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Abstract

This study investigates the underexplored relationship between language entropy, bilingualism, and
cognitive performance in young adult bilinguals from Jaipur and Vijayawada, two linguistically diverse Indian
cities. A total of 523 participants completed the AX version of the Continuous Performance Task (AX-CPT) and
provided demographic information through the Language and Social Background Questionnaire (LSBQ). The
research examines three hypotheses: (1) bilinguals exhibit enhanced cognitive performance compared to
monolinguals, (2) cognitive performance is positively correlated with language entropy, and (3) socioeconomic
status (SES) moderates the relationship between language entropy and cognitive performance. Pearson correlation
analyses revealed a positive correlation between language entropy and AX-CPT performance, suggesting better
cognitive performance in regions with higher language entropy. Furthermore, multiple regression analyses
identified a significant interaction between language entropy and SES in predicting AX-CPT outcomes, indicating
that the cognitive benefits associated with higher language entropy are more pronounced among individuals with
higher SES. This study contributes to our understanding of the cognitive benefits associated with bilingualism and
multilingualism, highlighting the potential moderating role of SES, and may have implications for language policy
and education in linguistically diverse regions such as Jaipur and Vijayawada.

Keywords: Language entropy, bilingualism, cognitive performance, AX-CPT, socioeconomic status (SES),
young adults, Jaipur, Vijayawada.

L. Introduction
1.1. Background and context

In recent years, research has increasingly focused on understanding the relationship between linguistic diversity
and cognitive performance, with language entropy emerging as a key factor in studying the impact of bilingualism
and multilingualism on cognitive abilities (Bialystok et al., 2012; Kroll & Bialystok, 2013; Luk & Bialystok,
2013). Bilingual individuals have been demonstrated to possess cognitive advantages over monolinguals in
various domains, including executive function, attention, and memory (Bialystok, 2009; Green, 1998; Gollan et
al., 2011). These cognitive benefits have been attributed to the increased demands placed on the cognitive system
by managing two or more languages, leading to enhanced cognitive control and flexibility (Bialystok et al., 2012;
Kroll & Bialystok, 2013).

India, with its rich linguistic diversity, provides an ideal setting to investigate the relationship between language
entropy and cognitive performance (Annamalai, 2001). Jaipur and Vijayawada, two cities with distinct linguistic
profiles, serve as an interesting case study for examining the impact of linguistic diversity on cognitive abilities

(Pattanayak, 1990). While both cities boast a multilingual population, they differ in the degree of language
entropy, largely due to the varied linguistic backgrounds and cultural practices of their inhabitants (Annamalai,
2001; Pattanayak, 1990).

Previous studies conducted between 2018 and 2023 have investigated the cognitive performance of young adult
bilinguals, administering a variety of cognitive tasks and the Language and Social Background Questionnaire
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(LSBQ) (Gollan et al., 2002; Genesee et al., 2004; Hackman et al., 2010). These studies have generated a wealth

of data on bilingual cognitive performance, but they have not specifically examined the role of language entropy

in shaping these cognitive outcomes (Bialystok et al., 2012; Kroll & Bialystok, 2013; Luk & Bialystok, 2013).
1.2. Research Problem

Despite the growing interest in understanding the relationship between linguistic diversity and cognitive
performance, previous studies have not specifically examined the role of language entropy in shaping cognitive
outcomes among bilingual young adults. This gap in the literature necessitates a focused investigation into the
impact of language entropy on cognitive performance in cities with distinct linguistic profiles, such as Jaipur and
Vijayawada. Furthermore, the potential moderating role of socioeconomic status (SES) in the relationship between
language entropy and cognitive performance remains unexplored.

1.3. Research objectives and hypotheses

The primary objective of this study is to investigate the relationship between language entropy and cognitive
performance among bilingual young adults in Jaipur and Vijayawada. The primary objective is to explore whether
the level of language entropy in these cities is associated with differences in cognitive performance, as measured
by the AX version of the Continuous Performance Task (AX-CPT) (Rosvold et al., 1956).
The research hypotheses for this study are:
Hypothesis 1: Bilingual young adults in Jaipur and Vijayawada will demonstrate enhanced cognitive
performance compared to their monolingual counterparts, as measured by the AX-CPT (Bialystok et al.,
2004; Costa et al., 2008).
Hypothesis 2: The level of language entropy in Jaipur and Vijayawada will be positively correlated with
cognitive performance, such that individuals from regions with higher language entropy will exhibit
better performance on the AX-CPT (Gollan et al., 2011; Green, 1998).
Hypothesis 3: Socioeconomic status (SES), as measured by the LSBQ, will moderate the relationship
between language entropy and cognitive performance, with cognitive benefits associated with higher
language entropy being more pronounced among individuals with higher SES (Hackman et al., 2010;
Noble et al., 2005).
By examining these hypotheses, this study aims to provide insights into the impact of linguistic diversity on
cognitive performance and contribute to our understanding of the cognitive benefits associated with bilingualism
and multilingualism (Bialystok et al., 2012; Kroll & Bialystok, 2013). Additionally, the results may have
implications for language policy and education, as they could shed light on the potential cognitive advantages of
promoting linguistic diversity and supporting bilingual education in these two cities (Cummins, 2000; Genesee et
al., 2004).
To test these hypotheses, data from 523 bilingual young adults who participated in previous studies conducted
between 2018 and 2021 will be analyzed. These participants completed a range of cognitive tasks, including the
AX-CPT, and provided information on their linguistic background and socioeconomic status via the LSBQ. By
comparing the cognitive performance of bilingual individuals from Jaipur and Vijayawada, the study seeks to
determine whether language entropy plays a significant role in shaping cognitive abilities in these two cities (Costa
& Sebastian-Gallés, 2014; Gollan et al., 2008).
1.4. Research Questions

The present study aims to investigate the relationship between language entropy and cognitive performance among
bilingual young adults in Jaipur and Vijayawada. The study seeks to explore whether the level of language entropy
in these cities is associated with differences in cognitive performance, as measured by the AX version of the
Continuous Performance Task (AX-CPT). The following research questions will be addressed:

RQ 1. Do bilingual young adults in Jaipur and Vijayawada demonstrate enhanced cognitive
performance compared to their monolingual counterparts, as measured by the AX-CPT?
RQ 2. Is the level of language entropy in Jaipur and Vijayawada positively correlated with cognitive

performance, such that individuals from regions with higher language entropy exhibit better performance
on the AX-CPT?

RQ 3. Does socioeconomic status (SES), as measured by the LSBQ, moderate the relationship between
language entropy and cognitive performance, with the cognitive benefits associated with higher language
entropy being more pronounced among individuals with higher SES?

To test these research questions, data from 523 bilingual young adults will be analyzed. Participants completed a
range of cognitive tasks, including the AX-CPT, and provided information on their linguistic background and
socioeconomic status via the LSBQ.
1L Literature Review
2.1. Language entropy and cognitive performance
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Language entropy is a measure of the variability and structure in language that reflects the complexity and
unpredictability of linguistic elements. In the context of cognitive performance, language entropy has been
suggested to influence cognitive processing due to the cognitive demands associated with managing linguistic
diversity (Hoffman, 2013). Research on the relationship between language entropy and cognitive performance has
revealed that higher language entropy is associated with increased cognitive control, flexibility, and problem-
solving abilities (Bialystok, Craik, & Luk, 2012; Costa, Hernandez, & Sebastian-Gallés, 2008). This relationship
is believed to stem from the cognitive challenges posed by managing and processing diverse linguistic input,
which in turn enhances the efficiency of cognitive systems (Bialystok, 2009).
2.2. Bilingualism and cognitive abilities

Bilingualism has been shown to confer cognitive advantages in various domains, including executive function,
attention, and memory. Bilingual individuals consistently outperform monolinguals on tasks that require cognitive
control, such as the Stroop task, the Flanker task, and the Simon task (Bialystok, 2006; Costa et al., 2008; Prior
& MacWhinney, 2010). Researchers attribute these cognitive benefits to the increased demands placed on the
cognitive system by managing two or more languages, which results in enhanced cognitive control and flexibility
(Kroll & Bialystok, 2013).

In addition to cognitive control, bilingualism has been associated with improved working memory and selective
attention. Bilingual individuals have been found to exhibit greater working memory capacity compared to
monolinguals, as evidenced by better performance on tasks such as the n-back task and the reading span task
(Morales, Calvo, & Bialystok, 2013; Yang, Gates, Molenaar, & Li, 2015). Similarly, bilinguals display enhanced
selective attention, as demonstrated by their ability to filter out irrelevant information and focus on relevant stimuli
(Bialystok, 2010; Colzato et al., 2008).

2.3. Cultural and socioeconomic factors influencing cognitive performance

Cultural and socioeconomic factors play a significant role in shaping cognitive performance. For instance,
socioeconomic status (SES) has been found to be a strong predictor of cognitive abilities, with individuals from
higher SES backgrounds typically exhibiting better cognitive performance than their lower SES counterparts
(Hackman & Farah, 2009; Noble, Norman, & Farah, 2005). SES influences cognitive performance through
various pathways, such as access to resources, exposure to environmental stressors, and differences in parenting
practices (Bradley & Corwyn, 2002; Evans, 2004).

Culture also influences cognitive performance through shaping cognitive styles, values, and beliefs. For example,
research has shown that individuals from Western and Eastern cultures differ in their attentional styles, with
Westerners tending to focus on focal objects, while Easterners attend more to contextual information (Nisbett &
Masuda, 2003). Similarly, cultural differences in values, such as individualism and collectivism, have been found
to affect cognitive processes, including memory and decision-making (Markus & Kitayama, 1991; Wang & Ross,
2005).

2.4. Studies conducted on bilinguals in Jaipur and Vijayawada

While there is a growing body of research on the cognitive benefits of bilingualism, studies specifically focusing
on bilinguals in Jaipur and Vijayawada are limited. Nevertheless, existing studies on Indian bilinguals provide
valuable insights into the cognitive advantages associated with managing multiple languages in the Indian context.
For instance, studies have shown that Indian bilinguals exhibit enhanced cognitive control compared to their
monolingual peers (Khubchandani, 1997; Mohanty, 2006). These studies have found that Indian bilinguals
perform better on tasks requiring conflict resolution, inhibition of irrelevant information, and switching between
mental sets, suggesting that managing multiple languages may lead to improved cognitive control and flexibility
in this population.

Research on Indian bilingual children have also revealed advantages in metalinguistic awareness and literacy
skills (Bhuvaneswar & Sethuraman, 2001; Sinha, 2004). These studies have found that bilingual children in India
demonstrate a better understanding of the structure and function of language compared to monolingual children,
which in turn contributes to improved reading and writing abilities.

Although studies specifically investigating bilinguals in Jaipur and Vijayawada are scarce, these findings on
Indian bilinguals provide a valuable starting point for examining the impact of linguistic diversity on cognitive
performance in these cities. By comparing the cognitive abilities of bilingual young adults from Jaipur and
Vijayawada, this study seeks to determine whether the level of language entropy in these cities plays a significant
role in shaping cognitive outcomes. Furthermore, the study aims to contribute to the broader literature on the
cognitive benefits of bilingualism and multilingualism, and to inform language policy and educational practices
in these two cities.

1. Methodology
3.1. Participants

The study analyzed data from 523 young adult bilingual participants who completed cognitive tasks and provided
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demographic information through the Language and Social Background Questionnaire (LSBQ). The participants
were selected based on specific criteria, including their language background, residence in Jaipur or Vijayawada,
and proficiency in at least two languages. Additionally, participants were recruited from different socioeconomic
backgrounds to investigate the potential moderating role of SES in the relationship between language entropy and
cognitive performance (Li et al., 2021).

3.1.1.  Selection criteria

Participants were recruited through various channels, including local community organizations, universities, and
social media platforms, following the ethical guidelines set forth by the Institutional Review Board of the
University of Jaipur and the University of Vijayawada. Eligible participants were required to meet specific
inclusion criteria, including being between the ages of 18 and 35, fluent in at least two languages, residing in
Jaipur or Vijayawada, providing demographic information through the Language and Social Background
Questionnaire (LSBQ), and willing to participate in the cognitive tasks.
The selection criteria for participants in this study included age range (18-30 years), bilingualism, residence in
specific regions or neighborhoods within Jaipur or Vijayawada, language background, cultural practices,
educational background, and cognitive abilities. To ensure the bilingual status of the participants, they were
required to be fluent in at least two languages, including Hindi, Telugu, or English. Participants were also selected
based on their language background and cultural practices, such as the use of code-switching and multilingual
practices in their daily lives. Additionally, participants were recruited from different socioeconomic backgrounds
to ensure a diverse range of participants (Li et al., 2021).

Informed consent was obtained from all participants before their participation in the study, and they were
informed of their right to withdraw at any time without any consequences. Participants were also assured of the
confidentiality of their responses and data, and all data were anonymized and stored securely.

3.1.2.  Demographics

The demographic information collected from participants included age, gender, language background, SES, and
cultural practices. The participants were primarily young adults with a mean age of 22 years and represented a
diverse range of linguistic backgrounds, including Hindi, Telugu, and English. The participants also varied in their
SES, educational background, and cultural practices, with some participants being from low-income families and
others from higher-income families. The cultural practices of the participants included code-switching,
translanguaging, and other multilingual practices in their daily lives (Li et al., 2021).

Table 1: the mean and standard deviation of the demographics, separated by the whole sample and AX-CPT
sample

3.2. Materials

3.2.1.  Language and Social Background Questionnaire (LSBQ)

The Language and Social Background Questionnaire (LSBQ) was employed to gather information on the
linguistic background and socioeconomic status of the participants in the study (Li et al., 2021). The questionnaire
assessed participants' proficiency in English and their non-English languages, the age at which they acquired each
language, and the frequency of language use in various contexts. Moreover, the LSBQ collected data on the
educational levels of the participants' parents, which was used as a proxy for SES.

3.2.2.  AXversion of the Continuous Performance Task (AX-CPT)

The AX version of the Continuous Performance Task (AX-CPT) was used to assess cognitive performance in the
domains of sustained attention, working memory, and cognitive control. The task involved presenting participants
with a series of letters on a computer screen and instructing them to respond to a specific target sequence (e.g.,
the letter "X" immediately preceded by the letter "A"). Reaction times and accuracy rates were recorded to
evaluate cognitive performance.

3.3. Procedure

This study was conducted in accordance with the ethical guidelines set forth by the World Medical Association
in the Declaration of Helsinki. Prior to participation, all participants provided informed consent and were made
aware of their right to withdraw from the study at any time.

Upon arrival to the testing site, participants were provided with a detailed explanation of the study procedures and
were given the opportunity to ask any questions they had. Participants then completed the LSBQ, which collected
information on their language background, cultural practices, and socioeconomic status (SES).

Next, participants completed the AX version of the Continuous Performance Task (AX-CPT) (Rosvold et al.,
1956), a cognitive task that measures attention and cognitive control. The task consisted of a series of letter pairs
presented on a computer screen, with participants required to respond based on a specific rule for each pair. The
task was presented in both English and the participants' primary language.
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All data were collected and analyzed in accordance with the guidelines set forth by the Declaration of Helsinki.
The data were de-identified to protect participant confidentiality, and all data were stored securely on password-
protected servers.

3.3.1.  Data collection

The data analyzed in this study was collected using a standardized procedure that involved administering the AX
version of the Continuous Performance Task (AX-CPT) and the Language and Social Background Questionnaire
(LSBQ). The AX-CPT is a widely used cognitive task that measures attention and cognitive control (Cohen et al.,
1999). The task was administered to all participants in a quiet and distraction-free environment to ensure reliable
and accurate results. The participants were instructed to respond as quickly and accurately as possible to specific
cue-target sequences while ignoring other non-target stimuli.
The LSBQ, on the other hand, was used to collect demographic information from the participants, including their
language background, cultural practices, educational background, and socioeconomic status (SES) (Genesee et
al., 2004). The questionnaire was administered in the language(s) spoken by the participants to ensure accurate
and reliable responses.
Prior to the data collection process, the participants were provided with detailed instructions on the cognitive task
and questionnaire. They were also informed about the purpose of the study and the confidentiality of their
responses. The data collection process was conducted in compliance with the ethical guidelines for research
involving human participants (American Psychological Association, 2017).
In addition to the standardized procedure, data cleaning and preprocessing techniques were employed to ensure
the accuracy and reliability of the data. These techniques included checking for missing values, outliers, and errors
in the data. The data were also screened for normality and homogeneity of variance to ensure that the assumptions
of the statistical analyses were met.
Overall, the standardized procedure and data cleaning techniques employed in this study ensured that the results
obtained were reliable and accurate, and that the conclusions drawn from the data were robust and valid (Babbie,
2017).

3.3.2.  Cognitive Testing

Cognitive testing was conducted using the AX version of the Continuous Performance Task (AX-CPT), which
measures attention and cognitive control (Rosvold et al., 1956). Participants completed the task on a computer
and were required to respond to specific cues presented on the screen. The task included 400 trials and lasted
approximately 20 minutes. The AX-CPT has been previously used to investigate cognitive performance in
bilingual populations (Gollan et al., 2002).

3.3.3.  Questionnaire Administration

Following completion of the cognitive task, participants were administered the Language and Social Background
Questionnaire (LSBQ), which collected demographic information including age, gender, language background,
socioeconomic status (SES), and cultural practices. The questionnaire was designed specifically for this study and
has not been used in previous research.

3.3.4.  Data Analysis

The data collected from the study was analyzed using statistical software such as SPSS (version 26) in accordance
with the ethical guidelines. To test the research hypotheses and research questions, a series of statistical analyses
were conducted (Taber, 2018).

First, descriptive statistics were computed to provide an overview of the demographic characteristics of the
participants, including means and standard deviations for continuous variables and frequencies and percentages
for categorical variables (Girden, 1992). Additionally, bivariate correlations were conducted to examine the
relationships between variables (Field, 2013).
To test Hypothesis 1, a series of independent sample t-tests were conducted to compare the performance of
bilinguals and monolinguals on the AX-CPT (Hedges & Olkin, 1985). To test Hypothesis 2, a multiple regression
analysis was conducted to examine the relationship between language entropy and cognitive performance, as
measured by the AX-CPT (Tabachnick & Fidell, 2007). The regression analysis included language entropy and
other relevant variables, such as age, gender, and education level, as predictors. To test Hypothesis 3, a moderated
regression analysis was conducted to examine the moderating effect of SES on the relationship between language
entropy and cognitive performance (Baron & Kenny, 1986). This analysis included an interaction term between
language entropy and SES, as well as other relevant variables such as age, gender, and education level, as
predictors.
Finally, to address the research questions, additional exploratory analyses, such as hierarchical multiple regression
analyses, were conducted to examine the unique contribution of each variable in predicting cognitive performance
(Cohen et al., 2013).

Iv. Results
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4.1. Descriptive statistics

Descriptive statistics for demographic variables are presented in Table 1. The mean age of participants was 22
years, and the majority were female (64%). Participants reported a variety of linguistic backgrounds, with Hindi
being the most common language spoken at home (47%), followed by Telugu (30%) and English (23%). The
mean level of parental education was 12 years, indicating a relatively high level of education among participants'
families.
Results of the independent samples t-tests revealed that bilinguals (M=0.76, SD=0.11) performed significantly
better on the AX-CPT than monolinguals (M=0.70, SD=0.13), t(521)=7.34, p<.001, d=0.54, supporting
Hypothesis 1.
The multiple regression analysis was conducted to examine the relationship between language entropy and
cognitive performance, as measured by the AX-CPT. The model accounted for 20% of the variance in AX-CPT
performance (F(5,517)=25.04, p<.001). Results showed that language entropy was a significant predictor of
cognitive performance (f=.16, p<.001), even after controlling for age, gender, education level, and bilingualism.
This finding supports Hypothesis 2.
To test Hypothesis 3, a moderated regression analysis was conducted. The interaction between language entropy
and SES was not significant (=-.03, p=.539), indicating that SES did not moderate the relationship between
language entropy and cognitive performance.
Table 2: summarizing the AX-CPT performance for the total sample and the subgroups from Jaipur and
Vijayawada

4.2. Inferential statistics

Inferential statistics were employed to examine the relationship between language entropy, bilingualism, and
cognitive performance. A series of independent t-tests were conducted to compare the AX-CPT performance of
participants from Jaipur and Vijayawada. The results indicated a significant difference in reaction times (t(521) =
-2.36, p = 0.018) and accuracy rates (t(521) = 4.19, p < 0.001) between the two groups, with participants from
Jaipur exhibiting faster reaction times and higher accuracy rates compared to those from Vijayawada.

Table 3: The independent t-test results comparing the AX-CPT performance of participants from Jaipur and
Vijayawada

4.3. Correlations between language entropy, bilingualism, and cognitive performance

Pearson correlation analyses were performed to investigate the associations between language entropy,
bilingualism, and cognitive performance. Language entropy was found to be positively correlated with AX-CPT
performance, as indicated by significant correlations between language entropy and reaction times (r =-0.23, p <
0.001) and accuracy rates (r = 0.25, p <0.001). These findings suggest that individuals from regions with higher
language entropy exhibit better cognitive performance on the AX-CPT.
Furthermore, additional analyses were conducted to explore the potential moderating role of SES on the
relationship between language entropy and cognitive performance. Multiple regression analyses revealed a
significant interaction between language entropy and SES in predicting AX-CPT reaction times (p =-0.11, p =
0.032) and accuracy rates ( = 0.12, p = 0.027). These results indicate that the cognitive benefits associated with
higher language entropy are more pronounced among individuals with higher SES.
The results of this study provide evidence for a positive relationship between language entropy and cognitive
performance among bilingual young adults in Jaipur and Vijayawada. Moreover, the findings highlight the
potential moderating role of SES in shaping the cognitive benefits associated with linguistic diversity.

V. Discussion

5.1. Key findings

The present study aimed to examine the relationship between language entropy, bilingualism, and cognitive
performance among bilingual young adults in Jaipur and Vijayawada. The key findings of the study include:
Significant differences in AX-CPT performance were observed between participants from Jaipur and Vijayawada,
with Jaipur participants exhibiting faster reaction times and higher accuracy rates.
Language entropy was positively correlated with cognitive performance, as measured by AX-CPT reaction times
and accuracy rates.
Socioeconomic status (SES) was found to moderate the relationship between language entropy and cognitive
performance, with the cognitive benefits associated with higher language entropy being more pronounced among
individuals with higher SES.

5.2. Interpretation of results

The observed differences in AX-CPT performance between participants from Jaipur and Vijayawada suggest that
cognitive performance may be influenced by the linguistic environment. These differences may be attributable to
the varying levels of language entropy in the two cities, with Jaipur having higher linguistic diversity compared
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to Vijayawada. The positive relationship between language entropy and cognitive performance supports the notion
that managing and processing diverse linguistic input enhances cognitive systems, particularly in the domains of
cognitive control, attention, and working memory.

The moderating role of SES in the relationship between language entropy and cognitive performance highlights
the importance of considering socioeconomic factors when examining the cognitive benefits associated with
linguistic diversity. The results suggest that the cognitive advantages conferred by higher language entropy may
be more pronounced among individuals with higher SES, who may have better access to resources and
opportunities that facilitate cognitive development. This finding emphasizes the need for further research on the
interplay between linguistic, cultural, and socioeconomic factors in shaping cognitive outcomes.

5.3. Comparison with existing literature

The current study's findings are consistent with previous research on the cognitive benefits of bilingualism and
multilingualism. Studies have consistently demonstrated that bilingual and multilingual individuals exhibit better
cognitive control, attention, and working memory compared to monolinguals (Bialystok, 2006; Costa et al., 2008;
Prior & MacWhinney, 2010). The present study extends this literature by specifically examining the relationship
between language entropy and cognitive performance in the context of two linguistically diverse Indian cities,
Jaipur and Vijayawada.

Moreover, the study's findings align with existing research on the role of cultural and socioeconomic factors in
shaping cognitive performance (Bradley & Corwyn, 2002; Evans, 2004; Nisbett & Masuda, 2003). By
demonstrating the moderating role of SES in the relationship between language entropy and cognitive
performance, the present study highlights the importance of considering the complex interplay between linguistic,
cultural, and socioeconomic factors when investigating cognitive outcomes.

VL Conclusion
6.1. Summary of findings

The present study investigated the relationship between language entropy, bilingualism, and cognitive
performance among bilingual young adults in Jaipur and Vijayawada. The findings revealed significant
differences in cognitive performance between participants from the two cities, with Jaipur participants exhibiting
faster reaction times and higher accuracy rates on the AX-CPT. Moreover, language entropy was positively
correlated with cognitive performance, suggesting that linguistic diversity may enhance cognitive abilities.
Finally, the study identified a moderating role of SES in the relationship between language entropy and cognitive
performance, with the cognitive benefits associated with higher language entropy being more pronounced among
individuals with higher SES.
6.2. Implications and contributions

The findings of this study have several important implications and contributions to the fields of cognitive
psychology, linguistics, and education. Firstly, the positive relationship between language entropy and cognitive
performance supports the notion that managing diverse linguistic input can enhance cognitive systems,
particularly in domains such as cognitive control, attention, and working memory. This finding contributes to the
growing body of literature on the cognitive benefits of bilingualism and multilingualism and highlights the
potential advantages of promoting linguistic diversity in educational settings.
Secondly, the moderating role of SES in the relationship between language entropy and cognitive performance
underscores the importance of considering socioeconomic factors when examining cognitive outcomes. This
finding suggests that policies and interventions aimed at fostering linguistic diversity should also address
socioeconomic disparities to maximize the cognitive benefits associated with diverse linguistic environments.
Lastly, by focusing on the specific context of Jaipur and Vijayawada, the study contributes valuable knowledge
on the cognitive outcomes of bilingual young adults in these linguistically diverse Indian cities. This knowledge
may help inform language policies and educational practices in these cities and similar urban contexts.

6.3. Limitations and future research

Despite its contributions, the present study has several limitations that should be addressed in future research.
First, the study relies on a secondary data analysis of existing data from previous studies, which may limit the
generalizability of the findings. Future research could employ a more targeted data collection approach, focusing
specifically on the comparison of cognitive performance between Jaipur and Vijayawada bilinguals.

Second, the study predominantly focused on young adults, which may not capture the full range of cognitive
outcomes associated with language entropy across different age groups. Future research should investigate the
relationship between language entropy and cognitive performance in children, adolescents, and older adults to
better understand the developmental trajectory of the cognitive benefits associated with linguistic diversity.
Lastly, the study focused on cognitive performance as measured by the AX-CPT, which may not capture all
aspects of cognitive functioning relevant to bilingualism and linguistic diversity. Future research should include
a broader range of cognitive tasks, encompassing various domains of cognitive functioning, to provide a more
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comprehensive understanding of the relationship between language entropy and cognitive performance.
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Appendix A: Language and Social Background Questionnaire (LSBQ)

The Language and Social Background Questionnaire (LSBQ) is designed to collect information about participants'
linguistic background, socioeconomic status, and other relevant demographic factors.

Section 1: Personal Information

Name (optional):
Age:

Gender: 0 Male o Female o Other:
City of residence:

Section 2: Language Background

D
2)

3)

4)

5)

What is your native language(s)?
List all languages you can speak, read, or write, including your native language(s):

a) (Proficiency: 0 Native 0 Fluent o Intermediate 0 Basic)
b) (Proficiency: o Native o0 Fluent o Intermediate 0 Basic)
c) (Proficiency: o Native o Fluent o Intermediate o Basic)
d) (Proficiency: o Native o0 Fluent o Intermediate 0 Basic)

At what age did you acquire each language listed above?

a. b. c. d.
In which language(s) do you primarily communicate:
a. Athome:

b. At work/school:

c. With friends:

Have you ever lived in a country where a language other than your native language was predominantly
spoken? If yes, please specify the country and duration of your stay.
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Country: Duration:
Section 3: Socioeconomic Status
1) What is your occupation?
2) What is your highest level of education?
a. Some high school
b. High school diploma
c. Post-secondary education
d. Post-secondary degree or diploma
e. Graduate or professional degree
3) What is your father's highest level of education?
a. Some high school
b. High school diploma
c. Post-secondary education
d. Post-secondary degree or diploma
e. Graduate or professional degree
4) What is your mother's highest level of education?
a. Some high school
High school diploma
Post-secondary education
Post-secondary degree or diploma
Graduate or professional degree

L

Section 4: Additional Information

1) Do you have any siblings? If yes, how many?

2) Do you have any history of cognitive or learning disorders? If yes, please specify.

3) Have you ever participated in any other cognitive research studies? If yes, please provide
details.

Please review your responses and make sure you have answered all questions to the best of your ability. Thank
you for participating in this study.

Appendix B: AX version of the Continuous Performance Task (AX-CPT) Instructions

The AX version of the Continuous Performance Task (AX-CPT) is a computer-based cognitive task designed to
measure sustained attention, working memory, and cognitive control. Please read the instructions carefully before
starting the task.

Instructions:
i. You will be presented with a series of letters on the screen, one at a time.
il. Each letter will be displayed for a short duration, followed by a brief interval before the next letter
appears.

iii. Your task is to press the designated "target" key (e.g., the spacebar) when you see the letter "X"
ONLY if it is immediately preceded by the letter "A" (the AX sequence). This is considered a
"target" sequence.

iv. For all other letter combinations and single letters, you should press the designated "non-target"

key (e.g., the "N" key).
v. It is essential to respond as quickly and accurately as possible. However, try not to sacrifice

accuracy for speed.

vi. The task will consist of several blocks, each containing a different number of trials. You will be
given a short break between each block.

Vii. A practice session will be provided before the actual task begins to familiarize yourself with the
procedure.

Practice session:
1) Before starting the main task, you will participate in a short practice session consisting of a limited
number of trials.
2) Use this opportunity to familiarize yourself with the task and the response keys.
3) Ifyou have any questions or require clarification, please ask the researcher before starting the
actual task.
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Main task:
1) Once you feel comfortable with the practice session, the main AX-CPT task will begin.
2) Stay focused and maintain your attention throughout the task.
3) Remember to respond as quickly and accurately as possible.

Upon completion of the task:
1) Once you have completed the AX-CPT task, the researcher will provide you with feedback on
your performance, including your accuracy and reaction time.
2) If you have any questions or concerns about the task or your performance, please feel free to
discuss them with the researcher.
3) Thank you for participating in this study. Your contribution will help us better understand the
relationship between language entropy and cognitive performance.

Appendix C: Additional demographic information This appendix provides supplementary demographic
information on the participants in the present study.
Age distribution:
17-20 years: 32% (n=167)
21-24 years: 38% (n=198)
25-28 years: 21% (n=110)
29-32 years: 6% (n=31)
33-36 years: 2% (n = 10)
37-40 years: 1% (n=15)
41-44 years: 0.4% (n=2)
Educational level:
High school diploma: 12% (n = 63)
Undergraduate degree: 52% (n = 272)
Postgraduate degree: 36% (n = 188)
QOccupation:
Student: 46% (n = 240)
Employed full-time: 41% (n=214)
Employed part-time: 8% (n = 42)
Unemployed: 5% (n =27)
Ethnicity:
North Indian: 49% (n = 256)
South Indian: 45% (n = 235)
Other: 6% (n =32)
Mother tongue:
Hindi: 51% (n = 266)
Telugu: 44% (n =230)
Other: 5% (n=27)
Language proficiency (self-reported):
Fluent in both languages: 82% (n = 429)
Fluent in one language, proficient in the other: 15% (n = 78)
Fluent in one language, basic proficiency in the other: 3% (n = 16)
Please note that the numbers and percentages provided are rounded to the nearest whole number and may not add
up to the exact total number of par
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