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Abstract

Many children are exposed to a heritage language in the home context, and they learn mathematics in the school context
in the societal language (Italian in the present study). More evidence is needed on how Heritage Bilinguals (HBs) perform
in different subtypes of numeracy and mathematics skills in a longitudinal perspective. This longitudinal study aimed to
analyze the mathematical skills of heritage bilingual children. 220 HBs (50.5% female, from different linguistic/ethnic
groups, including Indo-Iranian, Arabic, Chinese, Romanian, Albanian and Slavic languages) and 440 monolinguals (46.8%
female, mostly Italian) were followed from second to third grade (aged between 7 and 9 years). The following tasks were
administered: dictation, symbolic comparison, number line, mental calculation, multiplication tables, approximate calcula-
tion, problem-solving and written calculations. The results showed an advantage for HBs in approximate calculation, but
they underperformed in problem-solving, multiplication tables, and mental calculations. A profile analysis highlighted the
percentages of children at risk for math impairment. The study provides a longitudinal profile of strengths and weaknesses
in the mathematics profile of children with HBs, with developmental trajectories that vary according to verbal load. The
discussion focuses on the role of verbal load in math tasks in the assessment of HBs, and implications for clinical and

educational contexts.

Introduction

Bilingualism is a widespread phenomenon in today’s soci-
ety. In particular, due to migration processes, many children
are exposed to a heritage language in the home context and
learn the majority language of the country of immigration in
the school context. For example, in Italy, where this study
was conducted, it is estimated that students with a migrant
background represent 10.3% of the school population
(MIUR, 2022). Since bilingualism is a multidimensional
phenomenon, different labels and descriptions are available
in the literature to better define specific groups according to
different language experiences (e.g., Surrain & Luk, 2019).
For the purpose of the present study, in line with the cur-
rent literature (Paradis, 2023), the term “heritage bilinguals”
(HBs) will be adopted to refer to bilingual children who
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grew up in homes where a language other than the domi-
nant language of the broader community (Italian in the pres-
ent study) was spoken (Polinsky & Scontras, 2020; Valdés,
2000). In previous studies, these children have also been
referred to as second language learners, language minority
bilingual children, or multilingual children.

A rich literature has examined the profile of HBs in cog-
nitive and language skills and academic achievement. In a
nutshell, HBs may show cognitive advantages in cognitive
flexibility and cognitive control (e.g., Calvo & Bialystock,
2014), along with better metalinguistic skills (Torregrossa
et al., 2022). When tested in only one language, they may
show a gap in vocabulary knowledge compared to mono-
linguals, but they know more words overall and have simi-
lar conceptual vocabulary compared to monolingual peers
when tested in both languages (Ehl et al., 2020). In the area
of literacy, the main findings suggest that after about two
years of continuous school exposure to the L2, HBs usually
achieve good word and pseudoword reading, but may be
less fluent in text reading (August & Shanahan, 2006; Boni-
facci & Tobia, 2016). Most studies of text comprehension
report lower scores for HBs than for monolinguals, at least
in primary school (Bonifacci et al., 2020; Melby-Lervag &

@ Springer


http://orcid.org/0000-0002-9831-8687
http://crossmark.crossref.org/dialog/?doi=10.1007/s00426-024-02045-5&domain=pdf&date_stamp=2024-11-8

8 Page2of15

Psychological Research (2025) 89:8

Lervéag, 2014). Finally, there appears to be a persistent gap
in spelling skills compared to monolingual peers, especially
in transparent languages (Affranti et al., 2020, 2024). How-
ever, these discrepancies need to be considered in a broader
framework, given that these bilingual children are fluent in
two (and sometimes more) languages and may be able to
read and write in two languages.

Regarding math skills, most studies report lower scores in
HBs children compared to monolingual peers, as detailed in
the following sections. However, these studies have mainly
focused on cognitive and linguistic predictors of math abil-
ity or on cross-linguistic comparisons of numerical process-
ing. More evidence is needed on how HBs children perform
on different subtypes of numeracy and math skills in a lon-
gitudinal perspective and beyond mean scores, considering
the incidence of children at risk for math impairment in the
HBs population. The present study aims to evaluate the
developmental trajectories and performance profiles in dif-
ferent subdomains of mathematical skills in HBs and mono-
lingual peers from second to third grade in order to better
highlight the profile of strengths and weaknesses in HBs’
mathematical skills, with possible implications for assess-
ment and teaching in plurilingual classrooms. Furthermore,
to our knowledge, this is the first study conducted on chil-
dren exposed to the Italian language, which could contrib-
ute to widening the knowledge regarding cross-linguistic
evidence.

The development of math skills

The triple code model (Dehaene, 1997) suggests that num-
bers are expressed in three different codes that underly our
ability to count and process numerosity. The first is a ver-
bal code linked to the linguistic system, which is used, for
example, for arithmetic facts, counting, and multiplication
tables. The second is a visual code that spatially represents
and manages numbers in Arabic. Finally, the third code is
the analogic representation of magnitude, which represents
analogic quantities on a mental number line. This code is
activated for approximate calculation and nonsymbolic
magnitude comparison tasks. From a developmental per-
spective, Von Aster and Shalev’s (2007) four-stage model
suggests that numerical skills start from a representation of
the central cardinal-magnitude system called the Approxi-
mate Numerical System (ANS, Dehaene, 1997), which
provides the basic meaning of numbers. This is a necessary
prerequisite for children to learn to associate a perceived
number of objects with verbal labels (Step 2) and subse-
quently with Arabic symbols (Step 3). The development of
the mental number line (Stage 4) is considered the fourth
and final stage that enables arithmetic thinking. According
to this model, the mechanisms for comparing quantities,
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linguistic skills, and working memory are all prerequisites
for the adequate development of computational skills.

Some studies argue that numerical competence, at least
for some aspects, can develop independently of linguistic
competence (Landerl et al., 2004). Moreover, difficulties
in ANS-related tasks would be specific markers of dyscal-
culia, defined as a specific disorder in numeracy and math
skills (Libertus et al., 2011; Piazza et al., 2010). In contrast,
a large body of scientific evidence supports the idea that
basic language skills, such as phonological skills, vocabu-
lary, and grammatical knowledge, play an important role
in the development of arithmetic (Colomé et al., 2010; De
Smedt et al., 2010; Hauser et al., 2010; Purpura et al., 2011;
Purpura & Logan, 2015; Tobia et al., 2016), even when
advanced mathematics is taken into account (Kleemans et
al., 2018). Systematic literature reviews also show a stron-
ger relationship between symbolic and mathematical skills
than non-symbolic skills (De Smedt et al., 2013; Goffin &
Ansari, 2019). Finally, studies in clinical populations have
documented a significant comorbidity of reading and math
difficulties (Landerl & Moll, 2010).

Numerical and math skills among bilinguals

There is evidence that the structure of the language system
in which we grow up shapes the development of number
concepts. A study of speakers of Munduruku (a language
of the homonymous ethnic group in the Brazilian Amazon),
who have no words for numbers greater than 5, reports that
they can roughly compare and add large numbers, but fail
at exact arithmetic (Pica et al., 2004). On the other hand,
Chinese children have an advantage in arithmetic tasks. In
fact, the base 10 Chinese number system is transparently
represented in the structure of numerical words (Geary et
al., 1996), with a very simple and linear lexical system and
syntactic rules of combination. Thus, it is sufficient for the
child to learn the names of the numbers from one to nine and
their multiples (i.e., 10, 100, 1000), since all numbers can
be derived from this structure (e.g., “eleven” is “ten-one”,
“twenty-four” is “two-ten-four”). This regularity means that
Chinese children learn to count much faster than children
who learn irregular counting. The English (and Italian)
speaking children have to learn a larger amount of num-
ber words (from “‘eleven” up to “‘nineteen” and teens up
to 100), and the underlying base-10 system is less clearly
underlined in the number word construction (see Ngan Ng
& Rao, 2010 for a review). In French, it is also necessary
to do additions for certain numbers (e.g., 96 corresponds
to “quatre-vingt-seize,” which is like four-twenty-sixteen or
4 %20+ 16). Seron and Fayol (1994) showed that because of
these irregularities in the number-word system, second grad-
ers from France made more errors in transcoding number
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tasks than second graders from Wallonia, who use teens as
single words. Therefore, numerical skills do not develop in a
uniform manner, and cross-cultural differences in numerical
development have been reported (Krinzinger et al., 2011;
Macizo et al., 2011). A previous study by Van Rinsveld et al.
(2016) confirmed that language qualitatively affects magni-
tude judgment tasks; however, this influence was particu-
larly strong for verbal presentation, and language influences
gradually changed during (bi)lingual learning phases.

Several studies conducted with bilingual adults (for a
review, see Garcia et al., 2021) agree on a preference for
numerical processing (naming, counting, arithmetic) in L1,
or the language in which numerical and computational pro-
cesses were learned. In this language, participants retrieve
the results of numerical facts more efficiently and are more
efficient (accurate and fast) in solving arithmetic operations
that require more complex procedures and calculations (Van
Rinsveld et al., 2015; Rinsveld et al., 2016). Ardila et al.
(2000) found differences in math tasks in Spanish-English
graduate students in arithmetic tasks and problem-solving;
overall, performance was better in the participants’ first
language (L1; Spanish) than in their second language (L2;
English).

Previous studies have compared the math skills of second
language learners and their monolingual peers. In preschool,
Bar and Shaul (2021) found lower scores in bilinguals com-
pared to monolinguals only on tasks involving language
knowledge, i.e., number knowledge and counting tasks, but
there were no differences in comparing quantities, solving
simple computations, and verbal problems. On the other
hand, Daubert and Ramani (2019) found that bilingual chil-
dren from different ethnic backgrounds performed better
than monolinguals on working memory (WM) tasks and
on addition and numeral identification tasks. WM predicted
children’s performance on measures of numerical knowl-
edge for all tasks except numeral identification. Bonifacci
et al. (2016) reported that linguistically diverse bilingual
preschoolers performed worse than monolinguals on digit
naming, seriation, and number line tasks. The latter tasks
should be considered non-symbolic, but probably had overly
complex verbal instructions. However, the two groups per-
formed similarly on non-symbolic quantity comparison and
counting tasks. In Kleemans et al.‘s (2014) study, second
grade L2 learners scored lower than L1 learners on phono-
logical awareness, grammatical ability, and basic arithmetic
skills (i.e., addition and subtraction), but not on non-verbal
intelligence and working memory. For both groups, nonver-
bal intelligence, working memory, phonological awareness,
and grammatical ability predicted basic arithmetic skills.
This suggests that the assessment of arithmetic problems in
L1 and L2 learners should take into account the cognitive
and linguistic abilities that children bring to the classroom.

The importance of the language of mathematics in explain-
ing the mathematical difficulties of bilingual children was
also suggested by Powell et al. (2020).

With regard to advanced mathematics, it has been reported
that long-term English language learners were funneled into
pathways that predominantly included lower-level mathe-
matics courses (Biernacki et al., 2022). Some studies found
that L2 learners performed below their monolingual peers
(Martin et al., 2012), while others found no differences
between the two groups of language learners (Vukovic &
Lesaux, 2013). Kleemans and Segers (2020) found sig-
nificant differences in the performance of 5th grade second
language learners in advanced arithmetic (addition, subtrac-
tion, multiplication, division) and in geometry and fractions;
bilingual students continued to underperform in geometry
and fractions in sixth grade. In their study, basic language
skills were found to indirectly predict growth in advanced
mathematics via arithmetic skills. In contrast, advanced
language skills directly predicted growth in geometry and
fractions. In terms of domain-general cognitive predictors,
recent studies have shown an association between short-
term memory, working memory, and academic achieve-
ment in bilingual children at risk for math difficulties (e.g.,
Swanson et al., 2018, 2019, 2022). Finally, children at risk
for math learning disorders who are also learning English
have been shown to perform poorly in math computation
and problem solving (Swanson et al., 2020).

Objectives of this study

From a longitudinal perspective, our study aims to analyze
the development of numerical and mathematical skills in
a group of sequential HB children and the impact of risk
for mathematical difficulties in HB children. Comparing a
group of bilinguals and monolinguals with typical devel-
opment can provide useful information on which tasks are
most appropriate for assessing mathematical competence in
school and clinical contexts, using the monolingual popu-
lation as a reference standard, while considering that the
assessment of bilinguals should use protocols and standards
specific to this population.

The second and third grades are crucial for the develop-
ment and consolidation of numeracy skills. Accordingly, in
Italy it is not possible to diagnose a specific learning dis-
order in mathematics (dyscalculia) before the end of the
third grade (APA, 2013). In the present study, the math-
ematical tasks included were very similar to the everyday
school activities foreseen by the didactic program for the
second and third years of primary school. The use of eco-
logical tasks was intended to provide information on how
children’s mathematical skills are manifested in everyday
school activities. Trained teachers administered the tests.
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Specifically, the objectives of this study are as follows:

1) To assess the developmental trajectories of different
subcomponents of math skills, using a battery of tasks
to assess subdomains of math skills in HBs and mono-
lingual peers. The battery included some tasks that
involved verbal coding (dictation of numbers, mental
arithmetic, multiplication tables, and problem solv-
ing). Other tasks assessed nonverbal symbolic skills,
with no verbal mediation in the administration of the
task (number line, largest number, approximate calcula-
tion, written calculation). Given that HBs tend to score
below their monolingual peers on L2 vocabulary and
language skills (Calvo & Bialystock, 2014; Vukovic
& Lesaux, 2013), it is expected that they would also
score below monolinguals on math tasks that heavily
involve linguistic processes. On the other hand, based
on the reported advantage in cognitive control and the
small effect of language ability in magnitude compari-
son tasks (Van Rinsveld et al., 2016), we expect some
advantages for bilingual children compared to mono-
linguals in non-verbal numerical tasks, such as sym-
bolic magnitude comparison tasks and tasks requiring
cognitive flexibility, such as approximate computation.
For exploratory purposes, an analysis of differences
between language groups was also conducted.

2) To assess the patterns of strengths and weaknesses in
a profile analysis that considers, in addition to mean
scores, the percentage of bilingual and monolingual
children who fall within a range of below average,
borderline, or typical performance. The main aim of
the profile analysis is to guide clinical and educational
work by providing indications of what weaknesses and
strengths we can plausibly find in a given subgroup of
children (Bonifacci et al., 2017; Guarini et al., 2019).
This analysis, therefore, informs us about the extent
to which HBs are at risk of encountering mathematics
difficulties compared to their monolingual peers. For
example, we hypothesized that a higher percentage of
HBs might achieve an adequate level of proficiency on
math tasks with a lower load on the verbal code com-
pared to those involving linguistic processing.

Method
Participants
A sample of 220 HBs (50.5% female) and 440 monolinguals

(46.8% female) between the beginning of second grade and
the end of third grade (ages 7 to 9) was included in the
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study. The children were tested for the first time in January
of second grade and a second time 14 months later (end of
third grade, T2). This research is part of a larger project that
aims to validate a new tool for the assessment of arithmetic
skills through collective handover by teachers in the school
context. Children were selected from 30 primary schools
in a region of northern Italy. Bilingual children who met
the inclusion criteria were matched with monolingual peers
from the same classes in a 1:2 ratio. Thus, bilingual and
monolingual children were matched for educational expo-
sure (same teachers and educational program) and came
from the same neighborhood. This was done to minimize
possible differences in socioeconomic status and instruc-
tional effects.

The inclusion criteria for bilingual children were: (1)
speaking a language other than Italian in the family context,
(2) having started primary school in Italy, and (3) having
sufficient knowledge of Italian to understand instructions
(as reported by their teachers). The bilingual group con-
sisted mostly of early bilinguals (87.3%), i.e. they had been
exposed to Italian consistently (entering the preschool sys-
tem) before the age of three or four. Their linguistic back-
ground was heterogeneous (Indo-Iranian languages: 35%;
Arabic: 27.3%; Chinese: 13.2%; Romanian: 12.3%; Alba-
nian: 6.4%; Slavic languages: 5.8%). The inclusion crite-
rion for monolinguals was that both parents spoke Italian
at home. Children diagnosed with neurodevelopmental
disorders and other neurological/sensory impairments were
excluded from both groups.

Materials

The children performed eight tasks from the Che-Mate bat-
tery (Bonifacci et al., in preparation), which was developed
as part of a project for the early identification of mathemati-
cal difficulties. According to the school program, the same
tasks were administered in second and third grade, but with
a modified difficulty level.

1) Number dictation: The teacher read a series of 6 num-
bers and the child had to write the correct number on a
piece of paper. There was no specific time limit, but the
instruction given to the teachers was to follow the pace
of most of the students in the class. Each correct answer
is assigned a score of 1 and each incorrect answer is
assigned a score of 0; the maximum score is 6. Cron-
bach’s alpha reliability values were 0.75 for the second
grade and 0.57 for the third grade.

2) Symbolic Comparison (Largest Number): The children
were given two numbers written in Arabic (e.g., 8 —6;
31 —26) and had to choose the largest number by check-
ing the correct box. Each pair of numbers was presented
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3)

4)

5)

6)

on the screen for a maximum of 6 s. A score of 1 is
assigned for each correct answer and 0 for each incor-
rect answer; the maximum score is 6. Cronbach’s alpha
reliability values were 0.80 for the second grade and
0.55 for the third grade.

Mental calculation: Children were required to do simple
mental calculations. Teachers voiced the calculations
(e.g., what is 12+ 7?), and the child had to write the
correct number on paper, according to what is required
in the usual didactic practice. The maximum time was
6 s per stimulus. A score of 1 is assigned for each correct
answer and 0 for each incorrect answer; the maximum
score is 6. Cronbach’s alpha reliability scores were 0.62
for the second grade and 0.63 for the third grade.
Multiplication tables: The children were given two min-
utes to answer questions on the multiplication table by
writing the answer on the sheet. For the second grade,
children were shown, on the first slide, the multiplica-
tion table for number 3, and they had to fill in three
blanks (3% 3, 3x6, 3%x9). The second slide, had three
other multiplication facts (2x3, 2x5, and 2% 38) they
had to complete. Third graders were given two slides
with 3 multiplication facts each (3% 7, 7%x7,4X6,8x%5,
2%9, 8 x6). Although multiplication table tasks usually
involve mixed multiplication facts of numbers from 0 to
9 (e.g., Dotan & Zviran-Ginat, 2022), for second grad-
ers we tested multiplication tables with the numbers 2
and 3 to conform to the most common teaching practice
of the Italian school system to be sure that all children
have already mastered these first sequences. Each cor-
rect response is assigned a score of 1 and each incorrect
response is assigned a score of 0. The maximum score is
6. Cronbach’s alpha reliability values were 0.80 for the
second grade and 0.79 for the third grade.

Number line: The children were presented three sheets
with a number line that has some numbers written on
it (e.g., 39, 42, 43). Then, two numbers for each sheet
were provided (e.g., 38, 41) and children were asked
to write these numbers in the correct position (empty
spaces) of the number line. There was no specific time
limit, but teachers were instructed to follow the pace of
most students in the class. A score of 1 is assigned for
each correct answer and 0 for each incorrect answer,
with a maximum score of 6. Cronbach’s alpha reliabil-
ity values were 0.81 for the second grade and 0.55 for
the third grade.

Approximate calculation: The children were presented
with simple operations (e.g., 14+5; 30—7) and had to
check the box corresponding to the answer that came
closest to the solution as quickly as possible, without
doing exact calculations, choosing from four options.
The time available was 90 s for six operations. A score

of 1 is assigned for each correct answer and O for each
incorrect answer, with a maximum score of 6. Cron-
bach’s alpha reliability values were 0.66 for the second
grade and 0.73 for the third grade.

7) Written calculation: The children were asked to do three
written calculations in one column (e.g., 47+26). The
numbers were already printed on the sheets and chil-
dren were asked to complete the calculations. A score
of 2 was given for correct operations, a score of 1 if
there was only one error, and a score of 0 if there were
two or more calculation errors. The maximum time for
the three operations was 8 min, the maximum score is
6. Cronbach’s alpha reliability values were 0.75 for the
second grade and 0.57 for the third grade.

8) Problem-solving: The children were given three prob-
lem-solving tasks with a short text presenting the prob-
lem (e.g., There are 10 sausages on the table. The cat
eats 4 sausages, how many sausages are left on the
table? ) and a vignette representing the scene (e.g., a
cat under the table, sausages on the table). The children
had to write down the correct operation and the solu-
tion for each problem. There was no specific time limit,
but teachers were instructed to follow the pace of most
of the students in the class. A score of 2 is given if the
operation and the solution are correct; a score of 1 is
given if: (a) the operation is correct but the calculation
is incorrect; (b) the result is correct but the operation is
incorrect; (c) there was an error in number transcription
(e.g., the child writes 5 instead of 4). The total possible
score is 6. Cronbach’s alpha reliability values were 0.45
for the second grade and 0.76 for the third grade.

Procedure

Trained teachers administered the tasks in class and collec-
tively. The stimuli were presented on an overhead projector
or verbally by the teacher, after which the children had a
personal score sheet to report their results. Administration
took approximately 40 min. All parents signed the informed
consent, and the project was approved by the Bioethics
Committee of the University of Bologna (Prot. 0071556,
29/03/2019) (Italy).

Data analysis

Raw scores were converted to z-scores, separately for each
grade, based on the sample included in the study. Prelimi-
nary analysis of outliers revealed that only a few partici-
pants scored above the absolute value of 4 SDs on some
items. These were less than 5% of the data, and we were
allowed to proceed with the Winsorizing method (Duan,
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1997; Wilcox, 2010), which suggests modifying outliers at
the end of the tails of the distribution to the highest/lowest
value within the distribution that is not suspected of being
an outlier. The distribution was then checked, and analyses
were also performed on the In-transformed values for those
variables that exceeded the skewness. Correlation analy-
ses were performed between the tasks at T1 and T2. Then,
two-factor repeated measures ANOVAs were conducted
for each task with time (second grade, third grade) as the
within-participant factor and group (monolinguals, HBs) as
a between factor. To examine the second aim of the study,
we divided the sample for each task into three groups based
on the z-scores of their performance: typical (> -0.99 SD),
borderline (> -1; <-1.49 SD), and below average (< -1.5
SD). We then performed chi-squared tests on the percent-
ages of HBs and monolinguals in each proficiency range for
each assessment time.

Results

Descriptive statistics are shown in Table 1. Correlation
analyses were then performed between tasks within each
assessment time and between assessments at T1 and T2
(see Supplementary Table 1). Almost all correlations were
significant, suggesting that numeracy and math skills are
related, but Pearson’s r were all below 0.5, ensuring the
absence of collinearity within measures.

Developmental trajectories of math skills in
bilinguals and monolinguals

Repeated measures ANOVAs were conducted with time
(second grade, T1, and third grade, T2) as the within-par-
ticipant factor and group (bilinguals, monolinguals) as the

Table 1 Descriptive statistics for the measures included in the study

between-participant variable. Figure 1 reports the main
trends for the two groups at the two time points for each
task.

For the Dictation task, there was no effect of Time [F(1,
658)=0.98, p=NS, np2=0.001] and a marginal effect of
Group [F(1, 658)=3.46, p=.00, npz =0.005], in the absence
of significant Time*Group interaction [F(1, 658)=0.35,
p=NS, np2=0.001]. Pairwise comparisons on estimated
means showed a significant difference between monolin-
guals and bilinguals, with lower scores for the latter, only
at T1 (p<.05) (See Fig. 1). For the Largest Number task,
there were no effects of Group [F(1, 658)=0.61, p=NS,
n,”=0.001], Time [F(1, 658)=0.38, p=NS, n,>=0.001],
and Time*Group interaction [F(1, 658)=0.02, p=NS,
np2 <0.001]. Considering the Number Line task, there was
no effect of Time [F(1, 658)=0.04, p=NS, np2<0.001],
and Group [F(1, 658)=0.33, p=NS, np2<0.001] and
a marginal tendency for Time*Group interaction [F(1,
658)=3.06, p=.08, np2=0.005], but no significant dif-
ference emerged form pairwise comparisons. In the Men-
tal calculation task, there was no effect of Time [F(1,
658)=0.46, p=NS, np2:0.001], but there was a marginal
effect of Group [F(1, 658)=3.52, p=.06, np2=0.005] and
of the Time*Group interaction [F(1, 658)=3.51, p=.06,
np2=0.06]. Pairwise comparisons showed no significant
difference at T1 between the two groups. However, at T2
the bilingual group had lower scores compared to the mono-
linguals (p<.01). In the Multiplication Tables task, there
was no effect of Time [F(1, 658)=0.12, p=NS, np2 <0.001]
and no Time*Group interaction [F(1, 658)=1.05, p=NS,
np2 =0.002], but there was a significant effect of Group [F(1,
658)=11.94, p<.001, np2=0.018], with bilingual children
having significantly lower scores compared to monolinguals
at both time points (T1, p<.05; T2, p<.001).

Mean (raw scores) SD (raw scores) Mean (z-scores) SD (z-score) Range Min Max Skewness Kurtosis

Dictation T1 5.85 0.63 0.06
Dictation T2 5.06 1.12 0.00
Symbolic Comparison T1 5.82 0.72 0.04
Symbolic Comparison T2 5.62 0.73 0.01
Number Line T1 5.63 1.02 0.02
Number Line T2 4.96 1.17 0.00
Mental Calculation T1 5.22 1.14 0.01
Mental Calculation T2 5.30 1.13 0.00
Multiplication Tables T1 3.93 1.98 0.00
Multiplication Tables T2 4.37 1.81 0.00
Approximate Calculation T1 4.86 1.40 0.00
Approximate Calculation T2 4.14 1.72 0.00
Written Calculation T1 4.42 1.72 0.00
Written Calculation T2 425 1.63 0.00
Problem Solving T1 4.41 1.48 0.00
Problem Solving T2 3.43 2.04 0.00

0.63 316 -2.92 024 -3.61 12.54
0.98 445 -3.61 084 -1.17 1.13
0.71 419 -395 025 -4.06 17.29
0.94 4.09 -3.57 052 -1.95 3.37
0.90 391 -355 036 -2.97 8.07
0.99 428 -3.39 0.89 -1.08 0.66
0.98 439 -3.70 0.69 -1.64 2.52
0.99 441  -3.79 0.62 -1.85 3.00
1.00 3.03  -1.99 1.05 -0.55 -0.83
1.00 331 -241 090 -0.87 -0.41
1.00 427 -346 081 -1.24 0.93
1.00 348 -2.40 1.08 -0.50 -0.95
1.00 349  -2.57 092 -0.92 -0.11
1.00 3.68 -2.61 1.07 -0.86 0.00
1.00 4.05 -297 1.07 -0.99 0.88
1.00 295  -1.69 126 -0.29 -1.19
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Conversely, in the Approximate Calculation task,
there was a main effect of Time [F(1, 658)=4.73, p<.05,
np2 =0.03], a main effect of Group [F(1, 658)=5.95,p<.05,
np2 =0.015] and a significant interaction Time*Group [F(1,
658)=42.59, p <. 001, np2=0.061]. Pairwise comparisons
showed no significant differences at T1 between the two
groups, but at T2, the bilingual group significantly out-
performed the monolingual group (p<.001). Considering
the Written Calculation Task, there was no effect of Time
[F(1, 658)=0.06, p=NS, np2<0.001], no effect of Group
[F(1, 658)=2.79, p=NS, np2:0.004] and no Time*Group
interaction [F(1, 658)=0.54, p=NS, np2=0.001]. Finally,
in the Problem-Solving task, there was a significant effect
of Group [F(1, 658)=6.83, p<.01, np2=0.01], in the
absence of main effects of Time [F(1, 658)=0.04, p=NS,
np2<0.001] and Time*Group interaction [F(1, 658)=0.42,
p=NS, np2=0.001]. Pairwise comparisons showed a sig-
nificant difference at T1 (p<.01) and a marginal difference
at T2 (p=.06); in both cases, bilinguals underperformed
monolinguals.

An exploratory survey was also conducted to check for
any differences between the language groups, which were
grouped as follows: Arabic, n=60; Chinese, n=29; Indo-
Iranian, n="77; Romanian, n =27; Slavic & Albanian, n=27.
Repeated measures ANOVAs were conducted with time
(second grade, T1, and third grade, T2) as the within-partici-
pant factor and heritage language as the between-participant
variable. Detailed results are presented in Supplementary
Table 2. There were no significant differences in the dicta-
tion task, number line and mental calculation tasks. In the
symbolic comparison, approximate calculation, multiplica-
tion tables, written calculation and problem-solving tasks
children with Chinese as HL outperformed those speaking
Indo-Iranian languages (all ps < 0.05). The latter also under-
performed in symbolic comparison compared to Arabic and
Romanian speakers; in approximate calculation and prob-
lem solving compared to Slavic speakers.

Profile analyses

To explore the second research question and determine the
numerical and math skills profiles of bilingual and monolin-
gual children, participants were classified as having typical
(>—0.99 SD), borderline (>—1; <—1.49 SD), and below-
average (<—1.5 SD) scores. The percentages of children
for each group in the below-average, borderline or adequate
range for each task were then calculated. Finally, chi-
squared analyses were run for each variable at each assess-
ment time, comparing the distributions of the two groups in
the three performance ranges. The main trends are reported
in Fig. 2, and the percentages for each task at each time
point are reported in Table 2.

@ Springer

Chi-square analyses showed similar distributions for
bilinguals and monolinguals in the three performance
ranges in the symbolic comparison, number line, and writ-
ten calculation tasks (all p=NS). However, in the Dicta-
tion task, the distributions were significantly different at T1
(x*(2)=7.84, p<.05), and there was a marginal tendency at
T2 (x*(2)=3.11, p=.08) in both cases there was a higher
percentage of bilingual children with below-average scores
compared to monolinguals. For Mental Calculation and
Problem-Solving tasks, the two groups had similar distribu-
tions of performance at T1 (all p=NS), but there were sig-
nificant differences at T2 (Mental Calculation: (x*(2)=7.6,
p<.05; Problem-Solving: (¥*(2)=7.09, p<.05), with a
lower percentage of bilinguals with adequate performances
compared to monolinguals. In the Multiplication Tables
task, bilinguals showed a higher rate of below-average or
borderline performances than monolinguals at T1. although
with a marginal difference (y*(2)=5.5, p=.06), and at T2
(x*(2)=10.31, p<.01). Finally, a reversed pattern was found
for the Approximate Calculation task, where monolinguals
did not differ from bilinguals at T1 but were most likely to
have below-average or borderline performances compared
to bilinguals at T2 (3*(2)=24.01, p<.01).

Discussion

The aim of this longitudinal study was to assess math skills
of bilingual children exposed to Italian as their L2 and their
monolingual peers from second to third grade. The two
main objectives were to assess developmental trajectories
in different math subdomains and to estimate the risk for
math difficulties.

Bilinguals tended to underperform compared to monolin-
guals in dictation tasks, multiplication tables, and problem-
solving at T1, with no significant differences in symbolic
magnitude comparison, number line, mental calculation,
approximate calculation, and written calculation tasks. In
fact, at the end of third grade, bilinguals performed better on
the approximation task and improved over time compared
to monolinguals. On the other hand, the performance of the
two groups remained relatively comparable over time in the
absence of significant interactions with assessment time on
the symbolic comparison, number line, and written calcula-
tion tasks. Finally, the bilingual group reached a monolin-
gual-like performance in the dictation task at T2. However,
their performances worsened in mental calculation tasks
over time, with lower scores for third-grade bilinguals than
monolinguals. Finally, bilinguals underperformed compared
to monolinguals on the multiplication table and problem
solving tasks at both time points, suggesting that these tasks
may represent stable weaknesses in the HBs math profile.
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Table 2 Profile Analysis. Percentages of children in the three ranges of performances (below-average, borderline, average) for the two time of
assessment (second and third grade) in each group (bilinguals and monolinguals)

Task Time Bilinguals Monolinguals
Below Average Borderline Average Below Average Borderline Average
Dictation Second Grade 5.5% 5.9% 88.6% 1.6% 5.9% 91.2%
Third Grade 11.4% 88.6% 7.3% 92.7%
Symbolic Comparison Second Grade 3.6% 8.2% 88.2% 3.2% 5.2% 91.6%
Third Grade 8.6% 91.4% 7.7% 92.3%
Number Second Grade 10.9% 89.1% 7.3% 92.7%
Line Third Grade 13.2% 86.8% 10.9% 89.1%
Mental Calculation Second Grade 8.6% 13.6% 77.7% 8.9% 10.2% 80.9%
Third Grade 13.6% 6.8% 79.5% 7.0% 7.5% 85.5%
Multiplication Tables Second Grade 10.9% 8.2% 80.9% 8.0% 4.5% 80.9%
Third Grade 14.5% 10.9% 74.5% 7.7% 7.7% 84.5%
Approximate Calculation Second Grade 10.5% 10.0% 79.5% 6.1% 10.5% 83.4%
Third Grade 5.5% 5.9% 88.6% 9.1% 18.6% 72.3%
Written Calculation Second Grade 8.2% 10.0% 81.8% 6.4% 10.7% 83.0%
Third Grade 9.1% 8.2% 82.7% 6.8% 8.4% 84.8%
Problem Solving Second Grade 14.5% 85.5% 10.2% 89.8%
Third Grade 16.8% 10.5% 72.7% 10.0% 9.1% 80.9%

According to the triple code model (Dehaene, 1997),
multiplication tables, mental calculation (in which numbers
were given by the teacher’s voice), and problem-solving
tasks were mainly based on verbal codes. Therefore, they
may require a higher level of language proficiency in bilin-
gual children. In addition, the learning of multiplication
tables can be influenced by the family context (e.g., Girard
et al.,, 2021). However, for parents who speak another
language, home math practice may be less frequent (Son-
nenschein & Galindo, 2015) or may be done in another lan-
guage, making L2 recovery less automatic (Kraut & Pixner,
2020). The difficulties encountered in problem solving in
both T1 and T2 are in line with previous studies that found
lower performance in bilinguals than in monolinguals on
this type of task (Swanson et al., 2019, 2021). It should be
emphasized that problem solving tasks involve a higher
cognitive load in terms of working memory (Swanson et al.,
2022), but also require text comprehension skills, as the text
was given in Italian. Bilinguals have been found to have
weaknesses in text comprehension, mainly due to poorer L2
language skills and vocabulary (Bonifacci & Tobia, 2017;
Melby-Lervag & Lervég, 2014).

On the other hand, the approximate arithmetic task, in
which bilinguals show an advantage in their developmen-
tal trajectories, relies more on analogical and visual codes,
since the comparison was between Arabic digits. It is impor-
tant to emphasize that in this task, children were not asked
to perform precise calculations, but rather to select the cor-
rect answer within a limited time, which involves guessing
the most plausible correct answer. A possible explanatory
hypothesis would be that approximation tasks are associated
with greater cognitive flexibility, in which bilinguals would
show an advantage (Marzecovaetal., 2013). The exploratory
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analysis of differences between language groups showed
that Chinese-speaking children had better mathematical
skills in most tasks, especially compared to children speak-
ing Indo-Iranian languages. This may be explained by the
base 10 Chinese numerical system, which is transparently
represented in the structure of numerical words and may
provide an advantage in mathematical skills compared to
non-linear numerical lexical and syntactic systems (Geary
et al., 1996). Children who speak Indo-Iranian languages
may also be exposed in the family context to numbers writ-
ten in the Eastern Arabic format, which is graphically differ-
ent from the Western format. However, further studies are
needed because these differences do not take into account
direct assessment of math and linguistic skills in HL and
possible confounding factors such as socioeconomic level.
Looking at the profile analysis, as shown in Table 2;
Fig. 2, there are some significant differences in the distribu-
tion of scores in the two groups. According to the theoreti-
cal normal distribution, 7% of the cases should have scores
below — 1.5 SD, 9% should fall between — 1.5 and — 1 SD,
and 84% of the cases should have average scores. In the
present study, up to 14.5% of bilingual children had below-
average problem-solving scores at T1, increasing to 16.8%
by third grade. For monolingual children, problem solving
was the only task with unexpectedly low percentages, with
about 10% of students at both T1 and T2. Therefore, it may
be that the performance should be interpreted in light of
some characteristics of the task. For example, in the pres-
ent study, we used figurative illustrations with conventional
static one-picture problems, but it has been highlighted that
these way of depicting math problems might hinder chil-
dren’s performances compared to multiple-picture problem-
format which depicted the dynamic change in sequential
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steps and can be easier for children to understand (van
Lieshout & Xenidou-Dervou, 2018; Lieshout & Xenidou-
Dervou, 2019). Further research should investigate the
effect of different modalities on HBs problem solving skills.
The performance distribution of the two groups differed in
the dictation task at T1 and in multiplication tables, mental
calculation, and problem-solving at T2, with more bilingual
children performing below average than monolingual chil-
dren. For the approximate calculation task, the opposite pat-
tern was observed.

Overall, the profile analysis suggests that HBs children
could be at greater risk of having difficulties in mathemat-
ics, especially in problem solving and when considering
tasks with a higher verbal load, especially at the end of the
third grade. It should be noted that the tasks proposed in
the third grade, according to the school program, included
higher numbers with tens instead of single digits, which
were more frequent in the second grade tasks. Two-digit
numbers require more verbal processing and could be influ-
enced by the L1 language structure (Krinzinger et al., 2011).

However, when we consider the symbolic comparison,
approximate calculation, and written calculation tasks,
the percentage of children at risk for math impairment is
similar to that of their monolingual peers, suggesting that
those children who perform adequately on nonverbal tasks
but fail on verbally mediated tasks might not have a math
impairment. However, their math performances might be
selectively affected by poorer language skills. Although
there were no significant differences in mean scores on the
number line task, the percentage of bilingual children with
below average scores was higher than expected (10.9% at
T1, 13.2% at T2). We could speculate that, according to
Bonifacci et al. (2016), some children may have difficulty
understanding the instructions for the task, which may be
more complex than for the other tasks. However, it may also
be that language skills and HL structure have an impact on
strategies used by the child in solving the task (e.g., count-
ing used by proficient children, visuospatial strategies used
by nonproficient children) (Gobel et al., 2014; Swanson et
al., 2013; Van Rinsveld et al., 2016).

These findings suggest that a multi-component assess-
ment of mathematical ability is important when assessing
sequential bilingual children from diverse linguistic back-
grounds. Approximation may be a strength of these chil-
dren who also perform well on other non-verbally mediated
tasks such as number line, written arithmetic, and symbolic
magnitude comparison. Indeed, these skills should be sup-
ported and valued in the context of children learning in
a language other than the heritage language. At the same
time, it is important to emphasize that the tasks involving
a higher load on the verbal code and the retrieval of arith-
metic facts may represent a weakness in the mathematical

profile of bilingual children. Indeed, these tasks require a
verbal component that may be weaker in the L2 (Bialystok
et al., 2010) in the absence of difficulties in mathematical
reasoning. Furthermore, in both the profile and group differ-
ence analyses, it is important to keep in mind that the lack
of improvement (or some decline) between the two assess-
ments on some math tasks should be interpreted in light of
the fact that the tasks at T2 were harder than those at T1 and
that z-scores for each assessment time were included in the
analyses.

Given some of the limitations of this study, these conclu-
sions should be strengthened by further work. In particu-
lar, although the two groups were matched for educational
exposure and came from the same neighborhood, socioeco-
nomic level could not be adequately measured due to the
noncompliance of parents in providing this information.
Future studies should include this measure to clarify the
relationship between socioeconomic level, bilingualism,
and math skills, as has been done for literacy (Bonifacci et
al., 2020, 2022). In addition, other variables related to the
home learning environment, such as parental involvement in
homework completion should be considered in future stud-
ies (Skwarchuk et al., 2022). Also not considered were L1
and L2 linguistic proficiency and cognitive variables such as
working memory and executive function, which may indeed
be significant predictors of mathematical proficiency (Klee-
mans & Segers, 2020; Swanson et al., 2022). Furthermore,
it would be essential to test math skills in both L1 and L2,
although this is a great challenge when working with chil-
dren from different linguistic backgrounds, also considering
that most of them are not educated in another language, but
only in the societal language (Italian in the present study).
Also, experimental tasks such as non-symbolic comparison
and reaction times were not assessed, and further research
including these types of tasks is needed. The present study
was closely tied to tasks used by teachers in school to iden-
tify children at risk for math difficulties. Therefore, the tasks
included should be consistent with what children are used
to doing in the classroom. For example, the way multiplica-
tion tables were tested was not fully consistent with what
the literature suggests (e.g., Dotan & Zviran-Ginat, 2022)
but they were in conformity with Italian teaching practice.
In addition, some of the subtests did not achieve optimal
reliability; this may be due, at least in part, to the collective
mode of administration, which may be associated with a
higher guessing rate and less control over response patterns.
Finally, it also has to be emphasized that these results have
been collected on HB children, mostly second generation
with varying degrees of exposure to the heritage language
and therefore cannot be generalised to bilingual children
from others backgrounds. More crosses-culturally and mul-
tilingual research should better evaluate the generalizability
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of the results to other contexts and possibly include chil-
dren with a family background of migration but who are not
exposed to a heritage language in the home context.

Despite these limitations, this paper addresses a topic
that has received little attention in the literature, especially
from a longitudinal perspective. The main contribution to
the literature is to present a clear profile of strengths and
weaknesses in the mathematics profile of the HBs children,
with developmental trajectories that vary according to ver-
bal load. This emphasizes the importance of a longitudinal
approach to the assessment of mathematical literacy, sug-
gesting that math skills cannot be viewed as a single con-
struct but rather it is necessary to differentiate tasks on the
basis of verbal load in the assessment of bilinguals (Rauden-
bush et al., 2020). It also offers a perspective from the Ital-
ian context. Based on data from the PISA project (OECD,
2019), the performance of 15-year-old Italian students is at
24th place from the highest. This may suggest the need for
better didactic strategies and resources for teaching math-
ematics, considering that teaching mathematics in mul-
tilingual contexts may imply further challenges and the
opportunity to rethink and innovate teaching methods.

In conclusion, the present study suggests that the assess-
ment of the mathematical skills of HBs needs to consider its
strengths and weaknesses. In clinical and educational con-
texts, this could mean the adoption of measures with nor-
mative values for HBs and the development of assessment
protocols that go beyond a “monolingual” approach (Free-
man, & Schroeder, 2022). It is also important to consider
possible weaknesses in L2 verbally loaded math problems
within the broader picture of multilingualism. It is important
to consider that these children have proficiency in more than
one language, so any observed frailties in L2 are not neces-
sarily indicators of a difficulty but must be considered in
the broader framework of competencies and benefits associ-
ated with multilingualism. Finally, as this study shows, it
is crucial to consider a dynamic evaluation process (Orel-
lana et al., 2019) as a single observation may not capture
the specific features of evolutionary trajectories. Therefore,
particularly, but not exclusively, in HB children, it would
be advisable to adopt a test-teach-retest approach to evalu-
ate trajectories of performance accompanied by appropriate
teaching intervention strategy. This would allow us to better
distinguish math disorders from transient weaknesses that
may be related to linguistic experiences and sociocultural
variables, particularly in HBs.
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