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INTRODUCTION

Access to quality education for children with disabilities remains a serious challenge at
the global level (Odeh & Lach, 2024). In its 2020 Global Education Monitoring Report,
UNESCO revealed that many education systems worldwide have not yet been able to
adequately accommodate the diverse needs of students (Team, 2020). At least a quarter of
countries still segregate educational services for children with special needs, and in Asia and
Latin America, the figure exceeds 40 percent. This situation is exacerbated by a lack of teacher
training, infrastructure that is not yet disability-friendly, and curricula that are not responsive
to differences in student abilities (Malizal & Rahman, 2024; Somad et al., 2024; Waisath et al.,
2024). Similar conditions also exist in Indonesia, Similar conditions also exist in Indonesia.
Mathematics learning for students with special needs within the context of inclusive education
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still faces various challenges, ranging from curriculum adaptation to teaching strategies that do
not yet fully address students' individual needs (Efendi et al., 2022; Maryam et al., 2024; Mulia
& Yanti, 2025; Prathama et al., 2022; Woolfson, 2024). These challenges underscore the urgent
need for more inclusive and responsive educational approaches that recognize every student's
right to learn according to their individual potential and needs.

One group of children with special needs who require special attention and the fulfillment
of their rights is children with physical disabilities caused by cerebral palsy (CP). CP is a
permanent neurological disorder resulting from brain damage that occurs before, during, or
after birth, affecting motor control, muscle tone, movement coordination, and body posture
(Duman, 2022; Kumar et al., 2023; Salomon, 2024; Yang et al., 2021). In CP, the impact of
early brain injury extends beyond paralysis or spasticity to various functional aspects. It is this
combination of motor and sensory impairments that subsequently makes it difficult for children
to fully engage in daily activities, play, learn, and participate socially (Baiardi & Battistin, 2022;
Chiu et al., 2023; Giannoni, 2022; Trevarrow et al., 2022; Warutkar et al., 2023).

In CP, fine motor skills are not just about hand movements; they are closely linked to
how children learn, are assessed, and understand concepts, including mathematics. Many
academic tasks rely on manipulating objects and writing symbols, so fine motor difficulties can
mask actual cognitive abilities (Cabral et al., 2023; El-Latif et al., 2023; Micheletti et al., 2024;
Twum, 2025). This condition is exacerbated by the fact that the severity of CP varies from
person to person, requiring learning strategies and materials that are truly responsive to each
student’s specific needs (Cheng et al., 2021; Fondo et al., 2025; Mohamed et al., 2025;
Wotherspoon et al., 2023).

These barriers directly impact students with CP’s mastery of basic mathematical skills,
particularly in early numeracy (Feldberg et al., 2021; Neveu et al., 2023). Early numeracy
encompasses basic skills such as counting, ordering numbers, understanding the concepts of
more and less, and representing numbers using concrete objects, competencies that form the
foundation for long-term mathematical development (Jordan et al., 2022; Morsanyi et al.,
2024). However, in school learning practices, early numeracy skills among students with CP
often do not develop optimally (Nelwan et al., 2021). Feldberg et al.(2021) explain that students
with CP tend to face challenges in aspects of numerical cognition, including understanding
quantity, recognizing relationships between numbers, and representing numbers mentally or
concretely.

This challenge is further complicated by the fact that early numeracy essentially requires
the ability to connect numerical symbols with concrete representations, understand number
sequences, and gradually construct an understanding of quantity (Chen et al., 2024; Malone et
al., 2021). These conditions indicate that students with CP require mathematics instruction that
provides concrete, multisensory, structured, and gradual learning experiences, specifically
through manipulative learning materials, clear scaffolding, and adjustments to the pace of
learning to ensure students can remain actively engaged (Atanasius, 2016; Damayanti et al.,
2024; Rizky et al., 2024). In this context, the role of learning media becomes crucial, as
appropriate media not only serve as visual aids but also as a bridge between the physical
experiences accessible to students with CP and the mathematical concepts to be developed
(Ingkavara & Yasri, 2025; Nurjanah et al., 2021; Rachmat et al., 2023).

The use of concrete materials not only helps students understand mathematical concepts
but also supports student engagement throughout the learning process (Ahmad & Siller, 2024;
Tran & Duong, 2023). In line with this, various studies indicate that mathematics instruction
for students with special needs requires a concrete, visual, and structured approach. Nurjanah
et al.(2021) explain that hands-on activity-based learning materials help students understand
basic mathematical concepts through manipulative activities and direct learning experiences.
For students with cerebral palsy (CP), such an approach is crucial because it allows them to
learn through visual support and physical interaction that better aligns with their motor
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characteristics. Additionally, Neveu et al.(2023) note that students with CP require mathematics
learning strategies tailored to their motor limitations and working memory, so the use of
concrete aids and structured activities can help students build foundational numeracy
understanding more effectively.

On the other hand, organizing structured learning activities also plays a crucial role in
helping students understand mathematical concepts step by step. One approach with the
potential to address this need is the Vignette Activity Sequence (VAS). VAS is a series of
activities based on short narratives that realistically depict learning situations and are used as
stimuli to elicit discussion, reflection, and contextual mathematical reasoning (Crisan &
Geraniou, 2025; Skilling & Ivars, 2021). Through a structured sequence of activities, VAS
enables students to engage cognitively in analyzing the presented situations, identifying
problems, and developing alternative ways of thinking (Zhang et al., 2025). Furthermore, this
approach facilitates the process of connecting concrete experiences with more meaningful
conceptual understanding, ensuring that learning is not merely procedural but also helps
students actively construct mathematical meaning (Shelton et al., 2021).

Some previous studies have shown that the VAS has been widely utilized in the context
of teacher education and the development of teaching practices. Crisan & Geraniou (2025) used
the VAS to help mathematics teachers reflect on the instructional decisions they made during
the teaching process. Meanwhile, Skilling & Stylianides (2023) utilized the VAS to examine
mathematics teachers’ beliefs regarding the promotion of students’ cognitive engagement
through classroom situations presented narratively. These various studies underscore the
potential of VAS as a rich framework for fostering reflection, contextual reasoning, and active
engagement in mathematics learning. However, all of these studies still position teachers or
pre-service teachers as the primary subjects. No study has directly examined how the VAS
approach can be applied in the student learning process, specifically how students with special
needs process and interact with manipulative media in each stage of VAS activities in early
numeracy learning at special education elementary schools.

Therefore, this study aims to explore the early numeracy learning process among students
with CP through the use of number line media based on the VAS approach at SDLB. Using a
qualitative case study approach, this study seeks to uncover how students with CP engage with
manipulative media at each stage of VAS activities, the obstacles that arise, and the students’
responses to the implemented learning structure. The findings of this study are expected to
contribute to the development of more inclusive and adaptive mathematics learning practices
for students with CP, while also serving as a study that directly adapts the VAS approach within
the context of student learning at SDLB schools in Indonesia.

METHOD

This study employs a qualitative approach aimed at gaining an in-depth understanding of
a phenomenon based on experience (Creswell, 2013) using a single case study design. This
design was chosen because the research objective is to obtain a deep and comprehensive
understanding of the early numeracy learning process based on the Vignette Activity Sequence
(VAS) using a magnetic number board with a student with cerebral palsy. A single-case study
is a research approach used to study a single case in depth within a real-life context when the
boundary between the phenomenon and its context is not clearly defined (Yin, 2018). This
approach allows the researcher to understand the learning process in its entirety, including the
subject’s responses, obstacles, and engagement during the activity.

The focus of this study is a student with cerebral palsy at a special education school in
Surabaya. The subject was selected through purposive sampling based on characteristics
aligned with the study’s objectives, namely having fine motor limitations in the hands and feet
and using a wheelchair for daily mobility. Purposive sampling allows the researcher to select
participants based on specific characteristics relevant to the study’s focus (Memon et al., 2025).
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Research Subjects

The subject of this study is a 12 year old female student, identified as A, who is in the
second grade at a special education school (SLB) in Surabaya. In terms of the curriculum, A is
in Phase A, with learning outcomes equivalent to those of the early grades of elementary school.
The subject has been diagnosed with cerebral palsy (CP), which affects her motor skills and
mobility.

Based on information from the teacher and in accordance with the literature on CP
classification, A falls under the category of spastic quadriplegia, a condition in which motor
impairments affect all four limbs, resulting in complete dependence on a wheelchair for
mobility, accompanied by fine motor impairments in both hands that hinder full control of
movement, as well as involvement of the oral muscles that impacts speech articulation and
hypersalivation (Panteliadis, 2018; Prabha et al., 2021). Nevertheless, A possesses functional
verbal communication skills, although her articulation is unclear, she is able to understand
simple instructions and respond verbally during learning interactions.

In an academic context, A has acquired basic counting skills but still requires verbal and
physical assistance to perform them. Socially and emotionally, A displays a cheerful personality
and enthusiasm for participating in learning activities. She is able to maintain her attention well,
listen carefully to instructions, and demonstrate active engagement during activities despite her
motor limitations. The subject was selected through purposive sampling because her profile of
motor impairments and academic status aligns with the research focus: exploring the process
of early numeracy learning through VAS based manipulative media among students with
cerebral palsy.

Learning Media Design

The learning material used in this study is a magnetic number line board adapted from
the concrete number lines commonly used in elementary mathematics education, which was
then modified to suit the characteristics and needs of students with cerebral palsy (CP) who
have motor impairments. The board is made of cardboard covered with flannel fabric, featuring
numbers 0 through 5 equipped with a magnetic system, producing a "click" sensation when the
object is moved, serving as tactile feedback to help students concretely understand number
movement and sequence. The main object being moved is a paper snail figurine with a small
handle on the back so that students with CP can easily grasp it. As activity targets, contrasting-
colored flannel flowers are placed at specific number points to clarify visual focus and increase
learning motivation.

Vignette Activity Sequence (VAS) Design

The instructional design is based on the Vignette Activity Sequence (VAS) approach, a
narrative-based strategy that guides students through a series of concrete activities within a
meaningful context. In this study, VAS is embedded in the story "The Magic Snail Watering
Flowers," in which students are asked to move the snail character to specific numbers to water
the flowers according to the story’s plot. This approach integrates visual, tactile, and motor
aspects, making early numeracy learning more concrete, multisensory, and inclusive. The
learning stages consist of seven VAS activities as presented in the following table.
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VAS Activities

Table 1. VAS Sequence
Activity Description

Introduction to the Story and the
Magical Snail Character

Students are introduced to the story of the Magic Snail, who carries a
small watering can to water the flowers. Students point to the flowers
posted on the board and help place the snail on the number 0.

Initial Instructions

The researcher explains the mission objective, which is to water the pink
flower at number 2. Students point to the flower’s location and listen to
the numbers they will pass through.

Students move the snail from the number 0 to the number 2 while saying
the numbers it passes through. Upon arrival, students water the flower.

Mission: Watering the Pink
Flower at Number 2
Mission: Water the Brown

Flower at Number 5

Students move the snail from number 2 to 5, saying the numbers in
order, then water the brown flower.

Advanced Challenge: Watering
the Blue Flower at Number 0

Students return to the number 0, count backward, and then water the blue
flowers.

Closing and Reflection

Students review the numbers they have covered, identify the flower

locations, receive praise, and engage in a brief reflection.

Research Instruments

The primary instrument in this study is a task analysis-based observation sheet designed
in accordance with the activity stages in the VAS. Task analysis is used to break down skills
into small steps so that they are easier for students with special needs to learn (Irvan, 2024).
The observation sheet was designed to record the subject’s performance on each activity,
covering indicators such as the ability to name numbers, recognize flower colors, and guide the
snail character to a specific number point. The recorded results are categorized into three
categories: Independent (performed without assistance), With Assistance (performed with
verbal or physical guidance), and Not Performed (no response to instructions). In addition to
the observation sheet, data is also collected through field notes and video documentation during
the learning process.

Data Analysis Techniques

Data analysis in this study refers to the (Miles et al., 2014) which comprises three stages:
data reduction, data presentation, and drawing conclusions and verification. In the data
reduction stage, the researcher filtered and focused the data from observation sheets, field notes,
and video documentation on A’s activities and responses during VAS-based learning.

In the data presentation stage, the findings were organized into a descriptive narrative that
outlined A’s involvement in each stage of the activity, including interactions with the media,
responses to instructions, and the influence of motor skills on the learning process. In the
conclusion and verification stage, the researcher interpreted the response patterns and forms of
support required by A during learning, then linked the findings to relevant theories. Data
validity was established through triangulation of observation results, field notes, and video
documentation to ensure the consistency and accuracy of the collected information.

RESULTS AND DISCUSSION
RESULTS

This section presents the research findings regarding subject A’s early numeracy learning
process through the six stages of the Vignette Activity Sequence (VAS) using a magnetic
number board as a teaching aid. The research results are presented chronologically based on
observational data, field notes, and video documentation recorded during the learning process.
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Table 2. Subject A’s Learning Process at Each VAS Stage

VAS Activities Counting Skills Media Manipulation Affective Level of
Engagement Independence
Story and Counting 1-5 (one- Pointing to flowers with a Enthusiastic =~ and I
Character to-one finger responsive
Recognition correspondence)
Giving initial - Watching a demonstration Very enthusiastic I
instructions of how to use the media (“Wow!”)
Mission: Water Counting:  “zero, Slow and stiff Get involved (“The A
the pink flowers one, two” movements, but able to flowers are wet!”)
(0-2) gradually control the snail
Mission: Water Counting:  “two, Movements are still slow Demonstrating self- A
the pink flowers three, four, five” but more stable monitoring (“Blue
(0=2) flower!”)
Mission: Verbal  counting Movements are smoother Remains actively A
Watering  the backward has not than in the previous stage engaged
blue flowers (5- yet emerged
0)
Closing and Independent Moving the snail more Very enthusiastic N
reflection counting:  “zero, smoothly and and showing
one, two” independently spontaneous
initiative

Activity 1: Introduction to the Story and the Magical Snail Character

The researcher introduced a magnetic number board depicting a flower garden with five
flowers of different colors. A was asked to point to and count the number of flowers on the
board. A was able to count all five flowers independently while pointing to them one by one

with a finger.

Figure 1. A Points to The Location of The Flowers on The Magnetic Number Board
While Naming The Colors of The Flowers He Recognized

When asked about their favorite flower color, A immediately responded and pointed to
the pink flower on the board. At this stage, A did not require verbal or physical assistance from

the researcher.

Activity 2: Providing Initial Instructions
The researcher introduced the snail character that would water the flowers and

demonstrated the process of filling the snail teapot with water. A showed great enthusiasm,
even spontaneously expressing her admiration. "Wow!" exclaimed A, as he watched the process
of filling the snail teapot with water.
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Figure 2. The Researcher Demonstrates The Process of Filling Water Into The Snail Teapot
as Part of The Introduction to The VAS Storyline

A appeared to be watching the demonstration closely and was ready to enter the story
without needing further instructions.

Activity 3: The Mission to Water the Pink Flower at Number 2

A was asked to move the snail from the number 0 to the number 2 while saying the
numbers they passed. A faces significant motor difficulties in grasping and moving the snail
due to high muscle tone in both hands, causing the movement to proceed more slowly.
Nevertheless, A is able to move the snail gradually and call out the numbers as they are passed.
"Zero... one... two..." A, while moving the snail from the number 0 to the number 2.

A |
) LN
Figure 3. A Moves The Snail Character from The Number 0 to The Number 2
While Stating The Sequence of Numbers Passed

Figure 4. A Waters The Pink Flower Using The Snail Teapot With
Verbal Assistance from The Researcher

A’s articulation was somewhat unclear but consistent and understandable to the
researcher. To water the flowers, A needed verbal assistance from the researcher because of
difficulty lifting the snail-shaped teapot independently. After successfully watering the flowers,
A spontaneously stated, “The flowers are wet!” A, after successfully watering the pink flowers.

Activity 4: Mission: Water the Brown Flower at Number 5

A continued moving the snail from the number 2 to the number 5. Motor difficulties were
still evident, but A kept trying and maintained enthusiasm. A was able to name the numbers in
sequence as the snail passed them. "Two, three, four, five..." A said as she moved the snail from
the number 2 to the number 5.
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Figure 5. A Moves The Snail Character from The Number 2 to The Number 5
on The Magnetic Number Board
Figure 6. A Waters The Chocolate Flower Using The Snail Teapot
With Verbal Assistance from The Researcher

The process of watering the brown flowers again required verbal assistance from the
researcher. As a break, the researcher asked which flowers had not yet been watered, and A
actively responded. “The blue flower!” A replied to the researcher’s question about which
flowers had not yet been watered.

Activity 5: Advanced Challenge: Watering the Blue Flo

wer at Number 0
] b ¥

Figure 7. A Moves The Snail Character from Number 5 Back Toward
Number 0 to Water The Blue Flower
Figure 8. A Waters The Blue Flower Using The Snail’s Watering Can With
from The Researcher

A was asked to move the snail from the number 5 back to the number 0 to water the blue
flower. Compared to the previous stages, A showed improved fluency in moving the snail.
However, at this stage, A did not mention the numbers passed in reverse during the movement.
The process of watering the blue flower still required verbal assistance from the researcher.

Activity 6: Closing and Reflection

The researcher praised A for successfully helping the snail water all the flowers. A was
not asked to repeat the numbers that had been passed, but spontaneously asked to water the pink
flower, her favorite, using the remaining water in the pitcher. A then moved the snail from
number 0 to number 2 while saying, “Zero, one, two.” A independently moved the snail to her
favorite flower.

Figure 9. A Independentl Moved The Snail Toward The Pink Flower and
Watering it Again as A form of Spontaneous Initiative During The Reflection Stage
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The researcher linked the activity to everyday experiences and asked A if she had ever
seen her mother watering flowers. A replied that she had not, so this activity became a
meaningful experience that connected learning to real-life contexts. The session concluded with
praise and appreciation.

DISCUSSION

The findings of this study describe the process of early numeracy learning among students
with cerebral palsy (CP) through the Vignette Activity Sequence (VAS) approach using a
magnetic number board in depth. The results of the analysis are organized into the following
four discussion dimensions.

Mathematics Learning in Students with CP

A’s learning process throughout the VAS session reflects the typical complexity seen in
students with spastic quadriplegia, in which motor, cognitive, and communication impairments
coexist but vary in intensity at each stage. Student A’s fine motor impairment consists of high
muscle tone, resulting in stiff and difficult-to-control hand movements that consistently affect
the speed and independence in manipulating materials, particularly in grasping and moving the
snail and lifting the watering can to water the flowers. This aligns with the findings of Micheletti
et al. (2024) , which confirm that for students with CP, fine motor impairments often mask their
true cognitive abilities, as many academic tasks rely on object manipulation, which is precisely
their primary area of difficulty.

In addition, the articulation difficulties experienced by A, resulting from muscle
involvement, affect the clarity of her verbalization of numbers, although this does not prevent
A from continuing to try to say them. This condition underscores the importance of designing
instruction that not only accommodates motor limitations but also provides opportunities for
students with CP to demonstrate their conceptual understanding through more accessible
modalities (Feldberg et al., 2021; Neveu et al., 2023).

Development of Counting Skills

Throughout the learning session, A consistently demonstrated the counting on strategy,
the ability to continue counting sequentially from a specific number (Malone et al., 2021). This
was evident in Activity 3 when A said "zero, one, two" and in activity 4 when A said "two,
three, four, five" as the snail moved along the number line. This ability became even stronger
in the closing activity, when A independently and without being asked moved the snail from
the number 0 to the number 2 while stating the correct number sequence. This is an indication
that the concept of counting on is beginning to form for the small number range that has been
practiced repeatedly (Malone et al., 2021).

Conversely, the ability to count backward had not yet emerged verbally in Activity 5
when A was asked to count backward from 5 to 0. This absence was most likely due to
limitations in working memory and divided attention. A appeared to allocate all of her cognitive
focus to controlling motor movements, making it impossible to simultaneously verbalize the
numbers in reverse (Feldberg et al., 2021). This finding indicates that counting backward
requires more explicit and step by step activity design in subsequent learning sessions, separate
from demanding motor tasks.

The Role of Manipulative Media in the Learning Process

Magnetic number line materials play a crucial role in supporting A’s engagement during
the learning process. The magnetic system, which produces a “click” sensation at each number
point, provides tactile feedback that helps A understand positional shifts, even when their motor
control is not precise. This aligns with the principles of multisensory learning, which emphasize
the importance of engaging more than one sensory modality, visual, tactile, and motor, in
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supporting the understanding of basic mathematical concepts among students with special
needs (Nurjanah et al., 2021; Tran & Duong, 2023). Additionally, the adaptive design of the
media, featuring small handles on the snail that facilitate a secure grip, demonstrates that
physical modifications to manipulative materials can reduce access barriers without
diminishing the educational value they offer (Neveu et al., 2023).

Most significantly, the improvement in the fluency of Movement A observed in Activity
5 compared to previous activities indicates motor adaptation to the medium through repetition.
This is consistent with the principle of motor learning that the gradual repetition of structured
physical activities can build more automatic movement patterns even when muscle tone remains
high (Cheng et al., 2021; Rachmat et al., 2023). These findings reinforce the argument that
adaptively designed manipulative media can separate motor barriers from the cognitive abilities
of students with CP, thereby allowing their true academic potential to emerge and be facilitated
(Micheletti et al., 2024; Neveu et al., 2023).

Effectiveness of the VAS Narrative Context

The narrative context of the VAS, presented in the story "The Magic Snail Watering the
Flowers," proved effective in building and sustaining A’s motivation to learn throughout the
session. From the introductory stage, A’s personal engagement, finding their favorite colored
flower on the board, created an emotional connection that served as a driver for active
participation in subsequent stages. Spontaneous responses such as “Wow!” upon seeing the
water being poured and “The flower is wet!” after successfully watering the flower indicate that
A was not merely following instructions but was genuinely and meaningfully engaged in the
story’s flow. This aligns with the VAS principle, which positions contextual narratives as
stimuli to simultaneously foster students’ cognitive and affective engagement(Crisan &
Geraniou, 2025; Shelton et al., 2021). Student A’s ability to answer correctly when asked which
flower had not been watered, “The blue flower!”, demonstrates that A is capable of monitoring
the progress of their own activities and actively maintaining an understanding of the story’s
context throughout the learning session, indicating a deeper level of cognitive engagement than
merely following instructions(Crisan & Geraniou, 2025; Skilling & Stylianides, 2023).

The most significant finding emerged at the end of the session, when A took the initiative
to water her favorite flower without being asked, then moved the snail while counting “zero,
one, two” on her own. This initiative confirmed that the VAS narrative successfully encouraged
active engagement. This aligns with previous research showing that engaging and meaningful
context-based mathematics learning approaches have proven effective in increasing the
engagement of students with special needs (Damayanti et al., 2024; Nurjanah et al., 2021;
Skilling & Stylianides, 2023).

CONCLUSION

This study explores the early numeracy learning process of a student with cerebral palsy
(CP) using the Vignette Activity Sequence (VAS) approach with a magnetic number board at
a special education elementary school. The findings indicate that Subject A was able to actively
participate in all stages of the VAS activities despite facing significant motor impairments, with
varying patterns of engagement at each stage.

Specifically, subject A consistently demonstrated the ability to count forward within the
range of 0-5, by the end of the session, A was even able to recite the sequence of numbers
independently without being prompted, an early indication of the internalization of the concept
of counting. Conversely, the ability to count backward had not yet emerged verbally, indicating
the need for more explicit and step-by-step activities to support this skill in subsequent sessions.
The fine motor difficulties consistently experienced by A affected the speed of media
manipulation, but did not hinder their cognitive and affective engagement; in fact, there was an
increase in the fluency of movement as the activity was repeated, reflecting motor adaptation
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to the media. The VAS narrative context proved effective in building motivation and
maintaining A’s engagement throughout the session, as reflected in the spontaneous responses
and initiatives that emerged without prompting.

This study offers several important implications. First, the VAS approach, which has long
been used in the context of teacher professional development, has proven to be effectively
adaptable as a framework for hands-on learning activities for students with CP. Second,
manipulative materials designed to be adaptive, taking into account the motor limitations of
students with CP, can separate physical barriers from cognitive abilities, thereby allowing
students’ academic potential to be recognized and supported. Third, a personal and meaningful
narrative context is a crucial element in designing inclusive mathematics learning for students
with CP.

This study has the limitation of involving a single subject in a single learning session;
therefore, the findings should be generalized with caution. Further research involving longer
sessions, a more diverse group of subjects, and a more structured integration of the “counting
back” stage is highly recommended to deepen our understanding of the effectiveness of the
VAS approach in early numeracy learning for students with CP.
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