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Abstract

When a picture is viewed by a monolingual speaker, the conceptual
representation is first set into motion followed by the associated lexical
and phonological representations prior verbalization. This uncomplicated
mechanism becomes more complicated for multilinguals. This complica-
tion is partly resolved by inhibitory control mechanisms. The focus of the
earlier studies on inhibitory control function was on bilinguals. Therefore,
present study aimed at investigating the language switching performance
and lexical robustness using verbal fluency task in multilinguals. Twenty
multilingual speakers of Kannada (L1), English (L2) and Hindi (L3) in
the age range of 18 to 23 years participated in the study. Reaction time
of language switching across the languages and verbal fluency in all the
three languages were calculated. The findings suggested an interaction
between inhibitory control abilities and language switching capabilities
when particularly switching from a more proficient language to less
proficient language.

©JAIISH, All Rights Reserved

Introduction

Multilingualism is the act of using, or prompt-
ing the use of, multiple languages, either by indi-
vidual speaker or by a community of speakers. A
multilingual is a person who has the potential to
use three or more languages, either separately or in
various degrees of code-mixing. (McArthur , 1992;
Edwards, 1994; Vildomec, 1963).

These Multilingual populations face a cognitive
challenge during speech processing and production.
That is, the words in all the languages begins to
get operative to certain extent and may compete
for selection (e.g., Bajo et al., 2010, Kroll, Bobb,
Misra & Guo, 2008), implying that cognitive con-
trol mechanisms must be at work to control this
cross-language activation. For example when a pic-
ture is viewed by a monolingual speaker, the con-
ceptual representation is first set into motion fol-
lowed by the associated lexical and phonological
representations prior verbalization. This uncom-
plicated mechanism becomes more complicated for
a multilingual, considering that for a given concept
greater than one lexical representation is mapped.
That is when a multilingual speaker names a pic-
ture of a ‘cat’ in one of the language; there is ac-
tivation of the words in all the languages to some
extent, by that making a person to choose the ap-
propriate word for verbalization (Bialystok, 2009;
Green 1986, 2003). In the due course the multilin-
gual speaker produces the right word that is equiv-

alent to the target language. This advocates that
there must be a procedure which helps in selection
of an appropriate word and that promote this pro-
cess. Some researchers have argued that inhibitory
control may serve the role of suppressing the non-
target words and help in accessing the target word.
(e.g., Costa, Santesteban & Ivanova, 2006; Green,
1998). Inhibitory control model (ICM) explains
a prospective mechanism underlying the language
selection during the multilingual speech produc-
tion. When lexical items in multi-language gets
activated, there exist a competition between all the
languages for selection, this conflict is in part re-
solved by inhibitory control mechanisms applied on
the non-target lexical items. That is, the non-target
languages get suppressed to some extent when ac-
cessing words in one language thereby permitting
the words in the target language to be selected and
finally produced. Green (1986, 1998) ICM depicts
the notion that active inhibition is applied on the
non-target words. This model in specifically, brace
the concept of language tags, which is described
as a notion that there are “built-in labels” for all
the words in all the languages that are already des-
ignated to the particular language that they be-
long to. The language tags assist inhibitory con-
trol mechanism to disseminate Inhibition accord-
ingly (i.e., a greater extent of inhibition is exerted
on the words in the non-target language because of
the verity that they do not bear the suitable lan-
guage tags). Further, the ICM contemplates that
the extent of inhibition applied is directly propor-
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tionate the extent of activation being exerted by
the conceptual level. As described, the non-target
words receive larger inhibition along with larger ac-
tivation levels.

There are several methods to tests the In-
hibitory control mechanism such as, Natural speech
situations (Grosjean, 1988, 1997; Grosjean &
Miller, 1994; Li, 1996, 1998), Stroop Translation
Task and Brain Activity (Schwieter, 2008; Schwi-
eter & Sunderman 2009, Abutalebi & Green, 2008;
Hernandez, Dapretto, Mazziotta, & Bookheimer,
2001; Price, Green, & von Studnitz, 1999) which
have been incorporated while performing empiri-
cal tests of ICM. Apart from these methods, much
of the evidence in support of the ICM has come
from language switching experiments that allow re-
searchers to compare the amount of time it takes
to switch into more- and less-dominant languages.
Language switching tasks is one, in which the par-
ticipants name either the picture (Costa & San-
testeban, 2004) or numerals (Meuter & Allport,
1999) on the screen of the computer, at the same
time, switching to and fro between their languages.
Participants follow the colour cue (example, back-
ground colour of the screen) to name the target
in that particular language which is represented
through a colour code. The reaction time and
the accuracy are measured during this process.
This reaction time (RT) analysis of the language
switching tasks provides a more sensitive mea-
sure of online language processing. Nevertheless,
without any uncertainty, while conducting switch-
ing tasks, the individuals are enforced to switch
to and fro between their languages, which have
proved to be most detailed empirical test of the In-
hibitory control mechanism. Few examples for the
test employed by number of researchers in bilin-
guals are picture or numeral naming task with
language switches (Finkbeiner, Almeida, Janssen,
& Caramazza, 2006; Costa & Santesteban, 2004;
Hernandez & Kohnert, 1999; Costa, La Heij, &
Navarrete 2006; Abutalebi & Green, 2007; Hernan-
dez et al., 2001; Hernandez, Martinez, &Kohnert,
2000; Jackson, Swainson, Cunnington, & Jackson,
2001; Linck, Hoshino, & Kroll, 2008; Meuter, 1994;
Meuter & Allport, 1999; Schwieter & Sunderman,
2008; Schwieter, 2013; Wodniecka, Bobb, Kroll, &
Green, 2005).

There are few researches done on language
switching in multilinguals. Schweiter and Sunder-
man (2012) tested whether trilingual speakers rely
on inhibitory control mechanism while accessing
words during speech production. The findings of
their study confirmed that there was significant re-
liance on inhibitory control for all the three lan-
guages. And the study also found that there was
an imbalance of language proficiency in all the three
languages and the same reflected in their switch
costs which were asymmetrical.

Lately, the researchers have shown that the
inhibitory control process depends on variables
such as lexical robustness (Schwieter & Sunderman,
2008, 2009, Schweiter, 2013). So the second part of
the study concentrated on the Lexical robustness in
multilinguals. Lexical robustness is an important
aspect of global proficiency in which the greater
automaticity of word retrieval is due to the famil-
iarity with the frequency of its access (Costa et al.,
2006, Schwieter & Sunderman, 2008, 2009). Verbal
fluency is a measure of lexical robustness that cap-
tures the quantitative size of the lexicon. There are
different forms of verbal fluency test, but in general,
individual is given a particular category or a par-
ticular phoneme as a cue and is asked to name as
many items as possible in that category or starting
from that particular phoneme (Example, they are
asked to name fruits or asked to name things start-
ing from ’P’). Verbal fluency tasks are relatively
widely used as it demands lesser task demands and
it makes them suitable for both normally develop-
ing and impaired adults and children. Costa et al
(2006) argued that the robustness of lexical repre-
sentation may be critical to the functionality of a
language specific selective mechanism.

Schweiter and Sunderman (2012) conducted
verbal fluency measure in trilinguals. They mea-
sured L1, L2 and L3 separately. For each language,
five semantic categories and five first letter cate-
gories were given. The stimuli were presented on
the computer screen and were instructed to name
as many items possible in that particular category
or letter in 60 seconds. The lexical robustness was
calculated by adding all the correct responses from
each of the ten categories. The results of their study
revealed that mean lexical robustness were better
in L1 followed by L2 and L3.

In Indian context there are several studies con-
centrated on the lexical activation in bilinguals.
Krishnan and Tiwari (2010) investigated the ’lan-
guage specific’ versus the ’language non specific’ is-
sue in bilinguals using ’semantic relatedness judg-
ment’ paradigm. The findings of their study sup-
ported the ’language non-specific’ nature of lex-
ical selection in bilinguals. Similarly Shivabas-
appa, Rajashekar and Krishnan (2011) investigated
the language-specific versus language non-specific
views of bilingual lexical activation using phoneme
monitoring task. The results of their study also
supported the language non-specific view of bilin-
gual lexical activation. In parallel to the earlier
studies, Suma (2013) studied the language acti-
vation in Kannada English Bilingual adults. The
stimuli used were semantically related and semanti-
cally non related word pair conditions. The results
of their study were in concurrent with the earlier
findings i.e. it supported language non specific acti-
vation. In another research conducted by Sabastein
and Prema (2010) studied the lexical processing in
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bilingual aphasics using semantic and translation
priming paradigm. The results of their study indi-
cated that words in bilingual’s two languages share
a common conceptual representation.

The majority of studies till date have concen-
trated on inhibitory control function in bilinguals.
Because of limited number of research have been
conducted on trilinguals or multilinguals, the se-
quences of speaking more than two languages on
inhibitory control and lexical robustness remain
poorly understood. (Abunuwara, 1992; Kave, 2008;
Lincketal., 2012; Dijikstra & Van Heuven, 2002).
In Indian context, there are several studies which
are concentrated on bilinguals and there is scarcity
of studies concerning the inhibitory control mech-
anism related to multi-ligulas. Hence the present
study was conducted aiming to extend research in
this area by examining the inhibitory control mech-
anism and lexical robustness in multilingual speak-
ers. The objectives of the study were to compare
the reaction time of language switching across L1
(Kannada), L2 (English) and L3 (Hindi) languages
and the performance of verbal fluency task across
L1 (Kannada), L2 (English) and L3 (Hindi) lan-
guages.

Method

Participants: Twenty Multilingual speakers par-
ticipated in the study, within the age range of 18
to 23 years. Majority of the subjects were stu-
dents. All were native Kannada (L1) speakers. The
medium of instruction throughout their schooling
was in English (L2) and they were exposed to Hindi
(L3) language since the age of 10 years. So, all the
participants were exposed to L1 from birth, L2 ap-
proximately at the age of 5 years and the L3 around
the age of 10 years (due to obligatory Hindi in
public schools). These participants first completed
the informed consent form. Next, to gather infor-
mation about their language use and proficiency
level, the participants completed a language ques-
tionnaire (Gullberg & Indefrey, 2003).

Procedure: Two experiments were conducted in
the present study.

Experiment 1 Language Switching Task: Pic-
ture naming task with language switches were ad-
ministered on all the participants. These stimuli
were used to investigate the extent to which in-
hibitory control supports lexical access when mul-
tilinguals name. A number of studies have in-
corporated the picture naming task with language
switches in bilingual studies (e.g., Costa & San-
testeban, 2004; Schwieter & Sunderman, 2008)
to test the inhibitory control mechanism. So, in
the present study similar procedure was adapted
with slight modification. That is, along with the

two language switches used in the earlier studies
(e.g., Costa & Santesteban, 2004; Schwieter & Sun-
derman, 2008) additional third response language
switch was incorporated to explore the multilingual
language processing and reliance on inhibitory con-
trol within the same experiment (Schwieter & Sun-
derman, 2011).

Stimuli: A total of 60 concrete noun pictures with
10 pictures each belonging to six different semantic
categories were presented. These nouns were taken
by standardized test material developed by Aish-
warya (2011). There was equal production of all
three languages in the experiment that is, 20 words
in each language.

Testing: The participants were individually
tested. Instructions were given by the researcher
verbally in addition to the instructions given on
the computer screen. Each participant was seated
in front of a computer screen at a distance of 2
feet and was instructed to name lists of pictures in
the language according to the colour code (colour
square block). Each picture presented had a lan-
guage cue: green for Kannada (L1); red for English
(L2); yellow for Hindi (L3). Before the experimen-
tal lists began, each participant was given practice
trails as training session. This practice trial has
five lists of picture similar to the experimental lists.
The list of pictures were structured as follows: (i) a
picture was presented at the centre of the screen on
a white background for 2500 milliseconds, this was
followed by blank interval of 500 milliseconds (iii)
the first picture appeared with either a green, red,
or yellow coloured block and the participants were
instructed to name the pictures in one of their three
languages as coded by the coloured block into the
microphone. The entire testing of language switch-
ing task was carried out in a single sitting.

Experiment 2: Verbal fluency measure: Ver-
bal fluency measure was carried out to check for
the lexical robustness. In this task, there were two
subcategories i.e., the participants were presented
with (i) three “Semantic Verbal Categories” and (ii)
five “Phonemic Verbal Categories”. The presenta-
tion of these categories was randomized for each
participant. The participants were tested individ-
ually and were given instructions verbally by the
researcher. The participants were presented with a
one particular category or a particular phoneme at
a time as a cue and were asked to name as many
items as possible in that category or starting from
that particular phoneme within sixty seconds. Cat-
egories were blocked by language to avoid language
switching. This task was conducted in all three lan-
guages (L1, L2, and L3) separately. The testing was
carried out at three different times i.e. with a gap
of one week to counteract practice effect.

A total score was calculated by adding all re-
sponses from each of the first letter and semantic
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categories. The repetition of words was not added
to the participant’s scores. The total number of
items produced by the participant has been taken
as an indicator of lexical robustness.

Results

Language Switching Task: The switching task
across the three languages was compared using the
paired sample’t’ test. The RT analysis was per-
formed on condition means for correct and validly
time switching responses. The mean reaction time
and error responses were extracted. The mean Re-
action Time (RT) for switching task for L1, L2
and L3 were 1728.6 milliseconds, 1702.5 millisec-
onds and 1854 milliseconds respectively. It can be
studied that the mean scores were better i.e. sub-
jects could switch faster in L2 followed by L1 and
L3. However L2 had significantly less difference
(p=0.05) in RT than L1. The examination of sta-
tistical values reveals that the reaction time was
faster for L2 followed by L1 and L3. The mean
switching errors in L1, L2 and L3 was 6.9, 5.13 and
7.4 respectively suggesting that there were signif-
icantly more (p<0.05) error responses in L3 than
in L1 and L2. The mean and standard deviation
scores of this task are depicted in Table 1 and Fig-
ure 1.

Verbal Fluency Task

Phonemic Verbal Fluency Task: The mean
scores for phonemic and semantic fluency for L1
was 14.8, for L2 was 17.2 and 12.3 for L3. This
indicates that the participants had lesser lexical ro-
bustness in L3 than in L1 and L2. The mean and
standard deviation scores for this task are shown in
Table 2 and Figure 2.

Table 1: Showing the mean reaction time and standard
deviation for switching task across languages

Languages Mean (ms) S.D

Kannada (L1) 1728.6 177.0

English (L2) 1702.5 152.9

Hindi (L3) 1854 252.1

Table 2: Showing the mean reaction time and standard
deviation for switching task across languages

Languages Mean S.D

Kannada (L1) 14.8 3.3

English (L2) 17.2 3.6

Hindi (L3) 12.3 2.6

Table 3: Mean scores and Standard Deviation for
Semantic Fluency across languages

Languages Mean S.D

Kannada (L1) 13.2 2.3

English (L2) 16 2.6

Hindi (L3) 10 2.2

Figure 1: Mean Reaction time for switching task
across languages.

Figure 2: Depicting mean scores for Phonemic
Fluency across languages.

Figure 3: Depicting mean scores for Semantic Fluency
across languages.

Semantic Verbal Fluency Task: The mean
scores of semantic fluency task were 13.2, 16, and
10 for L1, L2 and L3 respectively. Paired sample’t’
test was carried out to examine the significant dif-
ference in semantic verbal fluency across languages.
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This indicates that the participants had higher lex-
ical robustness in L2 followed by L1 and L3. Total
of three categories were presented. The mean and
standard deviation scores for this task are given in
Table 3 and Figure 3.

Discussion

In this study, we conducted switching task and
verbal fluency task to study the inhibitory control
mechanism and lexical robustness in multilinguals.
Language switching task was incorporated in the
present study as it specifically argued that it rely
more heavily on the inhibitory control mechanism.
Verbal Fluency measurement was used and the to-
tal number of unique category exemplars produced
by the participants was taken as the indicator of
lexical robustness.

The results of the present study revealed that,
in both switching and verbal fluency tasks, the per-
formance was better in L2 compared to L1 and
L3. This could be attributed to the usage and
exposure of L2 being more. Heredia and Altar-
riba (2001) explained that the active use of L2 for
a longer time could result in concepts becoming
more accessible in that language. Research also in-
dicates that the degree of language dominance or
the language which is readily accessible depends on
the usage and exposure which may be a factor in
language processing or language switching (Here-
dia, 1997, Heredia and Altarriba, 2001; Altarriba
& Basnight-Brown 2007). So the present exper-
iment suggested that English stimuli were easier
to switch as a function of participants accessibility
in that language. Also as the student population
was taken for the study, the exposure to L2 lan-
guage was higher. However during conversations
with friends and family, subjects preferred combi-
nation of L1 and L2 languages. This was supported
by the information obtained by the questionnaire
where subjects reported the usage of L1 and L2 on
a regular basis for communication. So, these results
showed that better inhibitory control mechanism in
L2 compared to L1 and L3. Hence this indicates
good inhibition skills for L2 which is needed to al-
ternate between the languages, inhibiting the other
unselected one (s) (Green, 1998: Meuter&Allport,
1999; Kroll, Bobb, & Wodniecka, 2006). There-
fore, even though the subjects were almost equal
proficient in both L1 and L2 there accessibility was
better in L2 compared to L1 followed by L3.Thus
for these participants; L2 was effortless processing
relative to the automatized L1.

The study also discloses that in this sample
of unbalanced multilinguals, the differences in in-
hibitory control mechanism are most salient in con-
flict condition, specifically, when naming in less
dominant. This finding is coherent with the with
competition-for-selection models of speech produc-

tion (Kroll, Bobb & Wodniecka, 2006). As stated
in these models, the larger amount of competition
occurs in a less dominant language. In the present
population L3 was less dominant than both L1 and
L2 so, the enormous competition would have been
naming in L3.

In verbal fluency task, the participants of the
study performed better in L2 compared to L1 and
L3 similar to switching task. The research argued
that verbal fluency measured both strength of the
lexical representation and ability to access them.
So in the present group the lexical representation
and ability to access was better in L2 followed by L1
and then followed by L3. So this also suggests that
they were L2 proficient multilinguals with domi-
nant L1 and comparatively less proficiency in L3.
This verbal fluency measure, taps into the lexical
robustness and has consistently correlated with the
participants language questionnaire which showed
subjects reported the usage of L1 and L2 on a regu-
lar basis for communication. Even though the test
questionnaire stated almost equal proficiency be-
tween the L1 and L2 languages, the performance
in L2 was better than the performance in L1 and
L3 which stated that language usage also had an
influence on the switching and lexical robustness.
That is., the usage and exposure of L2 being more
than that of L1 and L3 in the present population
who were students.

Conclusions

This study examined the inhibitory control
mechanism during language switching task and lex-
ical robustness in multilinguals. Results suggested
an interaction between inhibitory control abilities
and language switching capabilities when particu-
larly switching from a more proficient into a less
proficient. The results also indicated that in the
context of multilingual language processing, asym-
metrical switching arose for all languages. This
can be taken as evidence that Inhibitory control
is utilized in multilingual speech production. The
greater proficiency in switching and lexical robust-
ness in L2 may account for the fact that L2 is being
used as a widespread language for communication
purpose.
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