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Abstract 

The present study investigates how input modality (spoken vs. written) and word difficulty 

(word prevalence and type) affect word recognition accuracy in highly proficient Croatian  - 

English bilinguals. By using a within – participant design, 20 bilinguals completed a lexical 

decision task in both written, and spoken modality. The results showed no significant difference 

in word recognition accuracy between modalities, which suggests that proficient bilinguals are 

able to process words equally well in both spoken and written forms. However, word 

prevalence and word type showed a significant impact on accuracy. Words with high 

prevalence were recognised more accurately than words with low prevalence, and cognates 

were recognised with the highest accuracy. These findings support the non-selective activation 

model of bilingual word recognition, in which both languages are activated simultaneously. 

This research provides insights into bilingual word processing and recognition, which may 

offer implications for future language learning. 

 

 

Key words:  bilingual word processing, word recognition, input modality, word 

prevalence, Croatian-English bilinguals
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1 Introduction 

Humans have a unique ability that no other biological species on this planet has – 

language. There is not one single definition as to what language is. However, one of the 

recognized definitions of language comes from the American anthropologist-linguist Edward 

Sapir, who defines language as “… a purely human and noninstinctive method of 

communicating ideas, emotions, and desires by means of a system of voluntarily produced 

symbols. These symbols are, in the first instance, auditory and they are produced by the so-

called “organs of speech.” ” (Sapir, 1921, p. 4). From this citation, it is quite obvious that 

Edward Sapir put forth speech as a central aspect of language, and indeed, for centuries, 

humans only communicated through speech, i.e., by talking to one another. However, speech 

has its limitations. Walter J. Ong emphasises that ’’sound exists only when it is going out of 

existence. It is not simply perishable but essentially evanescent, and it is sensed as evanescent. 

When I pronounce the word ‘permanence’, by the time I get to the ‘-pence’, the ‘perma-’ is 

gone, and has to be gone.’’ (Ong, 1982, p. 69), which means that speech is perishable, and 

requires an immediate communication.  

On the other hand, the invention of writing changed this constraint many centuries ago, 

and written language overcame these limitations. Written language is not restricted by ’’time, 

distance, and acquaintanceship’’ as the famous linguist Steven Pinker (1995) writes (p. 16). A 

person may convey their ideas without the recipient having to be in close proximity to the 

sender, i.e., speaker. As Walter J. Ong  (1982) writes ’’Writing makes ‘words’ appear similar to 

things because we think of words as the visible marks signalling words to decoders: we can see 

and touch such inscribed ‘words’ in texts and books. Written words are residue. Oral tradition 

has no such residue or deposit’’ (Ong, 1982, p. 11), which supports the idea of permeance of 

the written word, going beyond time and distance. Without this relatively new modality of 

language in which language could be expressed, we would not be able to grow and evolve as a 

species (Wolf et al., 2021).  

Even though this research primarily focuses only on spoken and written modality, other 

modalities will be mentioned as well. Each of these modalities engages different areas of the 

brain and different cognitive processes, which in turn helps us better understand how the brain 

functions in respect to the language (Anderson et al. 2022). Understanding these modalities 

becomes even more important when speaking about the bilingual brain, because individuals 

who are bilingual must process at least two different language systems at the same time (in this 

research Croatian and English, respectively). Also, understanding how bilingual individuals
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process languages in different modalities has become even more important in today’s age of 

globalization, since globalization increases the prevalence of bilinguals in ’’Europe (67%), 

Canada (55%), India (25%), and the United States (20%)’’ (Byers-Heinlein et al., 2019). 

Although there is existing research that has studied either monolingual, or  French – English, 

and Spanish – English bilinguals, we know of no research so far that has dealt with language 

modalities and the bilingual brain among the Croatian - English speaking group, despite the 

extensive research on language processing. There still remains a gap in understanding how 

different input modalities affect word recognition accuracy in individuals who are bilingual, 

especially for Croatian - English bilinguals, where it is unknown how spoken and written 

modalities, and the difficulty of the words that are presented in individuals’ L2 affect their 

ability to recognize words (and non-words). This is why this research aims to address this gap 

by investigating the effects of input modality and word difficulty on word recognition accuracy 

in Croatian - English bilinguals.



3 
 

2 Language modalities 

In the introductory part of this study, different language modalities were  mentioned. 

However, a clearer definition of language modality is in order. A language modality refers to 

various methods through which language is perceived and expressed (Anderson et al., 2022, p. 

67). In simpler terms, it means that there are different ways in which humans can receive and 

send messages, i.e., encode and decode linguistic information. This is an exceptionally 

important aspect of linguistic studies because it enables our understanding of how language is 

processed, learned (which is especially important for educators) and used in different contexts 

(e.g., social context, professional context, the aforementioned educational context etc.).  

According to Anderson et al. (2022) there are four types of language modalities: spoken, 

signed, tactile and graphemic.  

 

2.1   Spoken modality 

Spoken modality, i.e., spoken language is also called the vocal – auditory language 

(Anderson et al., 2022). The more common name for this modality is ‘speech’, i.e., speaking. 

Speaking occurs when a sound is produced through the vocal tract and perceived by the listener 

via hearing. It is an essential and most natural human form of communication, often included 

as a key feature of various definitions of human language that scholars propose.1  The main 

aspects of spoken language are phonetics (the study of sounds), prosody (the rhythm and 

intonation in speech, among other) and syntax (the study of sentence structure). Some common 

examples of spoken language include e.g. everyday conversations and lectures.   

Leonard and Chang (2014) have studied how the brain processes speech. They concluded that 

different areas of the brain have specific roles that deal with understanding and interpreting the 

words that we hear, which enables us to better understand the complex processes behind the 

spoken language and its (very important) role in human communication. This understanding is 

fundamental for further research on how different modalities of language (spoken, written, 

signed, etc.) affect  word  recognition and language processing, which is the basis for this study 

as well. 

 
1 Starting with the definition of the notable linguist Edward Sapir who said that ''Language is a purely 

human and noninstinctive method of communicating ideas, emotions, and desires by means of a system of 

voluntarily produced symbols. These symbols are, in the first instance, auditory and they are produced by the so-

called “organs of speech.”'' (Sapir, 1921, p. 7) 
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2.2    Signed modality 

Signed modality, i.e., signed language is also called the manual – visual language 

(Anderson et al., 2022). It is produced by making different types of movements, usually (and 

most often) through hands, face and body. The recipient (i.e., the ‘listener’) perceives it through 

seeing, i.e., eyes. This is a modality primarily used by the deaf and the heard-of-hearing 

communities. It is interesting to note that there is not one single (unified) signed language, but 

rather many signed languages across the globe. For example, there is the American Sign 

Language (ASL) in the United States, or the Hrvatski znakovni jezik (HZJ) in Croatia, among 

others.  

The key features of every signed language are iconicity, spatial grammar and facial 

expressions (Anderson et al., 2022). Iconicity basically means that the signs often visually 

resemble their meaning. For example, the sign for ‘to drink’ in ASL involves a gesture, where 

the hand is shaped like it is holding a glass and approaches the mouth, which (visually) 

resembles the act of drinking. Or for example, the sign for the word ‘knjiga’ in HZJ involves 

gestures where the palms of a person signing open and close as if opening and closing a book. 

Spatial grammar is the second feature of the signed language. It uses space around the 

individual to indicate location and distance. For example, when a person who signs wants to 

portray a conversation between two people, he or she would turn their body to the left when 

‘speaking’ as one character and to the right when ‘speaking’ as the other. The third and final 

feature of the signed language are facial expressions. Facial expressions are important because 

they express emotions and grammatical features. In ASL, when a person asks/signs a question, 

the eyebrows are raised and the head is tilted slightly forward, which indicates that a question 

is being asked. These main features (iconicity, spatial grammar and facial expressions) show 

just how complex signed languages are. Together, they make sign languages a complete and an 

efficient way of communication.  

 

2.3   Tactile modality 

Tactile modality, i.e., tactile sign language (or tactile signing and haptic 

communication) is also called the manual-tactile language (Anderson et al., 2022). It is 

produced and perceived through touch by individuals who are either blind, or deaf and blind. 

Tactile signing involves adaptations of sign language that are felt rather than seen, which 

enables communication through touch. Braille, which is a system that uses raised dots which
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represent letters and numbers, is one of the great examples of a tactile language. A person 

moves their fingers over the dots to read the text. Other forms, i.e., methods of communicating 

are called tracking and tactile fingerspelling. Tracking is a way of communicating in which an 

individual puts their hand on the wrist of the person they are communicating with to 

communicate their message. Tactile fingerspelling is a method of communicating in which an 

individual traces letters and signs onto the palm of the individual with whom they are 

communicating (Tactile Sign Language | What Is Tactile Sign Language?,  2022). A case study 

conducted by Suzana Obretenova (2010) has shown that individuals who are deafblind use 

occipital cortical regions (together with posterior superior temporal and inferior frontal 

language areas), which is interesting, because this area is used for seeing in people who are not 

deafblind, and the interpreter, who could see and hear, and who also participated in this study 

(along with the deafblind individual) did not have these areas of the brain activated. This proves 

that the brain is an adaptable organ and that it can find new ways to maintain the function of 

language even when some senses are not present.  

 

2.4   Graphemic modality 

Graphemic modality, i.e., graphemic language is a language that is produced by making 

markings on a certain surface (paper, stone, etc.) and is perceived through seeing. Another name 

for this modality is written language, i.e., writing. The afore mentioned modalities are called 

‘primary modalities’. However, writing is considered to be a ‘secondary modality’ because it 

is a representation of another primary modality (speaking) (Anderson et. al, 2022). It is also 

different from the other primary modalities because it requires conscious learning, unlike e.g. 

spoken and signed modality which are acquired. (Anderson et. al, 2022). As previously 

mentioned in the introductory part of this thesis, writing differs from other modalities in that it 

transcends time and space, but also in the fact that written systems have been independently 

invented only a few times in history (Wright, 2014), and often borrowed from other language 

communities, like e.g. Arabic numbers that have been borrowed by other language users, which 

would imply that writing is a process that is very rare and complex and evolves a lot slower 

(and not spontaneously) than e.g. speaking (Anderson et al. 2022). Because of these 

differences, as well as the fact that, since it is not subconsciously acquired and thus considered 

not to be a part of the Universal Grammar, scholars, i.e., linguists do not treat written language 

the same as other modalities (Doner, n.d.). However, writing, i.e. graphemic language should 

not be considered an ‘inferior’ language, since there are numerous forms of graphemic
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language that are not directly linked to the spoken language but do display some complex 

properties (Henner and Robinson, 2023).  

It is important to note that in everyday communication, humans usually use more than 

just one modality at the same time during communication, for example, when they use hand 

gestures during speaking. This would mean that language is in its essence ’’multimodal’’ 

(Henner and Robinson, 2023, p. 14). Seldomly will an individual only use one modality when 

communicating. 

 For the purpose of this thesis, the primary focus will be on the spoken and written 

modalities because these are the most common modalities that occur in communication and 

education in most bilingual settings, especially in Croatian-English bilingual settings (schools, 

social media, everyday conversations, etc.). Also, in bilingual education, the emphasis should 

be on developing proficiency in skills such as reading and writing (which falls under the scope 

of graphemic, i.e., written modality) as well as listening and speaking (which falls under the 

scope of spoken modality). Proficiency in reading, writing, listening and speaking  is 

considered to be an ultimate goal in reaching an overall language competence (Hymes, 1972). 

This would suggest that the findings of this research, i.e., thesis would have a significant impact 

on practices and policies in education and could provide further practical applications in e.g. 

designing and improving the curriculum for the English language in Croatian schools.
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3 Processing input in written and spoken modalities 

As mentioned in the introductory part, the primary focus of this thesis are the written 

and spoken modalities. However, the brain’s ability to process linguistic input through these 

modalities is a complex process that includes different cognitive and neurological processes, 

which are the scope of research for psycholinguistics and neurolinguistics (Gazzaniga et al., 

2015). The two language sciences work together in explaining how these complex processes 

are vital if one wants to achieve an effective communication in everyday life, i.e. if one wants 

to successfully send, but also receive a message. Even though the message that is conveyed is 

the same (identical) across both written and spoken modality, the brain must first process the 

input through modality-specific processing systems (Wolf et al., 2021).  

Findings of neurolinguistics support the existence of some shared brain regions when 

processing both written and spoken languages, such as the superior temporal sulcus (STS), 

which is responsible for decoding and comprehending input in spoken and written modalities 

(Wilson et al., 2018).  

Psycholinguistics, additionally, tries to provide an explanation for the cognitive 

processes that try to explain how language is represented in the mind. One such process is the 

notion of the ‘mental lexicon’, which will be further discussed in this chapter. All of these 

processes help scholars gain better understanding of how the brain transforms symbols (in 

written language), as well as sounds (in spoken language) into meaningful language.  

 

3.1  Defining word recognition  

In order to explain which system the brain uses to derive meaning from spoken and 

written modalities, one must first start from defining a term crucial for this thesis: word 

recognition. Word recognition is a process by which the brain identifies and interprets 

individual words in both spoken and written form, converting them into linguistic 

representations (Moreno & van Orden, 2002).  It involves several steps, i.e., stages, which are 

the perception of auditory or visual word forms, then matching these forms to stored 

representations in the mental lexicon, and, subsequently, the retrieval of meaning. This is a 

crucial process for listening and reading, because it allows individuals to quickly and accurately 

understand the provided input. Understanding word recognition is essential for studying the
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deeper processing mechanisms of the brain. However, it is only the first step in explaining the 

more advanced cognitive processes that are involved, which will be explained in more detail 

below. 

The process of word recognition begins with the brain’s ability to decode linguistic 

input, a process called perceptual analysis (Gazzaniga et al, 2015). When encountering an input 

in the spoken modality, the listener first has to ’’decode the acoustic input’’ (Gazzaniga et al., 

2015, p. 480). The input is then converted into the phonological format because ’’that is how 

the lexical representations of auditory word forms are stored in the mental lexicon’’ (Gazzaniga 

et al., 2015, p. 480). A similar process occurs with the written modality, however, due to the 

different input (written instead of spoken), there is a difference in the earlier processing steps. 

Here the reader first must extract and decode the orthographic units of the word from the visual 

input. According to Gazzaniga et al. (2015), these orthographic units can be ‘mapped’ onto, 

i.e., linked to orthographic word forms in the lexicon (p. 481), or converted into phonological 

units, which then activate the phonological word forms in the lexicon, similar to the process 

that is used in spoken word comprehension. For example, in this initial stage, an individual 

may encounter the word ‘cat’ in either spoken or written modality. In this initial stage the brain 

processes raw sensory, i.e., perceptual input, in this case either sounds, i.e., phonemes that 

constitute the word ‘cat’ in spoken modality, or graphemes in the written modality.  

However, according to Wolf et al. (2021), the processing system our brain uses to 

decode words in these modalities is ‘abstract’ rather than ‘perceptual’ in nature, which would 

suggest that higher-level cognitive operations involve accessing and integrating various types 

of representational information (such as phonological, semantic, orthographic and syntactic) 

that are stored in the mental lexicon, rather than relying solely on sensory input (what one sees 

and hears). After the brain receives the input from the senses such as the hearing and seeing 

(perceptual), it moves to a ‘deeper’ level of processing (abstract). This change from the initial 

perceptual to the abstract processing is crucial for the brain to be able to recognise and interpret 

words. At this deeper level of processing, even before the input is fully acknowledged, the brain 

activates potential word candidates and converts the initial input into activated lexical 

representations, which is a process called lexical activation (Taft, 2001). In the example with 

the word ‘cat’, during this process, words that are similar, such as ‘cap’, ‘cab’, etc., are also 

retrieved (this is called the lexical neighbourhood).  The brain then decides which word in its
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lexicon best matches the received input, i.e., which is the most appropriate word based on the 

input received.2 This process is called lexical competition (Harley, 2005), which would mean 

that these words compete until the word that matches the input (the word ‘cat’) is found, i.e., 

activated. Once the conversion of the input is done, the corresponding, i.e., the fully matching 

lexical representations in the mental lexicon can be accessed, a process called lexical access 

(Harley, 2005).  All of these information are connected in the brain and help with fully 

understanding the word ‘cat’ efficiently. This account is supported by influential theoretical 

models of word recognition such as the Cohort model (Marslen-Wilson, 1987) and the 

Interactive Activation Model (IAC) (McClelland & Rumelhart, 1981). 

 

3.2  Understanding the mental lexicon 

The deeper, i.e., abstract processing is closely tied to the concept of the mental lexicon, 

a term first hinted at by the linguist Ann Treisman (1961) in her doctoral thesis (as cited in 

Coltheart et al., 2001). Treisman then used the term ‘dictionary’, instead of ‘lexicon’:  

"There is a single channel for recognising words, presumably comprising the matching of signals with 

some kind of 'dictionary' ... some of whose units have their thresholds for activation permanently or 

temporarily lowered" (p. 210, as cited in Coltheart et al., 2001)  

Another famous linguist R.C. Oldfield (1966) then described the mental lexicon, again, as a 

mental dictionary ’’in which information about word meaning is retrieved’’ (Sanches et al., 

2017), however, many scholars today argue against defining the lexicon as a mere dictionary, 

because they deem it too narrow of an explanation, and compare it more to a World Wide Web 

where information can be updated and changed (Brown, 2006; Farahian, 2011; Libben, 2008). 

Gregory W. Yelland (1994) proposes a definition of the mental lexicon as ’’a memory system 

dedicated to the storage of all that we know about the words in our vocabulary’’ (p. 1). Wolf et 

al. (2021) state that the mental lexicon 

’’… contains an entry for every word an individual knows. Each lexical entry within this lexicon consists 

of different types of representational information. These types of representations encompass semantic

 
2 In monolingual word recognition, many possible words initially become active when encountered with a 
word in either modality, and the individual is usually not aware of them; only the word that is (eventually) 
recognised comes to awarness (supported by the Cohort model (spoken word) and the IAC model 
(written word)) (Dijkstra, 2005). 
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(meaning), phonological (sound), orthographic (spelling) and syntactic (grammatical) information’’ (p. 

12)   

An average native American-English speaker may possess in their vocabulary around 42000 

words (Brysbaert et al., 2016) and can recognise, as well as produce, three words per second 

(Gazzaniga et al., 2015). Given the size of the vocabulary of the individual, as well as the speed 

of processing, there arises a fundamental question as to how these words are stored in the 

mental lexicon. Due to these reasons, the mental lexicon has to be efficiently organised, and 

the most efficient way of organisation is in the form of the smallest meaningful unit in a 

language, called morpheme. It is also the representational unit in the mental lexicon. An 

example would be ‘happy, ‘unhappy’, ‘unhappily’. The root of these words is ‘happy’, which 

forms one morpheme, the prefix (and the morpheme in itself) ‘un’ changes the meaning of the 

root morpheme and becomes a new word,  and ‘unhappily’ is another word that consists of 

three morphemes. This is the first organisational principle of the mental lexicon, the second 

being that the words that are used more frequently are retrieved faster than the words that are 

used less frequently (an example will be provided in the following chapter of this thesis titled 

“Lexical quality hypothesis”). The third principle is the previously mentioned lexical 

neighbourhood, which includes words that differ from a given word by only one phoneme or 

letter (an example provided in the section “Defining word recognition”  in this thesis). A 

phoneme is the smallest unit of sound that can change the meaning of a word. According to 

Gazzaniga et al. (2015), research has shown that words with more lexical neighbours are 

“identified more slowly during language comprehension than words with few neighbours” (p. 

476) (for example, ‘cat’ has many neighbours, but ‘jeans’ has only a few), as already mentioned 

in previous chapter titled “Understanding the mental lexicon”.  The fourth, and last, 

organisational principle, would be that the mental lexicon is organised based on the semantic 

relationship between words, which was supported through semantic priming studies that use 

lexical decision tasks to show how words are recognised, such as the one by Holderbaum & de 

Salles (2011), who demonstrated that both children and adults responded faster to semantically 

related word pairs. This would suggest that related words are stored closely together in the 

mental lexicon.
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3.3  Lexical quality hypothesis  

According to Perfetti (2007, as cited in Wolf et al., 2021), there is a crucial hypothesis, 

called ‘lexical quality hypothesis’, within the framework of the mental lexicon, which states 

that these different types of representations (phonological, semantical, syntactical, and 

orthographical representations) in a single lexical entry, i.e., word, can vary in their 

completeness and precision. This means that different aspect of the same word can differ in 

their ‘lexical quality’. For example, an individual may have a clear phonological representation 

of the word ‘cat’ in their brain but may have a less precise or even a non-existent orthographic 

one, if the individual, e.g., cannot read. Another crucial hypothesis according to Perfetti (2007, 

as cited in Wolf et al., 2021) is that the processing of higher quality lexical representations (i.e., 

those that are more complete and more precisely defined) occurs more efficiently than the lower 

quality lexical representations. To return to the example mentioned above: the word ‘cat’. We 

could compare it with the word ‘metamorphosis’. The word ‘cat’ is a word that would be 

processed faster by the majority of people than the word ‘metamorphosis’ would, because of 

its high lexical representation. An individual would be much more certain about the word ‘cat’ 

in terms of its meaning, spelling, sound and usage in a sentence, in comparison to the word 

‘metamorphosis’. These hypotheses bring about the following questions: if the quality of the 

modality-specific representations (spoken vs. written) can differ, could it be that processing a 

word that is presented in one modality is more effiective than processing the same word in 

another modality?  

There has been some research that suggests that familiar words are more accurately and 

faster, i.e., more efficiently, recognised when they are presented in written, rather than in 

spoken modality (Connine, Mullennix, Shernoff, & Yelen, 1990; Turner, Valentine, & Ellis, 

1998). However, the research on influence of the modality in which a word is presented on 

word recognition is still scarce in terms of bilingual brain, and mostly focuses on L2 word 

recognition in only one modality (Cornut, 2021), especially in the context of Croatian-English 

bilinguals. Here, it becomes important to investigate whether bilinguals, or in this case, 

Croatian-English bilinguals exhibit the same or at least similar patterns of modality-specific 

word recognition efficiency. Since the bilinguals possess and process two language systems 

simultaneously, the modality in which a word is presented may significantly influence the 

accuracy of their word recognition.
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4 Defining and classifying bilingualism  

 

Defining the term ‘bilingualism’ remains to be a complex challenge in linguistics 

(Bialystok, 2010). It is still unclear, as to what degree must an individual be bilingual in order 

to fall under this term, i.e., category. Must an individual be equally proficient in both languages, 

or is it enough for an individual to understand a language perfectly but not be able to produce 

it, to be considered bilingual? There are many factors, such as linguistic, cultural, social and 

psychological, that must be taken into account when defining bilingualism (Hamers & Blanc, 

1983; Perregaux, 1994, as cited in Cornut, 2021). There are two main positions that discuss 

this complexity: the maximalist and the minimalist position. The first position, called the 

maximalist position, is introduced by Christophersen (1948) and states that a bilingual person 

is ’’a person who knows two languages with approximately the same degree of perfection as 

unilingual speakers of those languages’’ (p. 4). The second position, the minimalist position, as 

introduced by Macnamara (1967, as cited in Cornut, 2021) argues that an individual is 

’’bilingual if he/she has a minimum of L2 proficiency in at least one of the four language skills 

(i.e., speaking, spelling, reading and comprehension)’’ (p. 8). There are, however, certain 

definitions along the spectrum or categories in between these two positions called the bilingual 

continuum (Rothman et al., n.d.), a noteworthy one being by Francois Grosjean (1994) who 

defined bilinguals as ’’those people who use two (or more) languages (or dialects) in their 

everyday lives’’ (p. 164) regardless of the way, i.e., mode and age of acquisition of that 

language. Nevertheless, to expect a perfect mastery of both languages equally, is not something 

that is easily achievable, and may be considered ‘utopian’ (Cornut, 2021). Therefore, it is vital 

to accurately classify bilinguals, i.e., bilingualism, in order to properly define the characteristics 

of the population being studied.  

There are several classifications proposed in the literature, depending on the parameters 

used to distinguish bilingual individuals. This thesis will focus on classifications that are most 

relevant to the research objectives of this thesis, such as the age of acquisition and the context 

in which the language is used. The first classification worth mentioning takes into account the 

age of acquisition of both languages as the key factor. Scholars differentiate between 

simultaneous bilingualism, which is the acquisition of both languages simultaneously before 

the age of three (McLaughlin, 1995), as well as successive bilingualism, which is the 

acquisition of the second language (L2) after the age of three or older (McLaughlin, 1995), as
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well as late bilingualism, which refers to the acquisition of the second language either in 

adolescence or adulthood (Adler, 1977, Moradi, 2014, as cited in Cornut, 2021). The second 

classification, relevant in general, but also for the purpose of this research, refers to the context 

in which L2 was learned. Here, one differentiates between the compound and coordinate 

bilingualism. Compound bilingualism refers to ’’an individual who learns two languages in the 

same environment so that he/she acquires one notion with two verbal expressions’’ (D'Acierno, 

1990, p. 1). This could refer to a child who acquires two languages in the same household. 

Coordinate bilingualism refers to ’’an individual who acquires the two languages in different 

contexts (e.g., home and school), so the words of the two languages belong to separate and 

independent systems.’’  (D'Acierno, 1990, p. 1). This is the most common form of bilingualism 

in Croatian students, according to a research by Erk and Ručević (2021), who included 147 

young English learners, out of which all of the participants started learning English either in 

kindergarten, in school, or attended courses in foreign language schools. It is important to 

mention that the age when the participants started to learn English ranged from 2 years and 11 

months to 7 years and 3 months (p. 149). Regardless of the definitions and classifications, it is 

widely acknowledged that both written and oral communication skills are essential for 

becoming skilled in a language, and these skills rely heavily on effective language processing, 

which will be covered in the following chapter. 

 

4.1   Bilingual mental lexicon and word recognition 

 

There has been an ongoing debate whether bilingual individuals possess one lexicon 

for both languages, or separate mental lexicons. Some research discuss the existence of separate 

lexicons for both languages and believe that information from one language can be transferred 

to the other through translation. However, there is research that suggests that languages are 

stored in one single mental lexicon, and that linguistic information is stored in one semantic 

system. Some research, however, proposes a more nuanced theory, where there are separate 

lexicons. However, there is some evidence of shared storage (Bastkowski, 20023; Singleton, 

1999, as cited in Masrai, 2005). Singleton (1999) also proposes that, although stored separately, 

the L1 and L2 lexicons are connected with each other and do indeed ‘communicate’ with one 

another. This would mean that ’’while phonological and morphosyntactic forms differ across 

languages, meanings and/or concepts are largely, if not completely, shared (d. Costa, 2005; 

Kroll & Stewart, 1994)’’ (Pavlenko, 2009, p. 125). 
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Building on this foundation, there arises a question on how different monolingual and 

bilingual lexicons operate, whether similarly or differently and whether bilingual lexical access 

operates similarly to monolingual, whether access is restricted to only one language at the time 

(language-selective access), or whether both languages are activated at the same time, i.e., 

simultaneously (language non-selective access) (Dijkstra, 2005; de Groot et al, 2000). 

Although the basic mechanisms function the same in both mono- and bilinguals (e.g., 

phonological decoding), empirical studies suggest that during reading and listening, i.e., 

encountering language input in different modalities, bilinguals activate both languages 

(language non-selective lexical access) (Dijkstra, 2005). This is supported by several models 

that have been developed, which try to explain how bilinguals manage and process lexical 

access when there is more than one language involved, the most important ones being the 

Bilingual Interactive Activation (BIA) model, and its successor, the BIA + model (Dijkstra & 

van Heuven, 1998; Dijkstra & van Heuven, 2002), which suggest that both languages are 

activated simultaneously, compete and interact with one another, and are shaped by various 

factors such as context, individual’s language proficiency and task demands.  

 

4.2  Bilingual Interactive Activation model (BIA) and Bilingual 

Interactive Activation model plus (BIA+)   

 

The ongoing debate on the bilingual mental lexicon has led to the development of 

several models on word recognition in bilinguals, the most notable ones (and the most relevant 

for this research) being the Bilingual Interactive Activation model (the BIA model), and its 

successor, the BIA+ model (Dijkstra & van Heuven, 1998).  

The BIA model was a bilingual response to McClelland and Rumelhart’s Interactive 

Activation and Competition model (1981) . It assumes a shared lexicon for both languages, and 

was designed to explain how bilinguals recognize written words by stating that both languages 

are activated simultaneously, i.e., at the same time, during word recognition. Such evidence is 

found, among others, through the use of stimuli such as cognates, which are ’’words that have 

an orthography and a meaning that are similar or identical across languages, such as tomato in 

English and tomaat in Dutch’’ (Dijkstra, 2005, p. 179). For example, in the context of a 

Croatian-English bilingual who encounters an English word ‘problem’ while reading, this is 

what happens: since the BIA model assumes multiple levels of processing, it begins by
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activating letter features such as lines and curves that make a letter (the round shape of the 

letter ’p’, for example). This then triggers specific letter nodes for each position of a letter in a 

word. The word ‘problem’ activates the letters ‘p’, ‘r’, ‘o’, ‘b’, ‘l’, ‘e’, and ‘m’ (in a correct 

position in a word). These letter nodes then trigger word nodes, which activate potentially both 

the English word ‘problem’, as well as the Croatian word ‘problem’ (which, in this case, is a 

cognate word and shares the same meaning and spelling in both languages). Initially, since 

words from both languages are activated simultaneously, this leads to a competition between 

them. This is where language nodes come into play, which act as filters that help the brain 

decode the correct language in use based on contextual cues. In the above-mentioned case of 

the Croatian-English bilingual, the fact that they know that the text they are reading is in 

English, the English language node will act as a suppressant for the words in the other language 

not in use at the time, which is the Croatian ‘problem’. The outcome of the competition is based 

on the frequency of use, meaning that highly frequent words will be recognised faster and more 

easily (Cornut, 2021).  

The BIA model focused purely on orthographic level of representation, however, as 

Dijkstra and van Heuven (2002) mention: ’’we assume that the distinction between word 

retrieval and task/decision system will also be valid for bilingual auditory word recognition 

and bilingual word production (cf. Green, 1998)’’ (p. 193). The BIA+ model expands on the 

BIA further by also including phonological and semantic levels of representation within a 

single integrated, i.e., shared lexicon for both languages.  Even though BIA+ is an updated 

version of the BIA, which would suggest that BIA+ is still quite similar to the BIA, there are 

some key differences: the first difference was already mentioned, and it is the addition of 

phonological and semantic levels of representation to the orthographic one, however, these new 

representations ’’constitute a specific subsystem the activation of which is delayed compared 

to L1 representations’’ (Cornut, 2021, p. 15). The second difference would be differentiating 

between linguistic and non-linguistic context effects. An example of linguistic context would 

be that when a bilingual reads in a particular language, their brain is ‘attuned’ to that language 

and its words (along with its grammar and syntax, among others), and in the BIA+ model, the 

linguistic context (factors that are related to language) affects how words are recognised based 

on the language in use, the frequency of certain words from that language, etc. The non-

linguistic context (factors that are external, i.e., not related to the language), according to 

Dijkstra & van Heuven (2002), influences how decisions are made about word recognition,
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however, it does not directly affect the activation levels of words during the recognition process 

itself:   

’’A second option is that non-linguistic context information does not affect the activity in the 

identification system itself, but leads to an adaptation of decision criteria only… The BIA+ model proposes that 

(in contrast to linguistic effects) non-linguistic context effects in reading can be accounted for only by the second 

option.’’ (p. 15) 

This last difference would be replacing the top-down inhibition mechanism from 

language nodes by word nodes (Cornut, 2021). As with any model, there is some debate over 

some of the assumptions that the BIA+ model proposes. However, it has been supported by 

various experiments and studies, which demonstrated that this model explains well how 

bilinguals process words in different languages (Dijkstra et al., 1999; Duyck, 2005, as cited in 

Cornut, 2021).
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5 Previous research on L2 word recognition 

 

The majority of studies on L2 word recognition primarily focused on researching written 

word recognition. However the need to include spoken word recognition has been an interest 

of linguistic research only in relatively recent years. When it comes to empirical data regarding 

word recognition in L2, a study by Van Heuven et al. (1998) highlights that words are 

recognised faster than pseudowords. They found that L1 neighbourhood effects can inhibit 

word recognition in L2, while L2 neighbourhood effects can facilitate it. Additionally, a study 

by Oganian et al. (2016) found that participants responded faster to words than pseudowords, 

with fewer errors. Additionally, Dijkstra et al. (2010), found that cognates are recognised faster 

and with fewer errors than non-cognates, with identical cognates (e.g., the cognate ‘hotel’ in 

Croatian and English) being recognised the fastest. Additional research on this topic was 

conducted by Frances et al. (2021) whose findings suggest that both orthographic and 

phonological similarity play a key role in word recognition. Words that are similar in both their 

spelling and sound across languages (e.g., the word  ‘chocolate’ in English and Spanish) are 

recognised more easily than those with low similarity (e.g., ‘onion’ in English and ‘cebolla’ in 

Spanish), where both the spelling and pronunciation are different. However, when orthographic 

and phonological similarities did not align (if a word looked similar but sounded different), it 

hindered word recognition. When it comes to word prevalence, Brysbaert et al. (2016) 

introduced the concept of word prevalence (how widely a word is known within a population) 

and found that word prevalence strongly influences lexical decision times, independent of word 

frequency. Words that are known by a larger portion of the population are recognized faster, 

highlighting the importance of considering word prevalence as a key factor in word processing.  

However, research that takes modality into account when it comes to word recognition in 

bilinguals (or multilinguals) remains scarce. Veivo (2015) conducted an experiment with a 

group of Finnish learners of French, who were bilingual in Finnish and English, where 

participants showed higher accuracy in recognising written words compared to the spoken 

ones. Findings from Cornut (2021) suggest that the way bilinguals process and recognise words 

in their L2 is not entirely independent of the modality in which the words are presented. The 

study also found that cognate-facilitation effect is modality dependent, i.e., it aids word 

recognition in written modality, but hinders recognition in spoken modality. Additionally, 

Frances et al. (2021) emphasised that word recognition is easier when both the modality and 

the type of similarity align. For example, words with orthographic similarity are recognised
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more accurately when presented in written modality, and words with phonological similarity 

are recognised more accurately when heard. However, when similarity crosses modalities (e.g., 

when a word sounds similar in both languages but is presented written form), word recognition 

becomes more difficult. 

In summary, while extensive research has been conducted on word recognition in L2, it 

mostly focused on written modality, which raised the need for including spoken modality in 

order to gain a more comprehensive understanding. Findings from various studies show that 

factors such as word type and word frequency all play significant roles in word recognition 

across different modalities. However,, as some studies show, due to the modality-dependent 

nature of these effects, there is a need for further research that would try to address and clarify 

how bilinguals process words in different conditions. Additionally, no known research deals 

with these factors among the Croatian-English bilingual group, which is why addressing these 

gaps may prove beneficial for informing practical applications in, e.g., language teaching and 

assessment.    
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6 Methodology 

 

6.1   Aim 

 
The present study aims to investigate how input modality and word difficulty affect the 

accuracy with which Croatian – English bilinguals recognise words. 

 

6.2   Research questions 

 

The study aims to answer the following three research questions: 

1. Does modality (written vs. spoken) affect word recognition accuracy in highly 

proficient Croatian-English bilinguals? 

2. Does word prevalence (familiar vs. less familiar) affect word recognition accuracy in 

highly proficient Croatian-English bilinguals? 

3. Does word type (cognates, non-cognates, pseudowords) affect word recognition 

accuracy in highly proficient Croatian-English bilinguals?  

 

 

6.3   Research method 

 

The research employed a within-participants design, meaning that each participant was 

exposed to all conditions of the experiment (both modalities and all word types, to increase 

statistical power by ensuring that each participant served as their own control) with two primary 

factors: modality (written vs. spoken) and word difficulty, which was divided into word 

prevalence (familiar vs. less familiar) and word type (cognates, non-cognates, pseudowords). 

The study was conducted by means of a lexical-decision task, where 20 Croatian-English 

bilinguals were divided into Group A and Group B (10 participants in each group) and 

presented with words and pseudowords, i.e., non-words in different modalities (spoken and 

written) for each group and had to carry out a binary decision task, i.e., a lexical decision, and 

decide whether the presented items were real words or pseudowords. The average response 

time was measured. Given the high proficiency of the Croatian – English bilingual participants 

in this study, the stimuli, i.e., words with high prevalence and words with low prevalence
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(including cognates) were selected from ’’Word prevalence measures for 62,000 English 

words’’ by Brysbaert et al. (2019), which derived its norms from English native speakers, but 

could likely reflect the participants’ familiarity with the English vocabulary. The non-words 

were generated by using UniPseudo, a universal pseudoword generator (Barra et al., 2023). 

The complete list of stimuli, including word prevalence and type, can be found in the Appendix 

section of this thesis.   

 

6.3.1  Participants 

20 participants took part in this research, 12 male and 8 female, all of them being of 

legal age (18 – 45 years old, M age = 30 years old, SD = 7.43 ), all of them having Croatian as 

their mother tongue. The justification for this sample is to ensure a manageable and detailed 

analysis within the scope of this thesis, i.e., research. They had normal or corrected-to-normal 

vision and hearing and gave their written consent prior to the test. Participants were not 

awarded or paid for their participation in this research. The data collected was anonymous to 

protect their privacy. The participants were recruited from a variety of backgrounds and age 

groups to ensure a diverse sample, and inclusion criteria was based on high-proficiency test 

results that were administered to them prior to this research. They were divided into two groups 

(Group A and Group B) and were given a general proficiency test in form of  a C-test (which 

had to have a score of 75% for a participant to be considered highly proficient), a questionnaire 

that included questions about their language background, frequency of English use, along with 

contexts in which they use, as well as hear/read English, and a self-assessed proficiency in the 

four language skills (listening, reading, writing and speaking), as well as the word recognition 

test itself.  

Based on their questionnaire responses, there were 9 (45%) participants that attended, or used 

to attend, grammar schools in Rijeka, and 11 (55%) that attended, or used to attend vocational 

schools in Rijeka. There were 6 (30%) participants that stated that they started learning English 

between ages 0-3, 12 (60%) of them that stated that they started learning English between the 

ages of 4-7, and 2 (10%) that stated that they started learning English between the ages 8-12. 

There were 17 participants that reported primarily learning English either in their formal 

education, i.e., their elementary school (70%) or in language courses (15%). The rest (15%) 

stated that they learned English either through television or video games. The majority of 

participants, 16 of them, (80%) stated that they use English often in their everyday life, and 4
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(20%) participants stated that they use English sometimes. When it came to language use, all 

of them reported using English in contexts of school, social media, and watching TV. There 

were two participants that added ‘reading books/articles’ in English under their ‘language use’. 

When it comes to ‘listening habits’ and ‘reading habits’, there were 15 (75%) participants that 

stated that they often hear English,  4 (20%) that stated that they sometimes hear English and 

one (5%) participant that stated that they always hear English. All of the participants reported 

listening to English in school, listening to music, on social media, watching YouTube videos 

and playing video games. Two participants (10%) added listening to podcasts or radio. When 

it came to the ‘reading habits’ section, all of them reported that they often read in English and 

reported social media posts as the type of materials in English that they read. Additionally, 

there were three (15%) participants who added reading books in English. Under language 

proficiency, nearly all of the participants rated themselves highly in terms of their proficiency 

in listening, speaking, reading and writing skills:  

 

  

 

 

 

 

 

Table 1: Self-reported weighted average proficiency in listening, reading, writing and 

speaking skills 

 

 

The data in Table 1 shows that participants rated themselves highly on all four skills, with 

listening being the highest rated skill with an average score of 4.85 and speaking with the 

lowest score among them with 4.05, respectively. The self-reported proficiency segment in the 

questionnaire suggests that participants possess a high proficiency in the  English language, 

which was one of the main prerequisites for solving the tasks in this research. None of the 

participants reported taking a standardised English proficiency test.

Score Listening Reading Writing Speaking 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 3 1 

4 3 5 14 17 

5 17 15 3 2 
 

4.85 4.75 4 4.05 
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6.3.2   Test materials and procedure 

Questionnaire: The questionnaire was completed two days prior to the main testing 

phase (along with the C-test) and it contained a total of 15 questions aimed to collect detailed 

information about the participants’ age, language background, and usage habits in respect to 

the English language. The questionnaire was divided into six sections, each aiming to capture 

different aspects of participants’ encounter and experience with the English language.  It 

entailed: participant information (age, gender, native language and educational background, as 

well as any vision/hearing impairments), language background (age when they started learning 

English, context in which English was learned, i.e., school, language course, etc.), language 

use (frequency and context of English use), language proficiency (both self-reported on a five-

point Likert scale, as well as any standardised proficiency test and their score), as well as their 

listening and reading habits (frequency and context in which they encounter English in 

spoken/written modality).The questionnaire was designed to be easy yet comprehensive, i.e., 

containing information relevant for this study, and took approximately 10 minutes to complete. 

It was administered in a written format, prior to undertaking language proficiency (C-test) 

assessment, so as not to influence the participants’ attitude towards any of the segments 

required in the questionnaire. A full copy of the questionnaire is included in the Appendix.  

 

C-test: The C-test was administered as a language proficiency test, two days prior to 

the main testing phase. The test consisted of 5 short passages, each containing a 20-word gap, 

where the second half of the word was omitted. Participants were given the instruction to 

complete the missing parts of the words in order to form appropriate words. The participants 

solved the test in a quiet and supervised environment, and had a maximum of 20 minutes to 

complete the test. A successful completion (75% correct answers or more) of the C-test was a 

prerequisite for  moving onto the main test, i.e., research. Each correct answer was awarded 1 

point, out of total of 100 points. C-test was chosen due to its reliability when measuring 

language proficiency, especially for L2 learners. 

 

Word recognition test: For this experiment, the 20 participants were divided into two 

groups (Group A and Group B), each group corresponding to the modality that was tested 

(visual, i.e., written vs. auditory, i.e., spoken). On each trial of the word recognition test,
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participants from group A were asked to respond to 30 individual target words in their L2, i.e., 

English (10 cognates, 10 non-cognates and 10 pseudowords) that were presented visually and 

had to decide whether the presented stimulus was a word or non-word, i.e., pseudoword. The 

participants from group B had the same task, but in spoken instead of written modality. After 

solving the test for the corresponding groups, the other modality was administered, which 

meant that after completing the written word recognition task, the group A had to solve the 

spoken modality as well. The same went for group B. This approach was selected in order to 

investigate a potential influence of modality on word recognition accuracy, as well as to avoid 

random variations and individual differences among groups, and to control for potential order 

effects. The tests were developed using PsychoPy (Pierce et al., 2019) and hosted on Pavlovia 

Surveys (Open Science Tools, Nottingham, UK). The audio stimuli were recorded using the 

software programme Audacity© (Audacity - Copyright © 1999-2018) by the researcher, in the 

standardised American-English accent. All the stimuli, in both modalities, were presented only 

once and in randomised order (by using PsychoPy’s built in randomisation features), to prevent 

learning effects and to ensure that participants’ responses were indeed true word recognition 

abilities, rather than memorisation. 

Procedure: The experiment, i.e., the word recognition test was administered in a 

conference hall, and completed on digital devices. The total duration of the word recognition 

test (including instructions and a short break) was 20 minutes. The test was administered in the 

same location for both groups, but at different sessions.  

Prior to the actual test, all participants were required to sign a consent form, confirming 

their agreement to participate in the study. They were informed of their right to withdraw from 

the study at any time without any consequences, which was reiterated on the day of the test 

itself. This ensured that the participants were fully informed and aware of the study’s purpose 

and their right as participants.  

After the initial instructions and a brief orientation on how to navigate the tasks, the participants 

solved a short pilot study with different stimuli than the ones presented in the main task. This 

ensured they understood the procedure and felt confident with the task. Ten participants (Group 

A) completed the written word recognition test first, followed by the spoken recognition test, 

while another ten participants (Group B) completed the spoken test first, followed by the 

written test. Each group completed the task under almost identical conditions, with consistent 

environment, instructions and procedures. Both groups were supervised by the researcher, to
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ensure consistency. Both groups had to decide whether the presented word in either modality 

was an actual English word or not. As previously mentioned, the words were randomised for 

each group, i.e., the stimuli did not follow the exact same order for both groups. They were 

instructed that some of the presented target words were made up non-words, i.e., pseudowords, 

and that the order of words and pseudowords was randomised prior to experiments.  

Participants accessed the test via links that were sent by the researchers on site. There 

were two different links for each of the modality – one link for the written word recognition 

test, and  the other for the spoken word recognition test. The links were sent separately, so as 

to avoid confusion (Group A first received the written word recognition test, and after 

completing it, then received the spoken word recognition test. The same went for Group B, but 

in the reverse order). Between tests, the participants were allowed a short break during which 

they were not allowed to discuss the test, which was mentioned prior, while giving instructions 

on how to solve the task.  

The written recognition test featured three components: instructions (that were 

presented at the beginning of the test), a fixation cross (that appeared before every stimulus) 

and the stimuli themselves. The stimuli were presented on a grey background, with the target 

word displayed in white text, centred on the screen. The text was presented in Arial font, 

ensuring that the words were readable. Before each stimulus, a fixation cross appeared in the 

centre of the screen for approximately one second to help the participants focus their attention. 

The stimulus did not have a specific duration, i.e., the target word remained on the screen until 

the participant gave their response either by pressing the “Y” key (meaning “yes, this is a 

word”) or the “N” key (meaning “no, this is not a word”).  

The spoken word recognition test featured the same three components: an instruction, 

a fixation cross before each word and the stimulus which was presented in audio form. The 

screen featured a grey background (the same as in the visual word recognition) and remained 

blank during the presentation of the auditory stimuli. A fixation cross appeared for one second 

before each presented audio stimulus. The stimulus played for a maximum of two seconds, and 

the screen remained blank until the participant responded by either pressing the “Y” key or the 

“N” key. 

Participants’ responses were automatically recorded by PsychoPy (in an .xslx format), 

which ensured that the data collected was accurate. All collected data was anonymous to protect 

the privacy of the participants.
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6.4 Results 

The present section presents the findings of this study. There were three research 

questions covered in this thesis, which will be covered separately in the following sections. 

The first research question aimed to investigate whether modality (spoken vs. written) 

affects word recognition accuracy in Croatian – English bilinguals. In order to address this 

research question, the accuracy of word recognition across the written and spoken modalities 

was compared for both Group A and Group B. The following table shows the summary of 

accuracy of both groups for both spoken and written modality: 

 

 

Table 2: Word recognition accuracy by modality and group 

 

As seen in Table 1, Group A showed a correct response rate of 86% in the written 

modality and 85.67% in the spoken modality. A chi-square test of independence yielded a 

statistic of 0.014 (p-value = 0.907), which shows an insignificant statistical relevance and 

association between modality and accuracy.   

Group B, on the other hand, showed a correct response rate of 82.67% in the written 

modality and 83.67% in the spoken modality. A chi-square statistic was 0.107 (p-value = 

0.743), which also indicates no significant relationship.  

The data combined from both groups indicated that the chi-square statistic was 0.016 

(p-value = 0.899), which further supports the lack of a significant association between modality 

and word recognition accuracy. 

 Correct 

spoken 

Incorrect spoken Correct written Incorrect 

written 

Total  

Group A 257 43 258 42 600 

Group B 251 49 248 52 600 

Total 508 92 506 94 1200 
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The second research question aimed to investigate whether word prevalence (familiar 

vs. less familiar) affects word recognition accuracy in highly-proficient Croatian – English 

bilinguals. To explore this question, the accuracy rates for words with high prevalence and 

words with low prevalence were analysed across all participants. Out of 400 words with high 

prevalence, participants correctly identified 384 (96%)  and made 16 errors, which resulted in 

high accuracy rate for this particular category. On the other hand, out of 400 words with low 

prevalence, participants correctly identified 295 (73.75%) words, and made 105 errors, which 

indicates a lower accuracy rate.  

The following table summarizes the results:  

Word 

prevalence 

Correct 

responses 

Incorrect 

responses  

Total responses  Accuracy Rate 

(%) 

High  384 16 400 96.00 

Low 295 105 400 73.75 

 

Table 3: Accuracy rates for words with high prevalence and words with low prevalence 

 

A chi-square test was conducted to determine if the difference in accuracy between 

words with high prevalence and words with low prevalence words was statistically significant. 

The results of the chi-square test were significant (77.129, with p-value < 0.00001), which 

suggests that word prevalence significantly affects word recognition accuracy.  

The third and final research question aimed to investigate whether word type (cognates, 

non-cognates and pseudowords) affect word recognition accuracy in Croatian-English 

bilinguals. In order to answer this question, accuracy rates were calculated separately for each 

word type within both Group A and Group B, and then combined for an overall analysis, which 

will be shown in the following charts and tables: 
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             Figure 1: Comparison of word recognition accuracy by word type and group 

The data in Figure 1 indicate that cognates had the highest recognition accuracy in both 

groups, with Group A achieving 186 correct responses, and Group B 179 correct responses. 

Non-cognates showed a slightly lower accuracy, with Group A recording 167 correct responses 

and Group B 147 correct responses. Pseudowords had the lowest accuracy rates, though this 

difference was more pronounced in Group B, where there were 173 correct and 27 incorrect 

responses, compared to Group A with 162 correct and 38 incorrect responses.  

After calculating the chi-square between each category, the following results were 

obtained for Group A: the comparison between words and pseudowords resulted in chi-square 

value of 0.428, with a p-value of 0.513 which indicates no significant difference. The 

comparison  between words and cognates resulted in a chi-square value of 8.703 with a p-value 

of 0.003, indicating a significant difference. The comparison between pseudowords and 

cognates produced a chi-square value of 12.732 with a p-value of 0.00036, also indicating a 

significant difference.  

For Group B, the comparison between words and pseudowords resulted in a chi-square 

value of 10.563 and a p-value of 0.00154, which revealed a significant difference. When 

comparing words to cognates, the chi-square value was 16.979 and a p-value of 0.00004, which 

revealed a highly significant difference. Lastly, the comparison between pseudowords and
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cognates showed no significant difference, with a chi-square value of 0.853 and a p-value of 

0.356. 

After analysing the word recognition accuracy for each group separately, a combined 

analysis was performed to evaluate the overall impact of word type on recognition across 

Group A and Group B. The combined results reveal that, in total, there were, 314 words 

correctly recognised with 86 incorrectly. For pseudowords, 335 were recognised correctly and 

65 incorrectly. Cognates showed the highest accuracy rate, with 365 correctly recognised and 

35 incorrectly. The following table presents the number of correct and incorrect recognitions 

for each word type: 

 

Word type Correctly 

recognised 

Incorrectly 

recognised 

Percentage (%) 

Words 314 86 21.5% 

Pseudowords 335 65 16.2% 

Cognates 365 35 8.8% 

 

Table 4: Word recognition accuracy and error rates by word type 

 

The comparison between words and pseudowords resulted in a chi-square value of 3.6 with 

a p-value of 0.058, suggesting a slight significance. The comparison between words and 

cognates showed a highly significant difference, with a chi-square value of 25.327 and a p-

value of < 0.00001. The comparison between pseudowords and cognates yielded a chi-square 

value of 10.2857 with a p-value of 0.00134, which indicates a significant difference.  

Lastly, the response times were calculated additionally, due to the fact that response time 

provides insights into the efficiency of word recognition, where shorter response times usually 

indicate an easier and more confident processing, and longer response times may indicate 

difficulty or hesitance. The analysis revealed that correct responses had an average response 

time of 1.75 seconds (± 1.13 seconds), and incorrect responses had a longer average response 

time of 2.13 seconds (± 1.06 seconds), with t = 4.2152 and p < 0.00001.
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7 Discussion 

The present study aimed to investigate how input modality (spoken vs. written) and word 

difficulty (word prevalence and word type) affect word recognition accuracy in Croatian-

English bilinguals. The findings from this study may offer insight into how these factors 

contribute to bilingual word processing, specifically in Croatian – English bilinguals.  

 

7.1  Modality and word recognition accuracy 

The first research question focused on whether input modality (written vs. spoken) 

influences word recognition accuracy. Contrary to previous findings by Veivo (2015) and 

Cornut (2021), which suggested that modality significantly affects word recognition (where 

written words are recognised more easily than spoken words), the current study found no 

significant difference in accuracy between written and spoken modalities. Specifically, Group 

A showed a correct response rate of 86% in the written modality, and 85.67% in the spoken 

modality. On the other hand, Group B showed a correct response rate of 82.67% in the written 

modality and 83.67% in the spoken modality. The chi-square for Group A showed a statistic of 

0.014, and 0.107 for Group B. The combined chi-square statistic was 0.016. These results 

showed that there is no statistically significant difference in word recognition accuracy between 

written and spoken modalities in highly proficient Croatian-English bilinguals.  

These findings can be understood within the framework of the non-selective language 

activation theory (Dijkstra, 2005), which suggests that bilingual speakers activate both 

languages simultaneously when processing words. Having that in mind, it is possible that the 

same principle applies to modalities, i.e., both modalities could be processed with equal 

strength by highly proficient bilinguals, because their lexical representations are well 

developed in both modalities. 

Although previous studies, such as those by Veivo (2015) and Cornut (2021), have 

suggested some potential advantages of the written modality in certain contexts, the present 

study indicates that modality does not significantly impact word recognition accuracy for 

highly proficient bilinguals. However, their findings may stem from the fact that those earlier 

studies focused on lower proficiency bilinguals, whereas this study exclusively studied highly 

proficient bilinguals, which would imply that modality becomes less relevant as proficiency
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increases. This is further supported by Frances et al. (2021), whose findings suggest that, in 

bilinguals with intermediate proficiency, word recognition accuracy changes with respect to 

the modality in which a word is presented. In contrast, the highly proficient bilinguals in this 

study did not show such differences between written and spoken tasks, which suggests that 

higher proficiency helps with overcoming these challenges. 

In summary, while previous studies found that lower proficiency bilinguals experience 

differences between recognising written and spoken words, the present study suggests that 

higher proficiency reduces these differences, which results in a more balanced word 

recognition. Additionally, future research should consider different levels of proficiency and 

determine at what point does modality cease to be a factor in word recognition, i.e., at what 

point does proficiency help bilinguals process written and spoken words equally well. 

 

7.2  Word prevalence and word recognition accuracy 

The second research question focused on whether word prevalence (high vs. low) affects 

word recognition accuracy in highly proficient Croatian-English bilinguals. The results show 

that words with high prevalence were recognised with significantly higher accuracy (96%) than 

words with low prevalence (73.75%). Additionally, the results of the chi-square test were 

significant (77.129), which suggests that word prevalence significantly affects word 

recognition accuracy.  

The results obtained support the findings of Brysbaert et al. (2016), where words with high 

prevalence, which are familiar to a larger portion of the population, were processed more 

efficiently and with fewer errors. This is likely because words with high prevalence are more 

deeply embedded in the mental lexicon, which makes them easier to retrieve and recognise. In 

contrast, words with low prevalence, which are known by fewer speakers, were recognised 

with lower accuracy, since less familiar words require additional cognitive strategies in order 

to recognise and process them.  

These findings highlight how word prevalence, i.e., familiarity, influences bilingual word 

processing and recognition. Words with high prevalence, being more familiar, allow bilinguals 

to access them more easily, whereas words with low prevalence may require additional effort, 

especially if they are nor used on an everyday basis. This suggests that word prevalence plays
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an important role in respect to word recognition accuracy, where greater familiarity leads to 

better performance. 

From a practical standpoint, these results have implications for language learning and 

teaching. Words with high prevalence should be included in early language learning, since they 

are more likely to be recognised and used by learners, which would facilitate faster language 

acquisition. Additionally, while words with low prevalence can expand a learner’s vocabulary, 

they may require more practice and repeated exposure in order to achieve the same level of 

recognition accuracy. 

In summary, the present study confirms that word prevalence significantly affects  word 

recognition accuracy in highly proficient Croatian-English bilinguals, with words with high 

prevalence being recognised more accurately than words with low prevalence. Future research 

could further explore the interactions between word prevalence and proficiency levels, and 

examine the ways in which to enhance teaching and expose learners of  L2 to less familiar 

words in order to improve their word recognition. 

 

7.3  Word type and word recognition accuracy 

The third research question focused on how word type (cognates, non-cognates, 

pseudowords) affects word recognition accuracy in highly proficient bilinguals. The results 

show that cognates were recognised with the highest accuracy, followed by pseudowords, and 

non-cognates, i.e., words, were recognised with the lowest accuracy. These findings align with 

the findings from Dijkstra et al. (2010), which suggest that cognates are easier to recognise 

because they activate both languages simultaneously in the bilingual brain. In this study, 

cognates had a recognition accuracy of 91.25%, pseudowords 83.75%, and non-cognates 

78.5%. These findings also align with the Bilingual Interactive Activation (BIA) and the 

Bilingual Interactive Activation Plus (BIA+) models. These models suggest that bilinguals 

activate lexical representations in both languages when processing words, which allows both 

language systems to contribute to word recognition, especially when there are similarities 

between the two languages.  

Contrary to the previous research, such as the one by Oganian et al. (2016), who found 

that real words are typically recognised with greater accuracy than pseudowords, this study 

found that pseudowords were recognised more accurately than non-cognates. This difference
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may be due to the specific nature of the stimuli or the individual differences of the participants 

in the current study. It is possible that pseudowords were more easily identified as “non-words” 

by participants, which led to fewer errors in their recognition accuracy compared to non-

cognates. Additionally, Croatian-English bilinguals may have developed stronger skills when 

it comes to recognising pseudowords, due to their experience with handling two language 

systems. Thus, they may have a greater ability to detect non-existent lexical items more 

effectively.  

 

The statistical analysis supports these claims, showing significant differences in accuracy 

between cognates and non-cognates. Cognates were significantly more accurately recognised, 

with a chi-square value of 25.327. The difference between pseudowords and non-cognates was 

also significant, with a chi-square value of 10.285, which shows that pseudowords were easier 

to recognise than non-cognates. However, the comparison between pseudowords and cognates 

showed a slight significance, with a chi-square value of 3.6, which indicates a minor difference 

in favour of cognates. The lower accuracy for non-cognates suggests that words without the 

phonological and orthographical overlap between the two languages require additional 

cognitive effort, i.e., they are harder to recognise. Because non-cognates lack the phonological 

and orthographical overlap, they do not simultaneously activate both language systems (as 

cognates do). This makes it harder and requires more effort to recognise them.  

 

These findings highlight how important similarities between languages are when it comes 

to bilingual word recognition. They also suggest that bilinguals develop strategies to identify 

pseudowords more easily, possibly because their experience with two languages and language 

systems aids in recognising and dismissing “non-words” more efficiently. 

 

Additionally, the response times provided further insight into word recognition accuracy. 

Correct responses had an average response time of 1.75 (± 1.13) seconds, while incorrect 

responses took longer, 2.13 (± 1.06) seconds on average. This suggests that faster response 

times may be connected to a more confident or easier word recognition, and the longer response 

times may be connected to an indecisiveness and increased difficulty with respect to 

recognition. These results may further support the BIA and BIA+ models, where slower 

response times may suggest that bilinguals face more cognitive effort, i.e., load when uncertain, 

which requires additional effort for processing and recognition, when lexical representations 

are harder to access.



33 
 

These findings may offer practical implications for language learning, especially with 

respect to cognates. Learners should be encouraged to recognise and use cognates as a bridge 

between the two languages, as this can increase their confidence and speed in word recognition. 

Additionally, the higher accuracy rate for pseudowords compared to non-cognates suggests that 

using language games or activities that include pseudowords could help learners improve their 

ability to distinguish between real- and pseudowords.  

 

7.5  Limitations and further research 

 

There are possible limitations to the present study, the most significant limitation being the 

number of participants (N=20), which impedes drawing any general conclusions about the 

word recognition accuracy in Croatian-English bilinguals. Other limitations include a 

possibility of participants guessing the correct answers, due to the fact that the test includes a 

response time. This may have caused an anxiety in participants to perform more quickly. This 

may have also led to participants pressing the wrong key resulting in an unwanted answer. 

Another possible limitation would be taking only highly proficient bilinguals into 

consideration, which does not reflect the population of bilinguals with different levels of 

proficiency. Additionally, results may differ in the case of another language pair. 

Further research with a larger number of participants is required to validate the findings 

presented in this research and provide a more comprehensive understanding of how the factors 

such as word type, modality and prevalence affect word recognition accuracy in this 

population. Moreover, including L1, in this case Croatian language, may identify the 

differences in processing mother tongue vs. an L2. Future research could investigate whether 

modality affects word recognition accuracy in less proficient bilinguals or bilinguals with 

different language pairs. Additionally,  a  deeper correlation between response times and the 

accuracy of participants’ answers may add value and provide a different aspect and information 

on how bilinguals process language. 
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7 Conclusion 

The present study investigated how input modality (spoken vs. written), word 

prevalence and word type affect word recognition accuracy in highly proficient Croatian-

English bilinguals. The results showed there were no significant differences between spoken 

and written word recognition, which suggests that proficient bilinguals recognise words equally 

well in both cases.  

However, word prevalence had a strong impact, with words with high prevalence being 

recognised more accurately than words with low prevalence. This highlights the importance of 

frequent exposure to words for better recognition. Additionally, it was proven that word type 

also played a significant role in word recognition accuracy with cognates being recognised 

most accurately, followed by pseudowords and then words. This supports the idea that 

bilinguals may benefit from similarities between languages when it comes to recognising 

words. 

Although these findings provide valuable insights, the study did have its limitations, 

primarily due to a small sample size, as well as its focus on only highly proficient bilinguals. 

Future research should take into account less proficient bilinguals or other language pairs to 

investigate whether the results would be the same in different contexts and conditions. 

In conclusion, the present study contributes to our understanding of how Croatian-English 

bilinguals process words, especially the influence of word prevalence and type. These findings 

may be useful in further developing language learning in this particular bilingual group. 
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Appendix 

 

1. Questionnaire  

 

Questionnaire for Participants 

Section 1: Participant Information 

• Age: [      ] years 

• Gender: [ ] Male [ ] Female [ ] Other 

• Native Language: [ ] Croatian [ ] Other (please specify) _______________________ 

• Education level: ____________________________________________ 

• Do you have any visual or hearing impairments that may affect your ability to participate in this 

study?  

 

[ ] Yes 

           

[ ] No 

 

If yes, please specify:___________________________________________________ 

 

Section 2: Language Background 

1. At what age did you start learning English? 

o 0-3 years 

o 4-7 years 

o 8-12 years 

o 13 years or older 

 

2. Where did you primarily learn English? 

o Home 

o School 

o Language courses 

o Other (please specify) 

______________________________________________________________ 

 

Section 3: Language Use 

1. How often do you use English in your daily life? 

o Never 

o Rarely 

o Sometimes 



 
 

o Often 

o Always 

 

 

2. In which contexts do you use English? (Check all that apply) 

o Home 

o School 

o Work 

o Social media 

o Watching TV/movies 

o Reading books/articles 

o Other (please specify) 

            ______________________________________________________________ 

 

Section 4: Language Proficiency 

1. How would you rate your proficiency in the following skills? (1 = Very Poor, 5 = Native-like) 

o Listening: [1] [2] [3] [4] [5] 

o Speaking: [1] [2] [3] [4] [5] 

o Reading: [1] [2] [3] [4] [5] 

o Writing: [1] [2] [3] [4] [5] 

 

2. Have you taken any standardized English proficiency tests (e.g., Cambridge English, Oxford 

Placement Test…)? 

o Yes (please specify your score and the test)  

______________________________________________________________ 

o No 

 

Section 5: Listening Habits 

1. How often do you hear English? 

o Never 

o Rarely 

o Sometimes 

o Often 

o Always 

 

2. In what contexts do you primarily listen to English? (Check all that apply) 

o Conversations with friends or family 



 
 

o In school (e.g., during English lessons) 

o Watching TV shows/movies 

o Listening to music 

o Podcasts or radio 

o Watching YouTube videos or online tutorials 

o Video games 

o Other (please specify): _______________________ 

 

Section 6: Reading Habits 

1. How often do you read in English? 

o Never 

o Rarely 

o Sometimes 

o Often 

o Always 

 

2. What types of materials do you read in English? (Check all that apply) 

o Books 

o Newspapers 

o Magazines 

o Online articles 

o Social media posts 

o Academic papers 

o Other (please specify) 

            ______________________________________________________________ 



 
 

2.  List of stimuli:  

 

word word_type word_prevalence  
drama cognate 2.429  

hotel cognate 2.331  

leader cognate 2.338  

moment cognate 2.576  

yoghurt cognate 0.63  

ampoule cognate 0.037  

patina cognate 0.544  

ethno cognate 0.29  

recidivism cognate 0.292  

amortization cognate 0.469  

brambly word 0.47  

disserve word 0.426  

includable word 0.328  

shylock word 0.328  

aforetime word 0.33  

insurgent word 1.773  

profuse word 1.774  

docile word 1.778  

impeachment word 1.934  

luminous word 2.094  

interingly pseudoword NA  

lassen pseudoword NA  

cleast pseudoword NA  

bastacle pseudoword NA  

tift pseudoword NA  

clow pseudoword NA  

bure pseudoword NA  

eneel pseudoword NA  

clary pseudoword NA  

inveriative pseudoword NA  


