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The prevalence of mathematical difficulties (MD) among primary school children
in China and its related factors remain unclear. To provide a suitable foundation
for formulating appropriate screening and intervention strategies, this study
aimed to estimate the prevalence of MD and its possible factors among primary
school children in China. Articles were identified from seven databases and
included if they reported on the prevalence of MD among primary school
children in China. A total of 30,881 articles were retrieved, 975 of which were
subjected to full evaluation. In total, 54 studies involving 34,815 participants
(mean age 9.86 + 3.13 years) were included. Analyses were conducted using the
Meta and Metafor packages in the statistical software environment R. We used
meta-regression and subgroup analyses by variable type to evaluate the potential
prevalence factors. The pooled prevalence of MD among primary school children
in China was 8.97%, whereas the prevalence rates of MD in lower, middle, and
upper primary schools were 11.57%, 10.07%, and 4.76%, respectively. The results
showed that the prevalence of MD among primary school children in China was
significantly related to grade level and the cut-off points selected for screening
MD and that the prevalence of MD in middle primary school was higher in girls
thanin boys. The prevalence of MD in primary schools in China was slightly higher
than that in countries such as the United Kingdom and the United States. The
prevalence of MD was higher in the lower and middle grades of primary school.
The grade level and cut-off points selected during MD screening were closely
related to the prevalence of MD. More attention should be paid to girls with MD
in middle primary school.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42023410311, identifier: CRD42023410311.

KEYWORDS

primary school children, mathematical difficulties, systematic review, meta-analysis,
mathematics disabilities

1 Introduction

“Mathematical difficulties” (MD), also known as mathematics disabilities or dyscalculia
(1), is a term used to describe individuals with an average or higher IQ and adequate
educational resources but with extensive cognitive deficits in numerical cognition,
attention, executive function, and other aspects (2). MD can affect children through the
middle school level or even longer, and it can not only seriously influence the children’s
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academic achievement, peer interaction, and social adaptation
(3, 4) but also impact the country’s economic development
(5). Therefore, dealing with the challenge of MD has received
considerable attention in various countries and fields worldwide.

However, the extent of the prevalence of MD in China remains
unclear. Some researchers have reported that the prevalence
of MD in China is consistent with that in the United States,
the United Kingdom, and other countries, accounting for
approximately 3.3%—6% of the total child population (6, 7); other
studies, by contrast, have reported that this prevalence in China is
as high as 13.8% (8). Therefore, in the absence of a consensus (9),
further research is necessary to determine the prevalence of MD
among Chinese children.

Chinese researchers have mainly relied on the Diagnostic
and Statistical Manual (DSM-5) of the American Psychiatric
Association (10) and the International Classification of Diseases
(ICD-10) (11) when screening for MD (7, 8). Notably, the DSM-
5 and ICD-10 classify MD as a specific learning disorder and
developmental learning disorder, respectively and have several
common criteria for defining MD, such as the significance/severity
of the disorders. However, these two criteria differ in terms of
defining MD. For example, the DSM-5 emphasizes that deficits
in children with MD require parents to report that their child
has various mathematics learning difficulties in school for at
least 6 months (10). To effectively identify children with MD,
Chinese researchers have followed the criteria of both the DSM-
5 and ICD-10: excluding factors such as low intelligence and
insufficient education and selecting standardized tools to test
children who have significant differences in mathematical academic
12). However, the
tools used to measure MD vary widely. For example, some

performance compared to typical children (7,

researchers have chosen standardized Chinese testing tools for
screening. These tools primarily include the Chinese version of the
Heidelberg Mathematics Ability Test (12), Chinese children and
adolescents’ mathematics academic achievement tests, screening
tests for learning difficulties, and midterm and/or final examination
scores in China (13). The Heidelberg Mathematics Ability Test
is a scale developed by Chinese scholars to assess the basic
mathematical abilities of Chinese children, after introducing and
revising the “Heidelberg University Primary School Students’
Basic Mathematical Abilities Test Scale” from Germany (14,
15). Currently, the Heidelberg Mathematics Ability Test has
been widely used to test the mathematical abilities of Chinese
children (12, 16). The midterm and final exams for children
at the middle and end of each semester in China include
mathematics and other tests, which have standardized criteria
and are administered according to a systematic, scientific, and
standardized procedure; therefore, they are considered to be
standardized tests. Consequently, whether the choice of Chinese
tools and the application of midterm and final examinations
affect an accurate determination of the prevalence of MD
remains unclear.

Using the DSM-5 and ICD-10 to determine the prevalence of
MD in children, Chinese researchers have often chosen cut-off
points to define MD, which is in line with practice in countries
such as the United States and the United Kingdom (17). While the
use of the cut-off point method distinguishes the severity of MD, it
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is also arbitrary (18). The cut-off point is based on a standardized
assessment, and only children who score below a certain value are
deemed to have MD. However, cut-off points have varied between
studies. For example, some studies have defined the cut-off point as
more than 1.0 standard deviation below the average score of normal
children (19). Others have used cut-off points of more than 1.5,
2.0, and 3.0 standard deviations below the average score of normal
children (8). This variation has resulted in different numbers of
children being diagnosed with MD during screening. Therefore, in
this study, the cut-off point selected during screening was used as
a continuous variable to explore the effect of cut-off points on the
prevalence of MD in China. Additionally, Chinese researchers have
identified children with MD by obtaining information from their
head or mathematics teachers, believing that this is a key aspect
of using the DSM-5 in screening. Therefore, this study considered
teacher participation in the screening of children with MD as an
important variable to investigate its effects on the prevalence of MD
in China.

Studies have found that the prevalence of MD in China
may change with the age of children. In China, a large number
of children with MD in the lower grades of primary schools
have learning deficits, mainly due to their poor calculation
skills; however, when they enter the middle or upper grades of
primary schools, their calculation skills improve significantly (20).
Nonetheless, some researchers have found that MD persists as
children develop and becomes even more severe as they advance in
school grades, such that the differences between them and typically
developing children are amplified (21). Therefore, we conducted a
meta-analysis to further investigate variations in the prevalence of
MD by grade in China.

Additionally, studies have found significant sex differences in
MD, with no consensus. For example, Li et al. (20) found that boys
were more likely than girls to suffer from MD, while other studies
have found the opposite; still others found no significant differences
in the prevalence of MD between boys and girls (22). Thus, in this
study, we evaluated whether the sex of children with MD affected
its prevalence by performing a meta-analysis.

The comorbidity between MD and reading difficulties (RD)
is also an important factor affecting prevalence. Children with
combined MD and RD account for 80% of those with MD or
RD (17). Some studies have shown that while children with RD
or MD only have deficits in reading or mathematics, respectively,
children with both MD and RD have more severe cognitive deficits,
resulting in a higher prevalence of comorbidities in these children.
However, Zhang et al. found that Chinese children with MD only
had the same deficits as those who have both MD and RD and
that Chinese children with MD and RD did not have more severe
cognitive deficits than children with only MD (23). Therefore, this
study used the presence of MD and RD as categorical variables
to investigate whether they moderate the prevalence of MD
in China.

In short, this study used a meta-analysis to investigate the
prevalence of MD in China and the possible factors influencing
its inconsistent prevalence, providing an important basis for the
development of appropriate intervention strategies. Based on
the findings, we discuss possible influencing factors and related
theories in detail.
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2 Methods

2.1 Literature retrieval

This meta-analysis has been registered (CRD42023410311),
and the
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD

registration  information can be found at
42023410311. This meta-analysis is reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. The study was conducted through
a comprehensive search of all Chinese and English literature before
November 2021. Chinese literature was searched in China National
Knowledge Infrastructure (CNKI), the Wan Fang Database for
Chinese Periodicals, and Weipu (CQVIP), and English literature
was searched in APA PsycInfo, APA PsycArticles, Medline, and
ERIC ((math* AND difficult* OR disability*) OR dyscalculia*) and

(China* OR Chinese* OR Cantonese) were used as the keywords.

2.2 Inclusion and exclusion criteria

Two authors (WYJ and LJ) independently selected, retrieved,
and assessed potentially relevant articles. The following criteria
were used to select studies for inclusion in this study: studies
that included children with MD in primary schools in China;
studies that provided unambiguous data on the total sample sizes of
typically developing children and children with autism, including
information on how many autistic children were ultimately tested;
in the MD screening phase of the studies, it was clear which
tools were used to measure mathematics ability, whether teachers
participated in the screening, and whether the IQ of children with
MD was normal; studies where the cut-off point chosen for MD
screening was clear; studies in which the control group of typical
children was included; studies in which the final sample size of
children with MD, including the numbers of boys and girls, was
indicated; and research articles which were written in Chinese
or English.

We excluded studies that did not report the number of samples
used to screen children with MD, studies that did not have reports
of cut-off points, studies that did not show whether the IQ of the
children with MD was normal, and studies with no control group.
Additionally, if the same author applied the same group of children
with MD as participants to conduct multiple studies, only the most
detailed study was retained to avoid double counting of the data.

2.3 Data extraction, coding, and inter-rater
reliability

Two authors (WYJ and LJ]) independently extracted data
from the included studies and recorded the data using Excel.
The extracted information included the following items: basic
descriptive information (e.g., first author’s name and publication
year), variables involved in the screening approaches, and screening
sample characteristics.

In particular, for extracting and coding grade information, we
followed the Chinese grade levels: lower elementary school (grades
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1-2, 7-8 years old), middle elementary school (grades 3-4, 9-
10 years old), and upper elementary school (grades 5-6, 11-12
years old), for a total of three levels. For studies reporting that
participants were recruited from discontinuous grades (e.g., first,
third, and fifth grades), we first calculated the mean grade level
and then coded it to the corresponding grade level, as described
above, based on the mean grade level; for studies that did not report
information on grade level, we estimated the grade level based on
the mean age (e.g., a child with a mean age of 9.5 years would be
considered to be attending middle elementary school in China).

In coding the remaining variables, we coded continuous
variables, such as the cut-off point chosen for screening for MD,
directly based on the cut-off point reported in each study; however,
there were exceptions, such as coding the gender ratio, for which
we calculated the gender ratio based on the number of male and
female in the sample of the screened children with MD reported
in the literature—for studies that did not report male and female,
we uniformly coded the gender ratio as “no report.” Categorical
variables, such as the presence of comorbidities with dyslexia
in children with MD, were coded as “yes” (comorbidities with
dyslexia) and “no” (no comorbidities with dyslexia).

Across the total variable matrix, the mean inter-rater agreement
was 0.96, ranging from 0.92 to 0.98 for all variables investigated in
this study. Disagreements were resolved through discussions.

2.4 Statistical analysis

R version 4.2.2 and the Meta and Metafor packages were
used to analyze prevalence, map forests, and conduct Egger’s
test for publication bias. The prevalence of MD in children was
used as the event rate, which mainly involved the sample size
of the reported MD in each study and the total sample size at
screening for MD. Due to the low prevalence in the included
studies, the prevalence was pooled after a normal test using logit
transformation. Sensitivity analyses, in which p varied between 0
and 1, were also conducted to further assess the estimated pooled
prevalence, the standard error of its estimation (SE), and the
between-study variance (Tau2). In addition, a heterogeneity test
was applied if the p-value of the Q test was <0.05 and I* was
more than 50% (24), which indicated that there was a high degree
of heterogeneity among the studies; thus, a random effects model
was used (25). The effect estimates are depicted in forest plots as
proportions with 95% confidence intervals (95% CI).

In the specific analysis, we first estimated the overall prevalence
and heterogeneity of MD in children in China. Considering that
the prevalence of MD in different grades may differ, we divided
the children into three subgroups according to grade level, namely,
lower, middle, and upper grades of primary school, to further clarify
the prevalence and influencing factors in different grades. Covariate
analyses were performed when significant heterogeneity was
observed among the four subgroups. Meta-regression analyses were
used to test the relationship between prevalence and continuous
variables, such as cut-off points. Moderating effect analyses were
used to test the relationship between prevalence and categorical
variables, such as the presence of comorbidities with RD (yes vs.
no). When analyzing the moderating effect of categorical variables,
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L

J

Chinese (n=9651)
English (n=16115)
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Duplicate studies (n=5113)
Chinese (n=908)
English (n=4205)

J

abstracts (n=20653)
Chinese (n=8743)
English (n=11910)

Studies screened based on titles and
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Chinese (n=7876)

English (n=11802)
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Not empirical studies (n=680)

Full-text

studies
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Chinese (n=867)
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no TD (n=86) English (n=108)
Cut-offs do not meet the

English Studies excluded for
full-texts screen (n=95)
Chinese magazine (n=51)
Non-chinese MD children
(n=28)

Non-TD control group (n=7)

assessed for

requirements (n=58)

J

Cut-offs do not meet the

Chinese (n=48)
English (n=6)

Studies included in this meta-
analysis (n=54)

requirements (n=9)

FIGURE 1

Literature screening process. Flowchart of the study selection process for the systematic review and meta-analysis following the guidelines from the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) group.

the first category of each variable was used as a reference. For
example, in the analysis of whether teacher participation affected
prevalence, “yes” was used as the reference group.

3 Results
3.1 Description of the study

A total 0f 10,561 articles were retrieved from Chinese databases.
Among them, 7,494 articles were retrieved from CNKI, 2,423
articles were retrieved from the Wanfang Database, and 644 articles
were retrieved from CQVIP. A total of 20,320 articles were retrieved
from English databases. Among them, APA PsycInfo produced
2,829 English articles, APA PsycArticles produced 907, Medline
produced 16,255, and ERIC produced 329. The specific screening
process is shown in Figure 1. Two studies involved preschoolers;
thus, they were not included. Table 1 shows the 54 studies and
reflects those that were eventually included in the meta-analysis (7,
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8,12, 20, 22, 26-74). These studies include 24 journal papers (six in
English) and 30 dissertations with a total of 34,815 participants (i.e.,
2,727 children with MD screened from 34,815 among children).

3.2 Pooled prevalence of MD in China

The pooled prevalence of MD in primary schools in China
was 8.97%, 95%CI 0.07, 0.11. Figure 2 shows a forest plot of
the pooled prevalence. Egger’s test result was not significant
(t = 199, p > 0.05), which indicated that there was no
publication bias in this meta-analysis. Sensitivity analysis showed
that the impact of the assumed within-study correlation between
multiple effects (p) on the pooled prevalence, SE, and Tau? was
negligible for all outcomes. Heterogeneity test results showed
that I 97.61%, Q = 2,219.45, and p < 0.001. This
indicated high heterogeneity; thus, it is necessary to use a

random effects model to further analyze potential variables related
to prevalence.
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TABLE 1 Baseline characteristics of included studies.

References Publish NTotal NMD Grades Screening approaches Sample characteristics
Tools Cut- Teacher Sex Comorbidity
participation ratio

Cai et al. (26) ) 380 55 U S 0.20 No 1.00 No
Ding et al. (27) ] 183 32 M C 0.25 No No report No
Lin et al. (28) ] 237 82 M C 0.25 No No report No
Huang and Chen ] 805 38 M C 0.25 No 1.05 Yes
(22)

Wang (29) ] 1,160 30 M C 0.20 No 1.53 Yes
Zhang (30) ] 1,148 54 M S 0.20 Yes 1.50 No
Cai (31) D 260 20 L S 0.20 Yes 1.45 No
Chen et al. (32) ] 300 32 L S 0.25 Yes 2.33 No
Chen et al. (33) ] 600 60 U S 0.20 Yes 1.00 No
Cheng and Gong ] 1,564 66 M N 0.12 Yes No report | Yes
(34)

Du (35) D 866 34 M S 0.32 Yes 1.13 No
Han et al. (36) ] 450 84 L S 0.25 No 1.71 No
He (37) D 417 14 U C 0.19 Yes 1.00 No
Jiao (38) D 218 45 M S 0.20 Yes 0.73 No
Lai et al. (39) ] 1,147 229 M S 0.25 No No report No
Li (40) D 1,177 97 18] S 0.10 Yes No report No
Li(41) D 1,600 80 L S 0.25 Yes 1.16 No
Lietal. (20) ] 2,057 100 M C 0.00 No 1.44 No
Liu (42) D 268 56 L S 0.25 No 1.33 No
Liu (43) D 1,083 36 M S 0.12 Yes 1.40 No
Liu (44) D 151 42 M S 0.19 Yes 1.43 No
Liu and Cai (45) ] 160 39 M S 0.20 No 0.93 No
Liu (46) ] 576 28 M S 0.25 Yes No report No
Shang (47) D 257 66 M S 0.25 Yes No report No
Shi (48) D 51 14 L C 0.25 No 1.00 No
Tang (49) D 417 14 U S 0.12 Yes 1.00 No
Wan et al. (50) ] 350 57 M S 0.25 Yes 0.90 Yes
Wang (51) D 324 83 L C 0.30 No No report | No
Wang (52) D 1,092 21 U S 0.12 Yes 247 Yes
Wang (53) D 210 33 L S 0.25 Yes 1.20 No
Wang (54) D 300 180 M S 0.25 Yes No report Yes
Wang et al. (55) ] 87 45 M S 0.30 Yes No report No
Wang (56) D 810 15 M S 0.25 Yes 2.57 No
Wuetal. (57) ] 703 48 M S 0.10 No 0.92 No
Xiao (58) D 325 24 M S 0.20 Yes No report No
Xing et al. (59) ] 214 48 L S 0.30 Yes 1.29 No
Xu (60) D 530 24 L S 0.15 No 1.00 No

(Continued)
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10.3389/fpubh.2023.1250337

References Publish Grades Screening approaches Sample characteristics
types
Tools Teacher Sex Comorbidity
participation ratio

Xu (61) D 1,282 14 U S 0.10 No 1.00 No
Xu (62) D 408 30 M S 0.12 Yes No report No
Xu (63) D 128 20 M S 0.20 Yes No report No
Xu (64) D 408 38 L S 0.12 Yes No report Yes
Yang et al. (7) ] 657 40 U S 0.25 Yes 1.25 No
Ye (65) D 1,224 74 L S 0.25 Yes 0.68 No
Zhang (66) D 294 49 M S 0.10 Yes 1.42 No
Zhang et al. (8) ] 1,696 141 M C 0.25 No 2.00 Yes
Zhang et al. (12) ] 411 19 L C 0.25 No 0.73 No
Zhang and Zhang ) 330 30 M N 0.25 Yes 1.31 No
(67)

Zhang (68) D 479 30 M S 0.10 Yes 1.00 No
Zhang et al. (69) ] 2,364 46 M S 0.10 Yes 1.56 No
Zhang (70) D 381 20 U S 0.10 Yes 1.00 No
Zhou (71) ] 407 17 U S 0.19 No 0.23 No
Zhou (72) D 827 42 U S 0.10 Yes 0.83 No
Zhu and Wang (73) ] 700 16 M S 0.25 Yes 1.82 Yes
Zuo (74) D 342 76 M S 0.20 Yes 1.62 No

], journal articles; D, dissertation; L, lower grades of primary school; M, middle grades of primary school; U, upper grades of primary school; Tools, Math ability test tools; C, Chinese version of
tools; S, middle/end of semester at school level or above; Teacher participation, whether teacher participation; Comorbidity, whether MD comorbidity with RD; RD, reading difficulties.

3.3 Influence of children’s grades on the
prevalence of MD in China

As mentioned above, to further explore the key population
of MD in China, we divided the children with MD in China
into three subgroups according to grades: lower grades of primary
school, middle grades of primary school, and upper grades of
primary school. The results (Table 2) showed that 13 studies were
included in the lower grades, and the sample size of screening for
MD was 6,250, yielding a pooled prevalence of MD of 11.57%,
95%CI [0.08, 0.17], Q = 285.15, p < 0.001, I* = 95.79. In total,
30 studies were included in the middle grades; the sample size
of screening for MD was 20,928, yielding a pooled prevalence
of MD of 10.07%, 95%CI [0.07, 0.14], Q = 1,65458, p <
0.001, I? = 98.25. A total of 11 studies were included in the
upper grades of primary school; the sample size of screening for
MD was 7,637, yielding a pooled prevalence of MD of 4.76%,
95%CI [0.03, 0.07], Q = 15521, p < 0.001, I* = 93.56. The
prevalence among the three subgroups of lower, middle, and
upper grades was significantly different, F, 5y = 3.29, p < 0.05.
Therefore, we conducted further meta-regression analysis and
moderating effect analysis for these three subgroups to explain
the variability.

Frontiersin Public Health

3.4 Impact of screening approaches on the
prevalence of MD in China

All of the included literature (k = 54) reported the tools
used to measure mathematical ability. In general, we found that
tools were not significant factors affecting the prevalence of MD
in China, B = —0.05, p > 0.05, SE = 0.37, 95%CI [—0.78,
0.69], t = —0.13. Further analysis showed that the prevalence
of three subgroups did not change with the change of tools
(all p > 0.05).

Based on the cut-off points selected for screening children
with MD, we found that the cut-off point was an important
factor affecting the prevalence of MD, B = 6.53, p < 0.01,
SE = 1.89, 95%CI [2.73, 10.32], t = 3.45. The prevalence
of MD in the lower, middle, and upper grades of primary
school did not change with the change in the cut-off point,
all p > 0.05.

From the perspective of prevalence and teacher participation in
screening, in general, we found that whether teachers participated
in screening did not affect the prevalence, B = 0.16, p > 0.05, k =
56, SE = 0.30, 95%CI [—0.45, 0.76], t = 0.52. The prevalence of
MD among the three subgroups did not change with the change in
teacher participation, all p > 0.05.
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FIGURE 2

Source

Prevalance [95%Cl|

Ding Y (2020)
Lin X (2019)
Peng P (2012)
Wang Y (2018)
Zhang LB (2019)
Du K (2015)

He Y (2009)

Li MY (2020)
Liu MH (2012)
Liu W (2013)
Liu WW (2014)
Shang XM (2011)
Shi GL (2014)
Tang SR (2009)
Wang J (2007)
Wang LP (2007)
Wang QQ (2017)
Wang SS (2012)
Wu ZM (2011)
Xu CY (2015)
XuY (2012)

Xu GN (2020)
Xu'Y (2008)
Zhang L (2018)
Cai D (2013)

Cai YG (2016)
Chen PJ (2011)
Chen YH (2004)
Cheng ZH (1998)
Han CC (2011)
Jiao YG (2011)
Lai YH (2014)
LiQ (2017)

Li XX (2015)
Liu D (2017)

Liu D (2018)
Wan Y (2007)
Wang XF (2009)
Wang Y (2018)
Xiao QG (2009)
Xing Q (2011)
XuJY (2015)
Yang WX (2018)
Ye XL (2018)
Zhang HY (2009)
Zhang LB (2019)
Zhang L (2018)
Zhang LJ (2014)
Zhang Y (2011)
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TABLE 2 Subgroup analysis based on grades.

10.3389/fpubh.2023.1250337

Grade k Prevalence 95%Cl @] ? F
Lower grades 13 11.57% 0.08,0.17 285.15%%* 95.79 3.29 (1, 51)
Middle grades 30 10.07% 0.07,0.14 1,654.58™* 98.25

Upper grades 11 4.76% 0.03, 0.07 155.21%** 93.56

k is no. of studies, the same below. ***p < 0.001.

3.5 Impact of screening sample
characteristics on the prevalence of MD in
China

In terms of the relationship between prevalence and the sex
ratio of children with MD, the sex ratio did not affect the prevalence
rate, B= —0.25, p > 0.05, k = 41, SE = 0.31, 95%CI [—0.87, 0.37],
t = —0.82. Further analysis showed that there was no significant
gender difference in the prevalence of MD in lower or upper grades,
both p-values were > 0.05. Only the middle grades of primary
school had a significant gender difference in the prevalence of MD,
B = —1.03, p < 0.05, k = 18, SE = 0.49, 95%CI [—2.06, —0.01],
t=-2.12.

Regarding the prevalence and presence or absence of
comorbidities with RD in children with MD, in general, we found
that the presence or absence of comorbidities with RD did not affect
prevalence, B = —0.33, p > 0.05, 95%CI [—1.09, 0.43], t = —0.88.
The prevalence of each subgroup did not change with the change in
comorbidities; all p > 0.05.

4 Discussion

This study examined the prevalence and possible factors
influencing MD among primary school children in China. To
the best of our knowledge, this is the first meta-analysis on the
prevalence of MD in China. After the inclusion of 54 studies, it was
found that the prevalence of MD in China was 8.97%, with 34,815
children screened, indicating that approximately 1 in 11 children
had MD. The prevalence of MD decreased with an increase in the
children’s grades, and the critical turning point in the prevalence
of MD occurred in the middle grades of primary school. The
prevalence of MD in girls in the middle grades of primary school
was higher than that in boys. The prevalence of MD was associated
with the cut-off point chosen during screening.

4.1 Prevalence of MD in China and its
influencing factors

Although previous studies have suggested that the prevalence
of MD among elementary school children in China is 3%—6%
(7, 20), we applied a meta-analysis and found a slightly higher
prevalence than that reported in previous studies, ranging from 3%
to 13.8% in some studies. This result was slightly higher than the
prevalence of MD in countries such as the United States and the
United Kingdom (8.97% and 6%, respectively) (75). This may be
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related to the relative shortage of special education resources and
teachers in China. Compared to well-established special education
support systems in countries such as the United Kingdom and
the United States, China’s special education system is undergoing
improvement. This comparative lack of specific special capabilities
combined with distinctive regional characteristics may be an
important reason for the slightly higher prevalence of MD in China.

This study found that the prevalence of MD in the lower,
middle, and upper grades of Chinese primary schools decreased
as the children’s grades increased. This result is consistent with
the findings of Bai and Zang as well as previous research results
from the 1990s (76, 77). This may be closely related to the fact
that China emphasizes computational accuracy from an early age
(78) and pays close attention to children’s numerical performance
and mathematical achievement. The finding that the prevalence of
MD decreased as children’s grade levels increased was consistent
not only across cultures but also across time and space. Notably,
we did not find any effect of the instruments and cut-off points
used in screening on the prevalence rates at the lower-, middle-,
or upper-grade levels. In general, cut-off points affect prevalence
(79); however, cut-off points did not affect the prevalence of MD at
each grade level. This suggests that the prevalence rate is related
to that for the entire elementary school grade level. The main
factors affecting the prevalence of certain grades remain to be
further investigated.

Notably, there was a significant difference by sex in the
prevalence of MD in the middle grades of primary school, with
a higher prevalence in girls than in boys; this difference did not
exist in other grades and is inconsistent with previous studies. For
example, Li et al. (20) found that the prevalence of MD was higher
in boys than in girls in the first and sixth grades of primary school.
The most important reason may be that in the study by Li et al.
(20), the participants were only recruited from a primary school in
Beijing, China, and the sample size was small (100 children with
MD in grades 1-6). In addition, previous studies have concluded
that, because most students in the middle grades of elementary
school are adolescents, gender differences in mathematical ability
are related to biological reasons and that boys are more likely to
choose mathematics-related courses and extracurricular activities
(80). Moreover, previous studies have found that children who
struggle with mathematics have higher mathematics anxiety than
normal children and that there is a stronger negative correlation
between mathematics anxiety and mathematics achievement in
girls than in boys (81); therefore, boys might be expected to perform
better in mathematics and be less likely to have MD than girls.
Thus, the sex differences in the prevalence of MD in this age
group in China found in this meta-analysis study are more likely
to be representative.
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The cut-off point selected for screening MD was found to
be the main factor determining the prevalence of MD in China.
This finding is similar to that of previous studies (82). That is,
the prevalence of MD varies according to the cut-off values. For
example, Swanson et al. used American children as participants and
classified the cut-off point in terms of children with standardized
mathematics test scores lower than 11% as having MD. However,
that study did not include Chinese participants. According to a
large number of studies (83), children with scores between 25% and
40% are at risk of developing MD. Therefore, this study included
all children with standardized mathematics ability test score cut-
off points to comprehensively analyze the relationship between the
prevalence of MD and the cut-off point in China and found that the
cut-off point affected the prevalence of MD. This suggests that the
relationship between the prevalence of MD in children and the cut-
off point chosen for screening may be consistent across cultures.

This study had several limitations. First, the literature selected
for the meta-analysis in this study was cross-sectional, which
precluded accurate determination of related influencing factors.
Second, the relationship depicted using meta-regression is an
observational association across trials and is not suitable for
explaining causality (84). Finally, although we attempted to assess
the influence of sample characteristics on the prevalence of
MD in China, certain possible factors, such as IQ, were not
considered (85). Previous research has found significant differences
in intelligence between children with MD and normal children (85);
additionally, in the field of dyslexia, one of the most influential
factors in its prevalence is the criterion of intelligence (86),
suggesting that intelligence may affect the likelihood of children
having MD in terms of screening results (86) and the incidence
of children with MD (17). Therefore, future research should
incorporate more variables, such as IQ, into screening for MD (e.g.,
using standardized score comparisons) (87), which, in turn, could
influence the incidence of MD in China.

4.2 Implications and future directions

This study is the first to identify the prevalence of MD among
primary school children in China. Its findings can help guide
research on MD in China in terms of focusing on the reasons
behind its prevalence and identifying appropriately targeted
interventions for children with MD to reduce its prevalence.

The prevalence of MD in China was highest in the lower
grades of primary school and decreased as the grades increased.
This may be related to Chinas emphasis on calculation skills
beginning in early childhood (78) and its focus on children’s
numerical performance and mathematical achievement. However,
this general approach overlooks differences among children and
the relationship between other cognitive skills and mathematical
abilities. It is well known that there are different subtypes of
MD (88). Moreover, a large number of studies have shown that
working memory, visual-spatial skills, and learning strategies play
an important role in children’s mathematics learning (2, 89)
and that these abilities (especially phonological processing and
working memory) have a major influence on children with MD (2).
Thus, this study recommends that future studies provide specific
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guidance to help teachers and parents implement personalized
education and training based on clarifying subtypes or individual
differences in relation to MD in China, as well as help identify
specific deficits in children related to working memory and
executive function to improve children’s mathematical ability and
reduce the prevalence of MD.

Furthermore, Chinese researchers in the field of MD must
be encouraged to develop an early recognition and intervention
system based on artificial intelligence; establish an early recognition
system for MD through machine learning and other technologies;
and vigorously promote an adaptive training and personalized
guidance system to provide extensive and intensive support
in relation to MD based on artificial intelligence technology.
This would enable teachers, schools, and families, especially
those who lack funds, to receive personalized special education
resources with appropriate feedback and intervention. Early
identification and intervention methods based on artificial
intelligence are receiving increasing attention. Although little
attention has been paid to interventions in relation to MD,
many researchers in the field of RD research believe that
machine learning can not only quickly and objectively identify
RD but also improve the accuracy of screening and distinguish
the subtypes of RD by integrating multi-modal indicators of
children’s behavior and neurological activity characteristics (90)
to improve intervention quality (91, 92). We found that parents
and teachers of children with MD in China have limited
abilities to identify children with MD and that they lack special
education resources, resulting in a lack of intervention for these
children. Therefore, the development of an early identification
and intervention system based on artificial intelligence is likely
to not only be conducive to the early diagnosis of MD but
also enable evidence-based training to improve intervention
effectiveness and reduce the prevalence of MD. This may be a
relatively effective method, and future studies should attempt to
verify it.

The results of this study can serve as a reference for relevant
authorities when formulating MD screening and interventions.
For example, a country might provide support to its children
in the following ways. First, increase awareness of MD and use
appropriate identification methods for identifying MD among
communities, parents, and schools; this would facilitate early
diagnoses and interventions for children with MD, especially
in the lower and middle grades of primary school, and help
reduce its prevalence. Second, increase the number of specialized
diagnostic clinics for learning disabilities, including MD, in major
hospitals to facilitate timely assessment by parents and teachers
and carry out clinical intervention under the advice of professional
doctors (93).

5 Conclusion

This meta-analysis is the first to estimate the prevalence of
MD in China. The results suggest that the prevalence of MD in
China is 8.97%. The prevalence was closely related to the cut-off
points selected during MD screening. The middle grades of primary
school were identified as the key turning point for the development
of mathematical ability; during this stage, the prevalence of MD was
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shown to be influenced by sex, with a higher prevalence in girls than
in boys.
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