membeli 12 pensil.
Sebelumnya Santi memiliki 5 pensil. Berapa banyak pensil
. yang dimiliki Santi sekarang?

1‘\

42 > A7 e I

Santi memiliki pensil.

]
b) Andre memiliki 18 kelereng.

Bani memiliki 9 kelereng lebih sedikit daripada milik Andre.
Berapa banyak kelereng yang dimiliki ganl?

]
Figure 4 Student’s Response to Question 3: Word Problems.

3.3. Identified Obstacles

3.3.1. Epistemological Obstacles

In 3a, the student misunderstood the structure of the story problem. Rather than recognizing that the total number of
pencils should be the sum of existing and newly bought pencils, the student subtracted. This reflects a relational
misunderstanding of story context and the required operation.

3.3.2. Didactical Obstacles

The presentation format may not be fully aligned with students’ everyday experiences or the examples they have
encountered in class. If problems are not consistently modeled in class, students may revert to default strategies (like always
subtracting when two numbers are present).

3.3.3. Ontogenic Obstacles

In 3a, the student's choice may also reflect overgeneralization (i.e., assuming subtraction is always the operation in
"how many now" contexts). This kind of reasoning is common in early stages of cognitive development, where students apply
simple rules without fully interpreting context.
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Student demonstrates a combination of conceptual misunderstanding, misinterpretation of problem structure, and
inconsistent calculation skills, suggesting the presence of epistemological obstacles (misunderstanding mathematical
operations and their meanings), didactical obstacles (possible misalignment in teaching and assessment design), and ontogenic
obstacles (developmental readiness in abstract reasoning and symbolic manipulation).

Based on Figure 5, here is an academic-style analysis of Student’s response to Question 4, focusing on learning obstacles
using the ontogenic, epistemological, and didactical framework. Students were asked to create tally marks (turus) from a
pictogram, to count and record quantities and compare quantities using comparative phrases: more than, less than, or the
same as. This is the student’s performance summary.
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4. Buatlah turus dari data di atas dan hitung jumlahnya!
Piktogram Turus Jumlah
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Lengkapi dengan kata lebih banyak, lebih sedikit atau sama banyak!
a). Jumlah boneka _b_gm_AlS__dlbandmgkan dengan gitar

b). Jumlah p tsamalnan Yo'k dengan mobil/f
c). Jumlah gitar _le\th cealicll dibandingkan dengan pesawat
d). Jumlah mobil a4 \_Q//;[ Yak dibandingkan dengan pesawat A

Figure 5 Student’s Response to Question 4: Data Grouping and Comparison.

Part 1: Tally Marks and Counting

Tally Representation.

Teddy bears: Correct (5 tallies).

Cars: Correct (6 tallies).

Airplanes: Correct (6 tallies).

Guitars: Correct (3 tallies).

Total Counts: All accurately written to match the pictograms.

Student demonstrated accurate representation of visual data into symbolic tally form and correctly performed simple
one-to-one correspondence.

Part 2: Comparative Statements.

a. More teddy bears than guitars - Correct ("lebih banyak").

b. Same number of airplanes and cars = Correct ("sama banyak").

c. Fewer guitars than airplanes - Correct ("lebih sedikit").

d. Same number of cars and airplanes - Correct ("sama banyak").

From this, it can be seen that student demonstrated strong procedural understanding in data grouping and tally
construction. Beside that partial conceptual understanding in data comparison, limited by relational language interpretation.

Based on Figure 6, here is a structured academic style description and analysis of Student’s response to Question 5,
viewed through the lens of learning obstacles. In this part, students were asked to interpret data from a pictogram representing
the number of Grade 1 students who scored different marks in a math test (60, 70, 80, 90, 100), and to answer four data based
questions. The student was asked to interpret pictogram data showing the distribution of math test scores among Grade 1
students and to answer questions related to data quantity and comparison (see in Table 2).
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Figure 6 Student’s Response to Question 5: Interpreting Pictogram Data.

Table 2 Student’s Responses in Question Number 5.

Question Expected Answer  Student's Answer  Correct? Notes

a) Number of students with a score of 60 3 3 Correct Accurate comparison

b) Fewest number of students is at score... 90 (2 students) 90 Correct Accurate comparison

c) Most students are at score... 100 (7 students) 70 Incorrect  Misinterpretation of quantity
d) Number of students scoring 70 is equal to... 80 (both = 3) 7 Incorrect Incorrect comparison

From student’s responses, it can be identified learning obstacles that
3.4. Epistemological Obstacles

The student demonstrates a misconception in interpreting pictorial data, such as in item (c), where 70 was incorrectly
identified as having the highest frequency. In item (d), the student did not correctly recognize equal quantities (3 figures in
both 70 and 80), which indicates difficulty in making accurate quantity comparisons. These errors show that the student has
not fully developed the conceptual understanding of how pictograms represent data quantities, and may be relying on visual
approximation rather than systematic counting.

3.5. Ontogenic Obstacles

The miscounting and misinterpretation may stem from limited visual attention, short working memory span, or
underdeveloped comparative reasoning, all of which are typical in early learners. The student may also struggle with holding
multiple representations in mind simultaneously, such as comparing the figures in 70 and 80 while referencing a different row
like 60.

3.6. Didactical Obstacles

It is possible that instructional emphasis on pictograms and how to read them accurately has not been sufficiently
reinforced. If students are not frequently exposed to pictogram tasks that require close observation and comparison, they may
fail to develop the habit of careful counting or analytical comparison.

Student exhibited partial understanding of data comparison (as seen in item a and b), but significant difficulty in accurate
data reading and interpretation (items c, d). Suggesting epistemological obstacles (conceptual misunderstanding of visual
data), Ontogenic challenges (in attention and comparative reasoning), and possible didactical gaps in scaffolding or modeling
of pictogram interpretation.

The task required students to identify letters representing Triangles, Quadrilaterals, and Circles (see Figure 7). Student’s
answers a) Triangles: ¢, d, e - Correct, b) Quadrilaterals: b, g, h, i > Correct and c) Circles: a, f, j > Correct. The student
demonstrated a clear and accurate understanding of basic geometric shapes, their properties, and classification. The answers
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are all correct and show proficiency in visual shape recognition, categorization by geometric attributes, and counting composite
figures. These responses reflect appropriate conceptual understanding expected at the primary level.

6. Kelompok bangun datar Mana yang termasuk
segitiga, segi empat dan lingkaran?

O . "
vy

a) Yang termasuk segitiga adalah huruf C , _Ia.
b) Yang termasuk segi empat adalah huruf _b_, J_,
c) Yang termasuk lingkaran adalah huruf _J_. Wi _E. _Q_/Y

Figure 7 Student’s Response to Question 6: Identifying Geometric Shapes.

The student was asked to observe a figure resembling a dog composed of multiple shapes and answer three related
questions (see Figure 8). Student’s answers are a) Total number of shapes: 14 - Correct, b) Number of curved shapes (circles):
2 - Correct, ¢) Number of triangles: 1 - Correct, and d) Number of quadrilaterals: 8 - Correct. The figure of the dog consists
of 14 two-dimensional shapes, including multiple rectangles, two circles (for eyes and tail), one triangle (for the tail), and
various squares/rectangles for the body, head, ears, and legs. The student accurately counted 2 circles (rounded shapes), 1
triangle (tail), 8 quadrilaterals (all other rectangular or square parts), and reached the correct total count.

7. P gambﬁ yerupai hewan anjing di bawah ini!

Figure 8 Student’s Response to Question 7: Counting Shapes in a Composite Figure (Dog Image).

Based on Figure 9, here is an academic-style analysis of the Student’s responses to Question 8, viewed through the lens
of learning obstacles. The student was asked to observe three sets of three-dimensional objects (cones, spheres, and cubes)
and arrange them in order from smallest to largest, based on their relative size as depicted.

8. Urutkan dari yang terkecil sampai terbesar!

a)

)
Urutan dari terkecil sampai terbesar adalah huruf

C.a,2. b4 /‘i

Figure 9 Student’s Response to Question 8: Ordering 3D Shapes from Smallest to Largest.

https://www.malque.pub/ojs/index.php/msj m
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From Table 3, it can be concluded that learning obstacle analysis from:

Table 3 Students’ Responses to Question Number 8.

Iltem Correct Sequence  Student’s Answer  Correct? Notes

a) Cones d,eb,a,c d,eb,a,c Correct Fully accurate

b) Spheres c,a,eb,d c,a,eb,d Correct Fully accurate

c) Cubes d,b,ce a b,d, e a,c Incorrect  Several reversals in size ordering

3.7. Epistemological Obstacles

The student successfully applied reasoning to compare cones and spheres, demonstrating a solid understanding of size
comparison in visual/spatial tasks. However, in item c (cubes), the student incorrectly sequenced multiple items, suggesting a
misconception in spatial estimation or difficulty perceiving subtle differences in volume, especially when objects have similar
shapes and orientations. This indicates a partial epistemological obstacle; the student has the concept of ordering by size but
struggles with consistency in its application, especially with cubic forms.

3.8. Ontogenic Obstacles

The errors in item ¢ may also be influenced by developmental limitations in spatial perception and visual discrimination,
which are still emerging at the early primary level. The cubes differ in subtle ways that may require more refined visual
comparison skills. Younger learners may focus on height or position on the page, rather than actual volume.

3.9. Didactical Obstacles

If students have not had sufficient experience with manipulating 3D objects in real life, or if instruction has emphasized
2D representations only, they may not fully grasp volume or spatial differences just from images. The task design assumes a
mature visual-spatial skill set that may still be developing in some students.

Based on Figure 10, here is an academic-style analysis of the Student’s responses to Question 9, viewed through the
lens of learning obstacles (epistemological, ontogenic, and didactical). This task assessed students' ability to draw clock hands
to represent given times, read and write clock times from illustrations, and calculate elapsed time based on a simple word
problem.

9. Gambarkan jarum Panjang dan pendek pada jam berikut!

Figure 10 Student’s Response to Question 9: Understanding Time and Analog Clocks.

https://www.malque.pub/ojs/index.php/msj m
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From Table 4, it can be identified learning obstacles that.

Table 4 Students’ Responses and Accuracy for Question 9.

Subtask Expected Answer Student’s Answer Correct?

a) Draw 14:00 Long hand at 12, short at 2 Incorrect Hands are not differentiated
b) Draw 09:30 Long hand at 6, short between 9-10 Incorrect Hands incorrectly placed
c) Draw 03:30 Long hand at 6, short between 3-4 Incorrect Hands incorrectly placed
d) Read the clock 06:00 12:6 Incorrect notation

e) Read the clock 06:00 6:2 Incorrect notation

f) Read the clock 03:00 12:3 Incorrect

g) Duration calculation 2 hours (from 07:00 to 09:00) 9 Incorrect

3.10. Epistemological Obstacles

The student demonstrates a fundamental misunderstanding of time representation on analog clocks, misplaced clock
hands when drawing, and reversed or incorrect notation when reading times (e.g., 12:6 for 06:00).

The notation errors (like writing 12:6 or 6:2) suggest confusion between the hour and minute hands, and possibly a
lack of understanding of how analog time maps to digital time formats.

In the elapsed time question, the student incorrectly calculated 07:00 to 09:00 as 9 hours, which points to a
misconception about the concept of duration a common challenge when transitioning from concrete experiences to abstract
measurement.

3.11. Ontogenic Obstacles

The student appears to struggle with abstract reasoning and symbolic interpretation, especially in coordinating the
two clock hands and understanding their meaning.

This is typical of early-grade learners who are still developing temporal concepts and dual-representation reasoning
(i.e., interpreting a single visual display in two ways: hours and minutes).

3.12. Didactical Obstacles

The errors may also reflect instructional gaps in differentiating the long hand (minutes) and short hand (hours),
consistently linking analog and digital time formats, and practicing elapsed time problems with visual supports or number
lines.

Based on Figure 11, here is an academic-style analysis of Student 1’s response to Question 10, using the learning
obstacles framework. Students were asked to complete a sequence of the seven days of the week and identify the next day
and the day three days before a given day (Rabu/Wednesday).

10. Isi bagian yang kosong di bawah ini! PR =

Ce lasa . Mi /
Senin we Rabu | N Jumat ‘ inggu ‘
| | Al
— 1} | - — o
ai Jika hari ini adalah hari Rabu maka besok adalah han

y y
e i adata
\J\Jika hari ini adalah hari Rabu maka 3 hari yang lalu adala
hari __§dkth

Figure 11 Student’s Response to Question 10: Understanding Days of the Week.
From question 10 and Table 5, it can be identified that:

Table 5 Students’ Responses and Accuracy for Question 10.

Iltem Expected Answer  Student’s Answer  Correct?
a) If today is Wednesday, then tomorrow is...? Kamis (Thursday)  Kamis (Thursday) Correct
b) If today is Wednesday, what day was it three days ago? Minggu (Sunday)  Sabtu (Saturday) Incorrect

3.13. Epistemological Obstacles

The student demonstrates partial understanding of temporal sequencing correctly identifies the day after Wednesday
(Kamis), but miscalculates the day three days before Wednesday (answers Sabtu instead of Minggu),

This suggests difficulty applying backward counting over a time sequence, a common challenge in early mathematical
and logical reasoning.
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3.14. Ontogenic Obstacles

The error in part (b) likely stems from a developmental challenge in abstract time reasoning. While counting forward is
often easier for young learners, counting backward across week boundaries (e.g., from Wednesday to Sunday) requires a higher
cognitive load and memory tracking. The student may have counted incorrectly as:
Rabu - Selasa (1), Senin (2), Sabtu (3) = which skips Minggu, showing possible confusion with the order of the week.

3.15. Didactical Obstacles

Instruction may not have emphasized bidirectional reasoning with days of the week (i.e., "before" as well as "after").
Students may have had more exposure to routine sequences (e.g., "today is..., tomorrow is...") but less experience with multi-
day intervals, particularly in reverse.

The analysis of students’ performance reveals a range of learning obstacles that span multiple mathematical domains,
including number operations, visual data interpretation, geometric reasoning, time concepts, and sequencing. While the
student demonstrated strong conceptual understanding in areas such as shape recognition and forward day sequencing,
consistent difficulties were observed in more complex cognitive tasks, particularly in interpreting pictograms, ordering 3D
objects, working with analog clocks, solving word problems, and reasoning backward through time.

These difficulties indicate the presence of epistemological obstacles (misconceptions about mathematical concepts),
ontogenic limitations (developmental readiness in abstract thinking and spatial reasoning), and didactical gaps (insufficient
scaffolding or varied exposure in instruction). To address these challenges, targeted and differentiated instructional strategies
are essential.

Recommendations include: strengthening foundational number sense through manipulatives and visual models;
implementing guided CPA-based instruction for word problems; and explicitly teaching students to recognize key terms in
problem contexts. For visual data interpretation, the use of pictogram activities with one-to-one matching and comparative
questioning is advised. In spatial reasoning tasks, exposure to physical 3D objects and structured volume comparisons is crucial.
To support time-related learning, educators should utilize physical clock models, timeline visuals, and real-life scheduling tasks.
Additionally, the use of visual calendars, songs, and scaffolded routines can reinforce students’ understanding of temporal
sequencing both forward and backward. By aligning instructional methods with students’ cognitive development and learning
profiles, teachers can more effectively anticipate and overcome the learning obstacles that hinder early mathematical
understanding.

Learning obstacles in early mathematics can be broadly categorized into epistemological, ontogenic, and didactical
dimensions (Brousseau, 1997; Suryadi, 2021). Epistemological obstacles arise from students’ conceptual misunderstandings or
alternative frameworks for interpreting mathematical ideas (Radford, 2008). Ontogenic obstacles reflect developmental
limitations, particularly in areas that require abstract reasoning, spatial visualization, or working memory, which are still
maturing in early primary school learners (Clements & Sarama, 2009). Meanwhile, didactical obstacles emerge when
instructional designs, task formats, or materials do not adequately scaffold students’ thinking or connect with their prior
knowledge (Prediger & Hefendehl-Hebeker, 2016).

The Concrete—Pictorial-Abstract (CPA) model, grounded in Bruner’s theory of representation (1966), has been widely
recommended for addressing such learning gaps, especially in number operations and word problems (Carpenter et al., 1999).
Manipulatives and visual models serve as effective tools for building foundational number sense and supporting transitions
from concrete to abstract mathematical thinking (Fuson et al., 2015; Moyer, 2001).

In geometry and data representation, visual-spatial reasoning is crucial. Young learners benefit from activities involving
pictograms, object comparisons, and 3D shapes, which help develop skills in classification, estimation, and measurement
(Clements & Sarama, 2004; NCTM, 2000). Similarly, time-related concepts such as telling time using analog clocks and
understanding elapsed time require structured learning through real-life contexts, timelines, and physical clock models (Van
de Walle et al., 2014).

Supporting early learners’ understanding of temporal sequencing (e.g., days of the week, before/after reasoning) also
requires integration of visual calendars, songs, and repetitive routines that align with students’ cognitive profiles and lived
experiences (Baroody & Dowker, 2003). Differentiated instruction that considers students’ developmental stages can
significantly reduce the impact of these learning obstacles and promote meaningful mathematical understanding.

3.16. Description of the Relationship Between Student Work and Teacher Interview Findings

The learning obstacles that arise are due to lack of time management, lack of focus, boredom, environmental conditions,
internet network, limited wifi/internet quota and others (Listiani & Saragih, 2022). There is a strong correlation between the
findings from students’ work and the teachers’ statements obtained through in-depth interviews. This alignment strengthens
the validity of the identified learning obstacles experienced by Grade 1 students in mathematics instruction using CPA-
approach. Moreover, in mathematics education research, combining student performance analysis with teacher insights
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provides a deeper understanding of how instructional strategies affect conceptual development and where specific obstacles
rise (Cobb et al., 2003). The following are the key connections observed:

3.17. Errors in Addition and Subtraction Concepts

Student work revealed numerous mistakes in solving basic operations, especially subtraction and word problems.
Teachers reported that students often confuse addition and subtraction, particularly when presented in abstract forms or
within contextual problems. They also noted that the transition from concrete to abstract representations is not yet fully
understood by many students. Furthermore, such confusion and misapplication of operations are typical examples of
epistemological obstacles, where students construct alternative understandings of mathematical ideas (Radford, 2008), and
ontogenic obstacles, which reflect developmental limitations in abstraction and symbolic reasoning (Clements & Sarama,
2009).Students’ errors reflect the challenges described by teachers, specifically related to epistemological and ontological
obstacles.

3.18. Difficulty Understanding Instructions

Student responses showed misinterpretations of instructions, such as drawing when only an "X" mark was required.
Teachers explained that many students still have developing reading skills, which leads to frequent misinterpretation of
question prompts. This indicates the presence of didactical obstacles, where the difficulty lies not only in content
understanding but also in interpreting how tasks are presented.

3.19. Concept of Time and Telling Time

Student work demonstrated widespread errors in time-related questions, including incorrect placement of clock hands.
Teachers identified time as one of the most challenging concepts, due to its abstract nature and symbolic interpretation. These
difficulties align with epistemological and ontological obstacles, highlighting the need for stronger support at the concrete and
pictorial stages of the CPA approach.

3.20. Use of Concrete Media and Visual Activities

Teachers emphasized the importance of teaching aids such as toy clocks, 3D shape nets, and real-life objects to support
understanding. Students who succeeded in tasks involving data grouping or visual components demonstrated that the use of
concrete media positively impacted their comprehension. This confirms the effectiveness of the CPA approach when
implemented consistently and creatively in classroom settings.

3.21. Disparities in Student Abilities

Teachers noted significant differences in students' abilities, particularly between those who receive additional tutoring
and those who do not. Student work also showed noticeable variation, with some performing well and others making frequent
errors. This underscores the importance of adopting adaptive instructional strategies to accommodate the diverse backgrounds
and learning needs of students.

Student work strongly supports and reflects the findings from teacher interviews. The identified learning obstacles
whether cognitive, affective, or psychomotor consistently across both data sources. This demonstrates that a comprehensive
understanding of learning obstacles can be achieved by integrating student performance analysis with teacher insights. In
addition, students can also be given a lot of practice so that they get used to working on the questions given by the teacher
(Listiani et al., 2019).

4, Conclusions

This study examined the learning obstacles encountered by Grade 1 elementary students in understanding basic
mathematical concepts through the use of a CPA (Concrete—Pictorial-Abstract)-based textbook approach. The analysis
revealed three primary types of obstacles, such as Ontogenic Obstacles: Related to students’ cognitive developmental
readiness. Some students were unable to connect concrete experiences to abstract symbols, particularly in number operations
and place value understanding. Didactical Obstacles: Emerging from instructional design or media that do not adequately
support students’ gradual transition from concrete to abstract thinking. The CPA-based textbook used in this study was found
to be suboptimal in facilitating this progression. Epistemological Obstacles: Linked to how students interpret and internalize
mathematical concepts. Many students tended to rely on direct counting strategies without a solid grasp of the underlying
principles of addition and subtraction. The findings highlight the importance of selecting instructional approaches that align
with students’ cognitive development stages. The CPA model, while pedagogically sound, needs to be implemented more
systematically to effectively support conceptual understanding. Teachers must also be aware of students’ varying capabilities
and limitations to anticipate and address learning obstacles more effectively.
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The limitations of the study are all tasks were administered in a single session. According to teacher feedback, the
number of analytical questions made students feel bored and fatigued during the activity. Instructions and sample questions
should have been provided prior to the main tasks to help students better understand expectations. Instruction on the concept
of time was insufficiently developed, resulting in many students struggling to determine or represent time accurately.
Approximately 10 out of 20 students received private tutoring, which allowed them to complete tasks more quickly, while the
remaining students required additional assistance. Many students had reading difficulties, which affected their performance
on word problems this concern was also raised by teachers during interviews. In addition and subtraction tasks, most students
showed basic procedural ability, but often made careless errors due to a lack of attention to detail.
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