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Abstract

Introduction. This project emphasises the importance of two aspects in
research on bilingualism: (i) the inclusion of multiple language sets to reach
generalisable results, which ensures that differences originate in changes due to
bilingualism rather than the specific effect of certain language sets implemented, and
(if) the comparison of a bilingual individual's performance in first and second language
for a deeper insight into the influence of bilingualism on cognition. This is best achieved
through the implementation of verbally-based measures focussing on higher cognition,
such as tasks assessing critical thinking.

Methods. Participants of nine different language sets were presented with the
critical thinking assessment Mixed Measures, a compilation of published measures
covering five subcategories of critical thinking: hypothesis testing, verbal reasoning,
judging likelihood and probability, argumentation analysis, and problem solving.
Socioeconomic status and language experience and proficiency were measured, as
well as a number of Raven’s Standard Progressive Matrices which were implemented
to control for fluid intelligence. Outcomes of mono- and bilingual individuals were
compared, as well as the performance of bilingual individuals in first and second
language.

Results. Comparative calculations of monolingual and bilingual individuals
were not found to be consistent across language groups. Differences were discovered
within four of the nine language groups, with an advantage of bilingual participants in
three of these four groups. Due to the lack of consistency throughout all groups, these
findings were not conclusive. When comparing bilinguals’ first and second language,
two findings stood out: an advantage of solving verbal reasoning scenarios in the first
language, whereas questions assessing judging likelihood and probability were solved
better in the second language.

Conclusions. Higher exposure to the first language could explain advantages
within verbal reasoning, whereas a certain emotional detachment might explain
advantages when solving judging likelihood and probability measures in the second

language.
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FOREWORD - LANGUAGE AND CULTURE

0. Foreword: Language and Culture

Language and culture are two interwoven aspects defining human interaction (de
Montes, Semin, & Valencia, 2003). Culture is a complex concept, reaching across a
multitude of dimensions within an individual, such as thoughts, beliefs, and actions.
Research mostly focusses on culture in terms of geographical circumstance and
acculturation, which describes the slight adaptation of international families to new
centres of life abroad, including a different culture (Yang, Yang, & Lust, 2011). Itis
impossible to separate language from culture and vice versa, yet it is not fully clear
what effect and influence they have upon one another (Jiang, 2000), and it is important
to keep in mind that bilingualism, the use of more than one language on a daily basis
(Grosjean, 2010) does not equal biculturalism, which describes the participation in
behaviours and traditions of two or more cultures (Grosjean & Byers-Heinlein, 2018).
Language as a human’s tool implants cognition into communication (Semin, 2000), and
is hugely contextualised by culture. Connotation and meaning of words are dependent
on where they are used and in which context they are implemented (Oyserman & Lee,
2008). For instance, words describing meals such as breakfast, lunch and dinner elicit
completely different images within someone from the western world compared to
someone of Asian origin (Jiang, 2000). Language and choice of words change
depending upon the relationship to the receiver and are culturally dependent. Western
cultures tend to lean more towards abstract language, for instance shown in the
preferred use of adjectives when describing an individual, whereas Asian languages
(for example, Japanese) predominantly include concrete language, using mostly verbs
when describing an individual (Maass, Karasawa, Politi, & Suga, 2006). This does not
only affect an individual’s behaviour for instance in terms of individualism or
collectivism, it also influences cognition and thought (Oyserman & Lee, 2008). Findings
in this area of research should be treated with some caution, correlations of differences
in international comparisons do not indicate causation and with culture being a multi-
layered concept it is difficult to pinpoint the determining factor, which in turn influences
language and cognition (Oyserman & Lee, 2008). Moreover, research studies focusing
on only one nationality or country deliver inconclusive outcomes as to possible
generalizations towards whole culture streams such as those emphasizing collectivism
or individualism (Oyserman & Lee, 2008). Overall, findings in the research area are
sparse but clearly indicate an interaction between language and culture.

The influence of culture on language and the interplay of both, language and

culture, can be highlighted through the introduction of another field of research. This
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can be achieved through focussing on language use and its implementation in
connection to thought. Language is considered a part of cognition in the Western world,
with the assumption of talking being connected to thinking (Kim, 2002) especially as
mentioned in early research by Watson (1924). In this particular study, language was
used as a premise of thought and any mental process (Kim, 2002). In comparison,
within East Asian cultures, talking itself has been given a subordinate role and a
connection between thought and language is not presumed. Instead, the importance of
silence and introspection are emphasised to reach a thoughtful mental state. Culture
appears to affect the subconscious use of language in connection to thinking and
influences engagement with thought, originating in varying levels of reliance on
language and thought (Kim, 2002). Exposure to a novel, second culture (e.g. through
student exchange) is associated with a multitude of positive outcomes for thinking and
cognition. These improvements are culture-specific but are also found on a general
level (Lee, Therriault, & Linderholm, 2012). However, the effects of culture, language
and possible second language learning in those circumstances are hugely interwoven
and difficult to disentangle. Therefore, the origin of cognitive changes remains unclear
and should be regarded as an interaction of all these aforementioned aspects (Yang,
Yang, & Lust, 2011).

Language
Current estimates state that close to 7000 different languages are currently spoken
worldwide. Each language differs in the number of speakers and varies in its reach.
Historically, linguists are noted to have explored the origins of language. Part of this
explorative process led to establishing the concept of language-families. The Concise
Oxford Dictionary of Linguistics (Matthews, 2003) defines a language family as a group
of languages, which can be traced back to the same language origin. Indo-European
and Austronesian are examples of language families. Within each family, there are
subfamilies, which are described as branches. In each branch, languages seem to be
slightly more closely related than other languages in the family (Marian, 2018).
Examples of language branches are the Germanic branch, the Celtic branch, and the
Latin branch. It is important to mention that there is not one universal name or
description for each branch, or even one generally accepted way of grouping those
branches. Rather, these appear to be a variety of categorisations within the literature.
Differences are small within bigger branches of languages but vary widely within the
grouping of smaller languages, and their belonging to one or another language group.
In the following, grouping criteria and family/branch names of the Concise Oxford

Dictionary of Linguistics (Matthews, 2003) are employed.
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Different crucial criteria to establish which family a language belongs to can be
employed (Campbell & Poser, 2008). There are three main sources of importance: the
vocabulary of a language, grammar, and sound correspondences (Campbell & Poser,
2008). This may seem self-explanatory but taking into account the research field of
linguistics and trends of clustering languages up until the end of the twentieth century,
these are critical grouping criteria.

It is important to further question the origins of similarities in languages when
clustering them into families (Campbell & Poser, 2008). Basing groups only on
superficial similarities is insufficient. Similarities between languages can be led back to
a number of different explanations, and only some of them provide a reason for
grouping languages together. Origins of similarities between languages might be due to
coincidence. This can be traced back to chance, or accident, rather than a shared
origin (Campbell & Poser, 2008). Moreover, borrowing words and phrases between
languages is a common practice, especially with the growing interconnectivity through
the internet and the growing influence of English at a global level. Languages which
show similarities due to borrowing through language connection cannot always reliably
be traced back to the same language origin. Another way of creating new words in a
language is onomatopoeia (sound symbolism), which is a way of creating words
dependent on the sound of what they describe. Different languages might use similar
words for sounds or events if they perceive the according sound accompanying the
event as similar. This does not describe shared origins and so sound symbolism should
be excluded as a criterion when examining language origins. Lastly, universal rules or
grammar should also be taken into account. These universal concepts can be traced
back to nearly all languages and as such, have been found to describe the roots of
language rules. Considering them when deciding on language families would distort the
outcome. This leads to the only true reason any language should be considered part of
a bigger group, a branch or family: Genetic (phylogenetic, genealogical) relationships
which can be traced back to a common ancestor (Campbell & Poser, 2008). Genetic
relationships describe inheritance of vocabulary, grammar or sounds. All other factors
should be considered first and should be excluded, before drawing the conclusion of
genetic relationships between languages (Campbell and Poser, 2008).

With this in mind, it is interesting to consider different reasons as to why languages
change over time. Researchers in the area of linguistics have investigated this
throughout the years and developed numerous theories for diversification of languages.
Prominent examples include wars and migration, but also trade, geographical

seclusion, and technological advantages, are noted to stimulate change in language. A
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multitude of possibilities exist to support this phenomenon including adaptation to

fellow trade partners or to linguistically signify a defined group identity.

The following aims to explore the origins of language, while shedding light on some

language families in particular. Special attention will be paid to certain branches to

investigate the roots of the languages employed in the subsequent research project,

which will illustrate the breadth and depth of this project. Figure 0.1 below depicts an

overview of language families and branches that are further explored.
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Figure 0.1 Overview of Language Families (first row), Main Language Branches (2nd row), Sub-
Branches (3rd row) and Individual Languages (4th row) included in this Project.

Indo-European is a language family most prevalent and spoken in Europe, which
describes the western limit of its outreach (Matthews, 2014). It reaches as far as the
Indian continent, where its languages are represented, together with languages of
other language families. According to the Concise Oxford Dictionary of Linguistics
(Matthews, 2003), the Indo-European language family splits into eleven main branches
including some extinct ones (Anatolian, Tocharian). Greek, Indo-Iranian, Armenian,
Baltic, and Albanian are examples of members of the Indo-European language family
which will not be evaluated further.

Germanic as a branch of the Indo-European language family includes different
sub-branches, one of which is referred to as West Germanic. West Germanic
languages are English, German, and Dutch, whereas Finnish, Swedish, Norwegian,
among others, can be labelled as North Germanic, also referred to as Scandinavian

languages; with East Germanic languages, also known as Gothic languages.
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English, as it is spoken today, is thought to have descended from Anglo-Saxon,
Old English, which evolved into Middle English before it was heavily influenced by
French, especially in terms of vocabulary (Matthews, 2014). The standard form of
English spoken today began to develop at the end of the Middle Ages. Through
colonization, dominion or economic influence by the British Empire as well as due to
the post-war economic power of the United States of America, English is currently
prevalent all over the world (Matthews, 2014). It is spoken as a first language in North
America, the British Isles, Australia, New Zealand, and South Africa among others.
English is also an official second national language in multiple countries including India
and Nigeria (Matthews, 2014). This gives English the status of an international
language, especially in its form of American English. Due to the wide reach of English,
many regional varieties were formed, e.g. Indian-English, Singapore English. Core
rules of grammar and vocabulary are the same for these languages, but are adjusted to
and by the use of groups of people as mostly second-language speakers.

German as a language is mainly spoken in Germany, Austria and parts of
Switzerland, Italy, and Luxembourg. It can be divided into two main dialects, low
German, spoken in the North of Germany, and high German, more prevalent in the
South. Both descend from the original form called Old High German (Matthews, 2014).

The Celtic branch of Indo-European can be divided into two parts, of which one,
Continental Celtic, is now extinct. Continental Celtic was formerly spoken in the north of
Italy (Lepontic), France (Gaulish) and Spain (Celtiberian) before it was eliminated by
Latin through the growing influence of the Roman Empire. Insular Celtic can be split
into Brittonic which includes Welsh, Breton, Cornish, and Gaelic. One of the two
surrogates of Gaelic is Irish Gaelic, which describes one of the native languages in the
Republic of Ireland (apart from spoken English). Nowadays it is more prevalent in
terms of teaching and speaking in the western part of the country. Scottish Gaelic was
originally carried from Ireland to Scotland by emigrants in the Dark Ages and is now
spoken in parts of north-west Scotland (Matthews, 2014).

The ltalic language branch represents the Romance languages in the current
study. Dating back to Latin, Italic languages were originally spoken in continental
Europe, with languages like French, Italian, Portuguese, Spanish, and Romanian
among others, including dialects like Catalan and Sardinian. Historical developments
such as colonialization resulted in the Italic branch to spread to the American continent.
Focussing on one of the members of this language branch, Italian has its origins in
Latin, specifically from a Tuscan dialect of Florence, and can be traced back as far as
the middle ages. Nowadays many dialects of the Italian language can be found, mostly

within the borders of Italy, which date back to regional varieties (Matthews, 2014).
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A fourth language branch within the Indo-European language family
represented in this project is Slavic. Slavic spreads from Central Europe towards the
east and divides into three branches, East Slavic, West Slavic, and South Slavic.
Russian and Ukrainian can be clustered in the East Slavic sub-branch, Polish, Czech,
Slovak and Sorbian make up West Slavic, and Serbian (and derivative languages, e.g.
Croatian and Macedonian), Bulgarian and Slovenian are representatives of South
Slavic. Within the Indo-European language branch, there seems to be a closer
similarity of the Slavic language branch with the Baltic branch compared to others,
which is why these two branches are sometimes aggregated and referred to as the
Balto-Slavic language branch (Matthews, 2014).

Russian is the most widespread language of Eurasia and the largest native
language in Europe with roughly 144 million native speakers. Russian is noted to have
diverged from Ukrainian in late 11" century and is currently written in Cyrillic. Cyrillic is
implemented by other Slavic languages also, mainly going back to the dominance of
the Orthodox Church and is based on modern forms of the Greek alphabet (Matthews,
2014).

A second language family represented within this research project is Altaic.
Altaic describes the family of languages which includes the language branch Turkic.
Geographically, Turkic reaches from the Balkans across Central Asia into Siberia.
Languages categorised under Turkic are for instance Uzbek, Azerbaijani, Turkmen,
and Turkish, with the latter accepted as the largest representative. Turkish is the official
language of Turkey, and spoken by minorities in the Balkans and in Northern Cyprus.
More recently, immigration has led to a spread of the Turkish language in South
Eastern and more recently Western Europe. Turkish was originally written in the Arabic
alphabet but since the early 20™-century, it is now communicated using adjusted
Roman letters. Strong influences of Arabic and Persian can be found, dating back to
the Middle Ages.

Japanese is an example of a language, which has barely any association with
any other language or language family with the exception of a few dialects closely
related to it. It is sometimes grouped under the language family Korean-Japanese-
Okinawan, within the language branch Japanese-Okinawan, even though this
connection is very weak (Lyovin, 1997). It is assumed to have expanded throughout
Japan from the southern island Kyushu, where it was brought through agriculture from
the Korean Peninsula (Bellwood & Renfrew; 2002). Early recordings from the 8"
century show the Japanese language written using Chinese characters (Kanji), which is
still the case nowadays, combined with two forms of Japanese characters: Katakana

and Hiragana.
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The last example of a language family is Sino-Tibetan. This family consists of
two distinctly differentiable branches, Chinese and Tibeto-Burman. Chinese can be
split into certain sub-languages, or dialects, the most prevalent of which is Mandarin.
Mandarin describes the official language in China, Taiwan, and Singapore beyond
others. Other dialects include Hokkien (Southern Min) and Cantonese (Yue), which are
the most widely spoken dialects after Mandarin due to immigration. All Chinese dialects
can be traced back to “old Chinese” which goes back as far as the fifth-century BCE
and was spoken until roughly the third-century AD, to then develop into “Classical
Chinese”. The writing system is estimated to originate around the second half of the
second millennium BCE.

Languages implemented within this research project reach across the globe and
represent a wide mixture of cultures and communities. This is a unique approach to
explore effects of bilingualism on cognition while using the recommended methods to
discover reliable differences between monolinguals and bilinguals. Finally, the research
also seeks to explore possible effects within the first and second language of a

bilingual individual.
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CHAPTER ONE — INTRODUCTION

1. Introduction

Researchers estimate that more than 50% of today’s world population is bilingual. The
numbers vary from continent to continent and from country to country, with some
countries’ rates as high as 99% (e.g. Luxembourg).

These figures explain how the concept of bilingualism and its possible influence on
humans caught the attention of researchers. Research began in the early twentieth
century with only a few scientists (Saer, 1923; Sanchez, 1934), and massively
expanded within the past thirty or forty years (Bialystok, 2007; Gathercole, 2014;
Grosjean, 2001; Marian, 2018; Paap, 2016). Opinions about bilingualism and its effect
on the brain shifted noticeably throughout the century. Early researchers considered it
as a clear disadvantage, with the bilingual speaker being “[...] much more confused in
this respect than monoglots [...]” (Saer, 1923, p.25), and that “[...] there can be no
doubt that the child reared in a bilingual environment is handicapped in his language
growth.” (Thompson, 1962, p.385; as cited by Hakuta, 1986). Today views and findings
are much more positive. Even though opinions still vary, the main perception of
speaking two or more languages on a daily basis is perceived as an advantage in most

regards.

1.1. Defining bilingualism
Bilingualism as a lay definition solely focusses on speakers with two mother tongues
who master both languages perfectly. This depicts bilingualism as the “native-like
control of two languages” (Bloomfield, 1933, p.56), implying a high degree of mastery
of the individual's second language. Rather than this commonly held idea which refers
to competency in the second language, bilingualism is also definable in terms of
second-language (L2) usage, labelling individuals who use more than one language on
a daily basis as bilingual (Grosjean, 2010). This definition depicts bilingualism as the
capability of communicating through two or more languages without an explicitly
defined frequency of use of the second language.

When defining bilingualism, three aspects of importance are (i) Proficiency of/
fluency in the second language, (i) age of acquisition of said language and (iii)
exposure to both languages on an everyday life basis (Grosjean & Byers-Heinlein,
2018). The ratio and interaction of those three factors (i-iii) underlie individual variations

and varies within research studies, determined by the respective researcher.
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1.1.1. Proficiency
An important factor in bilingualism is proficiency in an individual’s L2. L2 proficiency
provides a crucial factor for differentiating monolingual from bilingual speakers. It can
be measured with language tests or through self-rating scales.

Proficiency tests give a broad picture of a participant’s language skills. They
aim to standardize measurement and objectify procedures. Tests have been developed
in most major languages with a focus on various topics adjusted to the target group,
e.g. in a playful way for children or a more serious manner when targeted at adults.
However, it is questionable how comparable the results of tests across languages are.
Moreover, assessments are very time intensive and expensive to implement.

Self-rating scales are more economical, but they have the disadvantage of
subjectivity. Furthermore, researchers rely on participants’ capability to estimate their
own language competency. Proficiency tests can easily be adjusted and translated into
different languages, but outcomes might differ depending on cultural and personal
backgrounds, as well as variability in traits such as self-confidence.

To date, there is no ideal measure to identify language proficiency. Language
appears to be a fluent construct on a continuum rather than categories. Despite the
clear difficulties in accurately measuring language proficiency, a measure of proficiency
is essential for research on bilingualism. Supporting the validity of both proficiency tests
and self-rating scales, research shows a clear correlation between the two measures
when matching participants’ proficiency levels (Bialystok, 2001; Marian, Blumenfeld, &

Kaushanskaya, 2007), which implies a certain interchange-ability and reliability.

1.1.2. Age of acquisition
Another important factor in defining bilingualism is the age of L2 acquisition. A common
way of differentiating between participants’ age of acquisition is the categorization early
versus late bilinguals, where the cut-off point is usually around the age of ten years. A
different way of categorizing speakers is comparing simultaneous bilingualism versus
sequential bilingualism. Simultaneous bilingual speakers are exposed to both
languages from birth on, whereas sequential bilinguals acquire one language first and
the other language later.

The concept of the age of acquisition of L2 is difficult for a few reasons: It has to
be decided which age is taken as the comparison, the age a person starts learning a
new language, or once fluency in the language is achieved. Fluency is subjective and

difficult to determine, as discussed above. Nonetheless, the learning curve and

10



CHAPTER ONE - INTRODUCTION

intensity of language study of two individuals who start acquiring a language at the
same time can be crucially different and this influences L2 competency.

One of the reasons why the age of acquisition is considered essential when
assessing the influence of bilingualism on an individual is a theory hypothesizing a
critical period in language learning, implying that the process of language learning
would be facilitated if the learner was of, or under a certain age. Language learning
after this critical period, in adolescence and adulthood, is considered more effortful.
There is a vast amount of support for this theory, but more recently criticism has been
added: Bialystok (2001) summarizes that more efficient language learning during
childhood can be traced back to a range of different reasons. Children are assigned
more time to learn a language. This time intensity of learning a new language is rarely
compatible with the hectic life of an adult to the same extent as a child. Teaching and
learning rarely happen with the same level of formal instruction and sympathetic
methods and demands of adult learners are increased rapidly with content that is more
difficult. These points do not suggest the existence or non-existence of a critical period,
but they are crucial aspects to keep in mind when researching the area, possibly
confounding, and definitely correlated with, findings on the concept of a critical period
(Bialystok, 2001).

To summarise, L2 proficiency and age of acquisition are essential aspects when
working with bilingual individuals and assessing possible effects of bilingualism on L2
speakers. To date, there is no generally agreed way of defining and grouping bilinguals
in research, which leads to a wide range of variety and makes it difficult to compare

outcomes and studies of researchers.
1.2. Difficulties with research practices in bilingualism

1.2.1. Socioeconomic status (SES) and culture
Bilingualism does not originate from a deliberate decision in the majority of individuals
(Bialystok, Craik, Green, & Gollan, 2009). This suggests that bilingualism is not the
outcome of increased cognitive functions if those are present, but a possible source of
changes within a bilingual’s brain. Environment and circumstances in which one person
grows up in determine the likelihood of growing up bilingual. Not only the reasons for
learning a second language are mostly predestined, but this also applies to SES, which
influences language development and skills as well as cognition and must thus be
considered when assessing bilingualism (Gathercole, 2014). Bilinguals are part of
every societal group, and SES varies between below average, for example within

refugees, up to above average, for instance in countries where learning and regularly
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speaking a second language is considered elite. This leads to the question of a
possible influence of culture (Tran, Arredondo, & Yoshida, 2018) and cultural diversity
on cognition. Balanced bilinguals often grow up in immigrated families or live in a
country other than their country of origin. This changes their cultural environment
compared to their monolingual peers and possibly adds the influence of a second
culture. Growing up with more than one culture affects not only language development
and the status of the languages as perceived by the bilingual individual but also the
development of executive functions, mostly influencing verbal response inhibition
(Tran, Arredondo, & Yoshida, 2018). While SES is commonly controlled for in most
published studies, culture is a factor that is often overlooked in research. One way to
control for the effects of culture on cognitive changes within studies assessing
bilingualism is through the inclusion of multiple language sets covering diverse cultures
implementing the same measurements, followed by a comparison of the outcomes. If
outcomes prove to be stable and consistent throughout all languages, differences
unrelated to culture or specific language sets are implied. This does not only apply to
cultural backgrounds and their effect on language speaking, but also to specific
language sets and their effect on the brain. It is questionable if data, which is collected
covering only two or three languages - as commonly done in projects investigating
bilingualism -, is generalizable. Outcomes might be leading back to differences
between certain languages rather than differences due to cognitive changes caused by
bilingualism. At present, research mainly focusses on the combination of two
languages, or one native language combined with various second languages, rather
than implementing big samples covering several language sets. This is often due to the
feasibility of the research procedures and accessibility of bilingual participants.
Bialystok and colleagues (Bialystok, Craik, Klein, & Viswanathan, 2004) assessed this
matter briefly and came to the conclusion that at least concerning non-linguistic tasks
(like the Simon task implementing coloured squares), the bilingual advantage does not
depend on certain combinations of languages which are spoken by the bilingual.

Beyond non-linguistic tasks, there is a lack of research and cross-language findings.

1.2.2. The context of second language learning and usage
SES and culture are linked directly to another set of inevitable questions, which refers
to the context of language learning and language use. In which context were both
languages learned and in which context are they used? Are both languages used
equally or is one language used more? Are certain contexts connected only to one
specific language? A bilingual person might be fully fluent in one language concerning

one aspect of their life, for instance, work, but barely know any of the vocabularies in
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this language for another aspect of their life, in which they merely use the other

language.

1.2.3. Language combination dependency
Research studies focus mostly on the combination of two languages, or one native
language mixed with different second languages, rather than big samples covering
several languages. As mentioned, this is done due to the feasibility of the research
procedures and accessibility of bilingual participants. It is questionable if data, which is
collected on a restricted amount of language sets, is generalizable. Effects might be
leading back to differences of certain languages rather than cognitive differences due
to changes caused by bilingualism: Bialystok and colleagues (Bialystok, Craik, &
Viswanathan, 2004) assessed this matter briefly and came to the conclusion that at
least concerning non-linguistic tasks, the bilingual advantage does not depend on
certain combinations of languages which are spoken by the bilingual. There is a lack of
research focussing on the broad variety of tasks implemented and possible cross-
language effects, which might affect current findings in a restrictive matter.

1.3. Challenges of defining bilingualism
In summary, it is obvious that this current uni-dimensional practice in the research area
of bilingualism has to be overcome, and a wider focus must be used, one which looks
beyond only proficiency or age of acquisition (Hamers & Blanc, 2000). As stated above
and by Ardila (1998), variability in research subjects in the field of second language
learning is huge and no bilingual speaker of any set of languages is the same. There
are numerous factors influencing the proficiency and understanding of bilinguals
(Bialystok et al., 2009; Hoff, 2013). Points like the age and sequence of acquisition,
proficiency of spoken and written language, preferences towards one language, also
dependent on cultural identification, frequency and context of use and the method and
context of acquisition are inevitable to consider (Ardila, 1998). All these aspects are

crucial to define the degree of bilingualism in an individual (Hoff, 2013).

1.4. Cognitive changes stemming from bilingualism
Speaking an L2 is sometimes compared to a form of brain training and to activities like
juggling, or playing video games (Bialystok, Craik, & Luk, 2012). This reference
indicates two perspectives on bilingual cognition: Not only is bilingualism identified with
brain activity, but the skills accompanying the use of two languages are associated with
those low-level cognitive mechanisms typically targeted by brain training (Bialystok,
2007). Supporting this idea is a set of studies, which have been focused towards

investigating differences in performance of bilinguals relative to monolinguals. These
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contain tasks, that specifically index the performance of lower-level cognitive
processes, for instance non-verbal executive functioning tasks (Adesope, Lavin,
Thompson, & Ungerleider, 2010; Bialystok, 2009; Bialystok et al., 2004; Bialystok,
Craik, & Luk, 2012; Carlson & Meltzoff, 2008; Gold, Kim, Johnson, Kryscio, & Smith,
2013; Hilchey & Klein, 2011). Considering their superior performance in basic
executive functions, bilinguals have been argued to benefit from what is referred to as
a “bilingual advantage”. Evidence for the bilingual advantage will be explored in more
detail in 1.4.2. First, a slightly negative effect of bilingualism on human cognition will be
introduced, the effect of bilingualism on verbal tasks.

1.4.1. Bilingual performance in verbal tasks
It has been found that when tested on verbal tasks, bilinguals show a slight
disadvantage relative to monolinguals (Bialystok, Craik, & Luk, 2008; Gollan, Montoya,
Fennema-Notestine, & Morris, 2005; Kaushanskaya & Marian, 2007; Lehtonen, Soveri,
Laine, Jarvenpad, de Bruin, & Antfolk, 2018; Roberts, Garcia, Desrochers, &
Hernandez, 2002). This small negative influence of bilingualism on a person’s verbal
skills, which applies to both the first language (L1) and L2 (Bialystok, Craik, & Luk,
2012; lvanova & Costa, 2008) has been examined using multiple tasks. Tasks
including word naming, where bilinguals show to be slightly slower at naming random
words of certain categories: For instance, words with specific first letters in a given time
(Roberts et al., 2002). Moreover, lexical retrieval tasks, where bilingual individuals take
longer to retrieve hames for images they are presented with (Bialystok, Craik, & Luk,
2008). Also included were verbal fluency tasks in which bilinguals delivered a less
fluent (Gollan et al., 2005), and less accurate (Gollan, Fennema-Notestine, Montoya, &
Jernigan, 2007) description of scenes or scenarios on pictures compared to
monolinguals, even when responding in their dominant language (Ilvanova & Costa,
2008). Finally, bilinguals appear to possess a smaller receptive vocabulary size than
monolinguals (Bialystok & Luk, 2012; Bialystok, Luk, Peets, & Yang, 2010; Anderson,
Mak, Chahi, & Bialystok, 2018; Trenkic & Warmington, 2018).

These results have led to the following explanation: When speaking language
A, both languages A and B become simultaneously activated (Bialystok, 2007; Green,
1998; Kroll & Bialystok, 2013; Preston & Lambert, 1969) introducing a requirement for
executive control in the form of inhibitory mechanisms. These mechanisms suppress
the unnecessary activation of the dormant language B so that the fluent and correct
use of language A can be maintained (Kroll, Bobb, Misra, & Guo, 2008). The parallel
activation of languages A and B is supported by between and within language

comparisons. Using eye tracking, Marian and Spivey (2003) found an increase in the
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number of incidental glances to objects with names that were phonologically similar
across the two languages in bilingual speakers indicating parallel activation of both
lexicons via phonologically similar words. Thus, representation of a lexical item itself
activates all phonologically relating items, irrespective to the language currently in use
(Beauvillain & Grainger, 1987; Marian & Spivey, 2003). The co-activation of two
lexicons has also been revealed using event-related potentials (ERPSs) in the
electroencephalogram (EEG): Thierry & Wu (2007) showed that Chinese-English
bilinguals had implicit access to their L1 (Chinese) lexicon when asked to judge
semantic relatedness between two words written in L2 (English). The study showed
that the N40OO ERP component, sensitive to semantic priming, was reduced when two
semantically unrelated English words shared a Chinese character. (For an overview of
the prominent N400 ERP component see Kutas and Federmeier (2011).) Importantly,
participants were performing the task exclusively through English and were not
instructed to refer to Chinese translations or rate similarities due to characters. This
study confirms that when presented with an isolated word, brain activation can be
language-non-selective and word candidates from both languages become active
(Dijkstra, 2005). While automated activation of the unused language B, when
presented with verbal information in language A, cannot be fully suppressed, a
variation of the decision criteria helps to optimize correct activation by adjusting the
threshold of required input in language A or B dependent to the situation (Dijkstra,
Timmermans, & Schriefers, 2000; Dijkstra & van Heuven, 2002). The requirement to
suppress language B by engagement of inhibitory mechanisms is argued to reduce
available cognitive capacity (Bialystok, 2009; Green, 1998): In monolinguals, there is
no second language to be suppressed, and it is argued that this cognitive capacity can
be deployed to other (in this instance) language-related cognitive processes. However,
the suppression of language B induces additional cognitive load in bilinguals and
therefore negatively impacts the processing of language A, resulting in poorer
performance for bilinguals when compared to monolinguals in tasks such as lexical
retrieval (Bialystok, Craik, & Luk, 2008), and verbal fluency (Gollan et al., 2005). Green
(1998) referred to this constant need for focused inhibition within bilinguals in terms of
an "inhibitory control model". Effects are recorded across the lifespan and persist with
age (Gollan et al., 2007). Moreover, performance differences might root in balanced
bilinguals’ restricted exposure to and thus lower experience with each language
(Lehtonen et al., 2018). This also indicates that potential slower language learning in
childhood or low language proficiency of a person just in the process of acquiring a

new language are likely to be the superficial presentations of a performance difference
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between monolinguals and bilinguals, which has its origins in resource allocation within
low-level, capacity-limited cognitive mechanisms.

One area of verbal skill in which bilinguals show an advantage compared to
monolinguals is in new language learning including acquiring new vocabulary
(Kaushanskaya & Marian, 2009) and specific grammatical rules. Bilingual speakers
seem to have a better grasp of the concept of a language, the universal language
concepts (Jessner, 1999). This enables the learning of a foreign language by helping to
comprehend and internalize rules and exceptions. Having learned a second language
seems to act not only as the learning of the actual language itself but also as the
learning of a metalinguistic “language concept” (Bialystok, 1986).

1.4.2. Influence on executive functions
As stated above, bilingualism does not only affect language-related cognition: There
are differences in the performance of mono- and bilinguals across a range of non-
verbal cognitive tasks, particularly basic executive-function tasks, describing tasks
concerned with attentional control and cognitive inhibition (Adesope et al., 2010;
Bialystok, 2018; Diamond, 2013). Differences in executive-function performance
between mono- and bilinguals also seem to vary as a property of the language skills of
bilinguals, with balanced bilinguals generally showing the best performance on non-
verbal cognitive tasks such as the Flanker Task (Thomas-Sunesson, Hakuta, &
Bialystok, 2018). Typically, executive functions of this sort are assessed using
experimental tasks such as the Stroop, Simon or the Flanker tasks:

In the Flanker task, “flankers” are placed to the left and right of a target arrow,
which is itself presented at the centre of a computer monitor screen indicating to the left
or right. Flankers are either congruent with the target, which means they are also
arrows pointing in the same direction as the target, or they are incongruent, meaning
they point in the opposite direction to the target. Flankers may also be neutral, without
any directional orientation. Participants are asked to point out the direction of the target
as quickly as possible and the reaction time is taken as a measure of response
inhibition based upon selective attention (Eriksen & Eriksen, 1974).

The Stroop task assesses the ability to focalize attention and thereby suppress
unnecessary information, including semantic information carried by lexical stimuli
(Williams, Mathews, & MacLeod, 1996). In the Stroop task, participants are presented
with congruent and incongruent conditions, a congruent condition consisting of a colour
word printed in black ink or the correlating colour. By contrast, an incongruent condition
consists of a colour word printed in a different colour. Experimental participants are

required to report the colour in which the word is printed and in order to do this, they
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must ignore the colour denoted by the word. Conversely, participants may be asked to
ignore the printed colour of the word and report the denoted colour. Report time is
faster, and errors are generally lower for congruent compared to incongruent trials,
which is due to a disruption in processing and a consequent delay in response when
the presented colour and the written colour word are different (MacLeod, 1991).

The Simon task similarly requires participants to ignore irrelevant information.
The position of a target needs to be ignored, presented to the left or right of a computer
monitor screen, and attention must be focussed on other, more task-relevant
information. For example, a green target may indicate the participant is required to
press the button to the left, while a red target indicates that the right button has to be
pressed (Bialystok et al, 2004). Reaction times are generally faster when the target is
presented closer to the side on the screen that is congruent with the side of the correct
button to be pressed. In the Simon Task, the dimension is not lexical, but is instead
spatial, measuring participants’ ability to ignore this irrelevant spatial information and to
attend to the task-relevant non-spatial stimulus. As was the case with the other
measurements, reaction times in the Simon task tend to be faster for congruent relative
to incongruent targets (Bialystok et al., 2004) showing that a decrease in disruptive
information available, in this case, spatial information increases focus upon task-
relevant information.

Bilinguals show a general advantage over monolinguals in each of these tasks:
Bilinguals complete the Flanker task significantly faster than monolinguals (Bogulski,
Rakoczy, Goodman, & Bialystok, 2015), with early bilinguals who acquired L2 before
the age of ten outperforming late bilinguals (Hartanto & Yang, 2019). They are also
faster than monolinguals to respond correctly in Stroop tasks. This is attributed to
advanced suppression skills for unnecessary information as well as a superior
selection process of relevant information compared to irrelevant input due to practice
through language selection (Bialystok, Craik, & Luk, 2012). The response behaviour of
bilinguals is also different to that of monolinguals in the Stroop task, in which overall
longer response-initiation times combine with overall faster manual responses towards
a selected target (colour) option (Incera & McLennan, 2016). Damian and colleagues
(Damian, Ye, Oh, & Yang, 2018) summarize this initial delay within bilinguals, followed
by a quicker, more direct reply compared to monolinguals, as a more “efficient”
response pattern, as observed through mouse tracking within the Flanker, Simon and
Stroop Task. This evidence shows the bilingual advantage extends beyond information
processing, with an effect in the patterning of the manual response during selective-

attention tasks. The superior performance of bilinguals on the Simon task has been
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shown across the lifespan from young children to older adults (Bialystok, 2006;
Bialystok et al., 2004; Lu & Proctor, 1995; Martin-Rhee & Bialystok, 2008).

These outcomes confirm the existence of a bilingual advantage in tasks
measuring the control of relatively low-level cognitive processing. Given the nature of
the tasks concerned, this advantage is likely to originate in an enhanced inhibition, or
the ability to selectively prioritize and in so doing deselect irrelevant input for
processing (Peal & Lambert, 1962). The effects of inhibition result from varying
attentional or executive performance in different task environments. Thus, bilingual
performance is interpreted in terms of a generalized enhanced inhibitory capability in
bilinguals. It is related to the earlier mentioned requirement to suppress the
unnecessary activation of the dormant language in order to maintain the fluent and
correct use of the language currently in use (Bialystok et al., 2004).

Bilingual proficiency, including that of full language-immersed, ‘balanced’
bilinguals, develops over time. The question arises of at which point in time, or at which
level of language proficiency, does bilingualism have an effect on cognitive
performance? To answer this question Luk, De Sa and Bialystok (2011) investigated
whether the bilingual advantage in cognitive performance varies depending upon the
age at which a person became bilingual. Reporting data collected from samples of
young adults they found a negative correlation between the AoA of L2 and the
successful completion of the Flanker task, indicating that early bilinguals performed
significantly better than late bilinguals — who in fact scored similarly to monolinguals.
Luk and colleagues conclude that this was due to the early development of language
skills in both languages, and is less attributable to proficiency in the languages (Luk,
De Sa, & Bialystok, 2011). Supporting these findings, Sérman and colleagues
(S6rman, Hansson, & Ljungberg, 2019) failed to find differences between monolinguals
and late bilinguals, who learned their L2 after the age of six, when assessed on
Flanker, Stroop and Simon Task. It seems likely that an early age of L2 acquisition may
better facilitate low-level cognitive performance than later acquisition. Young adult
bilinguals would have acquired superior inhibitory control during childhood at which
point brain development is as yet not fully matured, while the types of cognitive
processes studied are closer to brain function, than processes of reasoning or problem
solving.

In addition to an effect of age on L2 performance, Pelham and Abrams (2014)
have shown that both the levels of language proficiency, as well as the regular usage
of the two languages have a significant effect on executive function as tested with the
Attention Network Task, which combines a Flanker task with a cued reaction-time task.

As mentioned above, factors such as AoA of L2, language proficiency and usage of
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both languages, are crucial aspects when assessing the influence of bilingualism on
cognitive performance (Kuhl, Stevenson, Corrigan, van den Bosch, Can, & Richards,
2016). Nevertheless, the influence of these factors may differ depending upon the
exact type of cognitive performance under examination and these differences have not
yet been sufficiently explored.

To summarize the evidence discussed thus far, there is an indication that
bilinguals outperform monolinguals in tasks designed to measure low-level, executive
functions concerned with the inhibition of one response (attentional or behavioural)
relative to another. It has been conjectured that this bilingual advantage might originate
in the capacity for a bilingual speaker to selectively process one of two possibly
competing languages, whilst suppressing the other (Bialystok, 2009; Bialystok et al.,
2004). Considering the vast amount of variables affecting cognitive performance and
the wide variety of covariates within monolingual and bilingual individuals, current
research has introduced a novel approach to explore the effects of bilingualism in more
detail, entailing comparisons of bilinguals with varying degrees of proficiency and AoA.

On the basis of this, as well as evidence for the simultaneous activation of L1
and L2 lexicons, it can be concluded that everyday language use involves a continuous
process of lexical-item activation and selection, during which simultaneously activated
lexical items from the dormant or unused language require suppression. In this context,
and perhaps given the frequency with which this process of suppression is required, a
generalized improvement in selection and inhibitory control develops, which is superior
to selection and inhibitory control in monolinguals. Indeed, according to Bialystok
(1999), this improvement transfers from low-level cognition to mental suppression as
well as to non-language related tasks (Adesope et al., 2010; Bialystok, 2007; Hilchey &
Klein, 2011).

1.4.3. Questioning bilingual advantage on low-level cognitive processes
Reservations have nevertheless been expressed concerning the reliability of
differences reported between monolinguals and bilinguals (Valian, 2015). For instance,
Paap and Greenberg (2013) find that when implementing several assessments with the
same participants, covering multiple measures such as Flanker and Simon task, which
are commonly generalized as measures of inhibitory control, outcomes of the individual
tests do not correlate (Paap & Greenberg, 2013). The lack of cross-task correlations
makes a domain-general interpretation of the results difficult (Paap & Greenberg,
2013). This lack of correlation is not restricted to research on bilingualism but also
applies to the broader field of research on executive functions (Lehtonen et al., 2018).

Nevertheless, the breadth of research measures implemented ensures external validity
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and should not be threatened by the homogenization of measurements, which would
lead to an increase in internal validity at the expense of external validity. Draheim,
Hicks, and Engle (2016) suggested a more applicable solution to this problem, stating
the origin of non-correlations might lie in the variation of variables collected and
compared, with either reaction time or accuracy scores being considered. A
combination of scores of both, speed and accuracy, into one single metric might
represent a more accurate base for the comparison of groups (Draheim, Hicks, &
Engle, 2016).

Additionally, participants across different studies vary in pairs of languages,
language skill levels and AoA of L2 as well as participant numbers. Although the
explanation that inhibition of language B during language processing could lead to
better executive control is plausible, studies that are more systematic are needed to
confirm the relationship between bilingualism and changes in basic executive function.
In summary, Paap (2015) queries the construct of the bilingual advantage, questioning
the consistency in experimental methods and the consensus of definitions of
bilingualism as a whole, and of grouping criteria of bilingual participants implemented
by researchers between different studies leading to inconsistent results. Paap then
calls for common guidelines setting minimum sample sizes to help justify sample sizes
in future research and specification of language history of participants as well as
cultural background when describing subjects in research studies (Paap, 2015; Surrain
& Luk, 2017). A recent study by Hartano and Yang (2019) showed that significant
differences within accuracy scores on the Flanker task between early and late
bilinguals disappeared after matching participants on confounding variables such as
demographic details, but differences in response time increased. Hartano and Yang's
(2019) findings highlight the necessity of matching participants on non-linguistic
covariates to strengthen results and enable the observation of true differences or non-
differences.

The lack of a clear definition of bilingualism raises a problem (Bialystok, 2018;
Kaushanskaya & Prior, 2015; Marian, 2018; Paap, 2015; Surrain & Luk, 2017):
presently, the specific definition ‘bilingual’ is a matter of interpretation on the part of
researchers. As a result, the basic set of constructs used to define bilingualism, as a
variable, is not standardized across studies. This naturally leads to different inclusion
criteria and means that bilingual performance, when considered across studies, may be
influenced by variations in proficiency, AoA, and use of L2 through differences in
factors that include participants’ education, socioeconomic status, and geographical
location, alongside the socio-cultural factors that may have influenced their

bilingualism. Any confounding variable which has not been explicitly measured,

20



CHAPTER ONE - INTRODUCTION

consequently describes a potential influence on outcomes of a research study (Marian,
2018), making it impossible to clearly generalize results from individual studies and
adding the threat of significant findings originating in sampling errors. On a broader
level, this problem compounds with an absence of specification in some studies of the
language sets, as well as the different proficiencies or exposure of participants to both
languages.

Issues with consistency in relation to the above-mentioned relevant factors
might explain why some studies have failed to confirm a bilingual advantage and report
either no differences or a disadvantage for bilingual participants (Paap & Greenberg,
2013). De Bruin, Treccani and Della Sala (2015) take this argument a step further and
see the origin of the currently widely assumed bilingual advantage as a form of
publication bias: The publication of negative or null findings in the area is very rare.
Studies with positive findings, which tend to support the bilingual advantage are much
more likely to be accepted by journals, followed by studies with mixed findings,
whereas negative findings towards the bilingual advantage, or those showing a
disadvantage, are up to twice as likely not to be published (De Bruin, Treccani, & Della
Sala, 2015). This trend seems to be slightly reversing since 2015 and the number of
publications challenging the bilingual advantage is increasing (Sanchez-Azanza,
Lopez-Penadés, Buil-Legaz, Aguilar-Mediavilla, & Adrover-Roig, 2017). Lehtonen and
colleagues (Lehtonen et al., 2018) conducted a meta-analysis including corrections for
publication-bias and summarized that when correcting observed differences of
published and unpublished studies, any evidence for a bilingual advantage in inhibition,
shifting and working memory, a core aspect of executive control (Thomas-Sunesson,
Hakuta, & Bialystok, 2018), disappears.

Additionally to the publication bias, studies with small sample sizes seem to
comprise of stronger positive outcomes than studies with big sample sizes, which in
turn show weaker effects overall (Lehtonen et al., 2018), posing an effect on meta-
analyses in the research domain.

Based on these critical evaluations, Lehtonen and colleagues (Lehtonen et al.,
2018) suggest the pre-registration of research studies exploring a bilingual advantage.
Another solution to the problem might be a shift of standards and a novel approach for
future directions of the research area, pointing towards comparisons of bilinguals of
different proficiencies rather than comparisons of monolinguals versus bilinguals
(Bialystok, 2017; Lehtonen et al., 2018; Mishra, 2015). The comparison of bilinguals
can help to eliminate covariates such as culture and SES through facilitated matching
procedures due to similar target groups and might lead to important insight into

underlying cognitive changes evoked by certain AoA or L2 proficiency.
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In summary, low-level cognition may not say everything about bilingual cognitive
performance because it is limited to a subset of cognitive operations. The research field
exhibits a lack of consistency in terms of the characteristics of participants and, in
particular, the language ability of participants to the extent that it might be difficult to
conclusively define an overarching explanatory framework due to difficulty in
generalizing findings across studies. Adopting a different approach is necessary to
successfully explore the question of how speaking multiple languages on a daily basis
influences human thinking. This approach must be taking into account all of the above-
mentioned limitations (Valian, 2015) whilst addressing an additional lack of clarity in the
definition of bilingualism (Paap, 2016). A focus on more complex cognition which
consolidates both, lower executive functioning itself and the language it is based on,
might lead to more consistent results as will be shown in the following.

1.5. High-level cognition and bilingualism

1.5.1. Defining high-level cognition
High-level cognition is characterized by processes that allow a level of cognitive
control, including the assimilation and contextualization of information before making a
decision or coming to a conclusion, and metacognition such as varying levels of
confidence about the correctness of a judgment that may be adjusted in relation to the
evidence available (Evans & Stanovich, 2013). High-level cognition, such as reasoning
and problem solving, can be based on an interplay of various basic executive functions
and thus entail the support and reflect the constraints of lower-level cognitive
processing (Anderson, Matessa, & Lebiere, 1997; Blanchette & Richards, 2010).
Examples for this interaction include working memory in problem-solving or decision-
making, both representing higher cognition (Anderson, Matessa, & Lebiere, 1997).
High-level cognition is often consciously available, volitional in that deliberate mental
effort is applied, and contains a certain level of complexity. Instances of high-level
cognition, all of which can involve a series of steps throughout the thinking process
(Evans, 2008; Frith & Dolan, 1996), are the interpretation of ambiguous scenarios, the
estimation of the likelihood of different outcomes, decision making, including choosing
between several options presented, problem solving and reasoning (Blanchette &
Richards, 2010; Evans, 2008; Sternberg, 2004).

In the majority of processes in high-level cognition the individual has immediate
access to a functional structure. In this respect, high-level cognition differs from the
type of cognitive performance that has contributed to the concept of ‘bilingual

advantage’. High-level cognitive processes are embedded either in language directly or
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in heuristics, which are similar to language in that content or statements may be
constrained by rules and operators, and thus by systems that are functionally similar to
a syntax. On this basis, high-level cognitive performance may influence or be
influenced by L2 ability (Frith & Dolan, 1996). This basis of higher-order cognition in
language or heuristics enables researchers who are investigating possible effects of
bilingualism on higher-order cognitive functions to extend the reach of their outcomes
and not only set up comparisons between monolinguals and bilinguals but also to
measure differences within bilinguals’ first and second language. This provides
researchers with valuable information aiding to examine the influence of L2 acquisition
and usage on cognition. Whilst we return to the relationship between syntax processing
in natural languages and bilingualism in a later section, in the following section we

examine the current research linking high-level cognitive performance with bilingualism.

1.5.2. Critical thinking and bilingualism
A relevant superordinate, describing the everyday use of high-level cognition is a
cluster of cognitive operations referred to generically in terms of critical thinking (CT),
the ability of purposefully evaluating any problem in a goal-orientated manner (Facione,
1990; Halpern, 2002). CT will be defined in more detail in section 1.6. Consisting of
complex processes (Halpern, 1998) CT is critical in situations demanding problem-
solving, decision making or the consideration of likelihoods of certain outcomes of a
situation, ideally leading to a desirable result (Halpern, 2002). Consequently, CT is a
set of tools aiding judgment and consisting of different steps: Interpretation of a scene
or scenario, its analysis and evaluation, followed by an inference based upon well-
considered judgment that is led by reason and evidence considering all options and
avoiding any subjective bias (Facione, 1990; Paul & Elder, 2005). CT can be broken
down into five subcategories or sub skills (Halpern, 2010): These are verbal reasoning
skills, argument analysis, skill in hypothesis testing, likelihood and uncertainty analysis,
and decision making and problem-solving skills.

To date, there is very little research investigating the influence of bilingualism
on critical thinking, depicting a lack of tangible evidence of a possible effect of
bilingualism on higher cognition. One of the few published research studies reveals a
relationship between bilingualism and critical-thinking disposition (Albert, Albert, &
Radsma, 2002), with dispositions describing the aptitude of a person for effective
critical thinking (Facione, 1990). Albert, Albert and Radsma (2002) assessed
participants performance with the California Critical thinking Skills Test and Disposition
Inventory, a measure asking participants to agree or disagree with statements about

opinions related to CT. Test takers underwent assessment in the language of their
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choice, either L1 or L2, preventing comparison between languages. This study lacks a
specific definition of CT, which makes it difficult to differentiate performance relative to
particular CT subcategories. Results are kept very general only stating the significant
relationship between bilingualism and CT disposition without further specifying this
relationship or the specific CT disposition affected. Bataineh and Zghoul (2006)
examined high-proficiency bilinguals in the process of completing a teaching degree
using the Cornell Critical Thinking Test, presented to them in their second language.
The Cornell Critical Thinking Test consists of short passages of text that are followed
by questions related to statements in the text, to be answered via multiple choice
answer options. Whilst the subsection ‘judging conclusions’ scored highest, overall
scores were lower compared to normed scores for the assessment, indicating a poorer
performance in L2, but the lack of a control group make statements about the outcome
problematic (Bataineh & Zghoul, 2006). However, reservation must be exercised in the
case of both, Albert, Albert, and Radsma (2002) and Bataineh and Zghoul (2006)
because neither study includes a within-subjects comparison. Consequently, the
evidence from these studies remains inconclusive concerning both the cognitive
performance of bilinguals and any difference in performance between L1 and L2 within
bilinguals, and the need for comprehensive research remains.

CT is an umbrella term covering a variety of different forms of high-level
cognition. This raises the possibility that performance differences could be specific to
particular types of CT, a possibility raised by Bataineh and Zghoul’s (2006) finding that
scores on ‘judging conclusions’ were higher than the other forms of CT tested. To
examine this possibility, and to deepen the insight into a possible effect of CT on
bilingualism, research on some of the subcategories of CT, including problem-solving
and verbal skills, as introduced above will be reviewed in the following sections, in
which differences between L1 and L2 performance will also be examined. Differences
between monolinguals and bilinguals or differences in performance in L1 and L2 within
a bilingual individual in different subcategories of CT would indicate an influence of
bilingualism on CT, and in this respect an influence of bilingualism on high-level

cognition.

1.5.3. Problem solving and bilingualism
Problem solving entails finding a solution to a possibly complicated situation and can
be considered a central subcategory of critical thinking (Halpern, 2002). Problem
solving defines two kinds of problems: Insight and non-insight problems. Examples of
insight problems are spatial object-move problems of a creative kind, like the triangle of

coins. Participants are presented with ten coins laid out in a triangular shape and are
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asked to move three coins for the triangle to point to the opposite direction (Cushen &
Wiley, 2011). Non-insight problems are more math based, for instance, “Solve for Y”
problems, where participants are presented with a number of equations with letters and

numbers (e.g. 3x+y=7) and are asked to solve the equation.

1.5.3.1. Monolingual and bilingual performance in problem solving
Overall, bilingualism positively affects an individual’s problem-solving skills, especially
concerning tasks, which are based on executive control like cognitive flexibility and
abstract thinking (Adesope et al., 2010; Kharkhurin, 2017). Early bilinguals who have
acquired both languages before the age of six, show an advantage over monolinguals
in the creative insight problem task “Triangle of Coins” (described above, see Cushen
& Wiley, 2011), whereas monolinguals seem to show an advantage over bilinguals in
earlier mentioned “Solve for Y” math-based problems (Cushen & Wiley, 2011). This
has been interpreted as early bilinguals having grown up speaking two languages
benefitting from a higher level of cognitive flexibility (Adesope et al., 2010; Kharkhurin,
2017) and an ability to adjust to changes in creative tasks more efficiently (Cushen &
Wiley, 2011). The advantage of bilingualism for creative problem solving is believed to
originate in the broader cultural experiences of bilingual participants enabled by their
L2 knowledge (Cushen & Wiley, 2011).

1.5.3.2. Problem solving performance across languages
When presenting bilinguals with problems in their L1 versus their L2, they tend to make
decisions in their second language less intuitively and more deliberately (Costa &
Sebastian-Gallés, 2014; Costa, Vives, & Corey, 2017; Keysar, Hayakawa, & An, 2012).
This so-called ‘foreign-language effect’ includes a decrease in risk aversion in L2. This
decrease in risk aversion in L2 might result (for example) in: i) a reduced sensitivity to
the presentation of options in terms of gains or losses; ii) a reduction in illusory fallacy,
which might lead to expectation of a continued positive outcome predicated on a
number of positive outcomes, albeit across unrelated events; and iii) a more outcome-
based decision-making process concerning moral judgment, as in the footbridge
dilemma, in which participants have to sacrifice the life of one person to save five
others (Costa & Sebastian-Gallés, 2014; Costa, Vives, & Corey, 2017; Keysar,
Hayakawa, & An, 2012). Different susceptibilities to cognitive bias dependent upon the
language in which the bias-inducing material is presented are suggestive of different
processing paths, involving interplays of intuition, deliberation, and creative thinking
that might be activated by native compared to foreign language contexts. More
specifically, if the same person is presented with a scenario in their L2 rather than L1,

that person might take a more deliberate approach at solving it, including a more

25



CHAPTER ONE - INTRODUCTION

neutral stand to the phrasing of the options, either emphasizing gains or losses, being
aware of fallacies and having an increased focus on the outcomes in moral decisions.
Outcome bias and representativeness heuristics, on the other hand, seem to be
used to the same extent in both languages, possibly indicating the boundaries of the
foreign-language effect (Vives, Aparici, & Costa, 2018). In the foreign-language-effect
literature, L2 is typically referred to as a ‘foreign language’, but definition and
specifications of the proficiency and usage of the second language are often not given.
High language proficiency (Eilola & Havelka, 2011) and early age of L2 acquisition
(Ferré, Garcia, Fraga, Sdnchez-Casas, & Molero, 2010) seem to lead to an absence of
the foreign-language effect. This means the effect might not be as straightforward as
originally assumed and underlines the importance of assessment of both, proficiency
and AoA of L2. Language competency might remain an issue in all bilinguals except in
the case of balanced bilinguals, who have typically been raised from infancy in an
environment including two languages. This may also refer to the effects of low-level
cognition on other psychological dimensions: For instance, fully proficient bilinguals
score similarly to monolinguals and show the same pattern in differences on the
emotional and taboo Stroop task based upon an evaluation of response times to
neutral as compared against those to emotional and taboo words (Eiola & Havelka,
2011). In addition, when assessed on memorizing positive, negative and neutral words
no difference in outcomes was found between L1 and L2 in early and late bilinguals of
high proficiency (Ferré et al., 2010). A recent study exploring the foreign-language
effect found no differences comparing L1 and L2 in terms of outcome bias, the use of
representativeness heuristics (which describe judgment under uncertain conditions),
and emotion-based decision-making (Vives, Aparici, & Costa, 2018; also Eiola &
Havelka, 2011). Further studies are needed to specify the effect of proficiency,
especially high proficiency, on the foreign-language effect. With this in mind, it is worth
noting that in the study of Vives, Aparici, and Costa (2018) participants were included if
they had acquired their L2 in a classroom setting while participants who had previously

lived in a country where their L2 was spoken were excluded.

1.5.4. Verbal arithmetic skills and bilingualism
Comparisons of bilinguals’ verbal arithmetic skills between their L1 and L2 find
improved performance when solving problems in their L1 (Bernardo, 2002; Bernardo &
Calleja, 2005; Van Rinsveld, Schiltz, Brunner, Landerl, & Ugen, 2016). As the task was
increased in difficulty and/or complexity, there was an increased difference between L1
and L2 performance, with faster and more accurate L1 performance on arithmetic tasks

that require a verbal solution. This indicates reliance upon verbal processes embedded
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in L1 for complex mathematical tasks. Similar results have been obtained with children
in primary school who were brought up through L1 and educated through L2 (Van
Rinsveld et al., 2016). However, Van Rinsveld and colleagues did not measure
language proficiency, and this may have had an influence on performance.
Interestingly, when prompted by a preceding verbal judgment task in L2, which primed
a language context, L2 performance was improved (Van Rinsveld et al., 2016). This is
consistent with the ‘language mode hypothesis’ (Grosjean, 2001) in which bilingualism
can be described as varying activation of both languages on a performance continuum.
This means that an individual can be situated closer to the monolingual mode, with one
language mostly suppressed, or closer to the bilingual mode, with both languages
equally active, dependent on the momentary linguistic demand and language context
(Grosjean, 2001; Grosjean & Byers-Heinlein, 2018). The current location of a bilingual
on the performance continuum is flexible and capable of changing frequently, making a
bilingual's processing system flexible and dynamic in its nature (Grosjean & Byers-
Heinlein, 2018). The crucial factors here are the environment and usage of both
languages, which also indicate the importance of measuring contextual variables when

defining bilingualism.

1.5.5. High-level cognition in language skills
Grammatical knowledge is at the heart of language competency and syntactic priming
can be considered one of the most basic indicators that high-level cognition is
influenced by bilingualism. Lexical processing, consisting of word recognition and
lexical access, is considered the base of language processing, representing low-level
cognition. Syntactic information processing, on the other hand, tends to rely upon low-
level as well as high-level cognitive processing (Pulvermiuller & Shtyrov, 2006).
Sentence processing can be enhanced if an individual is presented with a prime
sentence comprising similar syntactic structures (Bock, 1986; Jackson & Ruf, 2017). In
verbal speech production (Hartsuiker, Pickering, & Veltkamp, 2004) as well as in
written speech production (Kantola & van Gompel, 2011) bilingual individuals are
inclined to copy the grammatical structure of a previously presented sentence
structure, even across languages. There is evidence, that this type of cross-linguistic
grammatical priming influences both the production and comprehension of sentences
(Hartsuiker, Pickering, & Veltkamp, 2004) with short-term priming associated with a
facilitating effect on L2 learning (Jackson & Ruf, 2017). Language priming effects
suggest that the different syntactic structures of both languages are stored together,
and are language independent, at least as long as grammatical constructs between

languages are comparable (Hartsuiker, Pickering, & Veltkamp, 2004). Nevertheless,
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syntactic priming that represents high-level cognition tends to be weaker than low-level
lexical priming (Schoonbaert, Hartsuiker, & Pickering, 2007).

In a more general context, and applying verbal executive functioning findings to
higher level cognition within a bilinguals’ everyday life, it has been found that there is a
significantly lower understanding of, and ability to summarize written content presented
in L2 when compared to monolingual speakers (Trenkic & Warmington, 2018). Overall,
lower exposure to L2 and more experience in L1 is thought to result in more automated
L1 processing and the origin of lower performance in L2 (Trenkic, Mirkovic, & Altmann,
2014). This might explain why bilinguals listening to speech in L2 missed around 30%
of the content presented compared to monolingual controls (Charles & Trenkic, 2015).
Moreover, the process of suppressing L1 when producing content in L2 is more effortful
compared to suppressing L2 when speaking in L1 and this could lead to poorer
outcomes in cognitively demanding verbal tasks in L2 (Austin, Pongpairoj, & Trenkic,
2015; Marian & Spivey, 2003). Reasons for a disadvantageous L2 processing might be
the gap between the L1 and L2 lexicons. This applies both in terms of their size and
organisation, which favours cognitive operations in L1 (Skehan, 2009), structural
competition in the form of interference from L1 during L2 processing (Trenkic, Mirkovic,
& Altmann, 2014) and the erroneous input of lexical elements stemming from L1
grammar systems (Luk & Shirai, 2009). Nonetheless, a within-subject comparison of
performance in L1 and L2 would add unbiased data avoiding results due to matching-
errors, which cannot be excluded based on research conducted to date. Presented
findings alongside the fact that speech production is fundamentally based upon lexical-
syntactic systems, which contain structures for both languages, lead more directly than
any other set of findings, to the question ‘What effect does bilingualism have on higher-
order cognition?’ Addressing this question would serve to extend knowledge on the
influence of bilingualism on cognitive performance beyond studies of executive
function. It seems likely to provide results of more direct relevance to ability with and
the use of L2.

1.5.6. Bilingualism throughout the lifespan
Current research on bilingualism has focused mainly on the performance of children
and the elderly. In these groups, the effects of executive control on language are more
often reported compared to in young adults (Bialystok, Craik, & Luk, 2012; Costa,
Hernandez, Costa-Faidella, & Sebastian-Gallés, 2009). The bilingual advantage seems
to be less distinct within participants around the age of twenty years (Gold et al., 2013).
This could be attributable to the fact that the cognitive ability is at peak efficiency at this

age (Craik & Bialystok, 2006) and bilingualism offers no further improvement. In other
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words, the high cognitive ability in young adults, as a baseline, makes a distinction
between monolinguals and bilinguals more difficult to establish at that age.

Supporting this assumption are outcomes within young adults, that prove that
only tasks including high monitoring conditions and complex, difficult tasks show
differences (Bialystok, 2006) whereas comparably easy settings that show differences
in children or older adults remain very small when conducted with young adults
compared to monolingual scores (Bialystok, Craik, & Luk, 2012).

Whether the degree of advantage and disadvantage of bilingualism varies
depending upon the age at which a person became bilingual was investigated by Luk,
de Sa, and Bialystok (2011), who sought to find a relation between the onset age of
bilingualism and its positive effects on cognitive control. In contrast to previous studies,
onset age is defined by the age that the two languages are actively being used as
opposed to the first contact with the second language. Participants in this study were
100 young adults around the age of twenty, divided into three groups, monolinguals,
early bilinguals, and late bilinguals. Division followed a self-report questionnaire of
language skills. The researchers aimed to assess executive control, which they
conducted by implementing the Flanker Task (Eriksen & Eriksen, 1974), which uses
irrelevant conflicting flankers for distraction. Outcomes revealed a positive relationship
between the age of onset of bilingualism and the successful completion of the task,
indicating that early bilinguals performed significantly better than late bilinguals, who
scored similarly to monolinguals. Luk and colleagues conclude that this was due to the
early development of language skills in both languages and is less attributable to
proficiency in the languages.

Pelham and Abrams (2014) employed an oral assessment. Monolingual
English-speaking students, early bilingual students with English Spanish as their two
languages, in which they were fluent no later than with seven years of age, and late
bilingual students, who acquired their second language after the age of thirteen, were
recruited. Categorisation took place following the assessment of the Language
Experience and Proficiency Questionnaire (LEAP-Q; Marian, Blumenfeld, &
Kaushanskaya, 2007) and oral language production in Spanish.

Two assessments were undertaken, a picture naming task for lexical access
and an attentional network task (similar to the Flanker task) for executive functioning.

Contrary to Luk, de Sa and Bialystok (2011), Pelham and Abram’s (2014)
findings show that the level of language proficiency, as well as the regular usage of
both languages, have a significantly larger effect on executive functioning than the age

of second-language-acquisition. Early and late bilinguals did not differ in outcomes,
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meaning that the crucial factor would be language proficiency. This can be achieved at
any stage in life.

Influence of bilingualism on older adulthood has been the focus of attention of
many researchers in recent years. Studies have proven that bilingualism has a
protective effect on the age-related cognitive decline (Bak, Nissan, Allerhand, & Deary,
2014; Bialystok, Craik, & Luk, 2008). A positive influence on the age of onset of
symptoms of dementia was shown. Symptoms within bilinguals usually appeared
around three to four years later than for monolinguals (Bialystok, Craik, & Luk, 2012),
due to a delay of age-related deteriorations in neural efficiency (Gold et al., 2013).

1.6. Critical Thinking

“The ideal critical thinker is habitually inquisitive, well-informed, trustful of reason, open-
minded, flexible, fair-minded in evaluation, honest in facing personal biases, prudent in
making judgments, willing to reconsider, clear about issues, orderly in complex matters,
diligent in seeking relevant information, reasonable in the selection of criteria, focused
in inquiry, and persistent in seeking results which are as precise as the subject and the
circumstances of inquiry permit.” (Facione, 1990; page 6).

The abundance of information reaching individuals through a variety of different
sources leads to the increasing necessity of filtering reliably from poor sources, useful
from useless input, and important from redundant information. Thinking critically is a
form of higher-order thinking (Facione, 1990; Marin & Halpern, 2011), which includes
weighing up options in a purposeful and goal orientated manner when faced with any
problem (Facione, 1990; Halpern, 2002). The expert panel of the Delphi Report on
Critical thinking (Facione, 1990) divided the concept of CT into two categories, critical
thinking dispositions and CT skills (Halpern, 2006). CT dispositions describe a person’s
consistent internal motivation to implement CT, characterising each individual through
distinguishable features (Facione, 2000; Halpern, 2006). CT skills are exhibited in an
individual’s performance, they are pervasive and purposeful (Facione, 2000). CT skills
describe the ability to think critically, which is not a predisposition but can be improved
through teaching (Halpern, 2006). The growing importance of CT skills in education
and the workplace, with links to intelligence, combined with the possibility to measure
them, explain the focus of research on CT skills over dispositions (Halpern, 2006). The
research area of CT established multiple definitions of the construct with varying levels
of detail, generally agreeing on similar aspects to be of importance (Halpern, 2002). As
defined by Diane Halpern (1998; 2010), a successful process of critical thinking can be
broken down into five subcategories or sub-skills (Halpern, 1998, 2010): Verbal

reasoning skills, argument analysis skills, hypothesis testing skills, likelihood and
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uncertainty skills and decision making and problem-solving skills. These subcategories,
which will be described in more detail below, are overlapping and interconnected and
do not act independently. They cannot be isolated but work together in any scenario.
Any given task requiring critical thinking entails a different combination of the five sub-
skills (Halpern, 1998, 2010).

Overall, CT is a self-regulatory tool for judgment (Facione, 1990; Paul & Elder,
2006), implemented by individuals to increase the chances of a “desirable outcome”
(Halpern, 2002, page 6). It is a high-level cognitive skill consisting of complex sub-
processes (Halpern, 1998) which are crucial in situations demanding problem-solving,
decision making or the consideration of likelihoods of certain outcomes of a situation
(Halpern, 2002). Every individual holds a different set of strengths and weaknesses
within these sub-skills, and it is not a prerequisite to excel in all those skills to be a
good critical thinker. As mentioned above, the improvement of thinking skills is possible
through critical and self-aware engagement with thinking processes, the aim for
objective and logic decision making, and by broadening one’s own area of expertise
(Facione, 1990; Halpern, 2006; Marin & Halpern, 2011).

1.6.1. Hypothesis Testing (HT)
Hypothesis testing describes the skill to use information to confirm or disconfirm a
given hypothesis. In successful hypothesis testing, rushed generalizations are avoided
by highlighting the importance of appropriate sample size or the implementation of
control conditions. HT is an important factor to consider in any everyday situation as
well as in scientific research. Examples of poor hypothesis testing are a new colleague
being in a bad mood leading to the conclusion that this colleague must be habitually
irritable. Here, a single time point is taken as a sample size rather than gathering
information about that colleague throughout a few days or weeks to create a repeated
measure sample. Another instance for poor hypothesis testing is concluding, one gets
a cold by not wearing a hat after a single prior situation without a hat leading to a cold.

The absence of a control condition in this situation weakens the conclusion.

1.6.2. Verbal Reasoning (VR)
Verbal reasoning addresses the ability to analyse language and the awareness of how
language influences thought. Applied verbal reasoning skills help to recognize the use
of pervasive or misleading language, to perceive verbally delivered messages without
being swayed by possible persuasion embedded in language. Prior knowledge about
related issues is being used to draw conclusions about the truth or correctness of the
fact being assessed and helps humans to figure out relationships between different

constructs. Reasoning by analogies is applied daily in decision-making (Sternberg,
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1977), for instance when purchasing a good of a certain brand because the last
purchase of this brand was positively annotated or following the advice of a person

after another piece of advice of the same person was helpful.

1.6.3. Judging Likelihood and Probability (JL)
Judging likelihood and probability skills refer to unknown situations in everyday life.
They describe the realistic estimation of the chance of an event, applying relevant
principles of probability. Basic examples are throwing dice or flipping a coin. These
judgments underlie general misinterpretations, as some of the rules are slightly
counterintuitive, with the first answer which springs to mind usually being incorrect, and
further evaluation being needed. Concepts covering likelihood and probability are
dependent on a learning process. They are taught as the regression to the mean, the
fact that extreme events are likely to be followed by less extreme events (Lehman,
Lempert, & Nisbett, 1988), gambler’s fallacy, describing that every flip of a fair coin has
the same probabilities, even after three flips had the same outcome, the fourth flip is
not more likely to land on the other side (Lee & Smith, 2002), and the law of large
numbers, describing the growing chance of an expected outcome the higher the
sample size (Toplak, West, & Stanovich; 2011).

1.6.4. Argumentation Analysis (AA)
Argumentation analysis describes the ability to judge the quality of an argument,
consisting of statements, reasons, and conclusions. It includes judgment of the
individual speaker, the reasons and conclusions drawn as well as the ability to filter out
irrelevant information. Halpern (2002) defines three parts of argumentation analysis,
acceptability and consistency of the argument, the relationship between argument and
conclusion, and neglected aspects within the argument. Being able to differentiate
between a conclusion and an assumption and making judgments based on reasoned
thinking rather than uninformed opinion show good thinking and skilled argumentation

analysis.

1.6.5. Problem Solving (PS)
Problem solving, parallel to its colloquial definition, entails finding a solution to a,
possibly complicated, situation. Good problem-solving skills help an individual to
identify the core of a problem including different problem statements, leading to the
generation of feasible alternatives and the selection of a solution amongst the
alternatives. It partly contains the above-mentioned subcategories of CT and can be
considered an overarching skill for critical thinking, due to the fact that all other

subcategories of CT are involved in the problem solving process (Halpern, 2010).
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1.6.6. Summary
In summary, critical thinking describes the evaluation, analysis, and

assessment of a situation, and its critical contemplation in regards to the outcome (Paul
& Elder, 2005). Researchers have linked CT to certain aspects of intelligence,
dependent on the definition applied (Halpern, 2002). This is especially applicable to
intelligence defined as a fluid concept, improving through study, even though
somewhat restricted by genetic disposition, and leading to individuals excelling in
everyday situations. Intelligence entails a significant overlap with the concept of CT in
terms of its definition, including emotional intelligence, necessary for interpersonal
situations (Halpern, 2002; Stanovich & Stanovich, 2010). IQ, as measured in
standardised tests, on the other hand, builds on intelligence defined as a fixed
disposition. Correlations between CT and I1Q defined as this fixed disposition are often
not observable, which is why the connection between 1Q and CT is often kept vague
(Halpern, 2002), but a correlation between the two concepts going beyond current
measures and including more fluid aspects of intelligence, can be assumed, based on
similarities of skills and abilities included in both terms as per definition (O’Hare &
McGuinness, 2009; Stanovich & Stanovich, 2010).

Critical thinking assessments, such as Halpern’s Critical Thinking Assessment
(HCTA, Halpern, 2010) or the California Critical Thinking Assessment (CCTA, Facione,
1990) have been validated and correlate with real-world critical thinking outcomes
(Butler, 2012) providing the valuable evidence that the assessment of CT as currently
defined is possible and reliable. CT can be assessed in a multiple-choice format
(California CT Assessment, HCTA test form S2), with open-ended questions, or in a
mixture of both (HCTA test form S1). Each measurement method includes advantages
and limitations (Ennis, 1993). Multiple choice (MC) format represents an efficient
method of assessing participants in terms of test duration and scoring, through
selection of the most accurate alternatives, however not assessing participants’ own
ideas but focussing on the evaluation of options presented. Open-ended questions
assess spontaneous, creative CT, restricted due to the necessity to phrase thoughts,
which favours better writers, as well as an extensive scoring process. A mixture of both
MC and open-ended questions, cumulates advantages in one assessment, but still
entails limitations such as a high duration of assessment and an extensive scoring
process (Ennis, 1993; Halpern, 2010). Availability of published CT assessments in
languages other than English is restricted to a few specific languages (e.g. Spanish).

This makes a bilingual assessment difficult and confines research to available
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languages. An offer for cooperation with the authors of HCTA in the form of
professional translations of the existing assessment was rejected which led to the
necessity of creating a new critical thinking measure. This measure consists of multiple
published tests widely used in the literature around critical thinking and is based on
Halpern’s definition of critical thinking, including the five subcategories HT, VR, AA, JL,
PS. Due to its nature, the accumulation of published assessments, it will be referred to
as Mixed Measures. It will be introduced in detail in the next section.
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2. The Assessment of Critical Thinking

A total of 21 short tests with a published scientific literature base, were added together
into what will be referred to as Mixed Measures. This represents a collection of
published assessments with different measures, amounting to a generalized
assessment of critical thinking that will be described in detail below. All questions follow
a multiple-choice (MC) answer format, due to feasibility (Ennis, 1993) and the large
amount of different languages implemented, which limits the effectiveness of scoring of
the assessment using an open-ended question format. The MC format also ensures
scoring objectivity, which can be assumed due to scoring being automated,
predetermined and coded before data collection started. Each participant was
presented with the same instructions independent of the researcher, ensuring
administrative objectivity. The creation of the assessment followed one of the main
definitions and sub-categorization in the research field of critical thinking by Halpern
(1998, 2002), including the five subcategories hypothesis testing (HT), verbal
reasoning (VR), argumentation analysis (AA), judging likelihood and probability (JL),
and problem solving (PS). Measures were selected based on a literature search, and
available tests were grouped dependent on requirements for each category, and were
matched for length and difficulty. The difficulty was determined through the percentage
of correct solutions reported in papers which previously implemented each particular
test (for details see the description of each subcategory) and by comparison to other
available tests in the literature. High difficulty levels were employed to avoid ceiling
effects and to spread out and emphasise possible differences observed within and
between groups. Difficulty levels vary slightly depending on the subsection and the
tests assessed. Outcomes were aimed to be analysed in a comparative manner by
focussing on between- and within comparisons respective to mono-and bilinguals, and
including L1 and L2 performance within participants. Performance comparisons
between the five subcategories are not meaningful, because difficulty levels across
sections are not standardised and raw scores are used for the calculations, which vary
in range and data type between sections. As such, each of the five subsections was
aimed to require a similar amount of time regarding time required for reading and for
solving each scenario. The overall duration of the assessment was kept at a tolerable
level of one hour. Moreover, participants were given the possibility to pause and
continue the assessment later and are exposed to low stress levels due to no temporal
restrictions which would lead to unnecessary pressure. Similarly to the HCTA (Halpern,

2010), Mixed Measures is assumed to be resistant to bias due to the fact that the most
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socially appropriate response is not necessarily the correct response. Finally, the
fairness of the assessment is especially important to consider in a multilingual,
multicultural data collection process. Therefore, cultural adaptations dependent on the
language set were undertaken based on the input of native speakers who were
consulted during the translation process and pilot testing, which specifically aimed at

the correct comprehension of all scenarios.

Table 2.1. Overview of Sources for each Question implemented in Mixed Measures divided by
Sub-category

Category Strategy Question Source

HT Statistical heuristics College Scenario Fong, Krantz, & Nisbett, 1986;
Lehman, Lempert, & Nisbett, 1988;
Nisbett, Krantz, Jepson, & Kunda, 1983;
Stanovich & West, 1998;
Toplak, Liu, MacPherson, Toneatto, &
Stanovich, 2007

Methodological reasoning  Police Chief Dilemma Lehman, Lempert, & Nisbett, 1988
Inference problems Unknown Car Task Mynatt, Doherty, & Dragan, 1993
Gathering information Party Guests Scenario Beyth-Marom & Fischhoff, 1983;

Stanovich & West, 1998;
Toplak et al., 2007
Conjunction fallacies Linda Problem Kahneman & Tversky, 1982;
Reyna, 1991,
Toplak, West, & Stanovich, 2011;
Tversky & Kahneman, 1983
Weighting options New Car Scenario Fong, Krantz, & Nisbett, 1986;
Nisbett, Borgida, Crandall, & Reed, 1976;
as cited in Nisbett & Ross, 1980;
Stanovich & West, 1998;
Toplak, West, & Stanovich, 2011
VR Verbal reasoning Analogies Dermott, 2002;
Sternberg, 1977,
Matsuoka & Lepage, 2014

JL Sample size Squash Problem Kahneman & Tversky, 1982;
Toplak, West, & Stanovich, 2011
Regression to the mean Baseball Scenario Lehman, Lempert, & Nisbett, 1988;

Toplak et al., 2007;

Toplak, West, & Stanovich, 2011
Gambler's fallacy Slot Machine Toplak et al., 2007;

Toplak, West, & Stanovich, 2011
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PS

Probabilistic reasoning

Syllogistic reasoning

Impulsive answers

Insight problems

Non-insight problem

Conditional reasoning
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Tossing a Coin

Marble Game

Syllogisms

Cognitive Reflection Test

Matching Socks

Trains and Bird

Horse-Trade

Crime
Card Sorting Test

Toplak et al., 2007;

Toplak, West, & Stanovich, 2011
Kirkpatrick & Epstein, 1992;
Toplak et al., 2007

Gilinsky & Judd, 1994;

Klauer, Musch, & Naumer, 2000;
Newstead, Pollard, Evans, & Allen, 1992;
Toplak, West, & Stanovich, 2011
Frederick, 2005;

Gilhooly & Murphy, 2005;
Metcalfe & Wiebe, 1987;

Nagin & Pogarsky, 2003;
Sternberg, 1986;

Sternberg & Davidson, 1983
Gilhooly & Fioratou, 2009;
Gilhooly & Murphy, 2005;
Metcalfe & Wiebe, 1987;
Sternberg, 1986

Gilhooly & Fioratou, 2009;
Gilhooly & Murphy, 2005;
Posner, 1973

Gilhooly & Fioratou, 2009;
Gilhooly & Murphy, 2005;

Maier & Burke, 1967;

Maier & Solem, 1952;

Metcalfe, 1986;

Webb, Little, & Cropper, 2017
Schooler, Ohlsson, & Brooks, 1993
Wason, 1968

Note. HT=hypothesis testing; VR=verbal reasoning; JL=judging likelihood and probability;

AA=argument analysis; PS=problem solving

The original version of the assessments, Version A, was slightly changed to

develop an alternative version, Version B, as close to the original assessment as

possible referring to wording and answer options but with changed subjects and

objects in each question. For instance, if Version A is about Mrs W buying X, Version B

would contain Mr Y. selling Z. Both versions of the assessment were translated into

seven different languages (English (original), Irish, German, Italian, Russian, Turkish,

Chinese, and Japanese) by native speakers, using back and forth translations and
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controlled by multiple reviewers. This process was similar to published studies in the
research area of bilingualism (e.g. Eilola, Havelka, & Sharma, 2007). For details about
the translation process please see sub-section 3.1.2.2, 3.1.3.2, etc., each introducing a
specific language set. An overview including all measures can be found in Table 2.1.

In the following section 2.1-2.5, each of the five subcategories will be introduced
including the array of tests to assess it. The entire assessment including all questions
can be found in Appendix 4.

2.1 Hypothesis Testing
The aim of Hypothesis Testing (HT) is to assess of the ability to judge the validity of a
hypothesis. Factors assisting the judgment of this validity include the law of large
numbers (describing the growing chance of an expected outcome the higher the
sample size, Toplak, West, & Stanovich; 2011), as well as the awareness of the need
for a control condition in decision making. Moreover, successful hypothesis testing
includes gathering of information for each alternative and the ability to judge the quality
of a source of information, which in turn might lead to an adjustment of one’s own
opinion of this piece of information. Mixed Measures assesses hypothesis testing with
a range of six questions covering different strategies: statistical reasoning (Nisbett,
Krantz, Jepson, & Kunda, 1983), methodological reasoning (Lehman, Lempert, &
Nisbett, 1988; Mynatt, Doherty, & Dragan, 1993), inference problems (Beyth-Marom &
Fischhoff, 1983) and conjunction fallacy (Tversky & Kahneman, 1983; Nisbett & Ross,
1980).

The College Scenario (Lehman, Lempert, & Nisbett, 1988; Nisbett et al., 1983;
Stanovich & West, 1998) tests the use of statistical heuristics in everyday inductive
reasoning. Nisbett and colleagues define heuristics as “judgmental tools that are rough
intuitive equivalents of statistical principles” (p. 339), in this case implemented to test
participants” recognition of the relevance of the law of large numbers in their reasoning
about events, especially concerning personal preferences. The scenario describes a
student having to make a choice between two colleges with two sets of experience
reports, one for each college. He briefly visited one of the colleges himself, while the
other one is described to him by several of his friends attending the college. In
essence, the participants are presented with opinions from two sources: one provides a
one-time only, brief and superficial interaction with the object - the student’s own
experience - while the other describes deeper, more extensive contact and a larger
sample size - several friends” opinions. Test-takers have to recognize the relevance of

the sample size and put less emphasis on the student’s personal experience.
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A high school student had to choose between two colleges A and B. The student had several
friends, who were similar to himself in values and abilities, at each college. All of his friends at
college A liked it on both educational and social grounds; all of them at college B had problems
on both grounds. The student visited both colleges for a day, and his impressions were the
opposite of their reports.
Which college should the high school student choose?

+ College A

*+ College B

When employing the scenario, Nisbett and colleagues presented half of their

157 participants to a scenario similar to the one implemented in Mixed Measures, and
the other half to the same scenario with additional help: emphasis on the possibilities
for error in the scenario. 74% of students chose the wrong answer of the group
excluding the extra help, whereas error rates dropped to 56% for the scenario including
additional help. These findings demonstrate that participants realize the importance of
sample size once prompted to do so, but are otherwise easily drawn to follow their
own, faulty judgment (Nisbett et al., 1983). Mixed Measures implements the scenario
without additional aid. This creates an adequate level of difficulty and tests participants
on their own realization for the need for a sufficient sample size. Fong, Krantz and
Nisbett (1986) implemented a similar scenario on the topic of purchasing a car rather
than choosing a college. Similar to the example implemented in Mixed Measures,
subjects had to come to a conclusion about a decision based on objective input rather
than subjective experience. Fong and colleagues investigated the effect of instruction
on reasoning skills of their participants. This included formal training and guided
induction, such as the teaching of a rule by means of examples. They tested an overall
of 540 subjects in two studies and found both forms of training to have a positive effect
on performance by improving test-takers” statistical reasoning. More recently Toplak,
Liu, MacPherson, Toneatto, and Stanovich (2007) used the scenario in a study of 107
male participants. A probabilistic thinking composite of ten tasks was constructed,
including the above-mentioned car-purchase-scenario. All tasks focussed on heuristics
and biases literature and aimed to test cognitive errors that might lead to persistent
gambling. Mixed Measures implements the College Scenario to represent and assess
participants’ ability to gather information in everyday life situations, and weight the
guality of different sources as well as to test the awareness of the importance of
sample sizes.

Lehman, Lempert and Nisbett (1988) published the Police Chief Dilemma, used
as an example of methodological reasoning in everyday life. The Police Chief Dilemma
is one of the everyday-life content methodological problems introduced by the authors,
and it focuses on the realization of the need for a control group in methodological

problems. The scenario depicts a situation describing a hypothesis. The work quality of
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a police chief is evaluated by the reduction of crime rates, without the necessary
consideration of a control group - in this case, represented by reductions of crime rates
in neighbouring cities. Participants have to detect the weakness of the scenario by
choosing one of four possible critical points within the hypothesis.

A city called Kingston has had an unpopular police chief for a year and a half. He is politically
active and a colleague of the mayor, and he had little previous experience in police
administration when he was appointed. The mayor has recently defended the chief in public,
announcing that in the time since he took office, crime rates decreased by 12%. Which of the
following pieces of evidence would most weaken the mayor's claim that his chief is competent?

» The crime rates of the two cities closest to Kingston in location and size have
decreased by 18% in the same period.

* Anindependent survey of the citizens of Kingston shows that 40% more crime is
reported by respondents in the survey than is reported in police records.

+ Common sense indicates that there is little a police chief can do to lower crime rates.
These are for the most part due to social and economic conditions beyond the control of
officials.

» The police chief has been discovered to have personal contacts with people who are
known to be involved in organized crime.

Five-hundred and fifty-three students were tested overall, of which two-hundred
and six took part in a longitudinal study, a two-year follow up. Researchers investigated
the effect of graduate training in different domains, law, medicine, psychology and
chemistry, on reasoning skills of students and their ability to reason about problems
using particular rule systems, and discovered a slightly bigger improvement in scores in
psychology and medicine courses over law and chemistry (Lehman, Lempert, &
Nisbett; 1988). Graduate education of a specific sort, especially the kind implemented
in psychological and medical courses, seems to have a training effect on
methodological reasoning skills and helps to improve those significantly within the
duration of the degree (Lehman, Lempert, & Nisbett, 1988). Mixed Measures uses the
Police Chief Dilemma to assess participants” realization of the need for a control
condition, which is an important aspect within hypothesis testing skills.

Mynatt’s Unknown Car-Task tests another important factor: inference problems
(Mynatt, Doherty, & Dragan, 1993). It assesses hypothesis testing with so-called
inference tasks. Inferences describe the varying likelihood of a hypothesis to be true
within real-world problems, especially problems where evidence supports an alternative
thesis. Participants have to test a hypothesis by determining its relative likelihood. In
this particular example, test-takers are presented with two pieces of information about
two car brands, with two cars of one brand each, and have to decide which additional
piece of information out of four options would be the most useful to them to determine

which of the cars belongs to which brand.
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Consider a decision about whether a car is of the brand X or of the brand Y. Assume that two
types of information are potentially available about each alternative-the percentage of car X and
car Y that have a consumption of more than 10 I/100km (liters per 100 km) and the percentage
of car X and car Y that have had no major mechanical problems in the first two years of
ownership.
Assume that an unknown car (either of the brand X or Y) does over 10 I/100 km and that it has
had no major mechanical problems in the first two years of ownership. Also assume that 65% of
car brand X consume more than 10 1/100 km.
If you could find out one of the three following types of information, which one would help you to
decide which one the unknown car is, car X or car Y?
» Percentage of cars of brand Y that get over 10 1/100 km
» Percentage of cars of brand X that have had no major mechanical problems in the first
two years
* Percentage of cars of brand Y that have had no major mechanical problems in the first
two years
When testing hypotheses, individuals prefer to gather information supporting

the alternative they already gathered information about rather than the one they have
less information about (Doherty, Mynatt, Tweney, & Schiavo, 1979 as cited in Mynatt,
Doherty, & Dragan, 1993). This leads to individuals usually testing the hypothesis they
believe to be true rather than the alternative hypothesis. Overall, participants only seem
to select information based on one alternative. Mynatt, Doherty, and Dragan (1993)
tested the performance of one-hundred and seven participants, of which half were
presented with the scenario implemented in Mixed Measures, representing an
“information selection task”, or inference task. The authors acknowledge the reason for
the restricted gathering of information in the capacity of working memory, and argue
that the maximum number of maintained and computed hypotheses is one. Mixed
Measures implements the Unknown Car-Task to assess participants” awareness of the
importance of gathering sufficient information about all alternatives for an informed
decision about a hypothesis.

Beyth-Marom and Fischhoff’'s (1983) example of Party Guests extends the
assessment of the gathering of relevant information to test a hypothesis. In this
assessment, subjects are asked to intuitively evaluate a set of questions in terms of
their relevance to a hypothesis. Participants are given a piece of information about a
person and an array of relevant questions to help them determine that person’s
occupation. Out of the array of four possible questions, the one question irrelevant to

answering the occupation has to be identified by the test-takers.
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Mr. Maxwell attended a party to which only university professors and business executives were
invited (whereas guests would be either or, not both of the positions combined). The only thing
you know about Mr. Maxwell is that he is a member of the Bear's Club. You are asked to judge
the probability that Mr. Maxwell is a university professor by asking 1, 2, 3, or 4 of the questions
given below. You are asked to check their relevancy. A relevant question is one the answer to
which will help you in your judgement. Please consider each of the questions separately and
mark the question that is most relevant for your task.
*  What percentage of the people at the party are university professors?
*  What percentage of the Bear's Club members are at the party?
* What percentage of the university professors at the party are members of the Bear's
Club?
* What percentage of the business executives at the party are members of the Bear's
Club?

Two-hundred and seventy-one students were presented with three adjusted
versions of the selection and probability assessment task (as utilised by Mixed
Measures) in three studies. Overall results of the studies show that participants were
much more efficient at just using relevant information rather than explaining the
necessity of a piece of information for the decision making process, or at seeking it out,
as asked to do in this scenario (Beyth-Marom & Fischhoff, 1983). The same adjusted
version was implemented by Stanovich and West (1998), who tested nine-hundred
subjects overall and their performances on deductive and inductive reasoning. They
showed that participants who were successful at gathering relevant information scored
higher in assessments of cognitive ability and were significantly better at reasoning,
emphasizing the importance of the inclusion of this task in Mixed Measures. A
previously mentioned study linking cognitive failure with gambling habits (Toplak et al.,
2007) reused another adapted version of the Party Guests Scenario, focussing more
on pure statistical probability and assessing participants” understanding of it. The
authors conclude that the domain of probabilistic reasoning is remediable through
teaching, if erroneous in gamblers’ behaviour. When re-implementing the scenario,
Toplak, West, and Stanovich (2011) tested three-hundred and forty-six students on the
task and found that only 22.3% of participants came to the right conclusion, which
proves its suitability for the assessment due to sufficient difficulty levels. An essential
part of hypothesis testing consists of gathering sufficient, high-quality information about
options, which is why this scenario was added to Mixed Measures.

Conjunction fallacies are covered by Kahneman and Tversky’s (1982) Linda-
problem, introducing the representativeness heuristic and the conjunction effect, which
aim to explore the nature of error in decision-making (Kahneman and Tversky, 1982).
Scenarios make use of the conjunction rule, which describes the fact that the
probability of a joint conjunction of two events cannot exceed the likelihood of either of
the two events individually (Kahneman & Tversky, 1982; Tversky & Kahneman, 1983;

Reyna, 1991). To induce this effect, participants are presented with a personality
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description hinting towards certain character traits and hobbies of a fictional character.
Participants are asked to decide which hypothesis is the more likely case about the
character when guessing: one involving a job title of that character which seems quite
unrepresentative for the description, the other one listing that job title plus a hobby
which appears representative for the description of the person (Tversky & Kahneman,
1983).

Linda is 31 years old, single, outspoken and very bright. She majored in philosophy. As a
student, she was deeply concerned with issues of discrimination and social justice, and also
participated in antinuclear demonstrations.
Which of two alternatives is more probable:
* Linda is a bank teller
» Linda is a bank teller and is active in the feminist movement
Kahneman and Tversky (1982) report that in a large sample of undergraduate

students, 86% were misled and ignored the conjunction rule, whereas only 50% of
graduate students made this mistake. This clearly shows the influence of statistical
training and college education on successful hypothesis testing (Kahneman & Tversky,
1982). In 1996, Kahneman and Tversky (1996) adjusted the Linda problem slightly and
tested 69 participants on the alterations. The outcomes show that the conjunction rule
is applied in direct comparisons and that test-takers use representativeness to estimate
probability. Toplak, West, and Stanovich (2011) reused the scenario and only 19.1% of
346 student participants reached the correct conclusion, which proves the task suitable
for the compiled assessment, Mixed Measures, entailing a sufficient difficulty level. The
inclusion of conjunction fallacies aids the assessment of participants” knowledge of this
principle of probability theory.

Hypothesis testing is round up with the New-Car Scenario (Nisbett, Borgida,
Crandall, & Reed, 1976, as cited in Nisbett & Ross, 1980; Stanovich & West, 1998)
where participants have to weigh options and choose statistical knowledge over
personal experience. Test-takers have to decide whether to put more emphasis on a
statistical report or on personal experience in terms of the purchase of a new car.
Nisbett and colleagues assess misapplication of schemas and intuition, which may lead
to an incorrect choice.

You wish to buy a new car. Today you must choose between two alternatives: to purchase
either a car from company A or B. You use only one criterion for that choice, the car’s life
expectancy. You have information from Consumer Reports that in a sample of several hundred
cars the car A has the better record. Yesterday a neighbour told you that his new car of brand A
broke down. Which car do you buy?

« CarA

« CarB

Critical and logical thinking can prevent participants from making inferential errors

by ignoring statistical considerations, mainly sample size and sample bias (Nisbett &

Ross, 1980). The authors label those errors “cognitive failings” rather than motivational
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errors. The origin of the misjudgement is described to be cognitive and subconscious,
rather than conscious (Nisbett & Ross, 1980). Fong, Krantz, and Nisbett (1986) used
the New Car Scenario as one of their examples of teaching their subjects about the law
of large numbers. Instruction increases both frequency and quality of statistical
reasoning in various day-to-day scenarios and the researchers state their belief of an
“abstract inferential rule system” which intuitively helps people to apply the law of large
numbers correctly (Fong, Krantz, & Nisbett, 1986). Toplak, West and Stanovich (2011)
resumed research on the New Car Scenario. They implemented it together with a
range of other tasks in previously mentioned studies, assessing over nine-hundred
participants in total. The New Car Scenario represents one of the heuristics and biases
tasks, which contains a special focus on the causal base rate. The base rate principle
describes statistical reasoning while taking into account provided knowledge; wrongly
supporting implicit believes of people (Cao & Banaji, 2016). Mixed Measures
implements the New Car Scenario to assess participants’ judgment of information

sources as well as the law of large numbers.

2.2. Verbal Reasoning
Mixed Measures implements verbal reasoning using a selection of eighteen of
Dermott’s (2002) 501-word analogy questions. They depict similar but modernized
word pairs to Sternberg’s (1977) verbal analogies. Sternberg (1977) explored
analogical reasoning in terms of information processes underlying cognition. Test-
takers are asked to identify relationships between two sets of two words each. One of
the four words is erased, and participants are presented with a range of four
alternatives to choose the correct word to complete the sets (Dermott, 2002). An
example of this would be “puppy : dog :: kitten: _  read as “puppy relates to dog
as kitten relates to blank.” The answer in this instance is “cat” which would be
presented underneath the analogy together with three related but incorrect words.

- horse :: board : train

. stable
. shoe
. ride

. mount

A clear understanding of the relationship between the pairs of words is necessary
to select the correct choice to complete the analogy, which describes the core of verbal
reasoning as defined by Halpern (1998, 2002). Deduction and drawing of logical
conclusions aid the analysis of the relationship and help participants to detect the
missing word to correctly complete the analogy. Relationships found in analogies can

be grouped into several subcategories. Instances are relations of parts of an object to
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the whole object (e.g. spoke : wheel; with a spoke being part of a wheel), type and
category (e.g. orange : citrus; with an orange being a type of citrus) or degree of
intensity (shower : monsoon; with a shower being a lighter version of rain and a
monsoon being heavy rain). Analogies rely heavily on language comprehension and
precision, which lead to certain difficulties in the translation process. Generalizability
was aimed to be achieved throughout the selection process of the 18 analogies
implemented in Mixed Measures, but certain samples had to be replaced in some
languages, due to missing concepts or translations in those languages (e.g. the
absence of a specific word in German for kitten which does not include the word cat,
which led to the replacement of the word pair cat-kitten to dog-puppy). Word pairs
falling under one of the categories, relationships in symbols and representations, were
avoided in order to keep cultural backgrounds and concepts to a minimum. Factual
content questions were also excluded, to avoid specific background knowledge to be
required, making it a covariate. Word pairs were carefully chosen for each version, A
and B, with equal levels of difficulty for both, and varying difficulty levels throughout the
nine pairs. Matsuoka and Lepage (2014) implemented 400 of Dermott’s (2002) word
analogies, following similar rules as used for Mixed Measures and excluding word pairs
requiring domain-specific knowledge. The analogies were used to test a computational
model measuring similarities between word pairs. Word analogies are presently and
have been deployed widely for the assessment of verbal skills, for instance in the
American university SAT entrance exam (Turney, 2008) and the Air Force Officer
Qualifying Test (AFOQT; Berger, Gupta, & Berger, 1990). Measuring verbal ability, the
appropriate use of vocabulary for certain situations as well as inferring relationships
between words are the central aspect of word analogies (Berger, Gupta, & Berger,
1990). Consequently, analogies are considered suitable for Mixed Measures in the

subcategory verbal reasoning.

2.3. Judging Likelihood and Probability
Assessing the ability to judge the likelihood and probability of certain outcomes is the
overall goal of JL as a subcategory. Implemented in Mixed Measures are five different
questions per version A and B, focussing on the assessment of participants’ judging-
likelihood skills. Following Halpern’s definition of JL (1998; 2002), several concepts are
of importance. These include the understanding of a sufficient sample size (Kahneman
& Tversky, 1982; Toplak, West, & Stanovich, 2011); test-takers’ awareness of the
regression to the mean (Lehman, Lempert, & Nisbett, 1988), and describing the
tendency that an extreme measurement or score will be followed by a score closer to

the average at the second time of testing; the avoidance of the gambler’s fallacy
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(Toplak, West, & Stanovich, 2007; Toplak et al., 2007) - the cognitive error that the
frequent occurrence of something will make it less likely to happen in the future or vice
versa - and probabilistic reasoning (Kirkpatrick & Epstein, 1992; Toplak et al., 2007) -
the estimation of the probabilities of outcomes.

Kahneman and Tversky (1982) designed the Squash Problem, focussing on the
understanding of sample sizes and estimations relating to the real mean. The scenario
describes two squash players of different skill levels, and questions whether the better
player will be more likely to win in a shorter or a longer game. This question requires
the comprehension of the effect of sample size and sampling errors.

A game of squash can be played to either 9 or 15 points. If A is a better player than B, which
scoring scheme would give player A a better chance of winning?
* 9 point game
+ 15 point game
Hasty decision-making often leads participants to disregard the length of the

game as an example of sample size, as Kahneman and Tversky (1982) show. Even
though most of their subjects reported an understanding of statistics, the researchers
had to prompt participants after a wrong answer before they realized the correct
solution. Toplak, West, and Stanovich (2011) revisited the Squash Problem and
implemented it in a study on heuristics and biases, assessing whether people follow
baseline rules of rational thought. A total of 346 students took the test and results
showed a high difficulty level with only 15.6% of participants answering the test
correctly. The authors explain the assessment to be testing the understanding of large
sample sizes and the increasing likelihood of an expected outcome the higher the
sample size; in this case, the points played (Toplak, West, & Stanovich; 2011) makes
the scenario valid for Mixed Measures.

Lehman and colleagues’ Baseball Scenario (Lehman, Lempert, & Nisbett, 1988)
explores participants realization of the regression to the mean explained in the
following. The scenario assesses statistical reasoning in everyday life situations. Easily
confused with the law of averages/large numbers (as described in 1.6.3), regression to
the mean implements the statistical rule that if a good team performs well above the
average, it will not continue to perform that highly. It will regress to the mean (even
though not fully) as the law of large numbers would predict, but remain slightly above
average, based on the skills and talent which made the team perform better in the first
place (Lee & Smith, 2002). Extreme values are less likely to be followed by another
extreme score when the same sample is retested (Lehman, Lempert, & Nisbett, 1988).
The scenario describes a baseball high score board. The question asked is why the

board has a much higher average for players after two weeks of the season than at the
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end of the season. Participants are expected to recognize the statistical rule and prove
their awareness of the regression to the mean to answer the scenario correctly.

After the first 2 weeks of the major league baseball season, newspapers begin to print the top
10 batting averages. Typically, after 2 weeks, the leading batter often has an average of about
.450. However, no batter in major league history has ever averaged .450 at the end of the
season. Why do you think this is? Tick one:

* When a batter is known to be hitting for a high average, pitchers bear down more when
they pitch to him.

» Pitchers tend to get better over the course of a season, as they get more in shape. As
pitchers improve, they are more likely to strike out batters, so batters’ averages go
down.

» A player’s high average at the beginning of the season may be just luck. The longer
season provides a more realistic test of a batter’s skill.

* A batter who has such a hot streak at the beginning of the season is under a lot of
stress to maintain his performance record. Such stress negatively affects his playing.

* When a batter is known to be hitting for a high average, he stops getting good pitches to
hit. Instead, pitchers “play the corners” of the plate because they don’t mind walking
him.

Toplak et al. (2007) implemented the scenario as part of a taxonomy

categorizing cognitive errors possibly resulting in gambling behaviour. Moreover,
Toplak, West and Stanovich (2011) applied the same scenario to assess test-takers
sensitivity to the regression to the mean, which depicts an important aspect of judging
likelihood skills as by Halpern’s definition (2002) implemented by Mixed Measures.
The gambler’s fallacy is considered another important aspect of judging
likelihood and is represented with two questions in the assessment. It describes the
expectation that several negative outcomes will be less likely to be followed by another
negative one, or vice versa (Ayton & Fischer, 2004). Negative recency creates a
psychologically perceived falsification despite the same statistical odds for either
outcome (Ayton & Fischer, 2004). Believing in a negative correlation of a random
sequence (Croson & Sundali, 2005) - for instance when a coin landed on heads for a
few times - the gambler’s fallacy would predict a tail to be “due” for the next throw,
even though the likelihood is 50% for either of the two outcomes (Croson & Sundali,
2005). The two fallacies used in Mixed Measures are Slot Machines and Tossing a
Coain, both prior implemented by Toplak and colleagues (Toplak, West, & Stanovich,
2011; Toplak et al., 2007). Slot Machines describes a scenario of three wins at a slot
machine with the winning likelihood of one in ten, and participants have to estimate the
likelihood of the next play (Toplak, West, & Stanovich, 2011; Toplak et al., 2007).

When playing slot machines, people win something about 1 in every 10 times. Julie, however,
has just won on her first three plays. What are her chances of winning the next time she plays?
out of 10
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Tossing a Coin consists of an experiment where test-takers have to guess the
likelihood of the next flip of a coin after five throws resulted in heads to be on top
(Toplak, West, & Stanovich, 2011; Toplak et al., 2007).

Imagine that we are tossing a fair coin (a coin that has a 50/50 chance of coming up heads or
tails) and it has just come up heads 5 times in a row. For the 6th toss do you think that:
» Itis more likely that tails will come up than heads.
» Itis more likely that heads will come up than tails.
* Heads and tails are equally probable on the sixth toss.
Both scenarios test participants” awareness of the gambler’s fallacy and their

ability to judge the likelihood of unknown situations, demanding the correct
implementation of principles of probability to reach the solution.

The last question of the subcategory Judging Likelihood and Uncertainty which
covers probabilistic reasoning is the Marble Game (Kirkpatrick & Epstein, 1992; Toplak
et al., 2007). The scenario describes a situation in which participants are presented
with two trays with black and white marbles, each with a different ratio to one another.
Participants are promised a prize if they blindly draw a marble of one specific colour,
and have to decide from which tray to pick for a higher chance of winning. Even when
participants are aware of the higher percentage of winning marbles on one tray, they
often decide irrationally against this tray. They choose the tray with a higher actual
number of winning marbles, which is the tray with a lower percentage of winning
marbles overall, thinking their chances might increase (Denes-Raj & Epstein, 1994;
Kirkpatrick & Epstein, 1992).

Assume that you are presented with two trays of black and white marbles: a large tray that
contains 100 marbles and a small tray that contains 10 marbles. You must draw out one marble
from either tray without looking. If you draw a black marble, you win $2. Consider a condition in
which the small tray contains 1 black marble and 9 white marbles, and the large tray contains 8
black marbles and 92 white marbles. From which tray would you prefer to select a marble in a
real situation?

* Large tray

+  Small tray

Kirkpatrick and Epstein (1992) conducted three studies with an overall sample of

1331 participants implementing the marble game in order to examine irrational decision
making in humans. They concluded that subjective probability influences
suspiciousness about coincidences (Kirkpatrick & Epstein, 1992). As a possible
explanation for irrational decision-making, the authors mention the limited capacity of
humans to process information, which leads to the use of cognitive shortcuts to solve
everyday problems (so-called heuristics). Decision-making studies based in the
laboratory correlate with heuristic errors and gambling behaviour in real life (Denes-Raj
& Epstein, 1994), which makes them a good indicator for heuristic processing and

justifies their implementation in Mixed Measures.
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2.4. Argumentation Analysis
Mixed Measures utilizes syllogistic reasoning to assess argumentation analysis ability.
Assessed are response bias, belief bias, and the acceptance of both response and
belief bias. Klauer, Musch, and Naumer (2000) published an array of valid and invalid
syllogisms with believable, neutral, and unbelievable conclusions, based on reputable
templates of syllogisms (Newstead, Pollard, Evans, & Allen, 1992; Gilinsky & Judd,
1994). Klauer, Musch, and Naumer (2000) constructed statements with varying content
for each category, believable-valid, believable-invalid, unbelievable-valid and
unbelievable-invalid. Believable statements seemed correct and plausible without
further reflection, whereas unbelievable statements seemed farfetched and unlikely at
first glance (Andrews, 2010; Gilhooly, Logie, & Wynn, 1999; Gilhooly & Murphy, 2005;
Stanovich & West, 1998). This does not determine the correctness of a statement.
Deeper thought and insight into the problem as such is necessary to encode the
problems’ validity correctly, which is essential in the implemented definition of the
subsection argumentation analysis. It has been shown that test-takers are more likely
to accept congruent conclusions (believable-valid, unbelievable-invalid) which describe
the core of the belief bias (Klauer, Musch, & Naumer, 2000), with incongruent samples
testing participants’ argumentation analysis skills. All statements follow the same
construct, starting with two premises followed by a conclusion, built with three terms A,
B, C. The middle term is present in both statements: “All A are B. All B are C.
Therefore, all A are C.” Qualifiers vary between all, no, some and some..., not (Klauer,
Musch, & Naumer, 2000).
An example of an unbelievable, valid syllogism is the following:
a) No fish swim in the river.
b) Some trout swim in the river.
c) Therefore, some trout are not fish.
Statement a) and b) are to be taken as a valid baseline for the scenario, and
participants are asked to indicate whether statement c) is a valid or invalid conclusion
under those circumstances. Statements do not always follow basic instincts and
general knowledge, and assess a test-taker’s conclusion-acceptance in different biases
(Klauer, Musch, & Naumer, 2000; Reyna, 1991).

* No cigarettes are inexpensive.

* Some addictive things are inexpensive.

» Therefore, some addictive things are not cigarettes.
Valid — Invalid statement

Toplak and colleagues (Toplak, West, & Stanovich, 2011) applied analogies to
assess rational thinking within a syllogistic reasoning task. Participants’ ability to judge

the quality of an argument, and their ability to differentiate between a statement and a
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conclusion, are the core skills of argumentation analysis represented in Mixed
Measures. Nine syllogisms are implemented per version, including a mixture of valid

believable, invalid believable, valid unbelievable, and invalid unbelievable examples.

2.5. Problem Solving
Problem Solving is, by definition, a relatively broad section of critical thinking and is
mainly distinguished by the ability to select the right option from a range of choices
(see 1.6.5 for details). Scenarios implemented in Mixed Measures include several
published measures. Included are the three questions of the Cognitive Reflection Test
(CRT,; Frederick, 2005), for which the initial response tendency is usually wrong,
demanding further reflection to arrive at the correct solution. Moreover, Mixed
Measures includes three insight problems requiring selective encoding due to the
solution not being clear at the first glance (Maier & Solem, 1952; Posner, 1973;
Sternberg, 1986). Implemented are also a measurement assessing general
mathematic problem solving without the necessity for any calculation (Posner, 1973); a
non-insight problem where logical thinking leads to the correct solution (Schooler,
Ohlsson, & Brooks, 1993); and a conditional reasoning task, Wason’s Card Sorting
Test (Wason, 1968), where statements have to be tested by determining the correct
exclusion criteria.

Frederick’s (2005) Cognitive Reflection Test including all three questions marks
the first set. Questions are designed in a way, in which following one's intuition will not
lead to a correct response to the question, “impulsive” answers are wrong. Reflection
upon the problem and its solution are necessary to arrive at the correct response. This
applies to the Bat and Ball Question, which focusses on a monetary problem-solving
task. Participants are told the cumulative price for a bat and have to figure out
individual prices.

A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the ball. How much does the
ball cost?

+ b5cents

« 10cents
« b55cents
100 cents

It also applies to the Five Machines Question; implementing an easy version of
the rule of three by describing the time it takes a certain amount of machines, to
produce a number of widgets, and participants are asked to figure out how long it

would take if the number of machines would change.
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If it takes 5 machines 5 minutes to make 5 plastic parts, how long would it take 100 machines to
make 100 plastic parts?
* 1 minute
* 5 minutes
* 25 minutes
* 100 minutes
Lastly, it applies to the Lake with Lily Pads, which is best solved not with

calculations but with logical thinking, describing a scenario where a lake is gradually
being covered by lily pads and test-takers have to figure out the amount of time it takes
for half of the lake to be covered (Sternberg, 1986; Metcalfe & Wiebe, 1987).

In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 24 days
for the patch to cover the entire lake, how long would it take for the patch to cover half of the
lake?

+ 2days
* 4days
+ 12 days
+ 23days

Frederick (2005) assessed 3428 participants in 35 separate studies on the CRT
and aimed to test cognitive reflection - defined as the ability to not only resist the first
response that comes to mind, but to undergo further thoughts which lead to the correct
answer (Frederick, 2005). Out of the three questions, the average amount of questions
answered correctly was 1.24, which showcases the difficulty level of the set. Toplak,
West, and Stanovich (2011) describe the CRT as similar to the prior problem-solving
scenarios implemented by Gilhooly and Murphy (2005) but with an additional level of
difficulty: an extra step in the problem-solving process, triggered by the realization of
the incorrect initial response. Correctly responding to the CRT seems to reinforce the
“value of reflection” (Paxton et al., 2012). The adjustment of intuitive responses and the
realisation that initial choices might be wrong is considered essential for good problem-
solving skills. Prior literature, for example Nagin and Pogarsky (2003), implemented the
Bat and Ball Question as a measure for problem-solving ability. Within Mixed
Measures, version B of the Lily Pad Lake Question is Sternberg and Davidsons’ (1983)
Murples Problem, which describes the same scenario with different subjects: a
container being filled with rocks in a certain amount of days (Gilhooly & Murphy, 2005).

Insight problems are problems that require a certain mental restructuration of a
scenario before being able to reach the solution (Gilhooly & Murphy, 2005). The
solution is not obvious at a first glance, but the problem solver has to approach
different solutions before the scenario is solved successfully (Knoblich, Ohlsson,
Haider, & Rhenius, 1999). The difficulty level of insight problems stems from the
activation of incorrect paths during the problem-solving process (Knoblich et al., 1999).
Cognitive flexibility, as for instance tested through finding alternative uses for an object,

is an important skill for solving those insight problems in comparison to non-insight
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problems, and strategic switching and inhibition skills can predict insight-problem task
performance (Gilhooly & Murphy, 2005). The Matching Socks question, taken from
Sternberg (1986), is an insight problem, which requires selective encoding. Pictured in
this scenario is a drawer with two kinds of loose socks, and participants are asked to
report how many socks must be drawn in a blindfolded manner before a matching pair
is complete. Test-takers should realize the irrelevance of the ratio of different socks in
the drawer for the completion of the task (Sternberg, 1986), and again, rather than by
calculations, reach the correct solution through a logical problem-solving process.

There are black and brown loose socks in a drawer mixed in a ratio of 4 to 5. How many
separate socks would you have to take out without looking to be sure of getting a pair of the
same colour?

 1sock

» 2socks
+ 3 socks
* 4 socks
 5socks

Gilhooly and Murphy (2005), Gilhooly and Fioratou (2009), Metcalfe & Wiebe
(1987) and more implemented the task to assess participants’ ability to solve problems
correctly. The Matching Socks question is considered a classic example within insight
problems in the literature (Webb, Little, Cropper, & Roze, 2017).

Posner’s (1973) Trains and Bird Problem assesses general mathematic
understanding of speed measurement, which is necessary to solve the scenario.
Nevertheless, despite the first impression, no mathematical calculations are needed.
The scenario describes two trains driving towards each other for one hour at a certain
speed from a certain distance, including a bird, which keeps flying back and forth
between them at a reported speed. Participants are asked to state which distance the
bird will have flown in total, once the two trains meet (Gilhooly & Fioratou, 2009;
Gilhooly & Murphy, 2005; Posner, 1973).

Two trains, 50 km apart start towards each other at 25 km/h (km per hour) each. As the trains
start a bird flies from the front of one train towards the second. On reaching the second train the
bird turns round and flies back to the first train and so on until the trains meet. If the bird flies at
60 km/h how many km will the bird have flown before the trains meet?

e 15km
«  30km
e 45km
*  60km

When attempting to solve the problem, facts like the speed of the trains driving
towards each other and the bird turning around regularly have to be ignored and
emphasis must only be put on the duration of the bird flying and the speed at which it
flies. This creative problem-solving scenario falls, similar to the Matching Socks

scenario described above, under the category of insight problems (Lin & Lien, 2013).
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The last insight problem implemented in Mixed Measures is the Horse Trading
Problem (Maier & Burke, 1967; Metcalfe, 1986; Maier & Solem, 1952; Gilhooly &
Murphy, 2005; Gilhooly & Fioratou, 2009; Webb, Little, & Cropper, 2017). The scenario
describes a trading process of three sales at different prices, and the test taker is
asked to report the overall profit made by the trading person. The solution process
includes simple calculations but minimizes necessary creative input to come to the
correct solution (Maier & Burke, 1967). An obvious but incorrect solution raises the
difficulty level of this scenario and leads to a high number of participants failing to
answer correctly (Maier & Burke, 1967).

A man buys a horse for £60, sells it for £70, buys it back for £80 and sells it finally for £90. How
much has he made?

« £10
« £20
« £30
« £40

Participants were also presented with a non-insight problem called Crime
(Schooler et al., 1993). Non-insight problems can be solved in a logical manner; they
are straightforward and include no distractors in formulation and solution process.
(Schooler, Ohlsson, & Brooks, 1993). The scenario describes four contradicting
witness statements, and participants have to decide which one of the statements is
correct, implementing logical problem-solving processes.

The police were convinced that either A, B, C, or D had committed a crime. Each of the
suspects, in turn, made a statement, but only one of the four statements was true.
. A said, "I didn't do it."

. B said, "Ais lying."
. C said, "B is lying."
. D said, "B did it."

Who is telling the truth? Who committed the crime?
Truth A-B-C-D
Crime:A —B-C-D
Non-insight problems put a heavier load on working memory during the solving

process (Gilhooly & Murphy, 2005). The solution strategy can be found relatively
quickly, and is utilized in an incremental path until the actual solution has been reached
(Gilhooly & Murphy, 2005).

The last task in the range of problem-solving scenarios is Wason’s (1968) Card
Sorting Test, a conditional reasoning task (Wason, 1968). This test asks participants to
evaluate and use exclusion criterions to determine the correctness of a statement.
Test-takers are presented with four cards of different prints on each side and have to
verify or falsify a statement about the cards. To do so, participants can decide to turn
over cards to test the statement but are asked to do so in a limited manner. As few

cards as possible should be turned, and only those which are necessary to turn for
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verification or falsification of the statement. Formal logic will help participants to avoid
turning cards which don’t add important knowledge for judging if the given rule is
violated (Cosmides, 1989).

You are shown a set of four cards placed on a table, each of which has a number on one side
and a colour on the other side. The visible faces of the cards show 3, 8, red and brown. Which
card(s) do you have to turn over in order to test the truth of the proposition that if a card shows
an even number on one face, then its opposite face is red? Try to work in the most efficient way
by turning around the least amount of cards necessary.
Mark as many as apply: 3-8 —red — brown

Sperber and colleagues (Sperber, Cara, & Girotto, 1995) examined tasks of the

same logic, called selection tasks, and showcase subjects” incomplete processing and
drawing of restricted inferences. This is based on the accessibility of inferences and
participants” interpretation of the scenario, which leads to an average error rate of up to
90% for tasks like the Four Card Selection Task (Sperber, Cara, & Girotto, 1995) and

makes it a suitable assessment for problem-solving skills within Mixed Measures.
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3. Comparison across Languages

3.1. Methods
3.1.1. General method

3.1.1.1. Participants
A total of 737 participants fully completed the assessment. These were divided into
nine language sets: English-lrish, German-English, Italian-English, Russian-English,
Japanese-English, Turkish-English, Turkish-German, Chinese-English, and Chinese-
Japanese, with the first language mentioned representing the native language. Three-
hundred and forty-five (46.8%) of those participants were grouped as monolinguals and
392 (52.1%) as bilingual. An a priori power analysis using G*Power (Erdfelder, Faul, &
Buchner, 1996) indicated that to conduct a MANOVA, 24 subjects are required in each
of the two groups, monolinguals and bilinguals, with 80 percent power for detecting a
large sized effect (d=.8), when employing the traditional .05 criterion of statistical
significance. This also covers minimum required sample size of ten for within-group
comparisons via reMANOVA at the same power, for the assessment of first and
second language within participants.
On average, participants were 27 years old at the time of testing (M=26.99; SE=.37),
with a slight discrepancy between monolinguals (M=24.04; SE=.42 years) and
bilinguals (M=29.57; SE=.57 years), who were on average five and a half years older.
Within each individual language set, differences between mono- and bilingual
participants are less prominent, with differences observable across languages (with
age variations between language sets). The difference within the merged data set
stems from varying participation numbers within each language set (see Table 3.1 for
details) and thus does not affect calculations within each language. The majority of test
takers were female; 71.5% (n=528), with 75.4% within monolinguals and 68.1% for
bilinguals. 28.3% (n=209) were male. One person did not identify with either gender. A
detailed overview divided by the nine language sets is presented in Table 3.1.
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Table 3.1. Number of Participants, Age, and Gender divided by Language Group and Mono-

and Bilinguals

Language N Age: M (SE) Female (N; %) Male (N; %)
Mono Bi Mono Bi Mono Bi Mono Bi

English-Irish 55 59 26.6(09.7) 26.5(.89) 39;70.9% 36;61.0% 16;29.1% 22;37.3%
German-English 20 97 27.9(08.2) 31.2(1.20) 18;90.0% 70;72.2% 02;10.0% 27;27.8%
Italian-English 23 63 25.0(07.3) 27.3(.94) 15;65.2% 42;66.7% 08;34.8% 21;33.3%
Russian-English 09 48 39.4(16.0) 36.14(1.59) 08;88.9% 35;72.9% 01;11.1% 13;27.1%
Chinese-English 34 30 19.9(044) 21.08(64) 27,79.4% 23;76.7% 07;20.6% 07;23.3%
Chinese-Japanese 32 33 19.1(01.2) 21.31(41) 28;87.5% 18;54.5% 04;12.5% 15;45.5%
Japanese-English 37 21 30.3(08.1) 32.69(1.35) 15;40.5% 16;76.2% 22:59.5% 05;23.8%
Turkish-English 68 20 21.7(03.3) 2260(46) 55;80.9% 11;55.0% 13;19.1% 09;45.0%
Turkish-German 67 21 21.8(03.3) 25.05(.90) 55;82.1% 16;76.2% 12;17.9% 05;23.8%
All merged 345 392 24.0(42) 29.6 (.57) 260;75.4% 267;68.1% 85;24.6% 124;31.6%

Note. Mono=Monolinguals; Bi=Bilinguals. Participants were given the option to refrain from providing
any background information.

Most participants reported not to suffer from any impairment which might have

influenced the performance of the assessment. Within the reported impairments, the
most common one cited was affected vision. No participants reported suffering from a
hearing impairment or a learning disability. All visual impairments were reported to be
corrected to normal.

Seventy-nine percent of all participants underwent education through state-
school secondary education, with a higher percentage reported within bilinguals, 86.2%
and a lower amount of 71.9% within monolinguals. 7.6% visited a private school and
the remaining 12.9% reported to either have visited a mixture of public and private
school, were home-schooled, did not remember, or preferred not to specify their
education. On average participants spent a total amount of 15 years (M=15.15;
SE=.13) in education, bilinguals on average half a year more (M=15.53; SE=.19) than
monolinguals (M=14.72; SE=.17). An overview of educational background divided by

language set is presented in Table 3.2.

56



CHAPTER THREE — STUDIES

Table 3.2. Percentage of Participants having visited a State School and Years of Education
divided by Language Group and Mono- and Bilinguals

Language State School Edu (years)

All Mono Bi All (M; SE) Mono (M; SE)  Bi (M; SE)
English-Irish 91.2% 94.5% 88.1%  16.15(.37) 16.58 (.50) 15.75(.55)
German-English 95.7% 100% 94.8%  13.58(.29) 13.20(.63) 13.66 (.32)
Italian-English 90.7% 87.0% 92.1%  15.64(.38) 14.26 (.70) 16.14 (.43)
Russian-English 94.7% 100% 93.8%  17.40(.53) 16.11(.63) 17.65(.62)
Chinese-English 96.9% 97.1% 96.7%  14.25(.32) 13.44(.28) 15.17 (.56)
Chinese-Japanese 90.8% 96.9% 84.8%  14.74(.27) 13.56 (.31) 15.87 (.33)
Japanese-English  72.4% 78.4% 61.9% 17.72(.37) 17.81(.42) 17.57 (.71)
Turkish-English 93.3% 94.1% 90.0%  14.50(.33) 13.92(.31) 16.30(.91)
Turkish-German 95.5% 95.5% 95.2%  13.90(.28) 13.93(.31) 14.00 (.62)

Note. Mono=Monolinguals; Bi=Bilinguals; Edu=Education.

Forty-eight percent (n=355) of participants were enrolled in a Bachelor programme at
the time of testing. When comparing monolinguals and bilinguals, 67.5% of
monolinguals were still in the process of obtaining their Bachelor’'s degree, whereas
only 31.1% of bilinguals reported being at that stage in their higher education. Overall,
17.8% (n=131) have received a Bachelor’s degree in the past, with a higher
percentage within bilinguals (23.0%) compared to monolinguals (11.9%); 16.4%
(n=121) obtained a Master’s degree, again with a noticeably higher amount within
bilinguals (23.5%) compared to monolinguals (11.9%); 4.9% (n=36) have a Ph.D., with
numbers of monolinguals and bilinguals being similar (4.1%; 5.6% respectively); and
8.5% (n=63) reported to have obtained some other form of higher education
(monolinguals 5.8%; bilinguals 11%). 4.3% (n=32) have not undergone higher
education, with a lower percentage of 2.6% within monolinguals and a slightly higher
number of 5.9% in bilinguals. In summary, participants within the monolingual group
are mainly still enrolled in their Bachelor and find themselves on average at an earlier
stage of higher education in comparison to bilinguals, who have overall obtained higher
degrees of higher education. An overview of the higher education levels divided by
language set is presented in Table 3.3. Differences vary, similarly to the age of
participants, across language groups. Within each language set there is less variation,
in comparison to the merged data set including all participants, which shows a bigger

difference overall.
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Table 3.3. Percentage of Participants having obtained a University Degree; divided by

Language Group and Mono- and Bilinguals

C:Q.MﬂthﬂMw_cmﬁm c:gm_,w_mMMMcmﬁm cam«mmqwgcmﬁm mﬁﬂwm\%m B Mono B Bi 7\_Aﬂ__wm\“wwm M Mono
English Irish 53; 46.5% 30; 54.5% 23;39% 25; 21.9% 09; 16.4% 16; 27.1% 20; 17.5% 7,12.7%
MMHMJ 32; 27.4% 05; 25.0% 27;27.8% 14; 12.0% 04; 20.0% 10; 10.3% 15; 12.8% 0
ltalian English ~ 27; 31.4% 10; 43.5% 17; 27.0% 23;26.7% 06; 26.1% 17; 27.0% 15; 17.4% 0
MMMHM_D 07;12.3% 0 07; 14.6% 14; 24.6% 02;22.2% 12; 25.0% 23; 40,4% 03;33.3%
m”%mwm 48; 75% 31;91.2% 17;56.7% 08; 12.5% 02; 05.9% 06; 20.0% 07;10.9% 01; 02.9%
Wﬂ””wmm 40; 61.5% 30; 93.8% 10; 30.3% 16; 24.6% 02; 06.3% 14; 42.4% 08; 12.3% 0
M,Mm”wm 08; 13.8% 04; 10.8% 04; 19.0% 21;36.2% 14; 37.8% 07;33.3% 14;24.1% 09; 24.3%
M”M_A__H 74; 83.1% 62;91.2% 12; 60.0% 04; 04.5% 01; 01.5% 03; 15.0% 09; 10.1% 04; 05.9%
Mﬁﬂwz 66; 75.0% 61;91.0% 05; 23.8% 06; 06.8% 01; 01.5% 05; 23.8% 10; 11.4% 04; 06.0%
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M Bi :“W_H_Mv PhD Mono PhD Bi Ao_ﬁgmuw other Mono other Bi
13;22.0% 07; 06.1% 05; 09.1% 02; 03.4% 09; 07.9% 04; 07.3% 05; 08.5% English Irish
15; 15.5% 07; 06.0% 0 07;7.2% 24;20.5% 06; 30.0% 18; 18.6% German English
15; 23.8% 01; 01.2% 0 01; 01.6% 20; 23.3% 07; 30.4% 13;20.6% Italian English
20; 41.7% 05; 08.8% 0 05; 10.4% 04; 07.0% 02; 22.2% 02;04.2% Russian English
06; 20.0% 01; 01.6% 0 01; 03.3% 0 0 0 Chinese English
08; 24.2% 0 0 0 01; 01.5% 0 01; 03.0% Chinese Japanese
05; 23.8% 12;20.7% 09; 24.3% 03; 14.3% 03; 05.2% 01; 02.7% 02; 09.5% Japanese English
04; 20.0% 01;01.1% 0 01; 05.0% 0 0 0 Turkish English
06; 28.6% 02; 02.3% 0 02; 09.5% 02; 02.3% 0 02; 09.5% Turkish German

other higher education.

Bilinguals; B=Bachelor; M=Master; other=

Monolinguals; Bi=

Note. Mono

302) of participants reported that their parents underwent higher education,

and 54.9% (n

40.9% (n

405) stated they obtained no degree. The remaining participants either

did not want to specify or did not know the answer.
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Table 3.4. Overview of Participants’ Parents’ Education; divided by Language Group and Mono-

and Bilinguals

Parents Parents no comment Parentsedu Parentsno edu Parentsn.c. Parentsedu Parentsnoedu Parentsn.c.
higher edu no higher edu (N: %) Mono Mono Mono Bi Bi Bi
(N; %) (N; %) 7 (N; %) (N; %) (N; %) (N; %) (N; %) (N; %)
mmmm__w: 55:48.2% 57:50.0%  02;01.8% 27:49.1% 27:49.1% 01;01.8%  28:;47.5% 30:50.8% 01:01.7%
German . 0, . 0, . 0, . 0, . 0, . 0, . 0, . 0, . 0,
Englich 40;34.2% 74;63.2% 03:2.6% 05:25.0% 15;75.0% 01;01.8%  35;36.1% 59:60.8% 01:01.7%
ltalian English ~ 32:37.2% 53:61.6% 01:1.2% 05:21.7% 17:73.9% 01:04.3%  27:42.9% 36:57.1% 0
Mﬂwm_.__wn 45:78.9% 12:21.1% 0 07:77.8% 02:22.2% 0 38:79.2% 10;20.8% 0
Chinese . o/ . . 0, . 0, . 0, . 0, . 0, . 0, . 0, . 0,
Englion 16;25.0%;  45:70.3%  03:04.7% 09: 26.5% 24:70.6% 01;02.9%  07;23.3% 21:70.0% 02:06.7%
Chinese . . . . . . . .
Japanese 29:44.6% 35:53.8%  01:01.5% 08:25.0% 23:71.9% 01:03.1%  21:63.6% 12: 36.4% 0
Lm_,mﬂmﬂm”m 37.67.2% 18:31.0%  01:01.7% 24:64.9% 13:35.1% 0 15:71.4% 05:23.8% 01:04.8%
mﬂm_m” 28:31.5% 60;67.4%  01:01.1% 17:25.0% 50:73.5% 01:01.5%  11:55.0% 09: 45.0% 0
Turkish . o . o . o . 0 . 0 - o - 9 - 9
Gormar 18:20.5% 69:78.4%  01:01.1% 16;23.9% 50:74.6% 01:01.5%  02:09.5% 19: 90.5% 0

obtained a degree in higher education; no
participant preferred not to reply or did not
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When comparing monolinguals and bilinguals on these scores, the number of
parents who obtained a university degree of some sort was higher within bilinguals
(monolinguals’ parents: degree 34.2%; no degree: 60.2%; bilinguals’ parents: degree:
46.9%; no degree: 50%). Parental education is one of the indicators for socioeconomic
status. An overview of the parental higher education divided by language set is
presented in Table 3.4.

Another important factor to determine an individual's social economic status is
income. To assess income, participants were asked to report which out of four
categories they would fall into, adjusted to local currencies in exchange rate and value:
no income, low income (which includes an average yearly wage of up to €5000),
medium income (participants who reported to earn between €5000 and €20000), and
high income (income higher than €20000). The amounts were chosen based on
student wages, and participants were given the option to refrain from providing any
information regarding their income.

33.5% of all participants indicated that they fall into the low-income category;
earning less than €5000 a year (monolinguals 44.4%; bilinguals 23.5%). 25.2%
reported to be earning between €5000 and €20000 a year (monolinguals 21.2%;
bilinguals 29.6%) and 18% indicated to be earning more than €20000 in 12 months
(monolinguals 10%; bilinguals 24.7%). The remaining participants either had no income
(12.9% overall; monolinguals 15.8%; bilinguals 10.2%) or preferred not to comment on
their income. An overview of participants’ income divided by language set is presented
in Table 3.5.

Table 3.5. Overview of Participants’ Income; by Language Group and Mono-and Bilinguals
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High income No income no comment Mono Low Mono Medium  Mono High Mono No Mono n.c.

English Irish 30; 26.3% 06; 05.3% 14;12.3% 12; 21.8% 24; 36.4% 12;21.8% 02; 03.6% 09; 16.4%
German English 38;32.5% 07; 06.0% 09; 07.7% 01; 05.0% 12; 60.0% 04; 20.0% 02; 10.0% 01; 05.0%
Italian English 20; 23.3% 07; 08.1% 10; 11.6% 03; 13.0% 10; 43.5% 05; 21.7% 02; 08.7% 03; 13.0%
Russian English 09; 15.8% 04; 07.0% 22;38.6% 02; 22.2% 02;22.2% 0 02; 22.2% 03;33.3%
Chinese English 01; 01.6% 36; 56.3% 06; 09.4% 08; 23.5% 02; 05.9% 0 21;61.8% 03; 08.8%
Chinese Japanese 01; 01.5% 30; 46.2% 03; 04.6% 06; 18.8% 01;03.1% 0 22; 68.8% 03; 09.4%
Japanese English 20; 34.5% 01;01.7% 06; 10.3% 04; 10.8% 17;45.9% 14; 37.8% 0 02; 05.4%
Turkish English 04; 04.5% 02;02.2% 03; 03.4% 60; 88.2% 03; 04.4% 0 02; 02.9% 03; 04.4%
Turkish German 10; 11.4% 02;02.3% 04; 04.5% 59; 88.1% 03; 04.5% 0 02; 03.3% 03; 04.5%
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Note. Mono=Monolinguals; Bi=Bilinguals; Low=low income (<€5000); Medium=medium income
(€5000-€20000); High=high income (>€20000); No=no income; n.c.=no comment.

Participants in this study came from all over the world, with their origins spread across
the globe: Ireland, the US, the UK, Canada, Germany, Austria, Italy, Russia, Ukraine,
China, Japan, Turkey, Malaysia, Singapore, Lithuania, Rumania, Romania, Albania,
Bangladesh, Latvia, Belarus, Kazakhstan, Uzbekistan, Kirgizstan, Azerbaijan, Brazil,
and Macedonia. When asked about their country of residency at the time of
participation, a few countries were added to the list, including Australia, Luxembourg,
Vietnam, New Zealand, Greece, UAE, South Korea, Netherlands, Sweden, Brazil, and

Finland.
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3.1.1.2. Design and Procedure

The five subcategories of the assessment, following Halpern’s concept of critical
thinking (2010), can be divided into two sections. Two of the five subcategories, Verbal
Reasoning, and Argumentation Analysis, can be grouped as “verbal subcategories”,
while the other three can be labelled “non-verbal subcategories”: Hypothesis Testing,
Likelihood and Uncertainty, and Problem Solving, indicating less emphasis on verbal
structures in these subcategories (Halpern, 2010). This categorization suggests the
importance of two different paths to solving each of the underlying questions. Those
grouped as verbal subcategories place high emphasis on language and its
understanding, whether written or spoken, and knowledge of vocabulary and grammar
are a prerequisite for successful responding. Non-verbal subcategories, on the other
hand, place emphasis on deeper structured problems and can be phrased in multiple
ways without losing meaning or accuracy. Those questions can be led back to an
understanding of concepts or rules not directly related to language. With this in mind, it
is evident that different levels of precision have to be met when translating Mixed
Measures from its original version in English to other languages. It proposes a very
strict translation, with as little variation as possible, for verbal subcategories, not to
influence underlying structures. Where direct translations are not possible due to
missing words in certain languages, substitute questions with similar difficulty but
avoiding those language barriers have to be utilized. Non-verbal subcategories, on the
other hand, seem to contain more flexibility in phrasing and can be adjusted to
individual language understanding and cultural differences. Details of changes
undertaken in wording and phrasing during the translation process can be found in the
specific sections of each language (3.1.2- 3.1.10).

Repetition Recognition

Before full completion of the assessment was reached, participants were asked if they
would like to report anything to the researchers. This was done through an open text
box and refers to the similarity of version A and B within bilingual testing. Possible
recognition of the repeating questions in both languages was noted, as well as prior
knowledge of any of the scenarios, which are all published measures and might be
familiar to participants. Test takers could provide feedback regarding the assessment
and share any thoughts or ideas and input with the researchers. Exclusion of
participants recognising the repetition, or the implementation of separate calculations
for this group, were considered, which applied to around 40% of the bilingual
participants. Different aspects fed into the debate of how to proceed: all bilingual
participants were presented with two versions of the same scenario, one version in L1

and the other version in L2, but only some reported to have noticed this. Recognition of
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repeating scenarios indicates high levels of attention of this individual, as well as better
memory and higher metacognitive awareness of the task compared to those bilinguals
not noticing similarities between versions. Exclusion of all individuals recognising the
repetition would have led to a distorted distribution within bilinguals in comparison to
monolinguals, considering that all individuals with naturally higher attention levels and
memory within bilinguals would have been excluded. Additionally, it is important to note
that bilingual individuals were not provided with correct responses after finalizing the
first version of the assessment, which in turn would have improved their performance in
the second round of the assessment and would have led to practice effects. When
solving the second version of any question, participants still relied on their cognitive
performance and the ability to arrive at the correct result. Another reason for
recognition of scenarios might have been prior knowledge of the question as
mentioned above. The likelihood for a participant to recognize questions based on prior
knowledge was estimated to be equal in both groups, monolinguals and bilinguals, and
thus balanced in the overall effect added by prior knowledge. Taking all these points
into consideration it seems reasonable to include individuals who recognized repetition
in the overall calculations, and not to exclude them, taking into account the bias in data
this would cause and the minor effect inclusion might entail. Moreover, comparative
analyses of both groups, including all individuals and excluding those who recognised
the repetition, showed the same outcomes, which confirms the validity of inclusion of all

participants.

3.1.1.3.  Data Collection and Grouping

Data Collection

The data collection process was spread out over the duration of 20 months from
January 2017 until August 2018. Data for different language sets was collected in a
staggered manner, dependent on finalisation of translations. Data collection took place
online via the survey platform surveygizmo.com, which was utilized to host all
assessments. Links to all language groups were distributed with the help of a purpose-
built website (https://bilingualthinking.weebly.com/ ; see Appendix 1), through
collaborating researchers, email and social media. Word-of-mouth advertisement was
encouraged within test takers and both personal and professional networks of the
researchers were utilized to reach potential participants. Once a participant received
the link to the study, participation was flexible concerning testing time and duration.
Test takers were able to decide when to start the assessment and could take breaks
from it if needed. The overall duration of the assessment was around half an hour for

monolingual participants, who were only presented with the social economic status
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guestions as well as Mixed Measures in their native language, and around one hour for
bilingual participants, which included SES, LEAP and Mixed Measures in both their
languages. Participation was incentivised through course credit (English-Irish language
set only), raffles to win Amazon vouchers, and payment (only for the Chinese-English
language group due to additional funding). Details for each language set on incentives
will be provided in the subsection for each language (e.g. 3.1.2.3, 3.1.3.3, 3.1.4.3. etc.)
If interested in the results, participants could contact the researchers after completing
the assessment successfully and receive the correct answers to the assessment, which
in turn could help them to improve their critical thinking.

Grouping

Participants with no second language knowledge or individuals, who rated their
second language knowledge as less than adequate on the LEAP-Questionnaire as
introduced in section 3.2.2 (up to a self-rating score of 4 on a scale till 10) were labelled
as monolinguals (0 none, 1 very low, 2 low, 3 fair, 4 slightly less than adequate, 5
adequate, 6 slightly more than adequate, 7 good, 8 very good, 9 excellent, and 10
perfect). Participants with a score of five or higher on overall second language
proficiency and regular use of both languages were grouped as bilinguals, which
applied to around 50% of participants (see Table 3.1).

Additionally, another grouping method was utilized to control for the correct
understanding of the task, focussing on participants’ second language fluency. All
those who reported fluency of eight or above (on earlier mentioned scale to 10) were
grouped as highly fluent. Those reporting fluency between five and seven were
grouped as sufficiently fluent (O none, 1 very low, 2 low, 3 fair, 4 slightly less than
adequate, 5 adequate, 6 slightly more than adequate, 7 good, 8 very good, 9 excellent,
10 perfect). Moreover, monolingual participants can be separated into two groups,
those who report never to have been in contact with any L2, and those who rate their
L2 proficiency as very low. A mixture of calculations including both grouping criteria,
broad group comparisons of all monolinguals and bilinguals, and comparisons where
individuals fall into one of four groups, monolinguals with no L2 experience,
monolinguals with little L2 experience, bilinguals with low L2 proficiency and highly
fluent bilinguals, can add valuable insight into the nature of observed differences
(Anderson et al., 2018).
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LEAP N

L1 country

L1 family

L1 school/work

L1 friends

English Irish
German English
Italian English
Russian English
Chinese English
Chinese Japanese
Japanese English
Turkish English

Turkish German

80

110

69

55

48

30

37

31

30

100% > 17y
95.6%> 17y
95.7%> 17y
98.2% > 10y
100% > 12y
98%> 10y
94.6%> 13y
100% > 14y

10% (N=3) never;
6.7% (N=2)1y; 73.3% > 1y

96.5%> 13y
98.2%> 14y
98.8%> 11y
100% > 16y
100%> 12y
97%> 10y
100% > 17y
98.9%> 18y

100%> 19y

90.2%> 10y
93.7%> 10y
98.8% > 13y

16.4% < 8y; 83.6% > 10y
95.8%> 12y
98.5%> 12y
97.3%>10y
100% > 10y

16.7% (N=5) never;
6.7% (N=2) 1y; 76.7% > 1y

96.5%> 10y
96.4%> 10y
100% > 10y
96.4% > 10y
87.5%> 10y
89.8%> 10y
100% > 10y
100% > 13y

100%> 8y

Note. L1=first language; country/family/school/work/friends=time spent in L1 environment; y=years.

Table 3.6 provides an overview of participants’ exposure and proficiency of their

first language, whereas Table 3.7 focusses on participants’ second language

environment. Most participants have spent at least ten years in a country where their

L1 was spoken and spoke this language with their family and friends as well as in

school. This indicates high exposure to and proficiency in this language and describes

the basis of this research.
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Table 3.7. Overview of Participants’ Second Language Exposure; divided by Language Group

L2 >5(N) L2 acqu age L2 fluency age L2 country L2 family L2 school/work L2 friends
English Irish 59 96.6%<10v; 42.4%<10vy:; 80.5>17y 50% never 1.7% never; 22% never;
3.4%> 10y 576%>10y 34%<1y; 51%<1y;
94.9%>1y 72.9%> 1y
German English 97 455%<10y:; 12.4%<10vy; 44.3% never; 55.7% never,; 33% never,; 36.1% never;
54.5%>10y 87.6%>10y 12.4% <1y; 8.2%<1y; 10.3%<1y; 15.4% <1y;
43.3%>1y 36.1%>1y 56.7%>1y 48.5% > 1y
Italian English 63 66.7%<10vy; 3.2% <10vy; 20.6% never,; 49.2% never; 12.7% never;  19% never; 23%
33.3%>10y 571%>10y 31.8%<1y; 27%<1y; 33.4% < 1y; <1y;
476%>1y 238%>1y 53.9%>1y 58% > 1y
Russian English 48 68.8% <10V, 39.6% <10v; 6.3% never,; 66.7% never; 8.3% never; 12.5% never;
31.2%>10y 60.4%> 10y 16.7%<1y; 8.3%< 1y; 125%<1y; 20.8%<1y;
77% > 1y 25%>1y 79.2%>1y 66.7%>1y
Chinese English 30 86.7%<10vy; 46.7% <10y, 63.3% never,; 3.3% never; 10% never; 10% 30% never; 20%
13.3%>10y 53.3%>10y 13.3%<1y; 6.7%<1y; <1y; <1y;
23.3%>1y 90% > 1y 80%> 1y 50%> 1y
Chinese Japanese 36 56%<10y; 19.4% never; 5.6% never; 11.1% never; 27.8% never;
94.4%>10y 25%<1y; 25%<1y; 25%<1y; 38.9%<1y;
56.6%>1y 69.4%>1y 63.9%>1y 33.3%>1y
Japanese English 21 429%<10y; 19% never; 57.1% never; 9.5% never; 9.5% never;
57.1%>10y 48%<1y; 14.3<1y; 143%<1y; 14.3% <1y;
76.2%>1y 286%>1y 76.2%>1y 76.2%>1y
Turkish English 20 81%<10y; 61.9% never,; 90.5% never; 33.3% never; 42.9% never;
19.1%>10y 48%<1y; 4.8%<2y;4.7% 4.8%<1y; 9.5%<1y;
33.3%>1y <4y 61.9%>1y 476%>1y
Turkish German 21 90.5% <10V, 4.8% never; 47.6% never; 48%<6Yy,; 4.8% 6y;

9.5%> 10y

48%<3vy;
90.5%> 16y

4.8%< 1y;
47.6% > 10y

95.2%> 13y

95.2% >13y

Note. L2=second language; L2>5= fluency in L2 rated higher than 5 on LEAP-Q; acqu age= age at

language acquisition; fluency age= age of fluency in language; country/family/school/work/friends=time

spent in L2 environment; y=years.

3.1.2.1.

3.1.2. English-Irish

Participants

Seventy-seven percent (n=88) of participants were originally from Ireland, with a
significantly higher number (93.2%) bilinguals relative to (58.2%) monolinguals.Fifteen

percent (n=17) were from the United States of America (monolinguals 27.3%, bilinguals

3.4%), 5.3% (n=6) from the United Kingdom, and one person respectively from

Canada, Malaysia, and Singapore. Similarly, 80.7% (n=92) of participants reported

their parents being of Irish origin, 63.6% of monolinguals and 94.9% of bilinguals;

13.2% (n=15) of these were American (monolingual 25.5%; bilingual 1.7%), and 3.5%

(n=4) from the UK. One participant per country reported having Canadian, Indian, and
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Malaysian parents. When asked about their country of residency, 76.3% (n=87)
reported currently living in Ireland, 63.6% of monolinguals and 89.8% of bilinguals;
12.3% (n=14) in the US (21.8% of monolinguals and 3.4% of bilinguals), 5.3% (n=6) in
the UK, 1.8% (n=2) in Australia, and one participant respectively in Canada, New

Zealand, Japan, Luxembourg, and Vietnam.

3.1.2.2. Translation process
The original form of Mixed Measures in English was presented to all participants, both
monolingual and bilingual. Random assignment carried out with the help of coding on
the survey platform SurveyGizmo led to the grouping of version A and B, with around
50% of participants in each group. Bilingual participants were additionally presented
with the opposite version of Mixed Measures in Irish. Translations of the assessment
from English to Irish were enabled by Peadar Mac Fhlannchadha, Advocacy Manager
and Deputy General Secretary of Projects of Conradh na Gaeilge. Conradh na Gaeilge
is a democratic forum which promotes the Irish language and its use, represented by
roughly 180 branches throughout the country of Ireland. Peadar Mac Fhlannchadha
arranged and hired a professionally trained translator for the translation process to
ensure the highest quality of work. Back-and-forth translations, proofreading and pilot
testing were undertaken partly by the translator, partly by independent native Irish
speakers who were not presented the material before that. This ensured full
understanding only through the translated document. Minor corrections had to be
undertaken to avoid obvious answer options within analogies, whereas the changes

overall were kept to a minimum.

3.1.2.3. Data collection
Recruitment of participants was achieved in various ways. The Sona system, a
university-wide system to enable and coordinate research participation, was used to
recruit with participants reimbursed for their time with research participation credits.
The involvement of a national Irish association, Conradh na Gaeilge (Cnhag), was used
to advertise the study to their members via posters, online and at an Irish language
conference. Campus-wide advertisement of the study at the National University of
Ireland, Galway, was implemented by posters, especially targeting the Irish
department. Posters were printed in English and in Irish. The study was posted on
international online platforms such as callforparticipants.com and in Irish speaking
groups on social media (Facebook and LinkedIn). Word-of-mouth advertisement of
participants who took the assessment was encouraged. Emails were directly sent to all
university members of staff at every Irish department in the country, who were asked to

pass on the information to students.
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3.1.3. German-English

3.1.3.1. Participants
Eighty-eight percent of test takers (n=103) reported being of German origin, with a
similar number of mono- and bilinguals (Mono: 90%; Bi: 87.6%). Eight percent were
from Austria, and one individual respectively from Ireland, Lithuania, Rumania, Turkey,
and the US. Participants of non-German speaking origin were assessed for language
skills and have German as a first language with respect to usage and proficiency.
Parents’ origin was reported to be Germany in 84.6% of cases (n=99), 90% for
monolinguals, of which the remaining 10% originated from Austria, and 81% within
bilinguals, with the remainder being from Austria, the US, Afghanistan, Belgium,
Ireland, Italy, Lithuania, Rumania, or Sri Lanka. As to the current country of residency,
53.8% (n=63) reported being situated within Germany, 17.1% in the US, 9.7% in
Austria, 4.3% in the UK, 6.8% in New Zealand, and less than 5% in Australia, Ireland,
Canada, Greece, and lItaly.

3.1.3.2. Translation process
A German native-speaking research assistant living in Ireland, Sarah Volkmer,
translated the assessment from English to German. The first version was proofread
and back-and-forth translated by the primary investigator, Sophia Arndt, who is a
German native speaker trained in language and translation through secondary
education. Minor changes were implemented due to slight differences in the two
versions. This refers to word analogies; for instance, “kitten” and “cats” were replaced
by “puppies” and “dogs”, seeing as there are two different words for dogs and their
young but not for cats, in German. Three German native speakers proofread the
document and after collecting pilot data of ten participants, answers were pre-analysed
to check for possible difficulties, which were shown to be absent. Random assignment
led to the grouping of version A and B, with around 50% of participants in each group.
Bilingual participants were additionally presented with the opposite version of Mixed
Measures in English; this original form of Mixed Measures in English was presented

only to bilingual participants.

3.1.3.3. Data collection
Data collection for the German-English data set was mainly pursued via Facebook.
Bilingual participants were addressed on pages of immigrants in several English-
speaking countries (America, Australia, Canada, the UK, etc.). Monolinguals were
targeted through multiple sites of college courses and societies within Germany.

Recruitment of bilingual participants was approached through English posters and
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posts, whereas monolingual recruitment occurred in German. In total, nine Amazon
vouchers with an overall value of €190 were given away (shared between participants
of language sets Italian-English and Russian-English) in a raffle to support recruitment
and reward participants. Apart from this, participation was voluntary with no other
incentives except a potential personal interest in the topic. Additionally to posts in
groups on Facebook, private messages were sent within the researcher’s networks,
and individuals who did participate were encouraged to share the study with colleagues
and friends. LinkedIn and email communication were used as means to reach possible
participants. Moreover, the study was posted on international online platforms like
callforparticipants.com. A number of Goethe Institutes, a hon-profit German cultural
association advocating the study of the German language, were contacted in order to
advertise the study through their websites and platforms, specifically those located in
English speaking countries. Word-of-mouth advertisement by participants who took the

assessment was encouraged.
3.1.4. ltalian-English

3.1.4.1. Participants
Overall, 82 participants (95.4%) reported originating from Italy. This included all
monolingual participants of this language group and 93.6% of bilinguals. The remaining
four participants of the Italian-English language set originated from Albania,
Bangladesh, the US, and Romania. Most of the participants’ parents were originally
from Italy (94.2%), with one participant, in each case, reporting their parents’ origin to
be from Albania, Australia, Bangladesh, Romania, and Spain. All of these fell under the
bilingual grouping, with the exception of the Spanish parents. 59.3% of all test takers
were currently living in Italy, 24.4% in the UK, 5.8% reported Ireland to be their country
of residence, and less than 5% mentioned Australia, New Zealand, Canada, the UAE,
and the US.

3.1.4.2. Translation process
An ltalian research assistant fluent in English, Chiara Ferrari, implemented translations
of Mixed Measures from English to Italian. Two Italian native speakers individually
proofread the first draft of translations and corrections were considered during a
discussion and back and forth translation with the primary investigator to ensure
proximity of translations to the original document. Corrections entailed of, parallel to the
other language sets, mainly changes within the verbal reasoning subsection
“Analogies”. Five of the analogies were slightly changed to keep the difficulty level

steady while achieving better understanding. Changes were minor; an example would
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be the change from “rat” to “mouse” to avoid word repetition and from “frame” to
“scene”, seeing as “frame” is not usually used for individual shots in moving pictures as
described in this scenario. Additional to that, a pilot testing sample of about ten Italian
individuals completed the assessment and provided the researchers with input about
wording before concluding the final version. Random assignment led to the grouping of
version A and B, with around 50% of participants in each group. Bilingual participants
were additionally presented with the opposite version of Mixed Measures in English,
this original form of Mixed Measures in English was presented only to bilingual
participants.

3.1.4.3. Data collection
Data collection for the Italian-English data set was mainly pursued via Facebook.
Bilingual participants were addressed on pages of immigrants in several English-
speaking countries (America, Australia, Canada, the UK, etc.). Monolinguals were
targeted through multiple pages of college courses and societies within Italy.
Recruitment of bilingual participants was approached through English posters and
posts, whereas monolingual recruitment was advertised in Italian. In total, nine Amazon
vouchers with an overall value of €190 were given away (shared between participants
of language sets German-English and Russian-English) in a raffle to support
recruitment and motivate participants. Participation was voluntary, without any other
incentives but a personal interest in the topic. In addition to advertising posts in groups
on Facebook, private messages were sent within the researcher’s networks.
Individuals who participated were encouraged to share the study with colleagues and
friends. LinkedIn and email communication were used as a sub-method to reach
potential participants. Moreover, the study was posted on international online platforms
like callforparticipants.com. Word of mouth advertisement of participants who took the

assessment was encouraged.
3.1.5. Russian-English

3.1.5.1. Participants
The majority of participants of the Russian-English language set reported to have their
origins in Russia (n=37). Nine individuals were from Ukraine, whereas four originated
from Latvia, three from Belarus, two from Kazakhstan and the UK, and one each
respectively, from the United States, Bulgaria, Uzbekistan, Lithuania, Kirgizstan, and
Azerbaijan. The origins of participants’ parents were distributed similarly, with 43 test
takers reported their parents to come from Russia, eight from Ukraine, four from Latvia

and Belarus, two from the UK and Kazakhstan, and one from Bulgaria, Uzbekistan, and
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Kyrgyzstan. Participants were situated in the UK (n=16), in the US (n=12), Russia
(n=8), Australia (n=6), Canada (n=5), Germany (n=4), Ireland (n=3), the Ukraine (n=3),
Belarus (n=2), and one each in Hong Kong, the UAE and South Korea (n=1).

3.1.5.2. Translation process
Translations into Russian were conducted by research assistant Olga Bolbocean, a
Russian native speaker living in Ireland. Prior to the translations, the main investigator
and Olga Bolbocean discussed the main points of the assessment to ensure
understanding and correct translations. Mariia Naumovets undertook proofreading, a
Russian native speaker working for the Technical University in Kaiserslautern,
Germany. A pilot sample of 80 participants was collected, and input regarding
translations was received before the final version excluded any errors that arose. The
reason for this relatively high number of pilot participants was the difficulty of translating
some of the subsections, with CT assessments seemingly being relatively uncommon
in the Russian language. Participants were encouraged to provide feedback about any
occurring difficulties and unclear sections, and pilot data collection was on going until
feedback shifted from suggestions for change to no noticeable difficulties.

3.1.5.3. Data collection
Data collection for the Russian-English data set was mainly pursued via Facebook.
Bilingual participants were addressed on pages of immigrants in several English-
speaking countries (America, Australia, Canada, the UK, etc.). Monolinguals were
targeted through multiple sites of college courses and societies within Russia.
Recruitment of bilingual participants was approached through English posters and
posts, whereas monolingual recruitment was advertised in Russian. In total, nine
Amazon vouchers with an overall value of €190 were given away (shared between
participants of language sets German-English and Italian-English) in a raffle to support
recruitment and motivate participants. Participation was voluntary, with no incentives
other than personal interest in the topic. In addition to advertising posts in groups on
Facebook, private messages were sent within the researcher’s and research
assistant’s networks. Individuals who participated were encouraged to share the study
with colleagues and friends. Linkedln and email communication were used as a sub-
method to reach potential participants. Moreover, the study was posted on international
online platforms like callforparticipants.com. Word of mouth advertisement of

participants who took the assessment was encouraged.
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3.1.6. Japanese-English

3.1.6.1. Participants
All participants of the Japanese English language set originate from Japan, with the
exception of eight individuals coming from China, and one from Brazil and the UK. All
parents were originally from Japan bar seven, who were from China. Concerning the
residency of participants, 51 reported living in Japan, six in the UK, two in Ireland,
China, and Canada, and one in Vietnam, Australia, Brazil, Malaysia, the US, and

Finland.

3.1.6.2. Translation process
Professor Yoshitaka Nakajima and Kaori Kojima conducted translations of the
assessment from English to Japanese. The main investigator, Sophia Arndt, was
present to answer any occurring questions regarding concepts or understanding of the
guestions. The interactive translation process helped to eliminate possible
misunderstandings and facilitated the transfer of the scenarios from English to
Japanese. Once finished, the translated document was proofread by four independent
Japanese native speakers and suggestions were made as to adaptations of phrases
and wording. Finally, pilot data of ten participants was collected to ensure correct
understanding and structure. Within the translation process, certain sections had to be
adapted due to cultural backgrounds and language construct barriers. Changes were
tried to be kept to a minimum but were implemented where inevitably necessary.
Changes for the non-verbal sections Hypothesis Testing, Likelihood and Uncertainty,
and Problem Solving were used to aid understanding and increase natural-sounding
language. These had no influence on the solution process and are not worthy of being
mentioned in detail; two examples are changes from “business executives” to
“businessmen” and from “high school” to “college”. Changes within verbal
subcategories, on the other hand, had to be treated with care and will be listed in the
following to clarify the procedure. The analogies used in Verbal Reasoning were based
on relationships of words, and reasoning needed for the solution process is based on
those interconnections. Four of the eighteen questions (nine per version; A and B) had
to be changed due to close similarity of words or missing translations for certain words.
Replacement analogies were taken from the original source (Dermott, 2002), matched
for difficulty and adequacy. Another seven analogies were adapted to enable
translation into Japanese. This entailed changing individual words or adapting
translations to the original. For instance, the word “porch” was replaced with “entrance”
due to a missing translation, or “bungalow” was replaced with “cottage”. These

changes were conducted carefully and with the overall outcome in mind, with

74



CHAPTER THREE — STUDIES

awareness to the sensitivity of the question to change. Details changed for the second
verbal subcategory, “Argumentation Analysis” were limited to the answer options,
which were changed from the original “valid-invalid” buttons to “logically correct -
logically incorrect”, since the word ‘valid’ has a slightly different, in this context not

suitable, connotation in Japanese.

3.1.6.3. Data collection
Japanese-English data collection was enabled through the help of cooperating
researchers at Fukuoka University (Professor Nakajima and his laboratory members),
as well as at Shibaura Institute of Technology in Tokyo (Dr Yuko Yamashita).
Participants were approached directly by collaborating researchers in person or via
email, and the option was given to receive the correct answers of the assessment after
taking part, which could help to improve participants’ awareness of critical thinking as
an incentive for participation. Additionally, posts in Facebook groups of immigrants in
English speaking countries were implemented. Five Amazon vouchers with an overall
value of €250 were raffled as a reward system between all participants that opted for

entering the draw.
3.1.7. Chinese-English/-Japanese

3.1.7.1. Participants
All participants from the two language groups, Chinese-English and Chinese-
Japanese, reported being from China, with the exception of three Malaysians. Two test
takers had Japanese parents and two had parents from Malaysia, all other participants’
parents were of Chinese descent. As countries of residence, 58 individuals noted
China, 39 were living in Japan, three in Germany, Malaysia, and the UK, and one in the

Netherlands, Ireland, and Sweden.

3.1.7.2. Translation process
Zhimin Bao, a Chinese native speaker fluent in English, provided translations of the
assessment into Chinese. Shimeng Liu helped to proofread, discuss and back-and-
forth translate the first draft of translations, and questions were adjusted accordingly.
Slight adjustments included certain words with no equivalent individual symbol in
Chinese; for instance, “rat” was replaced with “rabbit” and “icing” was replaced with
“cream”. It was ensured that none of the changes influenced the structure of the

assessment and that difficulty levels were kept at an even level.
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3.1.7.3. Data collection
The Chinese assessment for native speakers was used in combination with two
languages as a second language: English and Japanese. Research assistant Yuan
Chen (Cindy) recruited Chinese-English bilinguals and Chinese monolingual speakers,
whereas Chinese-Japanese bilinguals were recruited with the help of research
assistant Shimeng Liu (Lucy), based in Fukuoka, Japan. Participants recruited through
Shimeng Liu were reimbursed with a voucher that was sponsored and provided by Dr
Yamashita at Shibaura Institute of Technology in Tokyo.

3.1.8. Chinese-Japanese

See section 3.1.7 for further detail.
3.1.9. Turkish-English /-German

3.1.9.1. Participants
Turkish participants all reported originating from Turkey (n=127) with the exception of
eight individuals, who said they were from Germany and one who reported origins from
Macedonia and Azerbaijan. Most of the participants’ parents were originally from
Turkey (n=116), with three originating from Bulgaria and one from Armenia, Azerbaijan,
and Macedonia. Most test takers were living in Turkey, bar 14 individuals who reported

living in Germany, four in the US, and one in the UK, the Netherlands, and Cyprus.

3.1.9.2. Translation process
Dr Arzu Ozkan Ceylan in Hacettepe University, Ankara, Turkey, provided all
translations of the assessment from English to Turkish. These were proofread, back
and forth translated, and changes were discussed with the main investigator. Pilot data
collection involved the testing of ten participants who were encouraged to bring forward
any concerns or uncertainties concerning phrases and translations within the

assessment.

3.1.9.3. Data collection
Turkish data collection was enabled by Dr Arzu Ozkan Ceylan in Hacettepe University,
Ankara, Turkey, and by Assist. Prof. Evrim Glilbetekin at Akdeniz University, Antalya,
Turkey. The Turkish assessment, similar to the Chinese assessment, was combined
with two languages as a second language; English and German. Further data
collection took place through social media (Facebook) with the incentive of five €50
Amazon vouchers to win in a raffle. Additionally, Turkish German participants were
contacted through a local mosque (Meulana Mosque, Fuerstenfeldbruck, Germany)

with the help of poster advertisement, as well as through academics and societies
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throughout Germany and Turkey which were contacted by the researcher and asked to

advertise the study.

3.1.10. Turkish-German

See section 3.1.9 for further detail.
3.2. Materials

3.2.1. Socioeconomic Status
Questions assessing participants’ socio-economic status cover personal background
information. Participants are asked about their schooling background (e.g., the type of
school and years of formal education they underwent), their living situation (e.g. house
owner, sole tenant, or sharing), average income, and cultural background. For details
see Appendix 2. Socioeconomic status can hugely vary within samples of bilingual
populations and for that reason is important to be taken into account. Moreover,
research has shown that socioeconomic background influences cognition (Hackman,
Farah, & Meaney, 2010; Noble, Houston, Kan, & Sowell, 2012) and intelligence
(Fischbein, 1980) including critical thinking and problem-solving skills, mostly focussed

on factors like higher education.

3.2.2. Language Experience and Proficiency Questionnaire
The Language Experience and Proficiency Questionnaire (LEAP-Q; Marian,
Blumenfeld, & Kaushanskaya, 2007) was implemented to assess language proficiency
and language use. The LEAP-Q is a validated, reliable assessment with established
internal and criterion-based validity (Marian, Blumenfeld, & Kaushanskaya, 2007).
Marian, Blumenfeld, and Kaushanskaya (2007) measured internal validity through
factor analysis and multiple regression analyses, to ensure each question assessing
the same construct.

Self-reported measures are commonly used in language assessment, with a
special focus on research on bilingualism (for instance Eilola, Havelka, & Sharma,
2007; Palmer, van Hooff, & Havelka, 2010). They were compared to standardized,
objective language assessments to assess external reliability in first and second
language and were shown to be strongly correlated, proving the LEAP-Q to be a
reliable instrument in the assessment of bilinguals (Marian, Blumenfeld, &
Kaushanskaya, 2007). The LEAP-Q is available in electronic format and can be filled in
independently. It is freely accessible in a wide range of languages, for instance,
English, German, Italian Japanese, Mandarin Chinese, Malay, Russian and Turkish

(https://bilingualism.northwestern.edu/leapq/), representing all languages implemented
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in this project. LEAP-Q takes approximately 15 minutes to complete for bilingual
speakers.

The questionnaire includes the assessment of various details about
participants’ language history and background: language knowledge, language
dominance, the age of acquisition, percentages of time speaking and reading first or
second language, language preferences, as well as time spent in particular language
environments (Anderson et al., 2018; Luk & Bialystok, 2013). For details please see
Appendix 3. LEAP-Q is a published measure which is widely used in the field of
research on bilingualism, especially useful in those cases with high participation
numbers where individual assessment would not be feasible. It has been implemented
in various languages (Barbeau et al., 2017; Krizman, Marian, Shook, Skoe, & Kraus,
2012; Libben & Titone, 2009; Luk & Bialystok, 2013; Marian, Lam, Hayakawa, & Dhatr,
2018; Pelham & Abrams, 2014) and proves to be an efficient, reliable way of assessing
participants’ language history and background.

3.2.3. Mixed Measures
Critical thinking (CT) scores of every participant were gathered through an assembly of
scenarios, covering the five critical thinking subcategories as defined by Halpern
(Halpern, 2010). A total of 21 short, published tests were added together into Mixed
Measures, a comprehensive assessment of CT described in chapter 2. For details of
the assessment please see Appendix 4. All guestions follow a multiple-choice answer
format, due to feasibility and the number of different languages implemented. The
original version of the assessments, version A, was slightly changed to develop an
alternative version, version B, as close to the original assessment as possible in terms
of wording and answer options but with alternative subjects and objects in question.
For instance, if version A is about Mrs A buying C, version B would contain Mr B.
selling D. Possible differences in difficulty due to slight changes between the versions
were balanced by randomisation of participants. 50 per cent of participants were
presented with version A in their first language (L1) and version B in their second
language (L2), and the other 50 per cent conversely with version B in L1 and version A
in L2. Both versions of the assessment were professionally translated into seven
different languages (English (original), Irish, German, Italian, Russian, Turkish,
Chinese, and Japanese) by native speakers, all of whom professionals, using back and
forth translations, controlled by multiple reviewers, similarly to published studies in the
research area of bilingualism (e.g. Bernardo & Calleja, 2005; Eilola, Havelka, &
Sharma, 2007).
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Each participant was presented with Mixed Measures in their first language and if
bilingual in their second language. Full randomization and counterbalancing,
automatically executed through coding within the survey tool SurveyGizmo, was
implemented throughout the assessment: Participants were randomly presented with
group assignment A or B for each language, moreover the order of languages L1 or L2
alternated across participants, as well as the presentation of subcategories, questions
within the subcategories and answer options were randomized for each individual.
Randomization was used to control for order effects and to avoid confounding
variables, helping to reduce biases and to counterbalance negative effects on the

assessment.

3.2.4. Raven’s Standard Progressive Matrices
Raven’s Standard Progressive Matrices (RSPM) were deployed as a nonverbal control
measure for fluid intelligence (Diamond, 2013; Mani, Mullainathan, Shafir, & Zhao,
2013; Prabhakaran et al., 1997; Raven, 2000) as defined by Cattell (1963). Fluid
intelligence is a factor of general intelligence, based on novel scenarios to be solved by
inductive and deductive reasoning. It is independent of prior knowledge, in comparison
to crystallized intelligence, which is based on knowledge and experience (Cattell &
Horn, 1978; Jaeggi, Buschkuehl, Jonides, & Perrig, 2008). Ensuring the validity of the
implemented critical thinking (CT) measure, participants’ scores on RSPM are
expected to correlate with scores of Mixed Measures, outlining the correlation between
intelligence and critical thinking (Halpern, 2006; Marin & Halpern, 2011). RSPM is a
robust and validated assessment of test takers’ mental ability and abstract reasoning
skills (Bors & Stokes, 1989; Raven, 2000), with its first version standardized in 1938 on
1407 children in the UK (unpublished thesis; Raven, 1936; as cited in Bilker, Hansen,
Brensinger, Richard, Gur, & Gur, 2012; Raven, 2000). Reliability studies focussing on
internal consistency and test-retest reliability as well as validity studies have been
successfully conducted: the RSPM has been tested internationally and has shown to
be consistent in different cultural and economic settings (Raven, 2000). Strengths lie in
the adaptability to all age groups and its usefulness for comparative studies (Raven,
2000). RSPM was developed for the use with participants of average intelligence,
whereas it is less reliable on both extreme ends of the scale (Raven, 2000). It consists
of 60 tasks. In each task, participants are presented with a pattern, which contains a
blank space, a cut-out within the image. The task is to complete this pattern by
choosing the one of the six to eight pieces presented below the pattern, which fills the
blank space correctly. Only one of the pieces below the pattern takes all aspects of the

pattern into consideration, such as shape and fill. See Appendix 5 for an example.
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Bilker et al. (2012) developed two non-overlapping short forms of this measure,
using a Poisson predictive model. Model fitting and validation have been ensured via
split sample testing and cross-validation to verify results (Bilker et al., 2012). The short
form consists of nine items per version, achieving correlations of .98 between both
versions. The short form of the SPM proves to be an appropriate measure in terms of
test duration and scope for this assessment, as a well-validated tool covering basic
cognitive functioning within various cultural, ethnic and socioeconomic pools of
participants from all around the world. Raven Matrices are language independent and
the only written words within the measure are instructions explaining the task. The
exact wording is secondary with the primary importance being the comprehension of
the task. Translation of the sentence of instruction of the RSPM was adjusted to
cultural understanding and undertaken by experienced native speakers.

The implementation of the order of the individual images of the RSPM followed
a randomisation process and varied for every participant. Participants were presented
with each image of the RSPM randomly throughout the assessment. This led to the
presentation of written scenarios of Mixed Measures alternating with images, which in
turn aided concentration and focus of participants, requiring different problem-solving

techniques, and counteracted the monotony of written content.

3.3. Research questions
The study was conducted to answer two primary research questions:
(1) Do bilinguals score differently compared to monolinguals in measures of critical
thinking (CT)?
(1) Do bilinguals differ in CT scores when assessed in their dominant language (L1)
compared to their second language (L2)?

3.4. Design
To answer these questions, data of nine different language sets was collected

and a cross-sectional, mixed within- and between-subjects measure was carried out.
The analysis included two groups with two layers each, state of bilingualism:
monolingual or bilingual; as well as language mode: first language and second
language. Between subject calculations were implemented comparing the two states of
bilingualism, monolingual individuals versus bilingual individuals, whereas a within
measures design was applied for the comparison of bilingual subjects” first and second
language scores. Demographic questions, as well as questions about the social
economic status, were presented to all test-takers. These were followed by a question
asking for any second language skills. If any knowledge of a second language was

indicated, participants were presented with the LEAP-Questionnaire, as introduced
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above, assessing their language background. Subsequently, all participants were
presented with the critical thinking test battery Mixed Measures, monolinguals only in
their native language, either version A or B, bilinguals in both languages, version A in
one language, version B in the other language. This process followed full
randomisation concerning the order of presentation of versions and languages,

subcategories, questions within those subcategories as well as answer options.

The following exclusion criteria were applied: a participant’s data was excluded if
the first language, either by acquisition or by proficiency, was indicated to be a
language not covered by the relevant Mixed Measures assessment. For instance, the
participant was filling in the English (L1) —Irish (L2) questionnaire, but indicated to have
learned Spanish as a first language, or to be most proficient in Spanish rather than
English or Irish. The second exclusion criterion was if the assigned first language L1 of
Mixed Measures, English in the above example, was marked by the participant as the
third proficient language or the third language the participant reported to have learned.
The third exclusion criterion concerned the exposure an individual had to an unrelated
language, referring to the example above, e.g. Spanish. If the exposure to this
unrelated language, not covered by Mixed Measures, exceeded 40% as indicated by
the participant it led to exclusion of the data. This was done to ensure the reported
languages to be applicable to test-takers and participants to fall under the category of
bilingualism in comparison to multilingualism, both of which are shown to have differing

effects on an individual (Anderson et al., 2018).

3.5. Statistical measures

Examination of the data was undertaken using the Statistical Package for Social
Sciences (IBM SPSS statistics 23.0, 2015). Additionally to assessing individual
outcomes within each language set, an overall comparison was undertaken including
all language sets. Through this, a unique combination of individual languages covering
multiple linguistic families, outcomes could be attributed to fundamental cognitive
performance rather than differences between specific languages or cultural contexts.

To assess the validity of Mixed Measures, a Pearson product-moment
correlation was run to determine the relationship between the overall score on Mixed
Measures measuring critical thinking (CT) and Raven’s Standard Progressive Matrices
(RSPM), measuring fluid intelligence.

Between-group comparisons were undertaken with a multivariate analysis of
variance (MANOVA), which made the comparison of multiple means of sub scores

possible. Relationships of dependent and independent variables could be observed,
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and trends and differences detected. Dependent variables were averages of
participants raw scores on each of the five dimensions of CT, hypothesis testing (HT),
verbal reasoning (VR), argumentation analysis (AA), judging likelihood and probability
(JL), and problem solving (PS). Raw scores were considered appropriate as no
transformation (e.g. square root, log n, arcsine) helped to increase normality levels. To
assess normality within the test results Shapiro Wilk or Kolmogorov-Smirnov were not
suitable considering the high numbers of participants. Normality was assessed through
QQ plots of approximately normally distributed data and observation of scores on a
histogram. Multiple regression was calculated to predict the effects of three factors,
age, gender, and years of education, on total scores. An item analysis of all cases was
implemented to assess the reliability of the scale as well as correlation and covariance
within the five subcategories within the merged data set. Bonferroni correction was
applied to all pairwise comparisons. Box's Test of Equality was implemented to control
for homogeneity of covariance and Levene’s Test helped to check whether the
assumption of homogeneity of variance was met. A Pearson product-moment
correlation was run to determine the relationship between participants’ overall scores of
Mixed Measures and outcomes of the Raven Matrices as a form of validation of Mixed
Measures, with scores of the Raven representing fluid intelligence, which were
expected to correlate with critical thinking.

An additional calculation was implemented to assess possible differences in
detail, specifically focussed on language proficiency. This was carried out parallel to
the first set of calculations. A MANOVA was conducted to control for differences within
the two groups, monolinguals, and bilinguals, but only participants who reported to
never have been in touch with a second language (monolingual) or those who rated
their second language proficiency as highly proficient with a minimum rating of eight on
a scale to ten (bilingual) were included. To deepen the insight into possible differences
within the five subcategories, these two groups - monolinguals who have never been in
contact with a second language, and highly proficient bilinguals - were compared to two
groups, one consisting of monolinguals who had some knowledge of a second
language, even though proficiency would be very low, and bilinguals with a mediocre
proficiency, varying between five and seven on a scale to ten. This last calculation was
only undertaken with the merged data set including participants of all language sets
due to sufficient numbers in each of these four groups within the merged set, whereas
all other calculations were implemented with all language sets individually as well as
the merged set.

In one language set, Japanese English, supplementary calculations were

added, trying to shed light on observed differences within the language set: A
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MANOVA with gender as the independent variable and the five subcategories as
dependent variables helped to explore the origin of differences within the group,
followed by the same MANOVA but splitting participants by language setting,
monolingual or bilingual. Finally, all participants that reported to live outside of Japan
were excluded and the original MANOVA, with language setting, mono-or bilingual, as
the independent variable, focussing on the five subcategories as a dependent variable,
was undertaken.

Within-group comparisons were implemented using repeated measures
MANOVA (reMANOVA). Less emphasis was put on covariates considering the nature
of the repeated measurement of single individuals and the comparison of differences
within each individual. Bonferroni correction was applied to all pairwise comparisons.
An additional reMANOVA was carried out only including highly proficient participants,
who rated their own L2 proficiency eight or higher on a scale to ten. By only focussing
on highly proficient bilinguals, important details of differences within the two languages
could be observed and the exclusion of comprehension difficulties or misunderstanding
of scenarios as a possible covariate and source of error was ensured. Another
reMANOVA was undertaken to assess a possible influence of age of acquisition of L2.
All bilingual participants were divided dependent on the age of acquisition of their
second language, with early bilinguals having acquired L2 before the age of ten.

A final set of calculations was undertaken to compare all language sets on overall
scores, as well as to compare scores of each subcategory across languages. A
MANOVA for each language setting, L1 and L2, was carried out. Language groups
represented the independent variable, of which the effect on L1/2total, as well as HT,
VR, JL, AA, and PS, was measured. When assessing bilinguals’ L2, an additional
calculation was implemented, only including those bilinguals who rated themselves as

highly proficient, with a minimum score of eight on a scale to ten.
3.6. Results

3.6.1. General results
A Pearson product-moment correlation was implemented to determine the relationship
between critical thinking scores and fluid intelligence of participants. There was a
positive correlation between Mixed Measures and Raven’s Standard Progressive
Matrices (RSPM), which was statistically significant both in scores of L1 (r = .41, N =
738, p<.001) and L2 (r=.62, N = 392, p < .001), also visible on scatterplots created
for both language settings (L1: see Figure 3.1; L2: see Figure 3.2).
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Figure 3.2. Scatterplot representing correlation between L2total and Raven Scores.
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Item analysis of all cases was utilised to assess the reliability of the scale as
well as correlation and covariance within the five subcategories. Cronbach’s alpha
assesses the range of inter-individual variation, which on the other hand is aiming to be
assessed within Mixed Measures. When including all cases on all categories,
Hypothesis Testing (HT), Verbal Reasoning (VR), Judging Likelihood (JL),
Argumentation Analysis (AA), and Problem Solving (PS), Cronbach’s alpha of L1total
reaches a value of a(L1total)=.52. Comparable analyses with outcomes for L2total
show a value for Cronbach’s alpha of a(L2total)=.64. The inter-item correlation matrix
and the inter-item covariance matrix show positive values within all subcategories.

Table 3.8 includes an overview of the item analysis for all language groups.

Table 3.8. Cronbach’s Alpha Values divided by Language Group and Mono- and Bilinguals

Language N (Mono/Bi) L1 L2 >a(L1) > a(L2)
o / Ostang o / Ostang with exclusion with exclusion

English-Irish 114 (55/59) 517.43 571.54 AA (.66) AA (.66)
German-English 117 (20/97) 74/.75 T7/7.80 no no
Italian-English 086 (23/63) .327.33 537.52 AA (.36) AA (.61)
Russian-English 057 (09/48) 42/7.36 45/ .48 JL (.45); AA (.53) AA (.57)
Chinese-English 064 (34/30) 4271.37 .68/7.73 HT (.44) no
Chinese-Japanese 065 (32/33) 417.32 .65/ .68 HT (.46) no
Japanese-English 058 (37/21) 521.47 .55/7.60 AA (.58) VR (.70)
Turkish-English 089 (69/20) 517 .48 49/ .55 JL (.55) AA (.74)
Turkish-German 088 (67/21) .28/ .26 441 .44 JL (.33); AA (.32) VR (.52)
All merged 738 (345/392) 52/ .51 .64/.67 AA (.55) no

Note. Mono=Monolinguals; Bi=Bilinguals; L1=bilinguals’ first language; L2=bilinguals’ second
language; a=Cronbach’s alpha/ aswand= a based on standardized items; a> with exclusion= alpha

score increases with exclusion of sub-category.

Multiple regression was calculated to predict L1total based on age, gender, and
education of participants using the Enter method. Using regression analysis, the overall
model including age, gender, and education to predict L1 was significant
(F(3,734)=25.02; p<.001; R?=.09), explaining 9% of the overall variance in the model.
Participants’ predicted L1total score is equal to 12.32 +.03 (AGE) +1.07 (GENDER)
+.39 (EDU), where age and education were measured in years and gender was coded
1=female, 2=male. Gender and years of education were found to be significant
predictors of L1total (Pcender<-01; pequ<.001), with participants’ overall score of L1total

increasing by 1.01 points dependent on gender and .39 points per additional year of
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education. Males scored higher than females in two of the five subcategories (ANOVA:

JL: F(1,735)=9.60; p<.005; PS: F(7,735)=14.01; p<.001) affecting the overall score

significantly (F(1,735)=7.04; p<.01). It is important to mention that numbers of male and

female participants are not equal and dispersed in all language groups, with a

significantly higher number of females taking part in the assessment.

Table 3.9 illustrates the effects of the three factors age, gender and years of education

on the individual language groups.

Table 3.9. L1: Influence of Age, Gender and Education on L1total divided by Language Group

Language Multiple Regression Overall AGE GENDER EDU
English-Irish F(3,110)=7.33;p<.001; R2= .17 09.74; .08; n.sig. 1.43; n.sig. .39; p=.001
German-English F(3,113)=1.08;n.sig.; R2=.03 16.95 -.01; n.sig. -.53; n.sig. .31; n.sig.
Italian-English F(3,82)=.94; n.sig.; R2=.03 17.34 -02; n.sig. 1.15; n.sig. .16, n.sig.
Russian-English F(3,53)=5.17; p<.005; R2=.23 18.04 -.02; n.sig. 4.67;p<.001 .02;n.sig.
Chinese-English F(3,60)=3.23;p<.05;R2=.14 14.11 -.14; n.sig. -.42;n.sig. .71; p<.005
Chinese-Japanese F(3,61)=.66;n.sig.;R2=.03 18.40 -.11; n.sig. -.90; n.sig. 44; n.sig.
Japanese-English F(3,54)=2.41;n.sig.;R2=.12 19.89 -.08; n.sig. 2.12; n.sig. A7, n.sig.
Turkish-English F(3,85)=6.26; p<.005;R2=.18 06.14 .21; n.sig. .97; n.sig. A46; p<.05
Turkish-German F(3,84)=3.12; p<.05;R2=.10 09.15 .08; n.sig. .40; n.sig. 44:p<.05
All merged F(3,734)=25.02; p<.001; R2=.09 12.32 .03; n.sig. 1.07; p<.01 .39; p<.001

Note. Edu= Education.

Multiple regression was calculated to predict L2total based on age, gender, and

education of participants using the Enter method. Using regression analysis, the overall

model to predict L2 including gender was non-significant, but age and education were

significant (F(3,388)=7.45; p<.001; R?=.05), explaining 5% of the overall variance in the
model. Participants’ predicted L2total score is equal to 12.89 + .06 (AGE) + .97

(GENDER) + .26 (EDU), where age and education are measured in years and gender

is coded 1=female, 2=male. Age and years of education were found to be significant

predictors of L2total (page<.05; peau<.005), with participants’ overall score of L2total

increasing by .26 points per additional year of age and .06 points per additional year of

education. Table 3.10 illustrates the effects of the three factors age, gender and years

of education on the individual language groups.
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Table 3.10. L2: Influence of Age, Gender and Education on L2total divided by Language Group

Language Multiple Regression Overall AGE GENDER EDU
English-Irish F(3,55)=5.59; p<.005; R2=.23 05.84 .13; n. sig. 1.09; n.sig. .44;p<.005
German-English F(3,93)=1.12; n.sig.; RZ2=.04 13.40 .08; n.sig. .53; n.sig. .27; n.sig.
ltalian-English F(3,59)=1.30; n.sig.; R2=.06 14.98 -.03; n.sig. 1.64; n.sig. .27; n.sig.
Russian-English F(3,44)=1.37; n.sig.; R2=.09 21.83 -.05; n.sig. 2.70;n.sig. - .05;n.sig.
Chinese-English F(3,23)=1.62; n.sig.;R2=.16 04.80 .25; n.sig. - .08; n.sig. 47; n.sig.
Chinese-Japanese F(3,29)=.67;n.sig.; R2=.06 27.26 -.04; n.sig. -2.60;n.sig. - .15;n.sig.
Japanese-English F(3,17)=2.44; n.sig.; R2=.30 24.36 -.10; n.sig. 4.69;n.sig. -.29;n.sig.
Turkish-English F(3,16)=2.91; n.sig.; R2=.35 08.01 .89;p<.05 1.39;n.sig. - .66;n.sig.
Turkish-German F(3,17)=1.79; n.sig.; R2=.24 13.97 .04; n.sig. 4.41;p<.05 -.01;n.sig.
All merged F(3,388)=7.45;p<.001; R2=.05 12.89 .06; p<.05 .97; n.sig. .26; p<.005

Note. Edu=Education .

Assessing normality of test results using Shapiro Wilk or Kolmogorov-Smirnov
was not suitable considering the high numbers of participants. Normality of data was
assured by inspection of histograms (L1 see Figure 3.3; L2 see Figure 3.5) and QQ
plots (L1 see Figure 3.4; L2 see Figure 3.6). All subcategories of both languages, as
well as overall scores of L1 and L2, met the requirements of a normal distribution.
Transformation of scores was considered but due to a decrease in normality within all
scores with square root transformations, log as well as In transformation, original

scores were used for all subsequent calculations.
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3.6.1.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (N=345) and bilingual (N=392) participants regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances within three of the five subcategories, HT, AA, and PS.
For a detailed overview divided by language group see Table 3.11.

Table 3.11. Between-Group Comparisons: MANOVA comparing Monolinguals and Bilinguals
divided by Language Group

Language Group F(df); p Wilk's A Partialnz Power
English-Irish F(5,108)=1.00; n.sig. .96 .04 .34
German-English F(5,111)=1.90;n.sig. .92 .08 .63
Italian-English F(5,80)=.73; n.sig. .96 .04 .25
Chinese-English F(5,58)=1.18; n.sig. .91 .09 .39
Chinese-Japanese F(5,59)=3.48; p<.01 g7 .23 .89
Japanese-English F(5,52)=4.03; p<.005 72 .28 .93
Turkish-English F(5,82)=3.81; p<.005 .81 .19 .92
Turkish-German F(5,82)=7.21; p<001 .70 .31 1.00
All merged F(5,731)=16.75; p<001 .90 .10 1.00

Note. Russian-English excluded as a result of low numbers within the monolingual group
(Nmono(Russian)=9).

A statistically significant difference was discovered in CT sub scores based on a
participants language setup, monolingual or bilingual (F(5,731)=16.73, p<.001; Wilk’s
A<.001, partial n*=.10). An overview of results divided by all language groups can be
seen in Table 3.11. Due to the significant result, further follow-up tests are reported
(see Table 3.12). A significant difference in adjusted means between both independent
groups, mono- and bilinguals, and the levels of categorical predictor variables on the
outcome can be observed within three of the five subcategories, namely HT (F=3.97;
p<.05; partial n°=.01; power=.51), VR (F=56.62; p<.001; partial n*=.07; power=1.00)
and JL (F=11.10; p>.005; partial n°=.02; power=.91). For all significantly differing

subcategories, bilinguals achieved higher scores compared to monolinguals (HT mono:
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M=2.65; SE=.07; HTyiing: M=2.84; SE=.07; VRmono: M=5.26; SE=.11; VRyiing: M=6.38;
SE=.10; JLmono: M=2.11; SE=.06; JLysiing: M=2.36; SE=.05). Bonferroni corrections for
multiple testing led to the implementation of alpha levels of acorrected=(.05/5)=.001, which
will be used henceforth. Consequently, scores of HT and JL did not reach significance

after corrected for multiple testing.

Table 3.12. F-Values and Means (if significant) comparing Monolinguals and Bilinguals divided
by Sub-Category and Language Group (Only including Groups with a significant Overall
Difference)

Fur Fyvr Fa Faa Fes
Language (Mimonoy M) (Minono; Mpi) (Mimono; Mpi) (Mimono: M) (Mimono; M)
Chinese-Japanese F=.09;n.sig. F=.04; n.sig. F=17.83;p<.001 F=.85;nsig. F=2.45;n.sig.
(1.66;2.55)
Japanese-English  F=9.54; p<.005 F=2.44; n.sig. F=2.62; n.sig. F=5.87; F=.98; n.sig.
(3.76; 2.67) n.sig.
Turkish-English F=3.94; n.sig. F=11.51;p<.005 F=2.80;n.sig. F=.56;n.sig. F=9.34;p<.005
(4.12;5.70) (4.31;6.05)
Turkish-German F=.22; n.sig. F=24.08;p<.001 F=.14;n.sig. F=.09;nsig. F=3.61;n.sig.
(4.07;6.33)
All merged F=3.97; n.sig. F=56.62;p<.001 F=11.08;p<.005 F=2.86;n.sig. F=.04;n.sig.
(5.26;6.38) (2.11;2.36)

Note. Mono=Monolingual; Bi=Bilingual.

An additional analysis only including monolinguals without any L2 knowledge (n=266)
and highly proficient bilinguals (n=204) showed similar results. The two groups differed
significantly (F(5; 464)=21.57; p<.001) with scores of VR showing variations between
monolinguals and bilinguals (F=85.78; p<.001). Bilinguals scored better than
monolinguals (VR: Mmono=5.11; SEmono=.13; Mgi=6.76; SEgi=.12).

For a further, more detailed analysis of differences, participants were split into
four groups dependent on fluency. The first group consisted of participants with no
experience in any L2 (n=266), the second group were monolingual with a restricted
amount of second language experience (n=79), group three consisted of bilinguals with
a mediocre L2 proficiency (n=188) and group four represented highly proficient
bilinguals (n=204). A MANOVA was implemented to observe possible differences
within the groups in all sub-categories. A significant difference was found within two
subcategories, VR (F=27.07; p<.001) and JL (F=4.02; p<.01). When examining results,
VR, stands out, with a constant improvement of scores with increasing L2 proficiency,
from the first group with the lowest scores constantly improving up to the highly

proficient group scoring highest on VR.
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3.6.1.2. Comparison L1 versus L2 (within comparison)
For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (N=392)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT as can be
seen in detail in Table 3.13. The independent variable was whether participants were
presented with the assessment in their first or second language (L1/L2), dependent
scores were the five subcategories HT, VR, AA, JL, and PS. The ratio of unexplained
variance to total variance was below the critical value of A<.05 (F(5,387)=46.78;
p<.001; partial n*=.38; power=1.00), suggesting further analysis of each dependent

variable.

Table 3.13. Within Group Comparison: reMANOVA comparing L1 and L2 divided by Language
Group

Language Wilk’s A Greenhouse-Geisser partialnz  power
English-Irish 53 F(5,54)=9.45; p<.001 47 1.00
German-English .68 F(5,92)=8.82; p<.001 .32 1.00
Italian-English 48 F(5,58)=12.61; p<.001 52 1.00
Russian-English .40 F(5,43)=13.18 ; p<.001 .61 1.00
Chinese-English 48 F(5,25)=5.35; p<.005 52 .97
Chinese-Japanese 41 F(5,28)=8.01; p<.001 .59 1.00
Japanese-English .56 F(5,16)=2.56; n.sig. 45 .64
Turkish-English 42 F(5,15)=4.13;p<.05 .58 .85
Turkish-German .36 F(5,16)=5.80;p<.005 .64 .96
All merged .62 F(5,387)=46.78 ; p<.001 .38 1.00

Outcomes of the Greenhouse-Geisser measure were considered as appropriate for
calculations of this kind due to its conservative nature. Values for two of the five
subcategories, HT and PS, did not reach significance (p>.01), whereas scores for VR,
JL, and AA show to be significantly different in scores of L1 and L2. VR (F=128.71;
p<.001; partial n°=.25; power=1.00) was absolved significantly better in L1 (M=6.38;
SE=.10) compared to L2 (M=5.14; SE=.11); as well as AA (F=7.35; p<.01, partial
n?*=.02; power=.77) with L1 (M=4.78; SE=.07) being significantly higher than L2
(M=4.54; SE=.08). Scores of JL (F=103.95; p<.001; partial n°=.21; power=1.00) show
the opposite trend, with participants solving tasks better in L2 (M=2.94; SE=.06) than in
L1 (M=2.36; SE=.05). Details divided by language group can be seen in Table 3.14.
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Table 3.14. F-Values and Means (if significant) comparing L1 and L2 divided by Sub-Category
and Language Group

I:HT FVR I:JL FAA FF'S

Language (ML1; ML) (M1 M) (Mp1; M) (Mys; M) (ML1; M)

English-Irish F=.23; n.sig. F=38.93; p<.001 F=4.49; n.sig. F=4.79;n.sig. F=.55;n.sig.
(6.02;4.34)

German-English F=1.08;n.sig. F=28.23;p<.001 F=29.47; p<.001 F=.77; n.sig. F=.01; n.sig.
(6.54;5.41) (2.29;2.85)

Italian-English F=.00; n.sig. F=11.47;p<.005 F=54.84; p<.001 F=.28; n.sig. F=.52; n.sig.
(6.40; 5.44) (2.25;3.10)

Russian-English F=1.15;n.sig. F=59.05;p<.001 F=7.74; p<.01 F=2.96;n.sig. F=.00;n.sig.
(7.71;5.96) (2.56; 3.00)

Chinese-English F=7.44;n.sig. F=9.67;p<.005 F=1.24; n.sig. F=4.36;n.sig. F=5.83;n.sig.
(5.67;4.13)

Chinese-Japanese F=.31;n.sig. F=18.67; p<.001 F=15.13; p<.001 F=3.25;n.sig. F=.97;n.sig.
(5.79;4.39) (2.55;3.30)

Turkish-English F=.25; n.sig. F=1.45;n.sig. F=22.30; p<.001 F=.53; n.sig. F=4.13; n.sig.

(2.60; 3.50)
Turkish-German F=2.48;n.sig. F=.12;n.sig. F=16.60; p<.005 F=.74;n.sig. F=.88; n.sig.
(2.10; 3.05)

All merged F=.83; n.sig. F=128.71;p<.001 F=103.95;p<.001 F=7.35;p<.01 F=3.95;n.sig.

(6.38;5.14) (2.36;2.94) (4.78;4.54)

Note. Japanese-English does not show an overall significant difference (see Table 3.13).

Above mentioned calculations are based on the inclusion of all bilingual participants

(N=392). When only including highly proficient participants (n=204) a highly significant

difference between first and second language performance was still present (F(5,
199)=28.76; p<.001). Measures of VR were robustly higher (F=42.97; p<.001) in L1
(M=6.76; SE=.12) than L2 (M=5.79; SE=.14). JL (F=106.41; p<.001) showed the
opposite trend with better scores within L2 (M=3.07; SE=.08) compared to L1 (M=2.33;

SE=.07). Differences within AA were non-significant (p>.01).

When splitting all bilingual participants dependent on their age of L2 acquisition,

similar tendencies could be observed between early bilinguals who learned their L2

before the age of ten (n=68) and late bilinguals, who acquired L2 after the age of ten
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(n=324). Significant differences could be observed within the early bilingual group
(F(5;63)=11.15; p<.001) and the late bilingual group (F(5;319)=36.75; p<.001). Parallel
to above-mentioned results, early bilinguals showed a significant difference in VR
(F=21.97; p<.001) with a better performance in L1 (M=6.03; SE=.26) than in L2
(M=4.68; SE=.27) but the opposite trend within the sub-category JL with better scores
in L2 (M=3.03; SE=) than L1 (M=2.19; SE=.12). None of the other three groups, HT,
AA, and PS, differed significantly. Late bilinguals showed the same range of
differences with two categories entailing significances, VR (F=106.72; p<.001) and JL
(F=69.45; p<.001) comparable to early bilinguals. L1 scores were higher compared to
L2 scores in VR (M1=6.45; SE(1=.10; M»=5.23; SE»=.12), whereas within JL, L2
scores (M=2.93; SE=.07) were found to be better than L1 (M=2.40; SE=.06).

The final calculation was implemented to compare overall scores, as well as
scores for each subcategory of CT, of each language group. For an overview of
outcomes see Table 3.15. There was a statistically significant difference in both scores,
L1 and L2, based on participants’ language set (L1: F(40,3163)=6.87, p < .001; Wilk's
A = .70, partial n* = .07; L2: F(40,1655)=3.06, p < .001; Wilk's A = .73, partial n* = .06).
Differences of scores between language groups within L1 could be observed both
overall, with scores on L1total varying significantly (F=10.80; p<.001), and in the
subcategories, HT (F=9.64; p<.001), VR (F=64.94; p<.001), and PS (F=9.76; p<.001).
Similarly, differences of scores between language groups within L2 could be observed
overall, with scores on L2total varying significantly (F=4.83; p<.001), and in the
subcategories VR (F=4.36; p<.001) and PS (F=4.83; p<.001). Table 3.15 contains
scores divided by language set, for each subcategory, presented as achieved by
monolinguals, bilinguals in their L1 and bilinguals in L2. When assessing bilinguals’ L2,
an additional calculation was executed, only including highly proficient bilinguals. The
overall MANOVA was still significant (F(40,835)=2.13; p<.001), but a difference in
overall scores of L2total was not present (F=1.71; p>.05). Two subcategories showed
significant differences depending on the language group, VR (F=2.85; p<.01) and PS
(F=2.88; p<.01).
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Table 3.15. Overview of average Scores (M) for each Subcategory, divided by Language Group
and Mono- and Bilinguals (First and Second Language)

English- German- Italian- Russian- Japanese Chinese- Chinese-  Turkish-  Turkish- ALL
Irish English English English -English English  Japanese English German MERGED

HT  Mono 2.93 245 2.78 244 3.76 2.85 2.81 2.18 213 2.65
Bi L1 2.90 2.87 295 3.19 2.67 2.50 273 2.80 2.29 2.84

BiL2 2.80 273 295 3.02 2.91 203 2.58 2.95 2.91 2.78

VR Mono 5.84 5.90 6.48 5.67 6.70 5.68 5.69 4.12 4.08 5.26
Bi L1 6.03 6.54 6.40 7.71 6.14 5.67 5.79 5.70 6.33 6.38

Bi L2 4.34 5.41 5.44 5.96 5.00 413 4.39 5.00 6.14 5.14

JL  Mono 2.26 2.05 2.00 222 243 1.71 1.66 2.19 2.19 2.1
Bi L1 2.24 2.29 2.25 2.56 2.86 2.20 2.55 2.60 2.10 2.36

Bi L2 2.64 2.85 3.10 3.00 3.14 247 3.30 3.50 3.05 2.94

AA  Mono 5.20 4.95 4.91 5.00 4.95 5.03 5.09 4.82 4.82 4.96
Bi L1 476 4.44 5.06 5.19 4.14 5.00 4.76 5.10 4.71 4.78

BiL2 4.25 4.29 4.95 4.79 4.95 4.23 4.12 4.75 5.10 4.54

PS  Mono 4.20 4.15 4.70 4.33 6.57 5.35 5.31 4.31 4.27 4.74
Bi L1 3.81 4.33 4.18 5.63 5.95 577 6.27 6.05 3.24 4.78

Bi L2 3.66 432 4.35 5.63 552 4.57 5.85 5.30 343 4.60

Note. Mono=Monolinguals; Bi=Bilinguals; HT=hypothesis testing; VR=verbal reasoning;

JL=judging likelihood and probability; AA=argumentation analysis; PS=problem solving.

3.6.2. L1 English- L2 Irish
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (English) reached a value of a(L1)=.51. Comparable analyses
with outcomes for L2 (Irish) showed a value for Cronbach’s alpha of a(L2)=.57.

Multiple regression was calculated to predict L1total (English) based on age,
gender, and education of participants using the Enter method. Using regression
analysis, the overall model including age, gender, and education to predict L1total was
significant (F(3,110)=7.33; p<.001; R?=.17), explaining 17% of the overall variance in
the model. Participants’ predicted L1total score was equal to 9.72 + .082 (AGE) + 1.43
(GENDER) + .39 (EDU), where age and education were measured in years and gender
was coded 1=female, 2=male. Years of education were found to be a significant
predictor of L1 (p<.001), with participants’ overall score of L1 increasing by .38 points
per additional year of education. Multiple regression was calculated to predict L2total

based on age, gender, and education of participants using the Enter method. Using
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regression analysis, the overall model to predict L2 was non-significant with age,

gender, and education not affecting outcomes within the variable.

3.6.2.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=55) and bilingual (n=59) participants regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances.

There was no statistically significant difference in CT sub scores based on
participants’ language setup, monolingual or bilingual (F(5,108)=1.00, p>.01; Wilk’s
A=.96, partial n*=.04). Significant differences were also absent when only including
monolinguals that have never been in touch with an L2 (n=45) and highly proficient
bilinguals (n=32). Due to the non-significant result, no further follow-up tests are
reported.

3.6.2.2. Comparison L1 versus L2 (within comparison)

For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=59)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable was whether participants were presented with the assessment in
their first or second language (L1/L2), dependent scores were the five subcategories.
The ratio of unexplained variance to total variance was below the critical value of A<.05
(F(5,54)=9.45; p<.001; partial n*°=.47; power=1.00), suggesting a further analysis of
each dependent variable. Outcomes of the Greenhouse-Geisser measure were
considered as appropriate for calculations of this kind due to its conservative nature.
Values for four of the five subcategories, HT, JL, AA, and PS, did not reach
significance (p>.01), whereas scores for VR showed to be significantly different in
scores of L1 and L2 (F=38.93; p<.001; partial n*=.40) with significantly better
performance in L1 (M=6.03; SE=.27) compared to L2 (M=4.34; SE=.29).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=59). When only including highly proficient participants (n=32) a highly
significant difference between first and second language performance could still be

found (F(5, 40)=5.50; p<.005). Measures of VR were solved highly significantly better
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(F=17.71; p<.001) in L1 (M=6.56; SE=.32) than L2 (M=5.06; SE=.42). Measures of JL
in comparison were solved significantly better (F=12.24; p<.005) in L2 (M=2.94;
SE=.21) compared to L1 (M=2.16; SE=.17)

3.6.3. L1 German- L2 English
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (German) reached a value of a(L1)=.74. Comparable analyses
with outcomes for L2 (English) showed a value for Cronbach’s alpha of a(L2)=.77.

Multiple regression was undertaken to predict L1total (German) based on age,
gender, and education of participants using the Enter method. Using regression
analysis, the overall model including age, gender, and education to predict L1 was
significant (F(3,113)=1.03; R?=.03), explaining 3% of the overall variance in the model.
Participants predicted L1total score was equal to 16.95 - .01 (AGE) - .53 (GENDER) +
.31 (EDU), where age and education were measured in years and gender was coded
1=female, 2=male. No significant value was present. Multiple regression calculations
including L2total (English) similarly led to no significant results with age, gender, and
education not affecting outcomes within the variable.

3.6.3.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=20) and bilingual (n=97) participants regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices is non-
significant on a p<.001 level, confirming the assumption of homogeneity of
covariances. Levene’s Test of Equality of Error Variances was non-significant (p>.05)
meeting the assumption of homogeneity of variances.

There was no statistically significant difference in CT sub scores based on a
participants language setup, monolingual or bilingual (F(5,111)=1.90, p>.05; Wilk’s
N=.92, partial n*=.08). Due to the non-significant result, no further follow-up tests were
reported. A restricted number of monolingual participants who were never in contact
with any foreign language (n=8) within this language set made a comparison of those
individuals and highly proficient bilinguals for further exploration of differences

unreasonable.
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3.6.3.2. Comparison L1 versus L2 (within comparison)
For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=97)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable described whether participants were presented with the
assessment in their first or second language (L1/L2), dependent scores were the five
subcategories. The ratio of unexplained variance to total variance was below the critical
value of A<.05 (F(5,92)=8.82; p<.001; partial n*°=.32; power= 1.00), suggesting a
further analysis of each dependent variable. Outcomes of the Greenhouse-Geisser
measure were considered as appropriate for calculations of this kind due to its
conservative nature. Values for three of the five subcategories, HT, AA, and PS, did not
reach significance (p>.01), whereas scores for VR and JL showed to be significantly
different in scores of L1 and L2. VR (F=28.23; p<.001; partial n°=.28) with significantly
better performance in L1 (M=6.54; SE=2.23) compared to L2 (M=5.41; SE=2.48).
Scores of JL (F=29.47; p<.001; partial n%=.24) showed the opposite trend, with
participants solving tasks better in L2 (M=2.85; SE=1.33) than in L1 (M=2.29;
SE=1.15).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=97). When only including highly proficient participants (n=58) a highly
significant difference between first and second language performance could still be
observed (F(5, 53)=4.11; p<.005), but only within results of JL (F=19.46; p<.001).
Participants score higher within L2 (M=2.97; SE=.16) compared to L1 (M=2.36;
SE=.14).

3.6.4. L1 ltalian- L2 English
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (ltalian) reached a value of a(L7)=.31. Comparable analyses
with outcomes for L2 (English) showed a value for Cronbach’s alpha of a(L2)=.53.
Multiple regression was calculated to predict L1total (Italian) based on age, gender,
and education of participants using the Enter method. Using regression analysis, the
overall model including age, gender, and education to predict L1 was non-significant
(F(3,82)=.94; p<.05; R?=.03), explaining 3% of the overall variance in the model.
Participants predicted L1total score was equal to 17.34 - .02 (AGE) + 1.15 (GENDER)

+ .16 (EDU), where age and education were measured in years and gender was coded
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1=female, 2=male. No covariate was found to be a significant predictor of L1total.
Similarly, multiple regression calculations including L2total (English) led to no
significant results with age, gender, and education not affecting outcomes within the

variable.

3.6.4.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=23) and bilingual (n=63) participants regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances.

There was no statistically significant difference in CT sub scores based on a
participants language setup, monolingual or bilingual (F(5,80)=.73, p>.01; Wilk's N=.96,
partial n*=.04). Significant differences were also absent when only including
monolinguals that have never been in touch with an L2 (n=16) and highly proficient
bilinguals (n=38). Due to the non-significant result, no further follow-up tests are
reported.

3.6.4.2. Comparison L1 versus L2 (within comparison)
For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=63)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable was whether participants were presented with the assessment in
their first or second language (L1/L2), dependent scores were the five subcategories.
The ratio of unexplained variance to total variance as below the critical value of A<.05
(F(5,58)=12.61; p<.001; partial n*=.52; power= 1.00), suggesting a further analysis of
each dependent variable. Outcomes of the Greenhouse-Geisser measure were due to
its conservative nature considered as appropriate for calculations of this kind. Values
for three of the five subcategories, HT, AA, and PS, did not reach significance (p>.01),
whereas scores for VR and JL (F=54.84; p<.001; partial n*=.47) whereas scores for VR
and JL showed to be significantly different in L1 and L2. VR (F=11.47; p<.005; partial
n?=.16) with significantly better performance in L1 (M=6.40; SE=1.33) compared to L2
(M=5.44; SE=1.86). Scores of JL (F=54.84; p<.001; partial n>=.47) showed the
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opposite trend, with participants solving tasks better in L2 (M=3.10; SE=1.00) than in
L1 (M=2.25; SE=.92).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=63). When only including highly proficient participants (n=38) a highly
significant difference between first and second language performance could still be
found (F(5, 33)=9.51; p<.001). Scores for JL (F=39.80; p<.001) were significantly
higher within L2 (M=3.12; SE=.18) compared to L1 (M=2.26; SE= .13).

3.6.5. L1 Russian-L2 English
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (Russian) reached a value of a(L1)=.42. Comparable analyses
with outcomes for L2 (English) showed a value for Cronbach’s alpha of a(L2)=.45.

Multiple regression was calculated to predict L1total (Russian) based on age,
gender, and education of participants using the Enter method. Using regression
analysis, the overall model including age, gender, and education to predict L1 was
significant (F(3,53)=5.17; p<.005) with R?=.23), explaining 23% of the overall variance
in the model. Participants’ predicted L1total score was equal to 18.04 - .02 (AGE) +
4.67 (GENDER) + .02 (EDU), where age and education were measured in years and
gender was coded 1=female, 2=male. Gender was found to be a significant predictor of
L1total (p<.001), with participants’ overall score of L1total increasing by 4.67 points
dependent on gender. Males scored significantly higher than females. It is important to
mention that within the Russian English language set the monolingual group had an
insufficient group size of N=9. Multiple regression calculations including L2total
(English) led to no significant results with age, gender and education not affecting

outcomes within the variable.

3.6.5.1. Comparison mono- versus bilinguals (between comparison)
A comparison of monolinguals and bilinguals was considered inappropriate due to

insufficient participation numbers within the monolingual group (n=9).

3.6.5.2. Comparison L1 versus L2 (within comparison)
For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=48)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The

independent variable was whether participants were presented with the assessment in
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their first or second language (L1/L2), dependent scores were the five subcategories.
The ratio of unexplained variance to total variance was below the critical value of A<.05
(F(5,43)=13.18; p<.001; partial n°=.61; power=1.00), suggesting further analysis of
each dependent variable. Outcomes of the Greenhouse-Geisser measure were due to
its conservative nature considered as appropriate for calculations of this kind. Values
for three of the five subcategories, HT, AA, and PS, did not reach significance (p>.01),
whereas scores for VR and JL showed to differ significantly in scores of L1 and L2. VR
(F=59.05; p<.001; partial n?=.56) with significantly better performance in L1 (M=7.71;
SE=1.22) compared to L2 (M=5.96; SE=1.57). Scores of JL (F=7.74; p<.01, partial
n?*=.14) showed the opposite trend, with participants solving tasks better in L2 (M=3.00;
SE=.99) than in L1 (M=2.56; SE=1.17).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=48). When only including highly proficient participants (n=33) a highly
significant difference between first and second language performance could still be
found (F(5, 28)=8.53; p<.001). Performance in VR was highly significantly better
(F=38.11; p<.001) in L1 (M=7.76; SE=.22) compared to L2 (M=6.21; SE=.26).

3.6.6. L1 Japanese- L2 English
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (Japanese) reached a value of a(L1)=.52. Comparable
analyses with outcomes for L2 (English) showed a value for Cronbach’s alpha of
a(L2)=.55.

Multiple regression was calculated to predict L1total (Japanese) based on age,
gender, and education of participants using the Enter method. Using regression
analysis, the overall model including age, gender, and education to predict L1 was non-
significant (F(3,54)=2.41; p>.05) with R?>=.12). Participants’ predicted L1total score was
equal to 19.89 - .08 (AGE) + 2.12 (GENDER) + .17 (EDU), where age and education
were measured in years and gender was coded 1=female, 2=male. None of the
covariates was found to be a significant predictor of L1total. Similarly, multiple
regression calculations including L2total (English) led to no significant results with age,

gender, and education not affecting outcomes within the variable.

3.6.6.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=37) and bilingual (n=21) participants regarding the five

sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
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background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances.

There was a statistically significant difference in CT sub scores based on
participants’ language setup, monolingual or bilingual (F(5,52)=4.03, p<.005; Wilk’s
N=.72, partial n*=.28). Significant values within the subcategories could be observed
within scores of HT (F=9.54; p<.005) with monolinguals scoring significantly higher
(M=3.76; SE=.21) than bilinguals (M=2.67; SE=.28). A restricted number of highly
proficient bilingual participants (n=6) within this language set made a comparison of
those individuals and monolingual individuals who were never in touch with another L2
for further exploration of differences unreasonable.

An additional MANOVA was undertaken with gender as a fixed factor,
comparing all male (n=27) participants with female participants (n=31) on the five
subcategories of CT. Differences were non-significant (F(5; 52)=1.27; p>.05) whereas
tendencies showed a better performance of male test-takers as can be seen in Table
3.16. Even though the overall score showed a non-significant result, one of the five
sub-categories, PS, entailed a significant result (F=5.61; p<.05) with males reaching an
average score of M=7.07 (SE=.42) and females (M=5.71; SE=.39).

Table 3.16. Overview of average scores (M) including all Japanese Participants (n=58) divided
by Gender (Nfemale=31; Nmale=27) for each Subcategory

Sub-category Gender M SE
HT female 3.16 .25
male 3.59 27

VR female 6.45 .24
male 6.56 .26

JL female 242 A7
male 2.78 19

AA female 4.55 .23
male 478 .24

PS female 5.71 .39
male 7.07 42

Note. HT=hypothesis testing; VR=verbal reasoning; JL=judging likelihood and probability;

AA=argumentation analysis; PS=problem solving.
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When dividing all participants by language setup, monolingual (Nfemae=15; Nmae=22) and
bilingual (Nfemaie=16; Nmaie=05), no significant scores could be observed (Fuono(5;
31)=.92; p>.05; Fsi(5; 15)=1.14, p>.05).

Exclusion of all participants currently living outside of Japan led to significant
differences between monolinguals (n=34) and bilinguals (n=13; F(5;41)=2.96; p<.05),
within HT (F=8.84; p<.01) with monolinguals (M=3.85; SE=.22) outperforming bilinguals
(M=2.62; SE=..35). None of the other four subcategories showed significant
differences.

3.6.6.2. Comparison L1 versus L2 (within comparison)

For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=21)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable was whether participants were presented with the assessment in
their first or second language (L1/L2); dependent scores were the five subcategories.
The ratio of unexplained variance to total variance was above the critical value of
N<.05 (F(5,16)=2.56; p=.069.; partial n°=.45; power=.64). To investigate the Japanese-
English data set more thoroughly, scores of sub-categories are going to be reported:
None of the sub-categories showed significant differences between first and second
language (p>.01), but two of the five sub-categories, VR and AA, show tendencies
towards significance. Scores in VR (F=5.57; p=.03; partial n°=.22) are better in L1
(M=6.14; SE=.28) compared to L2 (M=5.00; SE=.42). Scores in AA (F=7.39; p=.01;
partial n?=.27) on the opposite are better in L2 (M=4.95; SE=.25) compared to L1
(M=4.14; SE=.22).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=21). A restricted number of highly proficient bilingual participants (n=6)
within this language set made a comparison of L1 and L2 of those individuals for

further exploration of differences unreasonable.

3.6.7. L1 Chinese- L2 English
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (Chinese) reached a value of a(L1)=.42. Comparable analyses
with outcomes for L2 (English) show a value for Cronbach’s alpha of a(L2)=.68.
Multiple regression was calculated to predict L1total (Chinese) based on age,

gender, and education of participants using the Enter method. Using regression
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analysis, the overall model including age, gender, and education to predict L1 was
significant (F(3,60)=3.23; p<.05) with R?>=.14), explaining 14% of the overall variance in
the model. Participants’ predicted L1total score was equal to 14.11 - .14 (AGE) - .42
(GENDER) + .71 (EDU), where age and education were measured in years and gender
was coded 1=female, 2=male. Years of education were found to be a significant
predictor of L1total (p<.005), with participants’ overall score of L1total increasing by .71
points per additional year of education. Multiple regression calculations including
L2total (English) led to no significant results with age, gender, and education, not
affecting outcomes within the variable.

3.6.7.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=34) and bilingual participants (n=30) regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances.

There was no statistically significant difference in CT sub scores based on a
participants language setup, monolingual or bilingual (F(5,58)=1.18; p>.05; Wilk’s
N=.91; partial n*=.09; power=.39). Due to the non-significant result, no further follow-up
tests are reported. A restricted number of highly proficient bilingual participants (n=6)
within this language set made a comparison of those individuals and monolingual
individuals who were never in touch with another L2 for further exploration of

differences unreasonable.

3.6.7.2. Comparison L1 versus L2 (within comparison)
For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=30)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable was whether participants were presented with the assessment in
their first or second language (L1/L2), dependent scores were the five subcategories.
The ratio of unexplained variance to total variance was below the critical value of A<.05
(F(5,25)=5.35; p<.005; partial n?=.52; power=.97), suggesting a further analysis of each
dependent variable. Outcomes of the Greenhouse-Geisser measure were considered

as appropriate for calculations of this kind due to its conservative nature. Values for
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four of the five subcategories, HT, JL, AA, and PS, did not reach significance (p>.01),
whereas outcomes for VR (F=35.27; p<.01) with significantly better performance in L1
(M=5.67; SE=.30) compared to L2 (M=4.13; SE=.46).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=30). A restricted number of highly proficient bilingual participants (n=6)
within this language set made a comparison of L1 and L2 of those individuals for
further exploration of differences unreasonable.

3.6.8. L1 Chinese- L2 Japanese
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (Chinese) reached a value of a(L1)=.41. Comparable analyses
with outcomes for L2 (Japanese) showed a value for Cronbach’s alpha of a(L2)=.65.

Multiple regression was calculated to predict L1total (Chinese) based on age,
gender, and education of participants using the Enter method. Using regression
analysis, the overall model including age, gender, and education to predict L1 was non-
significant (F(3,61)=.66; p>.05; R?>=.03). Participants’ predicted L1total score was equal
to 18.40-.11 (AGE) - .90 (GENDER) + .44 (EDU), where age and education were
measured in years and gender was coded 1=female, 2=male. None of the covariates
was found to be a significant predictor of L1total. Multiple regression calculations
including L2total (Japanese) led to no significant results with age, gender, and

education, not affecting outcomes within the variable.

3.6.8.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=32) and bilingual (n=33) participants regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances.

There was a statistically significant difference in CT sub scores based on a
participants language setup, monolingual or bilingual (F(5,59)=3.48; p<.01; Wilk’s
N=.77; partial n*=.23; power=.89). Within the subcategories, HT (F=.09; p>.01), VR
(F=.04; p>.01), AA (F=.85; p>.01) and PS (F=2.45; p>.01) did not differ significantly,

whereas within scores for JL (F=17.83; p<.001) a difference between monolingual and
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bilingual participants could be observed, with bilinguals (M=2.55; SE=.15)
outperforming monolingual individuals (M=1.66; SE=.15). A restricted number of highly
proficient bilingual participants (n=6) within this language set made a comparison of
those individuals and monolingual individuals who were never in touch with another L2

for further exploration of differences unreasonable.

3.6.8.2. Comparison L1 versus L2 (within comparison)

For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=33)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable was whether participants were presented with the assessment in
their first or second language (L1/L2), dependent scores were the five subcategories.
The ratio of unexplained variance to total variance was below the critical value of A<.05
(F(5,28)=8.01; p<.001; partial n*=.59; power=1.00), suggesting a further analysis of
each dependent variable. Outcomes of the Greenhouse-Geisser measure were
considered as appropriate for calculations of this kind due to its conservative nature.
Values for three of the five subcategories, HT, AA, and PS, did not reach significance
(p>.01), whereas scores for VR (F=18.67; p<.001) and JL (F=15.13; p<.001) with
significantly different performance in L1 and L2. VR was solved better in L1 (M=5.79;
SE=.35) compared to L2 (M=4.39; SE=.33), JL was solved better in L2 (M=3.30;
SE=.20) compared to L1 (M=2.55; SE=.15).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=33). A restricted number of highly proficient bilingual participants (n=6)
within this language set made a comparison of L1 and L2 of those individuals for

further exploration of differences unreasonable.

3.6.9. L1 Turkish- L2 English
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (Turkish) reached a value of a(L1)=.51. Comparable analyses
with outcomes for L2 (English) showed a value for Cronbach’s alpha of a(L2)=.49.

Multiple regression was calculated to predict L1total (Turkish) based on age,
gender, and education of participants using the Enter method. Using regression
analysis, the overall model including age, gender, and education to predict L1 was
significant (F(3,85)=6.26; p<.005; R?=.18), explaining 18% of the overall variance in the
model. Participants predicted L1total score was equal to 6.14 + .21 (AGE) + .97
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(GENDER) + .46 (EDU), where age and education were measured in years and gender
was coded 1=female, 2=male. Years of education were found to be a significant
predictor of L1total (p<.05), with participants’ overall score of L1total increasing by .38
points per additional year of education. Multiple regression calculations including
L2total (English) led to no significant results with age, gender, and education not

affecting outcomes within the variable.

3.6.9.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=68) and bilingual (n=20) participants regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances.

There is a statistically significant difference in CT sub scores based on a
participants language setup, monolingual or bilingual (F(5,82)=3.81; p<.005; Wilk’s
N=.81; partial n*=.19; power=.92). A difference in scores could be observed in two of
the five subcategories, VR (F=11.51; p<.005) and PS (F=9.34; p<.005), with bilinguals
(VR: M=5.70; SE=.41; PS: M=6.05; SE=.50) outperforming monolinguals (VR: M=4.12;
SE=.22; PS: M=4.31; SE=.27) in both sections. A restricted number of highly proficient
bilingual participants (n=6) within this language set made a comparison of those
individuals and monolingual individuals who were never in touch with another L2 for

further exploration of differences unreasonable.

3.6.9.2. Comparison L1 versus L2 (within comparison)
For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=20)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable was whether participants were presented with the assessment in
their first or second language (L1/L2), dependent scores were the five subcategories.
The ratio of unexplained variance to total variance was below the critical value of A<.05
(F(5,15)=4.13; p<.05; partial n*=.58; power=.85), suggesting a further analysis of each
dependent variable. Outcomes of the Greenhouse-Geisser measure were considered
as appropriate for calculations due to its conservative nature. Values for four of the five

subcategories, HT, VR, AA, and PS, did not reach significance (p>.01), whereas
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scores for JL showed to be significantly different depending on the language L1 and
L2. JL (F=22.30; p<.001; partial n?=.54) with significantly better performance in L2
(M=3.50; SE=.69) compared to L1 (M=2.60; SE=.60).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=20). A restricted number of highly proficient bilingual participants (n=6)
within this language set made a comparison of L1 and L2 of those individuals for

further exploration of differences unreasonable.

3.6.10. L1 Turkish- L2 German
An item analysis of all cases was implemented to assess scale reliability. When
including all cases on all categories, Hypothesis Testing (HT), Verbal Reasoning (VR),
Judging Likelihood (JL), Argumentation Analysis (AA), and Problem Solving (PS),
Cronbach’s alpha of L1 (Turkish) reached a value of a(L1)=.28. Comparable analyses
with outcomes for L2 (German) showed a value for Cronbach’s alpha of a(L2)=.44.

Multiple regression was calculated to predict L1total (Turkish) based on age,
gender, and education of participants using the Enter method. Using regression
analysis, the overall model including age, gender, and education to predict L1 was
significant (F(3,84)=3.12; p<.05; R?=.10), explaining 10% of the overall variance in the
model. Participants’ predicted L1total score was equal to 9.15 + .08 (AGE) + .40
(GENDER) + .44 (EDU), where age and education were measured in years and gender
was coded 1=female, 2=male. Years of education were found to be a significant
predictor of L1total (p<.05), with participants’ overall score of L1total increasing by .44
points per additional year of education. Multiple regression calculations including

L2total (German) led to no significant results with age, gender, and education.

3.6.10.1. Comparison mono- versus bilinguals (between comparison)
A one-way MANOVA was conducted to assess a possible difference between
outcomes of monolingual (n=67) and bilingual (n=21) participants regarding the five
sub scores of CT: HT, VR, JL, AA, and PS. Independent variable was the language
background of a participant, being either monolingual or bilingual, dependent scores
were the five subcategories. Box’s Test of Equality of Covariance Matrices was non-
significant (p>.05) confirming the assumption of homogeneity of covariances. Levene’s
Test of Equality of Error Variances was non-significant (p>.05) meeting the assumption
of homogeneity of variances.

There was a statistically significant difference in CT sub scores based on a
participants language setup, monolingual or bilingual (F(5,82)=7.21; p<001; Wilk’s
N=.70; partial n°=.31; power=1.00). A difference in scores could be observed in one of
the five subcategories, VR (F=24.08; p<.001), with bilinguals (M=6.33; SE=.40)
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outperforming monolinguals (M=4.07; SE=.23). Sixty of the monolingual participants
were never in touch with a L2, and twenty of twenty-one individuals rated their L2
proficiency to be high (with a score of eight or above on a scale to ten), which made a
further analysis only including monolinguals without L2 experience and highly proficient

bilinguals unnecessary.

3.6.10.2. Comparison L1 versus L2 (within comparison)

For the calculations of first versus second language scores, all monolingual
participants’ responses were excluded and only data of bilingual participants (n=21)
was utilized. A repeated measures MANOVA was used to explore possible differences
within first and second language scores on the five subcategories of CT. The
independent variable described whether participants were presented with the
assessment in their first or second language (L1/L2), dependent scores were the five
subcategories. The ratio of unexplained variance to total variance was below the critical
value of A<.05 (F(5,16)=5.80; p<.005; partial n°=.64; power=.96), suggesting a further
analysis of each dependent variable. Outcomes of the Greenhouse-Geisser measure
were considered as appropriate for calculations due to its conservative nature. Values
for four of the five subcategories, HT, VR, AA, and PS, did not reach significance
(p>.05), whereas scores for JL showed to be significantly different depending on the
language L1 and L2. JL (F=16.60; p<.005; partial n*=.45) with significantly better
performance in L2 (M=3.05; SE=1.02) compared to L1 (M=2.10; SE=1.14).

Above-mentioned calculations were based on the inclusion of all bilingual
participants (n=21). Twenty of those twenty-one individuals rated their L2 proficiency to
be high (with a score of eight or above on a scale to ten), which made a further

analysis only including highly proficient bilinguals unnecessary.

3.7. Summary of the results
For each language group, a mixture of between- and within- group comparison was
undertaken to assess possible differences in critical thinking (CT) scores between
monolinguals and bilinguals, as well as within bilinguals’ first (L1) and second language
(L2). CT was divided into five subcategories, hypothesis testing (HT), verbal reasoning
(VR), judging likelihood and probability (JL), argumentation analysis (AA), and problem-
solving (PS), following the definition of Halpern (1998, 2002). Observed differences
between groups might indicate an effect of bilingualism on cognitive structures.
Item analysis was implemented to assess scale reliability. An increase of the reliability
levels through exclusion of subcategories (e.g. AA) was present within some language

sets (e.g. L1 English- L2 Irish; see Table 3.8). Taking into account that the construct of
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the assessment followed the definition of CT according to Halpern (2010) - a widely
accepted sub-categorization of CT into five sections, HT, VR, JL, AA, PS - exclusion of
any of the sub-sections was ruled out. The informative details each subsection
delivered supported this decision.

Multiple regression was employed to assess the influence of external variables
on the overall score of CT. Included in the calculations were participants’ age, gender,
and years of education. A positive effect on participants’ overall score of years of
education is supported by findings in the literature, proving an increase in CT through
education, showcasing that CT can be taught and improved through training.
Concerning scores of critical thinking (CT) on Mixed Measures, expectations based on
prior findings show an advantage for bilinguals in non-verbal subcategories focussed
on executive functioning and a slight disadvantage for bilinguals concerning verbally
based tests. However, the age group targeted in the current study were all young
adults, and the advantages and disadvantages highlighted in previous studies rarely
applied to this age category.

When comparing bilinguals’ first and second language, findings in the literature
suggest better performance in L1 in the subcategory VR. Deep understanding of
language and word structure was a prerequisite to resolving questions within this
section successfully and bilingual individuals are expected to benefit from the depth of
knowledge of L1 and slightly lack verbal reasoning skills in L2 when solving given
guestions. This is not surprising considering the fact that on average, participants have
higher proficiency in and more exposure to L1 compared to L2.

A second category, judging likelihood and probability (JL), was expected to be
solved significantly better in L2 than in L1. To explore the depth of possible differences,
additional calculations excluding participants rated as bilinguals with a lower than high
proficiency in L2, and only including those individuals who reported to have a very good
grasp of L2 (with a self-reported L2 proficiency of eight or higher on a scale to ten)
were undertaken. This would proof a robust effect depicting a difference between
performances. JL described the sub-category of CT, which was mostly based on
mathematical and statistical knowledge, such as the awareness of the regression to the
mean. Solving assessments within this category was grounded on prior learning of the
rules, of which some were slightly counterintuitive. This might be where the difference
between L1 and L2 might lie. Bilingual individuals seem to disregard their intuition and
follow logical thinking more within their second language (Costa, Vives, & Corey, 2017,
Keysar, Hayakawa, & An, 2012).
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3.7.1. L1 English-L2Irish

Item-analysis indicated mid-range scores of scale reliability, with a higher score
within participants’ second language than their first language. The exclusion of one
subcategory, AA, increased the reliability, both in English and Irish (see 3.6 for details).

Multiple regression showed a positive effect of years of education on
participants’ overall score in L1.

Both groups, monolinguals and bilinguals, performed similarly on the CT
assessment and significant differences were not present, even when only analysing
monolinguals who had no prior experience with an L2 and only bilinguals who were
highly proficient.

When comparing bilinguals’ first and second language, questions in sub-
category verbal reasoning (VR) were solved significantly better in L1. Even when
excluding participants rated as bilinguals with a lower than high proficiency in L2, and
only including those individuals who reported to have a very good grasp of L2 (with a
self-reported L2 proficiency of eight or higher on a scale to ten) the significant
difference in results between L1 and L2 within VR remained. This will be evaluated

further in section 4., General Discussion.

3.7.2. L1 German- L2 English

Item analysis showed the scale to be reliable, with a slightly higher score within
participants’ second language than their first language.

Multiple regression showed no significant effect of any of the variables on the
overall score of CT.

Both groups, monolinguals and bilinguals, performed similarly on the CT
assessment and significant differences between them were not present.

When comparing bilinguals’ first and second language, questions in sub-
category verbal reasoning (VR) were solved significantly better in L1. Even when
excluding participants rated as bilingual with a lower than high proficiency in L2, and
only including those individuals who reported to have a very good grasp of L2 (with a
self-reported L2 proficiency of eight or above on a scale to ten) the significant
difference in results between L1 and L2 within VR remained.

This was also the case for a second category, judging likelihood and probability
(JL). Mean scores in L2 were significantly higher than in L1, when only including highly
proficient bilinguals in the calculations but also including all individuals ranked as
bilingual in the calculations. These results will be evaluated further in section 4,

General Discussion.
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3.7.3. L1 Italian- L2 English

Item-analysis indicated mid-range scores of scale reliability, with a higher score
within participants’ second language than their first language. The exclusion of one
subcategory, argumentation analysis (AA), increased the reliability slightly, in both
Italian and English (see 3.6 for details).

Multiple regression showed no significant effect of any of the variables on the
overall score of CT.

Both groups, monolinguals and bilinguals, performed similarly on the CT
assessment and significant differences were not present, even when analysed using
only monolinguals who had no prior experience with an L2 and only bilinguals who
were highly proficient bilinguals.

When comparing bilinguals’ first and second language, questions in sub-
category VR were solved significantly better in L1. Even when excluding participants
rated as bilingual with a lower than high proficiency in L2, and only including those
individuals who reported to have a very good grasp of L2 (with a self-reported L2
proficiency of eight or higher on a scale to ten) the significant difference in results
between L1 and L2 within VR remained.

This was also the case for judging likelihood and probability (JL). Mean scores
in L2 were significantly higher than in L1, when only including highly proficient
bilinguals in the calculations but also including all individuals ranked as bilingual in the

calculations. These results will be evaluated further in section 4., General Discussion.

3.7.4. L1 Russian-L2 English

Item-analysis indicated mid-range scores of scale reliability, with a slightly
higher score within participants’ second language than their first language. Calculations
indicated that the exclusion of one subcategory, argumentation analysis (AA),
increased the reliability slightly, both in Russian and in English (see 3.6 for details).

Multiple regression showed a positive effect of gender on participants’ overall
score in L1. This effect was not present in L2. Possible implications of the effect of
gender will be discussed in section 4., General Discussion.

A comparison between monolinguals and bilinguals was considered
inappropriate due to insufficient participation numbers within the monolingual group.

When comparing bilinguals’ first and second language, questions in
subcategory VR were solved significantly better in L1. Even when excluding
participants rated as bilingual with a lower than high proficiency in L2, and only

including those individuals who report to have a very good grasp of L2 (with a self-
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reported L2 proficiency of eight or higher on a scale to ten) the significant difference in
results between L1 and L2 within VR remained.

This is also the case for a second category, judging likelihood and probability
(JL). Mean scores in L2 were significantly higher than in L1, when only including highly
proficient bilinguals in the calculations but also including all individuals ranked as
bilingual in the calculations. These results will be evaluated further in section 4.,

General Discussion.

3.7.5. L1 Japanese-L2 English

Item analysis indicated mid-range scores of scale reliability, with a higher score
within participants’ second language than their first language. Calculations indicated
that the exclusion of one subcategory, argumentation analysis (AA), slightly increased
the reliability within L1, and the exclusion of verbal reasoning (VR) increased the
reliability in L2 (see 3.6 for details). Multiple regression showed no significant effect of
any of the variables on the overall score.

Both groups, monolinguals and bilinguals, showed significant differences in
results. Japanese monolinguals scored better than Japanese English bilinguals did in
hypothesis testing (HT). This trend was not reflected in any of the other language
groups and will be evaluated in more detail in section 4., General Discussion. The
result met the expectations based on prior findings showing a slight disadvantage for
bilinguals concerning verbally based tests.

When comparing bilinguals’ first and second language, questions were solved
similarly with no significant difference. Scores in two sub-categories, VR and AA,
showed tendencies, participants solved VR better in their first language whereas they
were better at solving AA in their second language. This goes in line with the results of

the other language groups.

3.7.6. L1 Chinese- L2 English

Item-analysis indicated mid-range scores of scale reliability, with a higher score
within participants’ second language than their first language. Calculations indicated
that the exclusion of one subcategory, hypothesis testing (HT), increased the reliability
of the Chinese part of the scale (see 3.6 for details).

Multiple regression showed a positive effect of years of education on
participants’ overall score in L1.
Both groups, monolinguals and bilinguals, performed similarly on the CT assessment
and significant differences were not present.

When comparing bilinguals’ first and second language including participants of

all fluency levels in the calculations, questions in sub-category verbal reasoning (VR)
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were solved significantly better in L1. When excluding participants rated as bilingual
with a lower than high proficiency in L2, and only including those individuals who
reported to have a very good grasp of L2 (with a self-reported L2 proficiency of eight or
higher on a scale to ten) significant differences within VR disappeared. This indicates
that variations were going back to language difficulties of bilinguals with low
proficiency, having difficulties with L2 comprehension. This will be evaluated further in

section 4., General Discussion.

3.7.7. L1 Chinese- L2 Japanese

Item-analysis indicated mid-range scores of scale reliability, with a higher score
within participants’ second language than their first language. The exclusion of one
subcategory, hypothesis testing (HT), increased the reliability of the Chinese part of the
assessment.

Multiple regression showed no significant effect of any of the variables on the
overall score of CT.

Both groups, monolinguals and bilinguals, performed similarly on the CT
assessment and significant differences were not present in four of five subcategories.
Within one subcategory, judging likelihood and probability (JL) bilinguals scored
significantly higher than monolinguals. This finding goes in line with Cushen and Wiley
(2011) who reported bilinguals to be better in creative insight problem tasks as well as
cognitive flexibility. Differences are going to be discussed in more detail in section 4.,
General Discussion. Due to a restricted amount of highly proficient bilinguals (N=6) a
comparison of those bilinguals and monolinguals without prior L2 experience to explore
the nature of differences observed was not possible in this language set.

When comparing bilinguals’ first and second language, questions of sub-
category verbal reasoning (VR) were solved significantly better in L1.

This was also the case for a second category, JL, with a significantly better
performance in L2 compared to L1. These results will be evaluated further in section 4.,

General Discussion.

3.7.8. L1 Turkish- L2 English
Item analysis indicated mid-range scores of scale reliability concerning overall scores
for both languages. The exclusion of one subcategory, judging likelihood and
probability (JL), slightly increased the reliability of the Turkish assessment and
argumentation analysis (AA) that of the English assessment.

Multiple regression showed a positive effect of years of education on

participants’ overall score in L1.
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Both groups, monolinguals and bilinguals, performed similarly on the CT
assessment in three subcategories, whereas significant differences could be observed
in two sections, verbal reasoning (VR) and problem-solving (PS). In both cases,
bilingual participants outperformed monolinguals and scored significantly higher.
Differences will to be discussed in more detail in section 4., General Discussion.

When comparing bilinguals’ first and second language, questions in sub-
category JL were solved significantly better in L2 compared to L1, when only including
highly proficient bilinguals in the calculations, but also including all individuals ranked
as bilingual in the calculations. This will be evaluated further in section 4., General

Discussion.

3.7.9. L1 Turkish- L2 German

Item analysis indicated poor scores of scale reliability concerning overall scores
in Turkish, and mid-range scores within the German assessment. Calculations
indicated that the exclusion of two subcategories, judging likelihood and probability (JL)
and argumentation analysis (AA), increased the reliability within L1, and exclusion of
verbal reasoning (VR) increased reliability within L2.

Multiple regression showed a positive effect of years of education on
participants’ overall score in L1.

Both groups, monolinguals and bilinguals, performed similarly on the CT
assessment and significant differences were not present for four of the five groups. In
subcategory VR, participants showed a significant advantage when bilingual. The
difference remains significant even when only including monolinguals that have never
been in touch with any L2 and highly proficient bilinguals. The differences are going to
be discussed in more detail in section 4., General Discussion.

When comparing bilinguals’ first and second language, questions were solved
significantly better in L2 in the subcategory JL, when only including highly proficient
bilinguals in the calculations but also including all individuals ranked as bilingual in the
calculations. This was proof for a robust effect depicting a difference between

performances and will be evaluated further in section 4., General Discussion.
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4. General Discussion
The following paragraphs contain both, the discussion of results of the merged data set

as well a general discussion of outcomes of each language set as presented in section
3.6. Correlations between scores on Mixed Measures and Raven’s Standard
Progressive Matrices (RSPM) were undertaken to assess the validity of Mixed
Measures, based on the relationship between critical thinking (CT) and intelligence
(Halpern, 2006; Marin & Halpern, 2011). A positive correlation between scores of
Mixed Measures and RSPM was found in both language settings, participants’ first
language (L1) and their second language (L2), which supported the validity of Mixed
Measures, in line with the association between the two constructs, CT and intelligence
(Halpern, 2006; Marin & Halpern, 2011). With increasing scores of fluid intelligence,
participants’ overall score of CT increased.

As mentioned above, additionally to analyses with the specific language groups,
a mixture of between- and within- group comparison calculations was undertaken with
the merged data set including all participants, to assess possible differences of CT
scores between monolinguals and bilinguals, as well as within bilinguals’ L1 and L2.
Observed differences between groups might indicate an effect of bilingualism on
cognitive structures.

Item analysis was implemented indicating mid-range scores of scale reliability
with all language sets merged, with a higher score within participants’ second language
than their first language. The assessment of individual language sets showed that the
reliability of one language group, German English, exceeded all other scores with good
reliability levels, making it reasonable to include all subcategories. Moreover, taking
into account that the construct of the assessment followed the definition of CT
according to Halpern (2010) - a widely accepted sub-categorization of CT into five
sections, hypothesis testing (HT), verbal reasoning (VR), judging likelihood and
probability (JL), argumentation analysis (AA), and problem solving (PS) - exclusion of
any of the sub-sections was ruled out. The informative details each subsection might
deliver support this decision. Concerning the variation across language groups on
alpha scores, including particularly low scores in groups ltalian-English and Turkish-
German, differences might be rooted in cultural differences or language related critical
thinking strategies. Considering the aim of testing inter-individual variations across
languages this might bear additional meaningful information.

Multiple regression was employed to assess the influence of external variables
on the overall score of CT. Included in the calculations were participants’ age, their

gender and their years of education. Years of education had a positive effect on

117



CHAPTER FOUR — GENERAL DISCUSSION

participants’ overall score in both languages, L1 and L2, proving an increase of CT
through education, highlighting that CT can be taught and improved through training.
Facione (1990) stated that education helps to improve CT. Differences in CT
originating in higher education are observable from as little as hours and days spent
studying (Terenyini, Springer, Pascarella, & Nora, 1995), with the observed influence of
years of education on CT making it reasonable to implement all questions. Participants’
gender showed an effect only in L1, with male participants performing better compared
to females. An effect of gender within CT was not represented in prior studies on CT
(Butler, 2012; Butler et al., 2012). Taking into consideration the unequal number of
male and female participants with a significantly lower percentage of male subjects, it is
guestionable if this result reflects a real difference. Gender differences within CT have
been explored in a very restricted manner and, if present, were mostly found to be non-
significant (Halpern, 2010; Walsh & Hardy, 1999). The significant influence of
participants’ gender disappeared within L2, with participants being distributed slightly
more equal in this group. Examining the individual language groups, an effect of
gender did not appear in eight out of nine groups. On the contrary, the average
difference between both genders in the merged data set was relatively high, with male
participants scoring higher than female participants. Test takers’ age had a small effect
on total CT scores within L2. Bilinguals within this participant sample, from whom L2
scores were derived, varied quite significantly in age compared to monolinguals.
Monolinguals on average were younger and varied less in terms of their age. This
variation combined with a higher average age within bilinguals showed that participants
within the bilingual group were at different stages of their lives; assumingly at the early
stage of higher education for those who were younger compared to older participants
who had already undergone a few years of higher education. This was reflected in the
influence years of education on CT but could also be presumed from the covariable
Age.

Considering the nature of the analyses, the influence of any external variable
only plays a role in between subject comparisons, comparing monolinguals with
bilinguals. In within comparisons, comparing L1 and L2 of a participant, external
variables did not affect results, seeing as two scores of each bilingual participant were

used for calculations.
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Figure 4.1. Overview of Scores (All Language Groups Merged) comparing Mono- and Bilinguals,

divided into Sub-Categories.

As presented in Figure 4.1, the comparison of monolinguals and bilinguals of the
merged data set revealed significant differences in two subcategories: VR, and JL.
Within both sub-categories, bilinguals scored higher than monolinguals. An advantage
on tasks falling under the category of non-verbal sub-sections, which applies to JL, was
predicted on the basis of Bialystok (2009; also Bialystok et al., 2004; Bialystok, Craik, &
Luk, 2012; Carlson & Meltzoff, 2008; Gold et al., 2013; Hilchey & Klein, 2011). The
bilingual advantage was confirmed in low-level cognitive processing tasks, originating
in enhanced inhibition and activation (Peal & Lambert, 1962). Low-level cognition is
one of the building blocks for any higher-level executive function, making it an
important aspect of CT. The ability to inhibit irrelevant information was shown to
enhance an individuals’ capacity to develop original and useful ideas (Kharkhurin,
2011), which might benefit bilingual individuals when presented with scenarios where
CT is essential. Moreover, bilinguals develop increased mental flexibility and greater

creative thinking (Cushen & Wiley, 2011; Lee & Kim, 2011), which aids in solving given
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scenarios. The more proficient a bilingual speaker is in L2, the more creative this
individual seems to be when it comes to problem-solving (Kharkhurin, 2011). The
broader cultural experience supports this advantage of a second language in creativity
and problem solving (Cushen & Wiley, 2011). Considering this it is surprising that the
subcategory PS showed no significant difference between the two groups.

Verbal subcategories, VR and AA, were expected to be solved with a slight
disadvantage for bilinguals. Bilinguals outperformed monolinguals in solving VR
guestions. This might develop from a deeper understanding of word structure and a
higher awareness of relationships of words (Ben-Zeev, 1977), assisting bilinguals in
completing analogies correctly.

When excluding monolinguals with any L2 experience and bilinguals that only
report mediocre L2 proficiency (and only assessing monolinguals without any prior L2
experience and highly proficient bilinguals) to explore differences between the groups
further (Anderson et al., 2018), the bilingual group outperformed monolinguals only on
VR, and differences in JL disappeared.

Balanced bilinguals, in particular, show an advantage over monolinguals on
non-verbal executive functioning tasks (Thomas-Sunesson, Hakuta, & Bialystok, 2018).
This can be considered the basis of CT. Supporting this idea are results of an
additional explorative analysis: individuals were grouped into four fluency categories
dependent on their self-rated proficiency. Group one had no prior experience with a
second language (monolingual). Group two reported L2 proficiency to be very low
(between one and four on a scale of one to ten, with ten being highly proficient;
monolingual with some L2 experience). Group three was at a medium level of language
fluency (rated between five and seven; bilingual with mediocre L2 proficiency). Group
four included highly proficient individuals who reported their fluency to be above eight
(bilingual with high proficiency). When comparing individuals’ performance on the five
subsections, results of VR as a sub-category stood out. The more fluent individuals
reported to be, the higher they scored on VR, suggesting that increasing proficiency of
L2 led to increased performance. This difference was highly significant, and
furthermore, no other sub-category showed a trend as unambiguous as VR, with the
least proficient group performing worst and the most proficient group performing best.
Bilingualism aids a better understanding of the concept of a language (Jessner, 1999).
This superior metalinguistic “language concept”, originating in the learning process of a
second language (Bialystok, 1986) is considered to be the reason for such an outcome,
with participants’ grasp of the concept of language increasing with proficiency in L2.
VR, as implemented in Mixed Measures, was based on a clear understanding and

awareness of the construct of language and the relationship of words (Halpern, 2010).
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When speaking a second language differences and similarities between words stand
out, especially when differing within languages. This creates an increased
receptiveness for such details within language.

When assessing differences between mono-and bilinguals in more detail, it is
important to mention that significant differences refer to the overall comparison of all
participants in the merged data set. Focussing on individual language sets, differences
were less dominant and not consistent, as was presented in 3.7.1-3.7.9. Significant
differences in a comparison of mono- and bilingual individuals were not present in
every language set. As can be seen in Figure 4.2 depicting the difference scores of
mono-and bilinguals, with positive scores representing a superior performance of
monolinguals, and negative scores representing a superior performance of bilinguals, a
wide variation in scores within sub-categories could be observed and homogeneity of

results is not present.
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Figure 4.2. Overview of Scores of all Language Groups comparing Mono- and Bilinguals,
divided into Sub-Categories (Positive Scores represent a better Outcome of Monolinguals,
negative Values represent a better Outcome of Bilinguals).

Significantly different scores were only present in four out of eight groups, Chinese-
Japanese, Japanese-English, Turkish-English, and Turkish-German. Differences
caused by translation errors can be excluded due to the fact that monolinguals and
bilinguals are both assessed in the same language. One of the language sets, Russian

English, was excluded from between comparison analyses due to an insufficient
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sample size of monolingual participants (n=9). Consistencies were not only absent
within the language sets with every language set showing different trends, but also
within the sub-categories that differed in the language sets containing significant results
(see Table 3.11 and Table 3.12). HT was solved better by monolinguals within the
Japanese-English set. Bilingual participants within two groups, Turkish-English and
Turkish-German, solved VR significantly better than monolinguals. JL was solved
better by bilinguals within the Chinese-Japanese language set, whereas there were no
significant differences in any of the other language sets concerning this sub-category.
PS was solved better by bilinguals within the Turkish-English language set. Overall,
three of the four language sets confirmed a bilingual advantage (Chinese-Japanese,
Turkish-English, and Turkish-German).

The inclusion of multiple language sets within this project aims to identify
consistent differences, which in turn can be traced back to the influence of bilingualism
on cognitive operation. With the results presented above it can be assumed that
differences are not leading back to generic changes within a bilinguals’ brain -
originating in second language acquisition or usage - in which case they would appear
consistently throughout all language sets. Differences between monolinguals and
bilinguals are likely to derive from external factors other than bilingualism, such as
language-specific grammar or culture. The affiliation with a culture seems to lead to a
certain cognitive approach of decision-making (Briley, Morris, & Simonson, 2000).
Cross-cultural comparisons report differences based on a varying perception of
heuristic cues which is grounded in culture (Aaker & Maheswaran, 1997). This
influence of language and culture on cognition is partly grounded in grammar-related
differences, which affect an individual’s categorization performance as well as
judgment and choice (Schmitt & Zhang, 1998). Cultural background shapes the
perception of one’s environment (Briley, Morris, & Simonson, 2000). Bandura (2002)
points out the diversity and dynamic nature of cultures as social systems and
emphasizes the importance of the variety of cultures, even within broad categories like
collectivism and individualism. Bilingual individuals are often subject to two sets of
cultures, which they are surrounded by. Dependent on the language environment and
setting an individual is situated in, one or the other culture dominates at each moment
in time, and relevant cultural knowledge structures, like beliefs and decision principles,
are activated (Briley, Morris, & Simonson, 2000; Hong, Morris, Chiu, & Benet-Martinez,
2000). Activation of specific cultural knowledge can affect an individual’'s emotions,
judgment, and decisions (Hong et al., 2000). Nevertheless, culture being a dynamical
system also entails the fact that cultural effects do not influence every individual equally

and thus cannot be generalised (Vogeley & Roepstorff, 2009).
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Explaining differences between monolinguals and bilinguals based on cultural
differences works well in the case of bilinguals outperforming monolinguals, with the
additional culture possibly carrying aspects of cognition that aid CT which are not
represented in the first language. This applies to the Chinese-Japanese language set
as well as Turkish-English and Turkish-German. Especially in the case of Turkish being
the first language, with similar tendencies in two independent language-setups, a
cultural bias could be assumed, affecting CT as implemented in this assessment. The
contact with an additional second language and culture, in this case, German or
English, possibly added to the bilinguals’ thinking, leading to an advantage over
monolinguals in solving the scenarios.

However, cultural differences do not explain differences where the opposite
trend was present, as is the case with the Japanese-English language set.
Monolinguals scored significantly higher than bilinguals (with both groups being
assessed in the same, their first, language, Japanese). If there was an aspect within
Japanese culture that nurtures those aspects of cognition that CT is built on, bilinguals
would show similar results within Japanese responses, unless the effect disappears as
soon as a Japanese individual is confronted with an additional language or culture.
When examining the Japanese-English dataset more closely and comparing
monolinguals and bilinguals, focussing on possible differences between the two
groups, i.e., homogeneity of participants’ age, education levels (including years of
education overall and higher education levels), one distinction could be made between
monolingual and bilingual groups: gender. The monolingual group consisted of 40
percent females and 60 percent males, whereas the bilingual group comprised 75
percent females and 25 percent males. Observed differences between mono- and
bilinguals might not reflect language differences but may be grounded in varying scores
dependent on gender. An additional analysis comparing males and females, both
including all participants as well as split into mono- and bilinguals, indeed showed
higher values within male participants for some subcategories, but with a non-
significant overall score. Keeping in mind the gender distribution within monolinguals
and bilinguals, with a higher percentage of male participants within the monolingual
group, and with males seemingly scoring higher than females within this language set,
this might explain the observed differences. When dividing the data set by gender,
differences between groups are highest in the sub-category PS, which did not differ
significantly within the overall comparison of monolinguals versus bilinguals (compared
to the significantly differing sub-category HT), making this hypothesis questionable
though. Similar tendencies as reported above could be observed when investigating

differences based on participants’ country of residency. Lower exposure to the
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Japanese language might lead to a disadvantage in solving given scenarios. The
exclusion of all participants whose current country of residence is not Japan did not
change the outcome within HT, which still differed between monolinguals and
bilinguals. Consequently, the origin of the differences cannot be explained completely,
but assumptions can be made: A male advantage when solving given scenarios seems
to be part of the reason for the differences, together with a lower comprehension of
Japanese scenarios within bilingual individuals.

When focussing on the comparison of bilinguals’ first and second language, the
results showed a clear trend: Three of the five subcategories, VR, AA, and JL, differed
significantly within L1 and L2 as depictured in

Figure 4.3, two of which differed highly significantly, VR and JL. In two of the
three categories, participants scored higher when solving tasks in their first language,
VR and AA, whereas there seemed to be an advantage for solving JL in L2.
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Figure 4.3. Overview of Scores (All Language Groups Merged) comparing L1 and L2, divided into

Sub-Categories.
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To ensure the origin of differences did not stem from language difficulties, and to
control for misunderstandings due to lower second language proficiency, an additional
calculation was undertaken, excluding bilingual individuals who reported only mediocre
fluency in L2. Therefore, only scores of highly proficient bilinguals within the merged
data set were compared in L1 and L2. Highly significant values were present within VR
and JL, with bilinguals scoring better in L1 in VR but in L2 in JL. This underlined the
depth of differences present in the overall comparison including all participants and put
special emphasis on those two sub categories.

Similarly to above, another calculation was undertaken to assess a possible
influence of age of acquisition of L2. All bilingual participants were divided dependent
on the age of acquisition of their second language, with early bilinguals having acquired
L2 before the age of ten. The results of both groups, early and late bilinguals, fell in line
with earlier findings, showing a clear advantage of solving VR scenarios in L1 and
significantly better scores within L2 for JL questions. These additional calculations
helped to exclude possible covariates as origins of differences, such as language
difficulties and little experience with a language and increased the expectation of the
source of differences to be of a cognitive nature.

As presented above, the results of two subcategories stood out, in which
participants’ scores differed highly significantly depending on the language the
scenarios were presented in: VR and JL (see Figure 4.4). When observed in detail
divided by language set, participants of all language sets scored better in their first
language when solving verbal reasoning tasks, with significant differences in six out of
nine language sets. Participants responded more accurately in their first language in
tasks that required very deep, detailed understanding of vocabulary. As introduced
earlier, the subcategory verbal reasoning examined participants’ ability to analyse the
structure of language, it assessed participants’ ability to withstand pervasive and
misleading language. This seemed to be done more successfully in individuals’ first
language.

The better grasp of language concepts mentioned earlier (Jessner, 1999),
seems to be restricted within L2. Higher exposure to L1 during an individuals’ first
contact with language, as well as L1 often being the base for learning L2, might lead to
a deeper understanding of structures and relationships within L1. Wartenburger,
Heekeren, Abutalebi, Cappa, Villringer, and Perani (2003) assessed the performance
of bilinguals when scanning sentences for semantic and grammatical errors in L1 and
L2. Behavioural differences were not observed and bilinguals scored similarly in L1 and
L2, yet fMRI scans showed a significantly larger Blood Oxygen Level Dependent

(BOLD) response when participants read grammatically incorrect sentences in L2. This
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was found to be correlated with the age of L2 acquisition, showing increasingly less
effective higher activation, the later L2 was acquired (Wartenburger et al., 2003). A
difference in activation was also found by Dehaene et al (1997), who showed activation
of additional brain regions when presented with material in L2, compared to processing
material in L1. Activated brain regions are associated with attentive processing tasks,
possibly involving a higher demand of resources when processing material in L2.
Participants of this fMRI study had obtained mediocre proficiency and results for highly
proficient bilinguals are not available. Indefrey (2006) summarized the findings of thirty
studies focused on the comparison of L1 and L2 activation and confirmed an increased
L2 processing activation in comparison to activation when processing L1. Differences
vary dependent on AoA of L2, L2 proficiency, as well as exposure to L2. The earlier an
individual acquired L2 and the more fluent and regular this person speaks L2, the lower
brain activation seems to be (Indefrey, 2006). Explanations for higher activation might
be rooted in a compensation process of lower efficiency of L2 as well as lower neural
connectivity of brain structures in L2 (Indefrey, 2006). The high demand of verbal
processing and understanding in verbal tasks in general, and specifically in VR
presented to participants within Mixed Measures, might exceed resources available for
processing within L2 and thus lead to lower performance in L2 compared to L1.

In the sub-category JL, all language groups achieved higher scores in their
second language; six out of nine groups with significant differences (see Figure 4.4).
Judging likelihood scenarios were generally maths based, specifically focussing on the
probability of events, and thus required abstract thinking. This might be implemented
more successfully in L2, where individuals were able to focus on given details,
removing emotion and intuition from the answering process. When presented with
scenarios in L2, bilinguals show a reduced aversion to loss and risk, enabling them to
encode a problem in a more objective manner (Costa, Vives, & Corey, 2017; Keysar,
Hayakawa, & An, 2012). Diaz-Lago and Matute (2019) assessed the influence of
solving biased scenarios in a second language, asking participants to describe the
contingency of independent events. Participants’ replies were significantly more
accurate concerning null contingency situations when answering in their L2 while
controlling for correct understanding of the task. Using a second language helps to
reduce causality bias, which describes the misconception of a causal relationship
between two independent events (Diaz-Lago & Matute, 2019). Thus, decision-making
processes might be more effective in situations which are out of the individual’s control
(Diaz-Lago & Matute, 2019). One explanation for this might be the detachment of a
problem through increased psychological distance leading to a more utilitarian

problem-solving approach (Diaz-Lago & Matute, 2019) and emotional distance leading
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to increased emotional resonance (Keysar, Hayakawa, & An, 2012). Implemented
scenarios in Mixed Measures often enhanced misinterpretations, and correct solutions
might be slightly counterintuitive at first glance, not following intuition but requiring
deeper thought. Second language processing seems to minimize the effect of intuition
and support decision making based on deliberation and consideration (Costa, Vives, &
Corey, 2017) which might be the reason for a better performance in L2 in JL. Increased
arithmetic skills in L2 are not expected to be the reason for a better performance in JL
due to the fact that this is not supported in the literature. When presented with
arithmetic questions which are verbally phrased, bilinguals reach lower scores in L2
compared to L1, even if L2 is the language of teaching mathematical content
(Bernardo, 2002; Bernardo & Calleja, 2005; Van Rinsveld et al., 2016). Following
Halpern’s (2010) definition of CT, JL is one of three non-verbal subcategories, together
with HT and PS. It is surprising that the results showed a clear advantage in
performance of JL in L2 within all language sets including the merged dataset, while
results for HT and PS did not show a consistent tendency toward an advantage in

either language and outcomes varied from language set to language set.
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Figure 4.4. Overview of Scores of all Language Groups comparing L1 and L2, divided into Sub-
Categories (Positive Scores represent a better Outcome within L1, negative Values represent a
better Outcome within L2).
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Final analyses were undertaken to obtain an overview of participants’ performance
divided by language groups. This comparison was of explorative nature and outcomes
do not possess evaluative power, because group sizes and distributions of mono- and
bilinguals in each group were not equal. Differences between participants’ first
language scores were significantly different depending on the language group, with
variations in three of the five subcategories, HT, VR, and PS. Bilinguals’ scores on L2
similarly varied significantly dependent on the language group, in two subcategories,
VR and PS. An overview of differences between language groups on L1total (including
all subcategories) can be seen in Figure 4.5, whereas scores for L2total including all
bilingual participants are visualised in Figure 4.6.

Scores for participants’ L1 contained less variation in comparison to those for
L2. Variances might be due to comprehension difficulties. Language groups Russian-
English and Japanese-English seemed to be scoring slightly higher within L1 in
comparison to the other languages, whereas the two groups involving Turkish, Turkish-
English and Turkish-German, scored slightly lower in L1. English-Irish bilinguals scored
lower within L2 compared to other groups, similar to the Chinese-English language
group.

Differences could originate in multiple sources. Slight adjustments in
translations might have led to an increase or decrease of difficulty, which is not
controlled for in these between language-comparisons. Moreover, these analyses did
not take into account background variables, such as age, gender, and socioeconomic
status of participants. As discussed above, years of education, for instance, influenced
scores of CT. All language groups consisted of varying numbers of mono-and bilingual
participants, and as has been shown, bilingual participants reached slightly higher
scores in some subcategories. Consequently, groups with a higher percentage of
bilinguals were more likely to reach higher scores, seeing as language groups were not
divided by mono-and bilinguals in this comparison. However, differences might also
reflect true variation between certain language sets, representing different CT skills as
measured within this study.

This final set of calculations remains subject of debate and sensible conclusions cannot

be drawn based on data collected, due to the above-mentioned restrictions.
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Language Group.
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4.1. Conclusion
The purpose of the current study was to explore the possible effects of speaking two

languages on higher cognition, in particular, focusing on critical thinking (CT). This was
assessed in two ways, first by comparing individuals with no second language ability
(monolinguals) to those using two languages in their everyday lives, representing the
applied definition of bilingualism, and second by comparing the performance of
bilinguals’ in their first and second language. Critical thinking can be divided into five
subcategories, hypothesis testing (HT), verbal reasoning (VR), judging likelihood and
probability testing (JL), argumentation analysis (AA), and problem-solving (PS;
Halpern, 1998; 2002). Each subcategory was assessed by a range of published tests,
and results were compared. A total of nine language sets were included in the study,
namely English-Irish, German-English, Italian-English, Russian-English, Japanese-
English, Chinese-English, Chinese-Japanese, Turkish-English, and Turkish-German,
with the first language mentioned being participants’ first language respectively.
Results were compared both individually for each language set as well as one overall
calculation incorporating all available data. Merging all language sets was considered
important to help to minimise the effect, which specific languages or cultural
backgrounds might have on the responses, and to make outcomes generalizable.
Results are intended to reflect two things: differences in CT evoked by cognitive
changes through speaking two languages, and the less investigated research area of
first and second language performance differences. Robustness of discovered
differences was ensured through additional calculations only including certain group
members, such as highly proficient bilinguals, to assure perfect comprehension of the
assessment, controlling for possible misunderstandings.

Focussing on the comparison between monolinguals and bilinguals, significant
differences within the individual language groups are rather inconsistent. However, the
merged data set including all languages shows a significant difference in two of the five
subcategories, VR and JL. Bilinguals outperformed monolinguals in both categories.
These findings are not surprising considering the basis of CT in executive functions
and higher cognition: areas in which a wide range of research reports a bilingual
advantage. Questions arise around why significant differences were specifically found
in those subcategories and not the others, and why these findings are only present in
the overall comparison, but not in the specific language groups. Due to these
uncertainties and a restricted ability to clarifying them with the data collected, the
emphasis put on this comparison is kept minimal. Findings of this research which are
considered to be of a higher impact, and which show greater consistency are

comparative calculations between bilinguals’ first and second language. Participants
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performed significantly better in their first language in the subcategory VR, and in their
second language in the subcategory JL. These findings can be observed across all
language groups as well as in the merged data set. Findings are present within highly
proficient bilinguals, and even remain significant if including bilinguals who only
reported a mediocre proficiency in their L2 in the calculations. An advantage of
answering questions in L1 in section VR - the subcategory based on verbal
understanding and reasoning, requiring very detailed knowledge of the language and
its vocabulary - is less surprising. Taking into account that proficiency of L1 usually
exceeds proficiency in L2, due to higher exposure and a younger age of first contact
with L1 compared to L2, better scores within a verbally based subcategory can be
expected. Outcomes of the subcategory JL are considered to be the most prominent
findings of this project. Supported by the theory of a certain emotional detachment in
L2, prior research has started to shed light on this aspect of cognition within bilinguals.

4.2. Implications
Findings between monolinguals and bilinguals in two of the five subsections suggest a
slight advantage of solving critical thinking scenarios as a bilingual individual. This adds
to a broad field of research including this view of the bilingual advantage. The
remaining three of the subsections seem to be providing support for the opposite
opinion of null findings between mono- and bilinguals. The major debate and
uncertainty within the research field of bilingualism regarding the possible existence of
a bilingual advantage (Paap & Greenberg, 2013) complicates communicating scientific
findings to a non-scientific audience and leads to confusion and a certain incredibility of
research in the field. By conducting research, following standards built upon prior
findings and observations, clarity on the effects can be reached, on which future
projects can be built upon (Bialystok, 2018).

Moreover, this research project highlights the importance of a clear assessment
of language skills, which in turn facilitates the comparison of language groups of
different proficiency (Marian, 2018). The comparison of bilinguals with different
language proficiencies adds to the understanding of how bilingualism affects cognition
as an adaptable system. Additionally to this, and as attested by the outcomes of this
study, the comparison of first and second language performance of bilinguals can carry
valuable information about processing in bilinguals (Costa & Sebastian-Gallés, 2014;
Costa, Vives, & Corey, 2017; Keysar, Hayakawa, & An, 2012). An important piece of
evidence, which can be taken away from this project referring to the research area of
bilingualism, is the importance of the inclusion of multiple language sets when aiming

to make generalisations. Differences observed in the comparison of two languages,
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representing one specific language set, are not necessarily transferrable to other
language sets, as represented in the between groups comparison of this study, with
varying significances in different language sets. The inclusion of multiple language sets
increases the scope of any project and ensures findings to originate in language or
cultural differences if present across a range of language sets.

Outcomes of this study from a non-academic point of view raise the awareness of
possible differences in critical thinking performance dependent on the language
implemented, L1 or L2. Being bilingual is shown to be rather the norm than the
exception with more than half of the world’s population speaking at least two languages
in their daily lives, and so this consideration is one affecting public life in many
situations. Some situations might entail a certain advantage if faced in L1, relating to
tasks which are verbally very highly loaded, such as scientific writing, and others which
might be more advantageously absolved in L2, for instance, court hearings or any
situation including decision making which involves some uncertainty, such as gambling
or buying a house. Keeping this in mind and considering it when possible might lead to
a more efficient decision-making process (Costa, Vives, & Corey, 2017) with higher
guality outcomes, possibly including benefits for both the individual and society in
general. Moreover, the outcomes of this research carry implications for the educational
assessment of individuals. Results of this study show that the performance of a
bilingual individual might vary depending on the language of assessment. Underlying
cognition cannot always be reliably measured language-independent but might vary
depending on the language setting of the assessment. Bearing this in mind might help
to explore an individual’s full potential and to specifically tailor education. This, in turn,

can increase effectiveness, the ultimate goal of any educational undertaking.

4.3. Directions for future research
While the current study can be considered as a valuable and extensive examination of
the effects of bilingualism on CT, some questions remain unanswered. Exploring
present outcomes suggests a certain natural progression of research on this topic in
the eyes of the researchers, which will be presented in the following section. An issue
of importance in the field of research on bilingualism is internal versus external validity,
and the balance between the two constructs, especially with regards to the on-going
debate within researchers in terms of the bilingual advantage. Replications of the
present study with bilinguals of varying language sets as well as different L2
proficiencies can help to endorse findings. More importantly and majorly adding to the
research area, would be studies based on the same definition of CT as introduced by

Halpern (1998; 2002), but implementing different measures. Focussing on the external
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validity of the construct and the assumptions of this research, this would help to specify
the effect of bilingualism on CT further and solidify findings presented in this study.

Another area of interest, which deserves further investigation for clarification, could
be the effects discovered within the Japanese-English language set, which were
opposing to the outcomes of all other language sets. Results of Japanese-English
participants suggest a monolingual advantage in CT. Replication of these effects would
ensure that these outcomes do not originate in confounding variables and would aid
the understanding of this tendency. Finally, yet importantly, and for the obvious
reasons of current findings, further investigation of bilingual performance within judging
likelihood and probability scenarios could lead to a clearer understanding and the
confirmation of the discovered effects. Deepening the insight into bilingual cognition
can lead to benefits on an individual level and possible adjustments on an educational
level. Insight into the effect of the language of teaching might increase teaching quality
and foster individual progress.

4.4. Concluding remarks
This thesis investigates the effects of bilingualism on higher cognition. The awareness
of the importance of good critical thinking (CT) is constantly growing, with CT playing a
crucial role in society today. With this in mind, and considering the fact that bilingualism
is the norm rather than the exception, with over fifty per cent of the world’s population
speaking at least two languages, deeper insight into the effect of both concepts on
each other adds valuable knowledge leading to a better understanding of modern

society as a multicultural and multilinguistic construct.
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Appendices

Appendix 1: Website Used for Data Collection

https://bilingualthinking.weebly.com/

Home Page

BEER OFHGRES HOCUTENW PYCCKOIO A3blKA TURKGE KONUSMACI

DEUTSCHE MUTTERSPRACHLER

PENCERAMAH ASLI MELAYU

TURKCE KONUSMACI

DEUTSCHE MUTTERSPRACHLER

PENCERAMAH ASLI MELAYU

CONTACT

VERSIONE PER MADRELINGUA ITALIANA

AR BB s

ENGLISH/IRISH NATIVE SPEAKERS ABOUT ME CONTACT

HOCUTENIK PYCCKOI'O A3bIKA

VERSIONE PER MADRELI

ENGLISH/IRISH NATIVE SPEAKERS

ABOUT ME

NGUA ITALIANA
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English/Irish Native Speakers

HOME BZER BTESEESN HOCHUTENKM PYCCKOrO A3LIKA TURKCE KONUSMAC!
DEUTSCHE MUTTERSPRACHLER VERSIONE PER MADRELINGUA ITALIANA BRE BEASY
PENCERAMAH ASLI MELAYU ENGLISH/IRISH NATIVE SPEAKERS ABOUT ME CONTACT

English/lrish Native Speakers

General Information

Invitation You are invited to take part in this research study. Before you decide, it is important that you understand why the
research is being done and what it will involve, This Porticipant Information tells you about the purpose, risks and benefits
of this research study. If there is anything that you are not clear about, we will be happy to explain it to you.

pufpose of the study This study is concerned with the critical thinking skills and how this is being influenced by living and working in one or two
languages. Participants will be tested on their critical thinking skills from a variety of scenarios. The questionnaires will
take approxi ty 30-50 mi toc

Taking Part - What it involves

Dol have to take part?
It is up to you to decide whether or not to take part. If you decide to take part you are still free to withdraw at any time and without giving a reason. A decision to
withdraw at any time, or a decision not to take part. will not affect your rights in any way.

What will happen to me if | take part?
If you chose to take part In this study you will be presented with a serles of scenarios with questions we wish you to answer. We ask that you answer these questions
honestly and to the best of your abllity.

How long will my partin the study last?
The questionnaire will take around 30-50 minutes to complete.

‘What are the possible benefits in taking part?
Answering questions about your general critical thinking skills may make you more aware of your abilities and may in turn improve them.

‘What are the possible disadvantages and risks of taking part?
There are no foreseeable risks attached to taking part in this study. If however during the course of this study you would like to speak to someone about the issues it

raises we will be happy to recommend someone to you.

What happens if | change my mind during the study?
You are entitled to change your mind about participating in this at any time without disadvantage or penalty.

Who do | contact for more information or if | have further concerns?

Ph.D. Student Researcher:

Sophia Arndt email: s.arndt2@nuigalway.ie (or click on “contact form”)
Suparvtion: CONTACT FORM
Dr, Mark Elliott emall: markelliott@nuigalwayie
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Appendix 2: SES Background Questionnaire

(1.1)

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

(1.7)

Age
Gender: Male — Female — Other

What type of school did you mainly attend between the ages of 13 and 17?
State run/state funded school — independent/fee paying school — home
schooled — prefer not to say — don’t know

How many people are currently living in your household, including yourself?
Only me — family home/parent’s house — my partner and me — shared
flat/house/student accommodation

Parents occupation: Did any of your parent(s)/guardian(s) complete a university
degree course or equivalent (for example Bachelor)?
Yes — no — prefer not to say

What describes your financial situation best?
Own income - parental/family support — student loan/grant — savings —
benefits/scholarship

Including wages, salaries, self-employment, and any other source of income we
just talked about, was your total combined income during the last 12 months?
Less than 5000€ - less than 10000 — less than 20000 — 20000 or more — no
income — prefer not to say

Do you speak Irish?

Do you speak any other language except English and Irish?

Please rate your fluency in Irish on a scale from one to ten with one being none and ten
being fluent.
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Appendix 3: Language Questionnaire (LEAP-Q)
https://bilingualism.northwestern.edu/leapq/; last checked 09/04/2019

(2.1)

2.2)

(2.3)

(2.4)

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)
(2.10)
(2.11)

(2.12)

Please list all the languages you know IN ORDER OR DOMINANCE (your
strongest language first):

Please list all the languages you know IN ORDER OF ACQUISITION (your
native language first)

Please list what percentage of the time you are CURRENTLY and ON
AVERAGE exposed to each language. (your percentages should add up to
100%)

Language:

Percent:

When choosing to read a text available in all your languages, in what
percentage of cases would you choose to read it in each of your languages?
Assume that the original was written in another language, which is unknown to
you. (your percentages should add up to 100%)

Language:

Percent:

When choosing a language to speak with a person who is equally fluent in all
your languages, what percentage of time would you choose to speak each
language? Please report percent of total time. (your percentages should add up
to 100%)

Language:

Percent:

Please name the cultures with which you identify. (Examples of possible
cultures include US-American, Chinese, Jewish-Orthodox, etc;

How many years of formal education do you have?

Please check your highest education level (or the approximate equivalent to a
degree)

Currently doing a Bachelor Degree — Bachelor — Master — PhD — other form of
higher education

What’s your country of origin?

What's your parent’s country of origin?

What’s your current country of residency?

Have you ever had a: vision problem — hearing impairment — language disability

— learning disability (check all applicable).
If yes, please explain (including any corrections).
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LANGUAGE:
This is my native/first — second — third language

(3.1)

(3.2)

(3.3)

(3.4)

(3.5)

(3.6)

(3.7)

Age when you:

Began acquiring:
Became fluent in:
Began reading in:

Please list the number of years and months you spent in each language
environment:

A country where your first language is spoken: years — months

A family where your first language is spoken: years — months

A school and/or working environment where your first language is spoken:
years — months

A circle of friends where your first language is spoken

On a scale from one to ten, please select your level of PROFICIENCY in
speaking, understanding, and reading your first language: (1=none, 2=very
low, 3=low, 4=slightly less than adequate, 5=adequate, 6=slightly more than
adequate, 7=good, 8=very good, 9=excellent, 10=perfect)

Speaking:

Understanding spoken language:

Reading:

On a scale from one to ten, please select how much the following factors
contributed to you learning (1=not a contributor, 1= minimal contributor, 5=
moderate contributor, 10= most important contributor)

Interacting with friends:

Interacting with family:

Reading:

Language Course/School:

Self instruction:

Media (TV, Radio, Internet, ...):

Please rate to what extend you are currently exposed to your first language in
the following contexts: (1=never, 2= almost never, 5= half of the time, 10=
always):

Interacting with friends:

Interacting with family:

Studying/working:

Media (TV, Radio, Internet, ...)

Reading:

In your perception, how much of a foreign accent do you have in your first
language? (1= none, 2= almost none, 3= light, 4= some, 5= moderate,
6=considerable, 7= heavy, 8= very heavy, 9= extremely heavy, 10= pervasive).

Please rate how frequently others identify you as a non-native speaker based
on your accent in your first language: (1=never, 2=almost never, 5=half the
time, 10= always).

Did any of the questions seem familiar to you? (If yes, please explain)
Would you like to leave a comment on anything you noticed during the survey?
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Appendix 4: Assessment Mixed Measures

English
Hypothesis Testing
1.1.1 Version A
A high school student had to choose between two colleges A and B. The student had several
friends, who were similar to himself in values and abilities, at each college. All of his friends at
college A liked it on both educational and social grounds; all of them at college B had problems
on both grounds. The student visited both colleges for a day, and his impressions were the
opposite of their reports.
Which college should the high school student choose?

e College A

e College B

1.1.2 Version B
A mother and a father had to choose between two kindergartens A and B for their first child. The
couple had several friends, who were similar to them in values and believes, who had their
children at each kindergarten. All of their friends with a child in kindergarten A liked it on both
educational and social grounds; all of them with children at kindergarten B had problems on
both grounds. The couple visited both kindergartens for a few hours, and their impressions were
the opposite of their reports.
Which kindergarten should the mother and the father choose?

e Kindergarten A

¢ Kindergarten B

1.2.1 Version A

A city called Kingston has had an unpopular police chief for a year and a half. He is politically
active and a colleague of the mayor, and he had little previous experience in police
administration when he was appointed. The mayor has recently defended the chief in public,
announcing that in the time since he took office, crime rates decreased by 12%. Which of the
following pieces of evidence would most weaken the mayor's claim that his chief is competent?

e The crime rates of the two cities closest to Kingston in location and size have
decreased by 18% in the same period.

¢ Anindependent survey of the citizens of Kingston shows that 40% more crime is
reported by respondents in the survey than is reported in police records.

e Common sense indicates that there is little a police chief can do to lower crime rates.
These are for the most part due to social and economic conditions beyond the control of
officials.

e The police chief has been discovered to have personal contacts with people who are
known to be involved in organized crime.

1.2.2 Version B
A high school has had an unpopular teacher for a year and a half. He is a friend of the
headmaster, and he had little previous experience in teaching when he was appointed. The
headmaster has recently defended the teacher in front of the school, announcing that in the
time since he started teaching, his student’s misbehaviour decreased by 12%. Which of the
following pieces of evidence would most deflate the headmaster’s claim that this teacher is
competent?
e Student’s misbehaviour rates of the two classes not taught by this teacher have
decreased by 18% in the same period.
e A survey of the students shows that 40% more misbehaviour is reported by
respondents in the survey than is reported by the headmaster.
¢ Common sense indicates that there is little a teacher can do to lower misbehaviour.
These are for the most part due to the student’s mood and behaviour.
e The teacher has been discovered to have penalized students which have misbehaved.

1.3.1 Version A

Consider a decision about whether a car is of the brand X or of the brand Y. Assume that two
types of information are potentially available about each alternative-the percentage of car X and
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car Y that have a consumption of more than 10 I/100km (liters per 100 km) and the percentage
of car X and car Y that have had no major mechanical problems in the first two years of
ownership.
Assume that an unknown car (either of the brand X or Y) does over 10 1/100 km and that it has
had no major mechanical problems in the first two years of ownership. Also assume that 65% of
car brand X consume more than 10 1/100 km.
If you could find out one of the three following types of information, which one would help you to
decide which one the unknown car is, car X or car Y?
e Percentage of cars of brand Y that get over 10 1/100 km
e Percentage of cars of brand X that have had no major mechanical problems in the first
two years
e Percentage of cars of brand Y that have had no major mechanical problems in the first
two years

1.3.2 Version B
Consider a decision about whether an unknown laptop is brand X or brand Y. Assume that two
types of information are potentially available about each alternative-the percentage of brand X
and brand Y that have a battery life of more than 10 hours and the percentage of brand X and
brand Ys that have had no major technical problems in the first two years of ownership.
Assume that an unknown laptop (either X or Y) had a battery life over 10 hours and that it has
had no major technical problems in the first two years of ownership. Also assume that 65% of
brand X laptops have a battery life over 10 hours.
If you could find out one of the three following types of information, which one would help you to
decide which one the unknown laptop is, brand X or brand Y?

e Percentage of brand Y that get over 10 hours battery life.

e Percentage of brand X that have had no major technical problems in the first two years

e Percentage of brand Y that have had no major technical problems in the first two years

1.4.1 Version A
Mr. Maxwell attended a party to which only university professors and business executives were
invited (whereas guests would be either or, not both of the positions combined). The only thing
you know about Mr. Maxwell is that he is a member of the Bear's Club. You are asked to judge
the probability that Mr. Maxwell is a university professor by asking 1, 2, 3, or 4 of the questions
given below. You are asked to check their relevancy. A relevant question is one the answer to
which will help you in your judgement. Please consider each of the questions separately and
indicate whether it is relevant or irrelevant for your task.
e What percentage of the people at the party are university professors?
e What percentage of the Bear's Club members are at the party?
e What percentage of the university professors at the party are members of the Bear's
Club?
e What percentage of the business executives at the party are members of the Bear's
Club?

1.4.2 Version B

Mrs. Crowe attended a guided tour which is only attended by American tourists and Canadian
tourists (whereas guests would have either or nationality, not both of them combined). The only
thing you know about Mrs. Crowe is that she is a guest of hotel ABC. You are asked to judge
the probability that Mrs. Crowe is an American tourist by asking 1, 2, 3, or 4 of the questions
given below. You are asked to check their relevancy. A relevant question is one the answer to
which will help you in your judgement. Please consider each of the questions separately and
indicate whether it is relevant or irrelevant for your task.

What percentage of the people at the tour are American tourists?

What percentage of guests of hotel ABC are attending the tour?

What percentage of the Canadian tourists from the tour are guests of hotel ABC?
What percentage of American tourists from the tour are guests of hotel ABC?

1.5.1 Version A
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Linda is 31 years old, single, outspoken and very bright. She majored in philosophy. As a
student, she was deeply concerned with issues of discrimination and social justice, and also
participated in antinuclear demonstrations.
Which of two alternatives is more probable:

e Lindais a bank teller

e Lindais a bank teller and is active in the feminist movement

1.5.2 Version B
Jack is 45, he is married and has four children. He is generally careful and ambitious. He shows
no interest in political and social issues and spends most of his free time on his many hobbies
which include home carpentry, sailing, and mathematical puzzles.
Which of two alternatives is more probable:

e Jack is an engineer

e Jack is an engineer and is active in the local club for water sports

1.6.1 Version A
You wish to buy a new car. Today you must choose between two alternatives: to purchase
either a car from company A or B. You use only one criterion for that choice, the car’s life
expectancy. You have information from Consumer Reports that in a sample of several hundred
cars the car A has the better record. Yesterday a neighbour told you that his new car of brand A
broke down. Which car do you buy?

e CarA

e CarB

1.6.2 Version B
You wish to buy a new computer. Today you must choose between two alternatives: to
purchase either a computer A or computer B. You use only one criterion for that choice, the
computer’s life expectancy. You have information from Consumer Reports that in a sample of
several hundred computers the computer A has the better record. Yesterday a neighbour told
you that his new computer of brand A broke down. Which car do you buy?

e computer A

e computer B

Verbal Reasoning
Analogies
Al
: horse :: board : train
stable
shoe
ride
mount

B1

poetry : rhyme :: philosophy :
imagery

music

bi-law

theory

A2

mend : sewing :: edit :
e darn

e repair

e manuscript
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e makeshift

B2
alphabetical :
e sort

e part
e list

e order

A3

mouse :

e rat
computer
cord
dessert

B3

cushion : sofa
e ledge

e bookcase
storage
frame

A4
moisten :
e water
soak
oven
grow

B4

ribbon :
present
cut

bow
typewriter

A5

kitten :

litter

puppy
meow

BS

scientist : experiment ::

e beaker
e rehearsal
e actor

e Jlab

A6

. sequential : files

:: flash : camera

:: shelf :
> cool : freeze
:ricing @ cake

;> soldier : army

__ :play
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dictionary : definition :: : map

e direction
e south
e atlas
e longitude
B6
thumbtack : - hook : coat
e nall
e poster
o wall
e hammer
A7
unusual : novelty :: : standard
e odd
e novel
o familiar
e poem
B7
: college :: mechanic : garage
e book
e learning
e professor
e engine
A8
drum : instrument :: drill :
e hammer
e oven
e tool

e crescendo

B8
peak : mountain :: : house
e maximize
e roof
e porch
e bungalow
A9
: rainfall :: condensation : humidity
e erosion
e cloud
e ground
o forecast
B9
: frame :: mosaic : tile
e film

e engraving
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e bathroom
e decoration

Judging Likelihood and Probability
3.1.1 Version A
A game of squash can be played to either 9 or 15 points. If A is a better player than B, which
scoring scheme would give player A a better chance of winning?
e 9 point game
e 15 point game

3.1.2 Version B
Table tennis can be won with best score out of 5 games or best score out of 9 games. If Ais a
better player than B, which scoring scheme would give player A a better chance of winning?

. Best out of 5 games

. Best out of 9 games

3.2.1 Version A

After the first 2 weeks of the major league baseball season, newspapers begin to print the top
10 batting averages. Typically, after 2 weeks, the leading batter often has an average of about
.450. However, no batter in major league history has ever averaged .450 at the end of the
season. Why do you think this is? Tick one:

a. When a batter is known to be hitting for a high average, pitchers bear down more when they
pitch to him.

b. Pitchers tend to get better over the course of a season, as they get more in shape. As
pitchers improve, they are more likely to strike out batters, so batters’ averages go down.

c. A player’s high average at the beginning of the season may be just luck. The longer season
provides a more realistic test of a batter’s skill.

d. A batter who has such a hot streak at the beginning of the season is under a lot of stress to
maintain his performance record. Such stress negatively affects his playing.

e. When a batter is known to be hitting for a high average, he stops getting good pitches to hit.
Instead, pitchers “play the corners” of the plate because they don’t mind walking him.

3.2.2 Version B

After the first 2 weeks of the academic term, a teacher of a school tries to predict the top 10
students of the year. Typically, after 2 weeks, the leading student often has an average of about
92%. However, no student in the school’s history has ever averaged 92% at the end of the term.
Why do you think this is? Circle one:

a. When a student is known to be aiming for a high average, teachers increase their
expectations when grading this student’s papers.

b. Papers tend to get more difficult over the course of a term, as the content accumulates. As
papers get more difficult, students are less likely to score high marks, so student’s averages go
down.

c. A student’s high average at the beginning of the term may be just luck. The longer academic
year provides a more realistic test of a student’s knowledge and ability.

d. A student who has such a high average at the beginning of the term is under a lot of stress to
maintain his average. Such stress adversely affects his results.

e. When a student is known to be aiming for a high average, he stops getting asked easy
questions by the teachers. Instead, teachers “increase the intensity” of the questions for this
student because they want to test the student’s ability.

3.3.1 Version A

When playing slot machines, people win something about 1 in every 10 times. Julie, however,

has just won on her first three plays. What are her chances of winning the next time she plays?
out of 10

3.3.2 Version B
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When participating in a local lottery, people have the chance to win a price about 1 in every 20
lottery tickets. Jack, however, has just won on his first three tickets. What are his chances of
winning the next time he plays?

___outof20

3.4.1 Version A
Imagine that we are tossing a fair coin (a coin that has a 50/50 chance of coming up heads or
tails) and it has just come up heads 5 times in a row. For the 6th toss do you think that:

e Itis more likely that tails will come up than heads.

e Itis more likely that heads will come up than tails.

e Heads and tails are equally probable on the sixth toss.

3.4.2 Version B
Imagine that we are throwing a fair die (a die that has a 1 in 6 chance of coming up with each
number) and number 6 has just come up 5 times in a row. For the 6th toss do you think that:
e Itis more likely than the first five times that a different number will come up than 6.
e Itis more likely than the first five times that 6 will come up than a different number.
e 6 and any other number are equally probable on the sixth toss.

3.5.1 Version A
Assume that you are presented with two trays of black and white marbles: a large tray that
contains 100 marbles and a small tray that contains 10 marbles. You must draw out one marble
from either tray without looking. If you draw a black marble, you win $2. Consider a condition in
which the small tray contains 1 black marble and 9 white marbles, and the large tray contains 8
black marbles and 92 white marbles. From which tray would you prefer to select a marble in a
real situation?

e Large tray

e Small tray

3.5.2 Version B
Assume that you are presented with two bags of $10 and $20 notes: a large bag that contains
100 different notes and a small bag that contains 10 different notes. The notes are mixed
randomly in the bags. You must draw out one note from either bag without looking and you will
get to keep the note. Consider a condition in which the small bag contains one $20 note and
nine$10 notes, and the large bag contains eight $20 notes and ninety-two $10 notes. From
which bag would you prefer to select a note in a real situation?

* Large bag

¢ Small bag

Argumentation Analysis
Please tick: valid - invalid

Al
¢ No cigarettes are inexpensive.
e Some addictive things are inexpensive.
e Therefore, some addictive things are not cigarettes.
B1
e Some buildings are wooden buildings
no wooden buildings are skyscrapers
Therefore some buildings are not skyscrapers.
A2

e some items of office equipment are not computers
e some electrical appliances are items of office equipment
e Therefore Some electrical appliances are not computers.
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B2
e Some drinks are non-alcoholic
e non-alcoholic drinks are not liqours
e Therefore Some drinks are not liqours.

A3
e Chairs are not tables.
e some pieces of furniture are chairs
e Therefore some pieces of furniture are not tables

B3
e Some fish are inedible
e trout are edible
e Therefore some fish are not trout.

B4
¢ No addictive things are inexpensive.
e Some cigarettes are inexpensive.
e Therefore, some addictive things are not cigarettes.

A4
e some wooden buildings are skyscrapers
e no buildings are wooden buildings
e Therefore Some buildings are not skyscrapers.

B5
e some electrical appliances are not items of office equipment
e some items of office equipment are computers
e Therefore Some electrical appliances are not computers.

A5
e non-alcoholic drinks are liqours
e no drinks are non-alcoholic
e Therefore Some drinks are not liqours.

B6
e No pieces of furniture are chairs
e chairs are tables.
e Therefore some pieces of furniture are not tables

A6
e No trout are edible
e fish are edible
e Therefore some fish are not trout.

A7
e Some tools are not manual
e screwdrivers are manual tools
e Therefore some screwdrivers are not tools.

B7
e Some musical instruments are wind instruments
e wind instruments are not violins
e Therefore some violins are not musical instruments.

A8 // B8
e Some green things are not grasses.
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e some plants are green.
e Therefore some grasses are not plants.

B9

e Screwdrivers are not manual tools

¢ No tools are manual

e Therefore some screwdrivers are not tools.
A9

Wind instruments are violins
No musical instruments are wind instruments
e Therefore some violins are not musical instruments.

Problem Solving

5.1.1 Version A

A bat and a ball cost $1.10 in total. The bat costs $1.00 more than the ball. How much does the
ball cost?

e b5cents

e 10cents
e b55cents
e 100 cents

5.1.2 Version B
A loaf of bread and an apple cost $2.20 in total. The bread costs $2 more than the apple. How
much does the apple cost?
e 10cents
20 cents
110 cents
200 cents

5.2.1 Version A
If it takes 5 machines 5 minutes to make 5 plastic parts, how long would it take 100 machines to
make 100 plastic parts?

e 1 minute

e 5 minutes

e 25 minutes
e 100 minutes

5.2.2 Version B
If it takes 2 bakers 2 minutes to make 2 loafs of bread, how long would it take 50 bakers to
make 50 loafs of bread?
e 1 minute
2 minutes
25 minutes
50 minutes

5.3.1 Version A

In a lake, there is a patch of lily pads. Every day, the patch doubles in size. If it takes 24 days
for the patch to cover the entire lake, how long would it take for the patch to cover half of the
lake?

2 days

4 days

12 days

23 days

5.3.2 Version B
A container is being filled with rocks. The amount of rocks doubles in number every day. The
container will be full in 10 days. In how many days will it be half full?
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2 days
4 days
5 days
9 days

5.4.1 Version A

There are black and brown loose socks in a drawer mixed in a ratio of 4 to 5. How many
separate socks would you have to take out without looking to be sure of getting a pair of the
same colour?

e 1sock

e 2socks
e 3socks
e 4 socks
e 5socks

5.4.2 Version B
There are green and blue marbles in a bag mixed in a ratio of 6 to 8. How many marbles would
you have to take out without looking to be sure of getting a two of the same colour?
e 2 marbles
3 marbles
4 marbles
5 marbles
6 marbles

5.5.1 Version A

Two trains, 50 km apart start towards each other at 25 km/h (km per hour) each. As the trains
start a bird flies from the front of one train towards the second. On reaching the second train the
bird turns round and flies back to the first train and so on until the trains meet. If the bird flies at
60 km/h how many km will the bird have flown before the trains meet?

e 15km
e 30km
e 45Kkm
e 60km

5.5.2 Version B
Two pedestrians, 10 km apart start walking towards each other at 5 km/h. As the pedestrians
start walking a dog runs from one person towards the second. On reaching the second person
the dog turns round and runs back to the first person and so on until the pedestrians meet. If the
dog runs at 20 km/h how many kilometres will the dog have run before the pedestrians meet?

e 2km

e 5km

e 10km

e 20km
5.6.1 Version A

A man buys a horse for £60, sells it for £70, buys it back for £80 and sells it finally for £90. How
much has he made?

e £10
e £20
e £30
e £40

5.6.2 Version B
A lady buys shares of a company at the stock market for $600, sells them for $700, buys them
back for $800 and finally sells them for $900. How much has she made?

e $100

e $200

e $300
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e $400

5.7.1 Version A
The police were convinced that either A, B, C, or D had committed a crime. Each of the
suspects, in turn, made a statement, but only one of the four statements was true.
e Asaid, "l didn't do it."
¢ B said, "Ais lying."
e Csaid, "B is lying."
¢ D said, "B did it."
Who is telling the truth? Who committed the crime?
Truth: A—-B-C-D
Crime:A -B-C-D

5.7.2 Version B
The judge knows that either person A, B, C, or D came up with an invention. Each of them, in
turn, made a claim, but only one of the four statements was true.
¢ Asaid, "l invented it."
e Bsaid, "Ais lying."
e Csaid, "Bis lying."
* D said, "B didn’t invent it."
Who is telling the truth? Who came up with the invention?
Truth: A-B-C-D
Invention:A—-B-C-D

5.8.1 Version A

You are shown a set of four cards placed on a table, each of which has a number on one side
and a colour on the other side. The visible faces of the cards show 3, 8, red and brown. Which
card(s) do you have to turn over in order to test the truth of the proposition that if a card shows
an even number on one face, then its opposite face is red? Try to work in the most efficient way
by turning around the least amount of cards necessary.

Mark as many as apply: 3-8 —red — brown

5.8.2 Version B

You are shown a set of four cards placed on a table, each of which has a number on one side
and a colour on the other side. The visible faces of the cards show 5, 6, green and yellow.
Which card(s) must you turn over in order to test the truth of the proposition that if a card shows
an odd number on one face, then its opposite face is green? Try to work in the most efficient
way by turning around the least amount of cards necessary.

Mark as many as apply: 5 — 6 — green — yellow
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Irish
Hypothesis Testing
l111leagan A
Bhi ar mhac Iéinn ardscoile rogha a dhéanambh idir dha cholaiste, A agus B. Bhi go leor cairde
ag an mac léinn mar é féin 6 thaobh luachanna agus cumais, ag gach coldiste. Thaitin colaiste
A lena chairde uile a bhi ann ar chuinsi oideachais agus séisialta araon; bhi fadhbanna ag a
chairde uile ag colaiste B ar na cuinsi sin. Chaith an mac Iéinn |4 amhain ag gach aon cholaiste,
agus bhi a mhalairt de thuairim aigesean na mar a bhi ag a chairde.
Cén cholaiste ar choir don mhac léinn ardscoile a roghna?

e Colaiste A

e Colaiste B

1.1.21leagan B
Bhi ar mhathair agus athair rogha a dhéanamh idir dha naiscoil, A agus B, da gcéad phaiste.

Bhi roinnt cairde ag an lanuin, a bhi mar iad 6 thaobh luachanna agus creiditinti, a raibh a
gcuid paisti i ngach naiscoil. Thaitin naiscoile A lena gcairde uile a raibh paiste acu ann ar
chuinsi oideachais agus soisialta araon; bhi fadhbanna ag a gcairde uile a raibh paisti acu i
naiscoil B ar na cuinsi sin. Chaith an lanuin capla uair an chloig ag gach aon naiscoil, agus bhi
a mhalairt de thuairim acu na mar a bhi ag a gcairde.
Cén naiscoil ar choir don mhathair agus don athair a roghnt?

e Naiscoil A

e Naiscoil B

1.2.1leagan A
Bhi ardoifigeach péilineachta nach raibh téir air i gcathair ar a dtugtar Kingston le bliain go leith.

Ta sé gniomhach i gcirsai polaitiochta agus is comhghleacai den mhéara é, agus is beag taithi
a bhi aige i gcursai riarachain péilineachta sular ceapadh é. Chosain an méara an t-
ardoifigeach go poibli le déanai, agus d’fhogair sé go bhfuil ratai coireachta islithe 12% 6 ghlac
sé an post. Cé acu de na giotai fianaise seo a leanas is m6 a lagdédh éileamh an mhéara go
bhfuil an t-ardoifigeach inniuil?

e Taratai an da chathair is gaire do Kingston 6 thaobh suimh agus méide islithe 18% sa
tréimhse chéanna.

e Léiritear le suirbhé neamhspleach ar shaoranaigh Kingston go bhfuil 40% nios mo
coireachta tuairiscithe ag freagroiri sa suirbhé na mar ata i dtaifid na bpailini.

e Léirionn ciall gur beag is féidir le hardoifigeach pailini a dhéanamh le ratai coireachta a
islid. Tarlaionn sé sin den chuid is mé mar thoradh ar chuinsi soéisialta agus
eacnamaiochta nach bhfuil aon smacht ag oifigigh orthu.

e Fuarthas amach go bhfuil ceangal priobhaideach ag ardoifigeach na bpdilini le daoine a
bhfuil a fhios go bhfuil baint acu le coireacht eagraithe.

1.2.2leagan B
T& muinteoir nach bhfuil tair air in ardscoil le bliain go leith. Is cara leis an ardmhaistir &€, agus is

beag taithi muinteoireachta a bhi aige sular ceapadh é. Chosain an t-ardmhaistir an muinteoir
0s comhair na scoile le déanai, agus d’thégair gur isligh mi-iompraiocht a chuid mac 1éinn 12%
6n am ar thosaigh sé ag muineadh. Cé acu de na giotai fianaise seo a leanas is mé a
thraoithfeadh éileamh an ardmhaistir go bhfuil an muinteoir seo innidil?

e Taratai mi-iompraiochta mac léinn an da rang nach bhfuil & midineadh ag an muinteoir
seo islithe 18% sa tréimhse chéanna.

e Léiritear le suirbhé ar na mic léinn go bhfuil 40% nios mé mi-iompraiochta tuairiscithe
ag freagréiri sa suirbhé na mar atd ag an ardmhaistir.

e Léirionn ciall gur beag is féidir le muinteoir a dhéanamh le leibhéil mhi-iompraiochta a
islid. Tarlaionn sé sin den chuid is m6 mar thoradh ar ghiimar agus iompraiocht an
mhic Iéinn.

e Fuarthas amach gur ghearr an muinteoir pionéds ar mhic léinn a bhi i mbun mi-iompar.

1.3.1 Leagan A
Smauoinigh ar chinneadh maidir cibé an branda X né branda Y é carr. Glac leis go bhféadfadh

dha chineal piosa eolais a bheith ar fail faoi gach aon cheann-an céatadan de charr X agus de
charr Y a bhaineann nios moé na 10l/100km (litear in aghaidh 100km) amach agus an céatadan
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de charr X agus de charr Y nach raibh aon fhadhbanna méra meicnitla acu sna chéad da
bhliain d’uinéireacht.
Glac leis go ndéanann carr anaithnid (branda X né Y) nios mé na 10l/100km agus nach raibh
aon fhadhbanna méra meicniula leis sna chéad da bhliain d’'uinéireacht. Glac leis freisin go n-
Uséideann 65% de charranna branda X nios mé n& 101/100km.
Da bhféadfa ceann de na tri chinedlacha seo a leanas de ghiotai eolais a fhail amach, cé acu a
chuideodh leat cinneadh an carr X n6 carr Y € an carr anaithnid?
e Céatadan na gcarranna branda Y a bhaineann nios mé na 101/100km amach
e Céatadan na gcarranna branda X nach raibh aon fhadhbanna méra meicnitla acu sna
chéad da bhliain
e Céatadan na gcarranna branda Y nach raibh aon fhadhbanna méra meicnidla acu sna
chéad da bhliain

13.21leagan B
Smaoinigh ar chinneadh maidir le cibé an branda X n6 branda Y é riomhaire gldine anaithnid.

Glac leis go bhféadfadh dha chineal piosa eolais a bheith ar fail faoi gach aon cheann-an
céatadan de bhranda X agus de bhranda Y a bhfuil saolré cadhnra nios mé na 10 n-uair an
chloig acu agus an céatadan de bhranda X agus de bhranda Y nach raibh aon fhadhbanna
mora teicniula acu sna chéad da bhliain d’Uinéireacht.
Glac leis go raibh saolré cadhnra os cionn 10 n-uair an chloig ag riomhaire gliine anaithnid
(branda X né Y) agus nach raibh aon fhadhbanna maéra teicniula leis sna chéad da bhliain
d’tinéireacht. Glac leis freisin go bhfuil saolré cadhnra os cionn 10 n-uair an chloig ag 65% de
riomhairi gltine branda X.
Da bhféadfa ceann de na tri chinedlacha seo a leanas de ghiotai eolais a fhail amach, cé acu a
chuideodh leat cinneadh an branda X n6 carr Y é an riomhaire gldine anaithnid?
e Céatadan branda Y a bhaineann saolré cadhnra os cionn 10 n-uair an chloig amach.
e Ceéatadan branda X nach raibh aon fhadhbanna madra teicnitla acu sna chéad da
bhliain
e Céatadan branda Y nach raibh aon fhadhbanna méra teicnilla acu sna chéad d&
bhliain

1.4.1 Leagan A
D’fhreastail an tUasal Maxwell ar chéisir nar tugadh cuireadh ach d'ollaimh ollscoile agus

d’fheidhmeannaigh gné (d’fhéadfhadh aionna a bheith ina n-ollamh né ina bhfeidhmeannach,
ach ni fheadfaidis an da phost a bheith acu). Is é an t-aon rud ata ar eolas agat faoin Uas.
Maxwell n4 gur ball é don Bear’s Club. larrtar ort an déchulacht gur ollamh ollscoile é an tUas.
Maxwell a mheas tri cheist 1, 2, 3, nd 4 a thugtar thios a chur. larrtar ort a n-dbharthacht a
sheicedil. Is ionann ceist abhartha agus ceist a gcuideoidh a freagra leat le do bhreithidnas.
Breithnigh gach ceist ar leithligh le do thoil agus Iéirigh cibé an bhfuil sé abhartha n6
neamhabhartha maidir leis an tasc atd romhat.

e Cén chéatadan de na daoine ag an gcaisir ar ollaimh ollscoile iad?
Cén chéatadan de bhaill an Bear’s Club ata ag an gcoisir?
Cén chéatadan d’ollaimh ollscoile ag an gcéisir ar baill den Bear’s Club iad?
Cén chéatadan de na feidhmeannaigh gné ag an gcéisir ar baill den Bear’s Club iad?

14.2 Leagan B
D’fhreastail Bean Mhic Chonchru ar thuras treoraithe nach mbionn ach turasoéiri Meiriceanacha

agus turasoiri 6 Cheanada ag freastal air (bheadh aionna ina Meiricednaigh né ina
gCeanadaigh, ni bheadh an da naisitnacht acu). Is é an t-aon rud ata ar eolas agat faoi Bhean
Mhic Chonchri na gur aoi in 6stan ABC. larrtar ort an déchulacht gur turasoéir Meiriceanach i
Bean Mhic Chonchri a mheas tri cheist 1, 2, 3, n6 4 a thugtar thios a chur. larrtar ort a n-
abharthacht a sheicedil. Is ionann ceist abhartha agus ceist a gcuideoidh a freagra leat le do
bhreithilinas. Breithnigh gach ceist ar leithligh le do thoil agus Iéirigh cibé an bhfuil sé abhartha
nd neamhabhartha maidir leis an tasc ata romhat.

e Cén chéatadan de na daoine ar an turas ar turaséiri Meiriceanacha iad?
Cén chéatadan d'aionna 6stan ABC ata ag freastal ar an turas?
Cén chéatadan de na turaséiri 6 Cheanada ar an turas ar aionna iad d'éstan ABC?
Cén chéatadan de na turaséiri Meiriceanacha ar an turas ar aionna iad d'éstan ABC?

170



1.5.1 Leagan A
Ta Linda 31 bliain d’aois, ta si singil, neamhbhalbh agus an-chliste. Bhain si céim amach i

bhfealstinacht. Agus i ina mac Iéinn, bhi an-suim aici i gcursai idirdhealaithe agus ceartais
shoisialta, agus ghlac si pairt i léirsithe frithnuicléacha.
Cé acu diobh seo a leanas is déchila:

e s airitheoir bainc i Linda

e Is airitheoir bainc i Linda agus ta si gniomhach i ngluaiseacht na bhfeimineach

15.21leagan B
Ta Jack 45, ta sé pOsta agus ceathrar paisti aige. Trid is trid, ta sé ciramach agus

uaillmhianach. Ni léirionn sé aon suim i gcursai polaitiochta na séisialta agus caitheann sé an
chuid is m6 da am saor ar an iliomad caitheamh aimsire até aige, lena n-airitear sidinéireacht
bhaile, seoltéireacht agus puzail mhatamaitice.
Cé acu diobh seo a leanas is déchula:

e Isinnealtdir é Jack

e Isinnealtéir é Jack agus ta sé gniomhach sa chlub aitidil le haghaidh spéirt uisce

1.6.1 Leagan A
Is mian leat carr nua a cheannach. Caithfidh ta piocadh idir dha rogha inniu: carr a cheannach 6

chuideachta A né B. Ni Gsaideann tu ach critéar amhain don rogha sin, ionchas saoil an chairr.
Ta eolas agat 6 Thuairisci Tomhaltéiri i sampla de roinnt céadta carranna go bhfuil taifead nios
fearr ag carr A. Duirt comharsa leat inné gur bhris a charr nua ar Branda A é sios. Cén carr a
cheannaionn tu?

e CarA

e CarrB

1.6.2leagan B
Is mian leat riomhaire nua a cheannach. Caithfidh ti piocadh idir dha rogha inniu: riomhaire a

cheannach 6 chuideachta A n6 B. Ni Us&ideann ta ach critéar amhain don rogha sin, ionchas
saoil an riomhaire. Ta eolas agat 6 Thuairisci Tomhaltoiri i sampla de roinnt céadta riomhairi go
bhfuil taifead nios fearr ag riomhaire A. Duirt comharsa leat inné gur bhris a riomhaire nua ar
Branda A é sios. Cén riomhaire a cheannaionn t(?

¢ Riomhaire A

¢ Riomhaire B

Verbal Reasoning
Analai
Al
: capall :: dul ar bord : traein :
stabla
cra capaill
marcaiocht
téigh in airde

Bl

filiocht : rann :: fealsunacht :
e jomhanna

e ceol

e fodhli
e teoiric

A2
deisigh : fGdil :: cuir in eagar :
e dearnail
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e deisigh
e lamhscribhinn

e aithris

B2

aibitreach : :: seicheamhach : comhaid
e sortail

e scar

e liostaigh

e cuirinord

A3

luch : .. flais : ceamara
e francach

e riomhaire

e corda

e milseog

B3

cuisin : tolg :: seilf :

e sliastan

e cas leabhar

e storail

e frama

A4

tais: :: fuaraigh : reoigh
e Uisce

e fliuch

e oigheann

e fas

B4

ribin : :: reodn : caca

e bronntanas

e gearr
e cuachdg
e cléscriobhan

A5

piscin : :: saighdidir : arm
e cat

o A&l

e coileainin

¢ meamhlach

B5

eolai : turgnamh : : drama
e eascra

e cleachtadh

e aisteoir

e saotharlann
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A6

foclGir : sainmhinid :: : mapa
e freo
e Odheas
e atlas
e domhanfhad
B6
tacoéid orddg : :crdca; cota
e tairne
e poéstaer
e balla
e casur
A7
neamhghnach : drnuacht :: : caighdeanach
e aisteach
e (rnua
e aithnidiuil
e dan
B7
: colaiste :: meicneoir : gariste
e leabhar
e foghlaim
e ollamh
e inneall
A8
druma : ionstraim:: druil :
e casur
e oigheann
e Uirlis
e crescendo
B8
binn : sliabh :: : teach
e uasmhéadaigh
e dion
o pdéirse
e bungal6
A9
: baisteach :: comhdhlitha : bogthaise
e creimeadh
e scamall
e talamh
e réamhaisnéis

B9
: frAima :: mésaic : til
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scannan
greanadh
seomra folctha
maisitichan

Judging Likelihood and Probability

3.1.1leagan A

Is féidir cluiche scuaise a imirt go dti 9 né 15 pointe. Ma ta imreoir A ina imreoir nios fearr na
imreoir B, cén scéim scorala a thabharfadh seans nios fearr d'imreoir A an cluiche a bhuachan?

cluiche 9 bpointe
cluiche 15 pointe

3.1.2 Leagan B
Is féidir leaddg boird a bhuachan leis an scor is fearr as 5 chluiche né an scor is fearr as 9

gcluiche. Ma ta imreoir A ina imreoir nios fearr na imreoir B, cén scéim scérala a thabharfadh
seans nios fearr d'imreoir A buachan?

An scor is fearr as 5 chluiche
An scor is fearr as 9 gcluiche

3.2.1lLeagan A
Tosaionn nuachtdin na 10 meanscér slactha is fearr a chur i gclé tar éis an chéad da

sheachtain sa mhérséasur daorchluiche. De ghnath, tar éis 2 sheachtain, bionn meanscér de
thuairim is .450 go minic ag an slacai a bhionn chun tosaigh. Mar sin féin, ni raibh meanscér de
.450 ag aon slacai riamh is stair an mhérshéasuir ag deireadh an tséasuir. Cén chuis ata leis
sin i do thuairim? Cuir tic le ceann diobh seo a leanas.

Nuair a ta a fhios go bhfuil slacai ag bualadh ar mhaithe le meanscér ard a bhaint
amach, leagann caiteoiri anuas nios mo agus iad ag caitheamh ina threo.

Eirionn caiteoiri nios fearr i rith an tséasuir, de réir mar a fhaigheann siad nios aclai. De
réir mar a fheabhsaionn siad, bionn sé nios dealraithi go gcuirfidh siad slacaithe amach
agus da bhri sin téann a meanscéranna sios.

D’fhéadfadh direach gur adh a bhaineann le hardscor imreoiri ag tds an tséasduir. Is
tastail nios réalaiche é an séasur nios faide ar scil an tslacai.

Bionn slacai a n-éirionn chomh maith leis ag tls an tséasuir faoi go leor bru a thaifead
feidhmiochta a chothabhail. Bionn drochthionchar ag strus mar sin ar a chuid imeartha.
Nuair a bhionn fios go bhfuil slacai ag bualadh le haghaidh ardscoér, ni chaitear liathréidi
maithe chuige le bualadh. Imrionn na caiteoiri “coirnéil” an phlata mar nach miste leo é
a chur ag sidl.

3.2.2lLeagan B
Déanann muinteoir scoile iarracht na 10 mac léinn is fearr don bhliain a dhéanamh amach tar

éis an chéad da sheachtain den téarma acaduil. De ghnath, tar éis 2 sheachtain, bionn 92% ar
an mean go minic ag an mac léinn a bhionn chun tosaigh. Mar sin féin, ni raibh 92% ar an
medn riamh ag mac léinn i stair na scoile ag deireadh an téarma. Cén chuis até leis sin i do
thuairim? Cuir ciorcal ar cheann diobh seo a leanas:

Nuair a bhionn a thios go bhfuil mac Iéinn ag diriad ar mhean ard a bhaint amach,
méadaionn muinteoiri a n-ionchais agus iad ag marcail paipéir an mhic léinn sin.
Eirionn paipéir nios casta i rith a téarma, dé réir mar a mhéadaionn an lion abhair. De
réir mar a éirionn paipéir nios casta, ni bhionn sé chomh dealraitheach go mbainfidh
mic léinn marcanna arda amach agus da bhri sin téann meanscéranna na mac léinn
sios.

D’fhéadfadh direach gur adh a bhaineann le hardscor mac Iéinn ag tds an téarma. Is
tastail nios réalaiche i an bhliain acaduil nios faide ar eolas agus cumas mbhic I€inn.
Bionn mac léinn a n-éirionn chomh maith leis ag tls an téarma faoi go leor brd a
mheanscdr a chothabhdil. Bionn drochthionchar ag strus mar sin ar a chuid torthai.
Nuair a bhionn fios go bhfuil mac Iéinn ag dirid ar mheé&nscoér ard, ni chuireann
muinteoiri ceisteanna éasca air. Cuireann muinteoiri "le deacracht" na gceisteanna don
mhac léinn sin mar go mbionn siad ag iarraidh cumas an mhic léinn a thastail.
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3.3.1Leagan A
Agus iad ag imirt ar mheaisini sliotain, éirionn le daoine rud éigin a bhuachan tuairim is 1 as

gach 10 n-uaire. T4 Julie afach, tar éis buachan sna tri huaire tosaigh ar imir si. Cad é an seans
go mbuafaidh si an chéad uair eile a imreoidh si?
as 10

3.3.2lLeagan B
Agus iad rannphéirteach i gcrannchur &itidil, bionn seans ag daoine duais a bhuachan le 1 as
gach 20 ticéad crannchuir. T4 Jack afach, tar éis buachan lena chéad tri thicéad. Cad é an
seans go mbuafaidh sé an chéad uair eile a imreoidh sé?

as 20

3.4.1 Leagan A
Sambhlaigh go bhfuilimid ag caitheamh bonn cothrom (bonn a bhfuil seans 50/50 aige go

dtiocfaidh sé anuas ceann no cruit) in airde agus tagann sé anuas ar an taobh céanna, ceann, 5
uair i ndiaidh a chéile. Don 60 huair an gceapann tu:
e Gur doéichi gur cruit a thiocfaidh anios seachas ceann.
e Gur doéichi gur ceann a thiocfaidh anios seachas cruit.
e Go bhfuil sé chomh déichi céanna go dtiocfaidh ceann agus cruit anios ar an séu
babhta.

3.4.2 Leagan B
Sambhlaigh go bhfuilimid ag catheamh disle cothrom (disle a bhfuil seans 1 as 6 ann go

dtiocfaidh gach uimhir suas) agus ta uimhir 6 tar éis teacht suas 5 uair i ndiaidh a chéile. Don
60 huair an gceapann tu:;
e Gur déichi na na chéad cuig huaire go dtiocfaidh uimhir eile seachas 6 suas.
e Gur déichi atd sé n& na chéad cuig huaire go dtiocfaidh uimhir 6 seachas uimhir eile
suas.
e Go bhfuil sé chomh déichi céanna go dtiocfaidh 6 agus aon uimhir eile suas ar an séu
babhta.

3.5.1Leagan A
Glac leis go dtugar dha thréidire de mhirlini dubha agus béana duit: traidire mér le 100 mirlin
agus traidire beag le 10 mirlin. Caithfidh tG mirlin amhain a thdgail as traidire amhain diobh gan
breathnd. Ma thégann td mirlin dubh, buann ta $2. Smaoinigh ar chas ina bhfuil 1 mirlin dhubh
agus 9 mirlin bhana ar an traidire beag, agus go bhfuil 8 mirlin dhubha agus 92 mirlin bhana ar
an traidire mér. Cén traidire a mb’fhearr leat mirlin a thogail as i bhfiorchas?

e Traidire moér

e Traidire beag

3.5.2Leagan B
Glac leis go dtugtar dha mhala de nétai $10 agus $20 duit: méla mér ina bhfuil 100 noéta éagsuil
agus mala beag ina bhfuil 10 néta éagsuil. T4 na nétai measctha go randamach sna malai.
Caithfidh ta néta amhain a thogail as mala diobh gan breathna agus féadfaidh ti an nota a
choinnedil. Smaoinigh ar chas ina bhfuil néta amhain $20 agus naoi néta $10 sa mhéla beag,
agus go bhfuil ocht nota $20 agus nécha a dé $10 sa mhala mér. Cén mala a mb’fhearr leat
nota a thégail as i bhfiorchas?

¢ Mala mor

« Mala beag

Argumentation Analysis
Cuir tic le do thoil: baili - neamhbhaili

Al
e Nil aon toitinf neamhchostasach
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Bl

A2

B2

A3

B3

B4

A4

BS

A5

B6

A6

Ta roinnt rudai anduile neamhchostasach.
Da bhri sin, ni toitinf iad roinnt rudai anduile.

Is foirgnimh adhmaid roinnt foirgneamh
Ni foirgnimh adhmaid iad aon ilstéraigh spéire
Da bhri sin ni ilstéraigh spéire iad roinnt foirgneamh.

Ni riomhairi iad roinnt piosai de threalamh oifige
Is piosai de threalamh oifige iad roinnt feisti leictreacha
Da bhri sin ni riomhairi iad roinnt feisti leictreacha.

Ta roinnt deochanna neamh-mheisciil
Ni licéir iad deochanna neamh-mheiscilla
D4 bhri sin ni licéir iad roinnt deochanna.

Ni boird iad cathaoireacha
Is cathaoireacha iad roinnt piosai troscain
Da bhri sin ni boird iad roinnt piosai troscain.

Ta roinnt iasc do-ite
Té& breac inite
Da bhri sin ni bric iad roinnt iasc.

Nil aon rudai anduile neamhchostasach.
Ta roinnt toitini neamhchostasach.
Da bhri sin, ni toitini iad roinnt rudai anduile.

Is foirgnimh adhmaid iad roinnt ilstérach spéire
Ni foirgnimh adhmaid aon fhoirgnimh
Da bhri sin ni ilstéraigh spéire iad roinnt foirgneambh.

Ni piosai de threalamh oifige iad roinnt feisti leictreacha
Is roinnt piosai de threalamh oifige iad riomhairi
Da bhri sin ni riomhairi iad roinnt feisti leictreacha.

Is licéir iad deochanna neamh-mheiscitla
Nil aon deochanna neamh-mheiscitil
Da bhri sin ni licéir iad roinnt deochanna.

Ni cathaoireacha iad aon phiosai troscain
Is boird iad cathaoireacha.
Da bhri sin ni boird iad roinnt piosai troscain.

Nil aon bhreac inite
Té iasc inite
Da bhri sin ni bric iad roinnt iasc.
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A7
e Ni uirlisi laimhe iad roinnt uirlisi
e Is uirlisi ldimhe iad scritiri
e D& bhri sin ni uirlisi iad roinnt scridiri.

B7

e |s gaothuirlisi iad roinnt uirlisi ceoll

e Ni gaothuirlisi iad veidhlini

e Da bhri sin ni uirlisi ceoil iad roinnt veidhlini.
A8 // B8

e Niféara iad roinnt rudai glasa.

e Téroinnt plandai glas.

e D4 bhri sin ni plandai iad roinnt féar.
B9

e Ni uirlisi ldimhe iad scridiri

e Ni uirlisi laimhe iad aon uirlisi

e D4 bhri sin ni uirlisi iad roinnt scridiri.
A9

e Is gaothuirlisi iad veidhlini
e Ni gaothuirlisi iad aon uirlisi ceoil
e D& bhri sin ni uirlisi ceoil iad roinnt veidhlini.

Problem Solving

5.1.1 Leagan A

Cosnaionn slacén agus liathréid $1.10 ina iomlan. Cosnaionn an slacan $1.00 nios mé n& an
liathroid. C4 mhéad a chosnaionn an liathréid?

5 cent — 10 cent — 55 cent — 100 cent

5.1.2lLeagan B
Cosnaionn builin arain agus ull $2.20 ina iomlan. Cosnaionn an t-aran $2.00 nios mo6 na an t-

ull. Ca mhéad a chosnaionn an t-ull?
10 cent — 20 cent — 110 cent — 200 cent

5.2.1 Leagan A
Méa thégann sé 5 néiméad ar 5 mheaisin 5 chomhphairt phlaisteach a dhéanamh, ca fhad a

thégfadh sé ar 100 meaisin 100 comhphairt phlaisteach a dhéanamh?
1-5 —25-100 n6iméad

5.2.2 Leagan B
Ma thdégann sé 2 ndimead ar 2 bhaicéir 2 bhuilin ardin a dhéanamh, céa fhad a thégfadh sé ar 50

baicéir 50 builin arain a dhéanamh?
1-2-25-50 Néiméad

5.3.1 Leagan A
Ta paiste duilli na duilleoige baite ar loch. Dublaionn an paiste i méid gach la. Ma thégann sé

24 la ar an bpaiste an loch iomlan a chlidach, céa fhad a thogfadh sé ar an bpaiste leath don
loch a chludach?
2-4-12-231a

5.3.2Leagan B
T4 coimeadéan a lionadh le clocha. Dublaionn lion na gcloch gach Ia. Beidh an coimeédan 14 i

10 l4. Ca mhéad la a thégfaidh sé air a bheith leath-lan?
2-4-5-91a

5.4.1 Leagan A
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Ta stocai dubha agus donna scaoilte i dtarraicean agus iad measctha i gcdimheas 4 le 5. Ca
mhéad stoca ar leithligh a chaithfea a thogail amach gan breathnu le bheith cinnte go
bhfaighfea péire ar an dath céanna?

1-2-3-4-5stoca

5.4.2 Leagan B
Ta mirlini glasa agus gorma i mala agus iad measctha i gcéimheas 6 le 8. Ca mhéad mirlin a

chaithfed a thégail amach gan breathnu le bheith cinnte go bhfaighfea péire ar an dath céanna?
2-3-4-5-6mirlin

5.5.1 Leagan A
Tosaionn dha thraein, 50km 6 chéile ag dul i dtreo a chéile ag 25 km/u (km san uair) an ceann.

De réir mar a thosaionn na traenacha, eitlionn éan 6 cheann traein amhain i dtreo an dara
ceann. Nuair a shroicheann sé an dara traein, iompaionn an t-éan thart agus éitlionn sé ar ais
chuig an chéad traein agus mar sin ar aghaidh né go gcasann na traenacha ar a chéile. Ma
eitlionn an t-éan ag 60 km/u, ca mhéad km a eitleoidh an t-éan sula gcasfaidh na traenacha ar
a chéile?

15 km — 30 km — 45 km — 60 km

55.2Leagan B

Tosaionn beirt choisithe ata 10 km 6 chéile ag siul i dtreo a chéile ag 5 km/u. Agus iad ag tosu
ag siul ritheann madra 6 dhuine amhain i dtreo an duine eile. Nuair a shroicheann an madra an
dara duine, iompaionn sé agus ritheann sé go dti an chéad duine agus mar sin ar aghaidh n6
go gcasann na coisithe ar a chéile. M4 ritheann an madra ag 20 km/u, cd mhead ciliméadar a
rithfidh an madra sula gcasfaidh na coisithe ar a chéile?

2-5-10-20km

5.6.1 Leagan A

Ceannaionn fear capall ar £60, diolann sé é ar £70, ceannaionn sé aris € ar £80 agus diolann
sé ar deireadh é ar £90. Ca mhéad a dhéanann sé?

£10 - £20 - £30 - £40

5.6.2 Leagan B
Ceannaionn bean scaireanna cuideachta sa stocmhargadh ar $600, diolann si iad ar $700,

ceannaionn si aris iad ar $800 agus diolann si ar deireadh iad ar $900. C4 mhéad a dhéanann
si?
$100 — $200 — $300 — $400

5.7.1 Leagan A
Bhi na péilini cinnte go ndearna A, B, C, n6 D coir. Rinne gach duine de na daoine faoi amhras

raiteas, ar a sheal, ach ni raibh ach ceann de na ceithre raiteas fior.
Duirt A, "Ni dhearna mise é."
Duirt B, “ Ta A ag insint bhréaga.”
Duirt C, “ Ta B ag insint bhréaga.”
Duirt D, “Rinne B é.”
Cé ata ag insint na firinne? Cé a rinne an choir?
Firinne: A-B-C-D
CoirA -B-C-D

5.7.2 Leagan B
Ta a fhios ag an mbreitheamh gur thainig duine A, B, C, né D suas le haireagan. Rinne gach

duine diobh éileamh, ar a sheal, ach ni raibh ach ceann de na ceithre raiteas fior.
Duirt A, “Is mise a cheap &.”
Duirt B, “ Ta A ag insint bhréaga.”
Duirt C, “ Ta B ag insint bhréaga.”
Duirt D, "Nior cheap B é."
Cé at4 ag insint na firinne? Cé a thainig suas leis an aireagan?
Firinne: A-B-C-D
Aireagan: A-B-C-D

178



5.8.1 Leagan A

Taispeantar ceithre charta duit ar bhord, ta uimhir ar thaobh amhain de gach ceann agus dath
ar an taobh eile. Ar na haghaidheanna ata le feiceail de na cartai, taispeantar 3, 8, dearg agus
donn. Cén carta(i) a chaithfidh ta a iompu0 chun firinne na ceiste a thastail méa thaispeéantar ré-
uimhir ar aghaidh amhain ar chéarta gur dath dearg a bheidh ar aghaidh eile an chérta sin? Déan
iarracht oibrit ar an tsli is éifeachtula tri a laghad cértai is féidir a iompu.

Marcail an méid is infheidhme: 3 — 8 — dearg — donn

5.8.2Leagan B

Taispeantar ceithre charta duit ar bhord, t4 uimhir ar thaobh amhain de gach ceann agus dath
ar an taobh eile. Ar na haghaidheanna ata le feiceail de na cartai, taispeantar 5, 6, glas agus
bui. Cén carta(i) a chaithfidh ta a iompua chun firinne na ceiste a thastail ma thaispeantar
corruimhir ar aghaidh amhain ar charta gur dath glas a bheidh ar aghaidh eile an charta sin?
Déan iarracht oibrit ar an tsli is éifeachtlla tri a laghad cartai is féidir a iompu.

Marcail an méid is infheidhme: 5 - 6 - glas - bui
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German

Hypothesis Testing
1.1.1 Version A
Ein Schiler muss sich zwischen zwei Universitaten A und B entscheiden. Der Schiler hat in
beiden Einrichtungen einige Freunde, die Werte mit ihm teilen und &hnliche Fahigkeiten
besitzen. Alle seine Freunde in A sind zufrieden, sowohl auf Bildungsebene, als auch bezliglich
sozialer Aspekte. Alle Freunde in B haben Zweifel diesbezlglich. Der Schiler sieht sich beide
Einrichtungen fiir einen Tag an und sein Eindruck ist gegeteilig zu den Berichten.
Welche Universitéat sollte der Schiller wahlen?

e Universitat A

e Universitat B

1.1.2 Version B
Eine Mutter und ein Vater missen sich zwischen zwei Kindergarten A und B fiir ihr erstes Kind
entscheiden. Sie haben einige Freunde, die ihnen bezlglich Werten und Einstellungen ahnlich
sind, mit Kindern in beiden Kindergarten. Alle ihre Freunde mit einem Kind in Kindergarten A
sind sowohl mit den Bildungs- als auch mit den sozialen Aspekten zufrieden. Alle Freunde mit
einem Kind in Kindergarten B haben Zweifel diesbeziglich. Das Paar besichtigt beide
Kindergéarten fur ein paar Stunden und haben einen gegenteiligen Eindruck zu den Berichten.
Welchen Kindergarten sollten die Mutter und der Vater wahlen?

e Kindergarten A

¢ Kindergarten B

1.2.1 Version A

Die Stadt Kingston hat seit eineinhalb Jahren einen unbeliebten Polizeiprasidenten. Er ist
politisch aktiv und ein Kollege des Burgermeisters und er hatte wenig vorgehende Erfahrungen
in der Polizeiverwaltung als er ernannt wurde. Der Blrgermeister verteidigte kirzlich den
Polizeipréasidenten 6ffentlich und gab bekannt, dass, seit dieser sein Amt angetreten hat, die
Kriminalitatsraten um 12% gesunken sind. Welche der folgenden Aussagen wirde die
Behauptung, dass der Polizeiprasident kompetent ist, am starksten schwachen?

¢ Die Kriminalitéatsraten der umliegenden Stadte, die Kingston beziglich Lage und Grole
am meisten ahneln, haben in derselben Zeit ihre Kriminalitdtsraten um 18% gesenkt.

e Eine unabhangige Umfrage der Bewohner von Kingston zeigt, dass 40% mehr
Verbrechen gemeldet wurden, als in den Umfragen der Polizei berichtet wurde.

e Gesunder Menschenverstand zeigt, dass ein Polizeiprasident wenig tun kann, um die
Kriminalitatsraten zu verringern. Diese sind hauptséchlich das Resultat sozialer und
o6konomischer Bedingungen auf3erhalb der Kontrolle von Beamten.

o Es wurde festgestellt, dass der Polizeiprasident Geschaftskontakte zu Personen pflegt,
die im organisierten Verbrechen involviert sind.

1.2.2 Version B

Eine Schule hat seit eineinhalb Jahren einen unbeliebten Lehrer. Er ist ein Freund des
Schulleiters und hatte wenig Erfahrung als Lehrer als er den Job antrat. Der Schulleiter
verteidigte den Lehrer vor der Schule und verkiindete, dass seit er den Job als Lehrer antrat,
die Rate auffalligen Verhaltens seiner Schiler um 12% gesunken sei. Welche der folgenden
Aussagen entkraftet die Behauptung des Schulleiters, der Lehrer sei kompetent, am starksten?

e Das Fehlverhalten der zwei Klassen, die nicht von dem Lehrer unterrichtet werden, sind
im selben Zeitraum um 18% gesunken.

e Eine Umfrage unter den Schilern zeigt, dass 40% mehr Fehlverhalten berichtet wird,
als der Umfrage des Schulleiters angegeben wird.

e Gesunder Menschenverstand zeigt, dass sein Lehrer wenig tun kann, um Fehlverhalten
zu reduzieren. Diese hédngen hauptsachlich von der Laune und dem Verhalten der
Schiler ab.

e Es wurde festgestellt, dass Schiiler, die sich schlecht verhielten, von dem Lehrer
bestraft wurden.

1.3.1 Version A

Prufe die Entscheidung, ob ein unbekanntes Auto ein Auto der Marke X oder der Marke Y ist.
Nehme an, dass folgende Informationen potentiell zu beiden Autos verfligbar sind — die
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Prozentangaben von Autos der Marke X und Autos der Marke Y welche mehr als 10 Liter pro
100 km verbrauchen, und die Prozentangaben von Autos der Marke X und Autos der Marke Y
welche keine schwerwiegenden mechanischen Probleme in den ersten zwei Jahren der
Benutzung hatten.
Gehe davon aus, dass ein unbekanntes Auto (entweder Marke X oder Y) tber 10 L/100 km
bendtigt und dass es keine gro3en mechanischen Probleme in den ersten zwei Jahren der
Benutzung hat. Gehe ebenfalls davon aus, dass 65% der Autos von Marke X iber 10 L/100 km
verbrauchen.
Wenn du eine der drei folgenden Informationen erfahren kénntest, welche wirde dir helfen zu
entscheiden, welches das unbekannte Auto ist, Auto X oder Auto Y?
e Prozentsatz der Autos von Marke Y die Uber 10 L/100 km verbrauchen.
e Prozentsatz der Autos der Marke X, die keine schwerwiegenden mechanischen
Probleme in den ersten zwei Jahren hatten
e Prozentsatz der Autos der Marke Y, die keine schwerwiegenden mechanischen
Probleme in den ersten zwei Jahren hatten

1.3.2 Version B
Prufe die Entscheidung, ob ein unbekannter Laptop der Marke X oder Marke Y zugehorig ist.
Nehme an, dass potentiell zwei Informationen zu jeder Alternative zur Verfligung stehen — der
Prozentsatz von Laptops der Marke X und Marke Y, die eine Akkulaufzeit von mehr als 10
Stunden hat und der Prozentsatz von Laptops der Marke X und Marke Y, der keine
gravierenden technischen Probleme in den ersten zwei Jahren der Benutzung hatten.
Gehe davon aus, dass ein unbekannter Laptop (entweder der Marke X oder Y) eine
Akkulaufzeit von tber 10 Stunden hat und dass er keine gravierenden technischen Probleme in
den ersten zwei Jahren der Benutzung aufwies. Nehme zudem an, dass 65% der Marke X
Laptops eine Akkulaufzeit von Uber 10 Stunden haben.
Wenn du eine der folgenden drei Informationen herausfinden kdnntest, welche wirde dir helfen
herauszufinden ob der Laptop der Marke X oder Marke Y zugehorig ist?
e Prozent der Marke Y, die eine Akkulaufzeit von Gber 10 Stunden haben.
e Prozent der Marke X, die keine gravierenden technischen Probleme in den ersten zwei
Jahren aufweisen.
e Prozent der Marke Y, die keine gravierenden technischen Probleme in den ersten zwei
Jahren aufweisen.

1.4.1 Version A
Herr Maxwell nimmt an einer Feier teil, zu der nur Universitatsprofessoren Unternehmensleiter
eingeladen sind (wobei Géste eins von beiden sein kdnnen, nicht aber beide Positionen
kombiniert). Das Einzige, was du Uber Herrn Maxwell weif3t, ist, dass er ein Mitglied des Bear’s
Club ist. Deine Aufgabe ist die Wahrscheinlichkeit abzuschéatzen, ob Herr Maxwell ein
Universitatsprofessor ist, indem du 1, 2, 3 oder 4 der unten angegebenen Fragen stellst. Priife
ihre Relevanz. Eine relevante Frage kennzeichnet, dass sie dir dabei helfen wird deine
Entscheidung zu treffen. Bitte bewerte jede Frage individuell und gebe an, ob sie relevant oder
irrelevant fur die Aufgabe ist.

e Wie viel Prozent der Personen auf der Feier sind Universitatsprofessoren?

e Wie viel Prozent der Mitglieder des Bear’s Clubs sind auf der Feier?

e Wie viel Prozent an Universitatsprofessoren auf der Feier sind Mitglieder des Bear’s

Clubs?
e Wie viel Prozent an Unternehmensileiter auf der Feier sind Mitglieder des Bear’s Club?

1.4.2 Version B
Frau Crowe nimmt an einer Tour teil, bei der nur amerikanische und kanadische Touristen
anwesend sind (wobei keiner der Teilnehmer eine doppelte Staatsbiirgerschaft besitzt). Das
Einzige, was du uber Frau Crowe weif3t, ist, dass sie ein Gast im Hotel ABC ist. Du wirst
gebeten die Wahrscheinlichkeit, dass Frau Crowe eine amerikanische Touristin ist
abzuschatzen, indem du 1, 2, 3 oder 4 der unten angegebenen Fragen stellst. Eine relevante
Frage kennzeichnet, dass sie dir dabei helfen wird deine Entscheidung zu treffen. Bitte bewerte
jede Frage individuell und gebe an, ob sie relevant oder irrelevant fur die Aufgabe ist.

e Wie viel Prozent der Personen in der Tour sind amerikanische Touristen?

e Wie viel Prozent der Géaste im Hotel ABC nehmen an der Tour teil?
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e Wie viel Prozent an kanadischen Touristen bei der Tour sind Gaste des Hotels
ABC?

e Wie viel Prozent an amerikanischen Touristen bei der Tour sind Gaste des Hotels
ABC?

1.5.1 Version A
Linda ist 31 Jahre alt, alleinstehend, offen und sehr klug. Sie studierte Philosophie. Als
Studentin beschéftigte sie sich intensiv mit den Themen Diskriminierung und soziale
Gerechtigkeit und nahm an Anti-Atomkraft-Demonstrationen teil.
Welche der beiden Alternativen ist wahrscheinlicher:

e Linda ist Kassiererin

e Linda ist Kassiererin und aktiv in der Frauenbewegung

1.5.2 Version B
Jack ist 45, verheiratet und hat vier Kinder. Er ist generell konservativ, vorsichtig und
ambitioniert. Er zeigt kein Interesse an politischen und sozialen Probleme und verbringt den
Grol3teil seiner Freizeit mit seinen vielen Hobbies, wie z.B. dem Heimwerkeln, Segeln und
mathematischen Rétseln.
Welche der zwei Alternativen ist wahrscheinlicher:

e Jack ist ein Ingenieur.

e Jack ist ein Ingenieur und aktiv im lokalen Club fir Wassersportarten.

1.6.1 Version A
Du mochtest ein neues Auto kaufen. Du musst dich zwischen zwei Alternativen entscheiden:
Auto A oder Auto B. Du benutzt nur ein Kriterium, um dich zu entscheiden, und zwar die
erwartete Lebenszeit des Autos. Du hast Informationen von Kundenberichten, dass in einer
Stichprobe von hundert Autos das Auto A die beste Bewertung erhielt. Genau gestern erzahite
dir dein Nachbar, dass sein neues Auto der Marke A eine Panne hatte. Welches Auto kaufst
du?

e AutoA

e AutoB

1.6.2 Version B
Du mdchtest einen neuen Computer kaufen. Heute musst du dich zwischen zwei Alternativen
entscheiden: Einen Computer A oder einen Computer B zu erwerben. Du benutzt nur ein
Kriterium fur deine Entscheidung, die Lebenserwartung des Computers. Du hast Informationen
von Kundenberichten, dass in einer Stichprobe von mehreren hundert Computern der Computer
A die beste Bewertung erhielt. Gestern erzéhlte dir ein Nachbar, dass sein neuer Computer der
Marke A kaputt ging. Welchen Computer kaufst du?

e Computer A

e Computer B

Verbal Reasoning
Analogies
Al
: Pferd :: Einsteigen : Zug
e Stall
e Schuh
e reiten
e aufsitzen
B1
Dichtung : Reim :: Philosophie :
e Symbolik
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e Musik

e Gesetz

e Theorie

A2

flicken : Naharbeit :: editieren :
e stopfen

e reparieren

e  Manuskript

e Provisorium

B2

alphabetisch : :: sequentiell : Akten
e Sorte

e Tell

e Liste

e Ordnung

A3

Maus : :: Blitz : Kamera
e Ratte

e Computer

e Kabel

e Dessert

B3

Polsterung : Sofa :: Brett :

e Sims

e Bicherregal

e Lager

e Rahmen

A4

befeuchten : .- kiihlen : frieren
e Wasser

e einweichen

e Ofen

e wachsen

B4

Schleife : > Glasur : Kuchen
e Geschenk

e Schnitt

e Bogen

e Schreibmaschine

A5

Welpe : :: Soldat : Armee
Hund

Wurf

Kéatzchen

Wau
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BS

Wissenschaftler : Experiment :: : Stiick
e Messbecher
e Vorsprechen
e Schauspieler
e Labor
A6
Lexikon : Definition :: : Karte
e Richtung
e Siden
e Atlas
e Langengrad
B6
ReiRzwecke : :» Haken : Mantel
e Nagel
e Poster
¢ Wand
e Hammer
A7
ungewohnlich : Neuheit :: : Standard
e eigenartig
e neu
o familiar
e Gedicht
B7
: Universitat :: Mechaniker : Werkstatt
e Buch
e Lernen
e Professor
e Motor
A8
Trommel : Instrument :: Bohrer :
e Hammer
e Ofen
e Werkzeug
e Crescendo
B8
Spitze : Berg :: : Haus
e Maximum
e Dach
e Veranda
e Bungalow
A9

: Regen :: Kondensation : Feuchtigkeit
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Erosion
Wolke
Boden
Prognose

vs]
©

: Bild :: Mosaik : Kachel
Film
Gravierung
Badezimmer
Dekoration

Judging Likelihood and Probability
3.1.1 Version A
Ein Squash-Spiel kann entweder mit 9 oder 15 Punkten gespielt werden. Wenn A ein besserer
Spieler als B ist, welches Punktesystem gibt A eine gréRere Chance zu gewinnen?
e Das 9-Punkte-Spiel
e Das 15-Punkte-Spiel

3.1.2 Version B
Tischtennis kann entweder mit 5 oder mit 9 Satzen gepielt werden. Wenn A ein besserer
Spieler als B ist, welches Punktesystem gibt A eine bessere Chance zu gewinnen?

. 5 Satze

J 9 Satze

3.2.1 Version A

Nach den ersten 2 Wochen der Baseball Saison in der oberen Spielklasse beginnen die
Zeitungen, die Top 10 Ranglisten der durchschnittlichen Leistungen der Spieler zu drucken.
Ublicherweise hat der filhrende Schlagmann nach zwei Wochen einen Durchschnitt von
ungefahr 0,450. Es hat jedoch noch nie ein Spieler der oberen Spielklasse am Ende der Saison
einen Durchschnitt von 0,450 gehabt. Warum denkst du ist das so? Kreuze eine Antwort an:

e Wenn bekannt ist, dass der Schlager oft trifft, spielen Werfer ihm den Ball mit mehr
Wucht zu

e Werfer verbessern sich tber die Season hinweg, da sie fitter werden. Dadurch ist es
wahrscheinlicher, dass sie die Schlager schlagen, sodass deren Durchschnitt sinkt.

e Der hohe Durchschnitt zu Beginn einer Season kdnnte blof3 Gliick sein. Die gesamte
Saison spiegelt die Fahigkeiten eines Schléagers realistischer wider.

e Ein Schlager, der eine Glucksstrahne zu Beginn der Saison hat, steht unter groRem
Druck, diese Leistung aufrecht zu halten. Dieser Druck beeinflusst seine Leistung
negativ.

e Wenn ein Schlager daflr bekannt ist, einen guten Durchschnitt anzustreben, bekommt
er keine einfachen Passe mehr zugespielt. Statt dessen zielen Werfer in die Ecken um
den Schlager zu fordern.

3.2.2 Version B
Nach den ersten zwei Wochen des Schuljahres, versucht ein Lehrer die 10 besten Schiiler des
Jahrgangs vorherzusagen. Normalerweise hat der beste Schiler nach 2 Wochen oft einen
Durchschnitt von ungeféhr 92%. Allerdings hat kein Schiler in der Geschichte der Schule je
einen Durchschnitt von 92% am Ende eines Schuljahres gehabt. Warum denkst du ist das so?
Kreuze eine Antwort an:
e Wenn ein Schiler einen hohen Durchschnitt anpeilt, steigern Lehrer ihre Erwartungen,
wenn sie die Arbeiten des Schulers bewerten.
e Arbeiten werden im Laufe des Jahres schwieriger, da sich Inhalt anh&uft. Da die
Arbeiten schwieriger werden, wird es fur Schiler unwahrscheinlicher, gute Noten zu
bekommen, deswegen sinkt die Notendurchschnitte.
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e Der hohe Durchschnitt eines Schiilers zu Beginn eines Jahres ist vielleicht nur Gliick.
Das langere Schuljahr bietet eine realistischere Prifung des Wissens und der
Fahigkeiten eines Schilers.

e Ein Schiler, der so hohe Durchschnittsnoten zu Beginn eines Semesters hat, steht
unter viel Druck diesen Durchschnitt aufrecht zu erhalten. Dieser Druck beeinflusst
seine Ergebnisse negativ.

e Wenn bekannt ist, dass ein Schiler einen hohen Durchschnitt anpeilt, dann bekommt er
keine einfachen Fragen mehr von den Lehrern gestellt. Stattdessen erhéhen Lehrer die
Schwierigkeit der Fragen fir diesen Schiler, um dessen Wissen zu testen.

3.3.1 Version A
Bei Spielautomaten gewinnen Leute ungeféahr in 1 von 10 Fallen. Julia dagegen hat gerade bei
jedem ihrer ersten drei Spiele gewonnen. Was sind ihre Chancen beim nachsten Spiel zu
gewinnen?
_____von 10 Fallen

3.3.2 Version B
Bei einer lokalen Lotterie gewinnen etwa 1 aus 20 Lotterielosen einen Preis. Jakob dagegen hat
gerade mit seinen ersten 3 Tickets gewonnen. Was sind seine Chancen bei seinem nachsten
Spiel zu gewinnen?
_zu20

3.4.1 Version A
Stelle dir vor, dass wir eine faire Miinze werfen (eine Miinze, bei der die Wahrscheinlichkeit
Kopf oder Zahl zu bekommen bei 50/50 liegt) und die letzten funf Mal hintereinander Kopf
geworfen wurde. Was denkst du tUber den 6. Wurf:

o Esist wahrscheinlicher, dass Zahl statt von Kopf geworfen wird.

e Es st wahrscheinlicher, dass Kopf statt Zahl geworfen wird.

e Kopf und Zahl sind beim sechsten Wurf gleich wahrscheinlich.

3.4.2 Version B
Stelle dir vor, dass wir einen fairen Wirfel werfen (jede Seite hat eine Chance von 1 zu 6
geworfen zu werden) und die Nummer 6 ist gerade funfmal hintereinander gewdrfelt worden.
Was denkst du Uber den 6. Wurf:

o Esist wahrscheinlicher, dass eine andere Nummer als 6 gewdrfelt wird.

o Esist wahrscheinlicher, dass eine 6 statt einer anderen Nummer gewdurfelt wird.

e 6 und jede andere Nummer sind beim 6. Wurf gleich wahrscheinlich.

3.5.1 Version A
Stelle dir vor, dass dir zwei Tabletts mit schwarzen und wei3en Murmeln gezeigt werden: Ein
grolRes Tablett mit 100 Murmeln und ein kleines Tablett mit 10 Murmeln. Die Murmeln sind auf
beiden Tabletts verteilt. Du musst eine Murmel von einem der Tabletts ziehen, ohne
hinzusehen. Wenn du eine schwarze Murmel ziehst, gewinnst du 2€. Auf dem kleinen Tablett ist
eine schwarze Murmel und 9 weil3e Murmeln und auf dem grof3en Tablett sind 8 schwarze und
92 weil3e Murmeln. Von welchem Tablett wirdest du in eine Murmel ziehen?

e Vom grof3en Tablett

e Vom kleinen Tablett

3.5.2 Version B
Stelle dir vor, dass dir zwei Titen mit 10€ und 20€ Scheinen gezeigt werden: Eine grol3e Tite
mit 100 verschiedenen Scheinen und eine Tiite, die 10 verschiedene Scheine beinhaltet. Du
musst von einer der beiden Titen einen Schein ohne hinzuschauen ziehen und darfst den
Schein behalten.In der kleinen Tlte befindet sich ein 20€ Schein und neun 10€ Scheine und der
grof3en Tute befinden sich acht 20€ Scheine und zweiundneunzig 10€ Scheine. Von welcher
Tite wirdest du lieber einen Schein ziehen?

e Von der grof3en Tite
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e Von der kleinen Tite

Argumentation Analysis
Bitte kreuze an: richtig — falsch

Al

e Keine Zigartten sind billig.

e Manche suchterzeugenden Produkte sind billig.

e Demzufolge sind manche suchterzeugenden Produkte keine Zigaretten.
B1

e Manche Gebaude sind aus Holz.

e Keine holzernen Gebaude sind Wolkenkratzer.

e Demzufolge sind manche Gebdude keine Wolkenkratzer.
A2

e Manche Birogegenstande sind keine Computer.

e Manche elektronischen Gerate sind Blrogegenstande.

o Demzufolge sind manche elektronischen Geréte keine Computer.
B2

e Manche Getrénke sind nicht alkoholisch.

¢ Nicht alkoholische Getranke sind nicht Spirituosen.

e Demzufolge sind manche Getréanke keine Spirituosen.
A3

e Stihle sind keine Tische.

e Manche Mobel sind Stuhle.

e Demzufolge sind manche Mdbel keine Tische.
B3

e Manche Fische sind nicht essbar.

e Forelle ist essbar.

e Demzufolge sind manche Fische nicht Forelle.
B4

e Keine suchterzeugenden Produkte sind billig.

e Manche Zigartten sind billig.

¢ Demzufolge sind suchterzeugende Produkte keine Zigaretten.
Ad

Manche Gebaude aus Holz sind Wolkenkratzer.
Keine Gebéaude sind Gebaude aus Holz.

e Demzufolge sind manche Gebéaude keine Wolkenkratzer.
B5

e Manche elektronischen Geréte sind keine Blrogegenstande.

e Manche Burogegenstéande sind Computer.

e Demzufolge sind manche elektronischen Geréte keine Computer.
A5

¢ Nicht alkoholische Getranke sind Spirituosen.

e Keine Getranke sind nicht alkoholisch.

o Demzufolge sind manche Getréanke keine Spirituosen.
B6

e Keine Mobelstiicke sind Stiihle.
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e Stihle sind Tische.
e Demzufolge sind manche Mdbelstiicke nicht Tische.

A6

e Keine Forellen sind essbar.

e Fisch ist essbar.

e Demzufolge sind manche Fische keine Forellen.
A7

Manche Werkzeuge sind nicht manuell.
Schraubenzieher sind manuelle Werkzeuge.

e Demzufolge sind manche Schraubenzieher keine Werkzeuge.
B7

e Manche Musikinstrumente sind Blasinstumente.

e Blasinstrumente sind nicht Geigen.

e Demzufolge sind manche Geigen keine Musikinstrumente.
A8 /I B8

e Manche griinen Dinge sind nicht Graser.

e Manche Pflanzen sind grin.

e Demzufolge sind manche Graser keine Pflanzen.
B9

e Schraubenzieher sind keine manuellen Werkzeuge.

o Keine Werkzeuge sind manuell.

o Demzufolge sind manche Schraubenzieher keine Werkzeuge.
A9

¢ Blasinstumente sind Geigen.
e Keine Musikinstrumente sind Blasinstrumente.
e Demzufolge sind manche Geigen keine Musikinstrumente.

Problem Solving

5.1.1 Version A

Ein Schlager und ein Ball kosten zusammen 1,10%. Der Schlager kostet 1,00$ mehr als der
Ball. Wie viel kostet der Ball?

5 Cent — 10 Cent — 55 Cent — 100 Cent

5.1.2 Version B

Ein Laib Brot und ein Apfel kosten zusammen 2,20$. Das Brot kostet 2 $ mehr als der Apfel.
Wie viel kostet der Apfel?

10 Cent — 20 Cent — 110 Cent — 200 Cent

5.2.1 Version A

Wenn 5 Maschinen in 5 Minuten 5 Plastikstlicke herstellen, wie lange wirden 100 Maschinen
brauchen 100 Plastikstticke herzustellen?

1-5-25-100 Minuten

5.2.2 Version B

Wenn 2 Backer in 2 Minuten 2 Laibe Brot herstellen, wie lange wirden 50 Backer brauchen um
50 Laibe Brot herzustellen?

1-2-25-50 Minuten

5.3.1 Version A

Auf einem See wachsen Seerosen. Jeden Tag verdoppelt sich die Grol3e der Pflanzen. Wenn
es 24 Tage dauert, bis der gesamte See bedeckt ist, wie lange wiirde es dauern, die Halfte des
Sees zu bedecken?

2—-4-12-23Tage
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5.3.2 Version B

Ein Container ist mit Steinen gefiillt. Die Menge der Steine verdoppelt sich jeden Tag. Der
Container wird in 10 Tagen voll sein. In wie vielen Tagen wird er halbvoll sein?
1-4-5-9Tage

5.4.1 Version A

In einer Schublade sind schwarze und braune lose Socken mit einem Verhaltnis von 4 zu 5
gemischt. Wie viele Socken wirdest du ohne Hinzusehen herausnehmen missen, um sicher
ein Paar derselben Farbe zu bekommen?

1-2-3-4-5Socken

5.4.2 Version B

In einer Tite sind griine und blaue Murmeln in einem Verhaltnis von 6 zu 8 gemischt. Wie viele
Murmeln misstest du ohne hinzusehen herausnehmen miissen, um zwei in derselben Farbe zu
erhalten?

2—-3-4-5-6 Murmeln

5.5.1 Version A

Zwei Ziuge, welche 50 km voneinander entfernt sind, beginnen mit einer Geschwindigkeit von
25 km pro Stunde (kmh) aufeinander zuzufahren. Als die Ziige losfahren, fliegt ein Vogel von
der Spitze des einen Zuges auf den anderen Zug zu. Sobald der Vogel beim anderen Zug
ankommt, fliegt er wieder zuriick und so weiter, bis sich die Zuge treffen. Wenn der Vogel mit
einer Geschwindigkeit von 60 kmh fliegt, wie viele km wird der Vogel geflogen haben, bis die
beiden Zlge sich treffen?

15 km — 30 km — 45 km — 60 km

5.5.2 Version B

Zwei Fulganger, welche 10 Kilometer voneinander entfernt stehen, beginnen mit einer
Geschwindigkeit von 5 km/h aufeinander zuzugehen. Als die Fu3ganger losgehen, rennt ein
Hund von einer Person zur anderen. Sobald der Hund die andere Person erreicht, dreht er um
und rennt zuriick zur ersten Person und so weiter bis sich die Ful3génger treffen. Wenn der
Hund mit einer Geschwindigkeit von 20 km/h lauft, wie viele Kilometer lauft der Hund, bis sich
die FuRganger treffen?

2-5-10-20km

5.6.1 Version A

Ein Mann kauft ein Pferd fur £60, verkauft es fir £70, kauft es zuriick fir £80 und verkauft es
letztendlich fur £90. Wie viel Gewinn hat er gemacht?

£10 - £20 - £30 — £40

5.6.2 Version B

Eine Dame kauft Aktien einer Firma auf dem Bdrsenmarkt fir $600, verkauft sie fir $700, kauft
sie zuriick fur $800 und verkauft sie letztendlich fir $900. Wie viel Gewinn hat sie gemacht?
$100 — $200 — $300 — $400

5.7.1 Version A
Die Polizei ist Uberzeugt davon, dass entweder A, B, C oder D ein Verbrechen begangen hat.
Jeder der Verdachtigen hat eine Aussage gemacht, aber nur eine der Aussagen ist wahr.
e A sagte: ,Ich war es nicht.”
B sagte: ,A lugt.”
C sagte: ,B lugt.”
B sagte: ,B war es.”

Wer sagt die Wahrheit? Wer hat das Verbrechen begangen?
Wabhrheit: A—B-C-D
Verbrechenn A—-B-C-D

5.7.2 Version B
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Der Richter weil3, dass eine der Personen A, B, C oder D eine Erfindung gemacht hat. Jeder
von ihnen hat ein Statement abgegeben, aber nur eines der vier Aussagen ist wahr:

A sagte: ,Ich habe es erfunden.”

B sagte: ,A lugt.”

C sagte: B lugt.”

D sagte: ,B hat es nicht erfunden.”

Wer sagt die Wahrheit? Wer hat die Erfindung gemacht?
Wahrheitt A-B-C-D
Erfindung: A—B-C-D

5.8.1 Version A

Dir wird ein Set von vier Karten prasentiert, jede Karte hat eine Zahl auf der einen Seite und
eine Farbe auf der anderen Seite. Die Zahlen sind 3 und 8, und die Farben rot und braun.
Welche Karte(n) musst du umdrehen, um die Aussage zu testen, dass eine Karte, welche auf
der einen Seite eine gerade Zahl hat, auf der Riickseite rot ist? Versuche die effizienteste Art
herauszufinden, indem du so wenige Karten wie mdglich umdrehst.

Markiere so viele wie nétig: 3 — 8 — rot — braun

5.8.2 Version B

Dir wird ein Set von vier Karten prasentiert, jede Karte hat eine Zahl auf der einen Seite und
eine Farbe auf der anderen Seite. Die Zahlen sind 5 und 6 und die Farben griin und gelb.
Welche Karte(n) musst du umdrehen, um die Aussage zu testen, dass eine Karte, welche auf
der einen Seite eine ungerade Zahl hat, auf der Rlckseite grin ist? Versuche die effizienteste
Art herauszufinden, indem du so wenige Karten wie mdglich umdrehst.

Markiere so viele wie nétig: 5 — 6 — griin — gelb
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Italian

Hypothesis Testing

1.1.1 Versione A

Uno studente di scuola superiore deve scegliere tra due universita A o B. Lo studente ha diversi
amici in entrambe le universita. Gli amici che frequentano I'Universita A sono soddisfatti sia dal
punto di vista accademico che sociale; Gli amici che frequentano l'universita B hanno
riscontrato problemi sia dal punto di vista accademico che sociale. Lo studente ha visitato
entrambe le universita per qualche ora, e le sue impressioni sono opposte a quelle riportate
dagli amici.

Quale universita dovrebbe scegliere lo studente?

Universita A - Universita B

1.1.2 Versione B

Una coppia di genitori deve scegliere tra due asili per decidere dove iscrivere il loro
primogenito. La coppia ha diversi amici che hanno figli che frequentano entrambi gli asili. Gli
amici che hanno un figlio che frequenta la scuola materna A sono contenti sia dal punto di vista
educativo che sociale; gli amici che hanno figli che frequentano I'asilo B hanno riscontrato
problemi su entrambi i fronti. La coppia ha visitato entrambi gli asili per qualche ora, e le loro
impressioni sono opposte a quelle riportate dagli amici.

Quale asilo dovrebbero scegliere i genitori?

Asilo A - Asilo B

1.2.1 Versione A

Nella citta di Kingston & in carica da un anno e mezzo un capo della polizia, non ben visto agli
occhi dei cittadini. Egli & politicamente attivo ed e un collega del sindaco, ma quando & stato
nominato aveva poca esperienza sul campo. Il sindaco ha recentemente difeso il capo della
polizia in pubblico, affermando che da quando € entrato in carica, i tassi di criminalita sono
diminuiti del 12%. Quale dei seguenti elementi di prova indebolirebbe I'affermazione del sindaco
riguardo alla competenza del capo della polizia?

e Anche i tassi di criminalita delle citta piu vicine a Kingston sono diminuiti del 18% nello
stesso periodo.

e un sondaggio fatto dai cittadini mostra che gli intervistati riportano il 40% in piu di
crimine di quanto riportato negli archivi della polizia.

e |l buon senso indica che c'é poco che un capo della polizia possa fare per diminuire i
tassi di criminalita. Questi sono per la maggior parte dovuti alle condizioni sociali ed
economiche che quindi esulano dalla funzione del capo della polizia.

e Si e scoperto che il capo della polizia ha rapporti stretti con persone che sono noti per
essere coinvolti nel crimine organizzato.

1.2.2 Versione B
In una scuola superiore € in carica da un anno e mezzo un insegnante poco popolare.
L'insegnante & un amico del preside, e aveva poca esperienza nell'insegnamento prima di
essere nominato. Il preside ha recentemente difeso l'insegnante di fronte alla scuola,
annunciando che da quando € entrato in carica, la cattiva condotta dei suoi allievi &€ diminuita
del 12%. Quale delle seguenti opzioni farebbe vacillare I'affermazione del preside riguardo alla
competenza dell’insegnante ?
e Anche itassi di cattiva condotta di altre due classi non insegnate da questo docente
sono diminuite del 18% nello stesso periodo.
e un sondaggio degli studenti dimostra che é presente il 40% in piu di cattiva condotta
rispetto a quello riportato dal preside.
¢ Il buon senso ci dice che c'é poco che un insegnante possa fare per diminuire la cattiva
condotta. Questa € in gran parte correlato al comportamento dello studente.
e Si é scoperto che l'insegnante ha penalizzato gli studenti che avevano una cattiva
condotta.

1.3.1 Versione A
Devi capire se una macchina & di marca X o di marca Y. Supponi che tu possa potenzialmente
avere due tipi di informazioni su ciascuna alternativa, la percentuale di auto X e Y che hanno un
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consumo di oltre 10 I/ 100 km (litri per 100 km) e la percentuale di auto X e Y auto che hanno
avuto grossi problemi meccanici nei primi due anni di proprieta.
Supponi che una macchina (sia di marca X o Y) faccia piu di 10 | / 100 km e che abbia avuto
grossi problemi meccanici nei primi due anni di proprieta. Inoltre considera che il 65% del
marchio di auto X consuma piu di 10 1/ 100 km.
Se potessi scoprire uno dei seguenti tre tipi di informazioni, quale ti aiuterebbe a decidere se
l'auto € di marca X 0 Y?
e la percentuale di autovetture di marca Y che ottengono piu di 10 I/ 100 km
e la percentuale di autovetture di marca X che hanno avuto grossi problemi meccanici nei
primi due anni
e la percentuale di autovetture di marca Y che hanno avuto grossi problemi meccanici nei
primi due anni

1.3.2 Versione B
Devi capire se un computer portatile € di marca X o Y. Supponi che tu possa potenzialmente
avere due tipi di informazioni su ciascuna alternativa, la percentuale di computer di marca X e di
marca Y che hanno una durata della batteria di oltre 10 ore e la percentuale di marca X e di
marca Y che non hanno avuto grossi problemi tecnici nei primi due anni di proprieta.
Supponi che un computer (X o Y) abbia avuto una durata della batteria di oltre 10 ore e che
non abbia avuto grossi problemi tecnici nei primi due anni di proprieta. Tieni conto anche che |l
65% dei computer portatili di marca X hanno avuto una durata della batteria di oltre 10 ore.
Se potessi scoprire uno dei seguenti tre tipi di informazioni, quale ti aiuterebbe a decidere se il
computer & di marca X 0 Y?
e La percentuale di computer marca Y che ha oltre 10 ore di durata di batteria.
e La Percentuale di computer marca X, che non ha avuto grossi problemi tecnici nei primi
due anni
e La Percentuale di computer marca Y, che non ha avuto grossi problemi tecnici nei primi
due anni

1.4.1 Versione A
Mr. Maxwell partecipa ad una festa a cui sono stati invitati solo professori universitari e dirigenti
d'azienda (gli invitati sono professori universitari o dirigenti d'azienda ma non possono fare
entrambe le professioni insieme). L'unica cosa che sai di Mr. Maxwell & che &€ un membro del
Club dell'Orso. Ti viene chiesto di stimare la probabilita che il signor Maxwell sia un professore
universitario, chiedendo 1, 2, 3, o 4 delle domande di seguito riportate. Ti viene chiesto di
verificare la loro pertinenza. Una delle domande ¢ la risposta che ti aiutera nel rispondere.
Considera ciascuna delle domande separatamente e indica se sia rilevante o irrilevante a cio
che ti viene richiesto.

e Qual é la percentuale di professori universitari presenti alla festa?

e Qual e la percentuale di membri del Club dell'orso presente alla festa?

e Qual e la percentuale di professori universitari che sono membri del Club dell'Orso?

e Qual € la percentuale di dirigenti d’azienda che sono membri del Club dell'Orso

presenti alla festa?

1.4.2 Versione B

La signora Crowe partecipa ad un tour guidato che e frequentato solo da turisti americani e
turisti canadesi (i turisti possono essere di una sola nazionalita, non tutte e due insieme).
L'unica cosa che si sa riguardo alla signora Crowe € che lei &€ un ospite dell'hotel ABC. Ti viene
chiesto di stimare la probabilita che la signora Crowe € una turista americana chiedendo 1, 2, 3,
0 4 delle domande di seguito riportate. Ti viene chiesto di verificare la loro pertinenza. Una delle
domande € la risposta che ti aiutera nel rispondere. Si prega di considerare ciascuna delle
domande separatamente e indicare se sia rilevante o irrilevante per rispondere a cid che ti &
stato richiesto.

Qual é la percentuale di turisti americani che sono presenti al tour?

Qual & la percentuale di ospiti dell'hotel ABC che partecipano al tour?

Qual & la percentuale di turisti canadesi presenti al tour che sono ospiti dell'hotel ABC?
Qual ¢ la percentuale di turisti americani presenti al tour che sono ospiti dell'hotel ABC?

1.5.1 Versione A
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Linda ha 31 anni, € single, senza peli sulla lingua, € una ragazza molto sveglia e si € laureata in
filosofia. Da studentessa era particolarmente appassionata di questioni riguardanti
discriminazione e giustizia sociale, e ha anche partecipato a manifestazioni antinucleari.
Quale delle due alternative € piu probabile:

e Linda & un’impiegata di banca

e Linda & un’impiegata di banca ed & attiva nel movimento femminista

1.5.2 Versione B
Jack ha 45 anni, & sposato e ha quattro figli. E' generalmente attento e ambizioso, non mostra
alcun interesse per le questioni politiche e sociali e trascorre la maggior parte del suo tempo
libero mettendo in pratica i suoi hobby, tra cui lavorare il legno, andare in barca e risolvere
enigmi matematici.
Quale delle due alternative € piu probabile:

e Jack e un ingegnere

e Jack & uningegnere ed € attivo nel club locale per gli sport acquatici

1.6.1 Versione A

Vuoi acquistare una nuova auto. Oggi devi scegliere tra due alternative: I'acquisto di un’
utilitaria A o B. E possibile utilizzare un solo criterio per la scelta, ovvero I'aspettativa di vita
della vettura. Avete informazioni da Consumer Reports, che riporta il record migliore per I'auto A
su un campione di diverse centinaia di autovetture. leri un vicino di casa ti ha detto che la sua
nuova auto di marca A si e rotta. Quale macchina acquisti?

Auto A - Auto B

1.6.2 Versione B

Vuoi acquistare un nuovo computer. Oggi devi scegliere tra due alternative: per I'acquisto di un
computer A o di un computer B. E possibile utilizzare un solo criterio per la scelta, ovvero
I'aspettativa di vita del computer. Avete informazioni da Consumer Reports, che riporta il record
migliore per il computer A su un campione di diverse centinaia di computer. leri un vicino di
casa ti ha detto che il suo nuovo computer di marca A si e rotto. Quale computer acquisti?
computer A - computer B

Verbal Reasoning

Analogie
Al) : cavallo: salire a bordo: treno
e stalla
e Ferro di cavallo
e Cavalcare
e Salire in sella

B1) Poesia: Rima :: filosofia:
¢ linguaggio figurato
e Musica
e Legge
e Teoria

A2) rammendare: cucito :: correggere:
e rammendo

e aggiustare
e Manoscritto
e rattoppo
B2) alfabetico: :: sequenziale: file
e ordinare
o Parte
e elenco
e ordine
A3) mouse: :: Flash: macchina fotografica
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ratto
Computer
cavo
dolce

B3) cuscino: divano :: Mensola:

ripiano
libreria
magazzino
cornice

A4) inumidire:

B4) nastro:

Ab5) gattino:

acqua
immergere
Forno
crescere

regalo
taglio
fiocco

. ciliegina: torta

macchina da scrivere

gatto
cucciolata
Cucciolo
Miao

:: soldato: esercito

B5) scienziato: esperimento ::

A6) Dizionario: Definizione ::

B6) puntina:

bicchiere
prova
Attore
laboratorio

direzione

b. Sud

c. Atlante

d. longitudine

chiodo
poster
Parete
martello

A7) insolito: novita ::

B7)

bizzarro
nuovo
comune
poesia

: universita
libro
istruzione
Professore
motore

.. Gancio: cappotto

: normale

;> meccanico: officina

: Mappa

:: rinfrescare: congelare
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A8) tamburo: strumento :: trapano:
e Martello
e forno
e attrezzo
e crescendo

B8) cima: montagna :: : casa
e massimizzare
e tetto
e Veranda
e bungalow

A9) : pioggia:: condensazione: Umidita
erosione

nuvola

terreno

previsione

B9) : Telaio :: mosaico: piastrelle
pellicola

incisione

Bagno

decorazione

Judging Likelihood and Probability

3.1.1 Versione A

Squash puo essere giocato a 9 0 15 punti. Se A e un giocatore migliore di B, quale schema di
punteggio darebbe al giocatore A una migliore possibilita di vincere?

* Partita da 9 punti « Partita da 15 punti

3.1.2 Versione B

Una partita di Pin Pong pud essere vinta con il miglior punteggio su 5 partite o miglior punteggio
su 9 partite. Se A € un giocatore migliore di B, quale schema di punteggio darebbe al giocatore
A una migliore possibilita di vincere?

* punteggio migliore su 5 partite « Punteggio migliore su 9 partite

3.2.1 Versione A
Dopo le prime 2 settimane dall'inizio del piu importante campionato di baseball, i giornali
cominciano a stampare le prime 10 medie di battuta. In genere, dopo 2 settimane, il battitore
leader ha spesso una media di circa 450. Tuttavia, nessun battitore nella storia della Major
League ha mai avuto media di 450 alla fine della stagione. Perché pensi che questo accada?
Spunta un’alternativa:
e Quando un battitore & conosciuto per raggiungere una media alta, i lanciatori tendono a
pressarlo di pit quando lanciano su di lui
¢ | lanciatori tendono a migliorare nel corso della stagione grazie ad una migliore forma
fisica. Migliorando, i lanciatori tirano lanci piu difficili sui battitori, cosi le medie dei
battitori scendono.
e Un’alta media di un giocatore all'inizio della stagione puo essere dovuta solo a fortuna.
A fine stagione si hanno dati piu realistici sulla qualita di gioco dei battitori.
e Un battitore che ha una striscia positiva all'inizio della stagione € sotto molto pressione
per mantenere la sua prestazione. Tale stress influisce negativamente sul suo modo di
giocare.
e Quando un battitore & noto per essere forte, smette di ricevere buoni tiri dai lanciatori.
Al contrario, i lanciatori cercano di metterlo di piu in difficolta.

3.2.2 Versione B
Dopo le prime 2 settimane dall'inizio della scuola, un insegnante di una scuola cerca di
prevedere i primi 10 miglior studenti dell'anno. In genere, dopo 2 settimane, spesso lo studente
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che ha una media piu alta ha una media di circa il 92%. Tuttavia, nessuno studente nella storia
della scuola ha mai avuto una media di 92% alla fine dell’anno. Per quale motivo pensi che
questo accada? Spunta un’ alternativa:

e Gli insegnanti aumentano le loro aspettative quando valutano i compiti di uno studente
che é risaputo avere una media alta.

e | compiti tendono a diventare piu difficili nel corso dell'anno, come il materiale da
studiare aumenta. Come i compiti diventano piu difficili, gli studenti hanno meno
probabilita di raggiungere un punteggio elevato, in questo modo le medie degli studenti
scendono.

¢ Una media alta di uno studente all'inizio della scuola puo essere dovuta solo a fortuna.
L'anno accademico prevede una valutazione piu realistica di conoscenza e capacita di
uno studente.

¢ Uno studente che ha una media cosi alta all'inizio dell'anno & sotto pressione per
cercare di mantenere la sua media. Tale stress influisce negativamente sui suoi
risultati.

¢ Quando uno studente ha una media alta, smette di ricevere semplici domande dagli
insegnati. Al contrario, gli insegnanti aumentano la difficolta delle domande per questo
studente perché vogliono mettere alla prova le sue capacita.

3.3.1 Versione A

Giocando con le slot machine, le persone vincono circa 1 volta su 10. Julie, pero, ha appena

vinto i suoi primi tre giochi. Qual & la sua probabilita di vincere anche la prossima partita?
Su 10

3.3.2 Versione B
Partecipando ad una lotteria locale, le persone hanno la possibilita di vincere circa 1 volta ogni
20 biglietti della lotteria. Jack, invece, ha appena vinto i suoi primi tre biglietti. Quali sono le sue
probabilita di vincere la prossima volta che gioca?

Su 20

3.4.1 Versione A

Immagina di aver lanciato una moneta (una moneta che ha un 50/50 di possibilita di uscire testa
0 croce) ed e uscita la testa 5 volte di fila. Per il 6 ° lancio pensi che:

a) E piu probabile che esca croce che testa.

b) E pit probabile che esca testa che croce

C) testa e croce sono ugualmente probabili al sesto lancio.

3.4.2 Versione B

Immagina di aver lanciato(un dado che ha un 1 possibilitd su 6 di uscire con ogni numero) e il
numero 6 & appena uscito 5 volte di fila. Per il 6 ° lancio pensi che:

a) E piu probabile che esca un numero diverso da 6.

b) E pit probabile che esca 6 piuttosto che un numero diverso

¢) 6 e qualsiasi altro numero sono ugualmente probabili al sesto lancio.

3.5.1 Versione A

Supponi che ti vengano presentati due contenitori di biglie bianche e nere: un contenitore
grande che contiene 100 biglie e un contenitore piccolo che contiene 10 biglie. Devi prendere
una biglia da uno dei contenitori senza guardare. Se prendi una biglia nera vinci 2 euro.
Considera che il contenitore piccolo contiene 1 biglia nera e 9 biglie bianche, e il contenitore
grande contiene 8 biglie nere e 92 biglie bianche. Da quale contenitore prenderesti la biglia in
una situazione reale?

* Contenitore Piccolo « Contenitore Grande

3.5.2 Versione B

Supponi che ti vengano presentati due sacchi di banconote da 10 euro e da 20 euro: un grande
sacco che contiene 100 diverse banconote e un sacco piccolo che contiene 10 banconote
diverse. Le banconote sono mescolate casualmente nei sacchi. Devi tirare fuori una banconota
da entrambi i sacchetti senza guardare e poi potrai tenere la banconota. Considera che il sacco
piccolo contiene una banconota da 20 euro e nove banconote da 10 euro, e il sacco grande
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contiene otto banconote da 20 euro e novantadue banconote da 10 euro. Da quale sacco
prenderesti la banconota in una situazione reale?
» Sacco Piccolo * Sacco Grande

Argumentation Analysis
Scegli: valido - non valido

Al

Bl

A2

B2

A3

B3

B4

A4

BS

A5

Nessun tipo di sigarette € economico
Alcune dipendenze sono economiche
Pertanto, alcune dipendenze non sono sigarette

Alcuni edifici sono edifici in legno
Nessun edififcio in legno & un grattacielo
Pertanto alcuni edifici non sono grattacieli

alcuni articoli di apparecchiature per ufficio non sono computer
alcuni apparecchi elettrici sono elementi di apparecchiature per ufficio
Pertanto alcuni apparecchi elettrici non sono computer.

Alcune bevande sono analcoliche
Le bevande analcoliche non sono liqouri
Pertanto alcune bevande non sono ligouri.

Le sedie non sono tavoli.
Alcuni mobili sono sedie.
Percio alcuni mobili non sono tavoli.

Alcuni pesci sono commestibili
Le trote sono commestibili
Percio alcuni pesci non sono trote.

Le dipendenze sono economiche.
Alcuni tipi di sigarette sono economiche.
Pertanto, alcune dipendenze non sono le sigarette.

Alcuni edifici in legno sono grattacieli.
Nessun edificio & un edificio in legno.
Quindi alcuni edifici non sono grattacieli.

alcuni apparecchi elettrici non sono elementi di apparecchiature per ufficio
alcuni articoli di apparecchiature per ufficio sono i computer
Pertanto Alcuni apparecchi elettrici non sono computer.
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¢ Le Bevande analcoliche sono ligouri.
¢ Non ci sono bevande analcoliche.
¢ Pertanto Alcune bevande non sono ligouri.

B6

¢ Nessun mobile & una sedia.

e Le sedie sono tavoli.

e Percio alcuni mobili non sono tavoli
A6

e Le trote non sono commestibili.

e | pesci sono commestibili.

¢ Percio alcuni pesci non sono trote.
A7

e Alcuni attrezzi non sono manuali.

e | cacciaviti sono attrezzi manuali.

e Pertanto alcuni cacciaviti non sono attrezzi.
B7

e Alcuni strumenti musicali sono strumenti a fiato

e gli strumenti a fiato non sono violini

e Percio alcuni violini non sono strumenti musicali.
A8 // B8

e Le cose verdi non sono erba.

¢ Alcune piante sono verdi.

¢ Pertanto I'erba non & una pianta.
B9

e | cacciaviti non sono attrezzi manuali

e non ci sono attrezzii manuali

e Pertanto alcuni cacciaviti non sono attrezzi.
A9

e Strumenti a fiato sono violini.
e Nessuno strumento musicale € uno strumento a fiato.
e Percio i violini non sono strumenti musicali.

Problem Solving

5.1.1 Versione A

Una racchetta e una palla costano 1,10 $ in totale. La rachetta costa 1,00 $ piu dela palla.
Quanto costa la palla?

5 centesimi - 10 centesimi - 55 centesimi - 100 centesimi

5.1.2 Versione B

Un pezzo di pane e una mela costano 2,20 $ in totale. |l pane costa $ 2 piu della mela. Quanto
costa la mela?

10 centesimi - 20 centesimi - 110 centesimi - 200 centesimi

5.2.1 Versione A
Se ci vogliono 5 macchine e 5 minuti per fare 5 pezzi di plastica , quanto tempo impiegano 100
macchine per fare 100 pezzi di plastica?
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1-5-25-100 minuti

5.2.2 Versione B

Se ci vogliono 2 panettieri e 2 minuti per fare 2 pagnotte di pane, quanto tempo impiegano 50
fornai per fare 50 pagnotte di pane?

1-2-25-50 minuti

5.3.1 Versione A

In un lago, c'é€ un’aiuola di ninfee. Ogni giorno, l'aiuola raddoppia. Se ci vogliono 24 giorni
all'aiuola per coprire tutto il lago, quanto tempo ci vorrebbe all’aiuola per coprire la meta del
lago?

2-4-12- 23 giorni

5.3.2 Versione B

Un contenitore viene riempito di sassi. La quantita di sassi raddoppia in numero ogni giorno. Il
contenitore sara pieno in 10 giorni. In quanti giorni sara mezzo pieno?

2-4-5-9giorni

5.4.1 Versione A

Ci sono calzini neri e marroni sciolti in un cassetto mescolati in un rapporto di 4 a 5. Quanti
calzini sciolti dovresti prendere senza guardare per essere sicurodi ottenere una coppia dello
stesso colore?

1-2-3-4-5calze

5.4.2 Versione B

Ci sono biglie verdi e blu mescolate in un sacchetto in un rapporto di 6 a 8. Quante biglie
dovresti prendere senza guardare per essere sicuro di ottenerne due dello stesso colore?
2-3-4-5-6 biglie

5.5.1 Versione A

Due treni, a 50 km di distanza partono I'uno nella direzione dell'altro ad una velocita di 25 km / h
(km all'ora) ciascuna. Come partono i treni, un uccello vola dalla parte anteriore di un treno
verso il secondo. Al raggiungimento del secondo treno l'uccello si gira e vola di nuovo al primo
treno e cosi via fino a quando i treni si incontrano. Se l'uccello vola a 60 chilometri all'ora, quanti
km deve volare l'uccello prima che i treni si incontrino?

15 km - 30 km - 45 km - 60 km

5.5.2 Versione B

Due pedoni a 10 km di distanza camminano uno verso l'altro a 5 km / h. Mentre i pedoni
iniziano a camminare, un cane corre da una persona verso la seconda. Raggiunta la seconda
persona il cane si gira e corre di huovo alla prima persona e cosi via fino a quando i pedoni si
incontrano. Se il cane corre a 20 chilometri all'ora, quanti chilometri dovra fare il cane prima che
i pedoni si incontrino?

2-5-10- 20 km

5.6.1 Versione A

Un uomo acquista un cavallo per £ 60, lo vende per £ 70, lo acquista di nuovo per £ 80 e lo
vende, infine, per £ 90. Quanto ha guadagnato 'uomo?

£10-£20-£30-£40

5.6.2 Versione B

Una signora acquista azioni di una societa al mercato azionario per $ 600, li vende per $ 700, li
riacquista per $ 800 e, infine, li vende per $ 900. Quanto ha guadagnato lei?
$100-$ 200 - $ 300 - $ 400

5.7.1 Versione A
La polizia & convinta che uno tra A, B, C e D abbia commesso un crimine. Ciascuno dei
sospettati, a sua volta, fa una dichiarazione, ma solo una delle quattro dichiarazioni & vera.
e A hadetto: "Non sono stato io."
e B ha detto: "A sta mentendo".
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e C ha detto:"B sta mentendo”.
e D ha detto: "é stato B."

Chi dice la verita? Chi ha commesso il crimine?
Verita: A-B-C-D
Crimine:A-B-C-D

5.7.2 Versione B
Il giudice sa che uno tra A, B, C o D sta mentendo. Ciascuno di essi fa un'affermazione, ma
solo uno delle quattro dichiarazioni & vera.

¢ A ha detto: "ho mentito."

¢ B ha detto: "A sta mentendo".

¢ C ha detto, "B sta mentendo".

¢ D ha detto: "B non ha mentito."

Chi dice la verita? Chi ha mentito?
Verita: A-B-C-D
Menzogna: A-B-C-D

5.8.1 Versione A

Ti viene mostrato un gruppo di quattro carte posizionate su un tavolo, ciascuna delle quali ha un
numero su un lato e un colore sull'altro . Le facce visibili delle carte mostrano 3, 8, rosso e
marrone. Quale carta/e devi girare al fine di testare la verita dell'affermazione “se una carta
presenta un numero pari su una faccia, la sua faccia opposta & quindi rossa”? Prova a trovare
la soluzione in modo piu efficace utilizzando il minor numero di carte necessarie.

Segna come molti appiaono: 3 - 8 - rosso - marrone

5.8.2 Versione B

Ti viene mostrato un gruppo di quattro carte posizionate su un tavolo, ciascuno delle quali ha un
numero su un lato e un colore sull'altro lato. Le facce visibili delle carte mostrano 5, 6, verde e
giallo. Quale carta/e devi girare al fine di verificare la verita della proposizione “se una carta
presenta un numero dispari su una faccia, poi la sua faccia opposta & verde”? Prova a trovare
la soluzione in modo piu efficacie utilizzando il minor numero di carte necessarie.

Segna come molti appaiono: 5 - 6 - verde — giallo
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Russian
Hypothesis Testing
1.1.1 Bepcus A
BbINyCcKkHMK cpefHen LWKOobl OIMKEH BbiOpaTh Mexay AByMs konnemaxammn A n B. Y ydyeHuka
€CTb HECKOMbKO APY3eN B KAXKAOM KONneaxe, y KOTOPbIX NOXoxue uHtepecol. Apysbsa ns3
konnemka A Bolbpanu konneax 3a ero obpasoBaTenbHY0 U coumnanbHy cuctemsl. B 1o
BpeMs, Kak ero Apysbs U3 konneaxa B HeraTMBHO BbiCKasbliBanuchb 0 ero o6pasoBaTenbHON U
coumarnbHon cucteMe. BeinyCkHUK noceTun oba Konnemxa B TEeYEHUE OHS, U ero BnevatneHus
ObIfTM NPOTMBOMNOSOXHbBI OTYETAM €ro Apy3emn.
Kakol konnemk OormkeH BbibpaTh CTapLUEKNacCHUK?

e Konneox A

e Konnepx B

1.1.2 Bepcus B
MaTb 1 oTel OOMMKHbI BbibpaTh Mexay AByMs AeTckumu cagamm A n B ansa ceoero nepseHua. Y

napbl €CTb HECKOSbKO APY3el, Y KOTOPbIX MOXOXUE LIeHHOCTU U yBexaeHNs 1 YbM OeTu
noceLlany OAvH U3 3TUX CaguKoB.
Opy3bs, Ybk AeTv noceLlanu AeTCkuin cag A, XBanunun caguk 3a ero obpasoBaTtenbHyo 1
couMarnbHyl CUCTEMbI; OAHAKO, APY3bs, AeTH KOTOPbIX nocelwany geTckui cag B, octanucs
HeJOBOSbHbI AeTCagoM Mo Tem xe kputepusam. [Napa nocetuna oba geTckunx caga B TeHeHue
HECKOJSTbKMX YaCoB M UX BNeYaTneHns Bbinm npoTMBOMONOXKHbI BNeYaTNeHnamM ux gpy3en.
Kakon getckun cag gomxHbl BeibpaTe pogutenm?

e [letckmun cag A

e [etckuii cag B

1.2.1 Bepcua A
B ropoge nog HassaHnem K B TedeHue nonyTtopa neT paboTaeT HENONYNAPHbIA HaYanbHUK

nonuuun. OH NONNTUYECKN aKTUBEH U ABNSETCA konneron mapa. Korga oH Obin HasHaveH
HayanbHUKOM NONWUMK, Y Hero 6bin HebonbLon onbIT paboTel. Map HeaaBHO 3awwmTUN
HavyanbHWKa Nybnun4yHo, 3asBMB, YTO 3a BPEMS, NpoLleLliee C MOMEHTa ero BCTynmneHns B
AOMKHOCTb, YPOBEHb NPECTYMHOCTN CHU3uNcsa Ha 12%. Kakne 13 cnegyowmnx gokasatenscTB
noctasunu Bl NOA COMHEHWE 3asiBNieHMEe M3pa O TOM, YTO €ro HayanbHUK KOMNETEHTEH?

e YpOBEHb NPECTYMHOCTN B ABYX ropoAax, O4eHb CXOXUX C ropodoM K no pacnonoxeHuo
1 pa3mepy, 3a TOT e nepuog ymeHbLumncs Ha 18%.

e (B) HesaBucumeblt onpoc rpaxgaH K nokasbiBaeT, YTO ONpoLLEeHOe HaceneHne B onpoce
coobwaeT 0 40% GonbLue NpPecTynneHun, Yem coobLaeTcsl B MOMULIENCKMX OTYeTaXx.

e 3pgpaBbivi CMbICH yKa3blBaE€T Ha TO, YTO MONIULIENCKMI Mano YTo MOXET caenatb, ANng
TOro YTOObI CHN3UTb YPOBEHb MPECTYMHOCTU. DTO MO GOMbLUEN YacTu CBSA3AHO C
coumanbHbIMU U SKOHOMUYECKMMM YCMOBUSIMU, HE 3aBUCSLLIMMW OT JOJDKHOCTHbBIX ML,

e (") Y HavyanbHWKa NONMUUN OOHapPYXXeHbI NIMYHbIE KOHTAKTbI C MOAbMU, KOTOPbIE, Kak
M3BECTHO, Y4aCTBYKOT B OPraHM30BaHHOW NPECTYMNHOCTMW.

1.2.2 Bepcusa B
B cpegHen wkone HenonynsapHbIN yunTene npenogasan nontopa roga. OH aBnseTca Apyrom

AVpeKTopa WKOombl. Ha MOMEHT Ha3Ha4YeHUs Ha AOMKHOCTb, Y HEero Obin HeGOoMbLLOW ONbIT
npenogasaHus. upekTop WKonbl He4aBHO 3aLMTUI YYNTENS nepes WKonomn, o6bsaBmB, YTO 3a
BpeMms, NpoLleLlee ¢ TOro MOMEHTAa, Kak OH Hayarn npenogasaTtb, NNOXoe NOBeAeHWE ero
YYEHUKOB YMeHbLuMnoch Ha 12%. Kakoe ns cneayowmnx okasaTernbCcTB HaMeHee
npaBgonogobHoe 1 MOryT ONPOBEPTHYTL YTBEPXKAEHNE AMPEKTOPa O TOM, HYTO yunTenb
KOMMNeTEHTeH?

e (A) YpoBeHb NNoxoro noBegeHUs y4eHNKOB OBYX KNAaccoB, rae 3ToT yunTenb He
npenogaeT, 3a TOT Xe nepuog ymeHblumncs Ha 18%.

e (B) Onpoc cTygeHTOB NoKasbiBaeT, YTO B ONPOCE O NSIOXOM MOBEAEHUN OHU coobLatoT
Ha 40% Gonblue cny4vaes, YeM coobLlaeT AMPEKTOP.

e (C) 3apaBhbilt CMbICN YKa3bIBAET Ha TO, YTO YYMUTENS Maro 4YTo MOryT caenarb, YToobl
YMEHbLUUTb MPOLIEHT HENPAaBWUMLHOIO NOBeAeHNs. ITO NO BonbLUeNn YacTu CBA3aHO C
HacTpoeHVeM 1 NoBeAeHNEM YHEHNKOB.

e (D) Bbbino obHapyxeHo, Y4TO yuuTenb WTpadoBarn CTy4eHTOB, KOTOPble NMoxo cebs
Benw.
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1.3.1 Bepcus A
HonycTtum, Bam Hy)XHO onpenenuTb, OTHOCUTCS NI HEM3BECTHbLI aBTOMOOUIb K TOProBON

Mapke X nnm k Toprosor mapke Y. lNpeanonoxmm, 4To OCTYNHbI ABa TMna nHdopmMawmm no
KaXkaon mapke: npoueHT asTomobunen X n astomobunen Y, kotopble pacxogytot 6onee 10 n/
100 km (Jlutpos Ha 100 kM) 1 npoueHT aBToMobunen X n asTomobunen Y, KOTopble He UMENn
Cepbe3HbIX MEeXaHNYEeCKMX NPobnemM B Te4eHMe NepBbiX ABYX NeT aKcnnyatayuu.
lMpeanonoxum, 4To HEM3BECTHbLIM aBTOMObUNL (Mapkn X unun Y) pacxogyet 6onee 10 n/ 100
KM W 4YTO OH HE MMEN Cepbe3HbIX MexaHnyeckux npobnem B Te4eHne nepBbIX ABYX NeT
akcnnyaTaumu. Takke NpeanonoXxum, 4to 65% asromobunen mapkmn X notpebnstot 6onee 10 n
/100 Kkm.
Ecnu 661 Bam 6binv 66l npeacTaBneHbl Tpy Cnegyowmx Tuna nidopManmm, Kakon U3 HUX
nomor 66l Bam onpegennTb, Kakon Mapky HEM3BECTHbIA aBTOMOGUNb, X nnn Y?
e T[lpoueHT aBTOMObOUNEN mapkn Y, koTopble noTpebnsatoT 6onee 10 11/ 100 kv
e [lpoueHT aBTOMOBUNEN MapKn X, y KOTOPbIX HE BbINO CEPbE3HbBIX MEXaHUYECKMX
npobnem B NepBble ABa rofa aKcnnyatauumu.
e [lpoueHT aBTOMOBUNEN MapKX Y, Y KOTOPbIX HE BbINTO Cepbe3HbIX MEXaHNYECKMX
npobrem B NepBble ABa rofa aKcniyaTaumm

1.3.2 Bepcus B
HonycTtum, Bam HyXHO onpenenuTb, SBNSETCA N HEU3BECTHbIV HOYTOYK NpeacTaBuTenem

mMapkn X nnun mapku Y. Npeanonoxum, 4to Ansa Kakaon anbTepHaTyBbl NOTEHUMansHo
AOCTYMHbI ABa TUNa MHdopMaLun: NPoLEeHT Mapkn X n Mmapkn Y, cpok cnyxbel baTapen
KOTOpbIx npesbiwaeT 10 yacos, U NPOLEHTHOE COOTHOLLEHE Mapkn X U Mapkun Y, KOTOpbIE He
UMENN Cepbe3HbIX TEXHUYECKUX Npobriem B TeHYeHNe nepBbIX ABYX MeT aKcnnyataumu.
Mpeanonoxum, 4To HEM3BECTHbIN HOYTOYK (X nnu Y) nmen cpok cnyxbel 6atapeun 6onee 10
YacoB U YTO OH He MMEI Cepbe3HbIX TEXHNYECKMX NPOBMeM B Te4eHMe NePBbIX ABYX NeT
akcnnyaTaumu. Takke NpeanonoXum, 4to 65% HoyTOyKoB Mapku X MMEKT CPOK CryXObl
©atapen 6onee 10 yacos.
BbiGepuTte u3 Tpex TMNoB NpeaocTaBeHHON nHdopMaLmmn Ty nHcopMaLmio, KoTopas Bam
NMOMOXET PELUNTb, KaKOW MapKn HEN3BECTHbIN HOYTOYK: X nnn Y?
e [lpoueHT mapku Y, KoTopbin obecneymBaeT 6onee 10 yacoB aBTOHOMHOW paboThI.
e [lpoueHT mapku X,
e Yy KOTOPOrO He ObINO Cepbe3HbIX TEXHUYECKUX Npobnem B nepBble ABa rofa
aKcnnyaTaumm.
e [lpoueHT mapkmn Y, y KOTOPOro He ObINO Cepbe3HbIX TEXHUYECKUX Npobriem B NepBble
ABa roga akcnnyatauumm.

1.4.1 Bepcusa A
locnoguH M npucyTcTBOBanN Ha BEYEpUHKe, Ha KOTOPYHO ObINM NpurnalleHsbl npenogaBaTenm

YHUBEPCUTETOB U OM3HEC-PYKOBOOAUTENM (TOCTU HE MOTIN MMETb ABE 3TUX AOIMKHOCTU
O[lHOBPEMEHHO). EAMHCTBEHHOE, YTO Bbl 3HaeTe 0 MucTepe M, aTo TOo, YTO OH ABMseTCS
yneHom Knyba M. Bam HeobxoanMo oLeHNTb BEpPOSTHOCTL TOro, 4To MocnognH M saensetcs
npoceccopomM yHUBepcuTeTa, 3afaB BOMPOChl, NpuBefeHHble Hxe. CnepBa Bam HY>XXHO
npoBepUTb, Kakne U3 BOMPOCOB YMECTHbI U NOMOrYT BaM B BalleM peLleHun. 3aTtem,
paccMoTpuUTe Kaxablil N3 BONPOCOB OTAEMbHO N yKaxXuTe, Kakon n3 Hux He otHocutcs K
BalLLeMy 3aaHuIo0.

e Kakow NpoLEHT NoAern Ha BeYEPUHKE ABNAOTCA Npodyeccopamm yHuBepcuTeTa?

e Kakon npoueHT 4yneHoB Knyba M HaxoauTcs Ha BeYepuHKe?

e Kakoi npoueHT npenogaBaTenen yHMBEpPCUTETa Ha BeYepUHKE ABMSIOTCS YneHamu

Kny6a M?
e Kakon npoueHT GusHec-pykoBoguTENEn Ha Be4YepuHke ABnatoTcs YneHamm Knyba M?

1.4.2 Bepcus B
Nocnaxa K noceTuna aKCKypcuto, Ha KOTOPOW MPUCYTCTBOBANMN TONbKO aMepukaHcKme U

kaHagckune TypucTsl (TypucTbl NpuHagnexanu nubo K ogHom, Nnbo K Apyromn m3
HaumoHanbHocTel). EAMHCTBEHHOE, YTO Bl 3HaeTe o rocnoxe K, aTo To, 4TO OHa nocrosney,
otenst ABC. Bam HeobxoamMMo oLeHUTb BEPOSTHOCTL TOro, 4TO rocnoxa K siensietcs
aMepuKaHCKMM TYpUCTOM, 3afaB BOMPOCHI, MPUBEAEHHbIE HUXKE. Bam HYy>XHO NpoBepUTb, Kakme
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13 BOMPOCOB YMECTHbI Y MOMOTYT BaM B BalleM pelleHun. [Noxanyncra, pacCMOTPpUTE KaxabIn
13 BOMPOCOB OTAENBHO U YKaXKUTe, Kakon 13 HUX He noaxoguT Ans pelleHns Ballen 3agadw.
e Kakon npoueHT ntogewn B Type - amepuKaHCKue TypucTbI?
e Kakon npoueHT noctosansues otens ABC noceliaet Typ?
e Kakow NpoLEeHT KaHafACKNX TYPUCTOB M3 Typa ABNATCA noctosnsuamu otena ABC?
e Kakon npoueHT ameprKaHCKMX TYPUCTOB U3 Typa ABMSAOTCS NOCTOANbLAMM OTENS
ABC?

1.5.1 Bepcus A
Jlnnn 31 rog, oguHoka, OTKpbITa M odeHb YMHa. OHa n3yyana cpunocoduio. byayum ctygeHTom,

OHa 6bina rnyboko obecnokoeHa npobnemamu QUCKPUMMHALUKN U coumnansHOM
CnpaBenIMBOCTH, a Takke ydacTBOBara B aHTMS4ePHbIX AEMOHCTPaLMsX.
Kakas n3 gByx anbtepHaTuB 6onee BeposTHa:

e Jluna - 6aHKOBCKUIA CNy>KaLLni

e B) Jlnnga - 6aHKOBCKUI criyXXallmii U aKTUBUCT (DEMEHUCTUYECKOTO ABUKEHNS

1.5.2 Bepcua B
KeHe 45, oH xeHaT 1 umeeT 4yeTBepo aeten. OH ocTopoxeH u ambuumoseH. OH He nposBnsaeT

WHTepeca K NoONUTUYECKUM 1 coumarbHbIM BONPOCcaM 1 BonbLUyio YacTb CBOEro cBOOOAHOMO
BPEMEHW NPOBOAMWT 38 CBOUMM YBIEHEHUSIMU: AOMALLHWE NAOTHWUYHbIE paboTbl, NApPYCHbIN
CNopT 1 MaTeMaTnyeckue rofloBOSTIOMKM.
Kakas ns gByx anbtepHatme 6onee BeposTHa:
e A)XeHs - uHXeHep
o bB)KeHs - uHxeHep 1 npyHMMaeT akTMBHOE y4acTue B MECTHOM krnybe no BoAHbIM
BMAaMm cnopTta

1.6.1 Bepcus A
Bbl XoTWTE KyNUTb HOBbI aBTOMOGUNb. CerogHs Bbl JOIMKHbI BbIOpaTh MeXay ABYMS

anbTepHaTMBaMu: KynuTb aBTOMOGUNb komnaHum A unuv B. [Ing aToro Bbl UCNOMb3yeTe TONbKO
OOVH KPUTEPUI - 0OXNOAEMYHO NPOACIKMTENBHOCTL CryX0Obl aBTOMOOMNSA. Y Bac ecTb
Hdopmauma u3 onpoca noTpedbutenen, o TOM 4YTO B BbIOOPKE M3 HECKOJBKNX COTEH
aBTOMOOUNENn aBToMobunb A MMeeT Nnyylnin periTuHr. Buepa cocen ckasan Bam, 4TO ero
HOBbIV aBTOMOBUNbL Mapku A cnomancs. Kakon asTomobune Bbl KynuTe?

o ABTOMOGOUNBL A

e ABTOMOGUNL B

1.6.2 Bepcus B
Bbl xO0TUTE KynnUTb HOBLIN KOMMblOTEP. CerogHs Bbl AOMKHBI BbIOpaTh Mexay ABYyMS

anbTepHaTMBamu: KynuTb KomnbioTep A nubo komnbioTep B. Bbl ncnonb3yeTte Tonbko oguH
KpuTepui 4nsa 9Toro Beibopa - NpoaomKUTENBHOCTL CNYObl KOMMbIOTEPA. Y Bac eCcTb
nHdopmauma us onpoca noTpedbutenen, o TOM 4YTO B BbIBOPKE M3 HECKOMNbKNX COTEH
KOMMbIOTEPOB KOMMNbIOTEP A UMEET NyyLUMin perdTuHr. Buepa cocepf ckasan BaMm, YTO €ro HOBbIN
KoMnbloTep mapku A cnomaricsi. Kakon KOMmbloTep Bbl Kynute?

e KomnbtoTtep A

o KomnbioTep B

Verbal Reasoning

AHanorum

Bbibepute oanH 13 YeTbipex OTBETOB, KOTOPbLIN MyYlle BCEro NogxoauT Ans 3aBepLueHns
nornyeckoro cMmbicna. Hanpumep: cnoso, cneayrowee Ao 3Haka “” AOrmKHO yKasblBaTb Ha
OTHOLLEHME K PAOO0M CTOsILLLEMY CIIOBY, Takoe Xe, kakK yke chopMnpoBaHHasi No CMbICAy napa
nocne 3Haka “ ::”

Al

: nowaap :: nocagka: noess
a. KOHIOLLHS

0. nogkoBa

c.e3na

d. B3bupatbcs
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B1

noasus: pudma :: gpunocodus:
a. obpasbl

6. My3blka

C. NpaBOBOW aKT

4. Teopus

A2
nonpaenATh: WUATbE :: peakTMpoBaTh :
e a.wrTonaTb
e 6. peMOHTMpOBaTHL
e C. pyKOnucb
e [. MMMNPOBU3NPOBAHHbIN

B2
B andasuTHOM nopsigke: :: nocrnegoBaTtesibHO: hansbl
e a.copTupoBatb
e ©.vactb
e C.MepeyveHb
e [..3aKkas
A3
MbILLb: :: BCMbILWKA: Kamepa
e a.Kpbica
e 0. KOMMblOTEP
e C.LUHYp
e .. [JecepT
B3

noaywka: guBaH :: nosika:
e a. BbICTyn

e 0. KHWXHbIN WKadg
e C.cknag
e [.pamka
A4
YBNaXHSATb! :; oxnaxkaaTb: 3aMopaXuneaTb
e a.BoAa

e 6. mponuTbiBaTh
e C.QyxOBKa
e [O.pactu

B4

neHTa: :; caxapHas rnasypb: TopT
. IogapokK

. nopes

. baHTUK

. neyaTtHas MallnHKa

hooao

A5

HepeBo : :: conpgar: apmus
. nuer

nec

MOX

. Aopora

nDooo
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BS

YUeHbIN: 3KCNEePUMEHT ::

A6

a. MepHbIN cTakaH
0. penetnunsa

C. aKkTep

A. nabopartopus

crnoBapb: onpepgeneHune .

B6

a. HanpaBsneHne
0. tor

c. atnac

[. nonroTa

YepTeXXHad KHOoMKa:

A7

a. reosapb
©. nnakat
C. CTeHa

[. MOJOTOK

HeOoObIYHbIA: HOBUHKA ::

B7

A8

OapabaH:

B8

BepLUMHA: ropa ::
MaKCUMN3NPOBATb

A9

B9

a. CTpaHHbI
6. pomaH

C. NPUBbIYHbIN
4. CTUX

. Nbeca

: KapTa

.. KPKO4YOK: nanbTo

. CTaHaapT

c Konnemx I MeXaHUK: rapax

a. KHura
0. 06y4eHne

. npodheccop
4. ABuraternb

a. MOroToK
6. oyxoBow wkad
C. UHCTPYMEHT

A. KpeleHao

KpblLa
KpblnbLO
OyHrano

MHCTPYMEHT I pelib:

: oM

. 0caKkum I KOHAeHcauuna: BNaXXHOCTb

a. apo3us
0. obnako
C. 3emns
4. NPOrHo3

. Kagp :: MOo3auka: nimnTka
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a. punem

0. rpaBtopa

C. BaHHas

4. yKpalleHue

Judging Likelihood and Probability

3.1.1 Bepcusa A

Urpa B ckBow mMoxeT BbITb chirpaHa B 9 nnu 15 oukoB. Ecnn A nyqwinn urpok, 4yem B, kakas
cxema nofcyeTa 4act Urpoky A nyyinn WaHc BeinrpaTb?

* 9-ouykoBas urpa

* 15-o4koBasi urpa

3.1.2 Bepcua B
HacTonbHbIN TEHHWUC MOXHO BbIMFPaTb C JTYYLINM CHETOM U3 5 Urp unu ¢ Ny4ywinm c4eTom ns 9

urp. Ecnu A nydwnin nrpok, yem B, kakag cxema nogcyeTta gact Urpoky A nyyllnin LwaHc
BbIMrpaTb?

*  NyYLWWA WAHC U3 5 urp

e yYLIWA WaHC u3 9 urp

3.2.1 Bepcus A
Mocne nepBbIX 2 HeAeNb OCHOBHOrO 6ecbonbHOro ce3oHa nNurn, ra3eTbl HAYNHAIOT NevartaTb

10 nyywunx cpegHmx 3HavyeHui. Kak npasuno, yepes 2 Hegenu nyywunin 6siowmn obbi4HO nmeet
KONM4ecTBO O4KOB B cpegHem okono 0,450. Tem He meHee, HM 0AWH BbloWNIA B CTOPUN
BbiCcLIEN nurn nony4van B cpeaHem 0,450 B koHLe ce3oHa. Kak Bbl cunTaeTte, nouemy?
OTmeTbTe OAMH OTBET :

e a. Korga 13BecTHO, YTO OblOLLMINXOYET JOCTMYLBBICOKOrO cyeTa, nogatoLime bonblue
BbIKIaAblBaOTCS, KOr4a emy nogatoT.

e 0. lMogatowme, kak NpaBmno, CTAHOBATCH Ny4lle B TEYEHME Ce30Ha, TaK Kak OHU
npuxoasaT B opMy. [1o Mmepe Toro, kak HaBbIK1 NOSALWMX YIYYLIATCH, OHWU, CKopee
BCEro, Yalle AenatrT CTpank-ayT, YTo orpaHMymBaeT BboLWwmnx, N03TOMY CpeaHue
KoadhpmumMeHTbI NagatoT.

e C. Boicokuii cpegHuii nokasatenb Urpoka B Havane ce3oHa MoXeT BblTb NPOCTO yaaden.
Bonee npogomkuTenbHbIV Ce30H obecneydrBaeT bonee peanucTMyHoe ncnblTaHne
HaBbIKOB.

e [. BblowuiA, y KOTOPOro Takune BbICOKME NoKasaTenu B Ha4arne cesoHa, HaxoauTcs nog
AaBneHneM, YTobbl COXpaHUTbL CBOM MokasaTenb B urpe. Takoe HanpsKeHune
oTpuuaTenbHO BRMSAET Ha ero urpy.

e e. Korga 6bloLLmMIn XO4eT JOCTUYb BbICOKOrO cYeTa, OH NepecTaeT nonydartb XopoLume
yOoapbl. BMecTo aToro, nogaroLime «pasbirpblBatoT yribi» NOMs, MOTOMY YTO OHU He
NPOTMB NOrOHATH ObloLLEero.

3.2.2 Bepcusa B
Mocne nepBbIX 2 HeAeNb akageMMUYECKOro ceMecTpa npenogasaTterib NbiTaeTcs

npegonpeaennts 10 nyywmx y4eHuKoB roga. Kak npaeuno, yepes 2 Hegenu nyyiume y4eHukn
nony4yaroT B cpegHeM okono 92 npoueHTa. TeM He MeHee, HU OOUH YYEHMK B UCTOPUM LLUKOSbI
He ycTaHaBnvBan B cpegHeM 92 npoueHTa B koHUe cemecTtpa. Kak Bel gymaete, noyemy?

e a. Korga yy4yeHuK CTPEMUTCS K BbICOKOMY CpeaHeMY NnokasaTernto, y4uTens npeBbIlatoT
CBOW OXMOAHWA NpU oLeHke paboT 3TOro y4eHuka.

e 6. PaboTbl, Kak NpaBumo, YCINOXHAOTCA B TEYEHNE CEMECTPA, MOCKOSbKY
HakannMBaeTcsi cogepkaHme matepuana. [lo Mepe yCnoXHEHUS, YHEHUKN C MEHbLUEN
BEPOSATHOCTbIO HAOMPAOT BbICOKME OLIEHKM, MO3TOMY CPedHMNE noKa3aTeny y4eHUKOB
CHWXXaKOTCA.

e C. Bbicokue nokasatenu y4eHMKOB B Havarne cemecTpa MoryT ObITb NPOCTO yaaden.
Bonee pnutenbHbIN y4ebHbIN rog obecnevmBaeT 6onee peanucTUYHbIA TECT 3HAHWUI 1
YMEHUI y4YaLLMXCS.

e [. Y4eHMKK, KOTOpble MMEIOT BbICOKNE CpeaHMe nokasaTenu B Hayane ceMecTpa,
HaxogaTcs nod 6onblInMM gaBnNeHNEM U CTPeccoM, YTobbl nogaepxmnsaTb MX. Takoe
HanpsbkeHne oTpuLaTeNbHO CKa3blBAeTCA Ha UX pesynbTaTax.
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e e. Kak nsBectHo, Korga y4eHuKN CTPEMSATCH K BbICOKOMY CpeHeMY nokasaTersnto,
yuuTens nepecrtaroT 3agaBatb UM NPOCTbIe BONpockl. BmecTo aTtoro, yuntens
«YBENUYMBAKOT MHTEHCUBHOCTb» BONPOCOB ANSA Y4EHUKOB, MOTOMY YTO OHU XOTSAT
NPOBEPUTb NX CMNOCOBHOCTb.

3.3.1 Bepcusa A
Mpw urpe B nrposble aBTomMaThl NOAN BbIUFPbIBaOT NpuMepHo 1 pa3 B 10 pas. KOnusa, ogHako,

TONbKO YTO BbIMrpana B CBOMX NepBbIX Tpex urpax. KakoBbl ee WaHckl Ha nobeny B cneayoLwmn
pa3s?
n3 10

3.3.2 Bepcua B
Mpn y4acTum B MECTHOM flOTEpEe Y Nogen ecTb LWaHC BbiurpaTb npumepHo B 1 13 20
notepenHbix bunetax. XKeHs, 0gHaKko, TOMbKO YTO BbiMrpasn B CBOMX NepBbIX Tpex buneTax.
KakoBbl ero waHcel Ha nobeny B cnegyowmim pas?

n3 20

3.4.1 Bepcusa A
MpencTaBbTe, 4YTO Bbl GpocaeTe MoHeTy (koTopas umeeT waHc 50/50 BbInacTb OpAoM mmnm

PELLKOW, U TONbKO YTO Bbinana pewka 5 pas noapsa. Ons 6-ro 6pocka Bbl fymaeTe, YTO:
e Ckopee BbiNageT open, YeM peLlka.
e bB) Ckopee BbinageT peLuka, 4eM open.
e LlaHchbl peLukun 1 opna oaMHaKOBO BEPOSTHLI HA LLECTOM Gpocke.

3.4.2 Bepcua B
MpencTaBbTe, 4YTO Bl UrpaeTe B KOCTM (M MOXET BbINACTLOT 1 40 6 Npu kaxaom Bpocke), a
umncrno 6 nosisunock 5 pas noapsaa. ns 6-ro 6pocka Bel gymaeTe, yTo0:
¢ bBonblasa BeposaTHOCTL TOro, 4To nocre NsiTu 6pockoB B 6-1 pa3 BeiNadeT apyroe
4Yncno
e bB) bonblas BeposATHOCTb TOro, 4YTO NOcne NATM BPOCKOB B 6-11 pa3 BbiNageT TO Xe
4yncno
e Yncno 6 unu noboe gpyroe YNCNO MMEIOT paBHbIE LLAHCHI BbINACTb Ha LLECTOM Gpocke.

3.5.1 Bepcusa A
Mpegnonoxum, 4To Bam npeacraBneHbl ABa NogHOCA YEPHbIX U 6ENbIX CTEKNSAHHbIX LUAPUKOB :

BonbLwon nogHoc, Ha kotopoM 100 wapmkoB 1 HeBOMbLLOW NOAHOC, Ha KoTopoM 10 LwapurKoB..
Bbl AOMKHBI B3ATH OOUWH LWApUK 13 noboro nogHoca, He rmagsa. Ecnuv Bbl BbITalwmMTe YepHbIn
wapwuk, Bel BeivrpaeTe 2 gonnapa. PaccmoTpum ycnosue, B KOTOPOM Ha ManeHbkoM nogHoce 1
YepHbIN Wapuk n 9 6enbix WapuKoB, a Ha 6onbLIOM NogHOCE 8 YepHbIX WapuKoB 1 92 Gernbix
wapwukos. C kakoro nogHoca Bbl npeanoynu 6bl BbIOpaTh LWapuK B pearnbHOn cutyaumm?

e Bonbluon nogHoc

e ManeHbKkui NnogHoC

3.5.2 Bepcusa B
Mpegnonoxum, 4to Bam npeacrtaBneHbl ABe CyMKM C A0ONMNapoBbIMU 6aHKHOTaMKU, HOMUHANoM

B 10 n 20 gonnapos: 6onbLuyo cymKy, cogepxatyto 100 pasHbIX Kyniop U ManeHbKyt CYMKY,
copepxatyyto 10 pasHbix Kyntop. Kyniopbl cMellaHbl cryvanHbiM obpa3om. Bel 4OMmMKHBI
BblTaWMTb OOHY Kyntopy 13 nobon cymku, He rmsas, n octaBuTb cebe. PaccmoTpum ycnosue, B
KOTOPOM MareHbKas CymKa COAePXUT OOHY Kynopy HomuHanom B 20 gonnapos 1 AeBATb
kyntop B 10 gonnapos, a 6onbLuas CymMka cogepXXuT BOCeMb Kyntop HoMuHanom B 20 gonnapos
n gessiHocTo age B 10 gonnapos. M3 kakow cymku Bel npegnoyny 6bl BeiIGpaTh Kynopy B
peanbHOW cuTyauumn?

e bonblwasa cymka

e ManeHbkas cymka

Argumentation Analysis

MoxanyncTa, BHUMATENbHO NPOYTUTE NepBble ABa 3asiBneHus. Ecnu oHu BepHbl,
JEeNCTBUTESNbHbBIN N BbIBOA?

OTmeTbTe: AeNCTBUTENbHbIN — HeOEeNCTBUTENbHbIN
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Al

* HeT curaper, koTopble He CTOSIT 4OPOTO.

* HekoTopble nnoxve npuBbIYKK He CTOSAT AOPOTO.

® I'IoaTomy HEeKOTOpbIe NITOXne NPUBbLIYKN HE ABIAKOTCA CUrapeTamMu.

B1

* HekoTopble 30aHua SBRAKOTCA AePEBAHHBIMU

* HeT gepeBsiHHbIX 30aHuin, KOoTopble Obinm Bbl Hebockpebamu.
* [MoaTomy, HEKOTOPbIE 3aaHNs He ABNSATCS Hebockpebamu.

A2

* HEKOTOpbIe NpeaMeTbl OPUCHON TEXHUKN HE ABMSAOTCS KOMMbIoTEpamu
* HEKOTOPbIE 3MEeKTPONPUBOpPSLI - 3TO NPeaMETbl OPUCHON TEXHWKM

* [MoaTOMY HEKOTOpbIE 3NEKTPONPUGOPLI HE SABNAOTCSH KOMMbIOTEPAMMU.

B2

» HekoTopble HanuTku 6e3ankoronbHbIe

» 6e3ankorosnbHble HANUTKN HE ABNAIOTCS NMKEpamu

* [To3TOMY HEKOTOPbLIE HAMUTKN HE ABNSAIOTCH NUKEPAMMU.

A3

* CTyJ'IbFI HE ABNAKTCA CTOJ1aMU.

* HeKOTOpre npegmMmeTbl mebenu aBnaTcs CTyNnbAMU

* I'IoaTomy HEeKOTOpble NpeameThl Mebenun He SBNSTCA CToNamm

B3

* HekoTopas pbiba HecbenobHa

» ®openb cbegobHa

* [MoaTomy HekoTOpas pbiba He ABNseTCs hopenbHo.

B4

* HeT nnoxmx NpuBbIYEK, KOTOPbIE HE CTOAT AOPOro.

* HeKOTOpre CUrapeTbl HE CTOAT AOpOoro.

* I'IoaTomy HEeKOTOpbIE NITOXNE NPUBbLIYKN HE ABJTAKOTCA CUrapeTamu.

Ad

* HekoTophble AepeBsiHHbIE 3aaHusA sBNOTCA Hebockpebamum
* HeT 3gaHui, koTopble ABNASIOTCA AepPEBSAHHBIMM

* [MoaToMy HEKOTOpbIE 3a4aHMA He ABnATCA Hebockpebamu.

B5

* HekoTopble anekTponpnbopkl He ABMAITCA NpeamMmeTamMmn 0PUCHOM TEXHUKU
* HekoTopble npeamMeTbl OPUCHON TEXHUKN - KOMNBbIOTEPDI

* [NNoaTOMy HekoTOpble AaNeKTPOoNPUOOpPbLI HE ABMAIOTCS KOMMbIOTEPAMM.

A5

» besankoronbHble HANUTKN ABNAOTCSA NInKepamum

* Hanutkn He siBNSAoTCS 6€3ankoronbHbIMU

* I'IoaTomy, HEKOTOpPbIE HAMUTKN HE ABNAKOTCA JIMKepaMun

B6

* Het npegmeTtoB mebenu, koTopble 6binm 6bl CTynbAMU

» CTynbs ABMAIOTCA CTONaMMU.

* [NloaTomy HekoTopble NpeameThl Mebenu He SIBNAIOTCA CToNamu

A6

» ®openb He cbegoGHa

* Pbiba cbegobHa

* MoaTomy HekoTopas pbiba He coperb.
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A7

 HekoTOpble MHCTPYMEHTbLI He SBMATCS PYyYHbIMM

« OTBEPTKU - 3TO PYYHbIE MHCTPYMEHTDI

* [M03TOMY HEKOTOPLIE OTBEPTKM HE ABMATCA MHCTPYMEHTaMMU.

B7

® HeKOTOpre MYy3blKalibHbl€ MHCTPYMEHTbI ABNAKTCA OYXOBbIMA NHCTPYMEHTaMU
® ,D,yXOBbIe MHCTPYMEHTbI HE ABNAIOTCA CKpUNKaMu

® I'IoaTomy HEKOTOPble CKPUNKU HE ABNAKTCA MY3blKallbHbIMU UHCTPYMEHTaMM.

A8 // B8

* HeKOTOpre 3€JieHble BELN He ABNAOTCA TpaBaMu.

* HeKOTOpre pacTteHuna 3eneHble.

* HOSTOMy HEKOTOpPbIE€ TPpaBbl HE ABIAOTCA paCTeHUAMN.

B9

» OTBEPTKU He SIBNSIHOTCS PYYHbIMU UHCTPYMEHTaMU

* VIHCTPYMEHTLI He ABMSOTCS PyYHbIMU

* [o3TOMY HEKOTOpbIE OTBEPTKM HE ABMNSATCH MHCTPYMEHTaMMU.

A9

* ﬂyXOBbIe MHCTPYMEHTbI ABNAKOTCA CKpUnkamm

* Het MY3blKalribHbIX MHCTPYMEHTOB, KOTOPbIE ABJIAOTCA AYXOBbIMU MHCTPYMEHTaMN
* I'IoaTomy HEKOTOpPbIE CKPUMKN HE ABNAKTCA MY3blKalilbHbIMU MHCTPYMEHTaAMW.

Problem Solving
5.1.1 Bepcua A
Buta n msiy BMecTe ctosT 1,10 gonnapa. buta ctout Ha $1,00 GonbLue, Yem MsiY. CKOMbKO
cTouT Msy?
5 uyeHToB - 10 ueHToB - 55 ueHToB - 100 ueHTOB

5.1.2 Bepcua B
Xneb n s6noko BmecTe ctoaT 2,20 gonnapa. Xneb ctout Ha 2 gonnapa 6onblie, YeM s6110Ko.

CKonbKko cTouT s16110Kk0?
10 ueHToB - 20 ueHToB - 110 yeHTOoB - 200 LUEeHTOB

5.2.1 Bepcusa A

Ecnu ans narotoBneHus 5 nnacTukoBbix getanen 5 mawmnHam Tpebyetcst 5 MUHYT, CKONbKO
BpemeHu notpebyetca 100 mawmHam ansa nsrotosnenunsa 100 nnacTMKoBbIX AeTanemn?
1-5-25-100 MuHyT

5.2.2 Bepcusa B
Ecnu ans npurotoenenns 2 6yxaHok xneba 2 nekapsam TpebyeTca 2 MUHYTbI, CKONIbKO BPEMEHM

notpebyetcs 50 nekapsam, 4tobbl npurotoBuTh 50 OyxaHoK?
1-2-25-50 MuHyT

5.3.1 Bepcusa A
B o3epe ecTb Nnot 13 nunuii. Kaxxaeli AeHb NNoT yasansaeTcsa B pasMmepe. Ecnu ansa

NMOKPbLITUS BCEro o3epa notpebyeTcs Bcero 24 OHsi, CKONbKO BpeMeHu notpebyeTtcs, 4Toobl
NA0T NOKPbIN NOSIOBMHY 03epa?
2-4-12-23 pHsa

5.3.2 Bepcua B
KoHTelnHep 3anonHsaeTca kKamHAMU. KonmyecTBO KaMHen yaBamBaeTCA C KaXKabIM OHEM.

KoHTterHep 3anonHuTtcs yepes 10 aHer. Ckonbko gHen noTpebyeTcs, YTOObI 3anonHNTb
KOHTENHep HanonoBUHY ?
2-4-5-9 gHen

5.4.1 Bepcusa A
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B suuke YepHble 1 KOPUYHEBBIE HEMAaPHbLIE HOCKU CMeLLaHbl B COOTHOLEHUM 4:5. Ckonbko
HenapHbIX HOCKOB BaM HY>KHO BblHYTb Hayrag, He rmsgs, YTobbl NonyyYnTb napy oAnHaKoBOro
useta?

1-2-3-4-5HockoB

5.4.2 Bepcua B
B cymke 3eneHble 1 ronybble CTeknsHble Lapuki CMeLlaHbl B COOTHOLIEeHUM 6:8. Ckonbko

LwapukoB Bam Hy>XHO BbIHYTb Hayrag, He rnsaas, 4To 6bl NoNyyYnTb ABa O4MHAKOBLIX LBeTa?
2-3-4-5-6 wapukos

5.5.1 Bepcusa A
[1Ba noesna, pacnonoXeHHble Ha paccTosiHum 50 KM gpyr oT gpyra, eqyT No HanpaBneHUo apyr

K OPYry CO CKOpPOCTbI0 25 KM/Y (KMITOMETPOB B Yac) kaxabi. Korga noesga TpoHynuch, nTuua
noneTtena oT OAHOro Nnoesaa ko BTOpoMy noe3ay. o goctmxkeHun BToporo noesaa, ntmua
pasBepHynacbu noneTena K nepBomy noesay u Tak ganee, noka noesga He BCTpeTunnch. Ecnu
NTULA NETUT CO CKOPOCTbIO 60 KM/4, CKONbKO KMNOMETPOB NPOfeTUT NTuua 4O TOro, kak noesna
BCTPETATCA?

15 kM - 30 KM - 45 KM - 60 Km

5.5.2 Bepcua B
[1Ba newexoaa, pacnonoxeHHble Ha paccToaHum 10 KM gpyr oT gpyra, HanpaensaTCa APYr K

ApYry co ckopocTbto 5 kM/4. Korga newexoabl Havanm aABmkeHne, cobaka nobexana oT ogHoro
newiexoga ko BTopoMy. o gOCTMKeHMM BTOPOro newiexoaa, cobaka nosepHyna un nobexana
oOpaTHO MO HanpaBreHWIO K MEPBOMY U Tak garee, noka newexoabl He BCTpeTunuck. Ecnn
cobaka 6exuT co ckopocTbto 20 KM/4, CKOMbKO KUITOMETPOB A0SMKHaA npobexaTtb cobaka npexae
YeMm neLexoabl BCTPeTAaTcs?

2-5-10-20km

5.6.1 Bepcua A
MokynaTtenb nokynaet nowapb 3a 60 dyHTOB, NpoAaeT ee 3a 70 PyHTOB CTEPNUHIOB. 3aTem,

nokynaet ee 3a 80 cdyHTOB M npogaet 3a 90 cyHTOB. CkONbKO OH 3apabotan?
£10-£20-£30-£40

5.6.2 Bepcua B
[dama nokynaeT akumMu komnaHum Ha oHO0BOM pbiHKe 3a 600 gonnapos u npogaet mx 3a 700

ponnapos. 3atem, nokynaeT ux 3a 800 gonnapos 1 npogaeT nx 3a 900 gonnapoB. CKOMNbKO
OHa 3apabortana?
$100-%$200-%$300-%400

5.7.1 Bepcusa A
Monuums Gbina ybexaeHa, 4to oanH 13 nogen A, B, C unu D coBepLuun npectynneHune.

Kaxabin n3 nogospesaemMblx, B CBOK ovepefb, caernan 3assneHne. Ho Tonbko oAHO 13
yeTblpex yTBepXKaeHUn 6b1no npaBgoon:

* A ckaszan: «£ He genan aToro ».

* b ckazan: «A fmKeT».

» C ckazan: «B mkér».

« [1 ckazan: «B coenan aTo».

KT0 rosoput npasay? KTo cosepluvn npectynneHue?

MpaBgy: A-B-C-D

MpectynneHne: A-B-C-D

5.7.2 Bepcusa B
Cynbs 3HaeT, uto oguH us nogen A, B, C nnn D npugyman nsobpetenune. Kaxgpin n3 Hux, B

CBOI ovepeab, caenan 3asiBnenune. Ho Tonbko O4HO U3 YeTbIpeX yTBEpXAeHU Obino npaBaown.
* A 3asBun: «A aTo npuayman».

* b 3asBun: «A mxér».

» C 3aaBun: «B mkét».

* D 3asaBun: «B aToro He n3obpetan».

Kto roBoput npaesay? Kto npugyman nsobpetexme?

MpaBpga: A-B-C-D
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N3o06peTeHne: A-B-C—-D

5.8.1 Bepcusa A
Bam nokasaH Habop 13 4YeTbipex KapT, pacnonoXeHHbIX Ha CToNe, KaXaasi U3 KOTOPbIX UMeeT

umdpy C O4HOM CTOPOHBI U LIBET C APYror CTOPOHbI. Buanmele cTopoHbl KapT nokasbiBatoT 3, 8,
KpacHbIN 1 KopuyHeBbIn. Kakyto kapTy(bl) Bam HyXHO nepeBepHyTb, YTOObI NPOBEPUTL TEOPUIO
0 TOM, YTO, €CNN Ha KapTe N300paxeHO YeTHOE YNCIO C OJHOM CTOPOHBI, TO ee obpaTHas
CTOpPOHa KpacHoro uBeTa? [NocTapantecb Ucnonb3oBaTb Hanbonee addeKTUBHBLIN CNOCOD,
nepeBepHYB HaUMeEHbLLEE KONTMYECTBO KapT, KOTOPOE HEOBX0ANMO.

OTmeTbTe Heobxoanmble KapTbl: 3 - 8 - KpacHbIN — KOPUYHEBBIN

5.8.2 Bepcua B
Bam nokasaH Habop 13 YeTbipex kapT, PacrnosioXKeHHbIX Ha CTONe, KaXaas U3 KOTOPbIX MMeeT

LMdpy C OAHOMN CTOPOHbI U LIBET C APYron CTOPOHbI. Buanmble CTOPOHLI KapT NokasbliBatoT 5, 6,
3eneHbIn 1 xenTbii. Kakyto kapTy(bl) Bbl AOMKHbI MEPEBEPHYTH, YTOOLI NPOBEPUTL MMNOTE3Y O
TOM, YTO, ECNN KapTa NokasblBaeT HEYETHOE YMCIO C OOHOM CTOPOHLI, TO ee obpaTHas CTOpoHa
3eneHoro useta? lNocraparitecb ucnonb3oBaTbh Hanbonee aeKTUBHbBIN CNOCO6, NepeBepHyB
HaVMeHbLUee KONMYeCTBO KapT KOTopoe HeoBxoaAMMO.

OTmeTbTe Heobxoanmble KapTbl: 5 - 6 - 3eNeHbIN — XenTbIn
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Turkish
Hypothesis Testing
1.1.1 A Versiyonu
Bir lise dgrencisi A ve B Universitelerinden birisini segmek zorundadir. Ogrencinin, her iki
Universitede de degerleri ve yetenekleri kendisininkine benzeyen bircok arkadasi vardir. A
Universitesindeki arkadaslarinin timd Gniversitelerini hem egitim hem de sosyal agidan
begenmektedir; B Universitesindeki arkadaslarinin hepsi ise her iki agidan da B Universitesinde
sorunlar oldugunu distinmektedir. Ogrenci, her iki Gniversiteyi birer giin ziyaret etmis ve iki
Universite icin de arkadaslarinin sdylediklerinin tersine izlenimler edinmistir.
(Sizce) Lise 6grencisi hangi tniversiteyi secmelidir?

e A Universitesi

e B Universitesi

1.1.2 B Versiyonu
Bir anne ve baba, ilk gocuklarini géndermek icin A ve B anaokullarindan birisini segmek
zorundadir. Bu ciftin, degerler ve inanislar agisindan kendilerine benzeyen birgcok arkadasinin
cocuklari A ve B anaokullarina gitmektedir. Cocuklarini A anaokuluna génderen arkadaslari bu
okulu hem egitim hem de sosyal agidan begenmektedir. Cocuklarini B anaokuluna génderen
arkadaslari ise her iki agidan B anaokulunda sorunlar oldugunu disinmektedir. Cift her iki okulu
birka¢ saatligine ziyaret etmis ve iki anaokulu igin de arkadaslarinin séylediklerinin tersine
izlenimler edinmistir.
(Sizce) Anne-baba hangi anaokulunu se¢melidir?

e A Anaokulu

e B Anaokulu

1.2.1 A Versiyonu

Kingston adli bir sehirde bir buguk yildir gérev yapan ve pek sevilmeyen bir emniyet midurd vardir.
Aktif bir sekilde politika iginde yer alan ve belediye baskaninin meslektasi olan bu emniyet
muadurinidn polis yoneticisi olarak atandiginda ¢ok az yoneticilik tecribesi vardir. Belediye
baskani, yakin bir zaman 6nce emniyet mudirini kamuoyu 6ninde savunmus ve o goéreve
basladigindan bu yana sehirdeki su¢ oranlarinin %12 oraninda dustiguni séylemistir. Asagidaki
kanitlardan hangisi belediye baskaninin emniyet midurinin yetkin olduguna dair iddiasini en ¢ok
zayiflatir?

e Ayni donemde, Kingston sehrine yakin ve ayni blyukllkteki iki komsu sehirdeki sug
oranlarinda %18’lik bir azalma olmustur.

e Kingston sehrinde yasayanlarla yapilan bagdimsiz bir anket, polis kayitlarinda rapor
edilenden %40 oraninda daha fazla sug islendigini géstermistir.

e Mantikli disunilecek olursa, bir polis mudurinin tek basina sug oranlarini azaltmasi pek
olasi degildir. Su¢ oranlarindaki bu dusus buylk oranda yetkililerin kontrolt disinda olan
sosyal ve ekonomik durumlardan kaynaklanir.

e Polis midarunin, organize suglara karismis oldugu bilinen kisilerle kisisel temasinin
oldugunun ortaya cikarilmig olmasi.

1.2.2 B Versiyonu

Bir lisede bir buguk yildir sevimeyen bir 6gretmen calismaktadir. Bu 6gretmen mudurin
arkadasidir ve ise basladiginda ¢cok az 6gretmenlik tecriibesi vardir. Miidir, yakin bir zaman 6nce
Odrencilere hitaben yaptidi konusmada, bu &gdretmeni tim okulun éninde savunmus ve
dgretmenin ise bagladidindan bu yana &6grencilerin yaramazliginin %12 oraninda azaldigini
duyurmustur.

Asagidaki kanitlardan hangisi, okul mudirinin bu 6gretmenin yetkin olduguna dair iddiasini en
iyi sekilde bosa cikartir?

e Bu dgretmenin girmedigi iki sinifin dgrencilerinin yaramazlik oranlari ayni ddnemde % 18
oraninda azalmistir.

e Ogrencilerle yapilan bir anket galismasina gére midiriin kayitlarinda belirtilenden %40
oraninda daha fazla yaramazlik rapor edilmigtir.

e Mantikli bir sekilde disunUlirse bir dgretmenin yaramaz davraniglari azaltmasi icgin
yapabilecegdi seyler kisithidir. Ogrencilerin duygu durumu ve davranisi gok daha biiy(ik bir
etkiye sahiptir.

e Ogretmenin yaramazlik yapan dgrencileri cezalandirdidi ortaya gikmigtir.
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1.3.1 A Versiyonu
Bir arabanin X veya Y markali olup olmadigi hakkinda bir karar vermeniz gerektigini distnun.
Her iki marka icin de su iki bilgiyi elde etme olanaginiz oldugunu varsayin: her 100 km’de 10
litreden fazla yakit tuketim orani ve ilk iki yilda biyuk bir mekanik problem gikarmama olasihgi.
Diyelim ki iki markadan BILINMEYEN bir tanesi (X veya Y) 100 km’de 10 litreden fazla yakit
harcamakta ve ilk iki yilda hi¢cbir mekanik ariza vermemektedir. Ayrica, X markasinin Urettigi
arabalarin %65’inin 100 km’de 10 litreden fazla yakit harcadidini varsayin.
Asagidaki g bilgiden hangisini dgrenirseniz, bir dnceki parafta bahsedilen BILINMEYEN
markanin X veya Y olduguna daha iyi karar verirsiniz?
e Y markasinin Urettigi araclarin ylizde kacinin 100 km’de 10 litreden fazla yakit harcadigi
bilgisi.
e Ik iki yil iginde X markasinin Urettigi araclarin yiizde kacinin énemli mekanik ariza
vermedigi bilgisi.
e Ik iki yil iginde Y markasinin Urettigi araglarin yiizde kaginin énemli mekanik ariza
vermedigi bilgisi.

1.3.2 B Versiyonu
Bir dizUstu bilgisayarin X veya Y marka olup olmadidi hakkinda bir karar vermeniz gerektigini
dusunun. Her iki marka i¢in de iki konuda bilgiye ulagma olasiliginiz var: pil dmri 10 saatten fazla
olan X ve Y marka bilgisayar yluzdesi ve bu iki markanin ilk iki yilda buyuk bir teknik problem
¢tkarmama olasiligi.
Diyelim ki iki markadan BILINMEYEN bir tanesinin (X veya Y) pil siiresi 10 saatten fazla ve ilk iki
yilda herhangi bir teknik problem ¢ikarmiyor. Ayrica, X markasinin Urettidi bilgisayarlarin %65’inin
10 saatten fazla pil siresine sahip oldugunu varsayin.
Asagidaki ¢ bilgiden hangisini ddrenirseniz, bir énceki parafta bahsedilen BILINMEYEN
markanin X veya Y olduguna daha iyi karar verirsiniz?

¢ Y markasinin 10 saatten fazla batarya sliresine sahip bilgisayar orani.

e Ik iki yilda X markasinin biiyiik bir teknik problem gikarmama yiizdesi.

e Ik iki yilda Y markasinin biiyiik bir teknik problem gikarmama yiizdesi.

1.4.1 A Versiyonu

Bay Maxwell sadece profesorlerin ve is adamlarinin davet edildigi bir partiye katimistir
(katihmcilar profesér veya is adami olabilir ama her ikisi birden olamaz). Bay Maxmell hakkinda
bildiginiz tek sey onun Bear adl bir kulibe tGye olmasidir. Sizden, asagdidaki sorulari sorarak Bay
Maxmell'in bir profesér olma olasilidini degerlendirmeniz isteniyor. Yani sizden bu sorularin ne
derecede alakali oldugunu degerlendirmeniz isteniyor. Alakall soru, cevabini aldiginiz zaman
karar vermede faydali olan sorudur. Lutfen asagdidaki her bir soruyu tek tek diistiniin ve hangisinin
size verilen gorevle alakasiz bir soru oldugunu belirtin.

Partideki kisilerden ylizde kagi Universite profesértdir?

Partidekilerin % kagi Bear KulUbu Gyesidir?

Partideki Universite profesdrlerinin ylizde kagi Bear Kulibu Gyesidir?

Partideki is adamlarinin yizde kagi Bear Kullibl Gyesidir?

1.4.2 B Versiyonu

Bayan Crowe sadece Amerikali ve Kanadal turistlerin katildi§i rehberli bir geziye katiimigtir
(turistler ya Amerikali ya Kanadalidir, her iki Ulke vatandagsi birden degillerdir). Bayan Crowe
hakkinda tek bildiginiz sey ABC otelinde konakladigidir. Sizden, agagidaki sorulari sorarak Bayan
Crowe’un bir Amerikali turist olma ihtimalini dederlendirmeniz istenmektedir. Diger bir deyisle,
sizden bu sorularin ne derecede alakall oldugunu degerlendirmeniz istenmektedir. Alakali soru,
cevabini aldiginiz zaman karar vermede faydali olan sorudur. Litfen asagidaki her bir soruyu tek
tek diistiniin ve hangisinin size verilen gérevde alakasiz oldugunu belirtin.

Turdaki kisilerin yizde kagi Amerikal turisttir?

e ABC otelinde konaklayanlarin yizde kagi tura katilmaktadir?

e Turdaki Kanadali turistlerin ylizde kacgi ABC otelinde konaklamaktadir?

e Turdaki Amerikal turistlerin ylzde kagi ABC otelinde konaklamaktadir?

1.5.1 A Versiyonu
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Linda 31 yasinda, bekar, agiks6zli ve ¢ok zeki birisidir. Felsefe béliminden mezun olmustur.
Ogrenciliginde ayrimcilik ve sosyal adalet konulariyla son derece ilgilenmis ve anti-niikleer
protestolara katiimisti.
Asagidakilerden hangisi daha olasidir?

e Linda bankada memurdur.

e Linda bankada memurdur ve feminist hareket icinde aktif olan bir bireydir.

1.5.2 B Versiyonu
Jack 45 yasinda, evli ve dort cocuk babasidir. Jack genellikle dikkatli ve hirshidir. Politik ve sosyal
konulara hig ilgisi yoktur ve bos zamanlarinin gogunu marangozluk, yelkencilik ve matematik
problemleri cézme gibi birgok hobisine ayirmaktadir.
Asagidakilerden hangisi daha olasidir?

e Jack bir muhendistir.

e Jack bir muhendistir ve su sporlari ile ilgili yerel bir kulibln aktif Gyesidir.

1.6.1 A Versiyonu
Yeni bir araba almak istiyorsunuz. Bugln iki alternatiften birisini secmeniz gerekiyor: ya A
firmasindan ya da B firmasindan bir araba satin almak. Bu karariniz igin tek bir dl¢ttiintz var; o
da arabanin beklenen kullanim édmri. Yizlerce arabalik bir érneklemi igeren Tlketici Raporu’na
gore A’nin daha iyi oldugu bilgisini edindiniz. Din bir komsunuz A markali yeni arabasinin
bozuldugunu sdyledi. Hangi arabayi alirsiniz?

e A markal araba

e B markall araba

1.6.2 B Versiyonu
Yeni bir bilgisayar almak istiyorsunuz. Bugiin iki alternatiften birisini secmeniz gerekiyor: ya A
firmasindan ya da B firmasindan bir bilgisayar satin almak. Bu karariniz igin tek bir élgiitiniz var;
o da bilgisayarin beklenen kullanim émrd. Yuzlerce bilgisayarin incelendigi bir Tlketici Raporu’na
gore A’nin daha iyi oldugu bilgisini edindiniz. Din bir komsunuz A markal yeni bilgisayarinin
bozuldugunu séyledi. Hangi bilgisayari alirsiniz?

e A markali bilgisayar

e B markali bilgisayar

Verbal Reasoning

Sodzel Muhakeme

Benzerlikler

Asagidaki iki anoloji ile en iyi uyum gdsteren yaniti seginiz.

(":" iligkili anlamina gelmektedir; "::" benzer anlamina gelmektedir)

Al

:at :: yolcu almak : tren
sabit

ayakkabi

binmek

Uzerine ¢ikmak

Bl

siir : kafiye :: felsefe :
imge

muzik
kanun
kuram

A2
onarmak : dikis :: dlizeltmek :
e yama
e tamir
e makale
o egreti
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B2

alfabetik : :: sirali (dizisel) : dosya
e siralamak
e parca
o liste
e duzen
A3
fare : :: flag : fotograf makinesi
e sigcan
e hilgisayar
e kordon
o tath
B3
minder : koltuk :: raf :
e pervaz
e kitaphk
e depo
e cergeve
A4
nemlendirmek : :: serinletmek : dondurmak
e sulamak
e sirilsiklam etmek
e firinlamak
e blylimek
B4
kurdele : :: krema : pasta
e hediye
e kesmek
o fiyonk
e daktilo
A5
kedi yavrusu : . asker : ordu
o kedi
e bir batinda doganlar
e vyavru kopek
e miyav
B5
bilim insani : deney :: : rol yapmak
e deney sisesi
e prova
e aktor
e laboratuvar
A6
so6zluk : tanim :: : harita
e yOn
e guney
e atlas
e boylam
B6
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raptiye :
e Civi

poster

duvar

cekic

:: ¢cengel : palto

A7

siradigi : yenilik :: : standart
e tuhaf

orijinal

tanidik

siir

B7

. Universite :: tamirci : tamirhane
kitap

o6grenme

profesor

makine

A8
davul : enstriman :: matkap :
e cekic
firin
alet
kresendo (muzigin gittikge yikselmesi)

B8

zirve : dag : rev
en yuksege cikarmak
cati

veranda

bungalov

A9

: saganak :: yogunlagma : nem
erozyon

bulut

yer

hava tahmini

B9

: fotograf karesi :: mozaik : karo
film

oyma

banyo

dekorasyon

Judging Likelihood and Probability

Olabilirligi ve Olasihig Belirleme

3.1.1 A Versiyonu

Bir duvar tenisi (squash) oyunu 9 veya 15 puan Uzerinden oynanabilir. A, B'’den daha iyi bir
oyuncu ise, hangi oyunda A’nin kazanma sansi daha yiksek olur?

. 9 puanlik mag

. 15 puanlik mag

3.1.2 B Versiyonu
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Masa tenisi 5 veya 9 setlik oyunlarla oynanabilir. A, B’den daha iyi bir oyuncu ise, hangi oyunda
A’nin kazanma sansi daha yuksek olur?

. 5 setlik bir mag

. 9 setlik bir mag

3.2.1 A Versiyonu

Profesyonel beyzbol liginin ilk iki haftasindan sonra gazeteler en iyi vurus yapan 10 oyuncunun
ortalama puanlarini yayinlamaya basladi. Genellikle, iki hafta sonunda en iyi vurus yapan
oyuncunun puan ortalamasi .450 civarindadir. Ancak, simdiye kadar higbir profesyonel beyzbol
sezonunda bir oyuncu .450 ortalama ile sezonu bitirememistir. Bunun sebebi sizce ne olabilir?
Birini isaretleyin:

e Bir vuruscu oyuncunun yiiksek ortalama ile oynadidi biliniyorsa, topu ona firlatan rakip
oyuncular topa vuramasin diye daha fazla gayret gosterirler.

e Sezon ilerledikge topu vurusguya firlatan oyuncular daha iyi form tuttuklari igin daha iyi
oynamaya baglarlar. Topu firlatan rakip oyuncular form tuttukga vurusgu oyuncunun
ortalamasi duser.

e Bir vurusgunun sezon basindaki yiuksek ortalamasi sans eseri olabilir. Uzun bir sezon
vurusgunun yetenekleri hakkinda daha gergekgi bir dlguttar.

e Sezon basinda boylesine ylksek bir ortalama yakalayan bir vuruscu, ortalamasini
korumak igin gok yogun stres yasar. Boyle bir stres de oyun performansini olumsuz etkiler.

e Bir vurusgunun yiksek bir ortalama yakalamak istedigi biliniyorsa, artik ona kolay toplar
firlatiimaz. Onun yerine, onu daha da zorlayacak bir oyun tarzi tercih ederler.

3.2.2 B Versiyonu

Akademik donem bagladiktan 2 hafta sonra, bir 6gretmen yilin en iyi 10 6grencisi kim olacak diye
tahmin yuritmeye calismaktadir. Genellikle, ilk iki haftanin ardindan en iyi 6grencinin ortalama
performansi %92'dir. Ancak okul tarihinde dénem sonunda higbir 6grenci %92 ortalama
alamamisgtir. Bunun sebebi sizce ne olabilir? Birini yuvarlak icine alin:

e Bir 6grencinin yiksek ortalama yapmak istedigi biliniyorsa, 6gretmenlerin bu égrencinin
sinavlarini okurken beklentileri ylkselmektedir.

e Dobnem ilerledikge, konular arttigi icin sinavlar daha zor bir hale gelmektedir. Sinavlar
zorlastikga da &grencilerin yiksek not alma olasiigi azalmakta ve ortalamalari
dlismektedir.

e Bir 6grencinin dénem basindaki ylksek ortalamasi sans eseri olabilir. Uzun bir akademik
yil bir 8grencinin bilgi ve yeteneklerini 6lgcmek i¢in daha gergekgcidir.

e Dodnem basinda bdylesine yiiksek bir ortalama yakalayan édrenci, ortalamasini korumak
icin cok stres yasar. Bdyle bir stres de sonraki sinavlarini olumsuz etkiler.

e Bir 6drencinin yuksek ortalama yapmak istedidi biliniyorsa, artitk ona kolay sorular
sorulmamaya baslanir. Hatta, 6gretmenler bu égrenciye sorduklari sorularin zorlugunu
artinirlar, ¢linkl 6grencinin becerilerini test etmek isterler.

3.3.1 A Versiyonu

Kollu kumar makinesinde kumar oynayan insanlar, her 10 seferden birinden birseyler kazanirlar.
Ama Julie ilk G¢ seferinde de kazanmistir. Bir sonraki seferde kazanma olasiligi nedir?

10 Gzerinden___

3.3.1 B Versiyonu
Yerel bir piyango ¢ekilisinde katilanlarin bir 6dil kazanma sanslari her 20 biletten birinedir. Ama
Jack, aldigd1 ilk G¢ bilete 6dul kazanmistir. Bir sonraki sefer Jack’in 6dul kazanma olasiligi nedir?
20 Uzerinden___

3.4.1 A Versiyonu
Hilesiz bir madeni parayla yazi-tura attiimizi varsayin (yazi ve tura gelme olasiliklari %50'dir) ve
5 kez Ust Uste yazi gelmistir. Madeni para altinci kez havaya atildiginda:

e Tura gelme olasiligi yazi gelme olasiligindan daha yiksektir.

e Yazi gelme olasihdi tura gelme olasiligindan daha yUksektir.

e Altinci atista yazi ve tura gelme olasiligi esittir.

3.4.2 B Versiyonu
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Hilesiz bir zar attigimizi varsayin (her sayinin gelme olasiligi altida birdir) ve ard arda bes kez 6
gelmistir. Bir sonraki zar atisimizda:
e Ik bes zar atisina kiyasla, altinci atista 6’dan farkl bir sayi gelme olasiligi daha fazladir.
e Ik bes zar atisina kiyasla, altinci atista 6'nin gelme olasiligi, bagka bir sayi gelme
olasihgindan daha fazladir.
e Altinci atista 6 veya baska bir sayinin gelme olasiligi aynidir.

3.5.1 A Versiyonu

iki figi icerisinde siyah ve beyaz bilyelerin size sunuldugunu disinin. Biyik figinin iginde 100
bilye, kiguk ficinin iginde ise 10 bilye vardir. Figilardan birinden, igine bakmadan bir bilye
segmeniz gerekiyor. Eger sectiginiz bilye siyah ¢ikarsa 2 dolar kazanacaksiniz. Varsayin ki, ki¢uk
ficida 1 siyah ve 9 beyaz bilye var ve buyuk figida 8 siyah ve 92 beyaz bilye var. (Gergek hayatta
bir se¢im yapmaniz gerekirse) hangi figiyi tercih edersiniz?

. Buyuk figi

. Kiguk figi

3.5.2 B Versiyonu

iki torba icerisinde 10 ve 20 dolarlik banknotlarin size sunuldugunu diisiiniin. Biyiik torbanin
icinde 100 farkli banknot, kii¢ik torbanun iginde ise 10 farkli banknot var. Banknotlar torbalarin
icine rastgele bir sekilde konulmustur. Torbalardan birinden, igine bakmadan bir banknot
segmeniz gerekiyor ve sectiginiz banknot sizin olacak. Varsayin ki, kiicik torbada bir adet 20
dolarlik banknot ve dokuz adet 10 dolarlik banknot var ve buyiik torbada ise 8 adet 20 dolarlk ve
92 adet 10 dolarlik banknot var. (Gergek hayatta bir segcim yapmaniz gerekirse) hangi torbayi
tercih edersiniz?

. Biylk torba

. Kiguk torba

Argumentation Analysis

Litfen asagida verilen cimlelerden ilk ikisini dikkatle okuyun. Sonra bu iki cimlede verilen
bilgilerin dogru oldugunu varsayin ve Uglnci climlede ifade edilen c¢ikarimin gecerli olup
olmadigini belirtin.

Lutfen seginiz: gecerli — gegerli degil

Al

. Higbir sigara ucuz degildir.

. Bazi bagimhlik yaratan seyler ucuzdur.

. Dolayisiyla, bazi bagimllik yaratan seyler sigara dedgildir.
Bl

. Bazi binalar ahsaptan yapilmistir.

. Hicbir ahsap bina gékdelen degildir.

. Dolayisiyla, bazi binalar gékdelen degildir.
A2

. Bazi ofis malzemeleri bilgisayar degildir.

. Bazi elektrikli aletler ofis malzemesidir.

. Dolayisiyla, bazi elektrikli aletler bilgisayar degildir.
B2

. Bazi icegekler alkolstzddr.

. Alkolsuiz icecekler likor degildir.

. Dolayisiyla, bazi icecekler likdr degildir.
A3

. Sandalyeler masa degildir.

. Bazi mobilyalar sandalyedir.

. Dolayisiyla, bazi mobilyalar masa dedgildir.
B3

. Bazi baliklar yenmez.
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. Alabalik yenilebilir.

. Dolayisiyla, bazi baliklar alabalik degildir.

B4

. Bagimlihk yaratan hi¢gbir madde ucuz degildir.
. Bazi sigaralar ucuzdur.

. Dolayisiyla, bazi bagimlilik yaratan maddeler sigara degildir.
Ad

. Bazi ahsap binalar gdkdelendir.

. Hicbir bina ahsap degildir.

. Dolayisiyla, bazi binalar gokdelen degildir.
B5

. Bazi elektrikli aletler ofis malzemesi degildir.
. Bazi ofis malzemeleri bilgisayardir.

. Dolayisiyla, bazi elektrikli aletler bilgisayar degildir.
A5

. Alkolstuiz icecekler likordur.

. Higbir icecek alkolsiiz degildir.

. Dolayisiyla, bazi igecekler likdr degildir.

B6

. Hicbir mobilya sandalye degildir.

. Sandalyeler masadir.

. Dolayisiyla, bazi mobilyalar masa degildir.
A6

. Higbir alabalik yenilmez.

. Balik yenilebilir.

. Dolayisiyla, bazi baliklar alabalik degildir.

A7

. Bazi aletler el ile kullanilir.

. Tornavidalar el ile kullanilan aletlerdir.

. Dolayisiyla, bazi tornavidalar alet degildir.

B7

. Bazi mizik enstriimanlari tGflemelidir.

. Uflemeli enstrimanlar keman degildir.

. Dolayisiyla, bazi kemanlar muzik enstrimani degildir.
A8 /I B8

. Bazi yesil seyler ot degildir.

. Bazi bitkiler yesildir.

. Dolayisiyla bazi otlar bitki degildir.

B9

. Tornavidalar elle kullanilan aletler degildir.

. Higbir alet elle kullaniimaz.

. Dolayisiyla, bazi tornavidalar alet dedgildir.

A9

. Uflemeli enstriimanlar kemanlardir.

. Hicbir mizik enstrimani Gflemeli degildir.

. Dolayisiyla, bazi kemanlar muzik enstirumani degildir.

Problem Solving
5.1.1 A Versiyonu
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Bir beyzbol sopasi ve topu toplam 1.10 dolardir. Sopa, topdan 1 dolar daha pahalidir. Topun fiyat
nedir?
5 sent — 10 sent — 55 sent — 100 sent

5.1.2 B Versiyonu

Bir somun ekmek ve bir elma toplam 2.20 dolardir. Ekmek elmadan 2 dolar pahalidir. Elmanin
fiyati nedir?

10 sent — 20 sent — 110 sent — 200 sent

5.2.1 A Versiyonu

Eger bir makine 5 plastik parcayi 5 dakikada yaparsa, 100 makinenin 100 plastik pargayl yapmasi
ne kadar surer?

1-5-25-100 dakika

5.2.2 B Versiyonu
Eger 2 firinci 2 ekmegi 2 dakikada yapiyorsa, 50 firincinin 50 ekmegi yapmasi ne kadar surer?
1-2- 25 - 50 dakika

5.3.1 A Versiyonu

Bir gblde bir 6bek su zambagi vardir. Bu 6bek her gin iki kati buytkligine ulagsmaktadir. Su
zambagi 6beginin tiim goli kaplamasi 24 glin suriyorsa, golin yarisini kaplamasi kag¢ giin surer?
2-4-12-23gln

5.3.2 B Versiyonu

Bir kap taslarla doldurulmaktadir. Her guin kabin igindeki tas sayisi iki katina gikmaktadir. Kap 10
giinde tamamen dolacaktir. Kap kag glinde yarisina kadar dolmus olur?

2—-4-5-9gin

5.4.1 A Versiyonu

Bir cekmecede siyah ve kahverengi tekli goraplar yer almaktadir ve goraplardan birisinden 4 tek
digerinden 5 tek vardir. Cekmecenin i¢cine bakmadan teker teker kag tane tek gorap ¢ekerseniz
ayni renkte bir ¢ift goraba sahip oldugunuzdan emin olursunuz?

1-2-3-4-5tekcorap

5.4.2 B Versiyonu

Bir ¢cantada yesil ve mavi renkte 6'ya 8 oraninda bilye vardir. Ayni renkte iki bilyeye sahip
oldugunuzdan emin olabilmek igin, torbanin icine bakmadan, ka¢ tane bilye cekmeniz gerekir?
2-3-4-5-6 bilye

5.5.1 A Versiyonu

Birbirlerinden 50 km uzaklikta yer alan iki tren, birbirlerine dogru saatte 25 km hizla yola ¢ikiyorlar.
Trenler birbirlerine dogru yola ¢ikinca bir kus bir trenin en éniinden diger trene dogru ugmaya
bagliyor. Kus diger trene ulasinca ilk trene dogru tekrar ugmaya basliyor, ta ki iki tren bulusuncaya
kadar. Kus saatte 60 km hizla uguyorsa, iki tren karsilasmadan 6nce kus ka¢ km ugmus olacaktir?
15 km - 30km - 45 km - 60km

5.5.2 B Versiyonu

Birbirlerinden 10 km uzaklkta yer alan iki yaya, birbirlerine dodru saatte 5 km hizla yarimeye
basliyorlar. Yayalar birbirlerine dogru ylrimeye baslar baslamaz bir képek bir yayadan digerine
dogru kosmaya baslyor. Kdpek diger yayaya ulasinca ilk yayaya dogru tekrar kogsmaya basliyor,
ta ki iki yaya bulusuncaya kadar. Kdpek saatte 20 km hizla kosuyorsa, iki yaya bulusmadan énce
koépek ka¢ km kosmus olacaktir?

2-5-10-20km

5.6.1 A Versiyonu

Bir adam 60 sterline bir at alir, 70 sterlin karsiliginda satar, 80 sterline geri alir ve en sonunda 90
sterline satar. Bu adam ne kadar kazanmistir?

10 Sterlin — 20 Sterlin — 30 Sterlin — 40 Sterlin

5.6.2 B Versiyonu
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Bir kadin, borsada bir sirketin hisselerini 600 dolar karsiliginda satin aliyor, 700 dolar karsiliginda
satiyor, 800 dolar karsiliginda geri aliyor ve sonunda 900 dolar karsiliginda satiyor. Ne kadar
kazanmistir?

100 dolar - 200 dolar - 300 dolar - 400 dolar

5.7.1 A Versiyonu
Polis A, B, C veya D’den birisinin sug isledigine inanmaktadir. Dért supheli, sirasiyla asagidaki
ifadeleri vermistir, ama bu ifadelerden sadece bir tanesi dogrudur.

. A “Ben yapmadim” dedi.

. B “A yalan soyllyor” dedi.

. C “B yalan séyliyor” dedi.

. D “Sucu B isledi” dedi.

Hangisi dogru soyliyor? Sugu kim isledi?
Dogruyu sdyleyen: A-B-C-D

Sugu isleyen: A-B-C-D

5.7.2 B Versiyonu
Bir hakim A, B, C veya D’den birinin bir sey icat ettigini bilmektedir. Dort kigi, sirasiyla agagidaki
iddialarda bulunmustur, ama iglerinden sadece bir tanesi dogrudur.

. A “Ben icat ettim” dedi.
. B “A yalan sdyliyor” dedi.
. C “B yalan séyllyor” dedi.
. D “B icat etmedi” dedi.

Hangisi dogru soyliyor? Kim icat etti?
Dogruyu Séyleyen: A-B-C-D
Icat eden: A-B-C-D

5.8.1 A Versiyonu

Her birinin bir ylziinde bir rakam, diger yuziinde bir renk bulunan doért kart bir masanin Ustiinde
size gosteriliyor. Kartlarin her birinin gériinen yuzlerinde 3 ve 8 rakamlari ile kirmizi ve kahverengi
renkleri vardir. “Bir kartin Gzerindeki rakam cift sayl ise Obur yGzi kirmizidir” iddiasinin
dogrulugunu test etmek icin hangi kart(lar)1 gevirmeniz gerekir? En etkili olacak ve en az sayida
kartin yuzinU cevirecek sekilde distinmeye galigin.

istediginiz kadar ¢ok sayida karti isaretleyebilirsiniz: 3 — 8 — kirmizi — kahverengi

5.8.2 B Versiyonu

Her birinin bir yiziinde bir rakam, diger yuzinde bir renk bulunan dért kart bir masanin ustiinde
size gosteriliyor. Kartlarin her birinin gériinen yuzlerinde 5 ve 6 rakamlari ile yesil ve sari renkleri
vardir. “Bir kartin tzerindeki rakam ¢ift sayi ise 0bur yizi yesildir” iddiasinin dogrulugunu test
etmek i¢in hangi kart(lar)1 gevirmeniz gerekir? En etkili olacak ve en az sayida kartin yizini
cevirecek sekilde dislinmeye ¢alisin.

istediginiz kadar cok sayida karti isaretleyebilirsiniz: 5 — 6 — yesil — sar
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Appendix 5: Example of Raven’s Standard Progressive Matrices
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