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Abstract: Multilingualism and linguistic diversity are the norm in India. Although studies have shown
a relation between bilingualism and cognitive gains, linguistic diversity has so far been ignored as a
potential factor affecting cognitive skills. This study aims to fill this gap by examining how cognitive
skills—as measured by the n-back and Raven’s Colored Progressive Matrices tasks—are affected by
multilingualism and/or sociolinguistic diversity in a large cohort of socioeconomically disadvantaged
primary school children in two urban sites of India: Delhi and Hyderabad. We present a questionnaire
estimating sociolinguistic diversity and show that this measure assesses a distinct construct, as
compared to a child’s multilingualism. Children were classified as growing up monolingually or
bilingually, depending on whether they grew up with one or more languages in the home. Regarding
cognitive performance, bilinguals were found to outperform monolinguals on the n-back task, as well
as on the Raven’s task. In addition, a socially and linguistically diverse environment seems to enhance
cognitive performance for children who are not multilingual themselves. Finally, several contextual
factors such as city were found to influence cognitive performance. Overall, this shows that cognitive
tasks are subject to contextual effects and that bilingualism and linguistic diversity can enhance
cognitive performance of children in disadvantaged contexts.

Keywords: bilingualism; linguistic diversity; cognition; working memory; fluid intelligence;
disadvantaged contexts; socio-economic status

1. Introduction

Language and cognitive development interact in numerous ways from birth onwards. In
monolingual learners, early cognitive skills are necessary for vocabulary development (e.g., Clark 2004),
while language abilities are similarly important for the development of cognitive skills such as theory
of mind (De Villiers 2007) and verbal reasoning (Gentner and Loewenstein 2002). In bilingualism, much
recent research has focused on the impact of dual language development and use on cognition, revealing
conflicting or null results across studies (Engel de Abreu et al. 2012; Sanchez-Azanza et al. 2017;
Paap Kenneth R. et al. 2017). However, research on multilingualism and cognitive effects is sparse,
possibly due to the assumption that multilingualism is cumulative bilingualism, in the sense that
more languages entail more switching costs and, by extension, have similar effects on cognition in
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the multilingual speaker. Since bilingualism and multilingualism are forms of language experiences,
it is essential to evaluate how these experiences affect an individual’s linguistic and cognitive profile.
In research on child bilingualism, there has been considerable progress in how to measure language
experience, understood as quantity and quality of input and output in each of the child’s languages
(Byers-Heinlein et al. 2019; Bedore et al. 2012; Unsworth 2013). In these measures, quantifying and
qualifying language practices at home and the school, depending on the child’s age, are of primary
importance. Assuming multilingualism to be an extension of bilingualism, we would expect that the
same measures (adding one or two languages to the questions included), should suffice to profile the
multilingual speaker and understand possible effects on their linguistic and cognitive skills. Despite
the soundness of this assumption, some considerations have been left unexplored. First, linguistic
diversity at the societal level may or may not translate as multilingualism at the individual level. For
instance, a child may be surrounded by speakers of different languages, but may not be proficient
enough to use most or any of these languages themself. ‘'Knowledge’ in this case, is mostly awareness
of diversity, while the actual linguistic, receptive, or productive skills of the individual may vary along
a continuum from zero to full ability. Non-western multilingual societies such as India present a case
in point: The language experience of an Indian child cannot ignore contextual linguistic diversity as
instantiated in the community, the school, and the home environment to which the child is exposed.
Linguistic diversity can play as an important role as language input for the child growing up in a
multilingual society—and crucially, shapes the child’s understanding of the role of language(s) in the
socio-cultural context, their sensitivity to sociolinguistic variation, and the precocious development of
metalinguistic skills (Ochs and Schieffelin 2008; Mohanty 2019). Although studies have shown that
proficiency in each of the bilingual’s languages is crucial for cognitive gains, especially in the domain
of metalanguage (Pattanaik 2004; Pattanaik and Mohanty 1984; Bialystok 2013), contextual linguistic
diversity has so far been ignored as a potential factor affecting cognitive skills in the individual. This
study aims to fill this gap by examining how cognitive skills are affected by multilingualism and/or
sociolinguistic diversity in a large cohort of socioeconomically disadvantaged primary school children
in two urban sites of India, Delhi, and Hyderabad.

1.1. The Indian Context

Multilingualism in India is the norm, as is linguistic diversity, with close to one thousand
indigenous languages belonging to four major language families. Of these, the Indo-Aryan
and Dravidian families include the languages spoken by 95% of the population (1971, Census
data reported in Vasanta etal. 2010). According to the People’s Linguistic Survey of India
(http://www.peopleslinguisticsurvey.org/) launched by Devy in 2010, there are 780 different languages
in India, many of which are endangered!. Most recently, Ethnologue suggests the number of different
languages is lower, and stands at 462 (Simons and Fennig 2018). This linguistic diversity has been a
major consideration by state and central governments in relation to education and national policies, as
well as in relation to the role of English as a language of power. English is strongly supported by state
policies, especially in cases where conflicts between different language groups are resolved through a
commonly accepted choice of English as the medium of instruction (Mohanty et al. 2009; Mohanty 2019).
Parents and teachers acknowledge and support the role of English, with parental preferences being
particularly strong for English-medium instruction curricula. This multilingual diversity presents

In India there is no one national language. The Indian constitution in its 8th schedule recognizes 22 languages as scheduled
languages. They are mostly also used as media of instruction as relevant to different Indian states. The languages are
Assamese, Bangla, Bodo, Dogri, Gujarati, Hindi, Kashmiri, Kannada, Konkani, Maithili, Malayalam, Manipuri, Marathi,
Nepali, Oriya, Punjabi, Tamil, Telugu, Sanskrit, Santali, Sindhi, and Urdu. Two of these are classical languages, Sanskrit and
Tamil, as recognized by the Indian constitution. Hindi and English function as link languages, with the central government
recognizing Hindi as the official language and English as the provisional sub-language (Devy 2018).
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both opportunities and challenges to the education system, given the huge population and frequently
limited resources.

In urban areas such as in New Delhi and Hyderabad where this study was conducted,
the percentage of minority speakers is overall smaller than in rural areas such as Bihar, where
the number of minority speakers is over 50%, speaking 48 different mother-tongues (1971 census data,
Bihar). However, urban slums—where 17% of urban citizens in India live—include a large number
of internal migrants who may speak other mother-tongues, or varieties of the regional language.
Urban slums are settlements with inadequate access to safe water, sanitation and infrastructure, poor
structural quality of housing, overcrowding, and insecure residential status. School attendance rates
for children living in Delhi slums is around 54%, compared to attendance ratios in Delhi schools overall,
which was 90% in 2004 (Tsujita 2009). As reported in the same study, around 73% of slum children
attending Std I in Delhi schools are over-aged, for reasons related to school capacity and administrative
issues increasing structural inequalities and affecting education quality. Over-aged children bring
challenges and benefits to the classroom though (Alcott and Rose 2017).

A key factor affecting learning outcomes is social class. More specifically, socio-economic status
(SES) is one of the crucial factors influencing children’s cognitive performance (Brito and Noble 2014;
Ghosh et al. 2015; Burneo-Garcés et al. 2019), and children of low SES are more likely to underperform
than children from more affluent middle-class families. Although middle class children in India
are more likely to attend private schools, as pointed out by the ASER 2016 report (Pratham 2017),
the differences between children’s performance in government schools and private schools cannot
necessarily be attributed to differences in the effectiveness of these two school types, because they may
also be due to the interplay of a wide range of other variables, including SES (Alcott and Rose 2017).
There are several indicators of SES, such as parental education, income, occupation, facilities at
home and in the neighborhood, sanitation, as well as nutritional and psychological wellbeing
(Hackman et al. 2010; Brito and Noble 2014; Roy et al. 2018). Children from low-SES backgrounds
often suffer from lack of nutrition, poor housing facilities, and lack of parental care and cognitive
stimulation at home (Petrou and Kupek 2010; Walker et al. 2011). This, in turn, is associated with
poor learning outcomes in children in terms of school skills, language (Pace et al. 2017), and cognitive
development (Alcott and Rose 2017; Cunha and Heckman 2008; Fernald et al. 2012; Hackman and
Farah 2009; Kelly et al. 2011; Noble et al. 2005; Paxson and Schady 2007). For example, it has been
found that children (aged 8-11) from high/middle SES performed better than low-SES children on
language, memory, and executive function tasks—namely, working memory, cognitive flexibility, and
inhibition (Aran-Filippetti and de Minzi 2012; Aran-Filippetti 2013). Similar results were obtained by
a study in Ecuador, where 7 to 11-year-old middle-SES children outperformed low-SES children on
memory, language, and executive function tasks (Burneo-Garcés et al. 2019). Since poor performance
of children from low-SES backgrounds has been attributed to low parental education and lack of
parental stimulation (Hamadani et al. 2014; Petrou and Kupek 2010; Walker et al. 2011), the relationship
between SES and cognitive development may be especially relevant for children from developing
countries (Ursache and Noble 2016).

In the western context, it is well-established that there is a disparity in children’s learning
outcomes due to differences in SES (Carneiro and Heckman 2002, 2003; Noble et al. 2005;
Jerrim and Vignoles 2013). This is also evident in middle-income developing countries such as
India and Pakistan. Aslam et al. (2019) examined the influence of SES on learning outcomes in 1683
children aged 8-12 years studying in government schools in Pakistan. They used an index of household
assets as a measure of SES, which was comprised of questions relating to whether their house had a
table, chair, radio, stove, mobile phone, color television, bicycle, motorbike, car, fridge, or water facility
in the house, as well as the construction material used to build their house. The results indicate that
SES was a significant predictor for improved performance in literacy, but not numeracy in an academic
year. In the Indian context, more than 50% of children in Grade 5 are unable to read a Grade 2 text
(Pratham 2014), and the learning outcomes in schools are lagging by 2 grades (Bhattacharjea et al. 2011).
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There is a disparity in access to primary school education in India, with children from middle- and
high-income homes opting for private schools, and children from low-income families opting for
government schools (Agrawal 2014; Alcott and Rose 2015; Pratham 2017). There are differences between
government and private schools which contribute to the disparity in learning, but it is important to
consider other factors, such as SES, which may also negatively influence learning outcomes. Children
of low SES usually tend to enroll in government schools which have very little funding; these children
also do not receive enough parental support at home. Their exposure to print is almost absent—or
restricted only to marketplaces (Tsimpli et al. 2019). Therefore, there is an urgent need to understand
the factors affecting learning outcomes in children coming from disadvantaged backgrounds.

One of the aspects that may positively influence the learning outcomes of low-SES children in
India is multilingualism, as India provides a strong multilingual societal context. Numerous studies
have examined the potential advantage of bi- or multilinguals over monolinguals when it comes to
cognitive performance (see Bialystok 2009, for an overview). Executive functioning, in particular,
seems to be enhanced in bilinguals (e.g., Bialystok et al. 2004; Bialystok 2009; Costa et al. 2008;
Soveri et al. 2011a), although effects are not always replicated (Colzato et al. 2008; Costa et al. 2009;
Paap and Greenberg 2013). It has been suggested that these inconsistencies in research outcome may
depend on external factors, such as the population under investigation (Hansen et al. 2016). Therefore,
it is unknown if multilingual children in India from low-SES backgrounds also experience the cognitive
advantages associated with multilingualism in other contexts. In addition, it is unknown whether
the linguistically diverse environment in which children in India grow up provides any cognitive
advantages independent of the multilingualism of a child.

1.2. Multilingualism and Cognition

To investigate the potential cognitive advantages of multilingual children in India, the children’s
cognitive skills in our study were assessed with both the Raven’s Coloured Progressive Matrices task
and the n-back task. Raven’s Coloured Progressive Matrices (Raven et al. 2008) is a frequently used
measure of general, or fluid intelligence. We were specifically interested in whether linguistic diversity
and multilingualism were related to a child’s fluid intelligence. The task is frequently used with
children (e.g., Belacchi et al. 2010; Cotton et al. 2005; Torregrossa et al. 2019; Weichbold and Herka 2003;
Weyandt and Willis 1994) from as early as age 4 (Raven 2012). Although similar tests have traditionally
been considered as culture-independent (Cattell 1940; Cattell and Cattell 1963), a cross-cultural
meta-analysis of Raven’s Progressive Matrices (three types, Advanced, Colored, and Standard
Progressive Matrices, Raven 1938, 1956) showed that performance of the task can be influenced
by “country-level indicators of educational permeation”, as well as number of years of education
(Brouwers et al. 2009, p. 330). Thus, it seems that fluid intelligence—or at least performance on the
Raven'’s task—is subject to contextual effects. Nevertheless, the relation between multilingualism and
performance on the Raven’s task remains unclear. Jarvis et al. (1995) found no relationship between
degree of bilingualism and Raven’s scores in adults. Research from Bialystok’s lab reports no difference
between monolinguals’ and bilinguals” Raven’s scores in children (Bialystok and Shapero 2005)
or younger or older adults (Bialystok et al. 2004). In contrast, Diaz (1985) found a positive
correlation between degree of bilingualism and Raven'’s scores in low-proficiency kindergarten-age
bilingual children (but not in high-proficiency children). Other studies have also found evidence
of bilingual children outperforming monolinguals on the Raven’s task (Mohanty and Das 1987;
Peal and Lambert 1962).

In addition to the Raven’s task, the n-back task was also administered. The n-back task
(Kirchner 1958; Mackworth 1959; Moore and Ross 1963) is a common measure of working memory that
has frequently been used with school-aged children (e.g., Ciesielski et al. 2006; Lopez-Vicente et al. 2016;
Scudder et al. 2014; Vuontela et al. 2003), children with developmental disorders (Epstein et al. 2011;
Lopez-Vicente et al. 2016), and children with traumatic brain injury (Levin et al. 2002). As the
task involves updating of task-relevant information through executive functioning (Cohen et al. 1997;
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Miyake et al. 2000), it may be expected to be influenced by bilingualism. Little has been reported
about potential cultural or contextual effects on the n-back, but neither frequency of language
switches in everyday life, nor age of acquisition in the second language (L2) (Soveri et al. 2011b),
nor bilingualism in general (Moradzadeh et al. 2015; Yow and Li 2015) seem to influence n-back
performance in adults, although effects of bilingualism have been found in high-conflict versions of the
tasks (Teubner-Rhodes et al. 2016). In contrast, positive effects of bilingualism on n-back performance
have been found in children, but only for younger children around age 7 and 8 in L2-immersion schools
(Hansen et al. 2016).

Generally, it is quite well-documented that SES has a negative influence on learning outcomes
across the globe. It is also generally assumed that bilingualism has a positive influence on certain
aspects of cognition, specifically in the non-verbal domain. However, there is a dearth of studies in the
Indian context that capture the effects of sociolinguistic diversity and multilingualism on cognitive
performance in children from low-SES backgrounds. Therefore, the current study focuses on examining
the influence of linguistic diversity, multilingualism, and SES on a large sample of primary school
children from government schools in India. The participating children in our study are from low-SES
homes, living in slum or non-slum areas, and are all disadvantaged and deprived with respect to
housing facilities, lack of parental education/stimulation at home, water facilities, lack of additional
literacy support, etc., and are studying in government schools. Although all the children are from
underprivileged contexts, there is still some amount of variability in their SES, as well as variability in
their multilingualism and linguistic diversity in their daily context. To capture this, we developed
questionnaires, each containing a series of questions addressing different aspects of multilingualism,
linguistic diversity, and SES. Using the outcomes of these questionnaires as proxies, we investigate
the relationship between linguistic diversity, multilingualism, and cognitive skills in disadvantaged
children in India. Specifically, we formulated the following research questions:

1. How can we quantify the distinction between multilingualism in the individual and
the linguistically and culturally diverse environment of children in Indian primary
government schools?

2. Isthere a relationship between bilingualism and/or sociolinguistic diversity and cognitive skills?

3.  Towhat extent do socio-economic status, medium of instruction, and other demographic variables
correlate with cognitive skills?

Our hypothesis with regard to question 2 was that bilingualism and linguistic diversity will
influence cognitive performance. Although a certain degree of correlation between the two constructs
is expected, we assume that in a multilingual, highly linguistically diverse country such as India,
the constructs may be distinguished and hence, contribute independently to children’s cognitive profiles.
Regarding SES, following several studies showing a link between SES and cognitive development,
we expect differences among participants that are related to variation in SES, despite the overall
disadvantaged background of our cohort. Finally, again following studies indicating that fluid
intelligence can be affected by contextual factors, we hypothesize that differences in medium of
instruction across schools in the two urban sites may be found.

2. Materials and Methods

2.1. Participants

694 children from the Indian cities of Delhi and Hyderabad participated in the study during
school hours. All children attended Year 4 (Standard 4) in Government primary schools. The schools
had either the regional language (Hindi or Telugu) or English as an official medium of instruction,
and were in either slum or non-slum areas of the city. Formal written consent was obtained from the
principal or head teacher of all 28 participating schools, as well as the children participating in the
study. The study was conducted in accordance with the Declaration of Helsinki, the ESRC’s Framework
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for Research Ethics (ESRC 2010), and the guidelines of the Indian Council for Medical Research
(ICMR 2006). The protocol was approved by the Ethics Committee of the University of Cambridge
(RG83665), the Ethics Committees of Jawaharlal Nehru University, and the National Institute of Mental
Health and Neurosciences.

Children were classified as growing up monolingually or bilingually, depending on whether they
were growing up with one or more languages in the home. Children with any reading difficulty based
on reports from the teachers were excluded from the study. Seven children who performed below
chance level (scored below zero; see Scoring section) on the n-back task were excluded because they
did not display an understanding of the task. A demographic overview of the remaining children is
presented in Table 1.

Table 1. Overview of the demographic information.

Location  Number Gender Age (SD) R’:E; rlzitﬁooj School Site
Delhi 371 178£,193m  8.75(0.65) 8-12 2972 Eﬁ;‘ﬁ;h . 93375021?:@
Hyderabad 316 176 f,140m  9.56 (1.20) 8-15 11193 ETE;?S% ; éi?oiiﬁ'm
Total 687 354f,333m  9.12 (1.03) g15 274 rzglig%":};ﬁrs‘fuage' 3 ﬁ‘*ﬁosrll‘_‘sﬁm
2.2. Methods

The children completed a number of experimental cognitive tasks and questionnaires. The tasks
were administered by research assistants from India who were proficient in both the regional language
(Hindi/Telugu) and English. The cognitive tasks consisted of the Raven’s Coloured Progressive Matrices
(henceforth Raven’s task; Raven et al. 2008) as a measure of general intelligence, and a 2-back task
(a variant of the n-back task; Kirchner 1958) as a measure of working memory. The questionnaires
consisted of questions about linguistic diversity, bilingualism, and SES.

The Raven’s task (Raven et al. 2008) is a non-verbal task that consists of 36 multiple-choice exercises
in which the participant is asked to identify one of six possible pieces that matches with a given pattern.
The task is of increasing difficulty. It was presented to children as pictures on a laptop, and children
were asked to identify the correct piece by either pointing to it or reporting its number. The Raven’s
task is widely used as a measure of general/fluid intelligence. The fact that it is non-verbal makes it an
appropriate task for our sample population of (often multilingual) children; a standardized version
has been developed for the Indian population (Raven’s Educational CPM/CVS (India); Raven 2012).

The 2-back task (Kirchner 1958) is a task that requires participants to monitor a sequence of
characters (we used digits rather than letters), and determine whether the presented digit matches the
digit that was presented 2 digits back. The task was presented to children on a laptop using PsychoPy
(Peirce 2007). If the currently presented digit was indeed identical to the digit that was presented 2
digits back, the child should have responded with a key press (key ‘J"). If the presented digit did not
match the digit that was presented 2 digits back, the child should not have pressed a key. Digits were
presented on the screen for 500 ms each and were separated by a blank slide that was displayed for
2500 ms. The task consisted of 60 digits in total, of which 20 matched the digit that was presented 2
digits back (hits), which should have been responded to with a key press, and 40 did not match the
digit that was presented 2 digits back (false alarms). The 2-back task is widely accepted as a measure
of working memory required to store each digit temporarily, the updating of working memory when
removing digits that are no longer relevant, and the inhibition of irrelevant digits (e.g., Morris and
Jones 1990; Miyake et al. 2000).

The child questionnaires were adapted from previous studies with bilinguals by Kaltsa et al. (2019)
and Rothou and Tsimpli (2017). Regarding bi/multilingualism, children were asked which languages
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were spoken at home by their parents, siblings, or other relatives and best friends—and in which
languages they use to respond. Importantly, these questions relate to the number of different languages
used by the child, and to the child, in the home/private environment, and not in the school environment.
In addition, social and sociolinguistic diversity was investigated. This part of the questionnaire asked
the child for the number of different individuals with whom they had regular interactions within the
context of school, family, or the community (e.g., the marketplace). For each of these interactions,
the children were asked to report the gender and age of the person with whom they interacted and
the language(s) the child knew this person spoke. Although some overlap with the measure of
monolingualism or bilingualism at home was expected, the sociolinguistic diversity questions provided
information additional to the language(s) the child used at home. Note that the different languages the
child reported in the sociolinguistic diversity questionnaire needed not be languages that the child
spoke, but languages that the individuals interacting with the child had, of which the child was aware.

The socio-economic status of the children was investigated through a child questionnaire specially
developed for this population of Indian children that had an exclusive section on home activities and
parents” work. It included questions about their parents” income, number of rooms in the child’s home,
number of gadgets at home (gadgets being a TV and phone, but also a fridge, cooler, fan etc.), whether
they have a drinking water tap in their home or water had to be collected from outside the house,
whether they did chores at home, and whether they spent any time doing homework. We obtained
information about parent’s occupation in the same questionnaire, but there was low variability (around
4 out of 5 working mothers were working as maids and fathers were working as laborers).

2.3. Scoring

The Raven’s task was scored based on the raw scores, i.e., the number of correct answers that a
child gave for the 36 questions in total. Although the standard scores were developed from the Indian
population (Raven 2012), they are based on children from upper-middle class families that attend
English-medium (often private) schools, thus may not be representative of our sample of low-SES
children. Therefore, we performed all analyses relating to the Raven’s task with the raw scores, with
lower scores reflecting poorer performance.

For the 2-back task, a composite score (A’ or A-prime, first introduced by Pollack and Norman 1964)
was calculated based on participants’ hit rates and false-alarm rates (according to the A scores in
Zhang and Mueller 2005). This is a common way to measure non-parametric sensitivity in detection
tasks such as the 2-back task. A higher A’ score indicates that a participant was better able to perform
the task in general, with fewer misses and wrong key presses; an A’ score above zero means that the
participant was able to discriminate hits from false alarms and thus able to perform the task properly
(above chance).

Regarding bilingualism, children were categorized as bi/multilingual if they had more than one
language in their home environment. No additional distinctions were made based on the number of
additional languages. Importantly, this measure does not provide information about the fluency of a
child in the second language or the amount of exposure to it. It does presuppose, however, that the
child could speak and understand these home languages.

Sociolinguistic diversity was calculated as a composite score based on the child questionnaire
section. Specifically, the three sections that the questionnaire included with regard to the age, gender
and language profile of the individuals with whom the child interacted regularly in school, within the
family, and in the community (e.g., the market place) were each was graded as follows:

e 1 point if the conversational partner was of the same gender vs. 2 points if the partner was of a
different gender;

e 1 point if the conversational partner was of the same age, 2 points if the conversational partner
was of a different age, and 3 points if there were conversational partners of both the same and a
different age;
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e 1 point if the interactions were in the same language as the child’s home language vs. 2 points if
the interactions were in a different language.

If there was no conversational partner mentioned in a certain section, children would not receive
any points. The children could thus receive a minimum of 0 points and a maximum of 7 points
for each section, making a total maximum score of 21 points, with a higher score reflecting more
sociolinguistic diversity.

The children’s socio-economic status score was calculated as a composite score from the different
questions on the questionnaire. Specifically, the children received:

e 1 point for income when only one parent worked vs. 2 points when both parents worked;

e 1 point when their house had 1 room vs. 2 points when their house had two or more rooms;

e 1 point when they had 1 gadget at home, 2 points when they had 2 gadgets at home, and 3 points
when they had 3 or more gadgets at home;

e 1 point when they had tap water in the house vs. 0 points when they did not;

e 1 point when they did no chores at home vs. 0 points when they did;

e 1 point when they did homework after going back home vs. 0 point when they did not;

This added up to a total score between 3 and 10 points, reflecting a range of socio-economic
statuses, with a higher score reflecting a higher status. Recall however, that all children in our study
are of low SES.

2.4. Analysis

The internal consistency of our questionnaires for sociolinguistic diversity and SES was calculated
as Cronbach’s « using the ‘psych’ package in R (Revelle 2019). The influence of these measures on
performance on the cognitive tasks was examined with linear models in R. Since we are interested in
influence of sociolinguistic diversity, bilingualism, and SES on cognitive skills, the two cognitive tasks
(Raven’s and 2-back) were taken as dependent variables in the analyses, and all additional variables
(bilingualism in the home, sociolinguistic diversity score, SES score, age, gender, city, medium of
instruction, and school site) were taken as independent variables. All variables with multiple levels
(as opposed to numerical variables) were coded using effect coding. Models were constructed testing
the influence of specific independent variables on the cognitive skills, based on the research questions.
The models containing demographic variables were simplified in terms of removing independent
variables when model comparisons revealed that these variables did not significantly improve the
model fit. For post-hoc analyses, the data set was split into monolinguals at home and bilinguals
at home, as well as into children from Delhi and children from Hyderabad. The relative effect sizes
of significant main effects were calculated using Cohen’s (‘effsize’ package in R; Torchiano 2019).
In addition, the relationship between the different dependent variables (i.e., the possible correlation
between Raven’s and 2-back) and between the different independent variables (e.g., the possible
correlation between SES score and sociolinguistic diversity score) in the form of correlation matrices
were computed with the same software.

3. Results

The results are discussed by research question below.

3.1. How Can We Quantify the Distinction between Multilingualism in the Individual and the Linguistically
and Culturally Diverse Environment of Children in Government Primary Schools in India?

The scores of the children on the different tasks and questionnaires are listed in Table 2. The
children’s scores on bilingualism, on sociolinguistic diversity, and on SES are discussed in more detail
in this section. Approximately 41% of the children in the study were bilingual or multilingual, based on
the presence of more than one language in their home environment. The distribution of the children’s
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scores on sociolinguistic diversity and SES are presented in Figure 1. These graphs show that for both
measures, the children show a distribution over the higher ranges of the scores, with most children
having a sociolinguistic diversity score between 9 and 19, and most children having an SES score
between 6 and 10. The reliability of the sociolinguistic diversity questionnaire, reflected in Cronbach’s
«, is 0.68, which is considered an acceptable level of reliability and internal consistency between
the different questions that make up the total score (Streiner 2003; Ursachi et al. 2015). The same
calculation of reliability for the SES questions rendered a Cronbach’s « of 0.32, indicating low internal
consistency. The results also show that this cannot be resolved by removing one specific question,
and thus indicate that the questions may be tapping into different aspects of SES. The children from
the two different cities (Delhi vs. Hyderabad) show similar mean scores and a similar distribution of
scores of sociolinguistic diversity, but show different distributions of SES, with Hyderabad scoring
higher than Delhi (see Table 2 and Appendix A).

Table 2. Overview of the average scores on the cognitive tasks and the questionnaires (SES =
socio-economic status; SD = standard deviation).

P Sociolinguistic
Location Raven’s Raw n.-Back Diversity SES
Score (SD) A-Prime (SD) max. 21 (SD) max. 10 (SD)
Delhi g"_“;’ég‘%‘ii}s) 20.1 (5.9) 0.69 (0.14) 14.9 (1.1) 6.8 (1.0)
bilinguals
(0 145, 39%) 21.1 (5.6) 0.70 (0.15) 15.4 (1.4) 7.1(1.2)
total Delhi 205 (5.8) 0.69 (0.14) 15.1 (1.3) 6.9 (1.0)
monolinguals
Hyderabad (= 175, 5% 15.7 (5.1) 0.65 (0.17) 13.7 (3.0) 8.2 (1.0)
(nb:lhl‘;gl“i‘; " 17.3 (6.2) 0.69 (0.15) 15.8 (2.6) 8.4 (0.9)
total Hyderabad 164 (5.7) 0.67 (0.17) 14.7 (3.0) 8.3 (1.0)
monolinguals
Total average (n = 403, 59%) 18.2 (6.0) 0.67 (0.15) 144 (2.2) 74 (1.2)
bilinguals
(0 284, 41%) 19.2 (6.2) 0.70 (0.15) 15.6 (2.1) 7.8 (1.2)
Total 18.6 (6.1) 0.68 (0.15) 14.9 (2.3) 7.5(1.2)
o
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Figure 1. Distribution of the scores on sociolinguistic diversity (left graph) and socio-economic status
(SES, right graph), based on the questionnaires.

When examining the overlap between the measures obtained from our questionnaires compared
to the more traditional, binary measures of bilingualism in the home (yes/no) and school site
(slum/non-slum) in Figure 2, it can be seen that these binary measures have difficulties capturing the
diversity displayed by the sample of children. More specifically, although one might expect children
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from bilingual homes to have higher sociolinguistic diversity scores than those from monolingual
homes, there was considerable overlap in sociolinguistic diversity scores between the two groups,
as shown by the area shaded in purple. Likewise, one might expect children from schools in slum areas
to have lower SES scores than children from schools in non-slum areas, but again there was a very large
overlap between the two groups. Thus, the measures of sociolinguistic diversity and SES seemed to
assess different social, cultural, and/or linguistic aspects than these binary categorizations—reflecting
the linguistically and culturally diverse environment of these children.

|
150
|

— slum

— bili
bilinguals hésali

—— monolinguals

150 200

100
I

number of children
50 100
|
number of children

T 1T T T T T T T T 1
o 5 10 15 20 3 4 5 6 7 8 9 10

sociolinguistic diversity score SES score

Figure 2. Distribution of the scores of sociolinguistic diversity for bilinguals and monolinguals (left
graph) and socio-economic status (SES) for children from schools in slum and non-slum areas (right
graph). Purple areas reflect the overlap between the two groups on the sociolinguistic diversity or
SES scores.

In addition, we examined whether the scores on the different cognitive tasks correlate with
each other, and whether the scores on the questionnaires correlate with each other. The results are
presented in Figure 3. We found a significant negative correlation between Raven’ score and SES score
(r =-0.17, p < 0.001), indicating that children with higher SES had lower Raven’ scores, reflecting more
interactions in different languages. An additional positive correlation was found between children’s
scores on the 2-back task and their scores on the Raven’s task (r = 0.27, p < 0.001), indicating that
performance on the two cognitive tasks was related.

wO
&
Q QRS
© o) F &
Q@ & < &@
2-back 0.27 -0.04 -0.04

Raven's -0.17 0.04

SES 0.02

Figure 3. Correlation matrix presenting the correlations between the cognitive scores and the
socio-economic and sociolinguistic diversity scores investigated in this paper (SES = socio-economic
status). Correlations with a blue or pink background are statistically significant at a 0.01 level.
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3.2. Is there a Relationship between Bilingualism andjor Sociolinguistic Diversity and Cognitive Skills?

The second research question focuses on the potential relationships between bilingualism, linguistic
diversity, and cognitive skills. To this end, separate analyses were performed investigating the influence
of bilingualism and sociolinguistic diversity on the 2-back task and on Raven’s task. The results show
that children from bilingual homes perform better on the 2-back task, with a mean score of 0.67 for
children from monolingual homes, compared to a mean score of 0.70 for children from bilingual homes
(8=0.03; t=2.2; p <0.05, see Figure 4, left graph). The size of this effect is large according to a Cohen’s
d of 1.97. No significant influence of sociolinguistic diversity was found for the 2-back task (£ = —0.00;
t=-15;p=0.13).

20~
© 06"
15~
: :
(]
£ o04- e
L -
2_ .% 10
X S
o 0.2~ o 5-
<
N
0.0~ 0-
1] ' '. g B
monolingual  bilingual monolingual  bilingual

Figure 4. Overview of the positive correlations between bilingualism and cognitive scores; 2-back score
in the left graph and Raven’s score in the right graph.

The results for the Raven’s task show a positive effect of bilingualism as well, with an average
score of 18.2 for children from monolingual homes, compared to 19.2 for children from bilingual
homes (8 =15.5; t = 4.7; p < 0.001, see Figure 4, right graph). The size of this effect was large,
based on a Cohen’s d of 3.8. No main effect of sociolinguistic diversity was found (8 = 0.05; t = 0.5;
p = 0.61), but an interaction was observed between bilingualism and sociolinguistic diversity (8 = —0.96;
t = —4.4; p < 0.001). This interaction indicates that the effects of sociolinguistic diversity scores on the
Raven’s task were different for children from bilingual compared to those from monolingual homes
(see Figure 5). Investigating this interaction further, we split up the dataset into a group of children
from bilingual homes and a group of children from monolingual homes and investigated the effects
of sociolinguistic diversity in these groups of children separately with linear models. The results
show that for children from monolingual homes, there was a significant positive correlation between
sociolinguistic diversity score and Raven'’s score (8 = 0.42; t = 3.2; p < 0.01), whereas for children from
bilingual homes a negative correlation was found (8 =-0.53; t = -3.1; p < 0.01).
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=o= monolingual

=o=Dbilingual

Raven's score
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1
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Sociolinguistic diversity score
Figure 5. Visual representation of the interaction between sociolinguistic diversity and bilingualism on
the Raven’s score.

3.3. To What Extent Do Socio-Economic Status, Medium of Instruction, and Other Demographic Variables
Correlate with Cognitive Skills?

The final research question investigates the possible influence of SES, gender, age, city, medium of
instruction, and school site on the scores on the cognitive tasks. When examining the 2-back scores,
the only factor that improved the model fit—and was thus retained as an independent variable—was
medium of instruction. The results show that the average performance on the 2-back task differed
between the three mediums of instruction, with children in Hindi-medium schools (mean score 0.71)
outperforming children in Telugu-medium schools (mean score 0.65; 8 = 0.05; t = 2.6; p < 0.01; large
effect size; Cohen’s d = 2.0). Neither of these groups performed significantly differently from children
in English-medium schools (mean score 0.69). Note that these were medium-of-instruction effects
rather than city effects, as city did not prove to be a significant predictor (with mean scores of 0.69 in
Delhi and 0.67 in Hyderabad). This is in line with the distribution of scores from the 2-back task for
children from Delhi and Hyderabad, which are very similar (see Figure 6, left graph). Neither SES
score nor school site (slum or non-slum) were significant predictors of performance on the 2-back task.

QO
& Dehi ~ ——  Delhi
—— Delhi o _|
: — Hyderabad . ©® Hyderabad
o Q o O
o © = S
2 =2
o < u o
3 3 8
A : 81
o
o - -
T T T T T 1 ° T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0 5 10 15 20 25 30 35
2-back A-prime score Raven's score

Figure 6. Distribution of scores on the 2-back task (left graph) and on the Raven’s task (right graph)
for children from Delhi and Hyderabad. Purple areas reflect the overlap between the children from the
two cities on the 2-back and Raven’s scores.
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For the Raven’s score, only city contributed to the best model. This large effect of city indicates
that children from Delhi performed better on the Raven’s task than children from Hyderabad (8 = 4.22;
t=9.6; p <0.001; Cohen’s d = 4.5)2. This can be seen in the mean scores presented in Table 2 as well as
in Figure 6 (right graph), which shows more low scores for children form Hyderabad than for children
from Delhi. Note that the correlation between SES and Raven’s score, as presented in Figure 3, did not
reach significance in the current analyses due to the overlap in explanatory power between city and
SES; children from Delhi had lower SES scores and performed better on the Raven’s task than children
from Hyderabad. To investigate the possible effect of SES further, we therefore split up the dataset into
children from Delhi and children from Hyderabad and investigated the effects of SES in these groups
of children separately with linear models. The results show that within these cities, no significant
effects of SES on Raven’s score were found (Delhi: 8 = 0.44; t = 1.5; p = 0.12, Hyderabad 8 = —0.29;
t=-0.9;p=0.39).

4. Discussion

The study’s goal was to evaluate the role of multilingualism and linguistic diversity in the cognitive
skills of primary school children from poor socioeconomic background in urban India. To this end,
we explored variability in demographics such as age, gender and SES, as well as sociolinguistic diversity
in the daily contexts of the child’s life, i.e., school, home and community, as possible factors affecting
the child’s performance on tasks assessing fluid intelligence and updating. Bi- or multilingualism
at home was considered a separate factor that addresses whether a child uses only one language at
home, or more than one. In contrast, sociolinguistic diversity aimed to assess the child’s family, school,
and social encounters with individuals who may have the same or different age or gender as the child,
and who may speak one or more languages of which the child is aware, but does not necessarily know
or use. Thus, although an overlap between the child’s multilingualism and sociolinguistic diversity is
expected, as multiple home languages will also increase the diversity index, the two constructs are
not identical.

Our first research question focused on the distinction between multilingualism in the individual
child and sociolinguistic diversity in the child’s daily environment. Both factors were evaluated using
a questionnaire. Our data confirmed our hypothesis, namely, that the measure of sociolinguistic
diversity assesses a distinct construct from the child’s multilingualism. In particular, sociolinguistic
diversity showed a large overlap between monolinguals and bilinguals, confirming that these two
measures reflect different aspects of a child’s linguistic profile. Furthermore, the overlap confirms our
expectation that children in India, whether monolingual or bilingual, experience considerable social
and linguistic diversity in their daily lives. Similarly, the findings show that our proxy measure of
SES reflects something different from the slum/non-slum distinction that is based on the location of
their schools. Specifically, the overlap in the distribution of SES scores across children from slum and
non-slum areas indicates that whatever the distinction encodes, it is not comprehensively captured by
the measure of SES alone. Furthermore, slums do not necessarily share the same characteristics across
the two cities, with conditions in urban slums in Hyderabad being considerably more challenging
than those in Delhi (Glaeser and Sims 2015; Government of National Capital Territory of Delhi 2015).
Specifically, the number of urban poor in Hyderabad has increased by 264% since 2001, suggesting
that one third of the population lives in slums in conditions considerably worse than in other urban
sites, as provisions are not adequate. This makes the comparison between Delhi and Hyderabad
slums—and the respective poverty levels—hard to draw. Although we will attempt this in future

Based on this finding, we re-examined whether the findings on bilingualism and sociolinguistic diversity influencing
Raven’s scores still held when city was taken into account as an independent variable in the model. The results show that
the effects of bilingualism and the interaction between bilingualism and sociolinguistic diversity were unaffected by the
addition of city as a factor.
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research, the overlap in SES scores in slum/non-slum schools remains valid. The importance of these
factors is illustrated by their differential effects on cognitive performance, as discussed below.

The second research question was concerned with the relationship between bilingualism,
sociolinguistic diversity, and cognitive skills. It was found that bilinguals outperform monolinguals
on both the n-back task and the Raven’s task (in line with Diaz 1985; Hansen et al. 2016; Mohanty
and Das 1987; Peal and Lambert 1962, but contra Bialystok and Shapero 2005; Jarvis et al. 1995;
Moradzadeh et al. 2015; Yow and Li 2015), reflecting enhanced (updating of) working memory and
fluid intelligence, respectively. In addition, it was found that the monolinguals’ scores on the Raven’s
task were positively influenced by linguistic diversity in their environment. Thus, a linguistically
diverse environment seems to enhance cognitive performance for children who are not multilingual
themselves. Nevertheless, no main effect of sociolinguistic diversity was found, indicating that
bilingualism and sociolinguistic diversity are not additive effects; they both lead to better performance
on cognitive tasks, but a bilingual living in a highly linguistically diverse environment does not
outperform other bilinguals. An unexpected finding regarding the effects of sociolinguistic diversity
concerns the negative impact they seem to have on the Raven'’s scores of bilingual children. Although
we are unable to explain this finding at this point, some possible reasons may be considered. First,
the number of bilingual children from each city is similar, although bilinguals are proportionately
more in Hyderabad. Looking more carefully at the bilingual profile data of the Delhi and Hyderabad
children, we observe that all of the 143 bilingual children in Delhi have Hindi as one of their home
languages. In contrast, of the 141 bilingual children in Hyderabad, 81, i.e., 57%, do not have Telugu
as one of their home languages. This has implications for the difficulties faced by the Hyderabad
bilinguals who attend either Telugu-medium or English-medium schools, as in both cases the children
are presented with school languages that are unfamiliar to them from home. In contrast, in Delhi,
the overwhelming dominance of Hindi there—and in many North Indian states from where many
of the bilingual children have migrated—implies that linguistic familiarity with the school language
is in place. It is worth noting at this point that the English-medium schools in Delhi provide very
low oral input in English, and most of the class is delivered in Hindi (Lightfoot et al., submitted). As
a result, Hindi dominance is also attested in officially English-medium schools, enabling the Delhi
bilingual group to benefit from a match between the school and the home language. This difference
between the Delhi and the Hyderabad bilingual groups may contribute to the negative impact of
increased sociolinguistic diversity on children’s Raven’s scores, as the sociolinguistic diversity faced
by the bilinguals in Hyderabad may be understood as a challenge imposed by the lack of familiarity
with languages outside home. Another related reason may possibly stem from the differences among
the populations of the urban poor in the two cities. As mentioned above, Hyderabad is challenged
by a recent increase in the number of slum-dwellers and an overall higher percentage of urban poor
compared to Delhi. It is suggested that this increase is due to an influx of rural migrants who are
culturally and linguistically diverse (Glaeser and Sims 2015). It is thus possible that the combination of
migration and poverty further contribute to the negative impact of sociolinguistic diversity on the
bilingual group’s performance.

Regarding the positive effects of bilingualism on fluid intelligence, our results are compatible with
literature suggesting contextual effects on Raven’s performance (e.g., Brouwers et al. 2009). In our study,
the contextual effects on Raven’s stem not only from bilingualism, but also from sociolinguistic diversity
in the monolingual group. Recall that our participants are all from disadvantaged backgrounds, albeit
with some variation in their SES scores. Furthermore, sociolinguistic diversity and bilingualism are
correlated. This correlation is intuitively plausible on the grounds that multilingual participants
inevitably experience higher linguistic diversity. Variation is then expected to be found in the
monolingual participants only, and here the effect is in the direction of improved performance on
Raven’s, with higher sociolinguistic diversity in the monolingual children’s environment. Neither
sociolinguistic diversity nor SES affected performance on working memory, however. Bilingualism
was the only significant predictor for 2-back scores.
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Turning to the third research question of our study, the findings show several effects of
demographic variables on cognitive skills. No effect of SES on fluid intelligence was found, which
is inconsistent with previous literature on the relationship between SES and cognitive performance
(Burneo-Garcés et al. 2019; Pace et al. 2017). However, our data were obtained from a sample of
disadvantaged, low-SES children, so differences in socioeconomic status within this cohort may be
small. The lower SES of our participants may be exemplified in different ways. Specifically, some of
the children were first-generation learners, i.e., they come from households with very low levels of
literacy, a fact which may also be deduced from parents’ occupation (maid/laborer). Several of our
research assistants further confirmed the disadvantaged status of many children in this cohort. In some
of their reports, research assistants confirmed that “mid-day meals [are the] reason behind students’
high attendance in forenoon classes; gradually [leading to] poor[er] attendance in the afternoon
classes.” In addition, “[the children’s] houses do not have proper space for sleeping and even for any
activity”, and “working on a computer for cognitive tasks was something very new to many students.”
This is supported by findings from the literature that provision of a mid-day meal improves school
participation, especially in girls, in rural India (Dreze and Kingdon 2001). We additionally know that
school attendance in India is positively related to the education level of parents and negatively related
to poverty and household size (Jayachandran 2002).

In contrast, an effect of medium of instruction on the 2-back task was found, with children from
Hindi medium schools outperforming children from Telugu medium schools, and an effect of city on
the Raven’s task, with children from Delhi outperforming children from Hyderabad. As all Hindi
medium schools were located in Delhi, and all Telugu medium schools in Hyderabad, these effects
are likely to be related. We consider it highly unlikely that language itself was the cause of these
effects, hence the findings warrant further inspection of the differences between children from Delhi
and Hyderabad. As bilingualism was established as a predictor of better scores on cognitive tasks,
we further examined which types of schools bilingual and monolingual children attend (see Table 3).
A difference was found between the schools that bilinguals attend in the two cities, with monolinguals
in Hyderabad attending primarily Telugu-medium schools, and monolinguals in Delhi attending both
Hindi-medium and English-medium schools. We therefore postulate that the differences in medium of
instruction may have been due to Telugu-medium schools being attended mainly by monolinguals,
who were generally outperformed by bilinguals.

Table 3. Overview of the percentage of monolingual and bilingual children in either English or regional
language-medium of instruction schools (children in EMI (English Medium of Instruction), HMI (Hindi
Medium of Instruction), and TMI (Telugu Medium of Instruction) schools).

Location Monolinguals Bilinguals Socu')hngl..ustlc
Diversity
Delhi 46.1% EMI-53.9% HMI 65.0% EMI-35.0% HMI 15.0 EMI-15.2 HMI
Hyderabad 18.3% EMI-81.7% TMI 60.3% EMI-39.7% TMI 15.5 EMI-14.2 TMI

Finally, variation in our cohort can be found with respect to the average sociolinguistic diversity
scores for these groups of children, and how it varies depending on city, bilingualism, and medium of
instruction in school: Whereas in the Delhi data, the averages for sociolinguistic diversity were similar
for EMI and HMI schools, in the Hyderabad data, children attending EMI schools are exposed to more
diverse contexts on a daily basis. Furthermore, the discrepancy in the distribution of monolinguals
in the two cities presented in Table 3 can be partly accounted for by a recent policy change affecting
Delhi schools. Specifically, most government schools in Delhi were converted to English-medium
in 2013-14, without a transition stage. Conversely, Hyderabad EMI schools have had English as the
official medium of instruction for a longer period, and parents have a choice between EMI and TMI
schools in this city. Thus, it appears that in Hyderabad, children with Telugu as a home language
attend regional language schools, whereas most children who are bilingual or multilingual at home are
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enrolled in EMI schools. The discrepancy in the results from the two cities can thus shed further light
into the contribution of demographics and the role of language policy in the school context on fluid
intelligence, and cognition more generally.

Based on the results of the current study, some suggestions for future research can be offered.
First, the finding that fluid intelligence was increased for monolingual children growing up in a
sociolinguistically diverse context should be investigated further, in order to replicate the findings
and examine in which populations this holds. Second, the questionnaires that were used for SES and
sociolinguistic diversity—although based on previous research—did not reach the highest possible
internal consistency for questionnaires, and should be developed and tested further in a separate
project, aiming to develop and select an optimal set of questions that can be used by other researchers
in the field. Finally, our investigations showed differences in cognitive abilities based on demographics,
which we suggest reflects the different role of school languages (medium of instruction) in the
different cities from which children were tested. This strongly invites further investigations into the
contribution of demographics and the role of educational language policy in children’s linguistic and
cognitive development.

5. Conclusions

Overall, this study examined the cognitive performance of a large sample of primary school
children from government schools in India. Although all the children were from low-SES homes and
were all disadvantaged with respect to housing, parental education/stimulation, and other factors
influencing SES, variation was identified in the children’s multilingualism and sociolinguistic diversity.
Most importantly, the study shows that bilingualism/multilingualism in this population enhanced
cognitive performance on two different cognitive tasks, and that fluid intelligence was increased for
monolingual children growing up in a sociolinguistically diverse context. Other demographic variables
(medium of instruction/city) influenced performance on the cognitive tasks as well, providing further
evidence for the role of contextual effects on children’s cognitive skills.
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Figure A1. Distribution of the scores on sociolinguistic diversity (left graph) and socio-economic status
(SES; right graph) for children from Delhi and Hyderabad. Purple areas reflect the overlap between the
children from the two cities on the on the sociolinguistic diversity and SES scores.
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