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The implementation of the Independent Curriculum in 2022 places
improving numeracy skills as one of the priority programs for basic
education in Indonesia. Early numeracy skills are an important
foundation for children's cognitive development and long-term academic
success. This study aims to evaluate and identify the most effective early
numeracy learning strategies in supporting the strengthening of
elementary school students' numeracy skills. The research method used
is a systematic literature review with a qualitative-descriptive approach.
Data sources were obtained through manual searches of 18 scientific
journal articles and 4 conference proceedings published in the last five

Independent Curriculum,
Systematic literature review

years. Of the total 22 publications analyzed, six learning strategies were
found to be consistently reported as effective: (1) explicit learning
through short-term interventions, (2) the use of concrete manipulatives,
(3) the use of visual representations, (4) providing corrective feedback,
(5) involving parents in the learning process, and (6) game-based
learning. The last strategy is the most dominant, mentioned in eight
different studies, with variations of digital and traditional games adapted
to the local context. The results of this study provide a comprehensive
illustration of relevant and implementable approaches in early numeracy
learning. These findings contribute to providing an empirical basis for
policy makers and educators to design contextual, adaptive, and
evidence-based numeracy learning programs.
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1. Introduction

The results of the 2021 ANBK obtained data that 2 out of 3 elementary school students in Indonesia
have not achieved the minimum numeracy competency score, or only around 30.66% have achieved
the minimum score. Meanwhile, PISA 2022 shows that Indonesia is ranked 68th for mathematics out
of 73 countries. This condition is the background for the numeracy strengthening program to become
one of the main focuses of the Merdeka curriculum [1]. Numeracy is an essential skill that is important
for developing problem-solving and critical thinking skills. This skill is not limited to the school
environment but is also important in various aspects of everyday life [2]. Effective numeracy learning
in early elementary school grades has a crucial role in shaping students' mathematical understanding
at the next level of education [3]. In fact, according to [4] early numeracy skills, such as learning to
count, recognize numbers, and compare and manipulate quantities, are strong predictors of school-age
mathematics learning and performance. However, in the field, elementary school students in Indonesia
still face several challenges. From a study conducted by [5] it was obtained that several factors cause
the low level of numeracy of Indonesian students, one of them is teacher teaching experience which
is related to learning strategies. Meanwhile, according to [6] students have low numeracy skills due
to ineffective teacher competence. Reinforced by research conducted by [7], students' numeracy
abilities are influenced by various factors, apart from curriculum design and available resources, an
equally important factor is learning methods.
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Research shows that diverse teaching approaches and comprehensive support are essential in
improving students' literacy and numeracy skills, addressing challenges such as the transition from
kindergarten to primary school and differences in student ability [8], [9]. One of the most effective
strategies for strengthening students' initial numeracy is to implement mathematical concepts in
students' daily lives [10]. This study is intended to collect various sources and identify and analyze
various numeracy learning strategies that have been proven effective in improving students' abilities
in early elementary school classes. By understanding numeracy learning strategies, teachers or related
parties can make more appropriate decisions about how to improve the quality of numeracy learning
and help students achieve their full potential in numeracy.

2. Method

The research method used is a literature review. According to [11]. Literature review is a collection
of a topic in research that is summarized from various journals, articles, books, and other supporting
documents that are relevant to the issue being discussed. According to [12], the literature review can
provide a comprehensive overview of the literature related to the theme/theory/method and synthesize
previous research to strengthen the foundation of knowledge. The purpose of the literature review
includes identifying, assessing, and synthesizing empirical evidence to answer specific research
questions, minimizing bias, and producing more reliable findings [13]. The type of literature review
used is SLR or Systematic Literature Review, which is a structured and systematic approach to
collecting, assessing, and synthesizing evidence from existing research related to a particular research
question [14]. The five steps in conducting a systematic review are (1) formulating questions, (2)
identifying relevant work, (3) assessing research quality, (4) summarizing evidence, and (5)
interpreting findings [15]. The SLR method attempts to synthesize the work systematically and
objectively. This is done by still identifying and reviewing research that does not support the research
hypothesis [16]. The steps of research using the systematic literature review method are as follows.

2.1.Research Question
In this study there are several research questions as follows:

RQ1. What are the results of research related to strategies for strengthening early numeracy in
elementary school students?

RQ2. What are strategies in strengthening students' early numeracy in elementary schools?

RQ3. What strategies are most used in strengthening students' early numeracy in elementary
schools?

RQ1 researchers intend to collect and synthesize information on what strategies have been carried
out to strengthen early numeracy. The strategies obtained are very likely to vary, or one strategy has
a different impact influenced by internal and external factors. RQ2 researchers intend to find out from
the many strategies that have been implemented, which strategy is most widely used. This is intended
so that this study can focus more on examining strategies that are considered effective by many
teaching practitioners. By knowing the most widely used strategies, RQ3 From the data obtained from
the second answer regarding what strategies are most frequently used in strengthening students' early
numeracy in elementary schools, we can analyze which strategies are most effective through the most
journal support.

2.2.Search process

The search process was carried out by researchers with manuals from various literature, both
journals and conference proceedings from 2015 to 2025. The selected journals are trusted journals
from Scopus, Semantic Scholar, Web of Science, Crossref, Google Scholar, OpenAlex, and PubMed
that have been cited for related research. The journals are presented in Table 1. Of the 40 journals that
were successfully reviewed based on the abstract, there were 23 journals that were worthy of being
reviewed in more depth. The selected journals and proceedings were also reviewed by three
researchers, namely Mustika, Riyadi, and Kurniawan. Mustika coordinated with Riyadi and
Kurniawan to determine what research questions were the basis for this study, Mustika collected and
synthesized journals and proceedings, while Riyadi and Kurniawan reviewed the journals and
proceedings to then determine which journals and proceedings met the inclusion criteria and which
ones met the exclusion criteria.
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Table 1. Selected journals and conference proceedings

Source Acronym
AL-ISHLAH Al-Ishlah
Budapest International Research and Critics in Linguistics and Education BirLE
Child Development Perspectives CDP
Curriculum and Teaching JCT
Educational Psychologis J. Educ.Psychol.
Educational Technology Research and Development ETRD
Edumaspul Edumaspul
European Conference on Games Based Learning ECGBL
Frontiers in Psychology FrontPsychol
International Conference on University Teaching and Learning INCULT
International Journal of Education Int. J. Educ
International Journal of Research and Scientific Innovation 1JRSI
Journal of Autism and Developmental Disorders JADD
Journal of Educational Psychology JEP
Journal Of Teaching And Learning In Elementary Education JTLEE
Journal on Mathematics Education JME
Jurnal Intervensi Psikologi JIP
Learning and Instruction Learn Inst
Public Library of Science PLoS ONE
Proceedings of the International Joint Conference on Arts and Humanities 1IJCAH
Scandinavian Journal of Educational Research Scand.J. Educ. Res
SN Social Sciences SS

2.3. Inclusion and exclusion criteria

All peer-reviewed journals and conference proceedings on strategies for improving early numeracy
skills in primary school students published between 2015 and 2025 were included, considering the
following criteria (Table 2).

Table 2. Inclusion and Exclusion Criteria

Criteria Descriptions
Inclusion Systematic literature review (SLR) by considering the research questions that have been determined,
how the search process is carried out, and how to extract data, as well as data presentation. Journals
and results of proceedings will not necessarily be references for researchers.
Meta-analysis (MA)
Exclusion Journals or proceedings obtained without following the specified rules, such as not being related to the
research question, an unsystematic data search process, and no data extraction.

2.4. Quality assessment

To assess the quality of research to be included in the literature review, this study used a narrative
synthesis method. Data were extracted in a manner consistent with the questions. Some representative
tools such as tables or charts were used to present the distribution of data on learning strategies to
strengthen early learners' numeracy skills.

3. Results and Discussion

3.1. Research Related To Strategies for Strengthening Early Numeracy

To obtain data regarding what are the results of research related to strategies for strengthening
early numeracy in elementary school students, the author collected 23 pieces of literature. Twenty-
four journals are international journals and domestic research journals that talk about early-grade
numeracy learning strategies in elementary schools. Table 3 is a complete presentation of data
extracted from various literature regarding strategies for strengthening numeracy in students in early
elementary school classes.
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Table 3. Research Related to Strategies for Strengthening Early Numeracy

Author and Year Journals Research result
Journal of Numeracy interventions related to counting with 1-to-1 correspondence
Nelson & McMaster, - . .
20192 Educational strategies for 8 wgeks or shorter are more gffeqtlve for students at lower
Psychology risk for mathematics difficulties [17].
Elliott & Bachman, Parents who have higher confidence and responsibility have a positive
2018

correlation with children's numeracy abilities [18]

Causing et al., 2024

International

Journal of

Research and

Scientific
Innovation

Objects around children such as bananas, stones, sticks, and so on have
proven effective in increasing children's involvement in understanding
matematical concepts [19].

Hj Kamaruddin et al.,
2023

International

Conference on

University

Teaching and

Learning
(INCULT)

The use of enactive and iconic representations effectively supports
elementary school children's learning fractions. While symbolic
representation only works on some children [20].

Lopez-Pedersen et al.,
2023a

Scandinavian
Journal of
Educational
Research

The 14-week intervention targeted early numeracy skills in small groups
three times a week, demonstrating that early numeracy skills can be
trained in low-performing Grade 1 children, but frequent and long-term
intervention is needed for positive effects to be sustained [21].

Fyfe et al., 2023

Educational
Psychologis

Corrective feedback can be a powerful learning tool for children in early
childhood (ages 3-11), improving their performance in literacy,
mathematics, and problem-solving [22].

Ching et al, 2019

Learning and
Instruction

Concrete representation is more effective in improving children's
understanding of the concept of inversion in simple arithmetic than
abstract representation [23].

Lee et al, 2020

Educational
Technology
Research and
Development

Tablet-based math game intervention significantly improved early
numeracy skills in children, especially in quantity discrimination,
addition, and subtraction tasks [24].

Journal Of
- Teachlng And The game method effectively improves numeracy learning in preschool
Adedigba, 2023 Learning In . - L . .
children and increases their interest in numeracy learning [25].
Elementary
Education
Budapest
International . . -
Constructive play can improve numeracy skills in elementary school.
- . Research and . . - .
Sinaga & Simarmata, Critics in Play is a tool for children to explore their world, from previously
2020 Linguistics unknown to knowing, from previously unable to able. Play is very
and Education important for children [26].
(BirLE)
Frontiers i Home numeracy practices, including formal instruction and number game
. rontiers in g A - S
Wei et al., 2022 Psvcholo activities, have directional effects on early mathematics skills in young
y 9y Chinese children [27].
Ghazali et al., 2021 Currlculu_m Preschool children are more _Ilkel)_/ to use symbolic representations in
and Teaching completing given tasks [28].
. Journal on Integrating concrete and virtual teaching aids into fifth-grade
Ahmad S, Siller H, . . . IR ° .
Mathematics mathematics learning resulted in significant improvements in post-test
2024 -
Education scores [29].
Mutaf-Yildiz et al., Frontiers in Ho_me numeracy Skll!S have a positive impact on children's m_ath skills,
with formal interactions and further research needed to confirm these
2020 Psychology S
findings [30].
Numeracy experiences at home have a positive impact on children's
Girard et al., 2021 PLOS ONE numeracy abilities at school, this will become more visible if stimulated
with challenging activities [31].
Journal of . . L . .
; Concrete objects that can be manipulated are effective in helping children
Autism and . - - .
Bouck et al., 2014 solve problems involving subtraction. The results will be more accurate
Developmental - o : - - .
Di and independence will increase with the use of virtual manipulatives [32].
isorders
European

Perini et al, 2023

Conference on
Games Based
Learning

Number Express is a digital game designed to facilitate numerical skills
in pre- and primary schools, potentially enhancing children's early
numeracy skills [33].
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Author and Year Journals Research result
Early numeracy interventions, such as explicit instruction, corrective
N SN Social feedback, CRA, concrete manipulatives, visual representations, and one-
Charitaki et al., 2021 . . . . N . .
Sciences on-one instructional settings, are quite effective for children aged 5-8
years [8].
- ) Congklak game improves arithmetic skills and learning motivation in
Hariyadi et al., 2024 AL-ISHLAH elementary school students, with an average increase rate of 28% [34].
Widiya Putri & Edumasoul The classic Congklak game effectively improves elementary school
Dahlan, 2023 P students' arithmetic skills [35].
. International - . . . .
Mutendi & Makamure, Providing more detailed feedback and simpler instructions has been
Journal of . . : .
2019 . shown to improve children's understanding of numeracy [36].
Education
Proceedings of
the
. Interngtlonal It is easier for children to learn to count at an early age through the
Rakhmawati et al., Joint .\ « N . .
traditional game of “dragon snakes” which is modified with the number
2020 Conference on cards provided [37]
Arts and P ’
Humanities
(IJCAH)
Jurnal
Hestyaningsih & Dinar Intervensi Traditional dakon games are effective in improving numeracy skills in
Pratisti, 2021 Psikologi children with intellectual disabilities [38].
(JIP)

3.2. Strategies in Strengthening Students' Early Numeracy

Based on 22 selected articles, researchers found 4 strategies (supported by at least two journals)
that are commonly used in strengthening early numeracy skills in elementary school students,
summarized in Table 4.

Table 4. Strategies in Strengthening Early Numeracy

Journal

Strategy

Charitaki et al., 2021; Lopez-Pedersen et al., 2021; Nelson & McMaster, 2019;
Ching et al, 2019

Short-term intervention with
explicit teaching

Ahmad & Siller, 2024; Bouck et al., 2014; Causing et al., 2024

Use of concrete manipulatives

Ghazali et al., 2021; Hj Kamaruddin et al., 2023

Visual representation

Fyfe et al., 2023; Mutendi & Makamure, 2019

Corrective feedback

Adedigba, 2023; Hariyadi et al., 2024; Hestyaningsih & Dinar Pratisti, 2021;

Perini et al., 2023; Rakhmawati et al., 2020; Sinaga & Simarmata, 2020; Widiya

Games-based learning strategies

Putri & Dahlan, 2023; Lee et al, 2020

Elliott & Bachman, 2018; Girard et al., 2021; Mutaf-Y1ldiz et al., 2020; Wei et al,
2022

Family involvement

3.3. Strategies are Most Used in Strengthening Early Numeracy

From the strategies for strengthening early numeracy in elementary schools, data can be obtained
on the most used in strategies based on the amount of journal support obtained, see Table 5.

Table 5. Strategies are most used in Strengthening Early Numeracy

Nmber of Journals

Strategy

4 Short-term intervention with explicit teaching
3 Use of concrete manipulatives

2 Visual representation

2 Corrective feedback

8 Games-based learning strategies

3 Family involvement

From the literature that has been successfully synthesized, effective ways to improve early
numeracy skills in children include short-term interventions with explicit teaching, concrete
manipulatives, visual representations, corrective feedback, game-based strategies, and family
involvement. Here is a complete review.

o Short-term intervention with explicit teaching: Interventions conducted over a short period with
clear instructions and simpler patterns are effective in improving early numeracy skills [8]. The

goal of this strategy is repetition which allows students to have more contact with numeracy.
__________________________________________________________________________________________________________]
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Teachers can do calculations with one-to-one correspondence [17]. For example, children are
asked to point to each object in a row and count them sequentially "one, two, three, etc.
Instructions must be conveyed clearly so that children can understand what needs to be done.
When children learn to string beads, teachers can first invite children to count the number of
beads, they are asked to move the beads from one bowl to another. The activity will be more
exciting by asking them to group them by color, and then compare them in large numbers.
Students not only learn about numbers but also do simple estimation. In line with research
conducted by [39], brief interventions with clear instructions can help preschoolers in the
transition to elementary school understand numbers and hone their sense of numbers. One
crucial factor that needs to be underlined in implementing counting interventions is explicit
instructions, teachers need to simplify the steps so that children can follow them gradually.
Explicit instructions that are carried out repeatedly in a short time have also proven effective.
However, to maintain these counting skills, teachers need to carry out long-term sustainability

programs [21].

e Use of concrete manipulatives: The use of concrete objects to develop children's early
numeracy such as fruit, rocks, leaves, or other objects around them has been proven to increase
children's active involvement in understanding mathematical concepts [19], [20]. Abstract
number symbols will be easier for students to grasp with representations of objects around them
that they recognize, this helps them to concretize counting activities. In addition to surrounding
objects, teachers can also explain abstract mathematical concepts by using learning media such
as base four blocks or colored pieces to help represent the concept. In addition to concrete
objects that can be touched and felt, through sophisticated technology, students can also be
introduced to virtual teaching aids to support counting activities in the classroom. According to
[32], the use of these virtual teaching aids can increase student independence. They are more
proactive in counting the virtual objects they see and compete with other students to guess the
number of objects. Virtual teaching aids also increase student involvement in simple counting
activities.

o Visual representation: According to [28] preschool children tend to use symbolic representation
in working on their mathematics-related projects. This can be found in elementary school
classes in various subjects, the use of representative tools is considered very effective in helping
students understand the data presented. Forest deforestation data, for example, will be easier to
understand if a picture of the forest deforestation process is shown in the form of a map from
year to year rather than just a description. The use of tables or graphs in presenting dengue fever
case data, for example, is much more effective and supports students in synthesizing the
phenomenon being studied. This is because they are still at the concrete operational stage, so
the right visual representation can encourage them to understand the numbers represented. In
general, the use of visual representation in numeracy learning is effectively able to improve
children’s skills in solving problems and their interest in mathematics. The same thing was
expressed by [40] that visual representation can improve children's skills in basic arithmetic.

o Corrective feedback: Feedback is an important part of learning, from feedback children can
find out what things need to be strengthened or improved. By simplifying the language and
providing more detailed feedback, children can improve their understanding of numeracy [36].
This method is also quite effective in improving their performance in solving mathematical
problems, especially for children aged 3-11 years [22].

e Games-based learning strategies: Games are one of the most effective ways to develop
children's early numeracy [25]. Fun activities influenced by child psychology have made
numeracy games widely developed. The literature shows that these humeracy games are very
diverse, ranging from traditional ones such as congklak [34], [35], dragon snakes [37], and
dakon [38] to digital ones [33]. In the game of congklak or dakon for example, students do not
only learn about cardinal numbers, they also learn about multiples and do estimation
calculations to win. Not only congklak o r snakes and ladders, but other traditional Indonesian
games contain a lot of numeracy. In the game of Tapak Gunung, students learn about
measurement and geometry, estimate throws, and so on. In the game of Gobak Sodor, students
learn about spatial space, measurement, and speed. According to [26], games are a tool for
children to have fun exploring the world while seeking knowledge and honing skills. Playing
is very valuable and important for their growth and development.

___________________________________________________________________________________________________]
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e Family involvement: The numeracy experience that parents strive for at home turns out to
provide provisions that help children learn numeracy at school [30], [31]. Parents who have
greater responsibility for children's literacy and numeracy have been proven to have a positive
correlation with children's numeracy skills [41]. Parental involvement can be done by having
daily numeracy conversations to train children's sensitivity to numbers [42]. Of the six
strategies above, by analyzing Table 5 we can see together that game-based numeracy learning
has received the most journal support. This strategy can be considered the most widely applied
and researched and has been proven to strengthen students' early numeracy.

4. Conclusion

From the research results collected and analyzed, information was obtained that strategies that can
be used for early grade numeracy learning in elementary schools include; short-term intervention with
explicit teaching, use of concrete manipulatives, visual representations, corrective feedback, visual
representations, and family involvement. Observing the six strategies, it can be seen that the six are
interrelated and complementary. Concrete teaching aids and visual representation tools are strategies
to support students in understanding abstract concepts to be more concrete. Short-term intervention
strategies will be more optimal if they involve parents so that children's sense of numbers is not only
at school but also at home. Corrective feedback needs to be done all the time to provide students with
enlightenment and improvement. Game-based learning strategies receive the most support from
journals as strategies for strengthening early numeracy skills. Games are the most interesting because
of their nature which combines various learning styles at once, both auditory, visual, and kinesthetic,
proportionally which is very appropriate for the physical and psychological state of elementary school
students. It is hoped that strategies that have been proven to strengthen student numeracy can be
applied by teachers, especially early-grade teachers in elementary schools. These findings can also be
used by other parties such as curriculum developers and school principals to be tested in the schools
they lead.
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