
Zhou et al. Psicologia: Reflexão e Crítica           (2022) 35:27  
https://doi.org/10.1186/s41155-022-00231-1

RESEARCH

Number sense: the mediating effect 
between nonverbal intelligence and children’s 
mathematical performance
Hui Zhou1,2*†  , Qiutong Tan1,2, Xiaolin Ye3 and Lujia Miao4*† 

Abstract 

The study explored the mediating effect of number sense between nonverbal intelligence and children’s mathemati-
cal performance. The sample consisted of 131 pupils in Shaoxing City of China from grades 1, 3, and 5. The students 
completed measures of nonverbal intelligence, number sense, basic arithmetic ability, mathematical performance, 
rapid automatized naming, and working memory. Results show that although all variables significantly relate with 
each other (all p < .01), only nonverbal intelligence, number sense, and basic arithmetic ability significantly affect 
children’s mathematical performance (all p < .01). According to multiple-mediation model, nonverbal intelligence 
significantly predicts children’s mathematical performance through number sense and basic arithmetic ability. These 
findings suggest that domain-specific mathematical skills play a prominent role in children’s mathematical perfor-
mance in primary school, rather than domain-general cognitive functions. Educators should pay attention to develop 
children’s number sense in order to improve children’s mathematical ability.
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Introduction
Solving mathematical problems plays an important role 
in children’s learning and living. Previous studies have 
found that fluid intelligence such as nonverbal intelli-
gence is the core trait of individual differences, which sig-
nificantly predict children’s mathematics performance in 
primary school (Lechner et al., 2019; Primi et al., 2010). 
However, the influence mechanism of nonverbal intelli-
gence on children’s mathematical ability is still unclear. In 
addition to nonverbal intelligence, number sense is also 
an important factor affecting children’s mathematical 

performance. Number sense is affected by congeni-
tal factors and also promoted through education. From 
birth, children have a primitive and prelinguistic capacity 
about understanding and representing numbers (Clarke 
& Beck, 2021). After practice, children become greater 
precision in number representation. Better number sense 
supports children’s arithmetic ability well and further 
could promote performance in more complex mathemat-
ical problem. Previous studies proposed number sense, 
and cognitive ability has different effects on mathematics 
in preschool children and adults (Manginas et al., 2021; 
van Bueren et  al., 2022). It suggests number sense may 
have phased characteristics and different effects on chil-
dren’s mathematics in primary school. Therefore, we aim 
to explore the effect of number sense between the rela-
tionship of nonverbal intelligence and children’s math-
ematical performance in primary school children.
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The relationship between nonverbal intelligence 
and children’s mathematical performance
Intelligence refers to a general mental ability, which is 
important in individual practical affairs of life (Simpson-
Kent et  al., 2020). Compared with verbal intelligence 
which involves language ability, nonverbal intelligence 
mainly processes visual information or spatial informa-
tion (Blazhenkova & Kozhevnikov, 2010). Intelligence 
could be a causal factor in children’s learning perfor-
mance (Watkins et  al., 2007). When facing novel and 
complex tasks, intelligence has a high correlation with 
learning achievement (Snow et  al., 1984), especially 
mathematics. Several studies suggest that intelligence, 
especially nonverbal intelligence, is an important predic-
tor of math achievement (Lechner et al., 2019; Peng et al., 
2019). For example, a longitudinal study employed dif-
ferential reasoning test and found children with higher 
intelligence score increase faster in math achievement 
than children with lower intelligence score over 2 years 
(Primi et al., 2010). Through a longitudinal study of indi-
viduals aged 6–21, compared with age, vocabulary, and 
spatial skills, results found that intelligence is the only 
predictor of future mathematical achievement, and the 
influence range of intelligence spans primary and sec-
ondary schools (Green et al., 2017). However, the internal 
mechanism of how nonverbal intelligence influence on 
children’s mathematics is still unclear.

Nonverbal intelligence plays a substantial role in indi-
vidual differences. Researches on intelligence uncovered 
biological correlates between genetics and intelligence. 
For example, according to study of children’s intelligence 
heritability from age 5 to 18, Hoekstra et al. (2007) sug-
gest that genetic influence could completely attribute to 
the stability of intelligence. Studies of intelligence devel-
opment indicate that genetic influences are unique to 
IQ rather than environmental influences such as socio-
economic status (Deary et al., 2009; Van der Sluis et al., 
2008).

Children’s ability to solve complex mathematical prob-
lems requires formal education and experience. For 
example, in primary school, there are phasic changes 
in children’s mathematics learning. In the first stage, 
children begin to learn basic numerical symbols and 
concepts. In the second stage, children try to use math-
ematical principles and strategies. By the third stage, 
based on several mathematical knowledge and expe-
rience, children start to solve complex mathematical 
problems (Reys et al., 2014). The influence of nonverbal 
intelligence on children’s mathematical performance may 
be indirect. For example, researchers propose that intelli-
gence is associated with initial learning level but not with 
the growth rate (Tamez et  al., 2008). According to twin 
samples study, Lukowski et  al. (2017) proposed number 

sense has moderate genetic trait and accounts for chil-
dren’s mathematics and cognitive ability by genetic 
mechanism. However, number sense has unique effect 
with mathematics beyond intelligence. It suggests num-
ber sense could be a mediatorial role between nonverbal 
intelligence and mathematical performance. In addition 
to genetic influence, number sense has a special effect on 
mathematical performance. Therefore, the present study 
focuses on number sense influence mechanism between 
nonverbal intelligence and mathematical performance.

Number sense
Number sense refers to the ability to quickly understand, 
estimate, and manipulate numerical values (Dehaene, 
2001). Number sense contains multiple components. 
Berch (2005) proposed there are high-order and low-
order divisions of number sense based on previous 
researches of mathematical cognition, cognitive devel-
opment, and mathematical education. Low-order num-
ber sense is based on biological sensory organs. It is an 
approximate number system shared by humans and ani-
mals (Feigenson et al., 2004). For example, even children 
without formal math education can choose more choco-
late chips from two biscuits or choose more biscuits box 
in boxes with different biscuits numbers. Besides human 
beings, the same phenomenon has been found in ani-
mals. So far, amphibians, birds, reptiles, and mammals 
have shown number sense ability (Nieder, 2021). Through 
the sense of number, animals can obtain higher survival 
opportunities and reproduction possibilities in finding 
food, avoiding predation, hunting prey, and social inter-
action (Nieder, 2020). Human beings also take the system 
as the basic core of numerical knowledge, which makes it 
possible to obtain a higher level of mathematical ability 
later (Wong et al., 2017).

The high-order number sense refers to the mathemati-
cal concepts meaning construction, which is acquired 
by learning and understanding of mathematical princi-
ples, numerical relations, mathematical laws, and so on 
(Berch, 2005). Although there is a common number sense 
mechanism between humans and animals, only humans 
learn to understand and master more complex mathe-
matical skills with age. Researchers view number sense as 
a skill rather than an “intrinsic” process (Robinson et al., 
2002). Along with children’s development, number sense 
will be affected by various social factors such as educa-
tional strategy and cultural environment (Jordan et  al., 
2012; Aunio et  al., 2006). Therefore, children’s number 
sense will reflect in the fluency and flexibility of numeri-
cal operation and calculation process, as well as the final 
mathematical performance.

It can be seen that children’s number sense not only 
has congenital physiological origin but also is affected 
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by acquired factors such as educational factor. There-
fore, the present study focuses on how children become 
skilled in mathematics and the role of number sense in 
this process.

Children’s basic arithmetic ability
Children’s basic arithmetic ability is a special math-
ematical skill, which refers to computing an addition or 
subtraction number fact in limit time (e.g., 8 + 7, 15–7) 
(Cowan et  al., 2011; Sorvo et  al., 2017). In order to get 
answers, children retrieve the number facts from mem-
ory or calculate them through simple strategies, such as 
5 + 5 = 10 so 5 + 6 = 11 (Baroody, 1999; Clarke et al., 
2016; Levine et  al., 1992). In primary school, there is a 
close relationship between basic arithmetic ability and 
children’s mathematics performance. Deficits in mastery 
of arithmetic facts are key characteristic of children with 
mathematics problem (Gilmore et al., 2010).

The number sense view of Baroody (2006) proposes 
that number sense is the basis of children’s basic arith-
metic ability. Before formal education, children’s number 
sense of quantity is relevant to their arithmetic ability. For 
example, they can distinguish which set contains more 
elements than the other set (Sprenger & Benz, 2020; 
Brannon et  al., 2004). However, basic arithmetic skill 
requires the transformation of sets by adding or subtract-
ing elements (Levine et al., 1992). Based on the number 
sense view, mathematics education enables children to 
further learn to calculate and manipulate number on the 
basis of number representation. For example, if children 
have difficulties in manipulating nonverbal number rep-
resentation, they could be limit in calculation fast (Cohen 
et al., 2000). Nonverbal intelligence is also an important 
factor affecting children’s basic arithmetic ability. A study 
of the third-grade children in primary school found that 
nonverbal intelligence test score of children with higher 
arithmetic task score was significantly higher than that of 
children with lower arithmetic task score (Jordan et  al., 
2003).

To sum up, basic arithmetic ability is the basis of chil-
dren’s mathematical ability. It could develop from num-
ber sense and closely relate with nonverbal intelligence. 
However, there is still uncertain role of basic arithmetic 
ability in the relationship between nonverbal intelligence, 
number sense, and mathematics performance. Therefore, 
the current research assumes that number sense could 
affect children’s mathematical performance through basic 
arithmetic ability.

Related cognitive ability with mathematics
Children’s mathematical performance is affected not 
only by nonverbal intelligence but also domain-specific 

mathematical skills and other cognitive functions (Geer 
et al., 2019; Hawes et al., 2015; Green et al., 2017).

Rapid automatized naming and working memory 
are important influence factor of children’s mathemat-
ics. They are core factors in cognitive development 
and affect children’s learning with growth (Tourva & 
Spanoudis, 2020; Tamez et al., 2008).

Rapid automatized naming (RAN) refers to the abil-
ity to name familiar visual stimuli such as numbers, 
colors, objects, and letters as quickly as possible (e.g., 
Cui et  al., 2017; Liao et  al., 2015). RAN requires the 
ability to learn arbitrary associations between a visual 
stimulus and a spoken response. The fast visual-verbal 
association is base on quickly retrieve stimulus labels 
fluently from memory (e.g., a number’s verbal label). 
Several studies found rapid automatized naming con-
tinues to predict mathematical achievement, especially 
children’s basic arithmetic ability, even after control-
ling working memory, executive functions, reading, and 
so on (Cui et  al., 2017; van der Sluis et  al., 2004). For 
example, Malone et al. (2021) investigated the relation-
ship between RAN and mathematical ability of primary 
school children in grade 3. They propose that RAN is 
closely related to children’s numerical ordering abil-
ity and affects the relationship of numerical ordering 
ability and arithmetic. A meta-analysis from 38 stud-
ies shows a significant correlation between RAN and 
mathematics and suggests RAN as an early predictor of 
mathematical skill (Koponen et al., 2017).

Working memory defined as a mental workspace for 
individuals to control, regulate, or maintain relevant 
information in complex tasks accomplishment (Raghubar 
et al., 2010). Working memory has close relationship with 
intelligence (Tourva & Spanoudis, 2020) and is a strong 
predictor of mathematical skills in primary school period 
(Friso-Van den Bos et al., 2013). A Longitudinal study of 
Chilean Children compare mathematics difficult chil-
dren with typical developed children from the first grade 
(Guzmán et al., 2019). The result found working memory 
and RAN have significant contributions to differentiat-
ing two group mathematics performance. Therefore, 
when exploring the mediating effect of number sense 
on the relationship between nonverbal intelligence and 
mathematical performance of primary school children, 
the present study also tests children’s RAN and working 
memory to avoid possible confusion.

Goal of the study
We aim to explore the mediating effect of number sense 
on the relationship between nonverbal intelligence and 
mathematical performance of primary school children. 
Our hypotheses are as follows:
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1. Number sense has a significant mediating effect on 
the relationship between nonverbal intelligence and 
mathematical performance of primary school chil-
dren.

2. Number sense affects children’s mathematical perfor-
mance need through basic arithmetic ability.

3. Although working memory and rapid automatized 
naming have significant relationship of children’s 
mathematical ability, they cannot affect the mediat-
ing effect of number sense between non-verbal intel-
ligence, and children’s mathematical performance.

Method
Participants
The current study randomly selects134 pupils in Shaox-
ing City of China. Two children were excluded for miss-
ing data more than two tests, and one child was excluded 
for intelligence score 5% lower than peers. Finally, the 
data of 131 pupils participated in the data analysis. These 
pupils are primary school students in the first, third, 
and fifth grade, including 44 in the first grade (53% girls; 
mean age of 7.2 years), 42 in the third grade (45% girls; 
mean age of 9.4 years), and 45 in the fifth grade (47% 
girls; mean age of 11.3 years). According to the teacher’s 
report, the subjects had normal or corrected visual acuity 
and had no physical or mental illness. Both children and 
their parents agreed to take tests and signed informed 
consent.

Measurement
Nonverbal intelligence
Children’s nonverbal intelligence was tested by Raven 
progressive matrix test (combined) (Raven & Court, 
1938). During the test, children need to observe the 
album of each patterns and select which small pictures 
can fill in patterns’ gaps. The test has no time limit, and 
the score is the total correct number (alpha coefficient, α 
= 0.96).

Number sense
Children were test with the number sets test (Geary 
et al., 2009). The test includes target numbers and object 
sets. The object set is composed of Arabic numerals and 
different number objects (circles, diamonds, triangles, 
and stars). Children need to find the correct number of 
object sets matching the target number as soon as pos-
sible and circle it with a pen. Before the formal test, chil-
dren will perform two exercises of target numbers 4 and 
3 to ensure their understanding of the test requirement. 
The test records children’s completing time and accuracy. 
In order to avoid ceiling effect of test accuracy, children’s 

completing time is employed to reflect individual differ-
ences (alpha coefficient, α = 0.95).

The basic arithmetic ability
The basic arithmetic task (Aunola & Räsänen, 2007) is 
designed for primary school children. Children only 
have 3 min time to complete addition and subtraction 
problems (a total of 50 items). The task score is the total 
correct item number completed by children. Previous 
studies on primary school children show that the task 
has a higher test-retest reliability than 0.94 (Aunola et al., 
2004). In current study, alpha coefficient is 0.98 of the 
test.

Mathematical performance
Children’s mathematical performance was tested by the 
numerical operations subtest of the Wechsler Individual 
Achievement Test, Second Edition (WIAT-II; Wechsler, 
2005). Numerical operations subtest is a well indicator of 
quantitative knowledge and mathematical performance 
(Parkin & Beaujean, 2012). In the test, children need to 
solve several problems of calculation and simple equa-
tions involving basic operations such as addition, sub-
traction, multiplication, and division. The test score is the 
total correct answer number (alpha coefficient, α = 0.98).

Working memory
The digit span test from the WISC-IV (Wechsler, 2004) is 
administered to children. The digit span test includes two 
tasks (digit forward recall task and digit backward recall 
task). Children is required to repeat digits in the same 
order after experimenter reading in digit forward recall 
task and repeat in backward order in digit backward 
recall task. The test records the correct number of items 
(alpha coefficient, α = 0.76).

RAN
The rapid automatized naming (RAN) task is adminis-
tered to assess children’s processing speed (Denckla & 
Rudel, 1976). The child is presented with pages of num-
bers, colors, or words. They need to read stimulus quickly 
and correctly. The task records completed time and accu-
racy of children (alpha coefficient, α = 0.87).

Procedure and data analysis
The primary school children in grades 1, 3, and 5 are ran-
domly selected. Tests are conducted one on one between 
children and experimenters in a quiet room. Before each 
test, experimenters will introduce the test and how to 
complete it. Only after completing some exercises to 
ensure children’s understanding the formal test can be 
carried out. Experimenters are college students who 
received special training in advance. IBM SPSS Statistics 
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for Windows version 22.0 was used to analyze the data. 
The analysis methods include descriptive statistical anal-
ysis, correlation analysis, and regression analysis. Fur-
thermore, the PROCESS of SPSS (Hayes, 2017) was used 
for mediation model analysis.

Results
The current study analyzed the data in three stages. First, 
we analyzed the variables’ correlation to confirm the rela-
tionships between nonverbal intelligence, number sense, 
basic arithmetic ability, and mathematical performance. 
Second, we conducted regression analyses to predict 
mathematical performance from nonverbal intelligence, 
number sense, basic arithmetic ability, and control varia-
bles. Last, we tested whether number sense mediated the 
association between nonverbal intelligence and children’s 
mathematical abilities.

Correlation analysis of children’s number sense, 
mathematical ability, and other variables
As Table 1 indicates, current study analyzes the descrip-
tive statistics and correlation of children’s nonverbal 
intelligence, number sense, basic arithmetic ability, math-
ematical performance, working memory, and process-
ing speed. Correlation results show that the total time of 
children to complete number sense test is significantly 
negative which correlates with the accuracy of nonverbal 
intelligence test, basic arithmetic test, and mathematical 
test. Children need more completing time; they perform 
worse in number sense test. The result suggests children 
perform worse in number sense; they could also get fewer 
correct scores in nonverbal intelligence test, basic arith-
metic test, and mathematical test. Correlation results 
also show that the accuracy score of children’s working 
memory test and RAN time are significantly correlated 
with accuracy scores of children’s nonverbal intelligence 
test, basic arithmetic test, and mathematical test. It sug-
gests that children’s cognitive ability is significantly cor-
related with children’s mathematical abilities.

Regression analyses of mathematical performance 
on nonverbal intelligence, number sense, and basic 
arithmetic ability
The present study further analyzes the regression effect 
of nonverbal intelligence, number sense, and basic arith-
metic ability in children’s mathematical performance. As 
Table  2 shows, even control variables of working mem-
ory and RAN, scores of nonverbal intelligence, number 
sense, and basic arithmetic affect children’s mathematical 
performance significantly. The result suggests that com-
paring cognitive abilities, mathematical domain-specific 
skills have a significant impact on pupils’ mathematical 
performance.

The mediating effect of number sense between nonverbal 
intelligence and children’s mathematical performance
Based on previous analyses, number sense and basic 
arithmetic ability are tested as potential mediators of the 
association between nonverbal intelligence and math-
ematical performance. The analysis used 5000 resamples 
to estimate 95% confidence intervals. If zero is not pre-
sent in the 95% confidence intervals, the indirect effect 
is significantly different from zero at p < 0.05 (Preacher 
& Hayes, 2008). According the present multiple-media-
tion model, without intermediary variables, nonverbal 
intelligence has a significant direct predictive effect on 

Table 1 Correlation analysis of variables

Note: NI nonverbal intelligence, NS number sense, BA basic arithmetic ability, MP mathematical performance, WM working memory, RAN rapid automatized naming; 
M mean, SD standard deviation; *p < .05, **p < .01

M SD 1 2 3 4 5 6

1NI 34.076 9.981 1 −0.550** 0.554** 0.687** 0.406** −0.578**

2NS 397.134 201.596 −0.550** 1 −0.629** −0.706** −0.319** 0.635**

3BA 36.076 24.334 0.554** −0.629** 1 0.805** 0.340** −0.530**

4MP 15.038 6.390 0.687** −0.706** 0.805** 1 0.353** −0.613**

5WM 3.894 1.598 0.406** −0.319** 0.340** 0.353** 1 −0.374**

6RAN 81.135 22.177 −0.578** 0.635** −0.530** −0.613** −0.374** 1

Table 2 Regression analyses of mathematical performance 
on nonverbal intelligence, number sense, and basic arithmetic 
ability

Note: NI nonverbal intelligence, NS number sense, BA basic arithmetic ability, 
WM working memory, RAN rapid automatized naming; *p < .05, **p < .01

Model B SD Beta t p

(Constant) 9.190 2.382 3.858** .000

NI 0.167 .037 0.262 4.473** .000

NS −.007 .002 −0.207 −3.272** .001

BA 0.131 .016 0.498 8.410** .000

WM −.068 0.193 −.017 −0.351 0.726

RAN −.021 .017 −.074 −1.216 0.226
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children’s mathematical performance (path coefficient 
0.687, p < 0.01). When the mediating variable of num-
ber sense enters in the model, nonverbal intelligence 
predicts number sense significantly (path coefficient 
−0.548, p < 0.01), and number sense predicts mathemati-
cal performance significantly (path coefficient −0.236, 
p < 0.01). The result suggest that for more score in non-
verbal intelligence test, children need less time to com-
plete the number sense test and could got more score in 
mathematical test. When the mediating variable of basic 
arithmetic ability enters in the model, nonverbal intelli-
gence could predict basic arithmetic ability significantly 
(path coefficient 0.298, p < 0.01), and basic arithmetic 
ability significantly predicts mathematical performance 
(path coefficient 0.505, p < 0.01). The result suggests 
more scores in nonverbal intelligence test, and children 
perform better in the basic arithmetic test and could get 
more scores in mathematical test. When both mediating 
variables enter in the model, nonverbal intelligence pre-
dicts number sense significantly (path coefficient −0.548, 
p < 0.01), number sense predicts basic arithmetic ability 
significantly (path coefficient −0.467, p < 0.01), and basic 
arithmetic ability predicts mathematical performance 
significantly (path coefficient 0.505, p < 0.01). The result 
shows that nonverbal intelligence affects children’s math-
ematical performance development through number 
sense and basic arithmetic ability.

As Table  3 shows, there are three indirect effects: 
nonverbal intelligence→number sense→mathematical 
performance (mediating effect accounted for 31.54% 
total effect), nonverbal intelligence→basic arith-
metic ability→mathematical performance (medi-
ating effect accounted for 36.67% total effect), and 
nonverbal intelligence→number sense→basic arithme-
tic ability→mathematical performance (mediating effect 
accounted for 31.54% total effect) Fig. 1.

Discussion
The current study examines the associations between 
nonverbal intelligence, number sense, basic arithmetic 
ability, and mathematical performance. Results show that 
children’s nonverbal intelligence, number sense, basic 
arithmetic ability, and mathematical score are signifi-
cantly correlated with each other. Even control working 
memory and RAN, scores of nonverbal intelligence, num-
ber sense, and basic arithmetic affect children’s mathe-
matical performance significantly. In multiple-mediation 
model, nonverbal intelligence significantly predicts chil-
dren’s mathematical performance through number sense 
and basic arithmetic ability.

The main finding of this study is the mediating effect 
of number sense and basic arithmetic ability on the asso-
ciation between nonverbal intelligence and mathemati-
cal performance. The result is consistent with previous 

Table 3 The mediating effect of number sense and basic calculation between nonverbal intelligence and mathematical performance

Note: NI nonverbal intelligence, NS number sense, BA basic arithmetic ability, MP mathematical performance

Effect Path Effect value Boot SE Boot
LLCI

Boot
ULCI

Relative effect

Total effect 0.409 0.040 0.338 0.496

Indirect effect NI→NS→MP 0.129 0.064 0.071 0.293 31.54%

Indirect effect NI→BA→MP 0.150 0.062 0.030 0.252 36.67%

Indirect effect NI→NS→BA→MP 0.129 0.026 0.077 0.178 31.54%

Fig. 1 The chain multiple mediation model. Note: NI, nonverbal intelligence; NS, number sense; BA, basic arithmetic ability; MP, mathematical 
performance; *p < .05, **p < .01
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studies. Firstly, nonverbal intelligence is significantly 
associated with children’s academic performance. How-
ever, the influence of nonverbal intelligence on children’s 
academic achievement may not be direct. For example, 
a study of 836 Chinese students show that intelligence 
predicted children’s academic performance in Chinese, 
Math, and English, and the personality has an interaction 
effects with intelligence (Zhang & Ziegler, 2015). In addi-
tion to the stable characteristics of individual differences 
such as nonverbal intelligence, various skills children 
learn and master have a more direct impact on their final 
academic performances. For example, a meta-analysis of 
children’s intelligence relation with reading and math-
ematics is found, although intelligence showed a stronger 
relation to mathematics than to reading, education, and 
learning experience will have a greater impact on chil-
dren’s academic achievement with growth (Peng et  al., 
2019).

Second, number sense has congenital physiological 
characteristics; it also teaches learning mathematical 
skills such as basic arithmetic skills. Children have innate 
understanding of number magnitude and representa-
tion (Buijsman, 2021; Clarke & Beck, 2021; Malone et al., 
2020). Through repeated mapping of symbolic number 
with nonsymbolic magnitude, such as Arabic number 5 
with five apples, children can learn to operate arithmetic 
questions (Malone et  al., 2019). Proficiency in nonsym-
bolic to symbolic mapping could further predict chil-
dren’s mathematics performance (Mazzocco et al., 2011). 
The current results suggest that number sense might play 
a role early on children acquiring mathematical ability.

Finally, nonverbal intelligence affects children’s math-
ematical ability through mathematical skills in special 
fields, rather than general cognitive function such as 
working memory and process speed. Although intel-
ligence such as reasoning has close relationship with 
working memory and process speed (Conway et  al., 
2003; Schubert et  al., 2017), reasoning, especially 
nonverbal spatial reasoning, plays an important role 
in children’s development and learning (Demetriou 
et al., 2022). For example, a study of early school edu-
cation found children’s reasoning ability significantly 
relates with computational thinking and arithmetic 
fluency (Xu et  al., 2022). Studies found that there is a 
close relationship between cognitive function and chil-
dren’s mathematical ability, especially in the preschool 
stage (Blankson & Blair, 2016; Manginas et  al., 2021). 
Consistent with previous studies, the current study 
found that both domain-general cognitive function 
and domain-specific mathematical skills are closely 
related to children’s mathematical ability. However, 
our results show that only number sense has a mediat-
ing effect between nonverbal intelligence and children’s 

mathematical performance. The possible explanation is 
that number sense plays a prominent role in children’s 
mathematical performance at a specific stage, that is, in 
primary school. For example, van Bueren et  al. (2022) 
found number sense, and working memory has no 
mediating effect in mathematical ability of older chil-
dren and adults.

Limitations and future recommendations
The present study has several limitations should be taken 
into account. Firstly, the proposed causal relationship 
between nonverbal intelligence, number sense, basic 
arithmetic ability, and mathematics performance needs 
longitudinal studies to prove evident. The present cross-
sectional study cannot directly observe the development 
of children’s mathematical ability in the whole primary 
school stage. Secondly, the current study only controls 
working memory and rapid automatized naming; there 
are other cognitive factors that could affect the relation-
ship such as attention. Future researches need to deter-
mine which other cognitive variables could be important. 
Finally, the present study employed typical tests to 
examine children’s abilities, such as the digit span test 
to examine children’s working memory. However, work-
ing memory includes multiple sub-components, such as 
the spatial working memory. Raven’s test examines chil-
dren’s spatial and configurational intelligence, which may 
have functional overlap with the spatial working memory. 
Future research can employ a variety of tests to exam-
ine children’s single ability, so as to avoid the impact of 
research tools on results.

Conclusion
In sum, the current study reveals mediating effect of 
number sense between nonverbal intelligence, basic 
arithmetic ability, and mathematics performance. Com-
pared to domain-general cognitive functions, domain-
specific basic mathematical skills play a prominent role in 
children’s mathematical performance in primary school. 
These findings suggest that educators should pay atten-
tion to children’s development of number sense and basic 
arithmetic ability.
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