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ABSTRACT

The main objective of this study is to compare the quantitative (correct answers) and qualitative (error types)
performance of children belonging to different linguistic groups on a non-verbal reasoning test, Raven’s Colored
Progressive Matrices Test, after being matched based on level of exposure to poverty, certain individual char-
acteristics and test performance. The sample is representative for Mexico at a population level and consists of
children aged 5 to 12 (n = 4644), of which 671 are bilingual in Spanish and an indigenous language, 3970 are
monolingual in Spanish and 78 are monolingual in an indigenous language. The results show significant
quantitative differences with a lower overall performance in the Raven’s test by bilingual children as compared
to their monolingual (Spanish only) peers, but no qualitative differences when analyzing their error types. When
considering each linguistic group individually, the relative frequency of three error types (Repetition, Wrong
Principle, and Incomplete Correlate) is similar in children aged 5 to 8 and in those aged 9 to 12. However,
considering the two age cohorts, the results reveal how the intragroup differences in each linguistic group, are
only statistically significant in the case of Difference errors, in the group of monolingual children in Spanish.

In addition to practical use that may be potentially derived from this empirical evidence, these results may also
be encouraging from a methodological point of view. They demonstrate how the method used, in addition to
permitting greater comparison between the experimental groups of a representative sample at a population level,
does not present high sensitivity, either for the model used to estimate the Generalized Propensity Score method,
or for the specific estimator used.

1. Introduction

a variety of factors, specifically, genetics and maturation (Deary, Penke,
& Johnson, 2010; Haier, 2016). Evidence also suggests that environ-

Individual differences in intelligence are often measured using psy-
chometric tests, such as the Raven’s Standard Progressive Matrices Test
(SPMT: Raven, Court, & Raven, 2006). The SPMT uses visuospatial in-
formation processing to solve visual analogy problems of increasing
difficulty. The Raven’s inductive reasoning task is assumed to measure
fluid intelligence (gf), defined as the ability to solve novel reasoning
problems independent of knowledge from the past (Cattell, 1963). A
priori, this test is less influenced by, although not exempt from, cultural
differences as compared to other tests in which language is directly
involved (Gonthier, 2022). Nowadays, a consistent finding is that chil-
dren’s performance on intelligence tests, such as SPMT, is influenced by
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mental factors may affect cognitive functioning and development (e.g.,
Crosnoe et al., 2010). This article explores the role of childhood expo-
sure to poverty and the regular use of two languages (bilingualism, in
this paper) on cognitive performance in a test assumed to measure fluid
aspects of intelligence, such as the Raven’s Colored Progressive Matrices
Test (CPMT: Raven et al., 2006). Although poverty has been commonly
examined as a risk factor for cognitive development (Lipina, 2016),
bilingualism has been proposed as a potential cognitive advantage (Kroll
& Bialystok, 2013a, 2013b). We examined the relationships between the
variables in a wide sample of children growing up in conditions of
poverty in Mexico.
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Childhood poverty is a complex construct involving individual,
family, and environmental factors that are associated with material,
emotional and symbolic deprivation (Lipina, 2016; Lipina & Evers,
2017). Of the environmental factors, research on this topic tends to
examine the role of the family’s economic well-being (i.e., income level,
main source of family income, health care, household conditions, and
parental education), as well as the quality of the school environments,
early childhood program attendance, and health and nutrition on
cognitive development. Past studies have identified associations be-
tween lower scores on measures of economic well-being and lower
scores on cognitive development. It has been suggested that poverty can
influence cognitive performance during childhood in a number of ways.
Specifically, a systematic review by Segretin et al. (2016) examined 53
studies investigating the relationship between poverty and cognitive
development in children under 18, identifying a pattern of the rela-
tionship between poverty and low performance on children’s cognitive
measures, including Raven’s test. More recently, Platt et al. (2018),
using a wide sample of adolescents aged 13-18, examined the rela-
tionship between fluid intelligence test performance and deprivation
experiences related to access to adequate social services and material
conditions —including poverty and low parental education—. The re-
sults supported associations between the Socio-Economic Status (SES)
and cognitive ability in children, including fluid intelligence (Lynn,
Fuerst, & Kirkegaard, 2018). The authors concluded that social,
perceptual, and linguistic stimulation, as well as opportunities for varied
activities, are reduced in children raised in low-SES environments, and
that limitations in these stimulations may adversely influence cognitive
development.

These findings are consistent with those of past studies that have
shown that poverty at any developmental stage is associated with lower
performance on intelligence tests (e.g., Anum, 2022; Ayoub et al., 2009;
Kaya, Stough, & Juntune, 2016), even though the impact of childhood
poverty on cognition depends on the timing, sequence, and duration of
exposure to deprivations (Lipina, 2016). In that respect, Ryan, Fauth,
and Brooks-Gunn (2006) estimated that children who come from poor
households answer 15-40% fewer Raven’s questions correctly than
those of their peers from non-poor households. In a longitudinal study,
Najman et al. (2009) concluded that prolonged exposure to an impov-
erished environment from childhood to adolescence would be more
detrimental to cognitive outcomes than when occurring over shorter
periods, estimating that, for each additional period of exposure to
poverty, the overall scores on the Raven’s SPMT would be reduced by
2.19 points. The relationship between poverty and Gf was found to exist,
even when controlling for the effect of maternal cognitive skills (Gre-
deback, Hall, & Lindskog, 2022; Wachs, Chang, Walker, & Gardner,
2007), parental educational level (Rahu, Rahu, Pullmann, & Allik, 2010)
and family structure (Tong, Baghurst, Vimpani, & McMichael, 2007).
More recently, Daniele (2021) reported evidence showing how poverty
rates and educational inequality in income are significantly and nega-
tively related to educational outcomes (i.e., PISA scores). Currently, it is
important to consider that, as Segretin et al. (2016) suggested, the effect
of poverty may be modulated and moderated by systematic differences
among individual and societal and cultural patterns of parenting,
schooling, and psychosocial environment, as well as variations in the
risk factors to which the children are exposed, the timing of exposure to
risk factors, and the individual susceptibility to each variable. In other
words, poverty does not necessarily generate homogeneous and
continuous changes in all measures of neurocognitive processing and
this is not uniform across all ages (Lipina, 2016).

This work has considered the effects of poverty on specific pop-
ulations, and the results of numerous studies carried out on the perfor-
mance of indigenous children in non-verbal reasoning tests (Millones,
Flores-Mendoza, & Rivalles, 2015; Nistal, 2014). However, given that
in previous studies, ethnic condition has been associated with a level of
poverty, this raises the question of whether these results may be repli-
cated once greater equivalence is established between the indigenous
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and non-indigenous groups, matching not only certain variables of
material poverty but also considering other factors related to the family
environment in which the children grow up. Therefore, it has recently
been verified that, when equating samples of poor indigenous and non-
indigenous children in terms of age, parental education level, assistance
received in performing school tasks, and some specific parenting pat-
terns, intergroup differences in non-verbal intelligence measured with
the Raven’s Progressive Colored Matrices Test (CPMT) are reduced after
matching (Laborda, Elostia, & Gomez-Veiga, 2019).

As for the second variable mentioned above, bilingualism has been
defined as achieving a state of communicative knowledge of two or more
languages (Grosjean & Li, 2013). In addition to communication advan-
tages, bilingualism has been associated with certain cognitive advan-
tages, specifically, executive functioning, resulting from the need of the
bilingual individual to monitor his/her circumstances in order to select
the suitable target language (Bialystok, Craik, Green, & Gollan, 2009).
Therefore, extending beyond language processing to other aspects of
cognitive functioning, the possible benefits of bilingualism have been
mainly highlighted regarding the role of the executive function (for a
review, see, Bialystok, 2017; Lowe, Cho, Goldsmith, & Morton, 2021).

Specifically, numerous studies comparing monolinguals and bi-
linguals have revealed better performance by bilinguals on tasks that
appear to measure inhibitory control, selective attention, cognitive
flexibility, working memory, and even problem-solving (Adesope, Lavin,
Thompson, & Ungerleider, 2010). If this is so, the linguistic and cogni-
tive results of the regular use of two languages may be intimately
interconnected and involve the reorganization of complex mental
structures in response to a specific linguistic experience (Kroll & Bia-
lystok, 2013a, 2013b). In fact, neuroimaging results have revealed that
the neural processing of bilinguals and monolinguals differs during the
performance of executive functioning tasks (Paap, 2019), suggesting
that the coordination of two languages leads to a reorganization of
neural networks involved in language control and executive functions,
but not implying more efficient behavioral performance.

The evidence, however, is unclear and an open debate exists
regarding the so-called bilingual advantage (Kroll & Bialystok, 2013a,
2013b). While the results of some studies support the positive effects of
bilingualism on cognition, others have failed to find consistent evidence
for this advantage (for a review, see, Antoniou, 2019; Bialystok, 2017;
De Bruin, Dick, & Carreiras, 2021; Van den Noort, Struys, & Bosch,
2019). Therefore, enhanced cognitive functioning in bilinguals has been
recently questioned, since a number of meta-analyses have indicated
that the cognitive bilingual advantage is small or may only exist in
specific circumstances or for specific types of bilinguals (Antoniou,
2019; Donnelly, Brooks, & Homer, 2019; Gunnerud, Ten Braak, Rei-
kerds, Donolato, & Melby-Lervag, 2020; Lehtonen et al., 2018; Paap,
2019). Across studies, bilingual and monolingual groups often vary in
factors such as literacy in each language, ethnicity, and cultural/social
background. In addition, tasks often vary across studies. Therefore, au-
thors such as Bialystok et al. (2009) note that multiple factors make the
bilingual experience heterogeneous. This means that further analyses of
the social, cognitive, and personal factors that may influence language
experiences underlying bilingual-monolingual differences are required.
We are especially interested in analyzing how the regular use of two
languages may reveal differences in Raven’s PMT performance between
bilingual and monolingual children growing up in an impoverished
environment.

Existing evidence on the joint effects of bilingualism and poverty on
cognitive performance in intelligence tests such as the Raven’s SPMT
date back to the pioneering work of Ben-Zeev (1977a, 1977b) with
children aged between 4 and 8 years old, from different language groups
in Israel and the United States. In the first of these studies, middle-class
bilingual Hebrew-English speaking children were compared with their
monolingual peers, revealing similar performance by both groups (Ben-
Zeev, 1977a). In the second study, however, living in a disadvantaged
urban neighborhood was also considered a factor and, in this case, it was
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observed that bilingual Spanish-English speaking children from disad-
vantaged neighborhoods had lower performance than their monolingual
peers, albeit with similar but attenuated error patterns compared to their
peers from non-disadvantaged neighborhoods (Ben-Zeev, 1977b). More
recently, Engel de Abreu, Cruz-Santos, Tourinho, Martin, and Bialystok
(2012) found no significant differences in the overall performance on
the Raven’s SPMT administered to bilingual Portuguese-
Luxembourgish-speaking children from low-income immigrant fam-
ilies from Luxembourg and their monolingual peers from Portugal.
Authors such as Kaushanskaya and Prior (2015), however, warned
that the approach adopted in some studies (e.g., Engel de Abreu et al.,
2012) of matching the socioeconomic level of the participants does not
eliminate the problem of comparing groups that may differ in other
variables (e.g., general language skills, family size, etc.) influencing
executive function development and, ultimately, cognitive performance
on tests fluid intelligence tests. These methodological challenges, linked
to a correct comparison of experimental and control groups regarding
linguistic and socioeconomic characteristics, are not the only ones that
have been mentioned in the literature. Thus, it is worth noting that,
recently, authors such as Bialystok and Shorbagi (2021) have proposed
another approach focusing on the analysis of subtle differences in levels
of bilingualism and exposure to poverty as an alternative strategy to the
more traditional approach of comparing clearly disparate groups. In the
aforementioned study, the results obtained by 6-year-old Canadian
children on the Raven’s SPMT did not reveal significant effects based on
socioeconomic level, level of bilingualism, or the interaction of both.
In contrast to the extensive literature on the overall Raven’s task
performance, as a proxy and quantification of non-verbal abstract
reasoning ability, disaggregated analyses of the error patterns during
problem solution are less available, especially for bilingual children
exposed to poverty. It is assumed that erroneous responses could be
useful indicators of the process and strategies used by children when
completing tasks, and may be useful for revealing differences between
groups (Raven et al., 2006). Raven and collaborators identified four
main types of erroneous responses: ‘Difference’ errors (D), in which the
answer was a piece that either has no pattern or is incongruent with the
target matrix; ‘Repetition’ errors (R), occurring when the answer re-
produces a figure immediately above or beside the gap in the matrix;
‘Wrong Principle’ errors (WP), in which the chosen element is incon-
sistent, incongruent or incomplete for the target matrix to be completed;
and ‘Incomplete Correlate’ errors (IC), indicating an incorrectly orien-
tated or incomplete but correct figure. Since the work by Ben-Zeev
(1977b) analyzing the error patterns of bilingual children from disad-
vantaged neighborhoods, subsequent evidence has focused mainly on
the study of different populations that consist of children of more typical
development (Farran, Atkinson, & Broadbent, 2016; Gunn & Jarrold,
2004; Kunda, Soulieres, Rozga, & Goel, 2016; Petretto, Grassi, Masala, &
Nicotra, 2021; Van Herwegen, Farran, & Annaz, 2011) and individuals
with a developmental disorder, such as Down Syndrome (Gunn & Jar-
rold, 2004), Williams Syndrome (Farran et al., 2016; Van Herwegen
et al., 2011), Autism Spectrum Disorder (Kunda et al., 2016), and some
other type of Intellectual Disability (Facon, Magis, Nuchadee, & De
Boeck, 2011; Goharpey, Crewther, & Crewther, 2013), and with Mod-
erate Learning Difficulties (Gunn & Jarrold, 2004) (see Table 1, for a
synthesis of the main results of previous studies). Specifically, Matzen,
Van der Molen, and Dudink (1994) reported that typically developing
children (n = 1655, aged between 8.5 and 12.5 years) made, regardless
of the level of ability, a high proportion of IC errors, followed by WP, R,
and errors named as additional elements (similar to D errors). However,
children with high and low performance on the Raven’s test differed in
IC and R errors. Moreover, Gunn and Jarrold (2004) found a significant
change with age in the types of errors produced by children with typical
development so that, as age increases, the proportion of D and WP errors
decreases while the proportion of R and IC errors increases. Later, these
results were partially validated by Van Herwegen et al. (2011), who
obtained similar outcomes, except for IC errors, which did not have a
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statistically significant relationship. Recently, Petretto et al. (2021)
analyzing children having typical developmental patterns (n = 780),
found that older children (aged 6.5 to 7.5 years) had a higher overall
Raven’s performance than younger ones (aged 5.5-6.5 years), with R
errors being more frequent when considering both the younger group
and the total sample (Gunn & Jarrold, 2004; Van Herwegen et al., 2011).

For our purposes, the study by Ben-Zeev (1977b) on bilingual chil-
dren in poverty conditions is of special interest. It is currently known
that, although bilingual children in poverty conditions may display
similar performance on overall measures of the Raven’s SPMT as
compared to their poor monolingual peers, both groups present differ-
ences in certain error patterns when completing this test. Specifically,
poor bilingual children tend to make fewer errors than their mono-
lingual peers on the so-called “scan” failures. The argument presented in
the aforementioned study to explain this type of error claims that
bilingual children approach the task as an ill-defined problem with a
resolution strategy or, at least, with greater attention to the possibility of
differences and to the nature of the differences. These results were
observed, despite deficiencies in the use of vocabulary and syntax by the
Spanish-English bilingual children as compared to the control group of
similar ethnic and social origin.

The lack of empirical evidence regarding the error patterns of poor
bilingual children on the Raven’s SPMT contrasts with the fact that
poverty and bilingualism are often associated with belonging to certain
minority groups in many countries. This phenomenon represents a non-
negligible percentage of the total population of countries such as
Mexico, from which we have extracted the sample for this study. In
Mexico, according to the National Institute of Statistics and Geography
(INEGIL, 2021), 21.5% of the population (25.7 million people) define
themselves as indigenous, while 6.5% of the national population (7.4
million people) speaks an indigenous language. On the other hand,
indigenous communities continue to be the most vulnerable in terms of
inequality. According to the National Council for the Evaluation of So-
cial Development Policy (Consejo Nacional de Evaluacion de la Politica de
Desarrollo Social - UNICEF-CONEVAL, 2019), 69.5% of the indigenous
population (8.4 million people) experience a situation of poverty and
27.9% (3.4 million people) live in extreme poverty. The Mexican
indigenous population has less access to basic healthcare services than
the non-indigenous population (Gutiérrez et al., 2020). Another inter-
esting fact is that 43% of speakers of an indigenous language have not
completed primary education (Oxfam, 2018).

The main objective of this study is to analyze the overall performance
and pattern of errors on the Raven’s CPMT of bilingual children exposed
to impoverished environments, and to determine whether their perfor-
mance differs from that of their monolingual peers (Spanish and indig-
enous language speakers), who have been matched with respect to the
level of exposure to poverty, the type of household area, and individual
characteristics as sex and age.

Therefore, this study could provide valuable information not only on
the possible quantitative differences (overall performance) between
bilingual and monolingual groups (Gunn & Jarrold, 2004), but also on
potential qualitative differences (types of errors made when responding
incorrectly and the frequency of each type) derived from the processing
of the information that underlies the different strategies used to solve
this type of reasoning tasks (Kunda et al., 2016; Kunda, Soulieres, Rozga,
& Goel, 2013). To carry out this study, the database provided by the
National Survey on Household Living Standards in Mexico (Encuesta
Nacional sobre Niveles de Vida de los Hogares en México - MxFLS) was
used. In addition to being representative at a population level, this
database also has a relatively large sample size to analyze the existence
of statistically significant differences at all levels of comparison between
the different groups of children aged between 5 and 12 years. Taking
advantage of the considerable amount of data provided by the MxFLS on
household characteristics and the activities carried out by their mem-
bers, we have constructed a multidimensional poverty measure that
includes factors associated with both material and symbolic poverty.
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Table 1
Previous studies and main results on error types of children in Raven’s Progressive Matrices Test.
Study Sample Age in years: Country Full scale PM Raven Proportion of different conceptual types
mean (SD) 0 Score Repetition Difference Wrong Principle Incomplete
(R) (D) (WP) Correlate (IC)
Petretto et al. (2021) TD =183 5.5-6.5 Italy CPM = 18.72 0.2867 0.0450 0.0823 0.00823
TD = 203 6.5-7.5 (4.40) 0.2630 0.0383 0.0901 0.0753
All = 386 CPM = 20.27
(4.74)
CPM = 19.58
(4.64)
Kunda et al. (2016) TD = 54 11.96 (3.40) Canada 109.82 CPM = 42.61 0.005 & 0.015 & —0.02 (ns) —0.005 &
ASD = 11.02 (2.99) (10.35) (9.79) 0.01 0.02 —0.02 (ns) -0.01
105 84.38 CPM = 37.57 0.02 & 0.01 & —-0.01 &
(20.03) (12.13) 0.025 0.015 -0.015
Farran et al. (2016) WS =24 20;51 (5:03) UK CPM = 18.92
TD = 20 4;08 (0;02) (4.66)
TD =18 5;07 (0;03) CPM = 11.20
TD =18 6;05 (0;04) (4.81)
TD =19 7;06 (0;04) CPM = 16.06
(5.41)
CPM = 19.61
(4.82)
CPM = 5.13
(19.00)
Kunda et al. (2013) TD = 54 11.96 (3.40) Canada 109.82
ASD = 11.02 (2.99) (10.35) CPM = 38.26 0.2& 0.3 0.1 & 0.2 0.3 & 0.4 (ns) 0.1 & 0.2 (ns)
108 n.a 84.38 (8.07) (ns) (ns) 0.3 & 0.4 (ns) 0.1 & 0.2 (ns)
ASTI = 96 11.11 (3.30) (20.03) CPM = 38.26 0.2&0.3 0.1 &0.2 0.4 & 0.5 (ns) 0.1 & 0.2 (ns)
Matched 10.76 (2.71) n.a (8.09) (ns) (ns)
TD = 38 n.a 106.08 CPM = 38.29 0.3&04 0.0 & 0.1
ASD = 38 (9.08) (8.07)
ASTI = 38 88.83
(18.79)
n.a
Facon et al. (2011) ID = 460 168.082 (44.13) France CPM = 16.57
TD = 488 67.10 (9.34) (5.42)
CPM = 18.59
(5.32)
Van Herwegen et al. WS =53 18;031 (9.10) UK CPM = 19.34 0.5 & 0.6 0 & 0.1 (ns) 0.1 & 0.2 (ns) 0.1 & 0.2 (ns)
(2011) TD =53 5;8 (1;03) (4.91) (ns) 0 & 0.1 (ns) 0.1 & 0.2 (ns) 0.1 & 0.2 (ns)
CPM = 19.68 0.5 & 0.6
(5.08) (ns)
Fajgelj, Bala, & Katic ~ TD =116 4 Serbia CPM = 14.88
(2010) TD = 341 5 (3.61)
TD =512 6 CPM = 18.28
TD = 421 7 (4.57)
TD = 229 8 CPM = 20.79
TD = 249 9 (5.75)
TD = 250 10 CPM = 24.38
TD = 216 11 (5.79)
CPM = 27.33
(5.53)
CPM = 27.94
(5.89)
CPM = 29.30
(5.41)
CPM = 31.27
(4.52)
Facon and Nuchadee TD = 48 5.40 (14.46) France CPM = 13.19
(2010) DS = 48 17.18 (36.61) (4.78)
ID = 48 17.01 (31.67) CPM = 13.19
(4.78)
CPM = 13.19
(4.78)
Najman et al. (2009) NP = 14 Australia PMS = 102.33*
1486 14 PMS = 100.09°
P1 =713 14 PMS = 98.30 ¢
P2=427 14 PMS = 95.52 ¢
P3-4 =
311
Gunn and Jarrold DS = 39 13;01 (29.10) UK 0.4 & 0.6 0.0 & 0.2 0.2 & 0.4 0.2
(2004) MLD = 11;10 (33.30) CPM = 13.15 0.6 & 0.8 0.0 & 0.2 0.0 & 0.2 0.2
171 7;5 (18.01) (3.32) 0.6 & 0.8 0.0 & 0.2 0.0&0.2 0.2
TD = 213 (months) CPM = 13.21 0.4 & 0.6 0.0 & 0.2 0.2&0.4 0.2
Matched 156.03 (29.3) (2.54) 0.4 & 0.6 0.0 & 0.2 0.2 0.2
DS = 39 0.4 & 0.6 0.0 & 0.2 0.2 0.2

(continued on next page)
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Table 1 (continued)
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Study Sample Age in years: Country Full scale PM Raven Proportion of different conceptual types
mean (SD) 0 Score Repetition Difference Wrong Principle Incomplete
(R) (D) (WP) Correlate (IC)
MLD =62  123.96 (31.81) CPM = 13.20
TD = 50 71.31 (10.68) (1.86)
Kaniel and I=250 14.7 (1.67) Israel PMS = 27
Fisherman (1991) NI =165 15.5 (0.14) (5-10 P)
NI =137 13.35 (0.15) PMS = 45 (50
NI = 361 12.75 (0.15) P)
NI = 304 11.25 (0.13) PMS = 43 (50
NI = 363 10.5 (0.26) P)
NI = 410 9.65 (0.15) PMS = 39 (40
P)
PMS = 35 (45
P)
PMS = 32 (50
P)
PMS = 28 (50
P)
Jacobs Paul & Mary NJ =45 First grade USA CPM = 15.8
(1970) NJ =36 Second grade Baffin CPM =18.1
NJ =20 Third grade Island CPM = 21.5
E=114 10 and over® Sierra CPM = 27.0
T=119 10 and over® Leone CPM = 13.3

Notes: TD = Typically Developing; ASD = Autism Spectrum Disorder; WS = Williams Syndrome; DS = Down Syndrome; MLD = Moderate Learning Disabilities; ASTI =
Computational model (Kunda et al., 2013); CPM = Raven’s Colored Matrices test; SPM = Standard Progressive Matrices; ID = Intellectual Disability. NID = No-In-
tellectual Disability. I = Immigrant; NI = Non-Immigrant. P = Percentile; E = Eskimo. T = Temne. 10 and over from five age groups (10-15; 16-20; 21-30; 31-40; and
over 40. G(H) = Gentofte is an SES above the Danish average; E(A) = Esbjerg is about the average of the Danish SES. NP = Never poverty; P1 = poverty 1 period; P2 =
poverty 2 periods; P3 = poverty 3-4 periods;  [74.7-129.9 95% C-IJ; ® [71.0-129.2 95% C-1; ¢ [67.9-128.7 95% C-1]; ¢ [63.7-127.3 95% C-I].

Source: Prepared by the authors.

A novel methodological strategy for this field was used in this study,
based on the comparison of bilingual participants with their mono-
lingual peers, according to individual (i.e., sex and age) and socioeco-
nomic and demographic variables. Specifically, the Generalized
Propensity Score (GPS) method was applied. This method is especially
appropriate for conducting an analysis such as the one proposed here. As
will be discussed later, this approach permits the combining of the
“Propensity-Score Matching” (PSM) method with multiple treatments
(bilingual/Spanish monolingual/Indigenous language monolingual)
when it is impossible to know their level of intensity and/or impose
conditions of ignorability (Flores & Mitnik, 2013). Thus, we can mini-
mize the bias between the different groups resulting from exposure to
poverty and their demographic and individual characteristics (sex and
age). In addition, to analyze the error patterns of the participants when
completing the Raven’s CPMT and to avoid biased interpretations, this
methodological strategy allowed us to include the share of correct an-
swers as a control in regressions in which error types were the outcome
of interest." For example, the same overall score obtained by two par-
ticipants could be obtained by solving different items, with different
levels of difficulty and/or making different errors, so that, without
matching, any difference observed in the proportion and type of errors
made could be due to differences in overall performance and the char-
acteristic qualities of the group (Facon & Nuchadee, 2010).

Within this framework, the objective of this study is to analyze the
performance and error patterns of bilingual children aged 5 to 12,

1 We did not include the “Total Score of Raven’s CPMT” in the model for the
propensity score to avoid inducing a specific bias arising when including an
outcome that could select individuals (as the error types could be affected by
the independent variable of interest directly and indirectly through the total
score).

matched with their monolingual peers (Spanish and monolingual
indigenous language speakers) with respect to the level of exposure to
poverty,” certain individual characteristics (sex and age) and the type of
area in which the household is located.® Specifically, our main research
questions and hypotheses are the following:

— First, when considering the total available sample of children aged 5
to 12, after matching based on the level of exposure to poverty, sex,
age, and type of household area do we observe differences in overall
performance (number of correct answers) in the Raven’s CPMT for
the bilingual group with respect to their monolingual peers?
Although the empirical evidence is not conclusive, according to the
argument presented by Ben-Zeev (1977a) regarding a greater scan-
ning ability by bilinguals, we hypothesized that bilingual children
would have better performance (higher number of correct answers)
on the CPMT than their monolingual peers in Spanish and their
monolingual peers in an indigenous language (Hypothesis 1).

— Second, considering the total sample (children aged 5 to 12), once
the participants were matched according to level of exposure to
poverty, gender, age, and the type of household area, do bilingual
and monolingual children make the same error patterns when of-
fering an incorrect response to any item on the task? It was expected
that bilingual children would make fewer Difference (D) errors than
their monolingual peers due to their use of a different exploration

2 Taking advantage of the large amount of data provided by the MxFLS on the
characteristics of households and the activities carried out by their members, in
what we consider a modest contribution of this work, we have constructed a
multidimensional poverty measure that includes factors associated with both
material and symbolic poverty.

3 The variable “type of household area” is a proxy to identify the type of area
(locality) in which the child’s household is located, based on the level of basic
services it offers. It is a dichotomous variable that takes the value 1 if the
household is located in a locality without basic sanitation infrastructure (for the
evacuation of excreta), and O if there is any infrastructure (septic tank, sewage
system, etc.).
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strategy (Ben-Zeev, 1977b), but no differences were anticipated on
the other error types (WP, R, IC) (Hypothesis 2).

— Finally, differentiating between two age cohorts for each of the lin-
guistic groups in the sample (aged 5 to 8 and 9 to 12, respectively),
after matching the participants based on level of exposure to poverty,
sex, age, and the type of household area, is the pattern of errors
maintained throughout primary education, regardless of the lin-
guistic group? Here, according to the pattern described in typically
developing children (Gunn & Jarrold, 2004; Petretto et al., 2021;
Raven, Court, & Raven, 1990; Van Herwegen et al., 2011), we ex-
pected that the most common errors would be type R and the least
frequent would be type D, for both bilinguals and monolinguals, and
that this pattern of errors would be maintained in both age range
groups (Hypothesis 3).

2. Method
2.1. Participants

The sample was obtained from participants in the third round of data
collection (the last round available) of the Mexican National Survey on
Household Living Standards (Encuesta Nacional sobre Niveles de Vida de
los Hogares - MxFLS) (Rubalcava & Teruel, 2013). It consisted of 4644
primary school children aged 5 to 12 (M = 8.56, SD = 2.25, Min = 5,
Max = 12), of which 49.71% were boys and 50.29% were girls.

Two age groups were established, the first containing 2256 (48.58%)
children aged 5 to 8 (M = 6.54, SD = 1.11, Min = 5, Max = 8) and the
second with 2388 (51.42%) children aged 9 to 12 (M = 10.46, SD =
1.11, Min = 9, Max = 12). The MxFLS is a multi-thematic and repre-
sentative longitudinal survey of the Mexican population at the national,
urban, rural, and regional levels. The MXFLS sampling design carried out
by the National Institute of Statistics and Geography (INEGI, based on its
Spanish name - Instituto Nacional de Estadistica y Geografia) is probabi-
listic, stratified, multistage, and clustered. Participants who, according
to an interviewer’s report, had poor or very poor attention during the
test were excluded from the original sample.

Three participant groups have been defined, based on the regular use
of one or more languages: bilingual, monolingual in Spanish, and
monolingual in an indigenous language. The distinction between bilin-
gual and monolingual is established based on reporting by the head of
the household in the MXFLS as to whether the child speaks Spanish and
some indigenous language (bilingual), speaks only Spanish (mono-
lingual in Spanish), or speaks only an indigenous language (monolingual
in that language). Table 2 shows the distribution of participants in the
three linguistic groups and the corresponding descriptive statistics ac-
cording to sex, age and type of household area.

2.2. Instruments and measures

2.2.1. Cognitive performance

A reduced version of the Raven’s CPMT (; Raven et al., 2006) was
administered. The Raven’s CPMT is a classic, non-verbal abstract
reasoning test based on graphical analogy problem-solving, having good
psychometric properties across diverse cultural, economic, and social
settings.

Each problem consists of a matrix with figural elements, such as
geometric figures and lines, in which an element is missing. Participants
must look across the rows and then look down the columns to discover
the rules governing the presentation of the diverse figural elements and
then use these rules to determine the missing element. Participants must
identify the relevant features of a set of visual elements and then select
the correct element from six response alternatives arranged below the
matrix. Although the test consists of three series of twelve items (series
A, AB, and B), in the MxFLS, a reduced version containing 18 items of the
Raven’s CPMT was administered: 6 correspond to series A (A2, A4, A6,
A8, A10, A12), 6 to the AB series (AB 2, AB 4, AB 6, AB 8, AB 10, AB12)
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and 6 to series B (B2, B4, B6, B8, B10, and B12). This selection strategy is
considered adequate since some studies have shown that completing the
entire test can lead to a fatigue effect in young children (Van de Vijver &
Brouwers, 2009). The following measures were obtained from the an-
swers given to each item and from the test as a whole:

— Total score on the Raven’s CPM. The total score on the Raven’s CPMT
was calculated as the number of correctly solved items.

— Error types. According to the classification of the distractors incor-
porated by each item of the test (Raven et al., 2006), four variables
were defined, based on the types of conceptual error underlying the
incorrect response to the item:

— Repetition Errors (R). The score was calculated as the number of
incorrectly solved items in which the selected answer or element
repeats the drawing that is above and to the left of the space to be
completed in the matrix, or it is a figure that repeats the drawing that
is above or to the left of the space to be filled.

— Difference Errors (D). The score was calculated as the number of
incorrectly solved items in which the selected answer corresponds to
an element that does not contain any figure or is an element that is
completely incongruent with the given matrix.

— Wrong Principle Errors (WP). The score was calculated as the number
of incorrectly solved items in which the chosen answer contains a
figure that is contaminated by inconsistencies or distortions, com-
bines figures incongruously, or is all or half of the drawing to be
completed.

— Incomplete Correlate Errors (IC). The score was calculated as the
number of incorrectly solved items in which the selected answer
contains a figure that is misoriented or is an incomplete but correct
figure.

2.2.2. Poverty

Based on a set of socioeconomic indicators included in the MXFLS, a
Synthetic index of global poverty was calculated yielding values between
0 (more impoverished) and 10 (less impoverished). To calculate it, the
scores obtained in two dimensions or sub-indices of poverty, material
and symbolic, were added:

— Material poverty refers to restrictions on economic resources to meet a
series of basic needs (Feres & Mancero, 2001). In this dimension, four
dichotomous indicators (1 = yes; 0 = no) were included, corre-
sponding to whether the child’s habitual residence was endowed
with certain characteristics (i.e., electricity, floor with insulating
material, kitchen and bedroom in different rooms, WC utilities linked
to the sanitation network) that could directly affect their physical
well-being and health. This sub-index yields values between 0 (more
material poverty) and 4 (less material poverty).

— Symbolic poverty refers to time restrictions and opportunities for the
child to participate in certain activities mediated by verbal
communication (oral and written) outside of the school environment
(Sen, 2000), and that could contribute to his/her cognitive and lin-
guistic enrichment. This sub-index yields values between 0 (highest
level of symbolic poverty) and 6 (lowest level of symbolic poverty),
based on the score obtained on six dichotomous indicators (1 = yes;
0 = no) revealing whether the child usually performs certain activ-
ities individually (i.e., reading, watching television and using the
internet) or together with others (i.e., sports/culture, playing games
inside or outside the home, helping other household members with
study/homework).

2.3. Procedure

The reduced Raven’s CPMT was administered individually in its
pencil-and-paper version, presenting the 18 items one by one and in the
same order of increasing difficulty with regard to the entire sample, as
recommended by the manual (Raven et al., 2006). Each child was asked
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Table 2

Group sample size and basic statistics according to sex, age and type of household area.
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Sample Sex Age Type of household area
Group N % Boys Girls Mean SD Min Max Basic sanitation No basic sanitation
Bilingual 671 14.20 335 336 8.66 2.22 5 12 643 28
Monolingual Spanish 3970 84.15 1970 2000 8.55 2.25 5 12 3826 132
Monolingual Indigenous 78 1.65 41 37 7.85 2.13 5 12 74 4
Total 4719 100 2346 2373 8.56 2.25 5 12 4543 164

Note: N = number of cases. % = percentage. Mean = arithmetic mean. SD = standard deviation. Min = minimum value. Max = maximum value. Source: Prepared by

the authors using the data from the MxFLS database.

to choose the figure (from the 6 offered in each item) that completed the
item matrix for each of the items presented. There was no time limit for
completing the test and the child was encouraged to respond to all items.
The test was administered in the child’s home, with the interviewer
recording the answers.

2.4. Data analyses

We conducted an assessment with a quasi-experimental multiple-
treatment strategy. For the analysis of the results, Flores and Mitnik’s
methodological proposal (Flores & Mitnik, 2013) was followed. This
consists of proposing a counterfactual which, for the purposes of our
research, allows us to reduce the differences in the mean results of the
comparison groups (bilingual vs. monolingual) due to individual dif-
ferences in age, sex, exposure to material and symbolic poverty, and the
type of household area. The counterfactual is initially based on the
assumption of the subject selection hypothesis based on observable
characteristics or “unconfoundedness” (Rubin, 1990); and secondly, it
relies on non-experimental multiple treatment estimators to eliminate
intergroup differences in observable characteristics.

Because propensity score matching only identifies the causal impact
of an independent variable when the propensity score was created with
all other causal variables or highly correlated with all other causal
variables (Steiner, Cook, Shadish, & Clark, 2010), and because other
variables may cause differences between groups (as previously discussed
in the introduction), even after matching some of them via propensity
scores, it is important to note the following: (1) any remaining differ-
ences between groups on the Raven’s after matching represent the
maximum possible causal effect; (2) the matching of certain variables
may not eliminate their causal impact if they have indirect causes (e.g.,
interaction effects) on the dependent variables and/or share a common
cause with the dependent variables; and (3) uninvestigated variables
could cause the differences seen in this study.

This methodological proposal is implemented in three stages:

1) Estimation of the Generalized Propensity Score (GPS) (Imbens &
Wooldridge, 2009; Hirano & Imbens, 2004). Through a multinomial
logit model, the GPS estimates the probability that individual i
belonging to group G is in location k, Pr(G; = k| G; = k). Likewise, for
any individual that is not part of group G, it offers the probability
that they belong to k, Pr (G; = k|G; # k) based on the observable
characteristics considered. This last probability is relevant for the
second stage, while the first probability is used in the third stage.

Establishment of an intergroup “common support condition”, by
virtue of which individuals are selected based on their observable
characteristics, which overlap between groups so as to permit com-
parison. To do so, we select individuals whose probability of
belonging to group k, given that they are not part of group k, is
greater than the qth quantile of the lowest probability of belonging to
group k for k’s individuals for each group. In this way, an individual
satisfies the overlap condition in each group k, ensuring compara-
bility based on observable characteristics. We followed Flores and
Mitnik (2013) recommendation of selecting the quantile q that de-
termines the amount of q = 0.0025. The use of a value of the qth

2

—

quantile that is greater than zero avoids the selection of an “outlier”

that implies incorporating non-comparable individuals between the

groups.”

Estimation of the measure associated with each group and analysis of

intergroup differences. For this, a regression model Yy = ZleﬂkGik

+ yX; + ¢ is applied, where Yy is the number of responses of a given

type;fx are the coefficients of the regressors associated with each

group k; X; is the individual characteristics matrix; and ¢; is the error
term. From this equation, three alternative estimators are calculated
for the mean associated with each group:

— Linear Regression (Raw Means). This is an estimator that calculates
the expectation of the outcome conditional to its belonging to a
certain group and certain individual characteristics E[ Y| G; = k].
For each group, the mean of the estimated values is provided,
without imposing any common support conditions.

— Linear Regression Imposing Overlap (Raw Means overlap). This
estimator provides the mean of the estimated values considering
only the scores of individuals who satisfy the imposed overlap
condition.

— Inverse Probability Weighting (IPW). Considering the individuals
that satisfy the imposed overlap condition, this estimator provides
the mean of the inverse probability of its own GPS, Pr(G; = k| G; =
k). Inverse probability weighting allows missing data to be
accounted for when individuals with missing data cannot be
included in the primary analysis (Hernan & Robins, 2006), thereby
increasing the weight of underrepresented cases in the sample.

3

—~

3. Results

Table 3 presents the results of the descriptive analysis for the total
sample before performing the overlap in the Raven’s test, expressed as a
percentage (% times 1) of correct answers and the different types of
error considered. Statistics are also included for the overall measure-
ment of the poverty index, as well as its main dimensions (material and
symbolic).

3.1. Overlap analysis

First, we present the results of the overlap between the different
linguistic groups, for both the total sample and differentiated between
two age groups: from 5 to 8 and from 9 to 12, with respect to their level
of exposure to poverty, certain individual characteristics (sex and age),
and type of household area. Table 4 shows the percentage of cases
eliminated from each linguistic group in the total sample and in each age
group (from 5 to 8 and from 9 to 12), after imposing the overlap, as well

4 No consensus exists, even in the binary treatment literature, as to how to
select the appropriate amount of trimming (Imbens & Wooldridge, 2009).
Therefore, we coincide with Flores and Mitnik (2013), who established this
general criterion to prevent a single individual from remaining inside or outside
the overlap region. As a result, in the case of discontinuity in the tail of the
overlap distribution (due to an outlier), that individual is excluded when
determining the overlap region.
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Table 3
Descriptive statistics results and poverty measures for the total sample.
Mean SD Min Max
Total Score RCPMT 0.57 0.21 0 1
Error types
Difference 0.02 0.05 0 0.39
Repetition 0.28 0.15 0 0.67
Wrong Principle 0.07 0.08 0 0.50
Incomplete Correlate 0.10 0.08 0 0.50
Poverty
Material 3.74 0.62 0 4
Symbolic 2.34 0.85 0 6
Global 6.08 1.01 0 10

Note: Mean = arithmetic mean. SD = standard deviation. Min = minimum value.
Max = maximum value. Source: Prepared by the authors using the data from the
MxFLS database.

Table 4
Group sample size with and without overlap.

N Bilingual  Spanish  Indigenous  Total

Entire sample (children aged 5-12)

n 549 3596 41 4186

n after imposing overlap 505 3312 41 3858

% cases dropped due to non- 8.01% 7.90% 0.00% 7.84%
overlap

Children between 9 and 12

n 289 1862 15 2166

n after imposing overlap 261 1659 15 1935

% cases dropped due to non- 9.69% 10.90%  0.00% 10.66%
overlap

Children between 5 and 8

n 260 1734 26 2020

% after imposing overlap 253 1688 26 1967

% cases dropped due to non- 2.69% 2.65% 0.00% 2.62%

overlap

Note: N = number of cases. % = percentage. Source: Prepared by the authors
using the data from the MxFLS database.

as the total percentage of eliminated cases (7.84%). It is evident that in
the group of monolingual Spanish-speaking children, aged 9 to 12 years,
almost 11% of the cases were discarded since they were not comparable
with children of at least one of the other linguistic groups (bilingual and
monolingual in an indigenous language).

Fig. 1 graphically shows the quality of the overlap carried out (based
on the GPS distribution), for both the total sample (panel a), and for the
subsamples of children aged 9-12 (panel b) and 5-8 (panel c).

3.2. GPS estimation and covariate balancing

The GPS balances the covariates between individuals belonging to a
certain group and those who do not belong to it (Imbens, 2000). To
examine the balance of each covariate after adjusting the GPS, Flores
and Mitnik’s strategy (Flores & Mitnik, 2013) was applied to determine
whether there is equality of joint means after each observation is

weighted by 1/ R;. To estimate the GPS, a multinomial logit (MNL) model
including 4 covariates (synthetic global poverty index, age, sex, and type
of household area) was used. Table 5 presents for the entire sample, the
socioeconomic (poverty level), individual (sex and age) and household
area characteristics (type of household area), both without applying
“overlap” (without equalization) and while performing an “overlap”
analysis (equated or with common support). In addition, the differen-
tiated results are presented in two age cohorts, from 5 to 8 and from 9 to
12. Estimation results are presented for each of the participating groups
(bilingual, monolingual in Spanish, and monolingual in an indigenous
language) for the total sample and for each of the two age cohorts.
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Specifically, the p-value of the Root-Mean-Square Deviation (RMSD) test
(see equation - 3 - of the methodological appendix) is shown for the
mean of each variable calculated before and after weighting by the GPS.

The results show how the weighting by GPS brings the means of all
the covariates closer for the three linguistic groups, both when consid-
ering the whole sample and the subsamples of the two age ranges, with
the only exceptions of the type of household area (in the total sample
and in the group of children aged 5 to 8), and sex (in the group of
children aged 9-12). For example, the RMSD estimator shows that the
global poverty index in the entire sample (5-12 years of age) is reduced
from 0.025 to 0.013 after weighting the GPS. This significant improve-
ment in the balance of the three language groups is evident when
considering the joint test of equality of means, which is only rejected for
the sex covariate. Thus, we find that GPS weighting greatly improves the
balance between the three language groups. We tested for mean differ-
ences of the variables used in our regressions. However, age and the
constructed poverty index are unbalanced in the full sample.® After
imposing the common support and inverse probability weighting
matching, we did not find statistically significant differences between
the means of the three groups (see, Table 5, p-values). Therefore, based
on these results, we can conclude that, the covariates in the raw data
were based on a considerable balance between the three language
groups, and the estimated GPS does a good job of improving their bal-
ance in the entire sample (5-12 years of age).

3.3. Main results

3.3.1. Estimation without matching (overlap)

Table 6 presents the estimated mean values without matching
(overlap) for the overall performance on the Raven’s CPMT (Total score
RCPMT) and the percentage of each type of error variable for each
language group and age cohort. When considering the total sample,
bilingual children are found to have a significantly lower overall per-
formance on the Raven’s CPMT as compared to monolingual (Spanish-
speaking) children, without making the comparison based on the vari-
ables of sex, age, poverty level and type of household area. When
considering different age cohorts, we see that both bilingual children
aged 9 to 12 and younger (aged 5-8) children revealed a tendency to
underperform their monolingual (Spanish-speaking) peers.

When comparing bilinguals and monolinguals, no statistically sig-
nificant differences were found in the frequency of any of the error types
when solving the Raven’s CPMT, indicating that the intergroup differ-
ences are quantitative and not qualitative. Finally, when individually
analyzing the error patterns of each linguistic group, we find that,
regardless of whether they are bilingual or monolingual (either in
Spanish or an indigenous language), the most frequent type of error
made by children aged between 5 and 8 was R, followed by IC and WP,
whereas the least frequent error was type D. Likewise, in older children
(9-12 years), this same pattern of relative frequency of the four error
types was maintained.

Additionally, considering the two age cohorts, Table 7 shows how
the intragroup differences in each linguistic group, are only statistically
significant in the case of errors type D, in the group of monolingual
children in Spanish.

3.3.2. Estimation with matching (overlap)

Table 8 shows the mean values estimated using a linear regression
model where the condition of common support (overlap) was imposed
with respect to the variables of age, sex, poverty level and type of
household area for each language and age group, in order to analyze the

5 In these cases, the propensity score matching did not fully control for the
differing poverty among the three groups. In other words, at least some of the
remaining group differences could be due to remaining effects of poverty and
age.
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(a) All children (5-12 years of age)

Fig. 1. Overlap Quality-Plots (based on GPS distribution).

(a) All children (5-12 years of age)

(b) Older children (9-12 years of age)

(c) Younger children (5-8 years of age)

Source: Prepared by the authors using the data from the MxFLS database.

intergroup differences of the overall performance on the Raven’s test
(Total score RCPMT). When considering the total sample, the results are
found to be consistent in both estimates, with and without overlap,
although the mean values of the overall performance on the Raven’s
CPMT were slightly lower when the estimate was carried out with
overlap. Again, the results reveal that bilingual children had a signifi-
cantly lower overall performance on the CPMT than monolingual
(Spanish-speaking) children. Moreover, when considering different age
cohorts, we observe that both the older (9-12-year-olds) and younger
(5-8-year-olds) bilinguals had a lower performance than monolingual
Spanish speakers, although this difference was not statistically
significant.

Regarding the pattern of errors on the Raven’s CPMT, the results
indicate that there were no statistically significant differences between
groups in the frequency with which they tended to make each type of
error. The results obtained when imposing overlap are consistent with
the previous estimation in which common support was not imposed.
Thus, regardless of the bilingual or monolingual condition in the

younger children (5-8 years), the most frequent type of error was R,
followed by IC, WP, and, finally, D, maintaining this pattern in older
children. Type D errors had the same frequency for children aged 5 to
12.

Again, considering the two age cohorts, the Table 9 results are
consistent with the previous estimator to reveal how the intragroup
differences in each linguistic group, are only statistically significant in
the case of errors type D, in the group of monolingual children in
Spanish.

3.3.3. Estimation with overlap and inverse probability weighting

Table 10 presents a third estimator for each group, inverse proba-
bility weighting (IPW), which permits the increased weighting of
monolingual children (in some indigenous language) who were under-
represented in the initial sample. When considering the total sample,
once the overlap had been imposed, the results were consistent with
those obtained in the previous estimation, although the mean values
with respect to the overall performance on the Raven’s CPMT were
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(b) Older children (9-12 years of age)

Fig. 1. (continued).

slightly lower in each of the groups. Again, bilingual children had a
significantly lower overall performance on the test than monolingual
(Spanish-speaking) children. Furthermore, when considering different
age cohorts, we find that both older bilingual children (9-12-year-olds)
and younger bilingual children (5-8-year-olds) performed significantly
lower than the monolingual (Spanish-speaking) children.

Finally, it may be observed that when considering the different types
of error, as in the two previous estimates, no statistically significant
differences were obtained between linguistic groups. Likewise, the re-
sults obtained from each of the groups were consistent with previous
estimates, with and without common support overlap, whereby children
aged 5-8 tended to make R errors more frequently, followed by IC, and
WP, with D errors being the least frequently made. This same pattern of
relative frequencies in error types was observed for children up to the
age of 12.

Lastly, considering the two age cohorts, the Table 11 results are
consistent with the two previous estimators to reveal how the intragroup
differences in each linguistic group, are only statistically significant in
the case of errors type D, in the group of monolingual children in
Spanish.

10

4. Discussion

Using a representative sample of the Mexican population, the main
objective of this study was to analyze performance on the Raven’s CPMT
by children aged 5 to 12 living in a multi-ethnic environment of poverty.
Quantitative (correct answers) and qualitative (types of error) terms
were used to compare the performance of three participant groups
(monolinguals in Spanish, monolinguals in an indigenous language,
bilinguals in Spanish and indigenous languages) on the Raven’s task.
Moreover, as a contribution of methodological approaches based on the
comparison of groups, GPS techniques were used, allowing for the
equating of participants in terms of variables such as age, sex, type of
household area and level of exposure poverty (material and symbolic).
In this sense, new evidence is provided on the relationships between the
use of one or more languages and cognitive performance on a widely
used non-verbal reasoning test. First, the results showed that significant
differences exist between bilinguals and monolinguals in overall per-
formance on the Raven’s CPMT, with monolingual (Spanish-speaking)
children achieving significantly higher scores than bilinguals. Secondly,
we verified that, throughout primary education ages, no differences are
found in the pattern of errors made by bilingual and monolingual
(Spanish or indigenous language speakers) when completing the test.
The main contributions in this regard, their limitations and necessary
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(c) Younger children (5-8 years of age)

Fig. 1. (continued).

caution when interpreting the results, and their implications are pre-
sented below.

The results of the overall performance on the Raven’s CPMT, show
that, even with the comparison of groups being carried out with GPS
techniques, significant differences exist between bilingual and mono-
lingual (Spanish-speaking) children, with the latter earning higher
scores from the ages of 5 to 12, a period coinciding with primary school
enrollment. Therefore, Hypothesis 1 was not supported. We provide a
more detailed analysis whose results complement those reported in
previous studies in which the superior performance of bilingual children
as compared to monolingual ones was either only found under condi-
tions of poverty (Ben-Zeev, 1977a) or was not supported (Bialystok &
Shorbagi, 2021; Engel de Abreu et al., 2012). Our findings allow us to
qualify prior evidence that revealed a significantly lower performance
by indigenous children on the RCPMT as compared to their non-
indigenous counterparts (Millones et al., 2015; Nistal, 2014). In this
study, once participants have been equated in terms of age, sex, type of
household area and level of exposure to poverty (material and sym-
bolic), Spanish monolinguals (non-indigenous) are found to be the most
advantaged children on overall task performance, whereas some factors
such as belonging to a minority ethnic community appear to negatively
influence performance on non-verbal reasoning tests such as the Raven’s
CPMT, particularly in the case of bilinguals.
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Some studies have found that bilingual children from minorities and
low-income families did not differ from their monolingual peers in terms
of cognitive abilities such as abstract reasoning (Engel de Abreu et al.,
2012) and attentional control (Kalashnikova, Pejovic, & Carreiras,
2021). It was also reported that the heritability of intelligence, specif-
ically Raven’s scores as indicators of IQ (intelligence quotient), does not
differ across ethnic groups living in disadvantaged environments (Pesta,
Kirkegaard, Nijenhuis, Lasker, & Fuerst, 2020). However, it has not been
ruled out that monolingual intergroup differences could emerge based
on linguistic experiences at home (Kroll & Bialystok, 2013a, 2013b) and
at school (Woumans, Surmont, Struys, & Duyck, 2016), parental edu-
cation (Millones, Flores-Mendoza and Rivalles, 2015), and degree of
family stimulation practices at home (Knauer, Ozer, Dow, & Fernald,
2018). In other words, the environmental quality could play a mean-
ingful role in explaining differences in Raven’s performance between the
groups of children (Lynn et al., 2018). Spanish was the language used by
interviewers when administering the Raven’s CPMT test to participants
in this study. It is also the majority social language in Mexico and the
main language of literacy instruction for both indigenous and non-
indigenous children. Hence, the higher performance by monolinguals
(Spanish speakers) as compared to that of bilinguals may be partly
attributed to the fact that indigenous bilinguals face significant chal-
lenges in terms of language barriers.
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Table 5
Descriptive statistics for overlap of the groups and evaluation of the estimators.
Joint Means Joint Equality of Mean Joint Root Mean Square
Wald Test Distance

Raw Mean and SD without overlap Raw Mean and SD with overlap Raw Mean and SD IPW

Bilingual Spanish Indigenous Bilingual Spanish Indigenous Bilingual Spanish Indigenous p-value RMSD

M SD M SD M SD M SD M SD M SD M SD M SD M SD Raw Raw IPM Raw Raw IPM

v/ov v/ov

Entire sample (5-12 years of age)
Age 8.64 2.21 8.56 2.26 7.78 2.13 8.42 2.15 8.35 2.18 7.78 2.13 8.33 2.15 8.35 2.19 8.57 2.18 0.042 0.173 0.815 0.047 0.035 0.013
Sex 0.48 0.50 0.50 0.50 0.49 0.51 0.48 0.50 0.49 0.50 0.49 0.51 0.50 0.50 0.49 0.50 0.57 0.50 0.758 0.885 0.665 0.014 0.010 0.068
Poverty  6.05 1.07 6.11 0.98 5.77 1.18 5.88 0.91 5.96 0.81 5.77 1.18 5.92 0.90 5.95 0.81 6.07 0.92 0.098 0.126 0.507 0.025 0.013 0.011
Area 0.96 0.19 0.97 0.17 0.90 0.30 0.96 0.20 0.97 0.17 0.90 0.30 0.97 0.18 0.97 0.18 0.97 0.17 0.219 0.199 0.907 0.032 0.031 0.003
Children between 9 and 12
Age 10.47 1.08 10.46 1.11 10.13 1.13 10.33 1.04 10.30 1.06 10.13 1.13 10.30 1.04 10.31 1.06 10.39 1.14 0.502 0.754 0.772 0.015 0.009 0.010
Sex 0.48 0.50 0.49 0.50 0.47 0.52 0.47 0.50 0.48 0.50 0.47 0.52 0.48 0.50 0.48 0.50 0.56 0.51 0.966 0.948 0.715 0.018 0.011 0.099
Poverty  6.15 1.17 6.26 1.06 6.00 0.99 5.97 1.06 6.07 0.92 6.00 0.99 6.03 1.06 6.06 0.92 6.17 0.80 0.227 0.352 0.791 0.017 0.007 0.009
Area 0.96 0.19 0.97 0.17 0.93 0.26 0.96 0.20 0.97 0.18 0.93 0.26 0.96 0.19 0.97 0.18 0.98 0.16 0.662 0.673 0.938 0.017 0.015 0.005
Children between 5 and 8
Age 6.61 1.09 6.52 1.11 6.42 1.14 6.59 1.10 6.50 1.11 6.42 1.14 6.57 1.10 6.51 1.11 6.64 1.07 0.450 0.450 0.962 0.012 0.011 0.004
Sex 0.48 0.50 0.51 0.50 0.50 0.51 0.49 0.50 0.51 0.50 0.50 0.51 0.50 0.50 0.51 0.50 0.57 0.50 0.703 0.796 0.835 0.023 0.019 0.051
Poverty 5.93 0.93 5.94 0.85 5.63 1.27 5.87 0.84 5.89 0.76 5.63 1.27 5.90 0.82 5.89 0.76 5.97 1.04 0.444 0.503 0.766 0.025 0.020 0.010
Area 0.96 0.19 0.97 0.17 0.88 0.33 0.96 0.20 0.97 0.17 0.88 0.33 0.97 0.18 0.97 0.17 0.97 0.18 0.323 0.286 0.975 0.041 0.041 0.002

Note: M = arithmetic mean. SE = standard error. ICi = lower confidence interval. ICs = upper confidence interval. B = Bilingual. S = monolingual in Spanish. I = monolingual in an indigenous language. Poverty =
Synthetic index of global poverty; Area = type of household area. The table shows the p-values of the joint equality test in Eq. (2) and the RMSD in Eq. (3) of the methodological appendix, with the corresponding 95%
confidence interval based on a “bootstrap” of 1000 replicates and the estimates and confidence intervals of pd for each group. Source: Prepared by the authors.
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Table 6
Wald test: first estimator Reg. Adj. Mean.

Bilingual (B) Spanish (S) Indigenous (I) Intergroup
Comparisons p

Variable M SE ICi ICs M SE ICi ICs M SE ICi ICs p value Effect RMSD ICi ICs B-S S-1 B-I
size

Entire sample (5-12 years of age)

Total Score RCPMT 0.54 0.0082 0.52 0.56 0.58 0.0035 0.57 0.59 0.54 0.0267 0.49 0.59 0.980 0.254 0.033 0.01 0.06 < 0.001 0.143 0.984
Error types
Difference 0.02 0.0020 0.02 0.02 0.02 0.0007 0.02 0.02 0.02 0.0076 0.01 0.03 0.970 0.040 0.040 -0.17 0.25 0.479 0.819 0.967
Repetition 0.27 0.0046 0.26 0.28 0.28 0.0022 0.27 0.28 0.27 0.0159 0.24 0.30 0.970 0.149 0.008 —0.02 0.04 0.357 0.762 0.972
Wrong Principle 0.07 0.0028 0.07 0.08 0.07 0.0013 0.06 0.07 0.07 0.0096 0.05 0.09 0.730 0.131 0.026 —0.05 0.10 0.180 0.963 0.732
Incomplete Correlate 0.10 0.0027 0.09 0.10 0.10 0.0013 0.09 0.10 0.10 0.0100 0.08 0.12 0.460 0.095 0.036 —0.03 0.10 0.869 0.469 0.459
Children between 9 and 12
Total Score RCPMT 0.64 0.0113 0.61 0.66 0.67 0.0041 0.66 0.68 0.58 0.0480 0.48 0.67 0.210 0.076 0.064 0.01 0.13 0.002 0.046 0.207
Error types
Difference 0.01 0.0020 0.01 0.02 0.01 0.0008 0.01 0.01 0.02 0.0110 0.01 0.04 0.480 0.009 0.264 —0.18 0.71 0.843 0.448 0.479
Repetition 0.22 0.0059 0.21 0.23 0.22 0.0032 0.22 0.23 0.21 0.0257 0.16 0.26 0.710 0.070 0.029 —0.05 0.11 0.342 0.558 0.713
Wrong Principle 0.05 0.0032 0.04 0.05 0.04 0.0014 0.04 0.05 0.05 0.0106 0.03 0.07 1.000 0.020 0.034 —0.09 0.16 0.342 0.759 0.996
Incomplete Correlate 0.08 0.0037 0.07 0.08 0.07 0.0017 0.07 0.08 0.09 0.0159 0.06 0.12 0.470 0.016 0.078 —0.04 0.20 0.488 0.367 0.475
Children between 5 and 8
Total Score RCPMT 0.44 0.0132 0.41 0.46 0.48 0.0046 0.47 0.49 0.48 0.0326 0.41 0.54 0.280 0.059 0.041 0.01 0.08 0.002 0.871 0.279
Error types
Difference 0.03 0.0035 0.02 0.03 0.02 0.0012 0.02 0.03 0.02 0.0103 0.01 0.04 0.650 0.042 0.085 —0.18 0.34 0.399 0.842 0.650
Repetition 0.33 0.0067 0.31 0.34 0.33 0.0034 0.32 0.34 0.33 0.0223 0.29 0.37 0.900 0.005 0.006 —0.03 0.04 0.544 0.960 0.896
Wrong Principle 0.10 0.0047 0.09 0.11 0.09 0.0021 0.09 0.10 0.09 0.0139 0.07 0.12 0.770 0.068 0.025 —0.05 0.10 0.264 0.936 0.766
Incomplete Correlate 0.12 0.0040 0.11 0.12 0.12 0.0020 0.12 0.12 0.12 0.0143 0.09 0.15 0.620 0.031 0.026 —0.04 0.09 0.373 0.792 0.618

Note: M = arithmetic mean. SE = standard error. ICi = lower confidence interval. ICs = upper confidence interval. B = Bilingual. S = monolingual in Spanish. I = monolingual in an indigenous language. Total Score
RCPMT = number of correct answers on the Raven’s test; Difference = frequency of difference errors; Incomplete Correlate = frequency of errors due to incomplete correlate; Repetition = frequency of repetition errors;
Wrong Principle = frequency of errors due to incorrect individualization. The table shows the p-values of the joint equality test in Eq. (2) and the RMSD in Eq. (3) of the methodological appendix, with the corresponding
95% confidence interval based on a “bootstrap” of 1000 replicates and the estimates and confidence intervals of pd for each group. Source: Prepared by the authors.
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Table 7
Wald test: first estimator Reg. Adj. Mean.

Intelligence 98 (2023) 101758

Children between 5 and 8 Children between 9 and 12
Variable M SE ICi ICs M SE ICi ICs p value Effect RMSD ICi ICs
size
All
Total Score RCPMT 0.48 0.0042 0.47 0.49 0.66 0.0041 0.66 0.67 < 0.001 0.197 0.158 0.15 0.17
Error types
Difference 0.01 0.0009 0.01 0.02 0.02 0.0011 0.02 0.02 < 0.001 0.025 0.238 0.16 0.32
Repetition 0.28 0.0027 0.27 0.28 0.27 0.0029 0.26 0.28 0.029 0.126 0.014 0.01 0.03
Wrong Principle 0.07 0.0015 0.07 0.07 0.07 0.0015 0.06 0.07 0.217 0.094 0.019 —-0.01 0.04
Incomplete Correlate 0.10 0.0014 0.09 0.10 0.10 0.0017 0.09 0.10 0.962 0.075 0.001 —0.01 0.01
Bilingual
Total Score RCPMT 0.45 0.0121 0.42 0.47 0.63 0.0121 0.61 0.66 < 0.001 0.198 0.172 0.14 0.20
Error types
Difference 0.02 0.0029 0.01 0.02 0.03 0.0031 0.02 0.03 0.055 0.051 0.174 0.01 0.34
Repetition 0.29 0.0070 0.28 0.31 0.28 0.0082 0.27 0.30 0.350 0.124 0.016 —0.01 0.04
Wrong Principle 0.08 0.0050 0.07 0.09 0.08 0.0046 0.07 0.09 0.638 0.095 0.019 —0.03 0.07
Incomplete Correlate 0.10 0.0043 0.09 0.11 0.10 0.0051 0.09 0.11 0.562 0.069 0.018 —0.03 0.06
Spanish
Total Score RCPMT 0.49 0.0045 0.48 0.50 0.67 0.0041 0.66 0.68 < 0.001 0.161 0.157 0.15 0.17
Error types
Difference 0.01 0.0009 0.01 0.01 0.02 0.0012 0.02 0.02 < 0.001 0.067 0.242 0.16 0.33
Repetition 0.28 0.0029 0.27 0.28 0.27 0.0030 0.26 0.27 0.066 0.043 0.013 0.01 0.03
Wrong Principle 0.07 0.0017 0.06 0.07 0.06 0.0016 0.06 0.07 0.265 0.114 0.019 —-0.01 0.05
Incomplete Correlate 0.09 0.0017 0.09 0.10 0.09 0.0018 0.09 0.10 0.785 0.085 0.004 —-0.01 0.02
Indigenous
Total Score RCPMT 0.45 0.0340 0.39 0.52 0.54 0.0598 0.42 0.65 0.227 0.198 0.085 —0.03 0.20
Error types
Difference 0.02 0.0099 0.01 0.04 0.04 0.0144 0.01 0.07 0.187 0.023 0.331 —0.07 0.73
Repetition 0.32 0.0257 0.26 0.37 0.31 0.0297 0.25 0.36 0.807 0.128 0.014 —0.05 0.08
Wrong Principle 0.09 0.0154 0.06 0.12 0.09 0.0150 0.06 0.12 0.764 0.095 0.030 —0.10 0.16
Incomplete Correlate 0.12 0.0133 0.10 0.15 0.13 0.0211 0.09 0.17 0.838 0.077 0.020 —0.10 0.14

Note: M = arithmetic mean. SE = standard error. ICi = lower confidence interval. ICs = upper confidence interval. B = Bilingual. S = monolingual in Spanish. I =
monolingual in an indigenous language. Total Score RCPMT = number of correct answers on the Raven’s test; Difference = frequency of difference errors; Incomplete
Correlate = frequency of errors due to incomplete correlate; Repetition = frequency of repetition errors; Wrong Principle = frequency of errors due to incorrect
individualization. The table shows the p-values of the joint equality test in Eq. (2) and the RMSD in Eq. (3) of the methodological appendix, with the corresponding 95%
confidence interval based on a “bootstrap” of 1000 replicates and the estimates and confidence intervals of pd for each group. Source: Prepared by the authors.

The fact that the results do not allow us to confirm our first hy-
pothesis of higher performance by bilingual children as compared to
their monolingual peers suggests that bilingualism did not provide an
advantage on Raven’s CPMT performance. This is not surprising if we
consider the current debate or lack of consensus regarding the alleged
advantage of bilingualism for certain cognitive functions (Antoniou,
2019). Regarding this, several authors have mentioned the possibility of
confirmation biases and the accumulation of common research practices
(Paap, Johnson, & Sawi, 2015), as well as publication biases (De Bruin,
Treccani, & Della Sala, 2015), which make the possible real advantages
of bilingualism questionable in terms of effect size and the circum-
stances in which its benefits take place. A meta-analysis performed by
Lehtonen et al. (2018) concluded that, once the mentioned biases were
corrected, the available evidence did not provide systematic support for
the general idea that bilingualism is associated with benefits in cognitive
control functions in adults. Even in cases in which bilingualism has been
associated with greater ability in cognitive control functions, its poten-
tial impact on the Raven’s task performance is not always clear. Thus,
when comparing early bilingual and monolingual adults, Treccani,
Argyri, Sorace, and Della Sala (2009) found that although balanced bi-
linguals show a greater ability to inhibit distracting or irrelevant infor-
mation (e.g., distracting stimuli in the Raven’s matrices), this ability
may be advantageous in some conditions but disadvantageous in others,
such as under negative priming conditions in which previously irrele-
vant information becomes relevant at another time. These findings raise
the question as to the possible specific non-linguistic cognitive effects of
bilingualism on inhibitory control functions, which are effects that
would not necessarily translate into cognitive advantages for the reso-
lution of non-verbal reasoning tasks.

Our approach and analyses have not specifically focused on the study
of executive functions, which are associated with children’s
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performance on fluid intelligence tests (Aran-Filippetti, Krumm, &
Raimondi, 2015; Johann et al., 2022). However, since these functions
could differentially affect the processing of information underlying the
different strategies used to solve this type of reasoning task, we hy-
pothesized that they could translate into differences in the error patterns
observed when solving the Raven’s CPMT. Our results showed that
whether the comparison of groups is considered or if the proposed one is
not carried out, no significant differences exist between groups in terms
of the frequency and types of error made by children, both when
considering the entire sample or each individual age cohort (5-8 and
9-12 years). Consequently, Hypothesis 2 was not supported. This,
however, does not discard potential differential cognitive effects that
could influence information processing. These effects would not neces-
sarily be reflected in significant differences in the strategies used to
resolve the items and the resulting pattern of erroneous responses on the
Raven’s task.

The comparison of our results with those from previous studies is
complex given that significant differences exist in the level of equality of
the groups based on their individual characteristics, level of poverty,
and even their linguistic condition. For example, of the available studies
in which differences have been observed in some of the error types,
children with “typical” development have been considered in some
cases, but without a specific comparison according to the conditions of
poverty and without differentiating their language situation (Gunn &
Jarrold, 2004; Matzen et al., 1994; Petretto et al., 2021; Van Herwegen
et al., 2011). In other cases, bilingual and monolingual children were
explicitly compared (Ben-Zeev, 1977a) even considering their level of
poverty (Ben-Zeev, 1977b), but an adequate comparison was not carried
out with respect to overall performance on the Raven’s test, in addition
to having relatively small sample sizes. In studies in which, as in our
case, no significant differences are found in the error patterns of
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Table 8
Wald test: second estimator Reg. Adj. Mean w/overlap.
Bilingual (B) Spanish (S) Indigenous (I) Intergroup Comparisons p
Variable M SE ICi ICs M SE ICi ICs M SE ICi ICs p value Effect RMSD ICi ICs B-S S-1 B-I

size

Entire sample (5-12 years of age)

Total Score RCPMT 0.53 0.0113 0.50 0.55 0.57 0.0081 0.55 0.59 0.53 0.0293 0.47 0.59 0.900 0.236 0.037 0.01 0.06 < 0.001 0.142 0.900
Error types
Difference 0.02 0.0023 0.02 0.02 0.02 0.0009 0.02 0.02 0.02 0.0076 0.01 0.03 0.960 0.041 0.036 —0.16 0.23 0.582 0.829 0.957
Repetition 0.28 0.0067 0.26 0.29 0.28 0.0050 0.27 0.29 0.28 0.0168 0.24 0.31 0.990 0.131 0.008 —0.02 0.04 0.371 0.772 0.990
Wrong Principle 0.07 0.0035 0.07 0.08 0.07 0.0022 0.07 0.07 0.07 0.0095 0.05 0.09 0.760 0.125 0.021 —0.05 0.10 0.323 0.992 0.762
Incomplete Correlate 0.10 0.0032 0.09 0.10 0.10 0.0022 0.09 0.10 0.11 0.0101 0.09 0.13 0.490 0.087 0.034 —0.03 0.10 0.989 0.472 0.492
Children between 9 and 12
Total Score RCPMT 0.62 0.0158 0.59 0.66 0.67 0.0087 0.65 0.68 0.57 0.0520 0.46 0.67 0.230 0.070 0.066 0.01 0.13 0.003 0.044 0.233
Error types
Difference 0.01 0.0025 0.01 0.02 0.01 0.0011 0.01 0.01 0.02 0.0112 0.01 0.04 0.490 0.008 0.250 —0.20 0.70 0.950 0.472 0.488
Repetition 0.22 0.0097 0.20 0.24 0.23 0.0066 0.22 0.24 0.21 0.0247 0.17 0.26 0.770 0.064 0.027 —0.05 0.10 0.325 0.579 0.774
Wrong Principle 0.05 0.0037 0.04 0.05 0.04 0.0023 0.04 0.05 0.05 0.0108 0.03 0.07 0.990 0.018 0.029 —0.09 0.15 0.495 0.783 0.987
Incomplete Correlate 0.08 0.0044 0.07 0.09 0.08 0.0024 0.07 0.08 0.09 0.0164 0.06 0.12 0.540 0.014 0.073 —0.05 0.19 0.485 0.389 0.539
Children between 5 and 8
Total Score RCPMT 0.44 0.0151 0.41 0.47 0.48 0.0066 0.47 0.49 0.48 0.0345 0.41 0.54 0.320 0.057 0.039 0.01 0.08 0.008 0.904 0.318
Error types
Difference 0.03 0.0040 0.02 0.04 0.02 0.0015 0.02 0.03 0.02 0.0106 0.01 0.04 0.600 0.042 0.100 —0.14 0.34 0.338 0.832 0.603
Repetition 0.33 0.0074 0.31 0.34 0.33 0.0038 0.32 0.34 0.33 0.0233 0.28 0.37 0.870 0.005 0.006 —0.03 0.05 0.526 0.972 0.873
Wrong Principle 0.10 0.0053 0.09 0.11 0.09 0.0030 0.09 0.10 0.09 0.0145 0.06 0.12 0.780 0.065 0.023 —0.06 0.11 0.333 0.961 0.775
Incomplete Correlate 0.12 0.0044 0.11 0.12 0.12 0.0025 0.11 0.12 0.12 0.0147 0.09 0.15 0.600 0.031 0.028 —0.04 0.10 0.323 0.800 0.604

Note: M = arithmetic mean. SE = standard error. ICi = lower confidence interval. ICs = upper confidence interval. B = Bilingual. S = monolingual in Spanish. I = monolingual in an indigenous language. Total Score
RCPMT = number of correct answers on the Raven’s test; Difference = frequency of difference errors; Incomplete Correlate = frequency of errors due to incomplete correlate; Repetition = frequency of repetition errors;
Wrong Principle = frequency of errors due to incorrect individualization. The table shows the p-values of the joint equality test in Eq. (2) and the RMSD in Eq. (3) of the methodological appendix, with the corresponding
95% confidence interval based on a “bootstrap” of 1000 replicates and the estimates and confidence intervals of pd for each group. Source: Prepared by the authors.
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Table 9
Wald test: second estimator Reg. Adj. Mean w/overlap.

Intelligence 98 (2023) 101758

Children between 5 and 8 Children between 9 and 12
Variable M SE ICi ICs M SE ICi ICs p value Effect RMSD ICi ICs
size
All
Total Score RCPMT 0.48 0.0042 0.47 0.49 0.66 0.0041 0.66 0.67 < 0.001 0.197 0.158 0.15 0.17
Error types
Difference 0.01 0.0009 0.01 0.02 0.02 0.0011 0.02 0.02 < 0.001 0.025 0.238 0.16 0.32
Repetition 0.28 0.0027 0.27 0.28 0.27 0.0029 0.26 0.28 0.030 0.126 0.013 0.01 0.03
Wrong Principle 0.07 0.0015 0.07 0.07 0.07 0.0015 0.06 0.07 0.219 0.094 0.019 —-0.01 0.04
Incomplete Correlate 0.10 0.0014 0.09 0.10 0.10 0.0017 0.09 0.10 0.952 0.075 0.001 —0.01 0.01
Bilingual
Total Score RCPMT 0.45 0.0121 0.42 0.47 0.63 0.0123 0.61 0.66 < 0.001 0.190 0.172 0.14 0.20
Error types
Difference 0.02 0.0029 0.01 0.02 0.03 0.0032 0.02 0.03 0.060 0.051 0.169 0.01 0.34
Repetition 0.29 0.0071 0.28 0.31 0.28 0.0083 0.27 0.30 0.377 0.117 0.015 —0.01 0.04
Wrong Principle 0.08 0.0050 0.07 0.09 0.08 0.0046 0.07 0.09 0.615 0.094 0.021 —0.03 0.07
Incomplete Correlate 0.10 0.0043 0.09 0.11 0.10 0.0051 0.09 0.11 0.589 0.067 0.017 —0.03 0.06
Spanish
Total Score RCPMT 0.49 0.0045 0.48 0.50 0.67 0.0041 0.66 0.68 < 0.001 0.161 0.157 0.15 0.17
Error types
Difference 0.01 0.0009 0.01 0.01 0.02 0.0012 0.02 0.02 < 0.001 0.067 0.242 0.16 0.33
Repetition 0.28 0.0029 0.27 0.28 0.27 0.0030 0.26 0.27 0.067 0.043 0.013 0.01 0.03
Wrong Principle 0.07 0.0017 0.06 0.07 0.06 0.0016 0.06 0.07 0.268 0.114 0.019 —-0.01 0.05
Incomplete Correlate 0.09 0.0017 0.09 0.10 0.09 0.0018 0.09 0.10 0.778 0.085 0.004 —-0.01 0.02
Indigenous
Total Score RCPMT 0.45 0.0346 0.39 0.52 0.54 0.0606 0.42 0.66 0.230 0.198 0.085 —0.03 0.20
Error types
Difference 0.02 0.0099 0.01 0.04 0.04 0.0150 0.01 0.07 0.195 0.023 0.331 —0.07 0.73
Repetition 0.32 0.0262 0.26 0.37 0.31 0.0304 0.25 0.37 0.809 0.128 0.014 —0.05 0.08
Wrong Principle 0.09 0.0156 0.06 0.13 0.09 0.0153 0.06 0.12 0.765 0.094 0.030 —0.10 0.16
Incomplete Correlate 0.12 0.0135 0.10 0.15 0.13 0.0218 0.09 0.17 0.842 0.078 0.020 —0.10 0.14

Note: M = arithmetic mean. SE = standard error. ICi = lower confidence interval. ICs = upper confidence interval. B = Bilingual. S = monolingual in Spanish. I =
monolingual in an indigenous language. Total Score RCPMT = number of correct answers on the Raven’s test; Difference = frequency of difference errors; Incomplete
Correlate = frequency of errors due to incomplete correlate; Repetition = frequency of repetition errors; Wrong Principle = frequency of errors due to incorrect
individualization. The table shows the p-values of the joint equality test in Eq. (2) and the RMSD in Eq. (3) of the methodological appendix, with the corresponding 95%
confidence interval based on a “bootstrap” of 1000 replicates and the estimates and confidence intervals of pd for each group. Source: Prepared by the authors.

bilingual and monolingual children, a comparison is available with
respect to poverty, but not with respect to overall Raven’s test perfor-
mance (Myers & Goldstein, 1979). It should be mentioned, however,
that our results are in line with those obtained by Myers & Goldstein
from a sample of lower-class monolingual English-speaking children and
bilingual (English and Spanish-speaking) children enrolled in kinder-
garten, third and sixth grade of primary school. The authors reported
that, although the bilingual children’s verbal ability in both languages
was lower than that of the monolinguals, the mean overall score and the
error patterns of both groups on the Raven’s test were equivalent. They
concluded that, despite the apparent language differences, bilingual and
monolingual children have comparable non-verbal reasoning cognitive
abilities.

In addition, if we consider the distinction between cognitive func-
tions of representation (abstract reasoning) and control (selective
attention and interference suppression), the debate remains open as to
the supposed advantages found in children with typical development on
control-based tasks, but not in representation tasks (Bialystok, 2001).
Following this line of argument, prior works have suggested that bilin-
gualism in typically developing children could affect cognitive functions
such as the selective attention to relevant aspects of a problem, the in-
hibition of distracting information, and the alternation between
competing responses, which may translate to better performance as
compared to their monolingual peers on the Ravens'tests (Craik & Bia-
lystok, 2006). However, it cannot be ruled out that these differences will
not translate into qualitatively different task resolution strategies or, at
least, strategies that are different enough to generate differences in error
patterns in the Raven’s CPMT.

As for the results obtained when considering error patterns during
primary education (from 5 to 12 years of age), Hypothesis 3 is supported
for each of the three linguistic groups, with the results being consistent
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with those from previous studies considering typically developed chil-
dren revealing an error pattern in which the most common error was R
and the least common was D, while IC and WP had a similar frequency
(Gunn & Jarrold, 2004; Petretto et al., 2021; Van Herwegen et al.,
2011). Furthermore, the relative frequency of three error types (R, WP,
and IC) is similar in children aged 5 to 8 and in those aged 9 to 12,
regardless of the linguistic group. However, considering the two age
cohorts, the results reveal how the intragroup differences in each lin-
guistic group, are only statistically significant in the case of errors type
D, in the group of monolingual children in Spanish.

According to observations from some standardization studies (Raven
etal., 1990), the distribution of errors showed that the R error type is the
most common, followed by IC, WP, and, finally, D errors. However,
although Raven et al. (1990) observed that, when comparing error
patterns of children having a mean age of 6.5 and 10.5 years, D errors go
from 7 to 1%, WP errors go from 18 to 10%, R from 56 to 74% and IC
from 19 to 15%. In fact, unlike Raven et al. (1990), we did not find a
progressive increase in R errors.

Finally, from a methodological point of view, the results obtained are
encouraging as they reveal how the method used, in addition to
providing a greater level of comparison between experimental groups
for a representative sample at the population level, also manages to do
so without being excessively sensitive to the model used to estimate the
GPS, or to the estimators used, and without omitting linguistic groups
with less population representation from the analysis.

However, caution should be used when generalizing from the results
since, because although the role of strong ignorability is clear in theory,
in practice there is usually no way to prove the absence of differential
selection on unobserved covariates. In this sense, although we have
achieved a considerable balance between the three language groups
(and the estimated GPS improve this balance in our entire sample) on
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Table 10
Wald test: third estimator IPW.
Bilingual (B) Spanish (S) Indigenous (I) Intergroup Comparisons p
Outcome M SE ICi ICs M SE ICi ICs M SE ICi ICs p value Effect RMSD ICi ICs B-S S-1 B-I

size

Entire sample (5-12 years of age)

Total Score RCPMT 0.53 0.0112 0.51 0.55 0.57 0.0079 0.56 0.59 0.53 0.0340 0.47 0.60 0.930 0.252 0.037 0.01 0.07 < 0.001 0.187 0.928
Error types
Difference 0.02 0.0026 0.02 0.03 0.02 0.0018 0.02 0.02 0.02 0.0070 0.01 0.03 0.910 0.069 0.019 —0.15 0.19 0.717 0.990 0.906
Repetition 0.29 0.0097 0.27 0.31 0.29 0.0085 0.28 0.31 0.29 0.0179 0.26 0.33 0.720 0.112 0.009 —0.02 0.03 0.310 0.965 0.722
Wrong Principle 0.08 0.0045 0.07 0.09 0.07 0.0037 0.07 0.08 0.07 0.0085 0.06 0.09 0.560 0.143 0.030 —0.04 0.10 0.306 0.811 0.565
Incomplete Correlate 0.10 0.0042 0.09 0.11 0.10 0.0034 0.10 0.11 0.11 0.0107 0.09 0.13 0.700 0.107 0.020 —0.03 0.08 0.838 0.637 0.702
Children between 9 and 12
Total Score RCPMT 0.63 0.0162 0.60 0.67 0.67 0.0098 0.65 0.69 0.61 0.0510 0.51 0.71 0.630 0.240 0.041 0.01 0.09 0.004 0.176 0.627
Error types
Difference 0.01 0.0031 0.01 0.02 0.01 0.0021 0.01 0.02 0.02 0.0077 0.01 0.03 0.850 0.119 0.063 —0.28 0.41 0.843 0.794 0.851
Repetition 0.23 0.0155 0.20 0.26 0.24 0.0141 0.21 0.27 0.24 0.0265 0.19 0.30 0.620 0.119 0.018 —0.03 0.06 0.247 0.890 0.617
Wrong Principle 0.05 0.0053 0.04 0.06 0.05 0.0047 0.04 0.06 0.05 0.0088 0.03 0.06 0.670 0.116 0.036 —0.09 0.16 0.446 0.893 0.674
Incomplete Correlate 0.08 0.0062 0.07 0.10 0.08 0.0049 0.07 0.09 0.08 0.0127 0.06 0.11 0.980 0.138 0.020 —0.07 0.11 0.475 0.774 0.984
Children between 5 and 8
Total Score RCPMT 0.44 0.0151 0.41 0.47 0.48 0.0065 0.47 0.49 0.47 0.0366 0.40 0.54 0.440 0.070 0.037 0.01 0.07 0.007 0.759 0.437
Error types
Difference 0.03 0.0045 0.02 0.04 0.03 0.0026 0.02 0.03 0.03 0.0111 0.01 0.05 0.770 0.066 0.060 —0.16 0.28 0.428 0.967 0.766
Repetition 0.33 0.0098 0.31 0.35 0.34 0.0071 0.32 0.35 0.33 0.0256 0.28 0.38 0.900 0.011 0.007 —0.03 0.05 0.478 0.933 0.896
Wrong Principle 0.10 0.0063 0.09 0.11 0.10 0.0048 0.09 0.11 0.09 0.0150 0.07 0.12 0.730 0.066 0.024 —0.06 0.11 0.409 0.938 0.729
Incomplete Correlate 0.12 0.0050 0.11 0.13 0.12 0.0037 0.11 0.13 0.12 0.0147 0.09 0.15 0.760 0.032 0.017 —0.05 0.09 0.572 0.866 0.757

Note: M = arithmetic mean. SE = standard error. ICi = lower confidence interval. ICs = upper confidence interval. B = Bilingual. S = monolingual in Spanish. I = monolingual in an indigenous language. Total Score
RCPMT = number of correct answers on the Raven’s test; Difference = frequency of difference errors; Incomplete Correlate = frequency of errors due to incomplete correlate; Repetition = frequency of repetition errors;
Wrong Principle = frequency of errors due to incorrect individualization. The table shows the p-values of the joint equality test in Eq. (2) and the RMSD in Eq. (3) of the methodological appendix, with the corresponding
95% confidence interval based on a “bootstrap” of 1000 replicates and the estimates and confidence intervals of pd for each group. Source: Prepared by the authors.
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Table 11
Wald test: third estimator IPW.
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Children between 5 and 8

Children between 9 and 12

Variable M SE ICi ICs M SE ICi ICs p value Effect RMSD ICi ICs
size
All
Total Score RCPMT 0.48 0.0042 0.47 0.49 0.66 0.0042 0.65 0.67 < 0.001 0.188 0.158 0.15 0.17
Error types
Difference 0.01 0.0009 0.01 0.02 0.02 0.0012 0.02 0.02 < 0.001 0.023 0.234 0.16 0.31
Repetition 0.28 0.0027 0.27 0.29 0.27 0.0030 0.27 0.28 0.036 0.121 0.013 0.01 0.03
Wrong Principle 0.07 0.0015 0.07 0.07 0.07 0.0016 0.06 0.07 0.212 0.088 0.019 —0.01 0.04
Incomplete Correlate 0.10 0.0014 0.09 0.1 0.10 0.0018 0.09 0.10 0.968 0.070 < 0.001 —-0.01 0.02
Bilingual
Total Score RCPMT 0.44 0.0121 0.42 0.47 0.63 0.0125 0.61 0.65 < 0.001 0.182 0.172 0.14 0.20
Error types
Difference 0.02 0.0028 0.01 0.02 0.03 0.0034 0.02 0.03 0.056 0.050 0.176 0.01 0.35
Repetition 0.30 0.0071 0.28 0.31 0.29 0.0084 0.27 0.30 0.366 0.116 0.015 —0.01 0.04
Wrong Principle 0.08 0.0050 0.07 0.09 0.08 0.0048 0.07 0.09 0.612 0.090 0.021 —0.03 0.07
Incomplete Correlate 0.10 0.0042 0.09 0.11 0.11 0.0052 0.10 0.12 0.621 0.061 0.015 —-0.03 0.06
Spanish
Total Score RCPMT 0.49 0.0046 0.48 0.5 0.67 0.0043 0.66 0.68 < 0.001 0.147 0.156 0.15 0.17
Error types
Difference 0.01 0.0009 0.01 0.01 0.02 0.0012 0.02 0.02 < 0.001 0.153 0.232 0.15 0.32
Repetition 0.28 0.0029 0.27 0.28 0.27 0.0031 0.26 0.28 0.083 0.043 0.012 0.01 0.02
Wrong Principle 0.07 0.0017 0.06 0.07 0.06 0.0016 0.06 0.07 0.267 0.150 0.019 —-0.01 0.05
Incomplete Correlate 0.10 0.0017 0.09 0.1 0.09 0.0020 0.09 0.10 0.852 0.067 0.003 —-0.01 0.02
Indigenous
Total Score RCPMT 0.46 0.0377 0.39 0.53 0.54 0.0601 0.42 0.65 0.274 0.190 0.078 —0.04 0.19
Error types
Difference 0.02 0.0116 0.01 0.04 0.05 0.0168 0.01 0.08 0.125 0.021 0.397 —0.04 0.83
Repetition 0.30 0.0285 0.25 0.36 0.29 0.0317 0.23 0.35 0.704 0.123 0.026 —0.05 0.11
Wrong Principle 0.09 0.0158 0.06 0.12 0.08 0.0156 0.05 0.11 0.618 0.089 0.057 —-0.10 0.22
Incomplete Correlate 0.12 0.0147 0.09 0.15 0.13 0.0227 0.09 0.17 0.725 0.073 0.036 —0.09 0.17

Note: M = arithmetic mean. SE = standard error. ICi = lower confidence interval. ICs = upper confidence interval. B = Bilingual. S = monolingual in Spanish. I =
monolingual in an indigenous language. Total Score RCPMT = number of correct answers on the Raven’s test; Difference = frequency of difference errors; Incomplete
Correlate = frequency of errors due to incomplete correlate; Repetition = frequency of repetition errors; Wrong Principle = frequency of errors due to incorrect
individualization. The table shows the p-values of the joint equality test in Eq. (2) and the RMSD in Eq. (3) of the methodological appendix, with the corresponding 95%
confidence interval based on a “bootstrap” of 1000 replicates and the estimates and confidence intervals of pd for each group. Source: Prepared by the authors.

our observed covariates, it does not necessarily make the groups
equivalent on unobserved but important covariates (Steiner et al.,
2010). As part of this discussion three additional considerations should
be made: (1) due to the use of the probability sampling method, the
sample size was only 41 participants in the case of monolinguals
belonging to an ethnic community using an indigenous language; (2)
matching our four variables may not eliminate their causal impact if
they have indirect causes (e.g., interaction effects) on the dependent
variables. For example, interactions between age and poverty (Lipina,
2016; Najman et al., 2009; StrauB}, Venables, & Zentner, 2023), age and
sex (Lynn, Allik, & Irwing, 2004a) or age and linguistic group (Bialystok,
Craik, Klein, & Viswanathan, 2004); and (3) uninvestigated variables
like nutritional status of children (Akubuilo et al., 2020), mother-child
relationship (McGowan & Johnson, 1984), maternal cognitive skills
(Gredeback et al., 2022; Wachs et al., 2007), and other antecedents of
childhood intelligence, could also cause the differences found in this
study.

Without overlooking the limitations derived from the methodolog-
ical approach, and from the restrictions imposed by the available data
and variables, this line of study may be quite fruitful and would benefit
from future examination of other learning contexts, as well as the use of
other complementary theoretical approaches to analyze the error types
considered in this work. In fact, it leaves room to advance this line of
research with complementary views to examine error types, for
example, examining item level to determine its degree of difficulty
(Facon & Nuchadee, 2010; Van Herwegen et al., 2011), typology (Lynn,
Allik, & Irwing, 2004b), reaction time for its resolution (Soulieres et al.,
2009), or even its comparison with computational models (Carpenter,
Just, & Shell, 1990; Kunda et al., 2016) and Artificial Intelligence (Hua
& Kunda, 2020; Raudies & Hasselmo, 2017; Yang, McGreggor, & Kunda,
2022). It would also be interesting to introduce additional covariates on
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individual characteristics, cultural background, or language skills
(context of language use, history of acquisition, self-reported profi-
ciency, etc.), given that the experience of bilingualism itself is dynamic
and consists of multiple related dimensions (Luk & Bialystok, 2013).
Future research should focus on the role of language competence of
monolinguals and bilinguals, given that, in our study, we have been
unable to do this, since data of this nature were not available. As for
minority languages, Gonthier (2022) reviewed the literature on cultural
differences in the processing of visuo-spatial materials, identifying some
sources of differences between ethnic groups that could help explain
differences in mean scores on the specific context of reasoning tests such
as the Raven’s CPMT. Among those sources, the cognitive representation
of color, space, relationships between objects, and numerosity may be
influenced by the use of specific verbal coding in some minority lan-
guages (e.g., Mayan languages spoken in Mexico, such as Tzeltal), which
could be explored as possible factors influencing the mental represen-
tation of abstract relations between objects in a visual display of the
Raven’s task.

We also note that, in addition to the contributions mentioned, this
work has certain practical implications in the educational field. It pro-
vides new evidence to better understand the role of environmental
factors in determining non-verbal abstract reasoning in bilingual or
monolingual children from multiethnic communities mediated by
poverty and with linguistic diversity. We focused on a multi-ethnic
impoverished environment in a Latin-American region (Mexico), con-
taining minorities recognized by the Global Education Agenda 2030 as
vulnerable groups affected by poverty and inequality (UNESCO, 2020).
It is reasonable to assume that the identification of risk factors to which
children are exposed may optimize the design of educational in-
terventions in conditions that are initially more unfavorable for modu-
lating the degree of their impact on children’s reasoning abilities and
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academic achievement. For example, a longitudinal study by Woumans Data availability

et al. (2016) suggests that, after one year of attending a bilingual im-

mersion schooling program, five-year-olds significantly improved their Data will be made available on request.
general cognitive abilities, as assessed by intelligence, as compared to
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Appendix A. Methodological Appendix

Each unitiin our sample,i=1, 2, ..., N, comes from one of the possible k groups, with D; € {1, 2, ...,k} denoting the location of individual i. For our
purposes, it is convenient to write the possible outcomes of interest as Y;(0,d), where d denotes the group and 0 emphasizes the fact that we focus
exclusively on the control groups. Therefore,Y;(0,d) is the result (for example, linguistic characteristic, such as bilingualism, monolingualism, etc.)
that the individual would obtain if that person were a control at site d. The data we observe for each unit are (Y;, D;, X;), where X; is a set of pretreatment
covariates and Y; = Y(0,D,).

S is a subset of the support of X, y. In this study, our parameters of interest are:

B, = PB,(S) = E[Y(0,d) |X € S| ford = 1,2, ...k )}

Region S may include all or part of the support for X and is determined by the region of overlap, as discussed below. To simplify the notation, we
omit the conditioning on X € S unless it is necessary for clarity. The object in Eq. (1) gives the average potential outcome under the control treatment at
location d for someone with X € S randomly selected from any of the k groups. This differs from E[Y(0,d)|D = d, X € S], which yields the mean control
result in group d for someone with X € S randomly selected from group d. While the latter quantity is identified from the data due to random
assignment of treatment within group d, f4 is not.

Instead of focusing on Eq. (1), we could have focused on E[Y(0,d)|D =f,X € 87 ford =1, 2, ..., k,which yields the mean result for individuals in a
particular group f € {1,2,...,k} within the region of overlap Sy for group f. By concentrating on the mean of all k groups in Eq. (1), we prevent our
results from depending on the selection of group f as the reference point. However, the estimation problem becomes increasingly challenging given the
need to find comparable individuals in each of the groups for each individual in groups k (instead of finding comparable individuals in each site only
for those in group f).

We evaluate the performance of the strategies presented below in several ways. First, given estimates El\,..., /; of the corresponding parameters in
Eq. (1), we test the joint hypothesis,

Pr="F=..=h 2
One drawback of this approach is that the null hypothesis in Eq. (2) may not be rejected, simply because the variance of the estimators is high and

not because all the estimated values of E’s are sufficiently close to each other. Therefore, we focus our analysis primarily on a general measure of
distance between the estimated means. By allowing i = k*lzzzlﬁ; the root mean square distance is defined as:

1 Ik —~
RMSD = ﬁ\/;zdﬂ(ﬁd -a)y 3

where we divide by |i| to facilitate its interpretation and comparison between results. Due to pure sample variation, we would never expect RMSD to
be equal to 0, even if D; were randomly assigned.
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