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Abstract
Numbers are fundamental mathematical concepts that underlie various other 
mathematical principles. This research investigates the relationship between 
number sense and the numeracy abilities of fifth-grade elementary school 
students. A cross-sectional survey method was used, with 205 respondents 
voluntarily participating. The results showed a reciprocal relationship between 
number sense and numeracy in elementary school students. Emphasising 
number sense can enhance flexibility in numeracy solutions. Number sense 
can be developed through assigning math tasks related to the students' environ-
ment or associating it with other learning processes. The study emphasises the 
importance of number sense in the primary school mathematics curriculum.

Keywords: numeracy, number sense, gender, reciprocal relationship, elementary 
school students
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Introduction

Number is a fundamental mathematical concept that underlies many other math-
ematical concepts (Purnomo, 2013). Therefore, we can see the significance of the 
place of numbers in the primary-level mathematics curriculum, most of which 
is arguably related to numbers (Purnomo et al., 2014). For example, geometry 
and measurement correlate to each other and to the processing and presentation 
of data, and their connection to other advanced mathematical concepts such as 
algebra and others. Therefore, mastery of numbers and their operations becomes 
crucial and should be emphasised in the learning of mathematics, especially in 
elementary school. 

Policymakers, practitioners, and researchers know that numeracy's benefits 
extend beyond scientific development. Numeracy is relevant in solving social 
problems, interacting with society, and equipping individuals to face global com-
petition and future work challenges (Kovas et al., 2013; Munn, 1994). Therefore, 
several professional institutions and governments are responding to this need by 
conducting large-scale assessments to evaluate this competence.

The term “numeracy” is often used to describe number skills and their use in 
different situations, and problem solving processes. This terminology is derived 
from several researchers (Askew et al., 1997; De Lange, 2003; Kaminski, 2002; 
Asmara & Purnomo, 2023) who discovered that numeracy focuses more on the 
numerical aspect, which encompasses three disciplines of mathematical literacy, 
namely numeracy, quantitative literacy, and spatial literacy, each with distinct 
but interconnected properties. However, we argue that numerical literacy also 
encompasses its application to other mathematical literacies. Therefore, numeracy 
is a person's ability to discover and interpret multi-context-based mathematical 
problems, process the information, and then make and evaluate the correct judge-
ments to solve these difficulties. For this study, mathematical questions based on 
multi-contextual scenarios are restricted to numerical issues.

According to some researchers, mastering numbers and their operation involved 
more than knowing how to use formulas and algorithms. However, it must also 
require number sense. It is because the "number sense" refers to a person's adapt-
ability, success, and effectiveness in problem-solving abilities in various scenarios 
or situations. This ability is backed up by conceptual and procedural knowledge 
of numbers and how they work (Purnomo et al., 2014; Tout, 2020). When students 
explore numbers, they can use multiple settings and organise them in a way that is 
not conventional algorithms. This study’s hypothesis is that someone like a pupil 
with a strong cognitive number sense, they would be able to apply their numer-
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ical expertise to resolve mathematical issues in circumstances not restricted by 
conventional protocols (Yang & Sianturi, 2021). In contrast, students with strong 
numeracy skills are taught to use their intuition with numbers. Their operations 
have a comprehensive perspective on approaching various context-based mathe-
matical situations. 

Previous research on numeracy has focused on assessing students' numeracy 
abilities in general (Barham et al., 2019; Kuperman et al., 2022; Richards & Islam, 
2018) and by gender (Aune et al., 2018; Souza & Fonseca, 2013; Suryadarma, 2015). 
The same concerns research about number sense that examines students’ skills 
generally (Cheung & Yang, 2018; Mohamed & Johnny, 2010; Purnomo et al., 2014; 
Wulandari et al., 2021; Yang & Sianturi, 2021) and depending on gender (Gonzalez 
et al., 2021; Yilmaz, 2017). However, few studies have explicitly examined these 
factors in relation to the impact of number sense. It has been a while since the 
previous research looked for factors (Broekman, 2008; McIntosh & Dole, 2000).

Based on the background provided, this study aims to explore the relationship 
between number sense and numeracy among elementary school students. To 
achieve this goal, the research questions in this study are formulated as follows:

1.	 What is the numeracy profile, both in general and by gender?
2.	 What is the number sense profile, both in general and by gender?
3.	 What is the relationship between number sense and numeracy?

Literature Review

Numeracy

Geiger et al. (2015) argue that the term "numeracy" refers to the ability to use and 
select mathematics in daily life and the ability to utilise mathematics effectively 
in situations pertaining to one's personal life, career, and discharge of civic duties. 
Numeracy is a person's ability to recognise and interpret multi-contextual mathe-
matical problems, process them, and then make and evaluate the correct decisions 
to solve problems. Numeracy goes beyond simply understanding numbers and 
basic calculations. It encompasses applying mathematical concepts in real-life 
situations, such as budgeting, measuring, and analysing data (United Nations 
Relief and Work Agency for Palestine Refugees in the Near East (UNRWA), 2013). 
Developing strong numeracy skills is crucial in today's complex and data-driven 
world, enabling individuals to effectively make informed decisions and navigate 
various challenges.
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Another interesting aspect to consider is that, although taught in an integrated 
manner, mathematics and numeracy differ significantly in empowering knowledge 
and skills. It is because mathematics learning alone does not necessarily foster 
numeracy. However, numeracy necessitates mathematical knowledge acquired 
through the curriculum. Numeracy goes beyond the theoretical understanding 
of mathematics. It emphasises the practical application of mathematical concepts 
in real-life situations (Tout, 2020). It equips individuals with the ability to analyse 
data, interpret statistics, and solve problems using reasoning. It equips individuals 
with the ability to analyse data, interpret statistics, and solve problems using 
reasoning. As a result, knowledge and skills such as number sense, which includes 
intuition and estimation, are essential in helping individuals truly develop numer-
acy for effective and efficient decision-making. 

Number Sense

Number sense is a person’s general understanding of numbers and operations and 
using it to make mathematics decisions with various effective, efficient, and flexible 
strategies (McIntosh et al., 1997; Purnomo et al., 2014). Moreover, number sense 
progressively evolves due to investigating numbers, visualising them in different 
situations, and connecting them in ways not constrained by conventional algo-
rithms (Howden, 1989). For various reasons, developing number sense in primary 
school is essential, offering four fundamental justifications for why number sense 
is important. To begin with, number sense is a manner of reasoning that includes 
adaptability, imagination, and logic. Second, "number sense" refers to a compre-
hensive understanding of the scope of numerical operations and the relationship 
between using mathematics in practical applications. Third, while thinking 
intellectually and expressing numbers, grownups depend more on number sense. 
Fourth, focusing too much on written computation hinders students' ability to 
think creatively, understand mathematics, and acquire number sense (Yang & Wu, 
2010). Developing number sense allows individuals to approach problem-solving 
more flexibly and intuitively, enhancing their mathematical proficiency. Addi-
tionally, students gain a deeper understanding of mathematics and its real-world 
applications by proportionally mastering number sense and written computation. 
As a result, we believe that students with strong number sense are valuable in 
working effectively and efficiently with numeracy.
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Research Methodology

Research Background

The importance of numbers and operations as underlying content for learning 
other mathematical concepts requires special attention and emphasis in elemen-
tary school. Numbers and their operations are also often associated with numeracy 
skills, which focus on numeracy. Several studies show that to master numbers 
and their operations, it is not enough to use formulas and algorithms, it requires 
number sense. This research will focus on quantitatively proving differences 
in numeracy and number sense abilities based on gender and the relationship 
between number sense and numeracy among elementary school students.

Sample 

This research used a cross-sectional survey to collect data from April to May 
2022. The data collection occurred in schools, where instruments were distributed 
directly and online through the Google Form platform. The study involved 205 
fifth-grade elementary school students residing in Yogyakarta City, Indonesia, 
with an average age of approximately 11. Among the participants, there were 
89 male students and 116 female students. Seven elementary schools in the city 
participated in the survey, with an average of 29 students in each school (SD = 
11.88). The schools were chosen through purposive sampling, with the fifth grade 
selected as it meets the minimum criteria assessment. Similar to the international 
assessment tool PISA, the Indonesian government's minimum criteria assessment 
is organised to evaluate the literacy and numeracy skills of elementary school 
students in Indonesia.

Instruments and Procedures

Two types of instruments were employed to assess students' number sense and 
numeracy abilities. The first instrument adapted numeracy questions from the 
National Assessment Programme Literacy and Numeracy (NAPLAN), comprising 
40 multiple-choice questions and short fill-ins (NAPLAN, 2016). The maximum 
score achievable on the numeracy test is 40, with one point awarded for each 
correct answer. The NAPLAN numeracy test evaluates students' proficiency in 
numeracy, including their knowledge, skills, and understanding of mathematics. 
This assessment covers comprehension, fluency, problem-solving, and reasoning 
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across three mathematical content strands: numbers and algebra, measurement 
and geometry, and statistics and probability (https://www.nap.edu.au/naplan/
whats-in-the-tests). 

The second instrument used was the Number Sense test, adopting items from 
the study by Purnomo et al. (2014). This instrument consisted of 30 multiple-choice 
questions and short fill-ins. The scoring system was the same as the numeracy test, 
with one point for correct answers and zero points for incorrect answers, resulting 
in a maximum possible score of 30. The elements of number sense in this study 
encompass understanding fundamental ideas related to numbers and operations, 
recognising number sizes, utilising multiple representations of numbers and oper-
ations, identifying the relative effects of operations on numbers, and evaluating 
the reasonableness of computational results (Purnomo et al., 2014). While some 
questions were directly adopted and translated into Indonesian with redesigns, 
others were adapted for the number sense instrument. The questions were trans-
lated into Indonesian and adjusted in difficulty to align with the curriculum for 
elementary schools in Indonesia.

Both exams were administered on separate days. Each test was conducted 
offline with the assistance of the respective class teachers. The first session of 
the numeracy tests lasted 50 minutes, while the second session of the number 
sense test was allotted 35 minutes for completion. The results of the adaptation 
of the numeracy and number sense instruments were then tested for reliability, 
and values of 0.65 and 0.76 were obtained. These values fall within the sufficient 
reliability category (Table 1).

Data Analysis

The data analysis begins with descriptive statistics, such as mean, standard devia-
tion, minimum, and maximum scores for each variable under consideration. The 
analysis then employs t-tests to investigate gender disparities in performance. The 
variables number sense and numeracy are then analysed using regression analysis. 
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Results

Descriptive Data

The results of the descriptive analysis of the numeracy and number sense tests are 
shown in Table 1. Table 1 also depicts the relationship between the two variables 
and their reliability.

Table 1.  Descriptive Data of Numeracy and Number Sense 

Numeracy Number Sense Gender Age
Numeracy 1
Number Sense 0.336*** 1
Gender 0.005 0.070 1
Age -0.127 0.024 0.132 1
Mean 21.122 14.740 0.434 11.420
Std. Deviation 5.99 5.06 0.497 0.649
Minimum 7.00 4.00 0.000 10.000
Maximum 36.00 29.00 1.000 14.000
Reliability 0.65 0.76 - -

**. The correlation is significant at the two-tailed 0.001 level.

In Table 1, the numeracy test results showed a mean score of 21.122 (SD = 5.99), 
with an average of 52% correct answers. The highest-scoring respondents correctly 
answered 90% of the questions, while the lowest-scoring respondents correctly 
answered 17%, indicating a significant 29-point difference in scores.

Table 1 displays the number sense test results, indicating a mean score of 14.740 
(SD = 5.06), with 14 out of 30 correct answers, compared to less than half in the 
numeracy test. The highest scorers achieved a 96% accuracy rate by answering 29 
questions correctly, while the lowest scorers answered only 13%. Despite having 
a  smaller minimum score than the numeracy test, the number sense test had 
a narrower range of 25 points.

Table 1 also indicates the reliability and correlations between variables. The 
reliability for both instruments is at an adequate level, namely 0,65 and 0,76 for 
the numeracy and number sense tests, respectively. These two variables also have 
a significant positive correlation (0.336) at a significance level of 0.001 (2-tailed). 
It indicates that individuals with high levels of Numeracy also tend to have high 
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Number Sense. Furthermore, there are no other pairs of variables that have sig-
nificant correlations. 

Numeracy and Number Sense Based on Gender 

Table 2 displays the results of the numeracy and number sense tests for each gen-
der of respondents. The t-test findings for both variables are also shown in Table 2.

Table 2.  Data of Numeracy and Number Sense Based on Gender

Gender N Mean SD T
1. Numeracy Female 116 21.095 5.328 t (203) = – 0. 074, p = 0.941 

Male 89 21.157 6.791
2. Number Sense Female 116 14.431 4.804 t (54) = – 1.003, p = 0. 317

Male 89 15.146 5.372

As seen in Table 2, in the numeracy test, the mean of the female responders 
was 21.095, with a 5.328 standard deviation. In contrast, the mean and standard 
deviation for male responders were 21.157 and 6.791, respectively. According to 
the number sense test findings, the mean score of female respondents was 14.431, 
with a standard deviation of 4.804. Meanwhile, male respondents on this test had 
a mean of 15.146 with a standard deviation of 5.372. A t-test with a p-value of 
0.941 revealed no significant difference in numeracy test scores between female 
and male respondents, which is greater than 0.05. With a p-value of 0.317, which 
is also greater than 0.05, the number sense test results indicated no significant 
difference between the two groups.

Relationship between Student Number Sense and Numeracy

The regression test assesses the impact of number sense on student numeracy 
and vice versa. Before this, two datasets were examined for prerequisites such 
as normality and linearity, enabling the application of parametric tests. Table 3 
illustrates the regression results.
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Table 3.  Numeracy and Number Sense Descriptive Data on responder charging 
�outcomes statistics

Predictor
Numeracy Number Sense

B SE B β B SE B β
Number Sense 0.400 0.079 0.337*** - - -
Numeracy - - - 0.283 0.056 0.336***
Gender -0.223 0.801 -0.019 0.697 0.673 0.068

**. The regression is significant at the two-tailed 0.01 level.
***. The regression is significant at the two-tailed 0.001 level.

According to the regression test findings in Table 3, pupils' number sense 
strongly predicts their numeracy competence (β = 0.337, p < 0.001). Similarly, 
numeracy ability statistically predicts the number sense of primary school stu-
dents significantly (β = 0.336, p < 0.001). In contrast, gender variables were unable 
to significantly predict either number sense (β = – 0.019, p > 0.05) or numeracy 
ability (β = 0.068, p > 0.05).

Discussion

According to the conclusions of this study, the average achievement of respond-
ents in numeracy was 56%, and in number sense, it was 46%. These two results are 
not significantly different; both are still around 50%, with an 8% difference. Even 
though it is around the average, the respondents' scores in each variable are very 
wide. It demonstrates that the individuals' capabilities are still highly diverse.

This study's first finding shows no significant variation in numeracy results 
based on gender. Researchers think this lack of difference is caused by several 
factors within and outside the students. For example, differences in the quality of 
mathematics learning between male and female students do not necessarily cause 
low numeracy for both, nor does parent involvement in the student's learning pro-
cess necessarily influence it. It was also stated by Fryer and Levitt (2010) that the 
many factors that cause no gender gap in mathematics range from demographic 
and socioeconomic factors to parental characteristics, time spent learning mathe-
matics, and the educational environment. However, although it is very small, there 
appears to be a gender gap between male and female students in numeracy skills, 
with an average of 0.062 and a standard deviation of 1.463. Very small differences 
in these conditions have also been found in several previous studies (e.g., Surya-
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darma, 2015; Aune et al., 2018; Aufa & Manoy, 2022; Mellyzar et al., 2022; OECD, 
2019). Meanwhile, based on the more detailed data obtained in this research, it 
can be seen that male students tend to be slightly superior to female students. It is 
supported by a study that found that the advantage of boys in numeracy is small 
at age 10, but grows considerably between age 15 and 27 (Borgonovi et al., 2021). 
Gender gaps in elementary school and adolescence may be related to social gender 
norms and differences in psychological traits, particularly those related to different 
cognitive and emotional development timings. Over time, the increasing gender 
gap in numeracy among elementary school students is in line with the increasing 
specialisation of men in fields of study and/or work that use numeracy skills more 
intensively (Contini et al., 2017).

The second finding in this study also show no significant difference in the 
number of sense profiles based on gender. These results are consistent with the 
research by Gonzalez et al. (2021), which explained that they did not find any 
significant differences between genders in the number sense ability of students. 
Yilmaz (2017) explained that the result differences that occur in these two genders 
can be influenced by several factors, such as the instructions presented before 
taking the test, the test environment, or the personal interest of each respondent 
who takes the test, thereby affecting the average test results of the respondents as 
a whole. Some of these factors still need further research to prove their validity. 
However, like numeracy, number sense also has a very small gender gap between 
men and women, namely an average of 0.715 and a standard deviation of 0.568. 
It appears that men's number-sense abilities tend to be higher than women's. It 
is supported by a study of Jordan et al. (2007), which states that the gender effect 
is small even though male students' number sense tends to be superior to female 
students. At elementary school age, the number of sense abilities also gradually 
increases. It can be related to students' reading abilities. In other words, students' 
initial reading literacy influences their number sense even though their cognitive 
abilities are the same (Aunola et al., 2004). 

The third finding in this research answers the research question about the 
relationship between numeracy and number sense. The results of this research 
are consistent with our hypotheses, individuals with good number sense may 
successfully manage numeracy challenges, but those with high numeracy have 
a broad perspective and intuition about numbers and their operations. Longitudi-
nal research has shown that number sense significantly affects future mathematics 
performance and remains predictive across different levels of classes, even after 
controlling for cognitive factors, age, and reading skills (Dyson et al., 2013; Jordan 
et al., 2006; 2010; Jordan & Dyson, 2016). It underscores that number sense is 
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a factor influencing students' numeracy. Students with a strong number sense are 
also proficient in numeracy. Moreover, the TIMSS international survey, renowned 
for measuring numeracy skills globally, incorporates number sense as a key ele-
ment in numeracy tests. Number sense and numeracy are mutually influential, 
each contributing to the development of the other. 

Through observation, Hassinger-Das et al. (2015) found that number sense is 
one of the factors that contribute to early numeracy difficulties. Numbers, being 
fundamental mathematical concepts, especially in elementary schools, make 
number sense a crucial skill for students. The lack of number sense ability is iden-
tified as one of the causes of early numeracy challenges. It is further supported 
by research conducted by Lopez-Pedersen et al. (2022), which explains that low 
numeracy skills in students are influenced by at least four factors: early numeracy 
skills, word problem-solving, arithmetic skills, and number sense. Students with 
low numeracy performance are particularly vulnerable to difficulties in learning 
mathematics.

Numeracy and number sense are inextricably linked and mutually impact each 
other. A study states that number sense is one of the benchmarks for numeracy 
(Australian Council for Educational Research (ACER), 2000). It causes these two 
things to influence each other, including the same gender similarities. Neither 
numeracy nor number sense provide significant differences based on gender. In 
their research, Tin Fallow et al. (2018) discovered that number sense is the first 
ability taught in early numeracy abilities, especially in kindergarten and elemen-
tary school first grade. Number sense is a fundamental ability in numeracy and 
mathematics. Furthermore, in line with this statement, the research Maclellan 
(2012) explains that number sense is a general understanding of number knowl-
edge and numeracy processes. Number sense is essential throughout the numeracy 
process, playing a critical part in finding information, applying knowledge, and 
assessing problem-solving procedures. 

Conclusions

The study investigates the relationship between number sense and numeracy abil-
ity. It found that students' number sense can predict their numeracy abilities and 
vice versa. The research suggests that interventions targeting number sense can 
positively impact numeracy skills and vice versa. No significant gender differences 
were found in either area.
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