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THE EFFECTS OF SECOND LANGUAGE PROFICIENCY AND LANGUAGE
DISTANCE ON YOUNG ADULTS’ EXECUTIVE FUNCTIONING
PERFORMANCE

ABSTRACT

The bilingual advantage hypothesis suggests that knowing and controlling more
than one language enhances cognitive capacities. While there are studies that have
shown a positive relationship between bilingualism and various cognitive factors there
is also a growing literature finding no difference between monolinguals and bilinguals.
Finding pure monolinguals has become almost impossible, especially in the young adult
population. Hence, this study aims to investigate two bilingual groups that have
different genetic language distances between their first language (L1) and second
language (L2) (i.e., L1-Turkish-L2-English and L1-Turkish-L2-Arabic) and examine
whether language proficiency plays a role in task performances of executive functioning
(henceforth EF). The sample of the study consisted of 108 participants with Turkish as
their first language, 55 of which had English as their second language (Female = 40,
Male = 15, Mage = 22.96) and 53 with Arabic as their L2 (Female = 40, Male = 13, Mage
= 22.05). We collected data in two sessions; the first session included computerized
versions of the Stroop task as a measure of inhibition, Wisconsin Card Sorting Task for
cognitive flexibility and 2-Back for verbal working memory and both the forward and
backward Corsi Block tests for spatial working memory. The second session included
the second language proficiency task PPVT-1V, Penn Matrix Analysis Test (PMAT24)
as a measure of non-verbal reasoning, and the letter verbal fluency task to control for L1
fluency. The findings suggest that L2 proficiency was not a significant predictor of EF
task performance in our sample. Additionally, the genetic language distance score in our
study was based on how distant the languages originated from one another. However
different aspects of language distance such as orthography and word borrowing can play
a role in how language distance effects EF performance therefore, they can be

considered for future studies.

Keywords: Bilingualism, L2 proficiency, Language distance, Executive functions
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[KINCI DIL YETKINLIGININ VE DILBILIMSEL MESAFENIN GENC
YETISKINLERDE YONETICI iISLEVLERE ETKiSi

OZET

Iki dillilik avantaj hipotezi birden fazla dil bilmenin ve kontrol etmenin biligsel
kapasiteyi artirdigini ileri siirmektedir. Cift dillilik ve ¢esitli biligsel siirecler arasinda
olumlu bir iligki bulan ¢alismalarin yaninda tek dilli bireyler ile ¢ok dilli bireyler
arasinda fark bulamayan calismalarda da artis bulunmaktadir. Ozellikle geng
yetiskinlerde ikinci dile maruz kalmayan bireyler bulmak imkansiza yakin hale
gelmistir. Bu sebeple bu ¢alismanin amaci birinci dil (D1) olan Tiirkgeye genetik dil
mesafesi farkli olan 2 farkli ikinci dilin (D2) (D1 Tiirkge- D2- Ingilizce ve D1- Tiirkce
D2- Arapga) ikinci dil yetkinligine bagli olarak ydnetici islev ¢alisma performansina
etkisini incelemektir.Bu ¢alismanin drneklemi ana dili Tiirkce olan ikinci dili ingilizce
olan 55 (K =40, E = 15, Ortyas = 22.96) ve ikinci dili Arapga olan 53 (K =40, E = 13,
Ortyas = 22.05), toplam 108 katilimcidan olusmaktadir. Veri toplama 2 oturumda
gerceklesmistir. Ik oturumda bilgisayara uyarlanmis ketleme dl¢iimii igin Stroop
caligmasi, biligsel esneklik 6lgmek i¢cin Wisconsin kart esleme calismasi ve sozel galigir
bellek 6l¢mek i¢in 2-geri ¢aligsmasi ve mekansal ¢alisir bellek icin ileri ve geri Corsi
calismasi kullanilmistir. Ikinci oturumda ikinci dil yetkinligini 6l¢mek icin PPVT-IV,
Penn Matriks analiz testi (PMAT-24) s6zel olmayan nedensellestirme 6l¢mek igin ve
birinci dildeki akiciligi kontrol etmek i¢in harf akicilik testi verilmistir. Bulgular
orneklemimizde ikinci dil yetkinligini yonetici islev performansinda anlamli bir
yordayict olarak gostermemistir. Caligmamizdaki genetik dil mesafesi dillerin kdkeninin
birbirine uzakligini belirten bir 6l¢iidiir. Tiirkge-Arapga grubun mesafesi Tiirkge-
Ingilizce mesafesinden daha fazladir. Bununla birlikte, alfabe farklilig1 ve baska dilden
kelime 6diing alma gibi dil mesafesi 6l¢limiiniin farkli yonleri, dil mesafesinin yonetici
islev performansini nasil etkiledigi konusunda rol oynayabilir, bu nedenle gelecekteki

calismalar i¢in dikkate alinmasi tavsiye edilir.

Anahtar Kelimeler: iki dillilik, Ikinci dil yetkinligi, Dil mesafesi, Yonetici islevler
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1. INTRODUCTION

All around the world knowing more than one language has become prevalent for the
majority. For example, in Europe, 54 % reported their ability to converse in a second
language (European Commission, 2012). While this rate shows differences across
countries the rate can go up to nearly 80% in countries like Indonesia (Institute of
Current World Affairs, 2022) and even higher for some European cities like Luxemburg
(European Commission, 2012). As a result of this population growing whether second
language (L2) learning can be associated with any changes in the mind by bringing
cognitive advantages or disadvantages for the individual has been the interest of
research. While there certain social, linguistic and even economic benefits suggested in
the literature (Espinosa, 2015) other advantages due to the strong relationship between
cognition and language are thought to appear. These cognitive advantages, which have
been listed as conflict monitoring and conflict resolution (Hofweber et al., 2016, Costa
et al., 2008), inhibition of irrelevant information (Soveri et al., 2011, Bialystok, et al.,
2008), shifting (Prior & MacWhinney, 2010) and several other advantages that are
related to executive function domains. These domains are commonly known as
inhibition, working memory, and cognitive flexibility (Miyake et al.,, 2000). This
advantage has been referred to as the bilingual advantage hypothesis and studies
conducted with samples from infants to late adulthood have findings supporting this
hypothesis (e.g., Abutalebi et al., 2012; Bialystok, 2017). However, with the increase in
studies the compelling literature has also increased with many failures to replicate the
previous studies findings (Paap & Greenberg, 2013; Paap et al., 2015; Woumans &

Duyck, 2015). This led to the questioning of the bilingual advantage hypothesis. The



increase of controversial findings in the literature has brought up the need for more
research in understanding the relationship between bilingualism and executive functions
with bigger samples, executive function domains measured with standardized tests and
taking various factors of being a bilingual into consideration. Some of these factors can
be listed as the age of second language acquisition, L2 proficiency, the measure of
similarities between languages, in this case L1 and L2, defined as the language distance,
and living in a L1 or L2 dominant context etc.

Although an exact number of second language (L2) users cannot be given for
Turkey, like many countries in which English is not the first language (L1) the
education system requires all children to take English classes starting from the 2nd
grade (MEB, 2021). As a consequence of the 10 years of compulsory English education
it is expected for all students to be at a certain level, nevertheless the variance in second
language mastery is to a great extent. Despite this education some people can be
equivalent to monolinguals, but due to their long-term exposure to English education it
would not be possible to categorize them as monolingual. There are also many children
who start learning Arabic from middle school, as their choice of school requires them
to, or university students who learn Arabic as their main academic language. Similarly,
to English education there is great variance in language abilities of these students. The
present study asks two main questions: (1) How second language proficiency effects
executive functioning task performance in different bilingual groups of young adults
(L1-Turkish: L2-English vs. L1-Turkish L2-Arabic) and (2) How language distance
(between L1 and L2) might be influential on both proficiency and relationship between
proficiency and EF. Therefore, this study aims to investigate different bilingual groups

which are Turkish-English and Turkish-Arabic.



Overall, since the population of interest is young adults and there are nearly no
monolingual adults available in this age group comparing bilingual groups becomes
necessary. Furthermore, limited and little empirical work has been done to compare
discrepancies between different groups of bilinguals it is crucial to understand the
effects L2 proficiency on the bilingual cognition. Although as a result of the formal
education system many people start learning L2 at around the same age, in a matter of
several years, the level of mastery for each person varies significantly. Thus, in this
study my aim was to test the bilingual advantage hypothesis through second language
proficiency and language distance of L1 and L2. Language proficiency can be
understood as the functional ability of the language while language distance is a
measure of differences amongst languages based on certain linguistic aspects such as
orthographic, syntactic, phonologic etc. Before thoroughly explaining the research
question the development and theoretical background of the bilingual literature will be
explained followed by studies that focus on L2 proficiency and language distance.

1.1.Literature Review

1.1.1.Defining Bilingualism and Executive Functions

Simply defined bilingualism is “knowing” two languages (Valdez & Figueora,
1994). While previous definitions are clear cut recently the concept is seen and advised
to be a continuum (Gottardo & Grant, 2008). Most often the proficiency for one
language can be higher than the other or proficiency in one language can be limited with
one domain such as writing skills so native-like proficiency in both languages, referred
to as “true” bilingualism, is rare (Cutler et al.,1992; Grosjean, 1982). Other than
acknowledging the importance of varying proficiency levels the age and time relation of

the language acquisition makes a difference in defining bilingualism. Simultaneous



bilingualism is considered to occur when two languages are acquired from birth or prior
to one year of age (De Houwer, 2005). Sequential bilingualism is when one language is
acquired following another and in this case the age of acquisition makes a difference
(Bohn & Flege, 1992).

Executive functions can be defined as a group of mental processes that are used
when attention is required or in other words when the situation is not possible to be
conducted with automatic or instinctive act. Executive functions require attention and
concentration thus making them an effortful process. There are three main executive
functions described in the literature which are inhibitory control, working memory, and
cognitive flexibility. Inhibitory control is known as the process of controlling attention
more specifically this EF allows the person to react to a certain stimulus out of the many
encountered simultaneously. Working memory makes it possible to hold information
and depending on the information held it can be categorized as verbal or non-verbal
working memory. Lastly there is cognitive flexibility or in other words shifting is the
ability to shift or switch from one rule or task to another (Miyake & Friedman, 2012).
This domain is explained to be based on the other two executive function domains and
allows to have change in perception (Diamond, 2013).

1.1.2.Cognitive consequences of bilingualism

The idea of a second language bringing benefits comes from the assumption that two
languages will train the mind and have a positive effect on various cognitive processes,
even those that are not particularly related to language (Bialystok, 2017). For the
bilingual, during the use of one language the other is controlled and monitored in order
to use the specific language (Green, 1998; Green & Abutalebi, 2013). In previous

studies it was shown that even when one language is in use, both languages are active in



the process (Costa et al., 1999; Green, 1998; van Heuven, Schriefers, Dijkstra, &
Hagoort, 2008). A consequence of this constant practice inhibiting one language to
speak in the other, inhibition especially inhibitory control processes are thought to be
enhanced and serve as the base mechanism for the bilingual advantage hypothesis
(Green, 1998; Hilchey & Klein, 2011). To be more precise, while there are several
explanatory hypotheses and models that the bilingual advantage hypothesis relies on
some of the foremost are the inhibitory control model (Green, 1998), Bilingual
Interaction Activation (BIA) and the BIA+ model (Dijkstra et al., 1998; Dijkstra & van
Heuven, 2002), the Bilingual Inhibitory Control Advantage (BICA) and the Bilingual
Executive Processing Advantage (BEPA) hypothesis (Hilchey & Klein, 2011). The
Inhibitory Control Hypothesis (ICM; 1986, 1993, 1998) explains the process of
language production through the activation and suppression of lexical nodes of the
target and non-target language. More clearly Green suggests that the increase in the
number of lexical nodes that are activated not only within the language but across
languages increases the ability to suppress more as the activation and suppression is
seen proportional leading to an overall stronger inhibition. The BIA model and the
updated version BIA+ focuses on the visual word recognition across languages. Based
on the model an important aspect of bilingual inhibition is based on the similarity of the
words’ visual representations, thus, orthographic differences are thought to be effective
in the process (Dijkstra & van Heuven, 2002). So, sharing similar orthography will
require more inhibition compared to different orthographies (Coderre & Heuven, 2014).
Lastly while they are not seen as completely separate hypotheses (Coderre, 2012), the
BICA states an advantage in situations of conflict and the BEPA states a global

advantage throughout all processing.



Other domains that have found to also associate with this hypothesis is working
memory (Grundy & Timmer, 2017) and cognitive flexibility (Prior and & Gollan, 2011;
Ibrahim et al., 2013). Moreover, there are many studies that examine all these domains
under the term executive function and have found an advantage in EF for bilinguals
(Bialystok et al., 2009, Bialystok, 2012). Other than these, episodic memory recall
(Schroeder & Marian, 2012; Ljungberg et al., 2013), alertness (Costa et al., 2008) and
verbal fluency (Ljungberg et al., 2013) have been found to be a part of the advantage
hypothesis. Overall, through many studies the advantages were found to be associated
with several cognitive facets.

These advantages were not limited to a certain age, as there are multiple studies that
have examined individuals from very early months and others from older ages. For
example, Kovacs and Mehler (2009) found that even as young as 7-month-olds who
grew up in a bilingual environment showed better cognitive control. As preschool years
or early childhood is known to be a crucial point in development and perhaps a peak for
neurological plasticity there is a major literature focusing on this age group (e.g, Poulin-
Dubois et al., 2011; Carlson & Meltzoff, 2008). The advantage for the elderly can be
even more important as the findings indicate that it can delay decline of executive
functions and dementia (Bialystok et al., 2007; Olsen et al., 2015). In sum, these studies
have shown that there are lifespan advantages.

As the sample of the present study will be young adults, studies that focused on
young adults will be explained in more detail. The cognitive development is matured
and mostly stable in young adulthood compared to early years of life when development
is fast and compared to older years when it starts to decline. It is also known that the

twenties are the peak for cognitive efficiency (Bialystok et al., 2009). Thus, based on



these it is expected that if there were to be a difference in cognitive processes at this
age, when cognition is at best performance for all, this would indicate a strong support
for the bilingual advantage (Xie, 2018). There are certain studies that find significant
differences between monolinguals and bilinguals in various executive tasks (Bialystok
et al., 2012; Bialystok, 2017). There are also studies that have found the effects of
second language proficiency on different domains of cognitive control such as
inhibition (Colzato et al., 2008), conflict monitoring (Xie, 2018) and selective attention
(Mishra et al., 2012, Vega-Mendoza et al., 2015). Another study that used non-verbal
measures to observe the effects of L2 proficiency is by Costa et al. (2008). Their
findings supported the idea that non-verbal tasks were performed better by bilinguals
than monolingual young adults. However, not all studies find an advantage for
bilinguals and there are also studies that could not replicate previous findings of the
advantage hypothesis. In fact, compared to other age groups the studies on young adults
are found to be the most varying. The following section will expand on the studies with
contrary or null findings on the bilingual advantage hypothesis.
1.1.3 Counter arguments to the bilingual advantage hypothesis

Despite the many studies that have found the bilingual advantage in various domains
of cognitive ability the inconsistent findings of replication studies have also increased in
the literature. One reason of the previous findings is said to be small sample sizes and
studies that were conducted without considering statistical power (Paap et al., 2015).
One of the first studies that opposed to the bilingual advantage was by Morton and
Harper (2007). Following this, many studies carried out with different age groups such
as children (Anton et al., 2014; Dufabeitia et al., 2014; Ladas et al.,2015), young adults

(Paap & Greenberg, 2013; Vivas et al., 2017) and older adults (Anton, et al., 2016,



Sorman et al., 2019) also found results that supported the view that there is not a general
advantage of bilingualism. Even in a life-span study that aimed to look at the bilingual
advantage they could not find results that showed any positive effects of bilingualism on
EF (Gathercole et al., 2014). Similarly, Dick et al. (2019) conducted a study with 1740
children and did not find any differences between monolingual and bilingual children.
All this controversy in the findings has led to the discussion that the measurements used
to assess cognitive processes and the many variables that contribute to the differences
amongst bilinguals are the reason for the noise in the findings. More specifically the
methodology is lacking in terms of generalizability of the affects as most of the studies
use a single task for assessment of EF (Paap & Greenberg, 2013). So, it was suggested
that for future research the use of diverse standardized tests that have convergent
validity is crucial as well as considering and controlling as many bilingual aspects as
possible.

In the following sections, | will focus on two factors that might shed light on the
controversial findings for cognitive consequences of bilingualism, namely: (1) L2
Proficiency and (2) Language distance between L1 and L2

1.1.4. L2 Proficiency, bilingualism and cognitive consequences

While there are various factors affecting the association between bilingualism and
cognitive control, one of the core factors is thought to be second language proficiency.
Proficiency is defined by the American Council of Teaching Foreign Languages
(ACTFL) as functional language ability that is applicable in real life experiences. This
L2 ability is seen as a continuum from highly articulate to no functional ability
(ACTFL, 2012). The amount of language experience and benefit that is related to

cognition is expected to be positively correlated. In different studies the positive



relationship between performance on cognitive measures and the longer experiences in
the language supported this view (Carlson & Meltzoff, 2008; Luk et al., 2011). In fact, it
can be said that without a certain level of experience and proficiency in the second
language the bilingual advantage will not appear. However, as language learning is
generally a non-stop process the important question here is whether cognition is affected
from this change/improvement in language.

In the literature many of the studies that focus on language expertise compare
balanced and unbalanced bilinguals. The notion of being balanced and proficient should
not be seen as equivalent terms however the term and studies are highly related with the
current study, thus they are explained. While proficiency generally refers to the amount
of knowledge in that language, being a balanced bilingual refers to being equally fluent
in both languages (Vega & Fernandez, 2010) . Therefore, it is possible and common to
be a proficient but an unbalanced bilingual. In different studies it was shown that there
were differences in inhibition and increased performance on executive function tasks
between balanced and unbalanced bilinguals (Carlson & Meltzoff, 2008; Costa &
Santesteban, 2004; Rosselli et al., 2002)

In some studies, all the participants are chosen form unbalanced bilinguals and they
are compared on their proficiency or with monolinguals. For instance, in Vega-
Mendoza et al. (2015), the results showed that when young adults who were late
unbalanced bilinguals are tested on different aspects of attention, the proficiency in L2
contributes to enhancing attention and overall cognitive control. In another study
conducted by Xie, (2018) unbalanced Chinese-English bilingual young adults were
grouped in to three according to their L2 (by self -rating and verbal fluency task). They

were assessed with Flanker task and Wisconsin Card Sorting Task for conflict



monitoring, inhibition and set shifting. A strong element of this study was that it also
measured fluid intelligence (Ravens Advanced Progressive Matrices (Raven et al.,
1977; Li, 1989) and controlled for Socioeconomic Status (SES). The results showed that
while there was no significant difference in the WCST task (set shifting) or the
performance in Flanker task for congruent and incongruent trials (assessing inhibition)
proficient bilinguals were significantly faster in responding to the Flanker task trials
indicating an advantage for conflict monitoring. Overall, these studies have considered a
crucial factor of bilingualism, L2 proficiency, and have found positive associations with
several cognitive tasks testing unbalanced bilinguals.

Khare et al. (2013) examined how L2 proficiency effected reactive inhibition
measured by the attentional blink test. The sample consisted of Hindi-English young
adult bilinguals (mean age = 18.5 years) and the results showed that the size of the
attentional blink effect correlates with the degree of second language proficiency and
not with the degree of intelligence. In another study that used target detection task to
measure cognitive control, young adult bilinguals (ages between 19.5- 22.1 years) with
different levels of L2 English proficiency was compared and those with higher
proficiency were found to have smaller reaction times indicating better cognitive control
(Mishra et al., 2012). Thus, these findings indicate that a cognitive advantage of higher
second language proficiency can be observed through various tasks.

A study that examined the effects of aging on this relationship of L2 proficiency and
executive functions used a sample aged 50 to 75 years. The participants were from two
different bilingual groups: Swedish-Finnish and Swedish-English, and with this they
aimed to look at whether language distance plays a role in this relationship (Sorman,

Hansson & Ljungberg, 2019) which makes this study have common aspects with the
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aim of the current study (language distance will be further discussed). They used the
Flanker, Stroop, and Simon task to assess inhibition and the Number-letter, Color-
Shape, Local-global task to assess switching ability. An additional strength of this study
is that they measured fluid intelligence (with The Raven Advanced Progressive
Matrices Test (Arthur and Day, 1994)). Although the results could not find any effect
of L2 proficiency on the performance of these tasks it is important to note that
proficiency of Finnish and English were measured through self- reports only and not via
objective language measures of vocabulary, fluency etc. In another study that was
conducted with third and fourth grade balanced and less balanced Spanish-English
bilingual children the WCST and Stroop task was used to assess EF (Vega-Fernandez,
2011). They measured language proficiency with a bilingual verbal ability task and
categorized children’s balance based on this. This study also measured intelligence.
They used the Wechsler Abbreviated Scale of Intelligence to better understand whether
proficiency or intelligence effects EF task performance. Overall, the results showed that
children that were more proficient had less perseveration errors compared to less
balanced/proficient children on the WCST. Therefore, recent literature shows that L2
proficiency is a critical element in the bilingual experience and has been found to be
associated with the bilingual advantage.

While all the mentioned studies so far have found a difference amongst their
comparisons whether it be proficiency or language balance, there are also studies that
have found null effects of L2 proficiency on cognitive control such as Rosselli et al.
(2016). Additionally, other studies (Verreyt et al., 2016) haves reported that variables
such as language switching rather than proficiency to influence cognition. In a study

conducted by Dong and Xie (2014), participants were categorized based on their L2
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proficiency and language switching experience and cognitive control was measured
through the Flanker task and the WCST. The results of this study indicated that while
there were no significant differences in all the groups for Flanker task, those who had
more switching experience were better at mental set shifting as measured with the
WCST. However as mentioned in their discussion the proficiency levels between the
two groups were relatively small. If there were to be greater variance the effects of
proficiency on cognitive control may have appeared. One alternative way in assessing
language proficiency as stated by Bialystok, Craik and Luk (2012) is to compare
individuals who have high and low L2 proficiency rather than bilinguals and
monolinguals. This is because finding pure monolinguals has become almost impossible
especially in the young adult population. Thus, comparing bilinguals with monolinguals
has become obsolete and observing the effects of L2 proficiency within bilingual groups
would be more meaningful. The following section will discuss the role of language
distance on cognitive consequences of bilingualism.
1.1.5. Language distance and effects on cognitive competence in
bilinguals
Another factor that is important to consider in bilingual studies is the language or
linguistic distance between L1 and L2 (Wichmann et al., 2010). Linguistic distance or
relative language distance (RLD) refers to orthographic, phonologic and/or semantic
difference that two languages have. While there are various measures that calculate this
difference based on different criteria the online genetic distance calculator for languages
uses a list of 18 common words (See Appendix B Table 1 and Table 2) to assess the
similarities in the letter order and phoneme. This list has 14 words from the subset of

the Swadesh list (Swadesh, 1950) known as Swadesh—Yakhontov list (Yakhontov,
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1991) which is highly similar to the Automated Similarity Judgment Program (ASJP)
list (for a visual representation of language distance graphic based on the ASJP scoring
See Appendix C). The Swadesh list was created to be used in comparative language
studies from words that existed in every language. Originally the list included 207
words which reduced to the 100 Swadesh list (Swadesh, 1971) and subsets of the list
were made for more concise calculations of different aspects across languages. Out of
the 18 words used in this study 14 of them were chosen from the Swadesh list. The
calculation formula is also provided under the word lists. Based on this, the similarity
between Turkish and English (92,2) and Turkish and Arabic (97,2) are both high
meaning they are from very distinctive language groups (elinguistics.net). It is
important to note that both the language groups consist of language pairs that have high
language distance, however Arabic is much more distinct to Turkish which also has an
orthographic difference. Thus, these differences make it worthy to understand how LD
plays a role in the bilingual experience.

In various studies it was shown that learning two languages from the same language
family and from different language families have different effects on cognitive control
(Gollan et al., 2011). Although due to the inhibitory control hypothesis underlying the
bilingual advantage the expectation would be that when two languages from the same
language family are acquired the interference is more likely to occur consequently
inhibiting is required more. However, there are very few studies on linguistic distance
and an opposite effect has been observed when comparing English—Cantonese
bilinguals with English—German or an English- French speaking group (Bialystok et al.,
2005; Wierzbicki, 2014). Wierzbicki (2014) stated that there is limited evidence of any

effects of linguistic distance on cognitive control, because the results of the study
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showed no difference amongst the three groups (monolinguals, English-German pair
and English-Chinese pair), however the expectation was for the English-German pair to
be better at conflict resolution but the English-Chinese pair exceeded. So, although the
results are not conclusive, this may be an indication of high language distance being
more advantageous. Furthermore, as stated in a study that investigated the effects of
linguistic distance on episodic memory and verbal fluency (Ljunberg, Elbe & S6rman,
2019) linguistic distances are most important to take into account if the task is
sufficiently difficult because bilingual linguistic distances only significantly impact
tasks with high executive function demands. In sum, various findings showed the
cognitive consequences of language distance between L1 and L2 in bilinguals therefore,
LD is an important factor that should be controlled.

Aside from behavioral studies there are also neurological findings that show
differences between bilinguals that have different L1 and L2 linguistic distance. In a
recent study, Ramanujan (2019) compared three bilingual groups with different levels of
relative language distance (RLD). The results showed that there are neurobiological
differences when it comes to a bilingual’s experience of using or repressing a language.
The ACC (anterior cingulate cortex) is seen to show more activity in bilinguals with low
RLD and as the language distances increases the activity is less.

Overall, as there is not much research on language distance and how it affects
executive functions in the literature, this study aims to investigate how LD for different
pairs of language (TR-ENG and TR-ARABIC) and L2 proficiency influences cognitive
consequences of bilingualism. Turkish has many words adapted from Arabic but there is

also a prominent orthographic difference between Arabic and Turkish. Additionally, as
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the Arabic knowing group also knows English the effects of knowing more than one
language from a different language family can be observed.
1.2.Present Study

As previously mentioned, the present study asks two questions first how second
language proficiency effects executive functioning performance in different bilingual
groups of young adults (L1-Turkish: L2-English vs. L1-Turkish: L2-Arabic). Second
how language distance might be influential on both proficiency and relationship
between proficiency and EF. To investigate these research questions two different
bilingual groups of young adults were recruited. The first group consisted of
participants with Turkish as their L1 and English as their L2 who have full or partial
English curriculum in their undergraduate studies (TR-ENG). The second group are
students whom their L1 is Turkish and Arabic is their L2 follow a full or partial Arabic
curriculum (TR-ARABIC). Thus, the entire sample consisted of sequential bilinguals as
all our participants were raised with Turkish as their L1 and had a mean age of 9.4 (SD=
2.09) for their L2 age of acquisition (AoA).

The first of the two predictors in the present study is language proficiency which is
operationally defined above as the functional language ability that is applicable in real
life experiences, which can be graded on a continuum (ACTFL, 2012). While there are
studies that use self-assessment scales only (e.g., S6rman et al., 2019) and some studies
use a vocabulary assessment, there are also studies that measure proficiency by using
both self-assessment scales and objective language measures (e.g., Xie, 2018). In this
study participants will be assessed via the PPVT-IV form in English for the TR-ENG
group and English and Arabic for the TR-ARABIC group. The reason for double PPVT-

IV for the TR-ARABIC group is because although the second language for this sample
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is Arabic it is inevitable that they were exposed to English, thus it is important to
control their English proficiency level as well.

The second predictor variable known as language distance (LD), is a measure of how
similar or distant the L1 and L2 of a person who has acquired more than one language
has amongst these languages. It is operationally defined as the orthographic, phonologic
and/or semantic difference that two languages have (Ramanujan, 2019). In this study |
will use the genetic proximity calculator for languages, which indicates that the genetic
distance between Turkish and English is 92 and the genetic distance between Turkish
and English is 97. This calculation is termed as the genetic distance as it aims to show
the distance between the origins of the languages and at which point in time they
appeared based on the phonological calculation (See Appendix B Table 1 and Table 2
for example)

To assess executive functioning performance four tasks were given. For inhibitory
control Stroop task is used. To assess working memory forward and backward Corsi
block-tapping task (CBTT) and 2-back task is used. Wisconsin Card Sorting Task
(WCST) will be used for cognitive flexibility. All these tasks are computer based and
was conducted and collected through the psytoolkit.com website (Stoet, 2010).

Overall, based on these it is hypothesized when controlled for age, gender, non-
verbal reasoning and L1 verbal fluency. Those who have higher L2 proficiency
measured by PPVT-1V and a smaller language distance score will have an advantage on

I. Inhibition as assessed by Stroop task by responding to congruent and incongruent
trials in less varying reaction times.

ii.  Working memory performance assessed with the 2-back task and Corsi lock tests
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ii.  Cognitive flexibility as measured by the WCST by making less perseveration

errors as the rule for card sorting changes.
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2. METHOD

One hundred and eight non-immigrant (Mage = 22.5 SD = 2.62) Turkish speaking
adults participated. All participants were born in Turkey and raised with Turkish as their
L1. The Turkish-English group consisted of 55 (F = 40, M = 15, Mage = 22.96) and the
Turkish-Arabic group consisted of 53 (F = 40, M = 13, Mage = 22.05) participants. Fifty-
four of the Turkish-English participants reported English as their second language (one
person was raised with Turkish and Armenian as their first language). For the Turkish-
Arabic group there were many who reported Arabic as their third or fourth language
(N= 26) however their Arabic was their most academically excelled language after
Turkish.

Due to the formal education system implementing English as second language
starting from 4th grade and even earlier for some (2nd grade) none of the participants
can be considered monolingual but are expected to have a huge variability in their
second language proficiency. Similarly, those who have attended high schools or middle
schools that require Arabic as third language has increased in recent years so the
population that learned Arabic similar to English in a school environment has a huge
variability in terms of their Arabic proficiency. As a result of the elementary education
and high school education being very insufficient to label someone as bilingual and in
order to control for the exposure of second language to some degree all the participants
were required to be university attendees that come from majors with a partial
curriculum of 30% in English or Arabic or a program that is completely in English or
Arabic. Due to Arabic being the second most common second language in formal

education in Turkey and considering the language distance between Turkish-English
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bilinguals which both use the Latin alphabet and have high transfer words from English
and the difference of genetic language distance between Turkish and Arabic and the
alphabetical differences as well as direction differences these two groups were
compared to observe whether the morphological differences and language distances
would have an effect on the basis of second language proficiency.

2.1. Measures and Instruments

Language proficiency

2.1.1.Peabody Picture Vocabulary Test- 1V:

This is a standardized test of receptive vocabulary. It is utilized to evaluate English
language competence and language learning for L2 speakers as well as to identify
language deficits. It can be used from ages 2 years 6 months up to 90. The test consists
of 228 pages, each containing four pictures. The items are separated into 19 sets of 12
items, each set there is an increment in difficulty. The test has two forms which are
Form A and Form B that have a reliability coefficient between .87 and .93 making these
two forms very reliable in terms of their similarity of content and design. In the original
administration the test is done face to face with the instructor rotating the pages as the
participant progresses. For this study a scanned version of the booklet was used, and the
words were pre-recorded for each item. When the test was administered via zoom the
experimenter only recorded the answer which was saying which picture illustrates that
word by indicating the number of the picture on the page and clicked for the next item.
Because all the participants were at university level or above, we started the initial set
from set 4 and reverted to a previous set if there were 2 or more wrong answers. When
the participant could not give the correct answer for 8 or more items in a set the test was

ended. To assess English Proficiency form A was given to every participant. To assess
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Arabic proficiency Form B was translated into Arabic and was voiced by a native
Arabic speaker for online administration.
2.1.2.Verbal fluency task:

To assess first language fluency of the participants the category and phonetic verbal
fluency test was given to participants. For this task participants are required to produce
orally as many words as possible in Turkish within one minute according to the
randomly chosen letter. In the literature various letters such as b, s, k, p, f, n, z,r, v, a, e,
Ui (Tunger, 2011) for the Turkish version have been used to assess phonemic or letter
fluency. However, the most standardized letters to be used were decided on as K, A and
S (Sentiirk, 2019) for Turkish. Most common categories asked for the category fluency
task is animals, food and drinks, clothing items etc. (Sentiirk, 2019). Thus, for this study
the letter T was given for letter fluency as the letter frequency for T and S are very
similar in Turkish 3,31 and 3,01 respectively (Serengil & Akin, 2015). For the category
task instead of limiting it with category the task was made a little more complicated by
also adding a letter limitation. So, the participants were required to list animals that start
with the letter K. This way we were able to combine the most often category with one of
the most common letters which would more likely indicate better fluency compared to
an only categoric fluency task. The participants were told to exclude names of people or
places and words with the same root such as slow and slowly as they would not count
for their final score (Shao et al., 2014))

2.1.3. The Language Experience and Proficiency Questionnaire (LEAP-
Q):
This questionnaire was originally developed by Marian, Blumenfeld, and

Kaushanskaya (2007) to measure the strength of all the languages an individual knows
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by utilizing an 11-point Likert scale (0-10). The questions cover a wide spectrum of the
individual’s language exposure and preferences. It was translated into Turkish by
Yiiksel-Sokmen and Serifoglu (2016). This questionnaire is filled out by the participants
to observe both the self-ratings of second and third languages as well as to see the
samples AoA, context the language is used and many more variables. In one of the
studies conducted to validate the LEAP-Q a strong relationship was shown between
performance on objective language measures, one of them being PPVT-1V, and self-
reports from LEAP-Q indicating internal validity and more specifically criterion-based
validity. Strongest predictor of speech and language measures was found to be self-
ratings of L2 speaking proficiency. Previous administrations have shown that it takes
around 15 minutes for bilinguals and an additional 5 minutes for each extra language of
the individual. Also, in some studies self-reports of 7 or up were used as a determining
factor of high proficiency (Stocco & Prat, 2014) and in some cases low self-reports such
as 3 or below were categorized as monolinguals (e.g., Pelham & Abrams, 2014)
Fluid Intelligence test
2.1.4. PMAT-24:

The Penn Matrix Analysis Test is a test of non-verbal reasoning administered
through the University of Pennsylvania’s Web-based Computerized Neurocognitive
Battery (WebCNP) (webcnp.med.upenn.edu/) (Gur et al., 2012; Gur et al., 2010). The
tests on WebCNP are not used for diagnostic purposes and they are governed by US
federal laws and international agreements. To administer the PMAT an administrators
account was provided by the university in response to our application. The PMAT is a
measure of abstract reasoning and flexible thinking. Each question requires the

participant to conceptualize the relations between images based on spatial, numerical or
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design cues and patterns. The task consists of multiple-choice questions that have 5
possible answers to choose from and the pattern of the questions can be in three
different arrangements 2x2, 3x3 and 1x5. Similar to the Raven’s Standard Progressive
Matrice’s (RSPM) test the PMAT has increasing difficulty as the test progresses and
was designed to achieve many of the RSPM’s psychometric properties with fewer
questions, as the original RSPM has 60 items while the PMAT has 24 items with 3 extra
items. With less items the goal was to decrease learning effects. Despite the PMAT
having comparably less questions this does not mean every participant answers every
question because the test is concluded when the participant reaches five incorrect
responses allowing for even faster time for administration. Although no time limits were
specified a study by Dubois et.al reported a mean of 10 minutes for administration, thus,
to give a restriction on time participants were advised to allocate 1 minute per question.
Executive Function tasks

All the EF tasks were administered through psytoolkit.com. Psytoolkit is an open-
source software that is designed to create and run online questionnaires, simple response
time tasks and choice response tasks (Kim, et al., 2019)

The tasks can only be done on desktops and laptops. All the instructions and stimuli
feedback was translated and given in Turkish. The participants who volunteered were
sent a link. The link starts off with an informed consent form and a demographic form.
This is followed by the LEAP Questionnaire questions. After these the Stroop,
Wisconsin Card Sorting, N-back and Corsi backward and forward tasks are given
respectively. These experiments and their codes are chosen from the experiment library
provided by the Psytoolkit platform.

Inhibition measures
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2.1.5. Stroop Task:

The Stroop task is one of the most commonly used measures of inhibition and was
initially designed to show the difficulty of identifying mismatched stimuli (Stroop,
1935). When the written color name and the ink it is written is mismatched the Stroop
effect occurs (e.g., GREEN). In the computer-based version there are trials that are
congruent (GREEN) and incongruent ( ) and each trial has 2000ms to respond
followed by 500ms breaks. The response is given via the keyboard and the person is
asked to respond based on the ink color. The keys are k, y, m and s for red (kirmiz1),
green (yesil), blue (mavi) and yellow(sar1). The answers are recorded as (1: right, 2: too
slow, 3: wrong) and the score is calculated based on the reaction time differences
between congruent and incongruent trials. For further analysis reaction time differences
between only correct trials of congruent and incongruent trials were calculated as well
as the correct answer ratio of congruent and incongruent trials. Lastly the overall
reaction time known as the global RT was also included in the analysis.

Working Memory measures
2.1.6. N-back (Kirchner, 1958):

Participants are presented a sequence of stimuli one-by-one. For each stimulus, they
need to decide if the current stimulus is the same as the one presented N trials ago. For
this study only 2-back was used, so the participants were required to press the
determined key (m) whenever they saw the same letter that they saw two letters ago.
The letters used were A, B, C, D, E, H, I, K, L, M, O, P, R, S, and T. In total there are
three trials that have 25 blocks in each trial. Each stimulus is presented for 500 ms and a
2500 ms black screen in between, so the participant has 3 seconds to respond if the

stimuli was the same as the one 2 trials ago. If not, they wait and do not press anything
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until the next stimuli appears. The score was calculated as the d prime score which is
equal to z score of hit rate minus z score of false alarm rate. Hit rate refers to the ratio of
true scores for the matched trials while false alarm refers to the true score for the

unmatched trials (Haatveit et al., 2010)

2.1.7. Corsi Block Task

a) Corsi Block Task - Forwards
The Corsi Block-Tapping task (CBTT), (Corsi, 1972) aims to assess non-verbal
working memory through repeating back the observed pattern. In the computer-based
version of this task the trial begins with a blank screen and nine pink squares are shown
in random positions on a black background. After 1000 ms the blocks start to highlight
by turning yellow and back to pink. In each trial the number of highlighted blocks
increases. For example, in the first trial one block is highlighted and then a “go” voice is
heard, after clicking on the highlighted block two blocks are highlighted one by one and
then the person is asked to click on the blocks in the correct order. This goes on until the
person fails to replicate the pattern three times in a row. The final score is the number of
the highlighted blocks in the last correct trial. In different computer-based versions trials
can be separated with a crosshatch in the middle or a blank screen in this version sound

was used to indicate the participant to start clicking on the blocks.

b) Corsi block Task - Backwards
In the backwards version the task is the same except for the answer is the pattern of
the blocks is clicked from the last highlighted block to the first. If the person fails to
repeat the pattern three consecutive trials the test is finished, and the score is given
based on how many steps they can repeat backwards. Meaning that the score is

calculated the same as the forward task.
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Overall, from these two tasks two scores will be achieved, while the forward Corsi
block is generally seen as a base score and control for working memory the backward
score is more distinctive.

Cognitive Flexibility measures
2.1.8. Wisconsin Card Sorting Task

The aim of this task is to categorize cards according to changing criteria. Grant and
Berg (1948) developed it to study cognitive reasoning. In the computerized version of
this task the person views a total of five cards, 1 card to be sorted and 4 cards at the top.
One of these four cards match the rule of the trial and this card is clicked on as the
answer. The categorization can be based on the shape, color or number of objects on the
cards.

For example, in the trial seen below (See Figure 1) if the classification rule is based
on the shape the first card, if the rule is color the second card and if the number of
objects is the rule the third box can be the correct answer. The only way to be sure of
the rule, is to try either one of these cards. After finding the correct rule for several trials
this rule continues until you receive “wrong” as feedback. This indicates that the rule

has changed and the classification is based on something else.

Figure 1. WCST screen
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The rule changes every 10 cards. It is inevitable to make errors as the errors allow the
participant to figure out the new rule of categorization. With this change in rules the
task aims to measure how well the person is adapting to it.

As seen from the example figure all the cards are grey square shapes that have
differing contents displayed on a black background. If the answer is correct a green box
with “correct” written in it is shown as the feedback along a sound that indicates correct,
if the answer is incorrect a white box with “wrong” written in it is given as feedback
along with a sound that indicates the answer is wrong. The maximum reaction time is
set as 10 seconds. If the answer is not provided within this time a yellow box with “too
slow” written in it appears.

The incorrect responses are recorded in 3 different ways. The first is the total number
of errors the second is the perseveration errors which occurs when the old rule is applied
despite the rule change and the third rule is non-perseveration errors which are just
errors that can occur from forgetting the rule or losing attention. When the 60* trials are
over the number of errors and the percentage are recorded and a score is given to the
participant according to these results.

2.2. Procedure

The study consisted of two sessions. The participants were sent a link for the initial
session in which LEAP-Q and all the EF measures were administered. The link was
created via Psytoolkit.com. After the demographic form questions of the LEAP-Q were
given in sections which were mandatory to fill out. Later the Stroop, Wisconsin Card
Sorting, N-back and Corsi forward and backward tasks were given in the written order.
Both the LEAP-Q and the EF tasks around the same time to complete which was around

15 to 20 minutes so the first session was approximately 35 minutes. For the second
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session a zoom link was sent to the participant at the time determined by the participant.
In the second session the first task was the English PPVT-1V administered by me with
the scanned version of the PPVT-1V. For the Turkish-Arabic group the Arabic PPVT-IV
was given first and the English PPVT-IV was given afterwards. The second task was the
Penn-Matrix Analysis Test 24 which must be administered by someone with an
WEBCNP account, so the PMAT-24 also had to be administered during the zoom
session. Lastly the participants completed the verbal fluency task that was recorded.
During the 2 minutes 1 minute was given for the phonemic task and 1 minute for the
semantic part. Other than the voice record for the verbal fluency task the zoom session
was not recorded, and the participants were clearly informed of nothing being recorded

except for the 2 minutes of word listing.
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3. RESULTS

3.1. Data preparation and Analysis Plan

Participants who completed the first part (N= 122) but did not attend the second part
of the study were excluded. Additionally, reaction time was an important aspect of the
Stroop task, and the tasks were used directly form Psytoolkit.com’s library so the tasks
had set time limits for each task. So, trials longer than 3000 ms were excluded prior to
the analysis for the Stroop task as these were neither correct or wrong trials. Stroop
score and Stroop global RT are different scores. While the Stroop score is the score
calculated by subtracting Congruent RT from Incongruent RT (Incongruent RT -
Congruent RT), the global RT is the mean RT for both congruent and incongruent trials.
The score for the WCST is the percentile of correct trials. The score for the 2-back task
is the d prime score, which is Z false alarm rate subtracted from Z-score hit rate,
explained in detail in the methods. And lastly ,the Corsi Block Task scores are the
maximum block they could remember before making two consecutive errors. The final
sample includes 108 participants. The Turkish-English group has 55 participants (F =
40, M = 15, Mage = 22.96) and the Turkish-Arabic group has 53 (F = 40, M = 13, Mage =
22.05). All the descriptive data for the language tasks, non-verbal reasoning task, EF
tasks scores and a mean score of their reading, comprehension, and speaking self-report
score named as the L2 self-report variable can be found in Table 3.1. A detailed
information of the participants self-report assessed by the LEAP-Q can be found in

Table 3.2.
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Table 3.1. Descriptive Statistics for Demographic Information and EF Measures

Mean (SD)
Group TR-ENG TR-ARABIC

Age 23 (2.53) 22.1 (2.66)

SES 2.76 (0.79) 2.75 (0.88)
L2 Self-report 8.13 (1.34) 6.54 (2.46) *
L2 AoA 8.85 (2.14) 13.8 (4.25) *
PPVT-IV L2 118 (34.3) 78.7 (49.3) *
PMAT-24 17.9 (4.51) 13.7 (4.53) *

V/Ftotal 10.5 (3.71) 12.1 (3.04)
Stroop score 80.9 (126) 102 (115) 4
Stroop global RT 1011 (154) 1161 (197) *
WCST 86.9 (6.63) 83.2 (7.44) *
2-back task 0.46 (1.10) -0.48 (1.54) *

Corsi F 5.27 (1.68) 4.78 (2.18)

Corsi B 3.42 (2.77) 2.88 (2.70)

*Shows significant differences amongst groups



Table 3.2. Descriptive statistics for LEAP-Q

Variable English for TR-ENG oo for TR Engin lor TR-
Mean Mean Mean

Self- evaluation
Speaking 7.18 5.88 3.77
Comprehension 8.45 6.82 4.70
Reading 8.75 7.69 5.11
Exposure
Interacting with friends 5.53 6.18 3.85
Interacting with family 2.02 2.94 1.98
Reading 8.65 8.45 5.49
Course/ Self-instruction 7.44 8.41 6.15
Watching 8.98 6.73 6.49
Listening to radio/music 9.00 8.08 6.55
Contribution to
learning
Interacting with friends 6.98 7.12 5.13
Interacting with family 3.78 3.65 3.19
Reading 8.91 8.37 6.09
Course/ Self-instruction 7.49 8.57 6.79
Watching TV 8.69 7.16 7.74
Listening to radio/music 9.02 8.18 7.40

To investigate the relationship between second language (L2) proficiency, language
distance between first and second language (LD) and executive functioning
performance, we tested 12 models in separate hierarchical regression analyses. Our
outcome variables were performance scores on the Stroop task, WCST, 2-Back task,
Corsi Forward and Corsi Backward task and global reaction time for the Stroop task.
For the first seven regression analyses we used the following predictor variables: In the
first step, we entered age as a predictor. The second step included the mean verbal
fluency (VF) score of the two VF tasks (i.e. (1) phonemic and (2) categoric fluency), for

first language (L1) and the PMAT-24 scores as control variables. For the third step we
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included L2 Proficiency scores and LD measure. For the rest of the seven regression
analyses, we added an interaction in terms of L2 Proficiency x LD in the third step in
addition to all other variables.
3.2. Correlation between Executive Function performance and L2
proficiency scores

The relationship between executive functions and L2 proficiency measured by
PPVT-IV and LEAP-Q was investigated through a Pearson’s correlation test. The
PPVT-IV positively correlated with the self-reports of L2 (r=0.688, p<.001) and
PMAT-24 (r=-0.21, p=.029) and negatively correlated with L2 AoA (r=-0.582,
p<.001) there was no significant relationship with EF task scores (Stroop, WCST, 2-
back, Corsi forward and Corsi backward). L2 self-report of proficiency negatively
correlated with verbal fluency in first language (r=-0.252, p=.008) but did not have a

significant relationship with EF task performance (See Table 3.3).
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Table 3.3. Correlation Matrix for demographics and EF measures

1 2 3 4 5 6 7 8 9 10 11 12
1- Age —
2- L2 Proficiency 0.017 —
3- PMAT-24 0.074 0.21* —
4-L1-VF 0.057 -0.171 -0.045 —
5- Stroop score -0.026 -0.002 0.072 0.074 —
6- Stroop g rt 0.072 -0.119  -0.323***  -0.014 -0.012 —
7- WCST 0.092 0.094 0.265**  -0.193*  -0.139 -0.108 —
8- 2-back 0.091 0.193* 0.335%** 0.054 0.002 -0.368***  0.284** —
9- Corsi F 0.097 0.088 0.128 -0.038 0.034 -0.153 0.245* 0.41** —
10- Corsi B -0.147 0.08 -0.068 0.151 0.196* 0.104 0.042 0.102 0.065 —
11- L2 self-report 0.022  0.688*** 0.188 -0.252**  0.114 -0.175 0.13 0.06 0.084 -0.087 —
12- L2 AoA 0.099  -0.582***  -0.26** 0.176 0.046 0.103 -0.177 -0.205* 0.01 -0.148  -0.488*** —
Note. * p <.05, ** p < .01, *** p <.001
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3.3. Relations between Stroop task, LD and L2 Proficiency
The regression analysis for Stroop task performance showed that age at step one
(R?=0.00, F(1,102) = 0.02 , p = .792), adding verbal fluency score and PMAT-24 score
on step two (R?= 0.01 F(3,100) = 0.74, p = .74) and finally adding L2 proficiency and
language distance variables at step three (R?= 0.02, F(5,98)= 0.71, p = .817) did not
significantly predict the performance for this task. The interaction of L2 proficiency and
LD was added in the third step for the second model (R?>= 0.06, F(6,97) = 0.713, p =
.446) and similarly was not a significant predictor (See Table 3.4).
3.4. Relations between WCST, LD and L2 proficiency
For the Wisconsin Card Sorting Task both models were non-significant. Age at step
one (R?=0.00, F(1, 106)= 0.9, p = .346) did not explain the model. Neither did adding
verbal fluency measures and PMAT-24 scores at step two (R?= 0.11, F(3, 104) = 4.3, p
= 0.007) and adding L2 proficiency and language distance variables at step three (R?=
0.12, F (5, 102)= 2.86, p =0.019) explain the model. Adding the interaction of L2
Proficiency x LD in the third step in the second model did not make it significant (R?=
0.12, F(6, 101) = 2.36, p =.035 (See Table 3.5).
3.5. Relations between 2-back, LD and L2 proficiency
For the 2-back task, step three revealed significance (R?>= 0.17, F (6, 100) = 3.57,
p<.001. At the first step (R?>= 0.01, F(1,105)=0.89, p = 0.349) age was not a significant
predictor, however at the second step (R?=0.12, F(3,103)= 4.71, p =.004) the added
PMAT-24 was related to 2-back performance (= 0.28, p <.001). In the second model
when the interaction of L2 proficiency and LD was added in the third step the model

was insignificant (R?>= 0.02, F (6, 101) = 5.14, p = <.001) (Table 3.6).
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Table 3.4. Models Predicting Stroop Task

Model 1 Model 2
Predictors SE(B) B p R? Predictors SE(B) B p R?
Step 1 0 Step 1 0
Age 4.65 -0.98 0.83 Age 4.68 0.72 0.878
Step 2 0.01 Step2 0.01
PMAT-24 2.65 28.26 0.29 PMAT-24 2.65 3.55 0.184
L1-VF 3.62 20.33 0.576 L1-VF 3.58 221 0.539
Step 3 0.02 Step3 0.06
L2 Proficiency 0.29 0.09 0.765 L2 Proficiency 11.95 -22.52 0.063
LD 5.85 57.73 0.326 LD 13.95 -18.24 0.194
L2 Proficiency* LD 0.13 0.24 0.062
Table 3.5. Models Predicting WCST Task
Model 1 Model 2
Predictors SE(B) B P R? Predictors SE(B) B p R?
Step 1 0 Step 1 0
Age 0.26 0.18 0.506 Age 0.27 0.19 0.487
Step 2 0.11 Step2 0.11
PMAT-24 0.15 0.30 0.043 PMAT-24 0.15 0.31 0.043
L1-VF 0.20 -0.34 0.098 L1-VF 0.2 -0.34 0.099
Step 3 0.12 Step3 0.12
L2 Proficiency 0.02 -0.01 0.745 L2 Proficiency 0.67 -0.16 0.813
LD 0.33 -0.39 0.237 LD 0.78 -0.55 0.484
L2 Proficiency* LD <.01 <.01 0.819
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3.6. Relations between Corsi tasks, LD, and L2 proficiency

The forward Corsi analysis was non-significant at all steps. Age at step one (R*=
0.01, F(1,104)=0.98, p = .324) verbal fluency measures and PMAT-24 added at the
second step (R?=0.03, F(3, 102)= 0.88, p = .455) and L2 proficiency and language
distance added at the third step (R?=0.03, F(5, 100)=0.617 , p = .687). The interaction
of L2 proficiency and LD was added in the third step for the second model and this
variable could not explain the model (R?>= 0.03, F(6,99) = 0.57, p = .75). (See Table 3.7)

Lastly for the Backward Corsi task none of the predictors were significantly related.
Age at step one (R?>= 0.02, F (1,104) = 2.31, p = .132) the added verbal fluency
measures and PMAT at the second step (R?= 0.05, F (3,102) =1.76, p = .159) and the
added L2 proficiency and language distance at the third step (R?>= 0.09, F (5,100) =
1.91, p =.099). When the interaction of L2 proficiency and LD was included in the
third step of the second model did not make the model significant (R>= 0.1, F (6,99) =
1.67, p =.136) (See Table 3.8)

The Stroop global RT analysis was significant at the third step (R?= 0.22, F(5, 98)=
5.46, p <.001). Age at step one was not a significant predictor (R?= 0.01, F(1,102)=
0.53, p = .465) however, the added verbal fluency measures and PMAT-24 at the
second step (R?=0.11, F(3, 100)= 4.31, p = .007) and L2 proficiency and language
distance at the third step were significant. The interaction of L2 proficiency and LD
was added in the third step for the second model and this variable could explain the

model (R?>= 0.25, F(6,97) = 5.41, p = .<001). (See Table 3.9)
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Table 3.6. Models Predicting 2-back Task

Model 1 Model 2
Predictors SE(B) B p R? Predictors SE(B) B p R?
Step 1 <.01 Step1l <.01
Age 0.05 0.01 0.785 Age 0.05 0.01 0.774
Step 2 0.12 Step2 0.12
PMAT-24 0.03 0.07 0.018 PMAT-24 0.03 0.06 <.01
L1-VF 0.04 0.05 0.177 L1-VF 0.04 0.05 0.179
Step 3 0.18  Step3 0.17
L2 Proficiency <.01 <.01 0.441 L2 Proficiency 0.12 -0.01 0.927
LD 0.06 -0.13 0.041 LD 0.14 -0.14 0.339
L2 Proficiency* LD <.01 <.01 0.912
Table 3.7. Models Predicting Forward Corsi Task
Model 1 Model 2
Predictors SE(B) B P R? Predictors SE(B) B p R?
Step 1 0 Step 1 0.01
Age 0.07 0.06 0.413 Age 0.076 0.07 0.356
Step 2 0.03 Step2 0.03
PMAT-24 0.04 0.037 0.387 PMAT-24 0.043 0.04 0.349
L1-VF 0.057 -0.01 0.843 L1-VF 0.06 -0.01 0.838
Step 3 0.03 Step3 0.03
L2 Proficiency 0 0 0.652 L2 Proficiency 0.19 -0.11 0.547
LD 0.09 -0.032 0.725 LD 0.22 -0.16 0.482
L2 Proficiency* LD <.01 <.01 0.54
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Table 3.8. Models Predicting Backward Corsi Task

Model 1 Model 2
Predictors SE(B) B p R? Predictors SE(B) B p R?
Step 1 0.02 Step 1 0.02
Age 0.1 -0.18 0.073 Age 0.1 -0.2 0.058
Step 2 0.05 Step2 0.05
PMAT-24 0.06 -0.07 0.209 PMAT-24 0.06 -0.08 0.181
L1-VF 0.078 0.17 0.035 L1-VF 0.08 0.17 0.035
Step 3 0.09 Step 3 0.09
L2 Proficiency 0.01 0 0.497 L2 Proficiency 0.26 0.19 0.46
LD 0.13 -0.2 0.116 LD 0.3 0 0.999
L2 Proficiency* LD <.01 <.01 0.47
Table 3.9. Models Predicting Stroop Task RT
Model 1 Model 2
Predictors SE(B) B p R? Predictors SE(B) B p R?
Step 1 0 Step 1 0.01
Age 6.62 11.2 0.094 Age 6.64 13.83 0.04
Step 2 0.11 Step 2 0.12
PMAT-24 3.78 -7.32 0.056 PMAT-24 3.76 -6.2 0.102
L1-VF 5.16 -6.06 0.243 L1-VF 5.08 -5.8 0.256
Step 3 0.21 Step 3 0.25
L2 Proficiency 0.41 0.28 0.501 L2 Proficiency 16.95 -34.55 0.044
LD 8.32 29.6 <.001 LD 19.78 -7.4 0.709
L2 Proficiency* LD 0.18 0.36 0.043

Note*** p<.001
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3.7. Supplementary Analysis

Due to the hierarchical regression analysis being insignificant an additional analysis
was conducted to determine whether there were any differences between Turkish
English group and Turkish-Arabic group in the domains of executive functioning, that
is, inhibition, working memory, and cognitive flexibility. A 2 x 3 (groups x domains)
repeated-measures ANOVA was performed. To compare the variance the z-scores of
Stroop task, WCST and 2-back tasks were used for inhibition, working memory, and
cognitive flexibility domains respectively. The analysis revealed that there was no main
effect of the EF domain on EF performance (F(2,100) = 0.09, p=.914, 1> =0.001) but a
main effect of group on EF performance (F(1,100) = 11.1, p =.002, n>=0.035 ). There
was also an interaction effect of EF domain and group (F(2,100) = 5.56 , p<.05, n=
0.032). Post hoc comparisons of EF and group interaction using the Tukey’s HSD test
indicated that there are no differences between TR-ENG and TR-ARABIC in inhibition
(mean difference between groups: -0.02, SE = 0.2, p = .950) and cognitive flexibility
(mean difference between groups: 0.5, SE = 0.18, p =.011). There was however a
significant difference in working memory (mean difference between groups: 0.6, SE =
019, p =.008). Post hoc test for group comparison using the Tukey’s HSD test showed
that the mean difference between group 1 and 2 was 0.4 (SE= 0.11) and significant p<

.001.
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4. DISCUSSION

This study aimed to investigate two bilingual groups that had a common L1 but
different L2 to investigate whether language distance and L2 proficiency played a role
in young adults’ executive functioning task performance. We asked (1) how second
language proficiency affects executive functioning task performance in different
bilingual groups (L1-Turkish: L2-English vs. L1-Turkish: L2-Arabic) and (2) how
language distance might be influential on EF as well as on the relationship between L2
proficiency and EF. For this purpose, we recruited young adults from bilingual groups:
Turkish- English and Turkish — Arabic bilinguals.

All participants were either university students or graduates with Turkish as their
first language. We used Stroop, WCST, 2-back and Corsi block tasks to measure EF
performance across different domains. We also assessed participants’ non-verbal
reasoning (i.e., fluid intelligence) as a control of general intelligence and verbal fluency
as a control for L1 productivity. L2 proficiency was measured through PPVT-1V as a
measure of receptive vocabulary and self-ratings and previous language experience was
collected with the LEAP questionnaire. Lastly, the language distance score was
calculated based on the distance of origin of languages via the genetic proximity
calculator for languages.

Overall, this sample showed that second language proficiency and language distance
was not a predictor of any of the executive function domains. The hypothesis for each of

the domains are discussed below.
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4.1. Inhibition

It was hypothesized that inhibition, measured by Stroop task, would have a positive
relationship with L2 proficiency and lower language distance. This means that as the
proficiency level increases the Stroop Effect score, which is Incongruent trials RT —
congruent trails RT, is expected to decrease. The reason for this hypothesis relies on the
inhibitory control hypothesis. According to Green (1998), when the lexico-semantic
system has competition not only within the language but across languages, in the case of
the speaker with two or more languages, the Inhibition Control model provides an
explanation for the output of speech based on the aim of the speaker. More specifically
it is suggested that there is a continuous suppressing of the non-target language and
frequent top-down inhibition. Similar to this hypothesis the Bilingual Interaction
Activation (BIA) and the updated BIA+ model suggest similar effects of inhibition on
the bilingual mind while explaining it through bottom-up processes. According to the
model orthographic similarity plays a role in how much cross-linguistic inhibition is
required and the model would predict same script languages to have a higher bilingual
advantage compared to different script bilinguals. Thus, due to higher similarities
across-languages requiring frequent suppression they are expected to have less
interference effects (Dijkstra & van Heuven, 2002). These hypotheses support the idea
that less difference will result with more inhibition thus leading to better trained
cognitive control. Studies finding a relationship between L2 proficiency and inhibition
led to the hypothesis that the difference between congruent and incongruent trials would
decrease resulting with a lower score on the Stroop (e.g., Colzato et al., 2008; Xie,

2018).
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The Stroop Effect as previously explained is the reaction time difference between
congruent and incongruent trials. More specifically incongruent trials are expected to
have higher reaction times while congruent trials are expected to be answered faster
thus the score will be incongruent RT- congruent RT. However, the score is affected by
several variables of the task and based on the changes of these variables the effect is not
always this simple to find. One of the main factors the effect is based on is the
proportion of congruent and incongruent trials. When congruent trials make up for
majority of the task the Stroop effect is found to be larger compared to incongruent
trials having higher proportions. For the present study the Stroop task had 40 trials in
total with high proportion incongruent (M= 9.83) the lowest trail count being 4 and the
highest being 14. As a result of this there were many participants with low scores and
even those with negative scores indicating faster reaction times for incongruent trials.
The main reason for this result may be that due to the majority of the trials being
incongruent the participants overall become more trained to ignore the writing and only
focus on the color which results in the incongruent trials to not interfere and decrease of
facilitation of congruent trials leading to a smaller effect (Lindsay & Jacoby, 1994).
Overall, it can be suggested that proportions of the trials are a possible explanation for
insignificant results for the Stroop task.

4.2. Working Memory

Working memory was measured with two different tasks. The 2-back was used to
measure verbal working memory while the Corsi Block tests were given as a measure of
spatial working memory. For the 2-back task it was hypothesized that as proficiency and
verbal working memory will have a positive relationship. Consequently, as L2

proficiency increases the number of correct trials for 2-back was also expected increase.
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Studies that investigated the effects of L1, L2, L3 proficiency and various working
memory tasks (e.g., digit span task, letter-number ordering) were the base of this
hypothesis such as Noort et al. (2006) which focused on how complex working memory
tasks (e.g., reading span task) affected L2 proficiency and Zavaleta and Nicol (2018)
focused on the effects of L2 proficiency by using word learning in L3 as a measure of
working memory. Similarly, for both the forward and backward Corsi Block test it was
hypothesized that the number of blocks remembered will increase with proficiency. In
our study we did find a significant model for the 2-back task however, the Backward
Corsi Block Task which is used more often than the Forward Corsi Block Task as a
measure of working memory showed floor effects. Floor effects are described as the
effect when 15% or more of the participants score at the lowest range of a certain task
(Lim, et al., 2015). There were more than 40 participants that were eliminated in the
first step of the Backward Corsi Block Task, causing a floor effect for this task. Other
working memory measures such as a combination of a Symmetry and Reading span
may be better suited to test whether language group influences task performance.
Moreover, the groups differed significantly in their working memory performance,
shown under supplementary analysis, TR-ARABIC group had a lower score compared
to TR-ENG group in 2-back performance, this may have led to the insignificant findings
as the groups differed from the start and the effects of LD and L2 proficiency may have
been overrode by this initial difference.
4.3. Cognitive Flexibility

Cognitive flexibility was measured via WCST, and it was hypothesized that as

proficiency increases the number of correct responses would increase, so the outcome

variable is the percentage of correct trials. The score for the WCST is based on number
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of errors but the important aspect is if this error is a perseverance error because it is
inevitable to not make a non-perseveration error as the rule changes every ten trials and
you must make a mistake to find the new rule. So aside from the base error rate (the
percent of non-perseveration errors) which is around 6 trials or 8% of the task how
many errors you make is the score. A reason of our insignificant findings could be due
to the ineffectiveness of the WCST detecting within group variances for
neurodevelopmentally typical participants despite being a validated cognitive flexibility
measure. In recent studies it is primarily used to assess patient’s level of brain damage
to the prefrontal cortex (Nyhus & Barceld, 2009). So, this can be an explanation for the
high correct rate for both groups and thus have led to the insignificant findings.
Language distance affecting cognitive mechanisms goes both ways in the literature.
As previously discussed, the one end is that closer languages will enhance executive
functioning more because the more similar, they are the more inhibition that is required.
The other end is that if the two languages of the bilingual is very far apart and have
different orthographies this difference will aid in lexical selection and overall selective
processes (Guo et al., 2005) however this is seen as a scant argument (Coderre &
Heuven, 2014). For this study, we expected a difference between the two bilingual
groups but due to both languages being highly distant to L1 Turkish it was hypothesized
that a lower distance score would result with higher EF levels based on the inhibitory
control hypothesis (Green, 1998). A reason why we could not find any EF differences
amongst the two groups can be due to the TR-ENG group having higher proficiency
levels compared to the TR-ARABIC group but the TR-ARABIC group had some
exposure to at least three languages. In fact, as mentioned under the participants section

more than half of the participants were exposed to a third language prior to their
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exposure to Arabic making Arabic their fourth language despite it being their most
relevant academic L2. Meaning that, although Arabic learners were not as proficient
enough their exposure to other languages and training in a second alphabet could have
allowed for the same level of training in the mind. In other words, exposure to three or
more languages may have compensated for their lack of proficiency.

Global reaction times are suggested as a more common advantage than bilingual
interference advantage when comparing monolinguals and bilinguals (Hilchey & Klein,
2011). This refers to the overall reaction time of both congruent and incongruent trials.
Similar to the explanation of inhibitory control hypothesis global reaction time
advantage suggests faster responses for tasks that require conflict resolution. In the
study conducted by Coderre and Heuven (2014) when they compared monolinguals
with two bilingual groups, they were expecting to find a bilingual advantage however
the different script bilinguals which were English-Arabic had the highest RT’s for both
Stroop and the Simon task. In the present study the Turkish-Arabic group had
significantly higher reaction times for the Stroop task and a higher mean for the WCST

global RT.
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5. CONCLUSION

5.1. Limitations and future direction

While most of the literature is based on a sample from an English-speaking country
in which mother tongue changes in the home environment this study aimed to look at
how educational L2 effects EF performance. This is an important issue to address as
almost every country in the world implements L2 from a very early age in their
education system. However, at which level of proficiency does the language have an
effect and to what extent are these effects seen is still an on-going research question.
With this study we aimed to look at two different education languages most common in
Turkey. While English was an inevitable L2 for all participants our Arabic L2 sample
was chosen from those who had an Arabic curriculum during their undergrad studies
making Arabic their most prominent L2 in the educational setting. Additionally, it is
important to state that while the starting point of this research was to examine the
bilingual advantage hypothesis, our study did not include a monolingual sample that
could be used in the comparison due to every young adult who is attending a university
being exposed a L2 through formal education. Overall, this study was unique in
addressing how to languages of the education system with different language distances
to L1 Turkish affected EF task performance in relation to L2 proficiency.

One limitation to our study was that our groups differed in the L2 proficiency. Thus,
this difference from the start may have caused insignificant findings. Additionally, both
English and Arabic have a high score in language distance and this difference was
shown to be significantly different, however with Arabic having a higher score and
being different orthographically it was thought that this would also affect EF

performance similar to studies that investigated a close and distant language pair.
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However, Turkic languages are the only languages that have a small LD score, and they
are neither an educational L2 nor common in Turkey. Additionally, both of our groups
were low in L2 proficiency from the start especially the TR-ARABIC group. Despite
their university education being in L2. Based on the threshold hypothesis (Cumming,
2001) unless the second language is at a certain proficiency level it will not benefit as a
medium of instruction. Despite the current study finding null results for L2 proficiency,
this study was also aimed to increase awareness of the importance of L2 proficiency in
the school setting as the education system.

This study was conducted with young adults, and it is stated that the twenties are the
peak of cognitive performance thus if we were to find a difference when cognitive
performance is at its peak it would have been a strong indicator of proficiency affecting
EF. As the current study exclusively focused on a young adult population, we may not
generalize our findings beyond this group, yet these results are consistent with a
growing body of literature that has failed to demonstrate that a bilingual advantage truly
exists (Paap & Greenberg, 2013; Gathercole et al., 2014; Dick et al., 2018). For future
studies this can be done with older adults and perhaps focus on how different
orthographies and LD’s play a role in cognitive abilities. Additionally, the language
distance score used in the current study was calculated based on phonological
differences and while there are many studies that look into the similarities of L1 and L2
visually, such as orthographic overlap, phonological similarity is mostly unexplored
(Frances et al., 2021) and can be looked into for future studies.

This study was also important in addressing the shortcoming mentioned in the
literature in terms of convergent validity and using few numbers of tasks when

measuring executive functioning. Many of the previous studies focus on a single
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domain and we aimed to cover different aspects of EF with different EF tasks. However,
there are still limitations to the tasks that we used as previously mentioned. Thus, it is
important to use tasks that are designed to measure a more domain general executive
functions. -

It is important to note that null results are often set aside with the understanding that
they are much harder to publish (Paap et al., 2015). De Bruin, Treccani, & Della Sala
(2015) conducted a study showing the bias in the presentations and publications in favor
of the bilingual advantage.

In conclusion, future research should continue investigations, with assessment tools
that tap onto multiple aspects of EF as well as focus on how different measures of
language distance plays a role on both L1 and L2 proficiency. Despite not finding an
effect of L2 proficiency in our study L2 proficiency was shown to be an effective aspect
on the bilingual advantage, thus, to ascertain whether there are cognitive differences

among individuals who speak multiple languages future research is needed.
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APPENDIX A

Language Experience and Proficiency Questionnaire (LEAP-Q)

Last Name First Name Today’s Date
Age Date of Birth Nale [] Female| |

(1) Please list all the lansmages vou know in order of dominance:
L1 [2 [3 [4 5

(2} Plagse list all the lansnages vou know in order of acguisition (your native lananage frat):
L1 [ 2 [ 3 [4 [ £

{3} Please list what percentage of the tims you are currexsly and on guerage exposed to aach languagze.
[Four percentases should add up o 100%):
List languagze here:
List percentage here:

{4) When choosing to read a text available in 211 vour languages in what percentage of cazes would you choose to read it in each of
vour languazesT Asnme that the original was written in another languzge, which is unkmowm to v
(Four percentases should add up o 100%):
List lanpuage here
List percentage here:

(&) When choosing a langnage to speak with a person who iz egually fluent in all your languagss, what percentage of time would you
chooss to spaak each languaze? Plaase report perceat of total time.
(Four percentazes should add up ro JO0H):
List language here
Lizt percentare here:

(6} Pleaze name the culmres with which voua identify. On 2 sczle from zero to ten, please rate the extent to which you identify with
each colure. (Examples of possible cultares includs US-American, Chinese, Jewish-Orthodox, etc):
List cultures here

{click heve fior scale] {click heve for scale) (click hera for scale) (click here for scale) {click here for scale

(7) How many vears of formal education do yoa have?

Flaaze chack your highast education level {or the mate TS equivalant to 3 degres obtzinad in anaother country’):
Le=s than High Schoal Some Colleze O Mazmters
[ Hizh School O cColleze O rmhDaDUTD.
0 Professional Training [ Some Graduate School O oOther

(8) Date of mumigration to the 1734 if applicable |
If vou have ever imumigrated to another county, please provide name of couwntry and date of immigration here.

(¥ Have vou ever had 2 vision problam D, hearing impairment D, lanznagzs dizability D, or learning di;abilit}'D 7 (Check all
applicable). If yes, plezse explain (including any corrections):
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This is my (please select from pull-down menun) language.

All gquestions below refer to vour knowledge of

1) Age when vou...:

began acquiring

Becone fTusnt
in

began reading
in

becone flust reading
in }

(2) Please list the number of vears and months vou spent in each language environment:

Years

Months

A country where

iz spaken

A family where

iz spoken

A school and/or workdnes envirgnment where

iz spoken

(3 On a scale from zero to ten, please select your feve! of profictency In speaking, understanding, and
reading  from the scroll-down menms:

Speakin iclick hevs for scale] Understandine

oken lansug:

click here for scale) | Feading

iclick hevs for scale

i4) On a scale from zero to ten, please select how much the following factors contributed to vou

leaming

Interacting with friends {iclick heve for pull-down =cals) | Lansuage tapes 'salf instruction | (click hers for pull-down scals)
Interacting with family {iclick heve for pull-down scals) | Watchins TV {iclick here for pull-down scals)
Feading {click hevs for pull-down scals) | Listening to the radio {click hers for pull-down scals)

(5 Please rate to what extent you are curmrently exposad to

in the following

contexts:

() In vour perception, how much of a foreign accent do vou have in

Interacting with friends {click hevs for pull-down scals) | Listening to radio/mmsic {click hevs for pull-down scals)
Interacting with family {iclick heve for pull-down =cale) | Feading {iclick here for pull-down =cals)
Watchins TV {click hera for pull-down scale) | Tansuazs-lab zelf-mstecrion | (click here for poll-down scale)

]

(chick here for pull-down sczle)

7y Pleaze rate how frequently others identify you as 2 non-native speaker based on your accent in
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APPENDIX B
Table 1. Genetic language distance calculator word list

word Comments

Eye Stable word, with little exposure to semantic shift.

Ear Pretty stable, semantically and also against erosion. Little probability to get borrowed from another
language!

Nose Very stable word, with little exposure to semantic shift. One of the best suited word for

comparative linguistics!

Hand As many other parts of the body, little exposure to borrowing and good semantic stability.
However, in many languages, the meaning shifts from "hand" to "arm" or the other way round.

Tongue Very stable - similar to nose, although it is also being used for "language" in many languages and
gives it an exposure to semantic shift or at least to confusion.

Tooth Very stable - similar conditions as "nose". However, this word has been subject to semantic shift in
parts of the Indo-European family - with a mix "Tooth"/"Tongue" ("-Z-B-" in Slavic/Indo-Iranan
languages).

Death As an abstract concept, the use of this word for comparing remote languages is somewhat

hazardous. However, if this is not due to chance interference, it is the one best linking the Indo-
European and Semitic language families (Arabic < <!l (mut)/ Hebrew nmn (mavet) -> French
"Mort" / Slavic "Mertv"... In some languages, the root of the verb "to die" has been taken instead of
the substantive "death" when it was not available ("to die" is an element of the Swadesh list "death"
is not)

Water Very interesting word, although it is in intensive use and as such subject to more erosion.
Moreover, semantic shift exposure is higher than for body parts. Water is the word best linking the
Indo-European and Finno-Ugric language families (Finnish "Vesi" / Hungarian "Vez" -> German
"Wasser" / Slavic "Voda") - provided this resemblance is not due to chance.

Sun This word has a big exposure to semantic shift but delivers good results in comparative linguistics.
Probably less suited for remote language relationships

Wind As all nature related words, should have existed in early languages.

Night Very classical example in Indo-European studies...

Two Little exposure to semantic shift but intensive use in daily life ("erosion™)

Three Little exposure to semantic shift but intensive use in daily life ("erosion™). Sometimes exposure to

borrowing like in Kabylian (see Kabylian to Arabic comparison)

Four Little exposure to semantic shift but intensive use in daily life (“erosion™). Exposure to borrowing
similar to "three".
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http://www.elinguistics.net/Compare_Languages.aspx?Language1=Finnish&Language2=Hungarian&Order=Calc
http://www.elinguistics.net/Compare_Languages.aspx?Language1=Kabylian&Language2=Arabic&Order=Details

Very high exposure to erosion (intensive use in daily life) but little chance of semantic shift.
Another problem with "I" is that it is monosyllabic in many languages - and monosyllabic
resemblances between two languages are statistically more exposed to chance resemblance.

You Very high exposure to erosion (intensive use in daily life) but little chance of semantic shift

Who May be the least suited word in the study (erosion, semantic shift)

Name This word links many languages to each other - although it should be used with caution as it is not
sure it is common to proto-languages older than several thousands of years. Moreover, it may have
been subject to borrowing in very remote times so that, after erosion, this borrowing isn't
recognizable. Semantic shift between "name", "surname", "nickname"...

Table 2. Turkish-English Comparison
English Turkish English Comments Points

Death -L-M- -D-TH- 0,00
Oliim Death

Ear -K-L-K- -R- 0,00
Kulak Ear

Eye -G-Z- -J- 0,00
Goz Eye

Four -D-R-T- -F-R- Exact consonant match -R-/-R- 0,00
Dort Four Too weak signals! -> no point

Hand -L- -H-N-D- 0,00
El Hand

| -B-N- -J- 0,00
Ben |

Name -D- -N-M- 0,00
Ad Name

Night -G-ZH- -N-T- 0,00
Gece Night

Nose -B-R-N- -N-S- 0,00
Burun Nose

Sun -G-N-SH- -S-N- Exact consonant match -N-/-N- 0,00
Giines Sun Wrong order! (switched matches -> no point)
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Three -CH- -TH-R- Related consonant match -CH-/-TH- 31,22
Ug Three

Tongue -D-L- -T-N-G- Related consonant match -D-/-T- 0,00
Dil Tongue Too weak signals! -> no point-D---T-

Tooth -D-SH- -T-TH- Related consonant match -D-/-T-
Dis Tooth Related consonant match -SH-/-TH-

Two -K- -T- 0,00
Iki Two

Water -S- -W-T-R- Related consonant match -S-/-T- 0,00
Su Water Too weak signals! -> no point

Who -K-M- -W- 0,00
Kim Who

Wind -J-L- -W-N-D- 0,00
Yel Wind

You (thou) -S-N- -TH- Related consonant match -S-/-TH- 36,89
Sen Thou [1]
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Table 2. Turkish-Arabic Comparison

Death -L-M- -M-T- 0,00
Oliim Mawt (< 54)

Ear -K-L-K- -Z-N- 0,00
Kulak Izn (oY)

Eye -G-Z- -7-N- 0,00
Goz ayn (=)

Four -D-R-T- -R-B- Exact consonant match -R-/-R- 0,00
Dort Arba'a () Too weak signals! -> no point

Hand -L- -J-D- 0,00
El Yad (%)

| -B-N- -N- Exact consonant match -N-/-N-
Ben Ana ()

Name -D- -S-M- 0,00
Ad Tsm ( o)

Night -G-ZH- -L-L- 0,00
Gece Laila (J4)

Nose -B-R-N- -N-F- 0,00
Burun Anf (<)

Sun -G-N-SH- -SH-M-S- Related consonant match -SH-/-S- 0,00
Giines Shams (Uses) Too weak signals! -> no point

Three -CH- -TH-L-TH- Related consonant match -CH-/-TH- 0,00
Ug Thalatha (338) | Too weak signals! -> no point-CH---TH-

Tongue -D-L- -L-S-N- 0,00
Dil Lisan (o)

Tooth -D-SH- -S-N- 0,00
Dis Sinn (=)

Two -K- -TH-N-N- 0,00
Iki Ithnan ()

Water -S- -M- 0,00
Su Ma'a (sk)
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Who -K-M- -M-N- 0,00
Kim Man ()

Wind -J-L- -R-H- 0,00
Yel Rih (z)

You (thou) -S-N- -N-T- Wrong order! (switched matches -> no point) 0,00
Sen Anta (<l
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APPENDIX C

Distance Matrix

i

LD
AT
HARAT
GUIARAT

BN RS
HEMNICH
BENGAL
E—OPLR
ORIVA
ARABLC

LU
TURKCSH
Fa g
OANG
FAZE0U W
FUZ=0U_CrHl
)
CANTONESE
MANDARIN
LOJBAN
ESPERANTO
FRENCH
FOATUGLESE
TALAN
SEANISS
PO
WACRAINAN
SUEEAN
PERSAN
PASHTO
EMGLUSH
GERLAN
Dbt
TRUGU
WANNATA
KAALATALAL!
TAML
YORUSA
KOREAN
—ALSA
EWAIL
TAGALOG
MALAY

SRS ANIEEE

S NTANESE
BURMESE
SARANESE
THA
VIETHAMESE

ORNA
ARARI
FINNEH
TURKEHN
[LC1R )

CANTOMPSE

LS
SHANILI

UZBEK
TN
SUZHGN L
LI BN
ESPERANTO
ITALIAN
SFANEH
FOLEH
LIRRAIN AN
PESHTO
ENGLEH
DANEH
TELIGU
KRB A
MUALAYALAM
T M
FORUEA
HALAY
ARMAN
SUNDANFSE
THAI
WIETMAMESE

FRENCH
FORTUGUESE
PERSIEN
GERMAN
FOREAN
TAGALOG
EURMEEE
ARPANFSE

RUSSIEN

EHOJPUR
10U_CHMESE
MANDARIN

The scale goes from red for identical langauges over yellow to white for very dissimiliar

languages.
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