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Abstract

This quasi-experimental study examined the effectiveness of number glass media, a
multisensory tool, in improving arithmetic skills among elementary students with
dyscalculia tendencies in Makassar, Indonesia. Using a nonequivalent control group
design, 11 participants (aged 9-11 years) were divided into experimental (n=6) and
control (n=5) groups. The experimental group received 14 sessions of targeted instruction
using number glass media, while the control group followed conventional methods. Pre-
test and post-test data were analyzed via independent and paired samples t-tests. Results
indicated statistically significant improvements in the experimental group’s post-test
scores (M=18.83, SD=1.47) compared to the control group (M=8.4, SD=3.29), with a
large effect size (Cohen’s d=2.25, 95% CI [-1.92, 6.46]; t(9)=-3.72, p=0.005). The
experimental group showed a mean gain score of 8.00 (SD=3.46), while the control
group’s gain was minimal (M=0.60, SD=3.05). The intervention’s hands-on approach
reduced cognitive barriers in symbolic arithmetic, enhancing comprehension of addition,
subtraction, multiplication, and division. However, the small sample size (N=11) and
homogeneity of participants (urban Indonesian students) limit the generalizability of
findings. While the study demonstrates the tool’s potential for dyscalculia intervention,
further research with larger, diverse cohorts is needed to validate scalability.
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Introduction

Learning outcomes are clear, assessable declarations that outline the precise knowledge, abilities, perspectives, and

principles learners should gain by the end of an educational activity, like a course or degree (Suskie, 2018; Banta &

Palomba, 2015). These outcomes reflect the result of structured educational planning and act as essential criteria for

gauging the success of teaching practices (Hadjianastasis, 2017). As noted by Boud and Soler (2016), they form the basis

for harmonizing instructional approaches, evaluations, and curricula with institutional objectives, ensuring coherence

across all elements to optimize student development. Beyond assessment, learning outcomes shape both pedagogy and

learner engagement. By defining target competencies, they offer students clarity on expectations, encouraging proactive

learning and readiness for academic tasks (Hattie & Donoghue, 2016; Medland, 2016). Studies by Winstone and Boud

(2022) reveal that awareness of these outcomes boosts learner motivation and active participation. Additionally, they

empower educators to craft focused teaching methods and assessments that accurately evaluate achievement, supporting
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ongoing refinement of instructional quality (Wiggins & McTighe, 2005). Biggs and Tang (2011) emphasize that well-
defined learning outcomes foster alignment among instructional objectives, pedagogical strategies, and assessment
frameworks.

Learning outcomes also cultivate mutual clarity among students, instructors, and advisors about program objectives.
This alignment strengthens transparency and accountability, as stakeholders collaborate toward shared goals (Fink,
2013; Whitfield & Hartley, 2019). Bearman et al. (2017) stress that robust outcomes establish a unified framework for
discussing educational standards and achievements. Similarly, learning outcomes anchor education by setting
measurable benchmarks for success. These benchmarks not only guide curriculum design but also reinforce institutional
credibility, as they provide transparent evidence of program effectiveness to external stakeholders such as accreditors and
employers (Ewell, 2009; Harden, 2002). They guide learners while enabling educators to enhance teaching strategies,
driving overall academic improvement (Maki, 2017; Sambell et al., 2012). Recent findings by Ajjawi et al. (2022) affirm
that institutions with clearly articulated outcomes see notable gains in student performance, satisfaction, and career
readiness.

Learning outcomes encompass measurable transformations in students’ cognitive, affective, and psychomotor
development resulting from educational engagement (Susanto, 2013). These outcomes serve as critical indicators of
educational efficacy, reflecting both institutional objectives and student competency acquisition (Biggs & Tang, 2011;
Winstone & Boud, 2022). Central to achieving these outcomes is educators’ capacity to strategically orchestrate
instructional resources, materials, and time—a pedagogical skill that significantly influences student achievement
(Ahmad, 2012). Research underscores that strategies tailored to learners’ needs can elevate academic performance, with
effect sizes of 0.40-0.60 demonstrating meaningful impacts (Hattie & Donoghue, 2016).

This study examines the persistently low mathematics outcomes among elementary students with dyscalculia, a
neurodevelopmental disorder affecting numerical cognition. In Indonesia, where 77.13% of fourth graders fall below
minimum math proficiency (Badan Pusat Statistika, 2018), systemic challenges persist. The nation ranked 74th of 79
countries in arithmetic (OECD, 2019), a position further corroborated by the 2022 PISA score of 372—100 points
below the OECD average (OECD, 2023). TIMSS 2019 data reinforces this trend, with Indonesian students scoring 388
points against an international average of 500 (Mullis et al., 2020). Globally, over 50% of youth in sub-Saharan Africa
and South Asia lack basic numeracy skills, a crisis exacerbated by systemic underinvestment in teacher professional
development and pedagogies that fail to address diverse learning needs (UNESCO, 2022).

Students with dyscalculia, representing 5-7% of the population (Butterworth et al., 2011). Neuroimaging reveals
structural (e.g., reduced gray matter density) and functional (e.g., atypical activation) irregularities in the intraparietal
sulcus (IPS), a key region for numerical processing (Kucian & von Aster, 2015; Butterworth et al., 2011). These deficits
manifest as challenges in symbolic/non-symbolic number comprehension, arithmetic procedures, and working memory
(Sztics & Myers, 2017; Morsanyi et al., 2018). Such difficulties extend beyond academia, impairing financial literacy and
career prospects (Parsons & Bynner, 2005; OECD, 2013).

Diagnostically, dyscalculia is identified through persistent struggles with numerical magnitude processing, fact
retrieval, and procedural application (Soares et al., 2018). Assessment frameworks now include markers like impaired
subitizing and number-line estimation (Trift et al., 2017). Despite its neurobiological basis, dyscalculia remains
underrecognized in educational systems, necessitating urgent reforms in teacher training and adaptive curriculum design
(Fritz et al., 2019).

Mathematical proficiency, particularly early foundational skills in counting and cardinality, predicts stronger
number-system knowledge at school entry (Geary et al., 2018). Furthermore, mathematics education fosters critical
thinking and problem-solving abilities when pedagogical approaches emphasize inquiry and conceptual understanding
(Schoenfeld, 2016). Targeted instructional strategies, such as visual tools and contextualized problems, can enhance

algebraic knowledge in secondary students, though direct links to broader societal applications require further
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exploration (Star et al., 2015). Mathematics education prepares students for future societal demands by integrating
problem-solving in authentic contexts (Gravemeijer et al., 2017), though the design of word problems necessitates
careful attention to avoid misalignment with real-world reasoning (Verschaffel et al., 2020). Effective instruction
requires tools like manipulatives and visual aids to bridge abstract concepts with tangible understanding, aligning with
cognitive load theory to optimize learning (Moyer-Packenham & Westenskow, 2015; Sweller et al., 2019). Evidence-
based strategies and challenging tasks are essential for fostering deeper mathematical engagement, as students perceive
such tasks as opportunities for meaningful learning (Russo & Hopkins, 2017).

Research underscores the efficacy of targeted approaches, particularly for diverse learners, in enhancing conceptual
understanding. Meta-analyses confirm that instructional strategy choices significantly impact academic achievement,
with manipulatives serving as critical mediators for clarifying abstract concepts (Dietrichson et al., 2017; Moyer-
Packenham & Westenskow, 2015; Rieser et al., 2016). For instance, number glass media—layered tools that visualize
place value—have been shown to improve numerical comprehension by bridging mathematical symbols with
quantitative meaning, as evidenced in studies on place-value instruction (Young-Loveridge & Bicknell, 2014) and the
development of visual tools for early childhood mathematics (Baroody etal., 2019). Structured implementation of such
tools not only enhances student engagement but also mitigates learning barriers for individuals with dyscalculia,
fostering conceptual mastery over procedural memorization (Bugden & Ansari, 2016; Monei & Pedro, 2017). These
findings underscore the necessity of pedagogical tools that render mathematical structures cognitively accessible and
manageable.

Number glass media is a specialized instructional tool designed to enhance understanding of place value through
tactile and visual representation. It consists of labeled glasses and numerical components arranged on a board, enabling
students to physically manipulate numerical relationships (Yovelia & Efendi, 2019. Grounded in Bruner’s enactive-
iconic-symbolic theory, which emphasizes learning through physical action and visual aids (Bruner, 1966), and Piaget’s
concrete operational stage, which underscores the importance of hands-on experiences for cognitive development
(Piaget, 1998), this tool aligns with neurocognitive research on dyscalculia. Studies highlight that dyscalculia is associated
with deficits in number sense and magnitude processing, necessitating interventions that externalize abstract concepts
(Butterworth, 2010; Skagerlund & Triff, 2016). By transforming operations like addition and subtraction into tangible
activities, number glass media reduces cognitive barriers and fosters multisensory engagement, thereby aiding students
in mastering mixed calculations (Kucian & von Aster, 2015; Yovelia & Efendi, 2019).

From a cognitive load perspective, the tool reduces working memory strain by externalizing numerical operations,
benefiting students with dyscalculia who often struggle with visuospatial working memory (Sweller et al., 2019;
Mammarella et al., 2018). Its structured design scaffolds learning through a gradual shift from physical manipulation to
mental representation, consistent with evidence-based practices such as the Concrete-Representational-Abstract (CRA)
approach (Bouck et al., 2018). Additionally, the tool enhances tactile and cognitive engagement, offering alternative
routes to understanding for students who find symbolic methods challenging (Yuliana et al., 2014). Empirical studies,
such as Mela and Armaini’s (2021) intervention using number glass media, demonstrate significant improvements in
arithmetic skills among dyscalculic learners, reinforcing the efficacy of concrete-to-abstract instructional sequences in
special education contexts.

This research applies number glass media as a targeted intervention for dyscalculic students, building on prior work
that emphasizes the role of multisensory tools in mathematics education (Merkley & Ansari, 2016). Unlike generic
manipulatives, this tool explicitly bridges tactile interactions (e.g., counting objects) with symbolic operations (+, —, x,
+), addressing a critical gap in connecting concrete experiences to abstract arithmetic. The intervention aligns with
neurocognitive evidence suggesting that multisensory methods enhance numerical processing in children with
dyscalculia (Kucian & von Aster, 2015), while behavioral improvements from such approaches are well-documented

(Butterworth, 2019). By integrating structured visual-tactile representations with principles of cognitive development—
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such as Piaget’s concrete operational stage—the approach offers a tailored solution for dyscalculic learners (Witzel et al.,
2008), advancing pedagogical practices rooted in developmental psychology.

This research uniquely applies number glass media as a targeted intervention for elementary students with dyscalculia
tendencies. Unlike previous methods, it aligns with their cognitive profiles, providing a structured framework for
mastering arithmetic. By creating a concrete representation of place value, it scaffolds numerical understanding,
transforming abstract concepts into experiential learning through multisensory engagement. The visually distinct
system aids multilevel calculations, reducing math anxiety while enhancing motivation. Beyond improving learning
outcomes, it offers educators an evidence-based tool for bridging concrete and abstract mathematics, ensuring consistent

application across arithmetic operations to build computational fluency.

Research problem

Mathematical learning difficulties, particularly dyscalculia, are influenced by both neurobiological factors and
instructional approaches (Geary, 2019). Dyscalculia is associated with reduced activation in the intraparietal sulcus,
which impacts numerical cognition (Peters & De Smedt, 2018). However, the lack of structured, multisensory
instructional methods remains a critical barrier for students with dyscalculia (Doabler & Fien, 2013). Research shows
that explicit mathematics instruction significantly improves outcomes for students with learning disabilities, with meta-
analyses reporting effect sizes of 0.45-0.68 (Gersten et al., 2009). Digital math games, for example, can enhance learning
by incorporating interactive visual elements (Moyer-Packenham et al., 2019). Number glass media offers a promising
intervention by transforming abstract numerical concepts into tangible representations, improving comprehension and
engagement (Mela & Armaini, 2021). This approach aligns with the concrete-representational-abstract (CRA)
instructional model, which has demonstrated effectiveness in supporting students with mathematical difficulties (Bouck
etal., 2018). Structured multisensory tools, such as abacus instruction, enhance computational fluency and cognitive
flexibility (Wang et al., 2015). Despite evidence supporting multisensory tools, research on number glass media as a
targeted intervention for dyscalculia remains limited. To address this gap, this study employs a quasi-experimental pre-
test/post-test design to evaluate its effectiveness in improving arithmetic skills among elementary students in Makassar
City. By comparing students using number glass media with those receiving conventional instruction, this research aims

to determine whether hands-on methods enhance mathematical understanding in students with dyscalculia tendencies.

Method

Research design

This study uses an experimental research method with a nonequivalent control group design, which aims to determine
whether the learning intervention of number glass media effectively improves learning outcomes for elementary school
students with dyscalculia tendencies in Makassar City. The nonequivalent (pretest and posttest) control group design is
a model in which the experimental and control groups are selected, not randomly (Sugiyono, 2017). Both groups were
given a pretest and posttest, where only the experimental group was assigned a learning intervention using the number

glass media, while the control group used conventional learning.

Participants
In this research setting, the sampling approach applied was the purposive sampling method. The criteria for participants
in this study were (1) students registered as grade IV students at elementary schools in Makassar city; (2) individuals who
have an IQ (Intelligence Quotient) level from average to high as measured by the CPM test; (3) willing to take part in
the entire series of research by filling out an informed consent sheet; (4) has passed the screening process with the
"dyscalculia screening for kindergarten and elementary school level students” test tool with the results of scores below
the 10™ percentile (<P10); (5) is not experiencing physical disability.

The population of this research were are at the fourth level grade elementary school students in Makassar city,

totalling 221 students, including SDN Bontoramba, SD Inpress Kassi, SDN Tamalanrea, SD Inpres Karuwisi IT and SD
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Unggulan Puri Taman Sari which were determined using purposive sampling method. From the total population, 17
students were indicated with a tendency of dyscalculia, namely students who scored below the 10th percentile (<P10).
Participants who were selected to participate in the experiment demonstrated intelligence levels that included average,
above average, and high, which were assessed using a test coloured progressive matrices (CPM) test. From the results of
the coloured progressive matrices (CPM) test, a total of 11 research participants remained, then divided into two groups,
namely S participants in the control group and 6 participants in the experimental group. There were 2 female

participants and 9 male participants, aged between 9 and 11 years old.
Data Collection Tools

Learning outcomes test

The learning outcomes test in this study assessed arithmetic operations (addition, subtraction, multiplication, and
division) based on the Student Worksheet (LKS), Lesson Plan (RPP), and syllabus, aligned with the Indonesian Grade
IV curriculum in Makassar City. To ensure content validity, the test underwent Content Validity Ratio (CVR) analysis,
following Lawshe (1975). Seven Subject Matter Experts (SMEs) rated each item as Essential (E), Useful (G), or Not
necessary (T), with CVR calculated using CVR = (n_e - N/2) / (N/2). A CVR above 0.62 was considered acceptable
(Wilson etal., 2012), and the results indicated CVR coefficients between 0.71 and 1, confirming strong content validity.
Additionally, Aiken’s V analysis assessed inter-rater agreement on item relevance using V = Zs / [n(c-1)], yielding values
between 0.75 and 0.83, further supporting validityo. To ensure balanced difficulty, an item difficulty index (p-value)
analysis was conducted, retaining items within the 0.30-0.70 range (Crocker & Algina, 1986). These results confirm
that the learning outcomes test is a valid and reliable instrument for assessing mathematical proficiency in students with
dyscalculia tendencies. The use of CVR, Aiken’s V, and item difficulty validation ensures its suitability for educational

assessment and intervention.
Number glass media

The intervention in this study utilized number glass media as a pedagogical tool for teaching arithmetic operations.
Before implementation, the intervention underwent a manipulation check to ensure its effectiveness, following the
framework outlined by Sugiyanto (2009). This process involved 13 assessment questions designed to verify participants’
understanding of the learning process using number glass media. The manipulation check confirmed that the
intervention conditions were successfully applied, ensuring that students could engage with the media effectively 0. To
establish content validity, the number glass media intervention was assessed by three Subject Matter Experts (SMEs)
using Aiken’s V formula, as recommended by Azwar (2019). This method evaluates the degree to which an item
represents the construct it aims to measure. Aiken’s V was calculated using the formula V =Xs / [n(c - 1)], where s
represents the sum of rater scores adjusted for the minimum value, n is the number of raters, and ¢ is the number of
rating categories. The validity analysis yielded Aiken’s V values ranging from 0.75 to 0.83, indicating strong content
validityn. The assessment confirmed that number glass media effectively supports students with mathematical
difficulties by providing a structured, interactive, and tangible learning experience. This validation process ensures that
the intervention meets academic and instructional standards, reinforcing its suitability for enhancing arithmetic learning

outcomes among elementary students.

Data analysis

The experimental procedure began with screening participants using an elementary-level dyscalculia screening tool with
a one-on-one method. This screening test consisted of 25 items with a reliability score of 0.827, measuring counting
ability instructions, number knowledge instructions, and basic arithmetic instructions (Bariroh & Wimbarti, 2016). The
screening was conducted on 221 fourth-grade elementary students in Makassar City, identifying 23 students who scored
below the 10th percentile (P10). These students then completed the Coloured Progressive Matrices (CPM) test (Raven,

2018), and 11 students meeting the criteria—those with average, above-average, and high intelligence levels—were
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selected as research participants. This criterion aligns with evidence that dyscalculia is unrelated to general intelligence.
Children with dyscalculia often exhibit normal/high intelligence despite numerical difficulties (Butterworth, 2010;
Geary, 2011). Defined as a specific learning disability affecting numerical cognition in individuals with typical
intellectual functioning (Kaufmann etal., 2013), dyscalculia’s dissociation from broader intellectual disabilities validates
including participants with average-to-high IQ in intervention studies (Szlics & Goswami, 2013).

To measure learning outcomes, a validated 30-item test was used, having undergone subject matter expert (SME)
validation, face validity assessment, and a readability test. Before implementing the intervention, a pilot test of the
number glass media was conducted with 14 students to ensure its feasibility. The intervention spanned four weeks,
consisting of 14 sessions, with each session lasting 75 minutes. Each session followed a structured format, including a 5-
minute ice-breaking activity, a 20-minute instructional phase introducing number glass media concepts, a 45-minute
practice phase where students engaged in arithmetic problem-solving using number glass media, and a S-minute
reflection and feedback session.

During the first session, students completed a pre-test lasting 45 minutes. The experimental group received 14
sessions of number glass media instruction, while the control group followed conventional learning methods without
intervention. At the end of the study, in the 14th session, both groups completed a post-test lasting 45 minutes to assess
learning outcomes. Researchers supervised the test process and provided individual testing sessions for students unable

to attend the scheduled post-test, ensuring the reliability of the final assessment.

Procedure

The experimental procedure stage is when the researcher conducts screening of participants using an elementary school-
level dyscalculia screening tool with the one-on-one method. The dyscalculia tendency test contains 25 items with a
reliability value of 0.827, where the test summarizes three aspects: counting ability instructions, number knowledge
instructions and basic arithmetic instructions (Bariroh & Wimbarti, 2016). The screening results on 221 students in
grade IV elementary schools in Makassar City obtained 23 students with screening results below the 10th percentile
(P1o). After conducting a dyscalculia screening test, the 23 students took the CPM (coloured progressive matrices) test.
Then, students who met the criteria for research participants were selected as research participants, totalling 11 students,
namely those with average, above average, and high intelligence levels. The measuring instrument used is a learning
outcome test constructed by the researcher with item questions consisting of 30 items. It has undergone the SME
(subject matter expert) process, face validity, and readability test. The researcher also conducted a pilot test of the
number of glass media to 14 participants.

During the initial meeting between the experimental and control groups, a pre-test sheet was given in the form of a
learning outcome test, which was done for 45 minutes offline. The process of providing intervention in the form of
learning using number glass media took place for 14 meetings given to the experimental group. In contrast, the control
group only followed conventional learning and was not given learning intervention using number glass media. Then, in
the final stage, namely providing a post-test in the form of a learning outcome test to the experimental and control

groups, which was done for 45 minutes offline.

Figure 2. Colored progressive Figure 3. Learning process using

screening matrices test (CPM) number glass media

50



Mannase, Dewi €5 Akmal Psychology Research on Education and Social Sciences 6(1) (2025) 45-60

Pilot test

The pilot test began with a presentation from the researcher regarding the purpose of the pilot test, the learning model,
the mathematical arithmetic operation material and the tasks of the pilot test participants. Then, the researcher read and
explained the contents of the research module that would be used. The researcher read and explained, starting from the
introduction, dyscalculia problems, how to recognize dyscalculia, the definition of number glass media, the purpose of
using number glass media, the time of learning implementation, the place of learning implementation, learning methods
and how to use number glass media.

The results of the assessment given by the participants from the pilot test conducted showed that for the suitability
aspect of 14 (100%) participants there were 14 (100%) participants who decipher the subject matter was "appropriate”,
13 (92%) participants who expressing the student worksheets or questions were "appropriate”, 12 (85%) participants
who stated the learning atmosphere in the classroom was "appropriate” and 12 (85%) participants said the way the
facilitator taught was "appropriate”. For the attractiveness aspect of the 14 (100%) participants, 14 (100%) participants
delivering the learning media was "interesting”, 13 (92%) participants said the student worksheets or questions were
"interesting”, 12 (85%) participants who stated the learning atmosphere in class was "interesting”, 13 (92%) participants
who mentioned the way the facilitator taught was "interesting” and 14 (100%) participants who replied the subject
matter was "interesting”. For the aspect of motivation, out of 14 (100%) participants, 14 (100%) participants said they
were "motivated to participate in further learning activities like the one I have participated in". For the approval aspect
of 14 (100%) participants, there were 12 (85%) participants who confirm “Yes, I understand the material better by using
the glass number media", 13 (92%) participants who explaining “Yes, I am interested in the appearance of the glass
number media". So, it can be concluded that the number glass media module and number glass media are suitable for

intervention in actual research.

Results
To determine the effectiveness of using number glass media on improving the mathematics learning outcomes of

students with dyscalculia tendencies in Makassar city, independent samples T-test and paired samples T-test tests were
conducted to see the difference in total pretest and posttest scores with the JAMOVT 2.3.28 application. The data used
as research data is measured through the implementation of post-test results at the end, after the provision of learning
interventions between the two groups, namely the control group using conventional learning and the experimental
group using number glass media. The score is used as a reference to determine the mathematics learning outcomes of
students with dyscalculia tendencies, especially in the cognitive domain.

On the results of the pre-test learning outcomes, out of 11 students with a tendency to dyscalculia, 55% of students
scored below the average category, and 45% of students scored in the intermediate class. Furthermore, on the post-test
of learning outcomes of students with a tendency to dyscalculia, 27% scored below the average class, 55% cut in the
middle sort, and 18% scored above the intermediate course. The results of the acquisition of data that has been processed

are as follows:

Table 1. Description of hypothetical and empirical data of learning outcomes in mathematical calculation operations

Variable Data Min Max Mean St. Dev
Learning Outcomes Hypothetical 0 30 15 5
Empirical 5 21 14,09 5,92

The descriptive analysis of students’ mathematical arithmetic learning outcomes was conducted using both
hypothetical and empirical statistical approaches, following the framework described by Widhiarso (2010). The analysis
provided key statistical indicators, including the minimum, maximum, mean (M), and standard deviation (SD) values
for both hypothetical and empirical data. Table 1 presents a summary of the descriptive statistics. The hypothetical data

categorization follows a statistical reference model, ensuring that score classification reflects natural variations in student
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achievement. In accordance with Widhiarso (2010), the categorization of mathematical arithmetic learning outcomes is

structured as follows:

Table 2. Categorization of hypothetical data of learning outcomes in mathematical calculation operations

Variable Criteria Category

Learning Outcomes X>M+SD=15+5=20 High
M-SD<X<M+SD=10<X<20 Medium
X<M-SD=10 Low

This classification ensures that score distributions align with standardized statistical categorization, avoiding
arbitrary thresholds. By employing empirical statistics, this study ensures that classification represents actual student
performance, while the hypothetical reference model provides a structured framework for interpretation (Widhiarso,
2010). Following this classification system, students’ post-test scores were categorized accordingly. The post-test was
administered after the intervention to the experimental group, allowing for an objective assessment of learning
improvement. This method ensures a data-driven approach to performance evaluation, reinforcing the validity of the
learning outcome measurement. The results obtained from participants after being given a post-test using the math

arithmetic operations learning outcomes test questions are as follows:

Table 3. Pretest and posttest data of experimental group participants

Number Initial name Pretest Category Post-test Category Gain score
1 A 8 Low 19 Medium 11
2 BAS 11 Medium 17 Medium 6
3 M 7 Low 18 Medium 11
4 MYA 11 Medium 20 High 9
5 FHA 12 Medium 21 High 9
6 RAR 16 Medium 18 Medium 2

Min. score 7 17
Max. score 16 21
2X 65 113
Mean 10,83 18,83
St. Dev 3,91 1,47

The experimental group's post-test average is 18.83. The standard deviation of the experimental group's post-test
results is 1.47. Based on the table, one participant falls into the high category, while five participants are in the medium
category, and none are in the low category. The categorization results showed that two participants who were previously
in the low category in the pretest increased their scores, moving into the medium category. Additionally, one participant
who was in the medium category in the pretest increased their score sufficiently to switch to the high category.
Meanwhile, three other participants in the medium category also showed score increases, but the increments were not

significant enough to change their classification, so they remained in the medium category.

Table 4. Pretest and posttest data of control group participants

Number Initial name Pretest Category Post-test Category Gain score
1 MNA 6 Low 11 Medium 5
2 ZDP 8 Low S Low -3
3 MAK 9 Low 9 Low 0
4 ES 6 Low 5 Low -1
5 IR 10 Medium 12 Medium 2
Min. score 6 S
Max. score 10 12
X 39 42
Mean 7,8 8,4
St. Dev 1,6 2,93
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The mean score of the control group's post-test was 8.4. The standard deviation of the control group's post-test was
3.29. Based on the table, it can be seen that there are no participants in the high category, two participants in the medium
category, and three participants in the low category. The categorization results show that one participant in the previous
pretest who was in the low category increased their score, moving into the medium category. Two participants in the
previous pretest who were in the low category had a decrease in score, so they remained in the low category. One
participant in the previous pretest who was in the low category had no change in score, so they remained in the low
category. One participant in the previous pretest who was in the medium category experienced a change in score.

However, because the increase was minor, they did not move from the medium category.

Normality Test

Table 5. Shapiro-Wilk Test
Parameter Method Statistic P
Independent sample T test
Gain score Shapiro-Wilk 0,965 0,829
Paired sample test
Control Group Control Group Shapiro-Wilk 0.981 0.940
Experimental Group Experimental Group Shapiro-Wilk 0.862 0.195

The Shapiro-Wilk normality test results indicate that the gain score has a significance value of 0.829, which is greater
than 0.05, meaning the gain score data is normally distributed. Similarly, the control group data has a p-value of 0.940,
which is also greater than 0.05, indicating that it follows a normal distribution. Likewise, the experimental group has a
p-value of 0.195, which remains above 0.05, suggesting that the experimental group's data is also normally distributed.

Thus, all datasets meet the assumption of normality, allowing for the application of parametric statistical tests.

Homogeneity Test
Table 6. Homogeneity of variances test
F Df df2 p
Gain score Levene’s 0.107 1 9 0.751
Variance ratio 0.775 4 S 0.828

The homogeneity test in this study was conducted using Levene’s test with the assistance of the JAMOVT 2.3.28
application. This analysis aims to determine whether the variance of the data in this study is equal. The results indicate
that the research data has equal variance, as shown by F(1, 9) = 0.107, p = 0.751, which is greater than 0.05. Thus, the

assumption of homogeneity is met, meaning that the data can be analyzed using parametric statistical tests.

Hypothesis Test
Table 7. Hypothesis test
Group M SD T P Effect Size Comment
Gain Control 0,60 3,05 -3,72 0,005 -2,25 Significant
score Experimental 8,00 3,46

The results of the Independent Samples T-Test in Table 7 indicate that the experimental group (M = 8.00, SD =
3.46) achieved significantly higher learning gains compared to the control group (M = 0.60, SD = 3.05). The statistical
test yielded a t-value of -3.72, with a p-value of 0.005, which is below the significance threshold of 0.05. To measure the
magnitude of the effect, Cohen’s d was calculated, resulting in a value of 2.25, indicating a large effect size. According
to Cohen (1988), an effect size of 0.2 is considered small, 0.5 is medium, and 0.8 or higher is large, meaning the
intervention had a substantial impact on student learning outcomes. The 95% confidence interval (CI) for the effect size
ranged from -1.92 to 6.46, confirming the robustness of the findings. These results support the conclusion that using

number glass media significantly improves learning outcomes for students with dyscalculia tendencies.
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Discussion
The findings of this study demonstrate that the use of number glass media significantly improved the arithmetic learning

outcomes of elementary students with dyscalculia tendencies in Makassar, Indonesia. The experimental group showed
amean post-test score of 18.83 (SD = 1.47), compared to the control group’s mean of 8.4 (SD = 3.29), with a large effect
size (Cohen’s d = 2.25). This improvement can be contextualized through several theoretical frameworks, providing
deeper insights into the mechanisms driving the intervention's effectiveness.

First, the efficacy of number glass media aligns with Dual Coding Theory (Paivio, 1986), which posits that
combining verbal and nonverbal (visual/tactile) information enhances cognitive processing. The simultaneous use of
pipettes (tactile), labeled glasses (visual), and verbal instruction likely created redundant coding pathways, reinforcing
numerical concepts for students with dyscalculia. By grounding symbolic arithmetic (e.g., division) in physical
manipulatives, multisensory methods address dyscalculia-related difficulties in symbolic number processing, which have
been linked to irregularities in the intraparietal sulcus (IPS) (Kucian & von Aster, 2015). For instance, translating
subtraction into the physical removal of pipettes reduces reliance on working memory, a domain where dyscalculic
learners often face challenges (Sziics & Goswami, 2013).

Second, the intervention resonates with Embodied Cognition (Wilson, 2002), which emphasizes the role of
sensorimotor experiences in shaping cognitive processes. By physically manipulating number cards and pipettes,
students engaged in “thinking through doing,” a process that strengthens neural pathways associated with numerical
magnitude representation (Fischer et al., 2011). This approach is particularly relevant for dyscalculic learners, as
neuroimaging studies indicate atypical activation in the intraparietal sulcus—a region linked to quantity processing
(Price etal., 2007). The hands-on nature of the media may have played a role in promoting cognitive engagement, which
is essential for arithmetic fluency (Butterworth & Laurillard, 2010).

Additionally, the structured progression of the intervention aligns with Vygotsky’s Sociocultural Theory (Vygotsky,
1978), particularly the concept of scaffolding. The facilitator’s role in guiding students through incremental
challenges—starting with concrete manipulation (enactive phase) and progressing to symbolic problem-solving—is
consistent with the zone of proximal development (ZPD) approach. For example, students initially required explicit
demonstrations to use the media but gradually internalized procedures, as evidenced by their ability to solve problems
independently in the final sessions. This structured guidance may have supported students in overcoming procedural
difficulties often observed in dyscalculia, where learners struggle to automate arithmetic steps (Geary, 2013).

Moreover, findings from the study suggest that number glass media played a role in fostering a more engaging and
interactive learning experience, which may have influenced students' cognitive engagement. Multisensory tools have
been associated with reducing affective barriers in mathematics learning (Siegler & Ramani, 2008), potentially allowing
students to focus on conceptual understanding. However, the extent to which number glass media contributed to such
outcomes requires further investigation.

The study's limitations warrant consideration. The small sample size (n = 11) and homogeneity of participants (urban
Indonesian students) limit generalizability. Future research should replicate this intervention in diverse cultural contexts
to assess cross-population validity. Furthermore, while the media improved basic arithmetic, its impact on higher-order
skills (e.g., fractions, algebraic reasoning) remains untested. Integrating number glass media with digital tools, as
suggested by the Cognitive Theory of Multimedia Learning (Mayer, 2021), could extend its utility to more complex
domains.

In summary, the effectiveness of number glass media is not merely pedagogical but also theoretically grounded. Its
design leverages neurocognitive processing (Butterworth etal., 2011), embodied learning principles (Wilson, 2002), and
interactive engagement, offering potential benefits for dyscalculia intervention. These findings highlight the importance
of multisensory, theory-driven approaches in mathematics education, particularly for learners facing numerical

processing challenges.
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Conclusion and Recommendations

This study demonstrates that the use of number glass media significantly enhances arithmetic learning outcomes
among elementary students with dyscalculia tendencies in Makassar, Indonesia. The experimental group, which engaged
with the tactile and visual tool, showed marked improvement in post-test scores compared to the control group relying
on conventional methods. By transforming abstract mathematical concepts into tangible, hands-on experiences, the
media effectively bridged gaps in numerical comprehension, reduced cognitive overload, and fostered greater
engagement. These results highlight the critical role of multisensory, student-centered approaches in addressing the
unique challenges faced by learners with dyscalculia.

The findings advocate for integrating tools like number glass media into mathematics curricula to support inclusive
education. Educators and policymakers should prioritize training programs that equip teachers with strategies to
implement such interventions, ensuring alignment with diverse cognitive needs. However, the study’s small sample size
and limited intervention period necessitate further research with larger, more diverse populations to validate scalability
and long-term efficacy. Future investigations should also explore the media’s applicability to advanced mathematical
domains and its adaptability across varied cultural and educational contexts. Ultimately, this research underscores the
transformative potential of innovative pedagogies in fostering equitable access to mathematical literacy for all learners.

This study demonstrates that the use of number glass media significantly improves arithmetic learning outcomes
among elementary students with dyscalculia tendencies in Makassar, Indonesia. The experimental group, which utilized
this tactile and visual tool, showed substantial gains in post-test scores compared to the control group taught through
conventional methods. These findings affirm that number glass media is an effective choice for addressing dyscalculia-
related challenges, as it transforms abstract numerical concepts into tangible experiences, reduces cognitive overload,
and enhances engagement.

To maximize the benefits of this intervention, educators and stakeholders should prioritize the following
recommendations: Curriculum Integration: Incorporate number glass media into mathematics curricula as a primary
tool for teaching arithmetic operations to students with dyscalculia tendencies. Sustained Practice: Encourage students
to consistently practice using number glass media or similar multisensory tools to reinforce learning and achieve long-
term mastery. Collaboration with Professionals: Advise participants to consult psychologists to identify and address
coexisting learning barriers, ensuring holistic support beyond classroom interventions. Focused Implementation: Avoid
combining number glass media with unrelated interventions during its application to isolate and evaluate its efficacy
accurately. Facilitator Expertise: Ensure facilitators receive specialized training in mathematics pedagogy and the use of
multisensory tools to deliver the intervention effectively. Tool Refinement: Improve the design of number glass media
by simplifying its features and teaching concepts, making it more accessible and adaptable to diverse learning
environments. While the study highlights the media’s potential, its small sample size and short intervention period
necessitate further research with larger, culturally diverse cohorts to validate scalability. Future studies should also
explore modifications to extend the media’s utility to advanced mathematical topics, such as fractions or algebraic
reasoning. By addressing these gaps, educators and policymakers can advance inclusive mathematics education, ensuring

equitable opportunities for students with dyscalculia to achieve academic success.

Limitations of the Study
This study has several limitations that warrant careful consideration. First, the small sample size (N = 11) significantly
restricts the statistical power of the findings, increasing the risk of Type II errors (failure to detect true effects) and
limiting the generalizability of the results to broader populations. While the purposive sampling method ensured
participants met strict criteria (e.g., dyscalculia tendencies, average-to-high IQ), the minimal sample size undermines
confidence in the robustness of the observed effects, particularly given the heterogeneity inherent in dyscalculia profiles

(Butterworth et al., 2011). Second, the short intervention period (14 sessions) and narrow focus on four arithmetic
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operations may have constrained the media’s potential to produce sustained or comprehensive improvements. A longer
intervention with incremental complexity could better assess whether gains in basic arithmetic translate to advanced
mathematical domains (e.g., fractions, problem-solving). Additionally, the nonequivalent control group design, though
pragmatic, introduces potential selection bias, as groups were not randomized. Uncontrolled variables, such as
differences in teaching styles, parental involvement, or socioeconomic backgrounds, may have confounded the results.
Finally, the study isolated number glass media as the sole intervention variable, excluding other factors that influence
learning outcomes (e.g., comorbid learning disabilities, emotional states, or classroom dynamics). While this focus
allowed for a clear evaluation of the media’s efficacy, it overlooks the multifaceted nature of dyscalculia, which often
coexists with other cognitive or affective challenges (Peters & De Smedt, 2018). Future research should adopt mixed-
methods designs to account for these variables and explore how number glass media interacts with broader instructional

ecosystems.

Acknowledgment
The authors acknowledge and are grateful for the support provided by our academic and professional colleagues at the
Offices for Student Success, Teaching, Learning, and Academic Innovation, and Institutional Research & Advanced
Analytics at the State University of Makassar and Elementary School in Makassar City. Competing interests: The authors
acknowledge no contflict of interests with any institution. /nformed consent: All study participants provided informed
consent prior to study enrollment, in accordance with the study protocol approved by the IRB. Funding: This research
received no specific grant funding in the public, commercial, or not-for-profit sectors. This manuscript has not been
submitted elsewhere and it has not been submitted simultaneously for publication elsewhere. Data availability
statement: The data that support the findings of this study are available on reasonable request from the corresponding

author.

References

Ahmad, M. U. (2012). Meningkatkan Hasil Belajar Siswa Pada Materi Sifat-sifat Cahaya Melalui Penerapan Metode Inkuiri Di Kelas
V SDN 1 Mohiyolo Kecamatan Asparaga Kabupaten Gorontalo. Master Thesis. State University of Gorontalo. Indonesia

Ajjawi, R., Tai, J., & Dawson, P. (2022). Feedback for learning. In International Encyclopedia of Education: Fourth Edition.

Azwar, S. (2019). Penyusunan skala psikologi (2nd). Yogyakarta: Pustaka Pelajar.

Badan Pusat Statistik Indonesia. (29 Juni 2018). Proporsi Anak Kelas 4 SD yang Mencapai Standar Kemampuan Minimum Dalam
Membaca dan Matematika, 2017. Diakses pada 1 April 2025.

Banta, T. W., & Palomba, C. A. (2015). Assessment essentials: Planning, implementing, and improving assessment in higher
education (2nd ed.). Jossey-Bass.

Bariroh, N. & Wimbearti, S. (2016). Konstruksi Alat Skrining Dyscalculia Untuk Anak Sekolah Dasar. Master thesis. Gadjah Mada
University, Indonesia.

Baroody, A.J., Clements, D. H., & Sarama, J. (2019). Teaching and learning mathematics in early childhood programs. In C. Brown,
M. B. McMullen, & N. File (Eds.), Handbook of early childbood care and education (1sted., pp. 329-353). Wiley Blackwell.
Bearman, M., Dawson, P., Bennett, S., Hall, M., Molloy, E., Boud, D. and Joughin, G. (2017). How university teachers design

assessments: A cross disciplinary study. Higher Education. 74 (1), pp. 49-64. https://doi.org/10.1007/510734-016-0027-7

Biggs, J., & Tang, C. (2011). Teaching for quality learning at university (4th ed.). Open University Press.

Bouck, E. C., Park, J., & Nickell, B. (2018). The concrete-representational-abstract approach for students with learning disabilities:
An evidence-based practice synthesis. Remedial ~ and  Special ~ Education, 39(4), 211-228.
https://doi.org/l(). 1177/0741932517721712

Boud, D., & Soler, R. (2016). Sustainable assessment revisited. Assessment & Evaluation in Higher Education, 41(3), 400-413.
https://doi.org/l().1080/02602938.2015.1018133

Bruner, J. S. (1966). Toward a theory of instruction. Harvard University Press.

Bugden, S., & Ansari, D. (2016). Probing the nature of deficits in the 'approximate number system' in children with persistent
developmental dyscalculia. Developmental Science, 19(5), 817-833. https://doi.org/10.1111/desc.12324

Butterworth, B. (2010). Foundational numerical capacities and the origins of dyscalculia. Trends in Cognitive Sciences, 14(12), 534-
541. hps://doi.org/10.1016/.tics.2010.09.007

Butterworth, B., & Laurillard, D. (2010). Low numeracy and dyscalculia: Identification and intervention. ZDM Mathematics
Education, 42(6), 527-539. https://doi.org/10.1007/s11858-010-0267-4

56



Mannase, Dewi €5 Akmal Psychology Research on Education and Social Sciences 6(1) (2025) 45-60

Butterworth, B., Varma, S., & Laurillard, D. (2011). Dyscalculia: From brain to education. Science, 332(6033), 1049-1053.
https://doi.org/10.1126/science.1201536

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence Erlbaum Associates.

Crocker, L., & Algina, J. (1986). Introduction to classical and modern test theory. Holt, Rinehart and Winston.

Dietrichson, J., Beg, M., Filges, T., & Klint Jorgensen, A. M. (2017). Academic interventions for elementary and middle school
students with low socioeconomic status: A systematic review and meta-analysis. Review of Educational Research, 87(2), 243-282.
https://doi.org/10.3102/0034654316687036

Doabler, C. T., & Fien, H. (2013). Explicit Mathematics Instruction: What Teachers Can Do for Teaching Students With
Mathematics Difficulties. Intervention in School and Clinic, 48(5), 276-285. https://doi.org/10.1177/1053451212473151

Dowker, A. (2010). Targeted interventions for children with arithmetical difficulties. British journal of educational psychology
monograph series, 2(7). http://dx.doi.org/10.1348/97818543370009X12583699332492

Ewell, P. T. (2009). Assessment, Accountability, and Improvement: Revisiting the Tension. Champaign, IL: National Institute for
Learning Outcomes Assessment. https://www learningoutcomesassessment.org/wp-
content/uploads/2019/02/OccasionalPaper1.pdf

Fink, L. D. (2013). Creating significant learning experiences: An integrated approach to designing college conrses. John Wiley & Sons.

Fischer, U., Moeller, K., Bientzle, M., Cress, U., & Nuerk, H. C. (2011). Sensori-motor spatial training of number magnitude
representation. Psychonomic bulletin € review, 18, 177-183. https://doi.org/10.3758/s13423-010-0031-3

Fritz, A., Haase, V. G., & Risinen, P. (Eds.). (2019). International handbook of mathematical learning difficulties: From the
laboratory to the classroom. Springer. https://core.ac.uk/download/188216077.pdf

Geary, D. C. (2011). Consequences, characteristics, and causes of mathematical learning disabilities and persistent low achievement
in mathematics. Journal of Developmental & Behavioral Pediatrics, 32(3), 250-263.
https://doi.org/10.1097/DBP.0b013e318209edef

Geary, D. C. (2013). Early foundations for mathematics learning and their relations to learning disabilities. Current Directions in
Psychological Science, 22(1), 23-27. https://doi.org/10.1177/0963721412469398

Geary, D. C,, vanMarle, K., Chu, F. W, Rouder, ]J., Hoard, M. K., & Nugent, L. (2018). Early Conceptual Understanding of
Cardinality Predicts Superior School-Entry Number-System Knowledge. Psychological science, 29(2), 191-205.
https://doi.org/10.1177/0956797617729817

Geary, D. C. (2019). The numerical cognition deficits in children with mathematical learning disabilities. In A. Fritz, V. G. Haase,
& P. Risinen (Eds.), International handbook of mathematical learning difficulties (pp. 235-248). Springer.
http://dx.doi.org/10.1007/978-3-319-97148-3

Gersten, R., Chard, D. J., Jayanthi, M., Baker, S. K., Morphy, P., & Flojo, J. (2009). Mathematics Instruction for Students With
Learning Disabilities: A Meta-Analysis of Instructional Components. Review of Educational Research, 79(3), 1202-1242.
https://doi.org/10.3102/0034654309334431

Gravemeijer, K., Stephan, M., Julie, C., Lin, F. L., & Ohtani, M. (2017). What mathematics education may prepare students for the
society of the future? International Journal of Science and Mathematics Education, 15(1), 105-123.
hteps://doi.org/10.1007/510763-017-9814-6

Hadjianastasis, M. (2017). Learning outcomes in higher education: Assumptions, positions and the views of early-career staff'in the
UK system. Studies in Higher Education, 42(12), 2250-2266. https://doi.org/10.1080/03075079.2016.1141402

Whitfield, R., Hartley, P. (2019). Assessment Strategy: Enhancement of Student Learning Through a Programme Focus. In: Diver,
A. (eds) Employability via Higher Education: Sustainability as Scholarship. Springer, Cham. https://doi.org/10.1007/978-3-
030-26342-3_16

Harden R. M. (2002). Learning outcomes and instructional objectives: is there a difference? Medical teacher, 24(2), 151-155.
https://doi.org/10.1080/0142159022020687

Hattie, J. A. C., & Donoghue, G. M. (2016). Learning strategies: a synthesis and conceptual model. NP/ science of learning, 1,16013.
https://doi.org/10.1038/npjscilearn.2016.13

Kaufmann, L., Mazzocco, M. M., Dowker, A., von Aster, M., Gobel, S. M., Grabner, R. H., Henik, A., Jordan, N. C., Karmiloff-
Smith, A. D., Kucian, K., Rubinsten, O., Szfics, D., Shalev, R., & Nuerk, H.-C. (2013). Dyscalculia from a developmental and
differential perspective. Frontiers in Psychology, 4, 516. https://doi.org/10.3389/fpsyg.2013.00516

Kucian, K., & von Aster, M. (2015). Developmental dyscalculia. Ewuropean Journal of Pediatrics, 174(1), 1-13.
https://doi.org/10.1007/500431-014-2455-7

Lawshe, C. H. (1975). A quantitative approach to content validity. Personnel Psychology, 28(4), 563-575.
https://doi.org/10.1111/j.1744-6570.1975.tb01393.x

Maki, P.L. (2017). Real-Time Student Assessment: Meeting the Imperative for Improved Time to Degree, Closing the Opportunity
Gap, and  Assuring  Student = Competencies  for  21st-Century  Needs  (Ist  ed.).  Routledge.
hteps://doi.org/10.4324/9781003446675

57



Mannase, Dewi €5 Akmal Psychology Research on Education and Social Sciences 6(1) (2025) 45-60

Mammarella, I. C., Caviola, S., Gioft¢, D., & Szfics, D. (2018). The underlying structure of visuospatial working memory in children
with  mathematical learning disability.  British  jJournal —of  Developmental — Psychology, — 36(2),  220-235.
hetps://doi.org/10.1111/bjdp.12202

Mayer, R. E. (2021). Multimedia learning (3rd ed.). Cambridge University Press.

Medland, E. (2016). Assessment in higher education: Drivers, barriers and directions for change in the UK. Assessment & Evaluation
in Higher Education, 41(1), 81-96. https://doi.org/l().1080/02602938.2014.982072

Mela, D., & Armaini, A. (2021). Meningkatkan Keterampilan Berhitung Penjumlahan Menggunakan Media Gelas Bilangan Bagi
Anak Dyscalculia. Jurnal Penelitian Pendidikan Khusus, 9(1): 151-156. https://doi.org/10.24036/juppekhul116070.64

Merkley, R., & Ansari, D. (2016). Why numerical symbols count in the development of mathematical skills: Evidence from brain
and behavior. Current Opinion in Bebavioral Sciences, 10, 14-20. https://doi.org/10.1016/j.cobeha.2016.04.006

Monei, T., & Pedro, A. (2017). A systematic review of interventions for children presenting with dyscalculia in primary schools.
Educational Psychology in Practice, 33(3), 277-293. https://doi.org/10.1080/02667363.2017.1289076

Morsanyi, K., van Bers, B. M. C. W., O'Connor, P. A., & McCormack, T. (2018). Developmental Dyscalculia is Characterized by
Order Processing Deficits: Evidence from Numerical and Non-Numerical Ordering Tasks. Developmental neuropsychology,
43(7), 595-621. https://doi.org/l().1080/87565641.2018.1502294

Moyer-Packenham, P. S., & Westenskow, A. (2015). Revisiting the effects and affordances of virtual manipulatives for mathematics
learning. In K. Terry & A. Cheney (Eds.), Utilizing virtual and personal learning environments for optimal learning (pp. 186-
215). IGI Global. http://dx.doi.org/10.4018/978-1-4666-8847-6.ch009

Moyer-Packenham, P. S., Lommatsch, C. W., Litster, K., Ashby, J., Bullock, E. K., Roxburgh, A. L., Shumway, J. F., Speed, E.,
Covington, B., Hartmann, C., Clarke-Midura, J., Skaria, J., Westenskow, A., MacDonald, B., Symanzik, J., & Jordan, K. (2019).
How design features in digital math games support learning and mathematics connections. Computers in Human Bebavior, 91,
316-332. https://doi.org/10.1016/j.chb.2018.09.036

Mullis, LV.S., Martin, M.O., Foy, P., Kelly, D.L. and Fishbein, B. (2020) TIMSS 2019 International Results in Mathematics and
Science. https://Timssandpirls.Bc.Edu/Timss2019/International-Results/

OECD (2023), PISA 2022 Results (Volume 1): The State of Learning and Equity in Education, PISA, OECD Publishing, Paris,
hetps://doi.org/10.1787/5323881-en

OECD. (2019). Programme for International Student Assesment. Retrieved from https://www.oecd.org/pisa/

OECD (2013). OECD Skills Outlook 2013: First Results from the Survey of Adult Skills. OECD Publishing.
https://www.oecd.org/content/dam/oecd/en/publications/reports/2013/10/oecd-skills-outlook-2013_glg3451c/9789264204256-en.pdf

Paivio, A. (1986). Mental representations: A dual coding approach. Oxtord University Press.

Parsons, S., & Bynner, J. (2005). Does Numeracy Matter More? National Research and Development Centre for Adult Literacy and
Numeracy.

Peters, L., & De Smedst, B. (2018). Arithmetic in the developing brain: A review of brain imaging studies. Developmental Cognitive
Neuroscience, 30, 265-279. https://doi.org/10.1016/j.den.2017.05.002

Piaget, J. (1998). Child's Conception of Number: Selected Works vol 2 (Ist ed.). Routedge.
hetps://doi.org/10.4324/9781315006222

Price, G. R., Holloway, I, Risinen, P., Vesterinen, M., & Ansari, D. (2007). Impaired parietal magnitude processing in
developmental dyscalculia. Current Biology, 17(24), R1042-R1043. https://doi.org/10.1016/j.cub.2007.10.013

Raven, J., Rust, J., Chan, F., & Zhou, X. (2018). Raven’s 2 Progressive Matrices, Clinical Edition (Raven’s 2). Pearson.

Rieser, S., Naumann, A., Decristan, J., Fauth, B., Klieme, E., & Biittner, G. (2016). The connection between teaching and learning:
Linking teaching quality and metacognitive strategy use in primary school. The British journal of educational psychology, 86(4),
526-545. https://doi.org/10.1111/bjep.12121

Russo, J., & Hopkins, S. (2017). Student reflections on learning with challenging tasks: 'T think the worksheets were just for practice,
and the challenges were for maths'. Mathematics Education Research Journal, 29(3), 283-311. https://doi.org/10.1007/s13394-
017-0197-3

Sambell, K., McDowell, L., & Montgomery, C. (2012). Assessment for Learning in Higher Education (1st ed.). Routledge.
https://doi.org/10.4324/9780203818268

Schoenfeld, A. H. (2016). Research in mathematics education. Review of Research in Education, 40(1), 497-528.
https://doi.org/10.3102/0091732X16658650

Schukajlow, S., Kaiser, G., & Stillman, G. (2018). Empirical research on teaching and learning of mathematical modelling: A survey
on the current state-of-the-art. ZDM Mathematics Education, 50(1-2), 5-18. https://doi.org/10.1007/s11858-018-0933-5

Siegler, R. S., & Ramani, G. B. (2008). Playing linear numerical board games promotes low-income children's numerical
development. Developmental Science, 11(5), 655-661. https://doi.org/10.1111/j.1467-7687.2008.00714.x

Skagerlund, K., & Triff, U. (2016). Number processing and heterogeneity of developmental dyscalculia: Subtypes with different
cognitive profiles and deficits. Journal of Learning Disabilities, 49(1), 36-50. https://doi.org/10.1177/0022219414522707

58



Mannase, Dewi €5 Akmal Psychology Research on Education and Social Sciences 6(1) (2025) 45-60

Soares, N., Evans, T., & Patel, D. R. (2018). Specific learning disability in mathematics: a comprehensive review. Translational
pediatrics, 7(1), 48—62. https://doi.org/10.21037/tp.2017.08.03

Star, J. R., Caronongan, P., Foegen, A., Furgeson, J., Keating, B., Larson, M. R., Lyskawa, J., McCallum, W. G., Porath, J., & Zbiek,
R. M. (2015). Teaching strategies for improving algebra knowledge in middle and high school students (NCEE 2014-4333).
National Center for Education Evaluation and Regional Assistance, Institute of Education Sciences, U.S. Department of
Education.

Sugiyanto. (2009). Manipulasi: Karakteristik Eksperimen. Buletin Psikologi, 17 (2): 98-108. https://doi.org/10.22146/bpsi.11486

Sugiyono. (2017). Metode Penelitian Kuantitatif, Knalitatif, € Rnd. Bandung: Alfabeta.

Susanto, A. (2013). Teori dan Pembelajaran di Sekolah Dasar. Jakarta: Kencana Prenada Media.

Suskie, L. (2018). Assessing student learning: A common sense guide (3rd ed.). Jossey-Bass.

Sweller, J., van Merriénboer, J. J. G., & Paas, F. (2019). Cognitive architecture and instructional design: 20 years later. Educational
Psychology Review, 31(2), 261-292. https://psycnet.apa.org/doi/10.1007/s10648-019-09465-5

Sziics, D., & Goswami, U. (2013). Developmental dyscalculia: Fresh perspectives. Trends in Neuroscience and Education, 2(2), 33-
37. https://doi.org/l().1016/j.tine.2013.06.004

Sziics, D., & Myers, T. (2017). A critical analysis of design, facts, bias and inference in the approximate number system training
literature: A systematic review. Trends in Neuroscience and Education, 6, 187-203. https://doi.org/10.1016/j.tine.2016.11.002

Triff, U., Olsson, L., Ostergren, R., & Skagerlund, K. (2017). Heterogeneity of developmental dyscalculia: Cases with different
deficit profiles. Frontiers in Psychology, 7, Article 2000. https://doi.org/10.3389/fpsyg.2016.02000

UNESCO. (2022). Global Education Monitoring Report 2021/2: Non-state actors in education: Who chooses? Who loses?
UNESCO Digital Library. https://www.unesco.org/gem-report/en/2022-youth-report

Verschaftel, L., Schukajlow, S., Star, J., & Van Dooren, W. (2020). Word problems in mathematics education: A survey. ZDM
Mathematics Education, 52(1), 1-16. https://doi.org/10.1007/s11858-020-01130-4

Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. Harvard University Press.

Wang C, GengF, Yao Y, Weng ], Hu Y, Chen F (2015) Abacus Training Affects Math and Task Switching Abilities and Modulates
Their Relationships in Chinese Children. PLoS ONE 10(10): €0139930. https://doi.org/10.1371/journal.pone.0139930

Widhiarso, W. (2010). Membuat Kategori Skor Hasil Pengukuran dari Skala. Fakultas Psikologi, Universitas Gadjah Mada.

Wiggins, G., & McTighe, J. (2005) Understanding by design (2nd ed.). Alexandria, VA: Association for Supervision and
Curriculum Development ASCD. Colomb. Appl. Linguist. Jo 19(1), pp- 140-142.
http://dx.doi.org/10.14483/calj.v19n1.11490

Witzel, B. S., Riccomini, P. J., & Schneider, E. (2008). Implementing CRA With Secondary Students With Learning Disabilities in
Mathematics. Intervention in School and Clinic, 43(5), 270-276. https://doi.org/10.1177/1053451208314734

Wilson, F. R., Pan, W., & Schumsky, D. A. (2012). Recalculation of the Critical Values for Lawshe’s Content Validity Ratio.
Measurement and Evaluation in Counseling and Development, 45(3), 197-210. https://doi.org/10.1177/0748175612440286

Wilson, M. (2002). Six views of embodied cognition. Psychonomic Bulletin € Review, 9(4), 625-636.
hetps://doi.org/10.3758/BF03196322

Winstone, N. E., & Boud, D. (2022). The need to disentangle assessment and feedback in higher education. Studies in Higher
Education, 47(3), 656-667. https://doi.org/10.1080/03075079.2020.1779687

Young-Loveridge, J., & Bicknell, B. (2014). Developing young children’s understanding of place-value using multiplication and
quotitive  division.  International  Group  for the Psychology —of Mathematics  Education, 5, 409-416.
https://files.eric.ed.gov/fulltext/ED599982.pdf

Yovelia, N., & Efendi, J. (2019). Meningkatkan Hasil Belajar Operasi Pengurangan Deret Kebawah Anak Dyscalculia Menggunakan
Gelas Bilangan. Ranah Research:  Journal of Multidisciplinary Research and  Development, 2(1), 35-42.
https://jurnal.ranahresearch.com/index.php/R2]/article/view/191

Yuliana, T., Kresnadi, H., & Margiati, K. Y. (2014). Peningkatan Aktivitas Peserta Didik Dalam Pembelajaran Matematika Dengan
Menggunakan Media Gelas Bilangan Di Sd. Jurnal Pendidikan dan Pembelajaran Khatulistiva, 3(12), 1-12.
https://jurnal.untan.ac.id/index.php/jpdpb/article/download/8295/8294

59



60



