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Abstract

With the aim of determining the relationship between language and mathematics per-
formance using a more general approach, this study examines the findings of primary
meta-analyses using the meta-meta-analysis method. To achieve this, the study synthesized
12 independent primary meta-analyses representing an aggregated sample of more than
3.6 million participants. Because some primary studies overlapped across reviews, this
figure reflects the cumulative rather than the unique number of participants. The results
suggest a positive, moderate, and statistically significant relationship between language
and mathematics performance (ES = 0.51, z = 19.20, p < .001). To explain the heterogeneity
identified among the studies, the study further conducted moderator analysis on various
categorical and continuous variables. The findings show that meta-analyses that focus on
a specific language skill have larger effect sizes than studies that deal with language in
general. The study also determined that the effect sizes differed statistically significantly
across the language subgroups. A striking finding is that the relationship of reading, lis-
tening, writing, and vocabulary skills with mathematics performance is stronger than that
of phonological processing skills. In conclusion, the study highlights the need to redesign
mathematics instruction holistically, incorporating practices such as reading/listening
comprehension, vocabulary development, and the effective use of mathematical language.
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1. Introduction
A main focus of research in mathematics education is identifying factors related

to students’ mathematics achievement (Amland et al., 2025; Breit et al., 2025). Current
systematic reviews and meta-analysis reveal that mathematics achievement is shaped by the
interaction among numerous variables, including cognitive, affective, and environmental
factors (Abín et al., 2020; Wang et al., 2023). One of these variables, the relationship between
language and mathematics achievement, has recently attracted growing scholarly interest
(Chen et al., 2025; De Keersmaeker et al., 2024; Susperreguy et al., 2024). Mathematics is
often considered unrelated to language, yet mathematical thinking is largely supported by
linguistic processes, given the connection between language and thought (Peng et al., 2020).
Indeed, skills such as reading comprehension in problem solving (Akın, 2022; Lerkkanen
et al., 2005), vocabulary in the teaching of mathematical concepts (Ünal et al., 2021), or
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listening comprehension when reading a mathematical text (Lu et al., 2022), involve an
interaction between language, thinking, and mathematics. Therefore, identifying the
magnitude of the relationship between language and mathematics and understanding
the underlying mechanisms are critical both for improving the quality of mathematical
practices in the classroom and for making decisions that collectively evaluate these two
disciplines together within educational policies.

Due to their multifaceted nature, language and mathematics have been studied to-
gether from various theoretical and empirical perspectives. In fact, research has explored
the neuroscientific aspects of these two disciplines (Pollack & Ashby, 2018; Ünal et al.,
2025), connection between multilingualism (Sharma & Sharma, 2023) or second language
and mathematics (Nucette et al., 2025), the effect of linguistic interventions on mathematics
learning (Arizmendi et al., 2021; Graham et al., 2020), and the affective (Wan et al., 2021) or
cognitive (Jung, 2025; Lerkkanen et al., 2005; Susperreguy et al., 2024) relationship between
these two. Notably, among these studies, the cognitive relationship between language and
mathematics has been widely studied (Peng et al., 2020). Their relationship is more often
examined in relation to language sub-skills such as reading (Singer & Strasser, 2017; Ünal et
al., 2023), writing (Kim et al., 2024), listening (Moussa-Inaty et al., 2020), vocabulary (Lin et
al., 2021; Susperreguy et al., 2024), or phonological processing (Koponen et al., 2017; Yang
et al., 2022). In the relevant literature, research aiming at explaining this relationship has
incorporated many different moderator variables, including the educational level of the
sample (Kim et al., 2024; Lu et al., 2022), the developmental levels of the sample (Daucourt
et al., 2020; Jung, 2025; Stevens et al., 2024), and the linguistic features of spoken language
(Bergqvist et al., 2018; Lu et al., 2022). The need to analyze these studies has been accom-
panied by a growing body of first-order meta-analysis (FOM) studies on the relationship
between language and mathematics performance (Amland et al., 2025; Kim et al., 2024; Lin
et al., 2021; Lu et al., 2022; Peng et al., 2020; Ünal et al., 2023). However, the fragmented
nature of the literature limits the generalizability of findings on the relationship between
language and mathematics performance. This makes it particularly challenging to compare
findings on the relationship of language skills with mathematics performance.

Synthesizing the findings of the first-order meta-analyses is a prerequisite for deter-
mining the relationship between language and mathematics performance with a broader
approach. However, some meta-analyses findings are inconsistent with each other (e.g.,
Lu et al., 2022; Singer & Strasser, 2017; Ulum & Küçükdanacı, 2024; Yang et al., 2022).
Identifying the reasons for inconsistencies and contradictions is also important. All of
these contribute to the need to explore the relationship between language and mathematics
performance in a more reliable and generalizable way. This calls for a meta-meta-analysis
to synthesize findings from current FOM studies. Acknowledging this, the aim of this study
is to examine the relationship between students’ language and mathematics performance.
Nevertheless, this study goes beyond merely examining the relationship between language
and mathematics performance as a correlation and presents an umbrella review that at-
tempts to demonstrate the relationship between specific language skills, such as reading
and writing, and mathematical skills, based on FOM studies. Accordingly, this study seeks
to answer the following questions:

1. Is there an overall correlation between students’ language and mathematics performance?

1.1. Does the overall correlation between students’ language and mathematics
performance differ by categorical moderator variables?

1.2. Do continuous moderator variables predict the relationship between language
and mathematics performance?

2. Does the relationship between students’ language and mathematics performance
differ by subgroups?
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1.1. Literature Review

In the present umbrella review, mathematics performance is conceptualized as an over-
arching construct representing students’ achievement across a broad range of mathematical
outcomes as operationalized in the included first-order meta-analyses. These outcomes
encompass procedural knowledge (e.g., arithmetic computation and execution of mathe-
matical procedures), conceptual knowledge (e.g., understanding mathematical concepts
and relationships), mathematical problem solving, reasoning, and overall mathematics
achievement measured through standardized assessments, curriculum-based tests, or
researcher-developed instruments (Hiebert & Lefevre, 1986; Kilpatrick et al., 2001; National
Council of Teachers of Mathematics, 2000). Because the present umbrella review synthe-
sizes first-order meta-analyses rather than primary studies, mathematics performance was
defined according to the operational definitions adopted in the original meta-analyses
rather than by imposing a new classification (Amland et al., 2025; Kim et al., 2024; Lin
et al., 2021; Lu et al., 2022; Peng et al., 2020). Given this broad conceptualization, un-
derstanding the relationship between language and mathematics performance requires
examining the cognitive mechanisms through which language supports mathematical
learning and performance.

The relationship between language and mathematics performance should be viewed
as encompassing the full range of cognitive processes, symbolic systems, and ways in
which information is processed. The main underlying reason for this is that the language of
mathematics is multidimensional, consisting of linguistic, symbolic, and visual resources
(O’Halloran, 2008). For example, to solve a given speed problem using a graph, a student
would need to process the visual information in the graph, the symbols in the equation,
and the concepts in the language simultaneously (Peng & Lin, 2019). One may also
explain this through the Dual Coding Theory. This theory posits that the simultaneous
use of verbal and visual representations supports deeper learning and contributes to the
permanent processing of information (Paivio, 1986). During these cognitive processes,
working memory capacity is crucial for processing linguistic and mathematical information.
Working memory is a limited-capacity system that enables the temporary storage and
processing of information, and plays a critical role, particularly in complex comprehension
and problem-solving processes (Hart et al., 2025; Zhou et al., 2025). Thus, language is a
fundamental component for the effective functioning of working memory in mathematics
performance, and linguistic development significantly affects the efficiency of working
memory in mathematical tasks (Peng & Lin, 2019). In light of this, the relationship between
language and mathematics can be understood not only through the direct transfer of
skills but also through cognitive mechanisms such as working memory. Accordingly,
working memory was discussed as a theoretical mechanism underlying the relationship
between language and mathematics rather than as a separate moderator because it was
not consistently operationalized across the included first-order meta-analyses and does
not constitute a language construct within the conceptual scope of the present umbrella
review. Previous first-order meta-analyses have also shown that the relationship between
language and mathematics may vary across specific language subskills (Lu et al., 2022;
Peng et al., 2020). Therefore, this study examines the relationship between mathematics
performance and various language skills in greater detail, and these language skills serve
as the potential moderators of the present study. Although executive functioning, attention,
motivation, and self-efficacy are well-established correlates of mathematics performance,
they were not included as analytical categories because the purpose of this umbrella review
was specifically to synthesize evidence concerning language-related constructs rather than
broader cognitive or affective predictors of mathematics performance. These variables are
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acknowledged as important contextual factors but fall outside the conceptual scope of the
present review.

1.1.1. Reading and Mathematics

Reading is a complex process that reflects the interaction between cognition and
language, encompassing both general cognitive processes and language-specific abilities
(Freed et al., 2017). In this respect, reading is a multidimensional language skill that includes
word recognition, language comprehension, and active self-regulation processes, as well
as “bridging processes” such as reading fluency, vocabulary, morphological awareness,
and letter–sound–meaning flexibility, which are located in the common area of these
(Duke & Cartwright, 2021). This multidimensional structure is also directly reflected
in the studies included in this umbrella review. The studies analyze reading through
various components such as decoding (Singer & Strasser, 2017), reading accuracy and
fluency (Lu et al., 2022; Ünal et al., 2023), readability (He, 2016), broad reading (Ünal et
al., 2023), and reading comprehension (Akın, 2022; He, 2016; Lu et al., 2022; Singer &
Strasser, 2017; Ulum & Küçükdanacı, 2024; Ünal et al., 2023). However, it is evident that in
a significant portion of the FOM studies, the core dimension of reading examined in relation
to mathematical achievement is “reading comprehension”. Since learning mathematics
requires students to understand written problems, identify relevant information, and
establish meaningful connections between these pieces of information to form coherent
mental representations, reading comprehension is one of the fundamental language skills
closely related to mathematical performance (Boonen et al., 2016; Sury & Pilchin, 2025).
This is because students must deploy both cognitive resources and language skills to
understand problems, process information, and generate solutions (Bergqvist et al., 2018).
Indeed, various studies have reported a relationship between reading comprehension and
mathematics achievement (Boonen et al., 2016; Korhonen et al., 2012; Lerkkanen et al., 2005;
Pongsakdi et al., 2020; Sury & Pilchin, 2025). There have also been studies comparing the
effects of different languages on reading comprehension and mathematics performance
(Bergqvist et al., 2018) and examining the relationship between reading comprehension
and mathematics achievement among students whose native language is different from the
language of instruction (Greisen et al., 2021). Such a relationship arises from the shared
cognitive and linguistic skills in both areas, including text comprehension (Koponen et al.,
2007; Lin & Powell, 2022). For this reason, the role of language in the relationship between
reading and mathematics is two-fold. Firstly, with each language having different features,
language is a predictor of reading comprehension and mathematical achievement on its
own. Secondly, language is a key variable that predicts mathematics achievement in relation
to reading comprehension.

1.1.2. Writing and Mathematics

Mathematics and writing entail mental processes such as coding, storage, and recall of
visual and verbal information (Kim et al., 2024). From a learning perspective, these two
areas reveal that mathematics learning, through constructivist and sociocultural methods,
is a process in which meaning is actively constructed through the interaction between
an individual’s existing knowledge structures and new experiences (Cobb, 1994; Sfard,
2008; Von Glasersfeld, 1995). Writing is a cognitive activity that enables students to adapt
and restructure their mathematical knowledge (Idris, 2009). Hence, writing serves as not
only a communication tool but also as a cognitive “comprehension” tool for internalizing
mathematical concepts (Van Dijk et al., 2023). Moreover, scholarly research emphasizes
that writing about mathematics is an activity that can influence the learning process
(Thomas et al., 2015). The link between writing and mathematics achievement has been
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confirmed by several scholarly studies (Davidse et al., 2014; Powell & Hebert, 2016; Pugalee,
2004). Research indicates that the ability to write in a mathematical context serves as a
cognitive predictor, facilitating the structuring of mental processes and the internalization
of mathematical knowledge and skills.

1.1.3. Listening and Mathematics

Like reading, listening is also a comprehension skill. Listening comprehension is
defined as the ability to understand spoken language at the discourse level, and this ability
also involves the processes of inferring and constructing meaning (Kim & Pilcher, 2016).
Reading comprehension and listening comprehension are not fundamentally the same
skills. While reading relies on making sense of written language, listening requires the
real-time processing of spoken discourse (Babayiğit & Shapiro, 2020). However, there
are also common language components that support both of these skills. For example,
vocabulary can be viewed as a fundamental subskill for both skills, as it supports the
comprehension process by playing a role in both the formation of background knowledge
and the process of making inferences (Wolf et al., 2019). In the context of mathematics
lessons, listening involves not only understanding the teacher’s explanations (Planas &
Pimm, 2024) but also being able to participate in the mathematical discourse within the
classroom (Planas & Pimm, 2024; Schmidt et al., 2024; Sjöblom & Meaney, 2021), following
different solution strategies (Mok et al., 2022), evaluating others’ mathematical reasoning
(Hintz & Tyson, 2015; Sjöblom & Meaney, 2021), and structuring one’s own thinking within
this discourse (Sjöblom & Meaney, 2021). In light of this, verbal comprehension skills
are fundamental for effectively supporting mathematics education. Chow and Ekholm
(2019) argue that students with solid syntactic perception ability tend to perform better
at processing mathematical inputs. Also, various studies in the literature (Fuchs et al.,
2015; Lin et al., 2021; Lu et al., 2022; Peng et al., 2020) demonstrate that students’ listening
skills are integral to their mathematical competence. Further, Moussa-Inaty et al. (2020)
show that reading and listening positively correlate with mathematics when presented
simultaneously. Likewise, Lerkkanen et al. (2005) underline that the relationship between
reading and mathematics performance, particularly at the first-grade level, is influenced by
students’ language comprehension and ability to follow verbal instructions, and state that
math success also entails listening comprehension skills, given that math tests are applied
orally. However, other findings by Moussa-Inaty et al. (2020) show that only listening
skills have a negative correlation with math performance. This is explained by the loss of
information before it can be processed adequately in working memory due to the transient
nature of auditory input. An individual’s mathematics performance may be negatively
affected by the transient nature of auditory information, as they are unable to adequately
internalize it.

1.1.4. Vocabulary and Mathematics

Students’ abilities to make sense of mathematical concepts, solve verbal problems, and
express abstract ideas also depend on their academic language proficiency (Powell et al.,
2017; Ünal et al., 2021). As such, vocabulary constitutes one of the fundamental components
of academic language proficiency. A proper understanding of concepts and accurate depic-
tion of problem situations, particularly in a mathematical context, entails knowledge of the
meanings of the terms involved. Mathematical vocabulary enables students to internalize
the language of mathematics and correctly interpret linguistic expectations in texts (Peng &
Lin, 2019; Powell et al., 2017; Ünal et al., 2021). However, while vocabulary supports the
comprehension of mathematical language, it is not the same as the ability to comprehend
through reading or listening. Vocabulary refers to knowledge of word meanings, but it
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also represents broader comprehension processes that require integrating this knowledge
with the processing of what is read and heard at the syntactic, inferential, and discourse
levels (Duke & Cartwright, 2021; Peng et al., 2020). For this reason, although vocabulary
supports both reading and listening comprehension, it is a distinct component of language
that represents knowledge of word meanings. Accordingly, vocabulary was treated as a
distinct language construct in the present umbrella review because the included first-order
meta-analyses conceptualized and analyzed it independently from reading and listening
(Lin et al., 2021; Lu et al., 2022; Peng et al., 2020). In addition, vocabulary helps reduce
misunderstandings by supporting the correct interpretation of concepts encountered in
math tasks. Research provides evidence for a correlation between mathematical achieve-
ment and overall vocabulary (Chi-San Ho et al., 2025; Peng et al., 2020; Ünal et al., 2021)
and mathematical vocabulary (Peng & Lin, 2019; Powell et al., 2017; Stevens et al., 2024;
Susperreguy et al., 2024; Ünal et al., 2021). Thus, both overall vocabulary and mathematical
vocabulary are variables that affect mathematics performance. Nevertheless, the literature
also includes studies reporting conflicting findings (Hornburg et al., 2024).

1.1.5. Phonological Processing and Mathematics

Phonological processing is based on the use of the sound structure of language to
process written and spoken information (Peng et al., 2020; Yang et al., 2022). In FOM
research, phonological processing involves phoneme awareness (Amland et al., 2025), rapid
automatic naming (RAN) (Koponen et al., 2017; Lu et al., 2022; Peng et al., 2020; Yang et al.,
2022), phonological awareness (Lu et al., 2022; Peng et al., 2020; Yang et al., 2022), and
phonological memory (Lu et al., 2022; Yang et al., 2022). Although phonological processing,
decoding, and word recognition are considered related concepts (Waldmann & Levlin,
2024), FOM studies have not included these concepts within the scope of phonological
processing. In fact, Singer and Strasser (2017) examined decoding as a component of
reading ability. When investigating the literature in the context of the relationship between
language and mathematics performance, there are numerous studies investigating the
relationship between phonological processing skills and mathematics achievement (Chen
et al., 2025; De Smedt et al., 2010; Hornburg et al., 2024; Lyu et al., 2024; Peng et al.,
2020; Whitehead et al., 2024; Yang et al., 2022). This link has been explained through
three fundamental cognitive mechanisms in the relevant literature. First, it is reported that
phonological processing skills play a role in recalling mathematically based information
from memory (De Smedt et al., 2010; Lyu et al., 2024; Peng et al., 2020; Yang et al., 2022).
Second, phonological processing processes contribute to the encoding and representation
of numbers in the mind (Chen et al., 2025; De Smedt et al., 2010; Lyu et al., 2024; Yang
et al., 2022). Third, language, incorporating phonological processing, shares a common
cognitive mechanism with mathematics (Lyu et al., 2024). In addition, the link between
phonological awareness and mathematics performance appears to be bidirectional and
may involve a reciprocal interaction (Chen et al., 2025) Still, some findings in the literature
suggest that the link between phonological processing skills and mathematics performance
may be more limited than that with other language skills (Lu et al., 2022; Peng et al., 2020).
Taken together, these research findings suggest that the relationship between phonological
processing processes with mathematics performance arises through mechanisms such as
coding, storing, recalling, and cognitive processing.

1.2. Other Potential Moderators

The strength of the relationship between language and mathematics performance can
vary depending not only on fundamental cognitive mechanisms but also on contextual
and developmental factors. Therefore, in determining the moderator variables, this study
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considers both previous meta-analyses’ findings (Lu et al., 2022; Peng et al., 2020; Yang et al.,
2022) and theoretical approaches that explain the interaction among language, cognition,
and mathematics.

1.2.1. Subfield of Mathematics

As noted above, the relationship between various language skills and mathematics
may differ, as may the relationship between language and subfields of mathematics. Indeed,
arithmetic operations rely more on numerical processing and automated information, while
algebra and especially verbal problems require more intensive linguistic analysis, symbolic
interpretation, and integration of multiple representations. This implies that the effect of
language skills on mathematics performance may vary across the subfields of mathematics
(Akın, 2022). As such, the strength of the relationship between language and mathematics
is expected to vary from one subfield of mathematics to another.

1.2.2. Educational Level

As studies show (He, 2016; Ulum & Küçükdanacı, 2024), educational level or student
age might influence the strength of the relationship between language and mathematics.
While early childhood mathematics learning is predominantly shaped by language-based
processes, such as interpreting problem texts; yet, as children grow, symbolic processing and
abstract thinking skills become more prominent. Recognizing this, the study incorporates
education level as a potential moderator variable to determine whether these differences
are significant.

1.2.3. Students’ Developmental Status

Previous meta-analyses have examined whether the relationship between language
and mathematics differs according to participants’ developmental status (Akın, 2022; Peng
et al., 2020), as cognitive processes may operate differently across these populations. For
example, typically developing children may rely on coordinated language and working
memory processes to support mathematical learning, whereas this coordination may be
disrupted in individuals with learning-related or neurological conditions (Swanson, 2026).
Therefore, developmental status was included as a potential moderator in the present
study. Following the classifications reported in the included first-order meta-analyses,
participants identified as typically developing were coded as typical, whereas those re-
ported as having developmental, learning-related, or neurological conditions (e.g., learning
disabilities, attention deficit hyperactivity disorder, hearing impairment, traumatic brain
injuries, etc.) were coded as atypical (Akın, 2022; Daucourt et al., 2020; Peng et al., 2020).
The present umbrella review adopted the classifications reported in the original first-order
meta-analyses and did not introduce or modify any diagnostic categories.

2. Methods
2.1. Research Design

FOMs refer to meta-analyses that synthesize results from primary studies. This
study drew on the meta-meta-analysis method (Eisend & Tarrahi, 2016) to synthesize the
findings from FOM studies examining the relationship between language and mathematics
performance. The FOM studies on language and mathematics performance were compiled
in accordance with PRISMA 2020 guidelines (Page et al., 2021). The PRISMA 2020 Checklist
used in this study is presented in Table S1: Prisma checklist. Also, the review protocol was
prospectively registered on the Open Science Framework (OSF).
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2.2. Search Strategies

For the purposes of the present study, articles published in international databases such
as SCOPUS, WOS, and EbscoHOST (ERIC, H.W. Wilson, Academic Search Ultimate, etc.)
were reviewed. To minimize publication bias, the grey literature was also reviewed through
the ProQuest database. Search queries were generated with Boolean operators and ab-
breviation symbols to include different variations in key structures. When selecting the
keywords, the subfields of mathematics and language, as well as some concepts related to
these subfields, were also added to the search array, which enabled a more thorough screen-
ing. The search string was structured as follows: “The first section covers mathematical
concepts, the second section covers linguistic concepts, and the final section contains vo-
cabulary emphasizing meta-analytic studies.” This search string was performed separately
for each concept, with the terms searched in the title and abstract fields. Besides this search,
Google Scholar, another source of grey literature, was also used to find articles, theses,
and reports by searching up to page 35 with the keywords “mathematics”, “language”,
and “meta-analysis”. However, no new studies have been identified apart from the ones
obtained from the mentioned databases. No year restriction was applied, and the final
search was conducted on 27 February 2026. Also, the bibliographies of potential FOM stud-
ies recorded were reviewed. No other FOM studies were found during the bibliography
search. Supplementary S1 presents details of the strategies used for keywords and searches.

2.3. Inclusion and Exclusion Criteria

The FOMs included in the study were systematically evaluated based on established
inclusion and exclusion criteria. These criteria were developed by researchers using the
existing literature on the relationship between language and mathematics. Table 1 provides
the details of these criteria.

Table 1. Inclusion and Exclusion Criteria.

Criteria Inclusion Exclusion

Outcome

Accordingly, any FOM research was included if they
focused on Language and mathematics related to

performance aspects such as knowledge,
achievement, and skills.

FOMs focusing on clinical outcomes specific to the
brain and neurological fields were excluded.

Participants

FOM research that involved only students as their
participants was included. Studies can involve

students at all levels of education, from kindergarten
through higher education, including students with

typical or atypical developmental levels.

Meta-analyses involving adult samples were
excluded. Further, studies with immigrant
students learning mathematics as a second

language and multilingual students were not
included either.

Study design
Regarding study design, eligible FOMs were

required to be correlational and conducted within a
survey model.

FOMs examining the impact of intervention
programs were excluded. The effect sizes of FOMs
that synthesize the effect of intervention programs

may be related to different moderator variables.

Data availability Eligible FOMs must provide sufficient statistical
values for the generic effect size calculation.

FOMs lacking the necessary statistical data for the
generic effect size extraction were excluded.

Language and
publication status

Only FOMs written in English were considered
eligible for inclusion; in terms of publication type,

eligibility was limited to published articles,
academic papers, reports, and doctoral dissertations.

Non-English FOMs were excluded.

Overlapping Eligible FOMs should be independent of one another

A corrected covered area (CCA) between FOMs
that exceeds 10% signifies a high level of overlap
(Pérez-Bracchiglione et al., 2022). The study with
the narrowest scope among overlapping FOMs

was excluded.
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2.4. Study Selection and Data Extraction

The researchers conducted detailed database searches using specific keywords to
identify studies for potential inclusion in this meta-analysis. In the first search, the research
titles were reviewed against the inclusion criteria, and then the abstracts were reviewed. In
the first stage, most studies that appeared across multiple databases, that did not involve
students, that did not focus on language- and mathematics-related cognitive performance,
and that focused on second-language or multilingualism concepts related to language and
mathematics were excluded. Bilingual and multilingual samples were deliberately ex-
cluded to reduce conceptual heterogeneity and provide a clearer interpretation of language
performance within a monolingual context. In the next stage, the full texts of the selected
studies were examined, and studies that lacked the statistical data required for meta-meta-
analysis (n = 10) were excluded. Following that, studies not related to educational sciences
and aimed at brain and neurological sciences (n = 6), and studies involving interventions in
the relationship between language and mathematics (n = 14), were excluded. Throughout
this entire process, the titles, abstracts, and full texts of the studies were reviewed by two
independent researchers. Additionally, these two researchers independently extracted data.
The remaining 13 studies were included for further analysis. Figure 1 shows the PRISMA
flow diagram for the process.

Figure 1. PRISMA flow diagram.

Overlap analysis was applied to the remaining 13 studies that met the inclusion criteria.
In other words, the researchers identified how many of the studies analyzed through the
existing FOMs in the literature are the same. After the overlap analysis, one of the studies
was left out of the meta-meta-analysis. Further information on this is available under the
overlapping heading. Consequently, a total of 12 FOMs were included in this study for
meta-meta-analysis.
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2.5. Data Coding

All the researchers collaborated to develop the coding scheme that reflects the charac-
teristics of FOMs. Categories such as Performance type, Participant type of FOM, Education
level, Language domain, Math domain, Report type of FOM, Report year of FOM, Location,
Quality level for FOM, Number of participants in FOM, Number of primary study in FOM,
Effect size number combined in FOM, Publication year range in FOM, and Publication bias
status were predetermined. Regarding the coding process, the first three FOMs were coded
by all researchers based on the timeliness ranking of the FOMs that comprise this study’s
dataset. Then, the two researchers independently coded the entire data set. A high level
of agreement was achieved between the independent coders (Cohen’s κ = 0.94). All the
researchers discussed the inconsistent codes among themselves to reach a final decision.
Supplementary S2 includes the potential categories and subcategories of the FOMs.

2.6. Quality Appraisal

The JBI Critical Appraisal Checklist (JBICAC) was used to evaluate the quality of the
FOMs. The tool consists of 11 items, which are coded as “Yes, No, Unclear, Not applicable”
(Aromataris et al., 2015). The quality score for the FOMs was presented as a percentage. The
range from 100% to 80% is regarded as high quality, 79% to 60% as medium, and 59% and
below as low. The dataset for this study consists of FOMs with high (n = 8) and medium
(n = 4) quality. The lowest percentage of quality is 68.18% and the highest is 100%. And,
the average percentage of quality is 88.63% (SD = 11.71). This translates to that the overall
quality level of the dataset in this study is high. Supplementary S3 provides the detailed
quality assessment results for the FOMs.

2.7. Assessment of Overlapping

For a reliable effect-size calculation, an overlapping analysis is recommended for
meta-meta-analysis (Oh, 2020). The researchers first compiled a list of the research included
by the FOMs in the dataset of this study. Then, they performed an overlapping analysis
using the Graphical Representation of Overlap for OVErviews (GROOVE) macro. CCA
levels were classified as low (<5%), moderate (5–10%), high (10–15%), and very high (≥15%)
(Pérez-Bracchiglione et al., 2022). The total number of primary studies derived from meta-
analysis in this study is 939, while the number of unique studies is 608. A low level of
overall overlap (CCA = 2.29%) was observed in the dataset. In a later stage, FOMs with
high and very high overlap were examined. This analysis yielded a high overlap (10.4%)
between the study by Yang et al. (2022) and the study by Peng et al. (2020), and a very high
overlap (17.6%) between the study by Koponen et al. (2017) and the study by Yang et al.
(2022). Since the study by Peng et al. (2020) has the broadest scope among these studies,
it was included in the meta-analysis. As the study by Yang et al. (2022), which had the
narrowest scope, was excluded, there was no longer a very high overlap with the study by
Koponen et al. (2017). Supplementary S4 provides the GROOVE graph for the overlapping
analysis. Three of the FOMs included in the analysis lacked a list of the studies reviewed;
therefore, an overlapping analysis could not be performed on them. However, taking into
account the levels of overlap between the FOMs, a sensitivity analysis was conducted.

2.8. Data Analysis

Statistical model and effect size calculation: Considering the diversity of FOMs, the
researchers conducted statistical analysis using a random-effects model (Maitra, 2025).
Most of the FOMs in the data set (n = 11) reported the Pearson correlation coefficient (r),
while only one of them (n = 1) reported Fisher’s (Fz) value. This necessitated converting
the effect sizes from all FOMs in the dataset into a common effect size. Pearson’s r, when
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it falls between −1 and +1, results in a reduction in variance (Borenstein et al., 2021). For
this reason, the researchers used Fisher’s z value as the common metric. They converted
the effect sizes generated by the FOMs into Fz values and performed statistical analysis
with these values. Following that, the researchers converted the Fz values back to r values
for an easier evaluation and interpretation. To assess and interpret effect sizes, the Fisher
z-transformed values of the Pearson correlation ranges proposed by Cohen (1988) were
used: weak relationship r = 0.10 −→ Fz = 0.10; moderate relationship r = 0.30 −→ Fz = 0.30;
strong relationship r = 0.50 −→ Fz = 0.55.

Unit of analysis: Sirin (2005) reports that when selecting a unit of analysis for meta-
analysis, effect sizes can be considered by their level of aggregation. To minimize potential
information loss in meta-analysis, the researchers determined the units of analysis at
different levels, considering the research question. For the first research question, the
overall effect size values were used as the unit of analysis. The researchers favored this
unit of analysis because it allows for a general assessment of the FOMs. For the second
research question, effect sizes from a subgroup of FOMs were used as the unit of analysis.
This unit of analysis helped identify the missing data. To elaborate, overall effect sizes
represent estimates of the general effect size, but some specific data are lost during the
calculation. For example, while the overall effect size provides data for all educational
levels, independent data for levels such as primary school, secondary school, high school,
and university are lost. Recognizing this, the researchers used the independent effect sizes
within the FOMs as the unit of analysis to assess the subgroup-level data.

Moderator and heterogeneity analysis of the dataset: The overall effect size was computed
for the first research problem. The researchers performed Cochran’s Q test to estimate
the overall heterogeneity. To interpret heterogeneity arising from inter-study and sample-
specific factors in the FOMs, they examined tau2 statistics. Also, to determine the levels of
heterogeneity in effect sizes, the advantages and disadvantages of statistical bias analysis
and I2 tests were considered (Alexander, 2020). A Funnel plot, Egger’s Regression test,
and Duval and Tweedie Trim and Fill (DTTF) tests were performed, and their results were
interpreted together. The effect sizes for the sub-research questions were calculated based
on the categorical moderators. The researchers conducted Cochran’s Q between-groups test
Q(b) to determine whether effect sizes differ by categorical variables. A meta-regression test
for continuous variables was conducted to assess the extent to which they predicted effect
sizes. The researchers explained the heterogeneity based on test results from categorical
and continuous moderator variables. For the second research problem, effect sizes were
calculated by subcategory, and the Q(b) test was applied to assess whether the effect sizes
differed statistically across subcategories; lastly, the researchers discussed the contribution
of subcategories to heterogeneity.

3. Results
The effect sizes in the overall dataset range from a minimum of ES = 0.38 to a maximum

of ES = 0.75. The overall effect size (ES = 0.51, 95% CI [0.46, 0.56]) was found to be positive
and moderate. This finding is also statistically significant (z = 19.20, p < .001). Figure 2
includes the forest plot showing the distribution of the effect sizes of the FOMs.

It was calculated that the distribution of effect sizes in the included FOM studies
was heterogeneous and that this heterogeneity was statistically significant (Q(11) = 283.97,
p < .001). On the other hand, it was observed that heterogeneity was very high (I2 = 96.13)
and that the variance among FOM studies (tau2 = 0.008) contributed significantly to this
heterogeneity. In other words, the effect sizes of the FOM studies differ from one another.
In this context, a moderator analysis was conducted to examine the sources of heterogeneity.
A Q-between test (Q(b)) was performed for categorical moderator variables, and a meta-

https://doi.org/10.3390/jintelligence14080152

https://doi.org/10.3390/jintelligence14080152


J. Intell. 2026, 14, 152 12 of 23

regression analysis was conducted for continuous moderator variables. Figure 3 shows the
funnel plot for the distribution of effect sizes.

Figure 2. Forest plot. (Akın, 2022; Amland et al., 2025; Daucourt et al., 2020; He, 2016; Kim et al., 2024;
Koponen et al., 2017; Lin et al., 2021; Lu et al., 2022; Peng et al., 2020; Singer & Strasser, 2017; Ulum &
Küçükdanacı, 2024; Ünal et al., 2023).

Figure 3. Funnel plot.

The funnel plot for the distribution of effect sizes demonstrates that most effect sizes
near the center were distributed symmetrically, but the significant effect size from the FOMs
with high standard error in the lower right corner was asymmetrical. No publication bias
was detected because the results of the Egger test were not significant (intercept = 2.003,
SE = 3.98, t = 0.50, p = .63), and the DTTF test indicated that the number of studies that
should be added is 0. Considering the publication bias tests together, it can be concluded
that the level of publication bias is negligible.

Table 2 presents the categorical moderator and heterogeneity analysis for the overall
data set.
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Table 2. Categorical Moderators and Heterogeneity Analysis.

Group k ES(Fz) LL UL Z p Q(t) p I2 tau2

Language domain
Specific language domain 8 0.55 0.50 0.59 25.28 <.001 82.10 <.001 91.47 0.004
Undifferentiated 4 0.43 0.37 0.49 14.26 <.001 21.31 <.001 85.92 0.002
Q(b) = 10.05, df = 1, p = .002

Math domain
Specific math domain 1 0.62 0.46 0.78 7.60 <.001
Undifferentiated 11 0.50 0.45 0.55 19.32 <.001 211.51 <.001 95.27 0.006
Q(b) = 2.01, df = 1, p = .16

Education scope of FOM
Pre/K12 10 0.50 0.44 0.56 17.06 <.001 244.84 <.001 96.32 0.008
Pre/K12 and Higher 2 0.55 0.43 0.67 8.76 <.001 4.97 .03 79.86 0.001
Q(b) = 0.52, df = 1, p = .47

Presence of publication bias
Minimal 2 0.42 0.29 0.55 6.14 <.001 5.32 .02 81.19 0.001
Not reported/Insufficient 3 0.52 0.41 0.63 9.12 <.001 9.01 .01 77.80 0.002
Substantial publication bias 2 0.55 0.42 0.68 8.08 <.001 4.97 .03 79.86 0.001
Unidentified 5 0.53 0.44 0.62 11.46 <.001 182.38 <.001 97.81 0.016
Q(b) = 2.28, df = 3, p = .52

Participant in FOM
Atypically developing 1 0.58 0.40 0.75 6.39 <.001
Undifferentiated 11 0.50 0.45 0.56 17.93 <.001 268.95 <.001 96.28 0.008
Q(b) = 0.61, df = 1, p = .44

Location in FOM
Chinese 1 0.38 0.24 0.52 5.34 <.001
Multi-country 11 0.52 0.48 0.57 22.96 <.001 152.04 <.001 93.42 0.005
Q(b) = 3.75, df = 1, p = .05

Publication type of FOM
Article 11 0.52 0.46 0.57 18.58 <.001 281.77 <.001 96.45 0.008
Doctoral dissertation 1 0.44 0.25 0.63 4.47 <.001
Q(b) = 0.60, df = 1, p = .44

The effect sizes of FOMs differed statistically significantly in the language domain
(Q(b) = 10.05, p < .05). Indeed, the specific language domain FOM group (ES = 0.55,
95% CI [0.50, 0.59]) produced a greater effect size than the undifferentiated FOM group
(ES = 0.43, 95% CI [0.37, 0.49]). The specific language domain FOM group was highly
heterogeneous (I2 = 91.47). For the specific language domain FOM, heterogeneity could
be attributed more to sampling error than to differences among the FOMs (tau2 = 0.004).
The undifferentiated FOM group was similarly highly heterogeneous (I2 = 85.92), and its
heterogeneity was attributable more to sampling error (tau2 = 0.002). It is reasonable to
argue that subgroup analysis were needed to explain the high level of heterogeneity within
groups and to provide a more reliable assessment. The effect sizes did not differ statistically
across categorical moderators except for the language domain.

Table 3 presents the results of the meta-regression test on the predictability of effect
sizes for continuous moderator variables.

Table 3 shows that continuous variables such as study number (β = 0.000, p > .05),
number of participants (β = 0.000, p > .05), and publication year of FOM (β = 0.006,
p > .05) did not predict effect sizes statistically significantly. These findings indicate
that the strength of the relationship between language and mathematics performance is
relatively consistent across studies despite the differences in study size, temporal trends,
and sample characteristics.
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Table 3. Results of the Meta-Regression Test for Continuous Variables.

Covariate β SE LL UL Z p

Intercept 0.503 0.036 0.432 0.575 13.83 <.001
Study number 0.000 0.000 −0.000 0.001 0.21 .830
Q(model) = 0.05, df = 1, p = .83

Intercept −11.128 19.178 −48.716 26.460 −0.58 .562
Year of FOM 0.006 0.010 −0.013 0.024 0.61 .544
Q(model) = 0.37, df = 1, p = .54

Intercept 0.488 0.038 0.413 0.562 12.82 <.001
N (participant) 0.000 0.000 0.000 0.000 0.85 .394
Q(model) = 0.73, df = 1, p = .39

Table 4 presents the results of the moderator and heterogeneity analysis by the sub-
groups of the FOMs.

Table 4. Sub-group Moderators and Heterogeneity Analysis.

Subgroups k ES(Fz) LL UL Z p Q(t) p I2 tau2

Subgroup of math
Algebra 3 0.48 0.35 0.61 7.13 <.001 3.90 .142 48.74 0.008
Applied problems 1 0.52 0.30 0.74 4.69 <.001
Arithmetic 12 0.40 0.36 0.45 17.69 <.001 134.94 <.001 91.85 0.005
Geometry 3 0.38 0.26 0.50 6.04 <.001 0.20 .905 0.00 0.000
Higher order math 2 0.34 0.23 0.46 5.93 <.001 2.26 .133 55.70 0.002
Word problems 5 0.49 0.42 0.56 12.93 <.001 25.67 <.001 84.41 0.006
Q(b) = 7.69, df = 5, p = .17

Subgroup of language
Listening comprehension 2 0.51 0.39 0.64 7.94 <.001 6.05 .014 83.47 0.006
Phonological performance 4 0.37 0.28 0.46 8.26 <.001 16.70 <.001 82.03 0.002
Reading performance 8 0.53 0.47 0.60 16.59 <.001 260.20 <.001 97.31 0.011
Vocabulary 3 0.45 0.36 0.55 9.10 <.001 58.80 <.001 96.60 0.004
Writing performance 2 0.48 0.35 0.60 7.48 <.001 5.93 .015 83.15 0.004
Q(b) = 9.50, df = 4, p = .04

Developing type
Atypically developing 3 0.52 0.42 0.63 9.73 <.001 68.10 .001 97.06 0.020
Typically developing 3 0.48 0.38 0.58 9.18 <.001 8.56 .014 76.63 0.001
Q(b) = 0.39, df = 1, p = .53

Education level
Kindergarten 3 0.43 0.26 0.61 4.86 <.001 15.04 .001 86.71 0.040
Elementary 7 0.47 0.36 0.58 8.05 <.001 54.94 .001 89.08 0.015
Secondary 3 0.49 0.29 0.68 4.89 <.001 5.09 .079 60.68 0.014
College 1 0.45 0.10 0.80 2.49 .01
Q(b) = 0.19, df = 3, p = .98

Table 4 shows that the effect sizes differed statistically significantly across the language
subgroups (Q(b) = 9.50, df = 4, p < .05). Reading performance has a stronger relationship
with mathematics performance than with other subgroups (ES = 0.53, 95% CI [0.47, 0.60]).
Moreover, the relationship of reading, listening, writing, and vocabulary skills with math-
ematics performance is stronger than phonological performance. Yet, effect sizes did
not differ statistically significantly across mathematics subgroups (Q(b) = 7.69, df = 5,
p > .05). Likewise, effect sizes did not differ significantly across education-level subgroups
(Q(b) = 0.19, df = 3, p > .05) and developmental pattern subgroups (Q(b) = 0.39, df = 1,
p > .05). This implies that the relationship between language and mathematics performance
is relatively consistent across different student groups and educational levels.
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The primary study lists for three of the FOMs included in the dataset were unavailable.
A sensitivity analysis was conducted to determine whether the effect sizes from these FOMs
affected the overall effect size. Table 5 provides results of the sensitivity analysis.

Table 5. Sensitivity Analysis of Dataset.

Group k ES(Fz) LL UL

With list 9 0.49 0.43 0.56
With and without list 12 0.51 0.46 0.56

Q(b) = 0.022 df = 1 p = .64

This study also tested whether the effect size differed between two groups: studies
with an accessible list of primary studies (with) and studies with and without an accessible
list of primary studies (with and without). There was no statistically significant difference
between these two groups (Q(b) = 0.022, df = 1, p = .64). The difference in effect size between
the two groups was negligibly small (∆ES = 0.02). In other words, adding FOMs that were
not on the list to the dataset did not statistically alter the overall effect size.

4. Discussion
This meta-meta-analysis probed into the relationship between students’ different lan-

guage skills such as reading, writing, vocabulary, listening, and phonological processing,
and their mathematics performance. After excluding several other studies for various
reasons, 12 first-order meta-analyses remained for the final analysis. Considering the
aggregated participant counts reported across the included first-order meta-analyses, the
synthesized evidence represented more than 3,608,151 participant records. Because several
primary studies were shared across first-order meta-analyses and three reviews did not
report complete primary study lists, this figure reflects an aggregated rather than a unique
participant count. Accordingly, the reported sample size should be interpreted as the
cumulative number of participants represented across the included meta-analyses rather
than the exact number of unique individuals. The effect sizes were evaluated in relation
to moderator variables such as language area, mathematics area, education level, devel-
opmental pattern, publication bias, publication type, number of publications, publication
year, number of participants, and location of the FOMs.

Overall, the findings point to a moderate, positive, and statistically significant relation-
ship between language and mathematics performance. This finding aligns with the results
of several prior studies that conclude that mathematics achievement significantly relies
on numerical skills and also on linguistic processes (Bergqvist et al., 2018; Susperreguy
et al., 2024; Ünal et al., 2021). This notable link is further supported by meta-analyses
that examine the relationship between language and mathematics performance from a
general perspective (Amland et al., 2025; Peng et al., 2020). Remarkably, the study offers a
more comprehensive and holistic view of the relevant literature by synthesizing findings
from multiple meta-analyses through a high-level synthesis approach. Taken together,
these findings underline the importance of the mechanisms by which language influences
mathematics performance.

Tracing the theoretical foundations of this link, one may realize that language plays a
central cognitive function in structuring, representing, and making sense of mathematical
knowledge (Peng et al., 2020). In fact, students need to establish a connection between
verbal explanations and visual–symbolic representations to grasp mathematical knowledge
(Peng & Lin, 2019; Sury & Pilchin, 2025; Swanson, 2026). On this, the Dual Coding Theory
(Paivio, 1986) posits that mathematical knowledge is processed through both verbal and
visual representations and that the interaction between these representations enhances
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learning. Studies (Fuchs et al., 2015; Peng et al., 2020; Susperreguy et al., 2024) that
report a strong correlation of reading, vocabulary, and listening skills with mathematics
performance support the argument that mathematical learning occurs through multiple
representational systems. Working memory is where visual and verbal codes for these two
different areas are processed simultaneously (Peng & Lin, 2019) and connected to each
other (Swanson, 2026). Indeed, Peng et al. (2020) support these findings as they reveal that
working memory plays a decisive role in both language and mathematics performance.
In brief, the relationship between language and mathematics arises from basic cognitive
mechanisms, such as the coordination of multiple representational systems and the effective
use of working memory.

This study establishes the overall link between language and mathematics perfor-
mance, but mathematics performance does not occur at the same level across all language
subskills. The findings indicate that FOMs focusing on a specific language skill reported
greater effect sizes than studies that dealt with language in general. This simply sug-
gests that language is not homogeneous and that each sub-skill is linked to mathematics
performance at different levels. In fact, this is also evidenced by subgroup analysis. The re-
lationship of reading skills with mathematics performance is particularly more pronounced
relative to other sub-skills. That is, reading skills are potently connected to mathematical
competencies (Fuchs et al., 2015; Greisen et al., 2021; Lin & Powell, 2022; Ünal et al., 2023).
The strong impact of reading skills may be explained by the fact that this skill involves
not only text analysis but also higher-level cognitive processes such as making inferences,
integrating information, and mentally modeling the problem situation (Lin & Powell, 2022;
Sury & Pilchin, 2025). As such, reading allows the student to identify semantic–linguistic
features in mathematical tasks (Boonen et al., 2016) and enables them to translate their
mental representational ability into mathematical achievement (Peng et al., 2020).

Another striking finding is that the relational impact of listening, writing, and vo-
cabulary skills on mathematical performance is greater than the impact of phonological
processing skills. The low-level correlation of phonological processing skills with mathe-
matics can be attributed to the fact that these skills are strongly linked to early language
development (Hornburg et al., 2024; Whitehead et al., 2024; Yang et al., 2022) and that
as the complexity of mathematical tasks increases, these skills interact with the cognitive
processes required for these tasks to a more limited extent (Koponen et al., 2017; Whitehead
et al., 2024). For example, the relationship of listening skills with mathematics is signif-
icantly stronger than skills such as phonological awareness or rapid automatic naming
(Lu et al., 2022; Peng et al., 2020). This once again highlights that mathematics is not just
about symbols but also involves an intensive linguistic process that requires processing
complex instructions and verbal explanations through listening. It is worth noting that
writing skills predict mathematical achievement more strongly compared to phonological
processing skills, which are based only on distinguishing sounds, as they allow the student
to externalize mathematical reasoning and structure abstract concepts (Kim et al., 2024).
While phonological processing skills are effective in early counting and basic calculations,
vocabulary plays a more critical role in deciphering the semantic structure of a problem and
fostering conceptual understanding (Hornburg et al., 2024; Lin & Powell, 2022). Overall,
phonological processing skills form the foundation for learning mathematics as a beginner,
whereas other language skills serve as cognitive tools that entail understanding and making
sense of complex mathematical tasks (Kim et al., 2024; Lin & Powell, 2022; Peng et al.,
2020; Yang et al., 2022). Therefore, the stronger correlation of comprehension-based lan-
guage skills with mathematics performance directly aligns with the linguistic and cognitive
complexity of mathematics.
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The analysis across subfields of mathematics determined that effect sizes did not differ
statistically significantly depending on whether the studies were specific to a particular
field of mathematics or not. Nevertheless, it is notable that many FOMs calculated effect
sizes for different subfields of mathematics. However, this study did not yield a statistically
significant difference between subfields. This translates to the fact that language acts as
a cognitive scaffolding on mathematics performance (Peng et al., 2020; Ünal et al., 2021).
Further, descriptive findings suggest that the relationship between language and verbal
and applied problems tends to have a greater influence than the relationship between
language and higher-order math, geometry, and arithmetic. This finding is supported
by the conception that language is used not only to represent mathematical knowledge,
but also as a tool that facilitates reasoning in complex tasks (Lin et al., 2021; Peng et al.,
2020). Verbal problems, in particular, necessitate a higher level of language comprehension
and conceptual vocabulary, unlike arithmetic fluency (Amland et al., 2025; Susperreguy
et al., 2024). For this reason, while language serves as a general cognitive tool that plays a
role in all subfields of mathematics, it is more influential in tasks with increased linguistic
load, such as problem solving (Bergqvist et al., 2018). In this sense, focusing on improving
only mental representation and arithmetic skills is insufficient for success, particularly in
complex problems; focusing on reading comprehension skills is also strategically important
(Boonen et al., 2016; Pongsakdi et al., 2020).

This study also finds that variables such as educational level and developmental
levels did not significantly change the relationship between language and mathematics
performance, which indicates that this relationship is relatively consistent across different
student groups and educational levels. Such consistency indicates that the influence of
language on mathematical cognition is not limited to a temporary developmental phase (He,
2016; Koponen et al., 2017; Lu et al., 2022; Peng et al., 2020; Singer & Strasser, 2017; Ulum &
Küçükdanacı, 2024), but rather is integral to every stage of education and among students
with varying developmental levels (Koponen et al., 2017; Lu et al., 2022; Yang et al., 2022).
Still, some studies claim that this relationship varies by educational levels (Akın, 2022;
Kim et al., 2024; Yang et al., 2022) and developmental levels (Akın, 2022; Peng et al., 2020).
Among the studies that report differences by educational levels, Yang et al. (2022) conclude
that young children need more phonological processing while acquiring basic skills such as
recognizing and counting mathematical symbols; Akın (2022) puts forth that since younger
students have limited reading comprehension skills, these skills are crucial for their ability
to understand and solve mathematical problems. Kim et al. (2024) emphasize that the
relationship between mathematics and writing is most prominent in early education and
that this strong link stems from shared developmental dynamics at these ages. In terms
of developmental levels, this difference is justified by the fact that students with learning
disabilities experience deficiencies in language processing, and these deficiencies affect
their mathematics learning more than their typically developing peers (Akın, 2022; Peng
et al., 2020). The lack of a common outcome for these variables in the FOMs may be due
to the differences in the primary studies examined. For example, several other factors
such as affective characteristics (Wan et al., 2021), the effect of working memory (Lin &
Powell, 2022; Swanson, 2026), student achievement levels (Jung, 2025), students’ different
learning difficulties (Akın, 2022) or the specific subfield of mathematics under study (Sury
& Pilchin, 2025) may have increased this heterogeneity. Consequently, language skills play
a central role in early mathematics development. However, its importance in the later
stages of education should not be underestimated. Likewise, for developmental levels,
language skills are crucial for mathematics performance, regardless of whether the student
has a learning disability. Overall, the relationship between language and mathematics
performance should be viewed not as a limited interaction occurring only in specific student
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profiles, but rather as a core academic relationship shaped by cognitive, developmental,
and contextual variables, yet remaining consistent across different educational levels.

The high level of heterogeneity in the study suggests that the relationship between
language and mathematics performance may vary depending on contextual factors. There
are several other FOMs that report a high level of heterogeneity (Akın, 2022; He, 2016; Kim
et al., 2024; Yang et al., 2022). The reason for such variation may be complex variables such
as the language of instruction, teaching methods, the nature of the measurement tools used,
and the socio-economic level, which cannot be assessed within this study. Consistent with
this, Bergqvist et al. (2018) concluded that mathematics achievement depends not only on
mathematical ability but also on the structural characteristics of the language used, and that
this effect varies from language to language. Regarding teaching methods, Arsenault et al.
(2025) revealed that the positive effect of mathematics writing instruction on mathematics
achievement is more pronounced, especially in interventions focusing on the informative
type of writing and structured discussion processes. In sum, the link between language
and mathematics should be considered not as a fixed property within a single context, but
as a multidimensional property sensitive to different contexts.

5. Limitations
This research has some limitations, especially from a methodological point of view.

First, the lack of primary studies in three of the FOMs included in the study made it
challenging to properly assess the overlap among the FOMs. Although the overall overlap
was found to be low and sensitivity analysis were performed to test this, potential data
duplication cannot be entirely ruled out. As a result of the sensitivity analysis, we observed
that the model was not sensitive to FOMs that were not on the list. It can be said that
including or excluding these studies did not affect the calculated effect sizes. However,
the analysis was conducted on the assumption that the three FOM studies not on the
list did not overlap significantly with the other FOMs. These FOMs may or may not
overlap. In this study, unlisted studies were included to ensure that no unique foundational
research was overlooked. In this context, it can be said that the inability to fully validate
the overlap analysis falls within the limitations of this study. Second, this study detected
no publication bias, and the effect sizes did not differ by the presence of publication bias.
Yet, it is worth noting that the lack of reports on publication bias in some of the examined
FOMs represents another limitation. Third, there is insufficient evidence on the relationship
between subfields of mathematics and language. While studies offer clear evidence on the
individual examination of language skills, they tend to consider mathematics as a whole;
meta-analyses focusing on subfields such as arithmetic, geometry, and algebra are few
in number. Moreover, the limited data on the linguistic and cultural contexts in which
studies were conducted make it difficult to thoroughly examine the impact of language’s
structural features on mathematics performance. All of these limit the statistical power and
generalizability of this study’s findings. For this reason, the findings from some moderator
analysis require careful interpretation.

6. Conclusions and Implications
This meta-meta-analysis finds a moderate and positive relationship between language

and mathematics performance. The reliability of its findings is further supported by the
absence of significant publication bias in the publication bias analysis and the increased
stability of the findings indicated by the sensitivity analysis. Taken together, the observed
effect demonstrates that language skills play not only an instrumental but also a significant
and systematic role in mathematics performance. In this respect, the study not only con-
firms the findings in the relevant literature about the relationship between language and
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mathematics but also provides deeper insights into the scope and nature of this relationship.
By combining the findings of various meta-analyses within a holistic framework, this study
addresses the fragmented structure of the literature and offers a broader conclusion about
the relationship between language and mathematics. Moreover, this study concludes that
language skills such as reading and listening comprehension have a stronger relationship
with mathematics performance, which suggests that mathematical thinking is significantly
supported by language-based cognitive processes. Yet another striking finding is that lan-
guage does not have a homogeneous nature; rather, each specific language skill examined
has a unique and profound correlation with mathematics performance. The consistency
of this relationship across different ages and education levels confirms that language–
mathematics interaction is of critical significance at all stages of academic development.
In conclusion, this study presents strong empirical evidence that the relationship between
language and mathematics is a vital component of mathematics learning, rather than a
contextual or limited interaction, and that these two areas should be addressed together.

In light of the findings, the researchers propose that a holistic approach should be
adopted to mathematics instruction, incorporating practices such as reading and listening
comprehension, vocabulary, and the effective use of mathematical language in writing
and speech. To achieve this, it is essential to design mathematics curricula, textbooks,
and teaching materials with a holistic approach that considers the interaction between
language and mathematics. These materials would enhance students’ understanding of
mathematical concepts. Also, instructors need to place greater emphasis on linguistic expla-
nations, the meaning of concepts, and the understanding of problem texts in mathematics
lessons. Such changes in instruction would help acknowledge the relationship between
language and mathematics at all grade levels. Further, longitudinal and experimental
research designs would allow scholars to have a deeper understanding of this relationship.
Similarly, comparative studies examining the impact of typological features of languages
on mathematics learning would offer valuable insights into the cultural and linguistic
dimensions of this relationship. Scholars may also conduct primary meta-analyses specific
to subfields of mathematics (e.g., arithmetic, algebra, and geometry) to reveal how the
language–mathematics relationship differs across fields, thereby allowing stronger gen-
eralizations of findings. Lastly, the current literature seems to focus mainly on cognitive
performance. More scholarly attention is needed to address the affective aspects of the rela-
tionship between language and mathematics (e.g., math anxiety, attitudes, and self-efficacy).
Exploring these aspects would help fill the gaps in the relevant literature.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jintelligence14080152/s1, Table S1: Prisma checklist.

Author Contributions: Conceptualization, M.E.G., F.G. and M.K.; methodology, M.E.G. and M.K.;
software, M.K.; validation, M.E.G. and M.K.; formal analysis, M.K.; investigation, F.G.; data curation,
M.E.G., F.G. and M.K.; writing—original draft preparation, M.E.G. and F.G.; writing—review and
editing, M.E.G. and F.G.; visualization, M.K.; supervision, M.E.G. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data and analysis code for this study are available at https://osf.io/
kz7yt/overview (accessed on 1 June 2026).

Acknowledgments: During the preparation of this manuscript, the authors used ChatGPT-5.5 and
Gemini 3.5 Flash for the purposes of in order to improve the readability and language of the text.

https://doi.org/10.3390/jintelligence14080152

https://www.mdpi.com/article/10.3390/jintelligence14080152/s1
https://www.mdpi.com/article/10.3390/jintelligence14080152/s1
https://osf.io/kz7yt/overview
https://osf.io/kz7yt/overview
https://doi.org/10.3390/jintelligence14080152


J. Intell. 2026, 14, 152 20 of 23

The authors have reviewed and edited the output and take full responsibility for the content of
this publication.

Conflicts of Interest: The authors declare no conflict of interest.

References
References marked with an asterisk indicate studies included in the meta-analysis.
Abín, A., Núñez, J. C., Rodríguez, C., Cueli, M., García, T., & Rosário, P. (2020). Predicting mathematics achievement in secondary

education: The role of cognitive, motivational, and emotional variables. Frontiers in Psychology, 11, 876. [CrossRef]
*Akın, A. (2022). Is reading comprehension associated with mathematics skills: A meta-analysis research. International Online Journal of

Primary Education (IOJPE), 11(1), 47–61. [CrossRef]
Alexander, P. A. (2020). Methodological guidance paper: The art and science of quality systematic reviews. Review of Educational

Research, 90(1), 6–23. [CrossRef]
*Amland, T., Grande, G., Scherer, R., Lervåg, A., & Melby-Lervåg, M. (2025). Cognitive factors underlying mathematical skills: A

systematic review and meta-analysis. Psychological Bulletin, 151(1), 88–129. [CrossRef] [PubMed]
Arizmendi, G. D., Li, J. T., Van Horn, M. L., Petcu, S. D., & Swanson, H. L. (2021). Language–focused interventions on math performance

for English learners: A selective meta–analysis of the literature. Learning Disabilities Research & Practice, 36(1), 56–75. [CrossRef]
Aromataris, E., Fernandez, R., Godfrey, C., Holly, C., Kahlil, H., & Tungpunkom, P. (2015). Summarizing systematic reviews:

Methodological development, conduct and reporting of an umbrella review approach. International Journal of Evidence-Based
Healthcare, 13(3), 132–140. [CrossRef] [PubMed]

Arsenault, T. L., Powell, S. R., & King, S. G. (2025). Mathematics-writing synthesis: Kindergarten through Grade 12 mathematics-writing
outcomes and instructional methods. Reading and Writing, 38(4), 1039–1081. [CrossRef]

Babayiğit, S., & Shapiro, L. (2020). Component skills that underpin listening comprehension and reading comprehension in learners
with English as first and additional language. Journal of Research in Reading, 43(1), 78–97. [CrossRef]

Bergqvist, E., Theens, F., & Österholm, M. (2018). The role of linguistic features when reading and solving mathematics tasks in
different languages. The Journal of Mathematical Behavior, 51, 41–55. [CrossRef]

Boonen, A. J., De Koning, B. B., Jolles, J., & Van Der Schoot, M. (2016). Word problem solving in contemporary math education: A plea
for reading comprehension skills training. Frontiers in Psychology, 7, 191. [CrossRef] [PubMed]

Borenstein, M., Hedges, L. V., Higgins, J. P., & Rothstein, H. R. (2021). Introduction to meta analysis. John Wiley & Sons.
Breit, M., Schneider, M., & Preckel, F. (2025). Mathematics achievement and learner characteristics: A systematic review of meta-

analyses. Learning and Individual Differences, 118, 102621. [CrossRef]
Chen, X., Ma, C., Yang, Z., & Yang, X. (2025). Bidirectional relationships between phonological processing and basic number knowledge

in kindergarten children: A longitudinal study. BMC Psychology, 13(1), 49. [CrossRef] [PubMed]
Chi-San Ho, J., Cheung, S. K., Mcbride, C., Purpura, D. J., Ng, M. C. Y., & Ho, A. P. L. (2025). Relation between general vocabulary

knowledge and early numeracy competence: The mediating role of mathematical language. Journal of Experimental Child
Psychology, 252, 106145. [CrossRef] [PubMed]

Chow, J. C., & Ekholm, E. (2019). Language domains differentially predict mathematics performance in young children. Early Childhood
Research Quarterly, 46, 179–186. [CrossRef]

Cobb, P. (1994). Where is the mind? Constructivist and sociocultural perspectives on mathematical development. Educational Researcher,
23(7), 13–20. [CrossRef]

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Lawrence Erlbaum Associates.
*Daucourt, M. C., Erbeli, F., Little, C. W., Haughbrook, R., & Hart, S. A. (2020). A meta-analytical review of the genetic and

environmental correlations between reading and attention-deficit/hyperactivity disorder symptoms and reading and math.
Scientific Studies of Reading, 24(1), 23–56. [CrossRef] [PubMed]

Davidse, N. J., De Jong, M. T., & Bus, A. G. (2014). Explaining common variance shared by early numeracy and literacy. Reading and
Writing, 27(4), 631–648. [CrossRef]

De Keersmaeker, K., Vanluydt, E., Onghena, P., & Van Dooren, W. (2024). The relation between proportional vocabulary and
proportional reasoning abilities in young children. European Journal of Psychology of Education, 39(3), 2201–2221. [CrossRef]

De Smedt, B., Taylor, J., Archibald, L., & Ansari, D. (2010). How is phonological processing related to individual differences in children’s
arithmetic skills? Developmental Science, 13(3), 508–520. [CrossRef] [PubMed]

Duke, N. K., & Cartwright, K. B. (2021). The science of reading progresses: Communicating advances beyond the simple view of
reading. Reading Research Quarterly, 56(S1), S25–S44. [CrossRef]

Eisend, M., & Tarrahi, F. (2016). The effectiveness of advertising: A meta-meta-analysis of advertising inputs and outcomes. Journal of
Advertising, 45(4), 519–531. [CrossRef]

https://doi.org/10.3390/jintelligence14080152

https://doi.org/10.3389/fpsyg.2020.00876
https://doi.org/10.55020/iojpe.1052559
https://doi.org/10.3102/0034654319854352
https://doi.org/10.1037/bul0000457
https://www.ncbi.nlm.nih.gov/pubmed/39699622
https://doi.org/10.1111/ldrp.12239
https://doi.org/10.1097/XEB.0000000000000055
https://www.ncbi.nlm.nih.gov/pubmed/26360830
https://doi.org/10.1007/s11145-024-10530-x
https://doi.org/10.1111/1467-9817.12291
https://doi.org/10.1016/j.jmathb.2018.06.009
https://doi.org/10.3389/fpsyg.2016.00191
https://www.ncbi.nlm.nih.gov/pubmed/26925012
https://doi.org/10.1016/j.lindif.2024.102621
https://doi.org/10.1186/s40359-025-02375-y
https://www.ncbi.nlm.nih.gov/pubmed/39825422
https://doi.org/10.1016/j.jecp.2024.106145
https://www.ncbi.nlm.nih.gov/pubmed/39673823
https://doi.org/10.1016/j.ecresq.2018.02.011
https://doi.org/10.2307/1176934
https://doi.org/10.1080/10888438.2019.1631827
https://www.ncbi.nlm.nih.gov/pubmed/32189961
https://doi.org/10.1007/s11145-013-9465-0
https://doi.org/10.1007/s10212-023-00767-5
https://doi.org/10.1111/j.1467-7687.2009.00897.x
https://www.ncbi.nlm.nih.gov/pubmed/20443971
https://doi.org/10.1002/rrq.411
https://doi.org/10.1080/00913367.2016.1185981
https://doi.org/10.3390/jintelligence14080152


J. Intell. 2026, 14, 152 21 of 23

Freed, E. M., Hamilton, S. T., & Long, D. L. (2017). Comprehension in proficient readers: The nature of individual variation. Journal of
Memory and Language, 97, 135–153. [CrossRef] [PubMed]

Fuchs, L. S., Fuchs, D., Compton, D. L., Hamlett, C. L., & Wang, A. Y. (2015). Is word-problem solving a form of text comprehension?
Scientific Studies of Reading, 19(3), 204–223. [CrossRef] [PubMed]

Graham, S., Kiuhara, S. A., & MacKay, M. (2020). The effects of writing on learning in science, social studies, and mathematics: A
meta-analysis. Review of Educational Research, 90(2), 179–226. [CrossRef]

Greisen, M., Georges, C., Hornung, C., Sonnleitner, P., & Schiltz, C. (2021). Learning mathematics with shackles: How lower reading
comprehension in the language of mathematics instruction accounts for lower mathematics achievement in speakers of different
home languages. Acta Psychologica, 221, 103456. [CrossRef] [PubMed]

Hart, R., Logie, R. H., & Brown Nicholls, L. A. (2025). Towards theoretically understanding how long-term memory semantics can
support working memory performance. Quarterly Journal of Experimental Psychology, 78(2), 370–390. [CrossRef] [PubMed]

*He, Y. (2016). Meta-analysis and systematic review of the effects of language proficiency on students’ mathematics learning outcomes [Doctoral
dissertation, Washington State University].

Hiebert, J., & Lefevre, P. (1986). Conceptual and procedural knowledge in mathematics: An introductory analysis. In J. Hiebert (Ed.),
Conceptual and procedural knowledge: The case of mathematics (pp. 1–27). Lawrence Erlbaum Associates.

Hintz, A., & Tyson, K. (2015). Complex listening: Supporting students to listen as mathematical sense-makers. Mathematical Thinking
and Learning, 17(4), 296–326. [CrossRef]

Hornburg, C. B., King, Y. A., Westerberg, L., Schmitt, S. A., & Purpura, D. J. (2024). The roles of mathematical language and emergent
literacy skills in the longitudinal prediction of specific early numeracy skills. Journal of Experimental Child Psychology, 244, 105959.
[CrossRef] [PubMed]

Idris, N. (2009). Enhancing students’ understanding in calculus trough writing. International Electronic Journal of Mathematics Education,
4(1), 36–55. [CrossRef]

Jung, K. S. (2025). A longitudinal analysis of relations of language and mathematics achievements with perceived creativity in
academically higher achieving students. Educational Psychology, 45(3), 314–338. [CrossRef]

Kilpatrick, J., Swafford, J., & Findell, B. (Eds.). (2001). Adding it up: Helping children learn mathematics. National Academies Press.
[CrossRef] [PubMed]

Kim, Y.-S. G., & Pilcher, H. (2016). What is listening comprehension and what does it take to improve listening comprehension? In R.
Schiff, & M. Joshi (Eds.), Interventions in learning disabilities (pp. 159–173). Springer. [CrossRef]

*Kim, Y.-S. G., Yang, D., & Hwang, J. (2024). Are mathematics and writing skills related? Evidence from meta-analysis. Educational
Psychology Review, 36(4), 125. [CrossRef]

Koponen, T., Aunola, K., Ahonen, T., & Nurmi, J. E. (2007). Cognitive predictors of single-digit and procedural calculation skills and
their covariation with reading skill. Journal of Experimental Child Psychology, 97(3), 220–241. [CrossRef] [PubMed]

*Koponen, T., Georgiou, G., Salmi, P., Leskinen, M., & Aro, M. (2017). A meta-analysis of the relation between RAN and mathematics.
Journal of Educational Psychology, 109(7), 977–992. [CrossRef]

Korhonen, J., Linnanmäki, K., & Aunio, P. (2012). Language and mathematical performance: A comparison of lower secondary school
students with different level of mathematical skills. Scandinavian Journal of Educational Research, 56(3), 333–344. [CrossRef]

Lerkkanen, M.-K., Rasku-Puttonen, H., Aunola, K., & Nurmi, J.-E. (2005). Mathematical performance predicts progress in reading
comprehension among 7-year olds. European Journal of Psychology of Education, 20(2), 121–137. [CrossRef]

*Lin, X., Peng, P., & Zeng, J. (2021). Understanding the relation between mathematics vocabulary and mathematics performance: A
meta-analysis. The Elementary School Journal, 121(3), 504–540. [CrossRef]

Lin, X., & Powell, S. R. (2022). The roles of initial mathematics, reading, and cognitive skills in subsequent mathematics performance: A
meta-analytic structural equation modeling approach. Review of Educational Research, 92(2), 288–325. [CrossRef]

*Lu, H., Leung, F. K. S., & Fan, Z. (2022). Chinese language and students’ mathematics learning: A meta-analysis. ZDM Mathematics
Education, 54(3), 513–528. [CrossRef]

Lyu, J., Cui, J., Yang, F., Gao, X., Cui, Z., & Zhou, X. (2024). The interconnection of orthographic, phonetic, and semantic skills with
arithmetic fluency. Psychological Research, 88(8), 2320–2334. [CrossRef] [PubMed]

Maitra, S. (2025). Fixed-effect versus random-effect model in meta-analysis: How to decide? Indian Journal of Anaesthesia, 69(1), 143–146.
[CrossRef] [PubMed]

Mok, S. Y., Hämmerle, C. S., Rüede, C., & Staub, F. C. (2022). How do professional development programs on comparing solution
methods and classroom discourse affect students’ achievement in mathematics? The mediating role of students’ subject matter
justifications. Learning and Instruction, 82, 101668. [CrossRef]

Moussa-Inaty, J., Causapin, M., & Groombridge, T. (2020). Does language really matter when solving mathematical word problems in a
second language? A cognitive load perspective. Educational Studies, 46(1), 18–38. [CrossRef]

National Council of Teachers of Mathematics. (2000). Principles and standards for school mathematics. National Council of Teachers
of Mathematics.

https://doi.org/10.3390/jintelligence14080152

https://doi.org/10.1016/j.jml.2017.07.008
https://www.ncbi.nlm.nih.gov/pubmed/29255339
https://doi.org/10.1080/10888438.2015.1005745
https://www.ncbi.nlm.nih.gov/pubmed/25866461
https://doi.org/10.3102/0034654320914744
https://doi.org/10.1016/j.actpsy.2021.103456
https://www.ncbi.nlm.nih.gov/pubmed/34875445
https://doi.org/10.1177/17470218241284414
https://www.ncbi.nlm.nih.gov/pubmed/39262091
https://doi.org/10.1080/10986065.2015.1084850
https://doi.org/10.1016/j.jecp.2024.105959
https://www.ncbi.nlm.nih.gov/pubmed/38795700
https://doi.org/10.29333/iejme/229
https://doi.org/10.1080/01443410.2025.2475912
https://doi.org/10.17226/9822
https://www.ncbi.nlm.nih.gov/pubmed/41714364
https://doi.org/10.1007/978-3-319-31235-4_10
https://doi.org/10.1007/s10648-024-09960-4
https://doi.org/10.1016/j.jecp.2007.03.001
https://www.ncbi.nlm.nih.gov/pubmed/17560969
https://doi.org/10.1037/edu0000182
https://doi.org/10.1080/00313831.2011.599423
https://doi.org/10.1007/BF03173503
https://doi.org/10.1086/712504
https://doi.org/10.3102/00346543211054576
https://doi.org/10.1007/s11858-022-01333-x
https://doi.org/10.1007/s00426-024-02005-z
https://www.ncbi.nlm.nih.gov/pubmed/39034343
https://doi.org/10.4103/ija.ija_1203_24
https://www.ncbi.nlm.nih.gov/pubmed/40046706
https://doi.org/10.1016/j.learninstruc.2022.101668
https://doi.org/10.1080/03055698.2018.1516629
https://doi.org/10.3390/jintelligence14080152


J. Intell. 2026, 14, 152 22 of 23

Nucette, A., Hamamura, T., Leitao, S., & Biedermann, B. (2025). Can learning a new language make you better at maths? A meta-
analysis of foreign language learning and numeracy skills during early adolescence. Bilingualism: Language and Cognition, 28(4),
923–953. [CrossRef]

Oh, I.-S. (2020). Beyond meta-analysis: Secondary uses of meta-analytic data. Annual Review of Organizational Psychology and
Organizational Behavior, 7(1), 125–153. [CrossRef]

O’Halloran, K. L. (2008). Mathematical discourse: Language, symbolism and visual images. A&C Black.
Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan,

S. E., Chou, R., Glanville, J., Grimshaw, J. M., Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald,
S., . . . Moher, D. (2021). The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ, 372, n71.
[CrossRef] [PubMed]

Paivio, A. (1986). Mental representations: A dual coding approach. Oxford University Press.
Peng, P., & Lin, X. (2019). The relation between mathematics vocabulary and mathematics performance among fourth graders. Learning

and Individual Differences, 69, 11–21. [CrossRef]
*Peng, P., Lin, X., Ünal, Z. E., Lee, K., Namkung, J., Chow, J., & Sales, A. (2020). Examining the mutual relations between language and

mathematics: A meta-analysis. Psychological Bulletin, 146(7), 595–634. [CrossRef] [PubMed]
Pérez-Bracchiglione, J., Meza, N., Bangdiwala, S. I., Niño De Guzmán, E., Urrútia, G., Bonfill, X., & Madrid, E. (2022). Graphical

representation of overlap for overviews: GROOVE tool. Research Synthesis Methods, 13(3), 381–388. [CrossRef] [PubMed]
Planas, N., & Pimm, D. (2024). Mathematics education research on language and on communication including some distinctions:

Where are we now? ZDM Mathematics Education, 56(1), 127–139. [CrossRef]
Pollack, C., & Ashby, N. C. (2018). Where arithmetic and phonology meet: The meta-analytic convergence of arithmetic and

phonological processing in the brain. Developmental Cognitive Neuroscience, 30, 251–264. [CrossRef] [PubMed]
Pongsakdi, N., Kajamies, A., Veermans, K., Lertola, K., Vauras, M., & Lehtinen, E. (2020). What makes mathematical word problem

solving challenging? Exploring the roles of word problem characteristics, text comprehension, and arithmetic skills. ZDM
Mathematics Education, 52(1), 33–44. [CrossRef]

Powell, S. R., Driver, M. K., Roberts, G., & Fall, A. M. (2017). An analysis of the mathematics vocabulary knowledge of third- and
fifth-grade students: Connections to general vocabulary and mathematics computation. Learning and Individual Differences, 57,
22–32. [CrossRef]

Powell, S. R., & Hebert, M. A. (2016). Influence of writing ability and computation skill on mathematics writing. The Elementary School
Journal, 117(2), 310–335. [CrossRef] [PubMed]

Pugalee, D. K. (2004). A comparison of verbal and written descriptions of students’ problem solving processes. Educational Studies in
Mathematics, 55(1), 27–47. [CrossRef]

Schmidt, A., Rakes, C. R., Bush, S. B., Ronau, R. N., Soni, S., Fisher, M., Amick, L., Viera, J., Jr., & Safi, F. (2024). Mathematics discourse
in secondary teacher candidates’ lessons: A mixed methods analysis. Education Sciences, 14(12), 1286. [CrossRef]

Sfard, A. (2008). Thinking as communicating: Human development, the growth of discourses, and mathematizing. Cambridge University Press.
Sharma, S., & Sharma, S. (2023). Successful teaching practices for English language learners in multilingual mathematics classrooms: A

meta-analysis. Mathematics Education Research Journal, 35(4), 821–848. [CrossRef]
*Singer, V., & Strasser, K. (2017). The association between arithmetic and reading performance in school: A meta-analytic study. School

Psychology Quarterly, 32(4), 435–448. [CrossRef] [PubMed]
Sirin, S. R. (2005). Socioeconomic status and academic achievement: A meta-analytic review of research. Review of Educational Research,

75(3), 417–453. [CrossRef]
Sjöblom, M., & Meaney, T. (2021). “I am part of the group, the others listen to me”: Theorising productive listening in mathematical

group work. Educational Studies in Mathematics, 107(3), 565–581. [CrossRef]
Stevens, E. A., Leroux, A. J., & Powell, S. R. (2024). Predicting the word-problem performance of students with mathematics difficulty

using word-problem vocabulary knowledge. Learning Disabilities Research & Practice, 39(4), 202–211. [CrossRef]
Sury, D., & Pilchin, L. (2025). The language of numbers: Reading comprehension and applied math problem-solving. Behavioral Sciences,

15(12), 1746. [CrossRef] [PubMed]
Susperreguy, M. I., Di Lonardo Burr, S. M., Xu, C., Douglas, H. P., Bourque, T., del Río, M. F., Salinas, V., & LeFevre, J.-A. (2024). The

role of mathematical vocabulary in the development of mathematical skills for Spanish-speaking students. Cognitive Development,
70, 101441. [CrossRef]

Swanson, H. L. (2026). Bidirectional effects between working memory and math in children with and without math disabilities: Does
working memory or math drive the system? Journal of Experimental Child Psychology, 263, 106404. [CrossRef] [PubMed]

Thomas, C. N., Van Garderen, D., Scheuermann, A., & Lee, E. J. (2015). Applying a universal design for learning framework to mediate
the language demands of mathematics. Reading & Writing Quarterly, 31(3), 207–234. [CrossRef]

*Ulum, H., & Küçükdanacı, T. (2024). The relationship between reading and mathematics achievement: Findings from meta-analysis.
Instructional Technology and Lifelong Learning, 5(1), 153–170. [CrossRef]

https://doi.org/10.3390/jintelligence14080152

https://doi.org/10.1017/S1366728924000701
https://doi.org/10.1146/annurev-orgpsych-012119-045006
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1016/j.lindif.2018.11.006
https://doi.org/10.1037/bul0000231
https://www.ncbi.nlm.nih.gov/pubmed/32297751
https://doi.org/10.1002/jrsm.1557
https://www.ncbi.nlm.nih.gov/pubmed/35278030
https://doi.org/10.1007/s11858-023-01497-0
https://doi.org/10.1016/j.dcn.2017.05.003
https://www.ncbi.nlm.nih.gov/pubmed/28533112
https://doi.org/10.1007/s11858-019-01118-9
https://doi.org/10.1016/j.lindif.2017.05.011
https://doi.org/10.1086/688887
https://www.ncbi.nlm.nih.gov/pubmed/34335656
https://doi.org/10.1023/B:EDUC.0000017666.11367.c7
https://doi.org/10.3390/educsci14121286
https://doi.org/10.1007/s13394-022-00414-0
https://doi.org/10.1037/spq0000197
https://www.ncbi.nlm.nih.gov/pubmed/28221052
https://doi.org/10.3102/00346543075003417
https://doi.org/10.1007/s10649-021-10051-2
https://doi.org/10.1177/09388982241261955
https://doi.org/10.3390/bs15121746
https://www.ncbi.nlm.nih.gov/pubmed/41464089
https://doi.org/10.1016/j.cogdev.2024.101441
https://doi.org/10.1016/j.jecp.2025.106404
https://www.ncbi.nlm.nih.gov/pubmed/41205549
https://doi.org/10.1080/10573569.2015.1030988
https://doi.org/10.52911/itall.1494180
https://doi.org/10.3390/jintelligence14080152


J. Intell. 2026, 14, 152 23 of 23

*Ünal, Z. E., Greene, N. R., Lin, X., & Geary, D. C. (2023). What is the source of the correlation between reading and mathematics
achievement? Two meta-analytic studies. Educational Psychology Review, 35(1), 4. [CrossRef]

Ünal, Z. E., Park, Y., Simsek, E., Menon, V., & Geary, D. C. (2025). Neurodevelopmental commonalities in cognitive control networks
for mathematics and reading in meta-analysis of 3308 participants. Nature Communications, 16(1), 8398. [CrossRef] [PubMed]

Ünal, Z. E., Powell, S. R., Özel, S., Scofield, J. E., & Geary, D. C. (2021). Mathematics vocabulary differentially predicts mathematics
achievement in eighth grade higher-versus lower-achieving students: Comparisons across two countries. Learning and Individual
Differences, 92, 102061. [CrossRef]

Van Dijk, A., Van Gelderen, A., & Kuiken, F. (2023). Writing-to-learn in biology and mathematics teacher education: Promoting
students’ topic knowledge and insight. Frontiers in Education, 8, 1094156. [CrossRef]

Von Glasersfeld, E. (1995). Radical constructivism: A way of knowing and learning. Falmer Press.
Waldmann, C., & Levlin, M. (2024). Reading profiles in secondary school: Concurrent language and cognitive abilities, and retrospective

and prospective reading skills. Frontiers in Psychology, 14, 1287134. [CrossRef] [PubMed]
Wan, S., Lauermann, F., Bailey, D. H., & Eccles, J. S. (2021). When do students begin to think that one has to be either a “math person”

or a “language person”? A meta-analytic review. Psychological Bulletin, 147(9), 867–889. [CrossRef]
Wang, X. S., Perry, L. B., Malpique, A., & Ide, T. (2023). Factors predicting mathematics achievement in PISA: A systematic review.

Large-Scale Assessments in Education, 11(1), 24. [CrossRef]
Whitehead, H. L., Ball, M. C., Brice, H., Wolf, S., Kembou, S., Ogan, A., & Jasińska, K. K. (2024). Variability in the age of schooling
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