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Abstract 

 

Bilingualism is the norm rather than the exception across the globe, more than half of 

the world's population knows and uses more than one language. While there is a consensus 

about the steps of word retrieval, and while it is known that one language can activate the 

other in a bilingual speaker, little is known about the psycholinguistic mechanisms of how 

two or more languages in a language system influence and interact with each other. This 

project aimed to explore factors that might hinder or facilitate spoken word form access and 

word recovery in bilingual speakers with aphasia (language breakdown after stroke) to 

expand existing language theories. Insights gained can in turn inform bilingual language 

assessment and ultimately enhance speech pathology services regarding practice guidelines 

for bilingual aphasia.  

During the scope of this PhD project, word materials for five different language 

combinations were developed that can be used for future research when exploring assessment 

and treatment in bilingual speakers with aphasia.  

The project consisted of three large-scale spoken picture naming experiments 

including eight bilingual speakers with aphasia with five different language combinations 

(language combinations: Dutch-German, Polish-German, English-German, English-Italian, 

English-French) and ten monolingual speakers with aphasia (English or German). Bilingual 

participants named 347+ pictures in each of their available languages, and monolingual 

participants named 423+ pictures. Each of the three studies was based on a case-series design, 

(bilingual participants, n = 8; monolingual participants, n = 10), a commonly used approach 

in cognitive neuropsychology that includes in-depth data collection for each individual. 

Study 1 explored spoken naming accuracy and error types within and across 

languages in bilingual speakers with aphasia. This was achieved by taking into account the 

factors (seven lexical variables: Spoken word form frequency, syllable lengths, phoneme 

length, item age of acquisition, familiarity, imageability, and visual complexity). Quantitative 

Results showed a higher accuracy for seven participants in their dominant language, 

regardless of whether the dominant language was their first or second language. Additionally, 

different distributions of error types across languages were found for seven participants, 

originating from their different bilingual language profiles (e.g., language proficiency). 

Further regression analyses showed a facilitatory effect of different linguistic properties 
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(word length, item age of acquisition, imageability) on accuracy. The data of Study 1 

underpin the influence of the individual bilingual language profile on lexical access in 

bilingual speakers with aphasia.  

Building on Study 1, Study 2 specifically expanded its investigation to the influence 

of similar-sounding words (phonological neighbours). As for Study 1, we used the dependent 

variable spoken naming accuracy to explore the influence of phonological neighbourhood 

within and across languages in bilingual speakers with aphasia. Phonological neighbours 

differ from the target word in a single phoneme and can occur within languages (e.g., target 

cat, phonological neighbour mat) and across languages (e.g., target shower, phonological 

neighbour in German Bauer [German for farmer]). For this study, eight bilingual and ten 

monolingual speakers with aphasia were assessed. Logistic regression analyses with five 

experimental predictors (phonological neighbourhood) and seven control predictors (lexical 

variables) revealed that high within-language phonological neighbourhood increased 

accuracy in five bilingual speakers for their non-dominant language, while phonological 

neighbourhood effects for the monolingual speakers were only observed for one participant. 

Our data therefore suggest that facilitation effects across languages based on word similarity 

are limited, but bilingual speakers seem to benefit from within neighbourhood effects when 

the non-dominant language was used. Dominant languages did not seem to benefit (which 

also explains the null effect for the monolingual speakers). 

Study 3 focussed on a special word group, compound words, defined as a word 

consisting of two or more free-standing morphemes (e.g., bedroom). As for Study 1 and 

Study 2, accuracy, error rate and specific error types in spoken picture naming within and 

across languages were the main dependent variables. A 

naming accuracy in compound words for the dominant language for six participants. Further, 

language mixing errors in compound words were analysed by identifying three main types of 

language mixing errors when bilingual participants responded to compound words: (i) 

substitution of the first constituent (e.g., target: Schlafzimmer [German for bedroom], 

response: bedzimmer [influenced by bedroom]), (ii) substitution of the second constituent 

(e.g., target: Ellenbogen [German for elbow], response: Ellenbow [influenced by elbow]) and 

(iii) literal translation errors (e.g., target: méduse [French word for jellyfish], response: 

poisson de gellée [literal translation of the non-target language compound word jellyfish into 

the target language French]). Language mixing errors occurred in both or one of the available 

languages in six participants, however always in their non-dominant language. In addition, 

logistic regression analysis showed that phonological similarity across languages had an 
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influence on language mixing errors in only one participant. Overall, the findings of Study 3 

suggest that non-selective language activation processes are at play. 

In sum, a consistent finding for Study 1 and Study 2 was that picture naming accuracy 

was higher in their dominant language, whereas naming errors that were influenced by the 

-dominant language. This was 

observed regardless of 

language. However, Study 2 showed a higher accuracy for targets with higher phonological 

neighbourhood in five bilingual participants within their non-dominant language only, while 

monolinguals showed hardly any effects of phonological neighbourhood within their 

language. 

Overall, the findings of this thesis emphasise that it is important to consider bilingual 

factors, like language dominance, and the linguistic features of each language to understand 

the complexity of a language breakdown across all languages spoken by the individual. 

Current standardised aphasia assessments and current language production theories (e.g., 

serial vs interactive) do not accommodate for such an in-depth bilingual investigation that 

considers all languages equally.  

An overarching outcome of this PhD project are comprehensive word materials (347+ 

items for each language) for five different language combinations (Dutch-German, Polish-

German, English-German, English-Italian, English-French) and two monolingual word lists 

German and English). The item lists, which are controlled for specific linguistic variables 

within and across languages, have been developed during the course of this project. All of 

these materials are freely available via the Open Science Framework database readily 

available to be used for future bilingual aphasia studies. Additionally, this thesis puts forward 

a comprehensive in-depth error coding guide that can help to capture the specific breakdown 

across languages which in turn may help to diagnose and plan treatment for people with 

bilingual aphasia. Again, this error coding guide is freely available via the Open Science 

Framework database. We hope that these materials can be useful for further much-needed 

bilingual explorations and can serve as a reference point for future bilingual aphasia studies 

that may expand to other language combinations. We encourage future research on language 

combinations across scripts that are notoriously understudied in bilingual aphasia. 
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Chapter 1:  

 

General Introduction 
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Despite bilingualism being the norm rather than the exception across the globe, 

practice guidelines to support bilingual speakers in the event of language breakdown after 

stroke (aphasia) are scarce. Spoken word finding difficulties are one of the main symptoms in 

people with aphasia (e.g., Nickels & Howard, 1995) and are therefore most commonly 

targeted in speech pathology interventions. Hence, spoken word production is a key area of 

concern to understand how language organisation varies in bilingual speakers compared to 

monolingual speakers. Only if we understand in greater depth the mechanisms that underpin 

bilingual lexical processes and the factors that influence them, will we be able to deliver more 

fine-tuned assessment and treatment materials that enhance bilingual clinical services.  

This project will do exactly that  aiming to investigate word processing within and 

across languages in bilingual speakers with aphasia; consider influencing lexical factors; and 

add new pieces to the bilingual evidence base that in turn can expand bilingual language 

theory, even though only at a small scale. It is hoped that ultimately these additions to the 

bilingual puzzle can also enhance bilingual speech pathology services. 

 

The Global Bilingual Population  

The bilingual population is increasing with ation already 

being bilingual (Grosjean, 2021). According to the Australian Bureau of Statistics (2017), 

21% of the Australian population speaks more than one language at home. Similarly, 27% of 

the German population has an immigrant background that brings a diverse language 

repertoire (German Bureau of Statistics, 2022). 

Historically, bilingual speakers were defined by their fluency and proficiency levels 

when speaking the languages available to them. However, this approach overlooked that the 

majority of bilingual speakers have varying degrees of fluency across their acquired 

languages depending on the context of each language spoken; driven by when, how often, 

and why a language is used. Grosjean et al. (2013) therefore defines a speaker as bilingual1 as 

soon as a person speaks more than one language, regardless of how often, when, and why 

each language is used.  

Bilingual speakers can be further described by the following key aspects: age of 

acquisition for each language, proficiency of both languages, dominance, the context of 

 
1 The term bilingual will be used as a label for bilingual and multilingual, hence, covers all speakers that know or 
use more than one language. 
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language exposure (e.g., full immersion versus classroom learning), and the linguistic 

similarities between languages (e.g., distant versus close).  

(1) Age of acquisition captures the age at which a language has been learned. If the 

language was acquired before the age of 12, much of the literature refers to this as 

not always useful, as a language acquired early can be less proficiently spoken 

compared to a language acquired later, especially when living in the country of their 

second language. However, a commonly used cut-off in the literature marking an 

early vs late distinction is the age of 12 (e.g., Akbari, 2014). The concept of language 

 versus 

(e.g., Paradis, 2010). Simultaneous bilingual 

speakers learn two or more languages concurrently, while sequential bilingual 

speakers learn their second language (L2) after they acquired their first language (L1). 

It is important to note that L2 acquisition can occur either early or late in life, hence, 

can be learned before the age of 12).  

(2) Language proficiency reflects the level of competence across the linguistic domains 

of each language spoken. This is reflected in the ease of production and 

comprehension of each available language across modalities (speaking, listening, 

reading, and writing) (Stankovic et al., 2022). 

(3) Language dominance: The definition and concept of language dominance vary across 

research. While some studies ascertain language dominance by evaluating language 

proficiency (e.g., Genesee et al., 1995), others define it by language use and exposure 

(e.g., Argyri and Sorace, 2007) or the environmental languages (e.g., Polinksy, 2008). 

Hence, language dominance in bilingual individuals is a multifactorial concept and 

can be defined in various ways. In recent years, this topic has received increasing 

attention (Montrul, 2015; Hamann et al., 2019). In this thesis, language dominance is 

defined as a multifactorial construct that entails language proficiency, language use 

and exposure, and biographical factors such as the environmental language, age of 

acquisition, and language of residence. This definition is in line with previous 

research (e.g., Birdsong et al., 2012; Dunn & Fox Tree, 2009). 

(4) The context of exposure outlines the circumstances, in which the L2 has been learned 

(acquired) (e.g., full L2 immersion when living in the country of L2) (Stankovic et al., 

2022). 
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(5) Linguistic similarities can vary among the available languages, ranging from closely 

related to more distant languages depending on language typologies (structural and 

functional properties of languages) (e.g., German-English versus Mandarin-English). 

(e.g., Fromkin et al., 2018).   

 

Ageing Population and Aphasia  

An increasing bilingual population predicts an increasing bilingual aging population, 

who will experience the same age-related diseases that the monolingual population 

experiences, just with different challenges and therefore different needs. According to the 

United Nations, people over 60 are the fastest-growing age group and it can be predicted, that 

one in six people globally (16%) will be 65 or older in 2050 (United Nations, 2019). These 

numbers are already a reality for Australia, approximately 4.2 million people (16% of 

 in 2020 (Australian Institute of Health 

and Welfare, 2023). 

An aging population will experience age-related cognitive decline as well as 

associated cardiovascular diseases, for example a stroke, which might lead to a language 

impairment such as aphasia. 

Aphasia is an acquired language disorder caused by brain injury (e.g., through stroke, 

brain tumours, head traumas), affecting all language modalities (speaking, understanding, 

reading, and writing) at all linguistics levels (semantics, phonology, morphology, syntax; see 

e.g., Schneider et al., 2021). Spoken word finding difficulties are almost always a prominent 

symptom, but modalities and linguistic levels can be affected to different extents, resulting in 

heterogeneous language impairments based on severity and level of breakdown (Schneider et 

al., 2021). Heterogeneity is further exacerbated when speakers are bilingual, placing greater 

demands on assessment and treatment practices. 

Bilingual Aphasia  

The clinical profiles of aphasia in monolingual and bilingual speakers share 

similarities. However, bilingual speakers with aphasia hold a bilingual language profile. As a 

result, impairment patterns, recovery patterns, and error types that are not necessarily 

observed in monolingual individuals with language impairment may occur. In addition, the 

impact of aphasia might be different on the languages spoken, hence, specific aphasia 

symptoms might differ across  available languages (Cargnelutti et al., 2019).  
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Impairment and Recovery Patterns in Bilingual Speakers with Aphasia 

Bilingual speakers with aphasia can experience different types of language 

impairment across their available languages (see for example, Khachatryan et al., 2016): 

(1) Parallel impairment: Languages are impaired at a comparable level. 

(2) Differential impairment: In comparison, one language is more severely impaired than 

the other. 

(3) Antagonistic impairment: The deficit decreases in one language, the deficit increase in 

the other language. 

(4) Blended mixed impairment: Interference between the available languages (mixing and 

switching symptoms). 

(5) Selective impairment: Only one language is impaired. 

Additionally, recovery patterns across the available languages can differ among 

bilingual speakers with aphasia (see Table 1). 

 

Table 1  

Recovery Patterns in Aphasia in Bilingual Speakers 

Recovery pattern  Language characteristics  

Parallel recovery  Both languages recover to their relative abilities before the onset 

of aphasia. If one language was stronger before the onset of the 

stroke, it will become stronger again over time post-stroke. 

Differential recovery One language recovers better than the other; the performance in 

the languages differs from the premorbid abilities. 

Antagonistic recovery Initially, only one language is available, but as the other 

language begins to recover, the initially available language 

disappears. 

Alternating antagonism Like the pattern above, however, the availability of languages 

alternates within cycles that can range from 24 hours to several 

months. 

Blending recovery Uncontrolled mixing of words and grammatical constructions 

from two or more languages. The occurring mixing symptoms 

cannot be controlled when a speaker attempts to speak in only 

one language (unrelated to the common code-switching in 

bilingual speakers).  



6 

Selective aphasia Loss of language abilities in one language with no measurable 

deficit in the other language. 

Successive recovery Recovery of one language before the other language(s) 

recover(s). 

Note. Table adapted from Lorenzen & Murray (2008), Fabbro (1999) 

 

Error Types in Bilingual Speakers with Aphasia  

Error types related to lexical retrieval difficulties in bilingual speakers with aphasia do 

not differ from the ones that have been observed in monolingual speakers with a language 

disorder (e.g., Fabbro, 2001). These different error types have been examined in detail over 

the last decades and can include semantic errors (e.g., target cat, response dog), phonological 

errors (e.g., target fish, response fush), no responses, neologisms (e.g., target bed, response 

ucsenchail), semantic-phonological error (e.g., target apple, response banuna) and many 

more (please refer to e.g., Schwartz et al. [1994] for an overview of these different error 

types).  

It is important to note that these typical error types can also occur in the non-target 

language when a bilingual speaker names a picture. Again, these well-known error types can 

include semantic errors in the non-target language (e.g., English target cat, response Hund 

[German for dog]), or phonological errors in the non-target language (e.g., English target 

desk, response Tusch [German word Tisch [desk] with a phonological error]) etc.  

 Due to the bilingual language profile, bilingual speakers exhibit error types that are 

specifically related to their bilingualism. These error types include language mixing, 

language switching, and translation errors (Cargnelutti et al., 2019; Fabbro, 2001; Fabbro, 

1999).  

Language mixing errors occur when an individual produces a word that includes part 

of the target language and the non-target language (English target pear, response pearne 

[response includes part of German non-target Birne [pear]pear). Conversely, language 

switching errors involve the shift to another language between utterances and sentences (e.g., 

English target language: Switch to German non-target 

language: Sie hat morgen Geburtstag). This code switch only constitutes an error when the 

listener does not speak the non-target language or the switch was not intended by the speaker 

(e.g., Albert & Obler, 1978; Fabbro, 1999; Paradis, 1977). Translation errors are defined as 

difficulties with translation from one language to the other. Among translation errors, 
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different difficulties can be observed, for example, the inability to translate (ability to respond 

in each language, but inability to translate from one language into the other) or the occurrence 

of spontaneous translation (translation of written or spoken language without prompting but 

inability to translate on demand) (e.g., Khachatryan et al., 2016). 

 

Word Finding Difficulties in Monolingual Word Processing Models  

Word finding difficulties in monolingual speakers with a language disorder have been 

extensively researched within frameworks of well-known and established language 

production models (e.g., Levelt et al., 1999; Dell et al., 2007). These models agree on three 

major steps that are involved in spoken word production: Accessing (a) non-lexical concepts 

in the first step, followed by, (b) lexical semantic and syntactic information in the next step, 

and (c) phonological word form information as a last step before the information can be 

translated into articulatory movements. However, there is no consensus about the flow of 

information between the different levels. While some models propose an interactive 

activation flow between levels (e.g., Dell et al., 2007,), others assume a serial forward 

activation flow (e.g., Levelt et al., 1999)

greater detail and hypothesis how this could extend to bilingual speakers. 

The Interactive Activation Model (Dell et al., 2007) 

The Interactive Activation Model (Dell et al., 2007) assumes three levels that are 

involved in monolingual spoken word production (see Figure 1): (a) semantic features (access 

of semantic information), (b) lexical-syntactic selection (lemma level = word node level), and 

(c) phonological form (activation of phonemes at the phoneme level). 

features is the bidirectional activation flow between the three postulated levels: selected word 

nodes (lemmas) activate related phonemes, that also provide feedback to further word nodes 

(lemmas) with shared phonemes to the target word. This bidirectional activation might 

influence lexical retrieval. Lemmas include syntactic information and are connected to the 

semantic nodes one level up and the phoneme nodes one level down, hence, the model 

proposes that syntactic information must be activated prior to activation of the form level.  
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Two-Stage Model by Levelt et al. (1999)  

Levelt et 

spoken word production (see Figure 2). Processing steps within this model involve a concept 

level (accessing concepts that are mostly language-unrelated), a lexical semantic level (access 

of semantic information), and a lexical level. The latter lexical level includes the Two-Step 

account: activation and selection of lemma level access, followed by phonological word form 

access. The lemma level stores syntactic word features such as word class, gender, tense, 

number, while the phonological word form level represents the phonological structure of the 

word. The lemma level, an interstage between the semantic and the phonological word form 

level, adds grammatical information to the already accessed semantic information and sends 

Levelt et al. (1999) propose a single activated word form, whereas Dell et al. assume a 

sequence of phonemes that are directly activated from the lemma/word node level. However, 

both models essentially assume the same layered architecture. 

  

Lemmas  
(including syntax) 

Lexical 
 Semantics 

Phonological  
Form  

(phonemes) 

Figure 1  

Interactive Activation Model of Spoken Language Processing (Dell et al., 2007)
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Application to the Bilingual Context 

While both models were developed for the monolingual unimpaired context, it is 

reasonable to think about the extension of those theoretical frameworks to the context of 

impaired bilingual spoken word production.  

While it is acknowledged that these monolingual models (e.g., Dell et al., 2007; 

Levelt et al., 1999) are in their current state not able to capture bilingual word processing, the 

findings of the three studies presented in this thesis will discuss theoretical assumptions that 

include hypothetical extensions of monolingual models to the bilingual context. However, 

this discussion will consider bilingual word processing accounts that can either be combined 

with current monolingual models or considered separately. 

Below, two relevant bilingual accounts will be introduced as a basis for this thesis.   

 

Word Finding Difficulties in Bilingual Word Processing Models  

The MULTILINK Model by Dijkstra et al. (2019)  

There are only a few comprehensive bilingual frameworks available that capture 

bilingual word comprehension, lexical-semantic and word production processes (e.g., 

Brysbaert and Duyck, 2010). Dijkstra et al., (2019) have developed a localist-connectionist 

model, the MULTILINK Model (see Figure 3) that addresses most of these components. 

MULTILINK is a computational model that can offer an explanation for bilingual word 

Lemma  
Level 

Concept  
Level 

Word Form  
Level  

Figure 2  

Word Processing in a Two-Stage Model (Levelt et al., 1999) 
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semantic, a phonological and a (spoken) output level. The key representational structure is an 

interactive lexical network in which activation spread is in a bidirectional manner similar to 

. However, it also includes the written modality (not only spoken), while 

(written) input, orthography, language nodes and concepts nodes.  

         Upon receiving a written input word (see Figure 3 bottom level coloured in blue), 

multiple lexical-orthographic representations are activated, which in turn activate their 

corresponding semantic and phonological counterparts as well as language membership 

representations (e.g., English or Dutch, see Figure 3). The semantic representations in the 

model are holistic units and the semantic dispersion of activation between associated 

Phonological representations are the last step before the spoken output process (= articulation 

processes). The connections within the lexical network vary in their strength. When activated 

representations no longer receive input, their activation gradually decreases to their resting 

activation level. The MULTILINK model has a stronger focus on word recognition/ 

comprehension rather than production but can still offer direction when explaining word 

retrieval in the bilingual context.  
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Note. This figure shows the standard lexical network architecture of MULTILINK with activation flow. The 

input is represented by a blue underscore, orthographic representations by a green underscore, and phonological 

representations by dark orange entries. The dashed line between the orthographic representations and the 

semantic representations signifies that their activation is summed after halving the input activation of the second 

node. The output, which varies depending on the task, is represented by the white layer, indicating a 

phonological output that can be word naming or translation in one of the available languages.  

The Inhibitory Control Model by Green (1986, 1998) 

Another relevant model which considers the unique aspect of bilingual speakers 

having two languages within their language network is the Inhibitory Control Model by 

Green (1986, 1998). As indicated by the name of the model, the model does not specify the 

different levels in the mental lexicon during lexical retrieval in a bilingual speaker. Instead, it 

focuses on the non-selective activation and associated inhibition processes that are 

hypothesised to occur during word production in bilingual speakers. Non-selective activation

refers to a bilingual language system that involves two or more languages during production: 

not only is the target word activated but also the non-target language word. This parallel 

activation goes along with the presence of inhibition processes in bilingual speakers, which 

are necessary to suppress the non-target languages while speaking in the target language. 

According to the Inhibitory Control Model by (Green, 1986, 1998), the bilingual speech 

production system comprises multiple levels of control and lexical nodes containing language 

Figure 3  

MULTILINK: A Computational Model for Bilingual Word Retrieval in Comprehension 

and Production (Retrieved from Dijkstra et al., 2019)
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markers that assign them to a particular language. The model proposes that language 

production in bilinguals consists of an interplay of inhibition, control schemata, and a 

supervisory attentional system. The supervisory attentional system regulates tasks while 

additionally activating, maintaining, and updating the language task schema (see Figure 4). 

The selection of the correct word form is ensured by the language system tagging lexical 

concept. However, this is not sufficient to guarantee correct word selection. A key 

component of the model is the inhibition of word nodes without a language tag to inhibit the 

non-target language.  

These presented bilingual models (Dijkstra et al., 2019, Green, 1986; 1998), which 

explain the existence of a language network holding more than one language with associated 

non-selective/parallel activations and inhibition processes, contribute to the complexity and 

specific language processing aspects in bilingual speakers, including those with aphasia. 

Recognising and considering these aspects are crucial for an understanding of the 

mechanisms of bilingual language production in word production.  

However, these bilingual models are usually less specified when it comes to spoken 

word production in the bilingual mental lexicon, and it is difficult to pinpoint in these current 

versions where the influence of specific lexical variables sits during bilingual word form 

access. Further, any bilingual language profile will vary, and together with a language 

Conceptual  
Level 

Lexical 
Level 
(Lemma) 

Phoneme 
Level 

Figure 4  

-German Bilingual Speaker in the Inhibitory 

Control Model (Green, 1986, 1998), Adapted Model From Schwieter & Ferreira, 2013



13 

impairment, the bilingual language profile becomes a very heterogeneous profile that is hard 

to capture in its entirety in the currently available bilingual language models. The approach of 

this thesis is therefore to interpret findings in a combined account of existing detailed 

monolingual theories and broader bilingual theoretical accounts. The bilingual 

language heterogeneity is also one key reason why this thesis has chosen a quantitative 

experimental case series research design. Averaged group results would have masked such 

heterogenous bilingual language variations that are so important to fine-tune bilingual word 

production theories.  

While Grosjean's concern (1989), that a bilingual speaker cannot be considered to be 

the sum of two monolingual speakers is acknowledged, monolingual assumptions, diagnosis 

and treatment methods can still offer a basis to be expanded to bilingual clients (e.g., 

Cargnelutti, 2019; Khachatryan et al., 2016). However, this is always in combination with 

current bilingual theories in mind, even though the latter can only broader brushstroke 

frameworks. While we aim for standardised assessment and treatment protocols for bilingual 

aphasia, they are harder to achieve because of the many variables to consider as this thesis 

will point out. It is therefore not surprising that speech pathologists often feel overwhelmed 

when it comes to bilingual treatment decisions, in particular how to adapt their clinical 

practice to the unique characteristics of bilingual language processing to ensure the best 

outcomes for their clients (Rose et al., 2014). 

Hence, research in spoken word production in bilingual speakers with aphasia is a 

starting point to increase the understanding of bilingual word production processes and 

inform and expand existing mono- and bilingual language theories.  

Further Models on Bilingual Lexical Access. As mentioned above, we have opted 

for a comprehensive approach by using two monolingual theories of lexical access (Levelt et 

al., 1999; Dell et al., 2007) and two bilingual models (Dijkstra et al., 2019, Green, 1986; 

1998) to interpret our findings. The incorporation of both, the monolingual and bilingual 

frameworks, is two-fold: The monolingual models offer valuable insight into the 

understanding of findings related to e.g., lexical variables, a feature that the bilingual models 

lack due to their less specified approach when it comes to spoken word production in the 

bilingual mental lexicon. On the contrary, the chosen bilingual models play a crucial role 

when it comes to the understanding of findings that are influenced by a language network 

encompassing more than one language and that is associated with non-selective/parallel 

activations and inhibition processes. However, it is essential to note, that alternative theories 
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on bilingual lexical access exist. To ensure a comprehensive overview, seminal and important 

ideas will be presented briefly in the subsequent paragraph. 

The model of bilingual lexical access by Costa et al. (2000) posits a shared semantic 

system. Irrespective of the target language, the semantic system activates both languages 

(parallel activation) of the bilingual speaker, and activated lexical nodes activate their 

phonological components. The subsequent steps involve language-specific lexical selection, 

wherein a selection mechanism operates exclusively on lexical nodes of the target language 

(no inhibitory processes required). In a study conducted five years later, Costa et al. (2005) 

introduce a refined model of bilingual lexical access, that again is defined by shared semantic 

representations across languages that activate lexical notes and related phonological 

components in both languages (parallel activation). Notably, in the 2005 model, the authors 

describe interactivity between the lexical and sublexical levels, both within and across the 

two languages.  

weaker links hypothesis. The authors suggest a shared semantic representation across 

available languages, that is connected to the separate word-level representations (lexical 

level) for each language. According to their hypothesis, the links between the semantic 

representations and the lexical representations are weaker in bilingual lexical access 

compared to monolingual speakers. The weaker links hypothesis has been identified as a key 

difference between monolingual and bilingual lexical access. An extension of the weaker 

links hypothesis was proposed in 2008 (Gollan et al., 2008), emphasizing the importance of 

frequency effects in bilingual lexical access. As proposed by the authors, bilingual models 

need to consider the analogy between bilingualism and frequency effects in bilingual lexical 

access.  

The response conflict theory suggests a co-activation of word representations during 

word production. The greater the similarity between these activations and the target, the more 

conflict arises between the target and the co-activated representations. A high conflict makes 

it more difficult to suppress the co-activated representations; inhibition processes may no 

longer be sufficient for error-free target selection, resulting in an increased likelihood of 

errors in word production (Nozari & Pinet, 2020). These conflicts were also observed in 

bilingual speakers during lexical access (Nozari et al., 2019). In bilingual speakers, it can be 

assumed that co-activation of representations occurs both within and across languages during 

word production. 

  



15 

Preview of this Thesis 

This thesis includes three experimental chapters followed by an overarching General 

Discussion and Conclusion section. The overall aim is to better understand word processing 

within and across languages in bilingual speakers with aphasia. Each chapter will take into 

account different influencing factors on bilingual word finding.  

In Chapter 2 (paper 1) accuracy patterns, error patterns and error types within and 

across languages in bilingual speakers with aphasia are explored. The experimental task used 

is a spoken picture naming task with the aim to observe whether the same or different 

accuracy and error patterns occur within a bilingual individual with word finding problems. 

The research design comprises a quantitative experimental case series design, in which each 

individual undergoes in-depth language assessments and serves as their own control across 

languages. Eight bilingual participants with aphasia with different language combinations 

(Dutch-German, Polish-German, English-German, English-Italian, French-English) are 

included in this first study. Analyses include , Fishe , and 

logistic regression analyses and consider factors such as the bilingual language profile, 

influencing linguistic variables (e.g., language-specific word length, frequency, visual 

complexity, name agreement, etc.), and the individual impairment of the participants.  

In Chapter 3 (paper 2) the same task and research design is applied as in Paper 1, only 

that the investigation of influencing factors is expanded to the influence of similar sounding 

words (phonological neighbours) on spoken picture naming performance with a focus on 

accuracy. Logistic regression analyses capture the influence of within-language phonological 

neighbours and across-language phonological neighbours together with their respective 

neighbourhood word form frequencies on accuracy in and the same eight bilingual speakers 

with aphasia that were assessed for paper 1. In addition, ten monolingual speakers with 

aphasia are included to replicate the effects of previous studies on the influence of within-

phonological neighbours on their spoken naming performance. This study is the first that 

investigates the effect of within and across phonological neighbourhood density and 

frequency on spoken picture naming performance. 

In Chapter 4 (paper 3), the same eight participants from papers 1 and 2 were assessed 

when producing responses to pictures that were either a compound word or a simple word. 

Accuracy analysis within and across languages and analyses of language mixing errors across 

languages is carried out to gain insight into the representation of compounds in our mental 

lexicon considering non-selective language accounts that can explain the influence of the 

non-target language on the target language. Paper 3 is adding to the scarce evidence base 
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around the representation of compound words in bilingual speakers with aphasia. To the best 

of our knowledge, there is only one study that captured compound processing in people with 

bilingual aphasia (Jarema et al., 2010). Paper 3 expands this evidence base by exploring 

novel aspects of language mixing errors in compound words in bilingual speakers with 

aphasia by analysing (logistic regression) the influence of phonological similarity across 

languages. 

Chapter 5 provides the overarching General Discussion including an Overall 

Conclusion. A summary of each of the three studies is given and findings will be drawn 

together for an overall interpretation of existing language models (mono-and bilingual 

frameworks). It is emphasised how this thesis as a whole can contribute on a very small scale 

to a more in-depth understanding of bilingual word processing. Further, limitations of this 

research are flagged and potential future directions are given. 

All three chapters contribute to a comprehensive picture and word material database 

that spans five languages/ language combinations. All pictures and words are controlled for 

influencing (lexical) variables. In addition, all three studies contribute to an extensive guide 

for bilingual word finding errors and defining different error types across languages, that can 

help to streamline the error classification process. It is hoped that the developed picture and 

word materials together with the error code guide can be published as open-access resources 

to serve researchers in the future when exploring unimpaired and impaired bilingual word 

retrieval processes in different languages. 
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Accuracy and Error Patterns in Spoken Picture Naming Across Languages in Bilingual 

Speakers with Aphasia 

(Study 1) 
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Introduction 

 

population is considered as being bilingual (Grosjean, 2021), and 21% of the Australian 

population speaks more than one language at home (Australian Bureau of Statistics, 2017). 

This increasingly bilingual population will eventually age and will be affected by age-related 

diseases, such as stroke, which may lead to language difficulties such as aphasia. 

Based on this development, the question arises if the speech pathology profession is 

prepared for an increasing number of bilingual clients. According to Grosjean (1989), a 

seems inadequate to apply monolingual assumptions and monolingual diagnosis and 

treatment methods to bilingual clients (e.g., Cargnelutti, 2019; Khachatryan et al., 2016). 

However, existing language theories, language models, and diagnostic and treatment methods 

are mostly based on monolingual research (e.g., Levelt et al., 1999; Dell et al., 2007); and 

bilingual language theories remain underspecified and/or starting to emerge (e.g., Dijkstra et 

al., 2019; Kroll et al., 2010; Green, 1998). This project adds a piece to the puzzle of the 

mechanisms at work in bilingual word production. By capturing word finding error patterns 

across languages within a bilingual speaker with aphasia, we will be able to understand better 

what factors are at play when the error patterns look the same or show differences across 

languages. This new knowledge may be useful to better understand bilingual language 

profiles and will inform their specific assessment needs, which in turn will enhance clinical 

services for this population. 

 

Word Production Difficulties in Monolingual Speakers with Aphasia  

Difficulties in word finding are a main symptom of aphasia (e.g., Nickels & Howard, 

2000). Therefore, it is a key area of concern to understand word production and its difficulties 

in bilingual speakers with aphasia and how it varies in comparison to monolingual speakers 

with aphasia. Word finding difficulties in monolingual speakers with a language disorder 

have been extensively researched within frameworks of well-known and established word 

production models for monolingual speakers (e.g., Dell et al., 2007; Levelt et al., 1999). 

These models overlap on three major processing steps in spoken word production: Accessing 

the (a) non-lexical concept, (b) lexical semantic information, and (c) lexical form 

information. While these models were initially developed for monolingual speakers, it is 

reasonable to assume that they can also be extended to impaired bilingual word production. 
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However, it is important to acknowledge that these monolingual models (e.g., Dell et al., 

2007; Levelt et al., 1999) are incomplete with regard to bilingual word processing, as they 

cannot explain word retrieval in a mental lexicon that holds more than one language.  

 

Word Production Difficulties in Bilingual Speakers with Aphasia  

Error Types  

Error types related to lexical retrieval difficulties in bilingual speakers with aphasia do 

not differ from the ones that have been observed in monolingual speakers with a language 

disorder (e.g., Fabbro, 2001). These different error types have been examined in detail over 

the last decades and can include semantic errors (e.g., target cat, response dog) or 

phonological errors (e.g., target fish, response fush) and many more (e.g., no responses, 

mixed errors; please refer to, e.g., Schwartz et al., 1994, for an overview of these different 

error types).  

It is important to mention that these typical error types can also occur in the other 

language that is not targeted (non-target language errors) when a bilingual speaker names a 

picture. Again, these well-known error types can include semantic errors in the non-target 

language (e.g., target cat, response Hund [German for dog]), or phonological errors in the 

non-target language (e.g., target desk, response Tusch [German word Tisch [desk] with a 

phonological error]), and many more.  

 Due to the bilingual language profile of bilingual speakers, they also exhibit error 

types that are specifically related to their bilingualism. These error types include language 

mixing, language switching, and translation errors (Cargnelutti et al., 2019; Fabbro, 2001; 

Fabbro, 1999). Language mixing errors occur when an individual produces a word that 

includes parts of the target language and the non-target language (target pear, response 

pearne [response includes parts of word Birne, the German word for pear). Conversely, 

language switching involves the shift to another language between utterances and sentences 

(e.g., I'm writing a letter to my mum. Sie hat morgen Geburtstag [second sentence is in 

German]) (e.g., Albert & Obler, 1978; Fabbro, 1999; Paradis, 1977). Translation errors are 

defined as difficulties with translation from one language to the other, while research 

indicates a greater impairment when translating from the less impaired to the more impaired 

language (e.g., Adrover-Roig et al., 2011). These findings suggest that translation errors are 

more likel -dominant 

language, an observation that has been found and suggested for the occurrence of language 

mixing errors as well (Cargnelutti et al., 2019).  
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Language Mixing Errors. Language mixing errors can be further classified (e.g., 

Cargnelutti et al., 2019; Perecman, 1984), such as: (a) use of the non-target language 

translation equivalent (e.g., target cat, response Katze [German equivalent to cat]), (b) use of 

the word root from one language and the suffix/prefix from the other language (e.g., target 

witnesses, response witnessen, the response is influenced by the word Zeugen [German word 

for witnesses]), (c) use of syllables from different languages in a single word, (e.g., target 

potato, response kartato, response includes the first syllable of Kartoffel [German for 

potato]), (d) use of words in the target language but with the intonation or phonological rules 

of the other language (e.g., target thermometer, while the intonation rules of Thermometer 

[German word for thermometer] are applied). 

It is important to note that a response that is the correct word in the non-target 

language can also be considered a compensatory strategy rather than a language mixing error. 

This particular error might serve as a deliberate strategy to compensate for lexical access 

difficulties that an individual speaker experiences in one language but not in the other. 

Furthermore, this specific error might also occur when a bilingual speaker does not know any 

more or never knew the specific word in the target language, however, the knowledge of the 

target word is available in the non-target language. Moreover, this error can also be 

interpreted as a strategy that bilingual speakers with aphasia use to prompt themselves by 

providing the word in the non-target language and then translating it in a further step (e.g., 

Cargnelutti et al., 2019; Neumann et al., 2017). This language mixing error/strategy of 

producing the correct word in non-target language instead of the target word is a commonly 

observed error across the bilingual population with a language disorder (Roberts & 

Deslauriers, 1999). These explained strategies are also observed in healthy bilingual 

speakers; however, they are much faster and experience greater accuracy when applying 

these strategies compared to bilingual speakers with a language disorder, and the strategy 

might often be subtle and goes unnoticed (Khachatryan et al., 2016). 

Language mixing errors that are specifically associated to bilingual speakers with 

aphasia are more likely among speakers that have languages with structural similarities 

available (e.g., Diéguez-Vide et al., 2012; Kong et al., 2014). While the presence of similar-

sounding words and/or cognates (the latter overlap in sound and meaning) across languages 

in bilinguals speakers typically leads to faciliatory effects (e.g., Lalor & Kirsner, 2001; 

Roberts & Deslauriers, 1999), the opposite effect may occur for bilingual speakers with 

aphasia. In bilingual speakers with aphasia, structural similarities across languages/lexical 

forms can lead to interference effects, that in turn result in language mixing and language 
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switching errors (e.g., Abutalebi et al., 2009; Kurland & Falcon, 2011). These findings have 

been supported by Siyambalapitiya et al. (2013) who found advantages for cognates and 

noncognates in word processing in bilingual speakers with aphasia (see further details on this 

study in next paragraph). 

It has been suggested that underlying mechanisms leading to language mixing and 

language switching errors are not necessarily driven by a selective impairment of the 

bilingual language system, but might also be an impairment located within cognitive control 

mechanisms that manage the suppression or activation of the available languages spoken 

(e.g., Cargnelutti et al., 2019). 

In sum, error types related to lexical retrieval difficulties in bilingual speakers with 

aphasia do not differ from the ones that have been observed in monolingual speakers with a 

language disorder. However, due to the existence of a bilingual language profile, these error 

types can also occur in the non-targeted language, while a bilingual wants to name a picture 

in the target language. Additionally, language mixing errors are commonly observed in 

bilingual speakers with a language disorder (Roberts & Deslauriers, 1999).  

 

It is reasonable to assume that frequency/type of error patterns for phonological errors 

might differ across languages in a bilingual speaker since word forms often have different 

representations across languages. Semantic representations on the other hand might be shared 

across languages. Evidence supporting (partial) shared semantic representations in the mental 

lexicon have been found in healthy bilingual speakers (see Francis, 2005, for a review) and 

bilingual speakers with aphasia (e.g., Siyambalapitiya et al., 2013; Kiran and Lebel (2007). 

Siyambalapitiya et al. (2013) conducted an experimental single-case study with an Italian-

English bilingual speaker with non-fluent aphasia and examined semantic, cognate, and non-

cognate repetition priming within- and across-language via auditorily presented word pairs. 

Priming effects in both within-language conditions and in one across-language condition 

(English to Italian) were demonstrated. Across-language priming effects might be explained 

by shared semantic representation within the mental lexicon. Further evidence, that supported 

the existence of shared semantic representations in the mental lexicon in bilingual speakers 

with aphasia was provided by Kiran and Lebel (2007). They conducted a study with four 

Spanish-English participants that examined crosslinguistic semantic and translation priming 

during a lexical decision task. Participants showed cross-linguistic priming effects in both 

directions that interacted with their language proficiency and their language breakdown: The 

better their proficiency, the better priming effects were observed. Furthermore, the results of 
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affect the language performance of bilingual speakers with aphasia. This was also shown in a 

later study by Kiran et al. (2014). The authors conducted three lexical retrieval tasks (two 

picture naming tasks, one category generation task) across 12 Spanish-English healthy 

speakers and ten Spanish-English speakers with aphasia. The bilingual speakers with aphasia 

presented with lexical deficits that were influenced by language proficiency for each 

language, participants produced often more words in the language with higher proficiency. 

If semantic representations are indeed shared across the two languages of a bilingual 

speaker with aphasia, it is reasonable to expect a similar semantic error pattern across the 

languages of a bilingual speaker.  

 

Lexical retrieval difficulties associated with the above error types (target language 

errors, non-target language errors, mixing errors) are often reported to be equally distributed 

among the available languages in bilingual speakers with aphasia, particularly in those 

speakers who reported equal and high proficiency in both available languages prior to the 

onset of aphasia (e.g., Kiran et al., 2014). For other bilingual speakers, lexical retrieval in one 

language is significantly more impaired than in the other. These differences in accuracy may 

depend on a number of factors, such as pre- and post-onset proficiency and language use 

(Goral, 2017). However, there are cases where balanced bilinguals (speakers with the same 

level of proficiency in both languages) experience differential aphasia, a pattern of recovery 

in bilingual aphasia that describes a much better recovery for one language than the other 

compared to premorbid language abilities (Ansaldo et al., 2010). Studies that have 

investigated lexical retrieval in balanced bilingual speakers and found differential accuracy 

patterns across languages argue for impaired cognitive control rather than a loss of linguistic 

representations (Van der Linden et al., 2018; Verreyt et al., 2013). These results support 

theories of bilinguals having one lexicon with word representations from both languages, 

rather than two separate systems for each language (Van Heuven et al., 1998). 

 

Influencing Factors on Bilingual Word Production in Aphasia 

Bilingual Language Profiles Including the Individual Language Breakdown  

As mentioned previously, bilingual individuals with aphasia exhibit language mixing 

errors, an error type that is specifically associated with their bilingual status. However, the 

influence of the bilingual language profile on language performance extends beyond this 

error type. Various key aspects of an individual bilingual profile impact the language 
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outcome. These key aspects include the age of acquisition for each language, proficiency of 

both languages, dominance, the context of language acquisition (e.g., full immersion versus 

classroom learning), and the linguistic similarities between languages (e.g., distant vs close).  

(1) Age of acquisition captures the age a language has been learned. If language exposure 

and anything thereafter as late. However, this binary distinction is not useful by itself 

because an early acquired language can be less proficiently spoken than a language 

acquired later (a commonly used cut-off value that distinguishes between an early and 

late bilingual is the age of 12). The concept of language age of acquisition aligns with 

the categorization of being a simultaneous or sequential bilingual speaker. 

Simultaneous bilingual speakers learn two or more languages concurrently, while 

sequential bilingual speakers learn the L2 after they acquired the L1 (i.e., L2 

acquisition occurs either early or late in life).  

(2) Language proficiency reflects the level of performance across the linguistic domains 

such as mastering the specific sound and syntactic system of each language spoken. 

This is reflected in the ease of production and comprehension of each available 

language across modalities (speaking, listening, reading, and writing).  

(3) Language dominance: The definition and concept of language dominance vary across 

research. While some studies ascertain language dominance by evaluating language 

proficiency (e.g., Genesee et al., 1995), others define it by language use and exposure 

(e.g., Argyri and Sorace, 2007) or the environmental languages (e.g., Polinksy, 2008). 

Hence, language dominance in bilingual individuals is a multifactorial concept and 

can be defined in various ways. In recent years, this topic has received increasing 

attention (Montrul, 2015; Hamann et al., 2019). In this thesis, language dominance is 

defined as a multifactorial construct that entails language proficiency, language use 

and exposure, and biographical factors such as the environmental language, age of 

acquisition, and language of residence. This definition is in line with previous 

research (e.g., Birdsong et al., 2012; Dunn & Fox Tree, 2009).  

(4) The context of exposure outlines the circumstances, in which the L2 has been learned 

and used (e.g., full L2 immersion when living in the country of L2). 

(5) Linguistic similarities can vary among the available languages, ranging from closely 

related to more distant languages (e.g., German-English vs. Mandarin-English). 

(e.g., Ansaldo et al., 2008; Kovelman et al., 2008; Akbari, 2014) 
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Among the mentioned factors above, language age of acquisition, language 

proficiency, and language dominance are significant factors on word processing in bilingual 

speakers with aphasia as a meta-analysis by (Kuzmina et al., 2019) highlights. This review 

included 65 studies (130 cases) and examined factors that influenced bilingual word 

production in aphasia. While the review revealed that participants across studies often 

showed better performance in their L1, the outcome was usually moderated by the age of 

acquisition of their L2: If L2 was acquired before the age of seven a similar performance was 

observed for the L1 and L2; when L2 was acquired after the age of seven participants 

exhibited better performance in their L1. Additionally, the authors pointed out, that language 

proficiency and language dominance had a moderating role in the results when the L2 was 

the more proficient and/or the dominant language. Further studies have especially highlighted 

the importance of language proficiency and language dominance on lexico-semantic access in 

bilingual speakers with aphasia. In a study conducted by Kiran and Tuchtenhagen (2005) 15 

healthy English-Spanish bilingual  speakers and one English-Spanish participant with aphasia 

performed two tasks, a naming-to-definition task, and a semantic priming task across both 

languages. Based on an error rate analysis, the authors proposed that language proficiency 

and language dominance are more reliable predictors for successful lexical access in bilingual 

word retrieval compared to language age of acquisition. Healthy bilingual speakers have 

shown similar patterns, for example, Kotz & Elston-Güttler (2004) conducted a study with 30 

German-English bilingual speakers (German L1, English L2), who were either high- or low-

proficient speakers in English. Participants read 640 targets in English and had to decide if it 

is either a real word or nonword. Language proficiency and the type of semantic information 

processed were important factors in determining how autonomous semantic processing could 

be in the L2.  

Currently, evidence suggests that the stronger language (which is often the dominant 

and/or proficient language) interferes with the processing of the weaker language by 

suppressing the weaker language (e.g., Cargnelutti et al., 2019). 

These findings underscore the importance of language proficiency and language 

dominance as positively influencing factors on lexical access/language performance in 

bilingual speakers with aphasia (Khachatryan et al., 2016; Cargnelutti et al., 2019). 

Cargnelutti et al. (2019) even suggested that available languages in bilingual speakers should 

be categorized according to their relative dominance rather than their chronological language 

age of acquisition. 
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Lexical Variables  

Word retrieval in picture naming is typically a fast and efficient process. However, as 

stated above, people with aphasia experience difficulties during this process (e.g., Alario et 

al., 2004), which is influenced by the individual impairment and, in bilingual speakers, by 

profile can influence language performance e.g., lexical variables. Lexical variables or 

linguistic factors are associated with the features of the picture-naming word material, and 

have been thoroughly investigated over the last decades. They include (i) spoken word form 

frequency, (ii) syllable length, (iii) phoneme length, (iv) item age of acquisition, (v) 

familiarity, (vi) imageability, and (vii) visual complexity (e.g., Alario et al., 2004; Nickels & 

Howard, 1995). According to Alario et al. (2004) and Nickels and Howard (1995) they are 

defined as followed:  

(1) Spoken word form frequency: Spoken word form frequency refers to the occurrence of 

use of an individual word/item and has been found to influence word retrieval in 

spoken picture naming (the higher the frequency, the higher accuracy/lower error 

rate). 

(2) Syllable length: Syllable length is the number of syllables a spoken word is composed 

of (words with a higher number of syllables are predicted to take more time for 

encoding during word retrieval, and are also more error-prone). 

(3) Phoneme length: Phoneme length is a second variable to assess the length of a target 

word. This linguistic variable quantifies the number of phonemes a spoken word 

contains (longer words need more phonological encoding time and are therefore more 

vulnerable to errors). 

(4) Item age of acquisition: Item age of acquisition is a linguistic variable that refers to 

the typical age at which a word was acquired (earlier acquired words are produced 

more accurately).   

(5) Familiarity: The linguistic variable represents the degree of familiarity that is 

associated with the concept of the presented item, which describes how frequently an 

object is seen, heard, or used in everyday life (highly familiar concepts are easier to 

name than concepts that an individual is less often exposed to). 

(6) Imageability: Imageability indicates how easily an individual person can create a 

mental image of the presented target. It captures whether a presented item evokes a 

few or many different images for a specific object/word. This variable influences the 
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storage and processing of a word in the mental lexicon (a highly imageable item can 

be retrieved faster and is less error-prone).  

(7) Visual complexity: This linguistic variable quantifies the amount of descriptive detail 

included in a presented image. Such details determine the ease or difficulty at the 

stage of object recognition during word retrieval (the simpler the object, the faster and 

easier the recognition).  

These different lexical variables are, therefore, important to consider when 

investigating picture naming in people with aphasia since they can influence this process at 

various different stages during word retrieval. However, most evidence is derived from 

monolingual healthy speakers, while effects of linguistic variables might differ for bilingual 

speakers with aphasia. Moreover, the effects of spoken word form frequency, age of 

acquisition, and familiarity on naming accuracy might differ as observed for monolinguals 

speakers, since one of the available languages of the bilingual speakers might have been 

acquired later in life. Therefore, picture naming results of bilingual speakers, containing these 

variables, must be interpreted in combination with the bilingual profile of the participants.   

 

Non-Selective Activation and Inhibition Processes: The Inhibitory Control Model 

In the context of bilingual speakers and factors that influence language performance, 

non-selective activation of languages and associated inhibition mechanisms need to be 

considered as well. Green (1998) suggested an inhibitory control mechanism that is at play 

when non-selective activation between two or more languages during bilingual word 

production occurs. Non-selective activation refers to a bilingual language system that 

involves two or more languages during production: Not only the target language/word is 

activated but also the non-target language/word. Non-selective activation of language in 

bilingual speakers has been found in healthy people (e.g., Moon & Jiang, 2012; Libben et al., 

2017) but also in a bilingual population with language impairments (e.g., Gray & Kiran, 

2013). 

According to his Inhibitory Control Model (see Figure 1), multiple levels of control 

are part of the bilingual speech production system. Lexical nodes within the model contain 

language markers that assign them to a specific language. Green postulates that the language 

production of bilingual speakers involves a dynamic mechanism of inhibition, control 

schemata, and a supervisory attentional system. The supervisory attentional system has a 

regulation function for tasks within the language systems and additionally activates, 

maintains, and updates the language task schema (see Figure 1). Hereby, the lemma 



32 

associated with the concept is tagged by selection processes within the language system to 

ensure that the correct word forms are selected. However, this procedure alone does not 

guarantee the correct word selection. A key component of the model is an inhibition process 

to deactivate/inhibit non-target language lemmas. Furthermore, according to the model, it will 

take longer for the dominant language to reactivate from inhibition compared to a weaker 

language since the dominant language in a bilingual speaker requires greater inhibition 

processes because of its underlying higher activation as the default state.  

Bilingual Empirical Evidence 

Evidence supporting non-selective language activation has been found in healthy 

bilingual individuals (e.g., Moon & Jiang, 2012) but also in bilingual populations with 

language impairments (e.g., Gray & Kiran, 2013). Gray and Kiran (2013) conducted a study 

with 19 Spanish-English bilingual speakers. All underwent a number of background 

assessments in both languages to develop an account of bilingual language processing. The 

findings revealed significant correlations between the different language tasks (language 

comprehension and production tasks) across languages, which have been proposed in their 

developed framework of bilingual language processing.  

In sum, as stated by Khachatryan et al. (2016), it can be tempting to assume that error 

types and rates correlate across languages and that language impairment is consistent across 

languages in an individual client; however, they also warn against such simplifications and 

emphasise that further research is needed that takes into account influencing factors, like, for 

Conceptual  
Level 

Lexical 
Level  
(Lemma) 

Phoneme 
Level 

Figure 1  

-German Bilingual Speaker in the Inhibitory 

Control Model (Green, 1986, 1998), Adapted from Schwieter & Ferreiera (2013) 
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example, the bilingual language profile. Existing studies have shown that the bilingual profile 

influences language performance, but the extent to which it affects accuracy and error 

types/patterns remains unknown (Kuzmina et al., 2019, Khachatryan et al., 2016). While 

some studies demonstrate better performance influenced by the language age of acquisition 

(Kuzmina et al., 2019), others highlight the importance of language dominance on accuracy 

as the L2 might become the dominant language over time and demonstrate greater resilience 

(protection) after, for example, a brain injury affecting language processes (e.g., Tiwari & 

Krishnan, 2015). 

 

Study Aim  

The aim of this study is to understand whether accuracy and error patterns across 

languages vary in relation to the heterogeneous bilingual language profiles, language 

impairments and influential lexical variables affecting spoken word production. Our broader 

aim is to enhance theories of bilingual language processing by interpreting our accuracy and 

error data in these frameworks and offer further explanations around bilingual word 

production mechanisms. 

Research questions and predictions for accuracy 

(1) Do accuracy patterns differ when bilingual speakers with aphasia name pictures 

across their languages taking into account their bilingual language profile and 

breakdown patterns?  

We predicted a different accuracy pattern on picture naming between languages 

depending on the bilingual language profile (e.g., language age of acquisition, 

language dominance). 

(2) What lexical variables influence accuracy patterns in spoken picture naming in 

bilingual speakers with aphasia? 

While we predicted influences of lexical variables (such frequency, length, age of 

acquisition, etc.) on the accuracy pattern for bilingual speakers as for the monolingual 

cohort, we cannot confidentially predict the same direction based on the scarcity of 

bilingual studies in aphasia.  

Research questions and predictions for error types 

(1) What is the distribution of error categories (all errors in the target language versus all 

errors in the non-target language) across languages and what is the effect of the 

impairment) on these error categories? 
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We predicted an influence of the bilingual language profile such that there will be 

more non-target language errors in the weaker language than in the dominant/stronger 

language. This is because the dominant/stronger language interferes more with the 

processing of the weaker language than vice versa.  

(2) Do error types distributions in a spoken picture naming task differ across languages in 

bilingual speakers with aphasia, and what is the effect of the bilingual language 

profile (e.g., language dominance, languages acquired, language impairment) on these 

error categories?  

We predict semantic errors to be similarly distributed across languages, based on 

shared semantic representations across languages, while the distribution of other error 

types might be different (e.g., phonological errors since representations across 

languages are not shared). Furthermore, error type occurrence might be influenced by 

the bilingual language profile (e.g., language age of acquisition, language 

dominance). 
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Participants 

 

Bilingual speakers with aphasia were recruited for a spoken picture naming task in 

their first and second language. Eight participants were included in this study using a 

snowball sampling method. Inclusion criteria were applied as followed: All speakers with 

aphasia (diagnosed by a speech-language pathologist) were post-acute or chronic and 

presented with spoken word finding difficulties as the main characteristic of their aphasia. 

 10% and less than 90%. 

To screen the participants spoken naming abilities across languages, the Spoken Naming 

Diagnostik für Aphasie, 

(Stadie et al., 2013) was carried out. The Subtest consisted of 20 

items, comprising ten high-frequent and ten low-frequent words, normed for the German 

he 

subtest as a screener for all bilingual speakers with aphasia. It is important to note that the 

classification of ten high-frequent and ten low-frequent words may not be accurate when 

translated into languages other than German. Exclusion criteria were as followed: Severe 

comprehension deficits (reported by a speech pathologist), apraxia of speech, dysarthria and 

other cognitive impairments (e.g., dementia). Mild cognitive impairments (e.g., attention, 

memory, etc.) were acceptable. All participants had self-reported normal or corrected-to-

clinical network from different Speech Pathology Centres in the northwest of Germany. 

Participants from Australia were recruited from an outpatient Clinic attached to a university 

and a non-profit organisation supporting people with aphasia. Although eight bilingual 

speakers with aphasia participated in this study, 22 potential bilinguals were identified to 

participate. Fourteen potential participants did not meet the inclusion criteria because of their 

severe apraxia symptoms, cognitive impairments, and/or severe comprehension deficits. A 

further reason for non-participation was their unavailability/ inability to commit during data 

collection.  

All participants received a project information sheet and provided written consent to 

participate in the study prior to testing (see General Appendix A and General Appendix B). 

Additionally, all bilinguals were asked to consent for accessing their medical background and 

demographic information as this data serves as a basis for interpreting the collected and 

analysed research data.  
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A self-developed personal data form (demographic questionnaire) was used to collect 

all participants' demographic and medical data and determine the bilingual language history 

(see General Appendix C). In addition, all participants were asked to complete the Language 

Experience and Proficiency Questionnaire (LEAP-Q, Marian et al., 2007). The LEAP-Q was 

used to determine language history and to obtain differences across their languages (language 

age-of-acquisition, language dominance). The LEAP-Q, initially designed for healthy 

bilingual speakers, features a non-aphasia-friendly structure, characterised by e.g., long and 

complex sentences or questions. Consequently, the completion of the questionnaire required a 

specifically tailored approach. Participants were assisted by the researcher to complete the 

questionnaire, with questions being read aloud and were given the opportunity to have the 

questions repeated or clarified as many times as needed. Furthermore, the participants 

received support in providing the correct answer by offering for example a visual aid in form 

of a numerical scale ranging from one to ten. Various background assessments spanning 

across receptive and expressive tasks were carried out in the 

the language performance for both languages. Thirteen subtests of the Bilingual Aphasia Test 

(BAT, Paradis & Libben, 1987) 

anguage impairments across modalities: Pointing, 

simple and semi-complex commands, complex commands, verbal auditory discrimination, 

semantic categories, synonyms, repetition and lexical decision of words and nonsense words, 

series, verbal fluency, naming, reading words, and reading comprehension for words. Since 

the BAT does not include a written naming test, written naming abilities were screened for 

each participant across 30 items for both languages. The 30 items consisted of item one to 30 

of Subset 1a of the experimental naming task.  

language profile data and background language assessment data can be found in Appendix X. 

A summary of these data is given below.  

Ethics approval for this study was obtained by the ethics committee of Bielefeld 

University in Germany (EUB 2020-137-Am), the ethics committee of Curtin University Perth 

(HRE2017-0274) and the South Metropolitan Health Service Human Research Ethics 

Committee (RGS0000003763) (see General Appendix D).  

 

Demographic and Medical Data of all Bilingual Speakers with Aphasia 

Table 1 summarizes the demographic and medical data of the eight bilingual speakers 

with aphasia. The eight participants (four female) were aged between 55 years and 75 years 
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(mean 66.1 years, SD 6.27). They were between 11 months and 28 years post-onset (mean 

119.9 months [10 years], SD 109.5 [9.13 years])2. Seven out of the eight participants 

presented with a left hemisphere stroke: BwA1, BwA2, BwA3, BwA4, BwA5, BwA6, and 

BwA8. BwA7 presented with a right hemisphere stroke. Across the seven participants with a 

left hemisphere stroke, two participants had either additional stroke localisations in the right 

hemisphere (BwA8) or the right hemisphere and cerebellum (BwA2). See General Appendix 

E for detailed information on the localisations of the stroke(s) per participant. Based on the 

-reports and the medical records, all bilingual speakers with aphasia 

experienced aphasia post-onset.  

 

Bilingual Language Profile Data (Including the Level of Breakdown) of all Bilingual 

Speakers with Aphasia 

The eight participants presented with six different language profiles: Dutch-German 

(BwA1, BwA3), Polish-German (BwA2), English-German (BwA4), English-Italian (BwA5), 

English-French (BwA6) French-

either Dutch, Polish, English, Italian or French. The second language of the participants was 

German, French or English (see Table 1). Seven participants were late bilingual speakers, one 

participant was an early parallel bilingual speaker (BwA5). BwA5 grew up as an English-

Italian bilingual speaker from birth. Immersion of L2 in the late bilinguals was between the 

age of 17 years and 35 years when living in the country and in an environment of the L2 

(classroom language excluded).  

Based on the bilingual profile assessment (self-report, LEAP-Q, background 

assessments) the L2 was the dominant language pre- and post-stroke for four participants 

(BwA1, BwA3, BwA7, and BwA8), the L1 was the dominant language pre- and post-stroke 

for three participants (BwA4, BwA5, BwA6). The language dominance was equally 

distributed among languages for BwA2. The dominant language was determined by the 

participants' language proficiency, language exposure and use, and biographical factors 

(language age of acquisition, environmental languages, language of residence). Language 

proficiency was determined by the language background assessments, spanning receptive and 

expressive tasks that were conducted with every participant (see below). Biographical factors 

were conducted by the LEAP-Q and the participants' self-reports. Language use and exposure 

 
2 Three participants had experienced multiple strokes. To calculate the mean post-onset time, only the stroke 
that resulted in the language impairment (determined by medical data and the participants' self-reports) was 
considered (see Table 1). 
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were determined as per followed: A score (based on the participant's self-report and the 

results of the LEAP-Q [Marian et al., 2007]) 

languages to account for the language use and exposure ratio across the two available 

languages. This score could range from zero to eight (zero = no/minor language use and 

exposure, eight = high language use and exposure). The score per language was determined 

by considering eight categories: Interaction with family, interaction with friends, daily life 

activities (e.g., supermarket, medical appointments, restaurant), TV, radio/music etc., 

smartphone/social media/internet/computer, reading, writing. Each category was matched by 

 -

-

(one-point L1, one-point L2). Thus, language use and exposure were indicated by a score 

between zero and eight. For detailed information for each participant see General Appendix 

E.  

 

Background Language Assessment Data of all Bilingual Speakers with Aphasia 

Background aphasia assessments spanning receptive and expressive tasks were 

conducted with every participant to determine the severity of the language impairment in 

both of the available languages. The pattern of language impairment was classified as anomic 

aphasia in 

aphasia in two participants (BwA1 and BwA5)3.  

Spoken naming accuracy was screened across languages in each participant with the 

Spoken Naming Subtest of the LEMO (Stadie et al., 2013) with the following result: Spoken 

picture naming accuracy ranged from 0% to 90% across participants. Selected parts of the 

BAT (Paradis & Libben, 1987) 

(pointing, simple and semi-complex commands, complex commands, verbal auditory 

discrimination, semantic categories, synonyms, repetition and lexical decision of words and 

nonsense words, series, verbal fluency, naming, reading words, and reading comprehension 

for words). According to the results of the BAT all participants presented with a language 

impairment across languages. Spoken picture naming within the BAT showed an accuracy of 

6.25% to 100% across participants. Since BAT does not test for written naming, written 

naming abilities were screened in both of the available languages in every participant by the 

 
3 Aphasia syndrome classifications are based on the following information: (i) Clinical observations during the project, (ii) 
the BAT and LEMO background assessment results, and (iii) speech pathology reports (if available). 
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first 30 items of subset 1a of the experimental picture naming task. To cater for potential 

priming and repetition effects, written naming accuracy was administered after the 

experimental task. For detailed information on all results of the Background language 

assessments per participant see General Appendix E.  

The bilingual language recovery pattern post-onset was self-reported as parallel 

recovery pattern for all bilingual speakers with aphasia.  
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Experimental Task 

 

Research Design  

This study used a case-series design. Participants were bilingual speakers with 

aphasia. Aphasia is a heterogeneous disorder since this language impairment can originate 

from many different potential sources causing language breakdown. When considering 

bilingual participants, even greater heterogeneity can occur since participants will also vary 

in, for example, their language history (e.g., age of acquisition for each language or language 

dominance). Hence, a single-case approach that treats each client as a separate case and takes 

into account inter-individual differences across the population is most appropriate for this 

context and is an accepted research methodology in bilingual speakers with aphasia (e.g., 

Howard et al., 2015; Schwartz & Dell, 2010). The experimental task was spoken picture 

naming, which examined the accuracy and error types for each language spoken by taking 

  

 

Method 

Materials 

Pictures were taken from MultiPic (Duñabeitia et al., 2018), a database providing 750 

normed noun pictures available for seven languages (Dutch-Belgium, Dutch-Netherlands, 

English-British, French, German, Italian, Spanish). Item lists were designed per language 

combination for the bilingual speakers with aphasia. All pictures with less than 80% name 

agreement (degree of agreement on a name of an image [Alario et al., 2004]) were excluded. 

Hence, bilingual item lists for the experimental task only consisted of items that had a name 

agreement of 80% or more in both languages of a speaker. As name agreement for Polish was 

not available using the MultiPic database, the item list of all German items with 80% name 

agreement or more were named by the bilingual Polish-German participant in both languages. 

It is acknowledged that some included items might not fulfill the 80% name agreement for 

Polish. All German items were translated by a native speaker into Polish to define the target 

Polish response.4  

 
4 After data collection and data analysis Duñabeitia et al. (2022) published Polish name agreement data for 500 
of the 750 normed noun pictures of their MultiPic study (Duñabeitia et al., 2018). Based on the 2022 study, not 
all included 422 items of the Polish-German item list had a name agreement of 80% for Polish. Of all 422 items, 
Duñabeitia et al. (2022) translated 13 pictures differently to the native speaker in this study. Since data 
collection and analysis were completed, we continued our work with our translation. The name agreement data 
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Item lists included 331 to 422 items per list depending on the item pool of the 

respective language combination. Every item list was divided into two item sets with three 

subsets each (Item set 1: Subset 1a, Subset 1b, Subset 1c; Item set 2: Subset 2a, Subset 2b, 

Subset 2c). All subsets were consistent of 55 to 71 items. Three subsets per item set allowed 

all participants having a break between different subsets. The order of items in each subset 

was quasi-randomised. After randomisation, all item lists were checked and controlled for 

subsequent items that were either semantically related, had the same onset or, in the case of 

noun compounds, included the same word form. Items to which one or more of these factors 

applied to were distributed more evenly to avoid priming or interference effects. Lists were 

controlled for both languages. Table 2 summarises the final item lists with the number of 

items for the different language combinations. For a detailed list of all included items per 

language and language combination see Appendix A. 

 

Table 2  

Number of Included Items per Language Combination 

Language- 

combination 

 

Item lists (n) 

 

Item sets 

 

Subsets (n) 

Dutch-German 347 each 

language 

Set 1: Dutch 

Set 2: Dutch 

1a (n=58), 1b (n=58), 1c (n=58) 

2a (n=58), 2b (n=58), 2c (n=57) 

  Set 1: German 

Set 2: German 

1a (n=58), 1b (n=58), 1c (n=58) 

2a (n=58), 2b (n=58), 2c (n=57) 

Polish-Germana 422a each 

language 

Set 1: Polish 

Set 2: Polish 

1a (n=71), 1b (n=71), 1c (n=70) 

2a (n=70), 2b (n=70), 2c (n=70) 

  Set 1: German 

Set 2: German 

1a (n=71), 1b (n=71), 1c (n=70) 

2a (n=70), 2b (n=70), 2c (n=70) 

English-German 331 each 

language 

Set 1: English 

Set 2: English 

1a (n=55), 1b (n=55), 1c (n=55) 

2a (n=56), 2b (n=55), 2c (n=55) 

  Set 1: German 

Set 2: German 

1a (n=55), 1b (n=55), 1c (n=55) 

2a (n=56), 2b (n=55), 2c (n=55) 

English-Italian 356 each 

language 

Set 1: English 

Set 2: English 

1a (n=60), 1b (n=59), 1c (n=60) 

2a (n=59), 2b (n=59), 2c (n=59) 

 

of the 13 items translated differently are therefore not included in the final Polish item list of this study. For 
more details see Appendix A. 
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  Set 1: Italian 

Set 2: Italian 

1a (n=60), 1b (n=59), 1c (n=60) 

2a (n=59), 2b (n=59), 2c (n=59) 

English-French 365 each 

language 

Set 1: English 

Set 2: English 

1a (n=61), 1b (n=61), 1c (n=60) 

2a (n=61), 2b (n=61), 2c (n=61) 

  Set 1: French 

Set 2: French 

1a (n=61), 1b (n=61), 1c (n=60) 

2a (n=61), 2b (n=61), 2c (n=61) 

a German item list for both languages, name agreement data for Polish was not available with 

the start of the project using the MultiPic database (Duñabeitia et al., 2018). 

 

For all items, we retrieved a set of lexical variables defined by Alario et al., (2004), 

that have been found to influence picture naming (spoken word form frequency, syllable 

length, phoneme length, age of acquisition, familiarity, imageability, visual complexity)5. 

Spoken word form frequency is defined as a measure of occurrence of use of an individual 

item and influences word retrieval and the rate of phonological encoding in spoken picture 

naming. Syllable length is defined as the number of syllables a is word composed of. The 

lexical variable phoneme length describes the number of phonemes an item consists of and 

age of acquisition is a variable that describes when a word is acquired in the general 

population. Both lexical variables have an influence on word retrieval and the rate of 

phonological encoding in spoken picture naming. Familiarity refers to the familiarity of the 

concept presented. The more familiar a concept is the faster the naming time is. Imageability 

indicates how easily a person can form an associated mental image to a given word; it 

influences storage and processing of words in the mental lexicon and the speed of picture 

naming. Visual complexity quantifies the amount of detail in a given image. Values for all 

lexical variables obtained from different sources per language (see Table 3). For a detailed 

information on lexical variables per item see Appendix A. 

  

 
5 It is acknowledged that the measures of spoken word form frequency, age of acquisition, and familiarity are 
not as accurate for bilingual speakers as for monolingual speakers.  
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Table 3  

References of Lexical Variables per Language 

Lexical 

variables  

Sources lexical variables per language 

Dutch German Polish English Italian French 

Spoken word 

form frequency 

Keuleers et al., 

2010 

Brysbaert et al., 

2011 

Mandera et al., 

2015 

van Heuven et al., 

2014 

Crepaldi et al., 

2015  

Desrochers & 

Thompson, 2009 

Syllable length 
Nederlands 

woordenboek, n.d.   

Martin-Luther-

Universität Halle-

Wittenberg, n.d.  

2023  

 

Wilson, 1988 Olivetti, n.d.  

Lexique - Boris 

New & Christophe 

Pallier, n.d.  

Phoneme length 
Nederlands 

woordenboek, n.d.   

Martin-Luther-

Universität Halle-

Wittenberg, n.d.  

2023 

 

WordReference.co

m, n.d.  
Olivetti, n.d.  

Le Dictionnaire, 

n.d.  

 

Age of 

acquisition 

Brysbaert et al., 

2014 

Birchenough et al., 

2017 
Imbir, 2016 

Johnston et al., 

2010 

Montefinese et al., 

2019 

Alario & Ferrand, 

1999 

Familiarity 
Shao & Stiegert, 

2016 

Schröder et al., 

2012  

Duñabeitia et al., 

2022 a 

Johnston et al., 

2010 

Montefinese et al., 

2014 

Alario & Ferrand, 

1999 

Imageability 
Shao & Stiegert, 

2016 
Võ et al., 2009 Imbir, 2016 Scott et al., 2019 

Montefinese et al., 

2014 

Desrochers & 

Thompson, 2009 

Visual 

complexity 

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018b 

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018 

Note. Number of phonemes was collected by the International Phonetic Alphabet (IPA).   

a = The native speaker in this study translated 13 out of the 422 items differently to  Duñabeitia et al. (2022). We 

continued our work with our translation since data collection and analysis were already completed. The 

familiarity values for these 13 items are, therefore, not included in the final Polish item list. For more details see 

Appendix A. 

b = Visual complexity norms were not available for Polish. Visual complexity values of the German items were 

taken. This approach was acceptable since the visual complexity values showed a high cross-linguistic 

correlation ( r > 0.90) and can therefore be applied to Polish (Duñabeitia et al., 2022). 

 

Procedure  

Each bilingual participant was tested at least six times with each session lasting 

around 60 to 90 minutes. Sessions were scheduled over a period of at least three weeks 

ensuring that at least one day break was incorporated between naming sessions in the same 

language (but different items). Naming sessions with the same item set but different 

languages were scheduled with a break of at least a week to avoid priming effects. Figure 2 

provides an overview of the study procedure.  
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Note.

ere accordingly adjusted.  

L1 = First language, L2 = Second language.  

The Bilingual Aphasia Test and Picture Naming Test was administered in the 

-naming task in both languages was 

undertaken across four sessions. Separate testing sessions for the two different languages per 

need for switching between languages. Session two (Item set 1) and session five (Item set 2) 

session three (Item set 1) and session four (Item set 2) consisted of the experimental picture 

utch, Polish, or French, 

depending on the individual participant). Subsets of Item set 1 and Item set 2 were presented 

in an alternate order in session four and session five to minimise order effects. Additionally, 

the experimental picture naming task was followed by a picture naming test in the first 

language (session three), the collection of demographic and medical data (session four) and 

the written naming task6 for the second language (session five). The last session consisted of 

the Bilingual Aphasia Test7

-Q (to capture the 

participants bilingual language profile) were conducted in the last session. Due to onset of 

fatigue and/or language impairment and/or level of task tolerance, four bilingual speakers 

6 To control for potential priming or repetition effects, written naming was always administered after the 
experimental task with a break of at least a day/eight days from the administration of the experimental task (see 
Figure 2).  
7 For BwA2 and BwA5, an informal language broker training was provided to a family member, who delivered 
the Bilingual Aphasia Test to the participant, (with the researcher present) since the examiner did not speak 
Polish nor Italian. The examiners were proficient in all other assessed languages (Dutch, German, English, 
French).    

Figure 2  

Procedure Bilingual Speakers with Aphasia When Starting the Study in L2
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with aphasia (BwA2, BwA4, BwA5, BwA7) received a modified procedure: Session six was 

split into two sessions for BwA2, BwA4, and BwA7. The picture naming task for Italian was 

spread over three and not two sessions for BwA5 (session 2: Subset 2a and Subset 2b, session 

3: Subset 2c and Subset 1a, session 6: Subset 1c and Subset 1b). 

During the picture naming task, items were presented on a laptop using the software 

DMDX (Forster & Forster, 2003). Instructions for the picture-naming task were given 

verbally by the researcher, and additionally presented on the screen. Bilingual participants 

were provided with instructions on the screen in the target language. All participants were 

asked to name the picture with one single word, as quickly and as accurately as possible in 

the target language. Each subset started with five practice items8 to name. Each trial started 

with a fixation cross in the centre of the screen for 250ms. Target pictures then appeared in 

the centre of the screen and audio recording started upon appearance of the picture. The 

examiner used the keyboard to stop the audio recording and to move to the next picture. 

Pictures were removed from the screen as soon as the participant named the picture or gave a 

sign to proceed to the next picture. The division of an item set into three subsets allowed for a 

break of five to ten minutes between the subsets. Naming of one subset took approximately 

ten to 20 minutes for completion. 

Data Analysis 

 DMDX created a WAV-audio file for every spoken response to each item. These 

audio files were used to transcribe and code all responses as correct or incorrect. Incorrect 

responses were assigned a further error code to describe the error type (see General Appendix 

F and further explanation below). A transcription and error coding guideline was developed. 

All examiners being involved in transcription and error coding received a transcription and 

error coding training, followed by a second training session after the transcription and coding 

of the first item set. Transcription and error coding was realised by either a native or a highly 

proficient speaker of the given language. Upcoming difficulties with the transcription and/or 

error coding were discussed with a second examiner. Unresolved issues with either a 

transcription or error coding were further presented to a third or fourth person until agreement 

was reached.  

 
8 Items were taken from MultiPic and were not included in the item list of the experimental task since they had a 
name agreement of 79% or less. 
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The first complete given attempt within ten seconds after the onset of the item was 

coded as correct or incorrect9. A first complete attempt was defined as followed: A minimal 

consonant-vowel response or vowel-consonant response (schwa was not considered a vowel) 

that was not self-interrupted and had a downward/upward intonation or had level intonation 

but was followed by a noticeable pause (one second). Attempts that were a minimal vowel-

consonant response or consonant-vowel responses (schwa was not considered a vowel) that 

were self-interrupted or directly followed by a further utterance were defined as fragment and 

not coded as an attempt. Participants were allowed dialect and accent patterns, filler words 

(e.g., uhm) and automatism (e.g., oh god) without penalisation. If a determiner was given 

before the target, the determiner was not coded. The following response variations were 

allowed without penalisation: Addition of prepositional phrase (e.g., target can, response can 

of peas), addition of modifier (e.g., target bone, response ), addition of type of X 

whereas X is the target (target banana, response type of banana), negation of the target (e.g., 

target banana, response not a banana). A response with a modifier component that resulted 

in a compound word was coded as acceptable alternative.  

Incorrect responses were assigned with a further error code to define the error type in 

the target or non-target language. (e.g., semantic error in the target language: Target dog, 

response cat; semantic error in the non-target language: Target dog, response Katze [non-

target language [German] word for cat]). The following error types were coded to define 

incorrect responses in the target or non-target language:  

- Phonological error (e.g., target language: Target horse, response lorse; non-target 

language: Target horse, response Pfefd [substitution in the non-target language 

[German] target Pferd). 

- Phonologically unrelated non-word (e.g., target language: Target bed, response 

ucsenchail; non-target language: Target bed, response ülänak [German non-word]). 

- Semantic error (e.g., target language: Target dog, repones cat; non-target language: 

Target dog, response Katze [non-target language [German] word for cat]). 

- Semantically unrelated error (e.g., target language: Target airplane, response kitchen; 

non-target language: Target airplane, response Küche [German equivalent to 

kitchen]). 

 
9 All secondary responses were also transcribed and coded for further analyses. However, the secondary 
response transcription and coding is not part of the current analysis.  
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- Semantically unrelated non-word (e.g., target language: Target chair, response 

eeggarden; non-target language: Target chair, response Eiergarten [German 

equivalent to eeggarden, which is not common in the standard German language]). 

- Semantic-then-phonological error (e.g., target language: Target apple, response 

banuna; non-target language: target apple, response Bänane [phonological error of 

Banane, the German equivalent to banana]). 

- Mixed error (e.g., target language: Target strawberries, response cherries; non-target 

language: target rice, response Fleisch [German word for meat]). 

- Morphological error (e.g., target language: target book, response books; non-target 

language: target book, response Bücher [German equivalent to books]). 

- Unspecified error (e.g., target language: Target fireman, response fire: non-target 

language: Target fireman, response Feuer [German equivalent to fire). 

- Multiword circumlocution (e.g., target language: target spoon, response to eat a 

soup). non-target language: target spoon, response um eine Suppe zu essen [German 

equivalent to to eat a soup]). 

- Single-word circumlocution (e.g., target language: target sandwich, response eating), 

non-target language: target sandwich, response essen [German equivalent to eating]), 

- Visual error (e.g., target language: target bow, response harp). non-target language: 

target bow, response Harfe [German equivalent to harp]). 

- Acceptable alternative (e.g., target language: target sink, response basin) non-target 

language: target fruit, response Obst [German equivalent is Fruechte, Obst is an 

acceptable alternative/synonym]) 

- Use-of-language error (e.g., target language: target dog, response doggy). non-target 

language: target dog, response Huendchen [German equivalent to doggy]). 

- Other error (e.g., target language: target beanie, response starts with a B), non-target 

language: target beanie, response beginnt mit einem B [German equivalent to starts 

with a B), 

For a definition of the error types with further examples for the target and non-target 

language see General Appendix F. Additionally to the existing error types that could appear 

in either the target or non-target language (described above), four further error types were 

added: 

- No response  

- Correct in non-target language (e.g., target chair, response Stuhl [German equivalent 

to chair]).  
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- Language mixing error (e.g., target language: target pear, response pearne [language 

mixing of the target pear and the German equivalent Birne],   

- Back-translation error (e.g., target language: non-target language: (e.g., target medusa 

[French for jellyfish], response poisson de gellée [literal back-translation into French 

of the English translation equivalent jellyfish]. 

For a definition with further examples of these four error types see General Appendix 

F10. For response examples per error type for each bilingual speaker with aphasia see general 

Appendix G.  

. The transcription and coding of all 

responses was followed by accuracy distribution analysis across languages for each 

ypes were analysed across 

target language, non-target language, and language mixing, always in both languages for each 

participant. After that, we analysed the incorrect responses based on developed guide for 

error types (see General Appendix F). Most common reported error types, including 

phonological errors, semantic errors, no responses and correct in non-target language 

responses (e.g., Roberts & Deslauriers, 1999) where furthermore extracted within each 

language and the distribution was compared across languages for each participant. We used 

participant. 

Binomial Logistic Regression Analysis. Logistic regression analyses were carried 

out and preceded by correlational analysis using the analysis software jamovi (The jamovi 

project, n.d.). Analyses were performed for each bilingual participant for each of their 

languages to examine the influence of linguistic factors (frequency, number of phonemes, 

number of syllables, age of acquisition, familiarity, imageability, visual complexity) on 

accuracy of their naming responses. These analyses were carried out to examine how these 

factors influence accuracy in general, and to capture how they vary across the participant 

factors (in our context: language dominance, and age-of-acquisition).  

Multicollinearity. Before conducting the binomial logistic regression analysis, we 

examined the extent of multicollinearity (cut-off: r > .7) (Field, 2013) between the 

 
10 After coding an incorrect response with an error type, the coding guideline allowed for a second error code  
when applicable  to specify the error type (e.g., target bone, response bune, coded as a phonological error with 
a second code specifying the phonological error as phonologically related non-word) or to specify an incorrect 
response holding two error types (e.g., target book, response bools, the response was coded as a morphological 
error with a phonological error [second code]). However, this second error code is not part of the analysis of this 
study. 
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psycholinguistic variables (frequency, number of phonemes, number of syllables, age of 

indicated a high level of multicollinearity between the word length variables, number of 

phonemes and number of syllables for all languages (r > .781). Additionally, familiarity and 

frequency were highly correlated for French (r = .831). We decided to exclude the predictors 

number of syllables and frequency from the analyses to minimize potentially problematic 

levels of multicollinearity11. All remaining intercorrelations between variables were r < (-

).641 or less. In addition, multicollinearity was monitored using the variance inflation factor 

(VIF). Depending on the author, a VIF above 2.5 (Allison, 2012) or 5 (Hutcheson, 1999) can 

be a sign of problematic multicollinearity. Across all analyses, the VIFs of the included 

psycholinguistic variables (number of phonemes, age of acquisition, familiarity, imageability, 

visual complexity) had a value of 2.44 or less. The outcome of the correlation matrixes and 

VIF results are in Appendix B to Appendix I. 

  

 
11 Both phonemes and syllables can be considered measures of word length, and familiarity and frequency are 
measures of frequency (Nickels & Howard, 1995). 
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Results 

 

Data on Accuracy and Error Types of all Bilingual Speakers with Aphasia 

Accuracy: All Bilingual Speakers with Aphasia  

Across Language Accuracy. Table 4 summarises the naming data from all bilingual 

speakers with aphasia. Seven participants (BwA1, BwA2, BwA3, BwA4, BwA512, BwA6, 

BwA8) displayed a significant difference in their naming accuracy across languages. Six of 

these seven participants (BwA1, BwA213, BwA3, BwA4, BwA5, BwA6, BwA8) showed 

significantly higher naming accuracy in their dominant language, regardless of whether the 

dominant language was their first or second language. BwA7 was the only participant (for 

whom statistics were possible) not to show a significant difference in naming accuracy across 

his languages, French and English.  

Factors Affecting L1 Accuracy. Table 5 summarises the results of the binomial 

logistic regression model examining predictors of L1 naming accuracy for all participants. Of 

all the variables entered into the regression model, three variables significantly predicted 

p = .010), imageability (BwA5: p = .029, BwA7: p = .028) and age of acquisition (BwA6: p = 

.021, BwA8: p < .001). Higher accuracy was found for shorter words, for words that were 

acquired early in life, and for words that had a high imageability. 

Factors Affecting L2 Accuracy. Of all the variables entered into the regression 

age of acquisition (BwA1: p = .030, BwA6: p < .001) and imageability (BwA4: p = .016, 

BwA7: p = .044). Higher accuracy was found for shorter words and for words that had a high 

imageability. 

Error types: All Bilingual Speakers with Aphasia  

s incorrect overt responses were classified by error category: Target 

language errors, non-target language errors (all) and language mixing errors. Analysis for the 

non-target language errors resulted in significantly more non-target language naming errors 

in the non-dominant language in five participants (BwA1, BwA3, BwA4, BwA5, BwA6); see 

 
12 BwA5 experienced severe naming difficulties in Italian with naming accuracy of 0% (0/356). To obtain an 
estimated p- -response was 
transferred to correct. 
13 BwA2 showed significantly higher naming accuracy in his first language, Polish. It needs to be mentioned 

(Polish) and L2 (German).  
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Table 4. This was regardless of whether the non-

language or second language. BwA2 showed significantly more non-target language errors in 

(German). BwA7 and BwA8 both displayed no evidence for a difference in the proportions of 

the non-target language errors category versus other error categories across their languages.  

All incorrect responses were further classified by error type. Appendix B to Appendix 

I present all errors specified by error type per participant. Table 4 features the results of the 

most common error types produced by bilingual speakers with aphasia (phonological errors 

in target language, semantic errors in target language, no responses in target language, and 

correct in non-target language responses) across all bilingual participants in this study. The 

-tailed: Error type/all other errors [L1] vs error type/all other 

errors [L2]) of phonological errors, semantic errors, no responses, and correct in non-target 

language responses across languages within each participant, showed significant differences 

across languages in proportions of at least one error type for seven participants (see Table 4 

for p-values, BwA1: Phonological errors and correct in non-target language responses, 

BwA2: Phonological and semantic errors, BwA3: Phonological errors and correct in non-

target language responses, BwA4: Phonological and semantic errors and correct in non-target 

language responses, BwA5: Semantic errors and correct in non-target language responses, 

BwA6: No responses, BwA8: No responses). BwA7 was the only participant showing no 

evidence of a difference in cross-language error rates for all error types. Important to note, 

five participants (BwA1, BwA3, BwA6, BwA7, BwA8) showed no evidence for a difference 

in the distribution of semantic errors across languages. 
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Data on Accuracy and Error Types of Individual Participants: BwA1  

Accuracy: BwA1  

Across Language Accuracy: BwA1. BwA1 showed significantly higher naming 

accuracy for German (58.50%), her dominant L2, than Dutch (40.92%; McNemar's Test 

Exact, two-tailed: p < .001). 

Factors Affecting L1 Accuracy: BwA1. The binomial logistic regression model 

in classification was 61.9% (cut-

picture naming in Dutch, her non-dominant L1. Full details of the analysis can be found in 

Appendix B.  

Factors Affecting L2 Accuracy: BwA1

responses classified correctly. Only Age of acquisition (p = .030, OR = 0.238, 95%-CI[0.065, 

0.867]) significantly predicted L2 accuracy, while the other psycholinguistic variables 

showed no significant effect (see Appendix B).  

Error Types: BwA1 

Table 6 lists the distribution of error rates across target language, non-target language, 

and language mixing for BwA1 in Dutch (L1) and German (L2). BwA1 showed significantly 

more non-target language errors when naming pictures in Dutch (relative to naming in 

- -tailed: p < .001). 

 

Table 6  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA1 in Dutch (L1) and German (L2) 

Errors across error categories Dutch (L1) German (L2) 

 Number of errors (n) 205 144 

Errors: Target language 

Number of errors in target language (n) 116 118 

% of target language errors 56.59 81.94 

Errors: Non-target language  

Number of errors in non-target language (n) 81 18 

% of non-target language errors 39.51 12.50 

Errors: Language mixing 
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Number of language mixing errors (n) 8 8 

% of language mixing errors 3.90 5.56 

Appendix B presents in detail all error types that arose during both Dutch and German 

picture naming. Figure 3 visualises the most common error types produced by bilingual 

participants with aphasia (phonological errors, semantic errors, no responses, correct in non-

target language errors for BwA1. The analysis for the distribution of error types revealed 

differences across languages: BwA1 showed a significantly different error rate for 

phonological errors and correct in non-

Exact Test, two-tailed: Phonological errors, p = .026; correct in non-target language 

responses, p = .006). Semantic errors and no responses were not significantly different across 

-tailed: semantic errors, p = .211; no responses, 

p = .169). 

Figure 3  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for Dutch (L1) and German (L2) for BwA1

Note. -tailed: Phonological errors, p = .026*; semantic errors, p = 

.211; no responses, p = .169; correct in non-target language responses, p = .006*. 
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Data on Accuracy and Error Types of Individual Participants: BwA2  

Accuracy: BwA2 

Across Language Accuracy: BwA2. The participant showed significantly higher 

naming accuracy for Polish (67.54%) than German (39.81%; McNemar's Test Exact, two-

ish) and L2 (German).  

Factors Affecting L1 Accuracy: BwA2. The binomial logistic regression model 

rall percentage of accuracy 

in classification was 71.0% (cut-off < 50%). The predictor word length (number of 

phonemes) (p = .010, OR = 0.855, 95%-CI[0.758, 0.963]) significantly predicted L1 

accuracy, while the other psycholinguistic variables showed no significant effect (see 

Appendix C). 

Factors Affecting L2 Accuracy: BwA2. The model was not statistically significant, 

responses classified correctly. No 

German, his L2. Full details of the analysis can be found in Appendix C.  

Error Types: BwA2 

Table 7 provides the distribution of rates across target language errors, non-target 

language errors, and language mixing errors for Polish (L1) and German (L2). Analyse across 

the error categories described significantly more non-target language errors in Polish 

(relatively to  Exact Test, two-tailed: p = .047). 

 

Table 7  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA2 in Polish (L1) and German (L2) 

Errors across error categories Polish (L1) German (L2) 

Number of errors (n) 137 254 

Errors: Target language 

Number of errors in target language (n) 121 240 

% of target language errors 88.32 94.49 

Errors: Non-target language  

Number of errors in non-target language (n) 16 14 

% of non-target language errors 11.68 5.51 
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Errors: Language mixing 

Number of language mixing errors (n) 0 0 

% of language mixing errors 0 0 

Appendix C lists the various error types that appeared during both Polish and German 

picture naming in BwA2. Figure 4 features the most common error types produced by 

bilingual participants with aphasia (phonological errors, semantic errors, no responses, 

correct in non-target language errors for BwA2. The distribution of phonological errors and 

semantic errors was significantly different

two-tailed: Phonological errors, p = .012; semantic errors, p < .001). On the other hand, no 

responses and correct in non-target language responses were not significantly different across 

languages for BwA2 (Fi -tailed: No responses, p = .101, correct in non-

target language responses, p = .272). 

Figure 4  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for Polish (L1) and German (L2) for BwA2

Note. -tailed: Phonological errors, p = .012*; semantic errors, p < 

.001*; no responses, p = .101; correct in non-target language responses, p = .272. 
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Data on Accuracy and Error Types of Individual Participants: BwA3  

Accuracy: BwA3 

Across Language Accuracy: BwA3. The participant showed significantly higher 

McNemar's Test Exact, two-tailed: p = .041). 

Factors Affecting L1 Accuracy: BwA3. The binomial logistic regression model 

68. The overall percentage of accuracy 

in classification was 63.4% (cut-

picture naming in Dutch, his non-dominant L1. Full details of the analysis can be found in 

Appendix D.  

Factors Affecting L2 Accuracy: BwA3. The model was not statistically significant, 

German, his dominant L2. 

Error Types: BwA3 

Table 8 

non-target language, and language mixing errors for Dutch (L1) and German (L2). The 

participant presented significantly more non-target language errors when naming pictures in 

his non- -

tailed: p < .001). 

 

Table 8  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA3 in Dutch (L1) and German (L2) 

Errors across error categories Dutch (L1) German (L2) 

Number of errors (n) 161 138 

Errors: Target language   

Number of errors in target language (n) 120 126 

% of target language errors 74.53 91.30 

Errors: Non-target language  

Number of errors in non-target language (n) 31 4 

% of non-target language errors 19.25 2.90 

Errors: Language mixing 
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Number of language mixing errors (n) 10 8 

% of language mixing errors 6.21 5.80 

Appendix D highlights all error types that occurred in both Dutch and German picture 

naming. Figures 5 shows the most common error types that are produced by bilingual 

individuals with aphasia (including phonological errors, semantic errors, no responses as well 

as correct in non-target language errors for BwA3. The analysis revealed a significant 

difference for the rate of phonological errors and correct in non-target language responses 

-tailed: Phonological errors, p < .001; correct in 

non-target language responses, p < .001). In contrast, the rate of semantic errors and no 

responses were not significantly different ac

two-tailed: Semantic errors, p = 1, no responses, p = .313). 

Figure 5  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for Dutch (L1) and German (L2) for BwA3

Note. -tailed: Phonological errors, p < .001*; semantic errors, p = 1; 

no responses, p = .313; correct in non-target language responses, p < .001*. 
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Data on Accuracy and Error Types of Individual Participants: BwA4 

Accuracy: BwA4 

Across Language Accuracy: BwA4. The participant showed significantly higher 

naming accuracy for English (80.06%), her dominant L1, than German (58.91%; McNemar's 

Test Exact, two-tailed: p < .001). 

Factors Affecting L1 Accuracy: BwA4. The binomial logistic regression model 

 overall percentage of accuracy 

in classification was 86.7% (cut-

picture naming in English, her dominant L1. Full details of the analysis can be found in 

Appendix E.  

Factors Affecting L2 Accuracy: BwA4. The model was not statistically significant, 

responses classified correctly. Only imageability (p = .016, OR = 14.128, 95%-CI[1.625, 

122.829]) significantly predicted L2 accuracy, while the other psycholinguistic variables 

showed no significant effect (see Appendix E).  

Error Types: BwA4 

Table 9 details the distribution of error rates across the target language, the non-target 

language, and language mixing errors for BwA4 in English (L1) and German (L2). BwA4 

showed significantly more non-target language errors when naming pictures in German 

-

two-tailed: p = .003). 

 

Table 9  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA4 in English (L1) and German (L2) 

Errors across error categories English (L1) German (L2) 

Number of errors (n) 66 136 

Errors: Target language  

Number of errors in target language (n) 63 104 

% of target language errors 95.45 76.47 

Errors: Non-target language  

Number of errors in non-target language (n) 3 30 

% of non-target language errors 4.55 22.06 
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Errors: Language mixing 

Number of language mixing errors (n) 0 2 

% of language mixing errors 0 1.47 

Appendix E presents in detail all error types that arose during both English and 

German picture naming. Figure 6 visualises the most common error types produced by 

bilingual participants with aphasia (phonological errors, semantic errors, no responses, 

correct in non-target language errors) for BwA4. The analysis for the distribution of error 

types devoted differences across languages: BwA4 showed a significant different rate for 

phonological errors, semantic errors and correct in non-

Exact Test, two-tailed: Phonological errors, p = .018; semantic errors, p = .008; correct in 

non-target language responses, p = .018). The rate of no responses was not significantly 

-tailed: No responses, p = 

.212). 

Figure 6  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for English (L1) and German (L2) for BwA4

Note. -tailed: Phonological errors, p = .018*; semantic errors, p = 

.008*; no responses, p = .212; correct in non-target language responses, p = .018*. 
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Data on Accuracy and Error Types of Individual Participants: BwA5 

Accuracy: BwA5 

Across Language Accuracy: BwA5. BwA5 showed significantly higher naming 

accuracy for English (20.22%), his dominant L1, than Italian (L1) (0%; McNemar's Test 

Exact, two-tailed: p < .00114). 

Factors Affecting L1 (English) Accuracy: BwA5. The binomial logistic regression 

model examining predic

percentage of accuracy in classification was 72.3% (cut-off < 50%). The predictor 

imageability (p = .029, OR = 7.024, 95%-CI[1.218, 40.52]) significantly predicted English 

(L1) picture naming accuracy, while the other psycholinguistic variables showed no 

significant effect (see Appendix F). 

Factors Affecting L1 (Italian) Accuracy: BwA5. BwA5 experienced severe naming 

difficulties in Italian with naming accuracy of 0% (0/356). Therefore, a logistic regression 

-dominant L1. 

Error Types: BwA5 

Table 10 provides the distribution of error rates across target language, non-target 

language, and language mixing for English (L1) and Italian (L1). Analysis across the error 

categories described significantly more non-target language errors in Italian (relatively to 

- ct Test, two-tailed: p < .001). 

 

Table 10  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA5 in English (L1) and Italian (L1) 

Errors across error categories English (L1) Italian (L1) 

Number of errors (n) 284 356 

Errors: Target language  

Number of errors in target language (n) 284 170 

% of target language errors 100 47.75 

Errors: Non-target language  

Number of errors in non-target language (n) 0 186 

 
14 BwA5 experienced severe naming difficulties in Italian with naming accuracy of 0% (0/356). To obtain an 
estimated p- -response was 
transferred to correct. 
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% of non-target language errors 0 52.25 

Errors: Language mixing 

Number of language mixing errors (n) 0 0 

% of language mixing errors 0 0 

Appendix F specifies the various error types that appeared during both English and 

Italian picture naming in BwA5. Figure 7 presents the most common error types produced by 

bilingual participants with aphasia (phonological errors, semantic errors, no responses, 

correct in non-target language errors) for BwA5. The distribution of error types was 

significantly different across languages for semantic errors and correct in non-target language 

-tailed: Semantic errors, p < .001, correct in non-target 

language responses, p < .001). On the other hand, the rate of phonological errors and no 

two-tailed: Phonological errors, p = .130; no responses, p = .407). 

Figure 7  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for English (L1) and Italian (L1) for BwA5

Note. -tailed: Phonological errors, p = .130; semantic errors, p < 

.001*; no responses, p = .407; correct in non-target language responses, p < .001*. 
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Data on Accuracy and Error Types of Individual Participants: BwA6 

Accuracy: BwA6 

Across Language Accuracy: BwA6. BwA6 showed significantly higher naming 

accuracy for English (86.03%), her dominant L1, than French (51.78%; McNemar's Test 

Exact, two-tailed: p < .001). 

Factors Affecting L1 Accuracy: BwA6. The binomial logistic regression model 

in classification was 90.8% (cut-off < 50%). Only age of acquisition (p = .021, OR = 0.363, 

95%-CI[0.154, 0.856]) significantly predicted L1 accuracy, while the other psycholinguistic 

variables showed no significant effect (see Appendix G). 

Factors Affecting L2 Accuracy: BwA6. The model was statistically 

responses classified correctly. Only age of acquisition (p < .001, OR = 0.173, 95%-

-dominant language, 

while the other psycholinguistic variables showed no significant effect (see Appendix G).  

Error Types: BwA6 

Table 11 -

target language, and language mixing errors for English (L1) and French (L2). The 

participant presented significantly more non-target language errors when naming pictures in 

her non- -tailed: p = 

.008).  

 

Table 11  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA6 in English (L1) and French (L2) 

Errors across error categories English (L1) French (L2) 

Number of errors (n) 51 176 

Errors: Target language  

Number of errors in target language (n) 47 128 

% of target language errors 92.16 72.73 

Errors: Non-target language  

Number of errors in non-target language (n) 4 47 

% of non-target language errors 7.84 26.70 
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Errors: Language mixing 

Number of language mixing errors (n) 0 1 

% of language mixing errors 0 0.57 

Appendix G highlights all error types that occurred in both English and French picture 

naming in BwA6. Figures 8 provides the most common error types produced by bilingual 

individuals with aphasia, (including phonological errors, semantic errors, no responses as 

well as correct in non-target language errors) for BwA6. The analysis revealed a significant 

difference for the rate of no response -tailed: No 

responses, p = .052). In contrast, the rate of phonological errors, semantic errors and correct 

in non-target language responses was not significantly different across languages for BwA6 

ct Test, two-tailed: Phonological errors, p = .161; semantic errors, p = .727; 

correct in non-target language responses, p = .086). 

Figure 8  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for English (L1) and French (L2) for BwA6

Note. -tailed: Phonological errors, p = .161; semantic errors, p = 

.727; no responses, p = .052*; correct in non-target language responses, p = .086. 
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Data on Accuracy and Error Types of Individual Participants: BwA7 

Accuracy: BwA7 

Across Language Accuracy: BwA7. BwA7 was the only participant not to show a 

significant difference in naming accuracy across his languages, L1 French (69.59%) and L2 

English (71.78%; McNemar's Test Exact, two-tailed: p = .409). 

Factors Affecting L1 Accuracy: BwA7. The binomial logistic regression model 

in classification was 82.4% (cut-off < 50%). Imageability (p = .028, OR = 3.5848, 95%-

CI[1.145, 11.23]) significantly predicted L1 accuracy, while the other psycholinguistic 

variables showed no significant effect (see Appendix H). 

Factors Affecting L2 Accuracy: BwA7. The model was not statistically significant, 

responses classified correctly. Imageability (p = .044, OR = 3.66477, 95%-CI[1.036, 12.96]) 

significantly predicted L2 accuracy, while the other psycholinguistic variables showed no 

significant effect (see Appendix H).  

Error Types: BwA7 

Table 12 lists the distribution of error rates across the target language, the non-target 

language, and language mixing errors for BwA7 in French (L1) and English (L2). The rate of 

non-

-tailed: p = .396). 

 

Table 12  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA7 in French (L1) and English (L2) 

Errors across error categories French (L1) English (L2) 

Number of errors (n) 111 103 

Errors: Target language  

Number of errors in target language (n) 102 98 

% of target language errors 91.89 95.15 

Errors: Non-target language  

Number of errors in non-target language (n) 7 3 

% of non-target language errors 6.31 2.91 

Errors: Language mixing 
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Number of language mixing errors (n) 2 2 

% of language mixing errors 1.80 1.94 

 

Appendix H presents all error types that arose during both French and English picture 

naming in detail. Figure 9 visualises the most common error types produced by bilingual 

participants with aphasia (phonological errors, semantic errors, no responses, correct in non-

target language errors) for BwA7. The rate of all error types was not significantly different 

Test, two-tailed: Phonological errors, p = 1; 

semantic errors, p = 1; no responses, p = .305; correct in non-target language responses, p = 

1). 

 

Figure 9  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for French (L1) and English (L2) for BwA7 

 

Note. -tailed: Phonological errors, p = 1; semantic errors, p = 1; no 

responses, p = .305; correct in non-target language responses, p = 1. 
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Data on Accuracy and Error Types of Individual Participants: BwA8  

Accuracy: BwA8 

Across Language Accuracy: BwA8. Significantly higher naming accuracy was 

McNemar's Test Exact, two-tailed: p < .001). 

Factors Affecting L1 Accuracy: BwA8. The binomial logistic regression model 

in classification was 74.6% (cut-off < 50%). The predictor age of acquisition (p < .001, OR = 

0.122, 95%-CI[0.0414, 0.361]) significantly predicted L1 accuracy, while the other 

psycholinguistic variables showed no significant effect (see Appendix I).  

Factors Affecting L2 Accuracy: BwA8. 

English, her dominant L2. Full details of the analysis can be found in Appendix I.  

Error Types: BwA8 

Table 13 

languages across the different error categories: Target language, non-target language, and 

language mixing. The distribution of non-target language errors was not significantly 

-tailed: p = .133). 

 

Table 13  

Distribution of Errors Across Error Categories (Target Language Errors, Non-Target 

Language Errors, and Language Mixing Errors) for BwA8 in French (L1) and English (L2) 

Errors across error categories French (L1) English (L2) 

Number of errors (n) 125 72 

Errors: Target language  

Number of errors in target language (n) 109 70 

% of target language errors 87.20 97.22 

Errors: Non-target language  

Number of errors in non-target language (n) 12 2 

% of non-target language errors 9.60 2.78 

Errors: Language mixing 

Number of language mixing errors (n) 4 0 
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% of language mixing errors 3.2 0 

Appendix I lists details about the various error types that emerged in the picture 

naming process in both French (L1) and English (L2). Figure 10 features the most produced 

error types by bilingual participants with aphasia (phonological errors, semantic errors, no 

responses, correct in non-target language errors encountered) for BwA8. The distribution 

analysis of these error types identified a significantly different error rate for no responses 

-tailed: No responses, p = .002). In 

contrast, the rates for phonological errors, semantic errors, and correct in non-target language 

responses were not significantly differen

two-tailed: Phonological errors, p = .748, semantic errors, p = .119; correct in non-target 

language responses, p = .329). 

Figure 10  

Distribution of Error Types (Phonological Errors, Semantic Errors, No Responses, Correct 

in Non-Target Language Responses) for French (L1) and English (L2) for BwA8

Note. -tailed: Phonological errors, p = .748; semantic errors, p = 

.119; no responses, p = .002*; correct in non-target language responses, p = .329. 
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Discussion 

 

This study investigated spoken picture naming in eight bilingual speakers with 

aphasia, examining accuracy and error patterns, and error types within and across languages 

for each participant.  

Language dominance emerged as a key factor for accuracy patterns, error patterns, 

and error types. Across six participants, higher accuracy was found in the dominant language, 

regardless of whether the dominant language was the L1 or L2. Moreover, within error 

pattern and error type analyses, language dominance emerged as an important factor, 

alongside further aspects that are assumed to be associated with a bilingual language profile, 

such as non-selective activation and related inhibition processes. These findings illustrate the 

significance of considering specific aspects associated with bilingualism when investigating 

word processing in bilingual speakers with aphasia.  

Furthermore, analysis revealed a different distribution of error types across languages 

for seven participants which was for example indicated by different most common error types 

occurring across the available languages; supporting research highlighting the importance of 

developing a comprehensive understanding of the language impairment and related 

symptoms in each single case. The findings on sematic errors across the participants showed 

similar semantic error distributions across languages, which might suggest that semantic 

representations are the same/similar within a bilingual language system. 

 

Language Dominance as a Driver for Accuracy Patterns and the Influence of Linguistic 

Variables  

Language Dominance  

While seven participants (BwA1, BwA215, BwA3, BwA4, BwA5, BwA6, BwA8) 

showed significantly higher accuracy for their dominant language, one participant posed an 

exception to this 'rule': BwA7 did not show a significant difference in naming accuracy 

across his languages, French and English. These results highlight the influence of language 

dominance in determining accuracy within a bilingual speaker. The results suggest that 

language dominance holds a greater influence on accuracy than language age of acquisition 

since the influence of language dominance across participants was regardless of whether it 

was the participants L1 or L2. The different accuracy patterns presented by the one 

 
15 Note: The dominance   
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participant in our study can be attributed to the individual functional impairment and 

bilingual language profile. BwA7 exhibited a balanced level of accuracy across his 

- cted 

BwA7 as a nearly balanced bilingual speaker, with only a slightly stronger performance for 

English. This was further supported by the background assessment performance, revealing a 

similar language impairment across the available languages. Thus, BwA7 differs from the 

other participants by being a nearly balanced bilingual speaker (whereas all other participants 

had a cleared dominant/non-dominant language), which resulted in the same accuracy pattern 

across languages. 

These findings align with previous research indicating the importance of the bilingual 

language profile on the language performance of bilingual speakers with aphasia (e.g., Kiran 

& Lebel, 2004; Kiran et al., 2014). Goral (2017) has shown, that accuracy differences may 

depend on various factors, including pre- and post-onset proficiency and language use.  

More specifically, previous research highlighted the significance of language dominance as a 

more reliable factor for lexical access in bilingual speakers with a language disorder 

compared to the variable age of acquisition of each available language within a speaker (e.g., 

Kiran & Tuchtenhagen, 2005; Kotz & Elston-Güttler, 2004; Khachatryan et al., 2016; 

Cargnelutti et al., 2019). 

Linguistic Factors  

The effect of lexical variables on accuracy within languages was also examined. 

Three variables (word length [BwA2], item age of acquisition [BwA1, BwA6, BwA8], 

imageability [BwA4, BwA5, BwA7]) had a faciliatory effect on accuracy, in the direction as 

predicted from previous monolingual findings. In particular, higher accuracy was found for 

shorter words, for words that were acquired early in life, and for words that had a high 

imageability. Visual complexity and familiarity had no significant influence on picture 

naming accuracy.  

Visual complexity quantifies the amount of descriptive detail included in a picture and 

determines the ease or difficulty at the stage of object recognition during word retrieval (the 

simpler the object, the faster and easier the recognition). Our findings might suggest that 

images obtained from MultiPic (Duñabeitia et al., 2018) were well depicted and not 

influencing picture naming (important to note, MultiPic provided visual complexity values 

for each item in each language). Familiarity was the second linguistic variable that did not 

exert any influence on accuracy among the bilingual participants (familiarity values were 

collected for each item in each language). This aligns with the assumption that familiarity has 
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less of an influence on accuracy in bilingual speakers with aphasia in comparison to 

monolingual speakers. The degree of familiarity that is associated with the concept of the 

presented item is accurate for monolingual speakers but less for bilinguals because bilinguals 

experience more differences in how frequently a linguistic label (related to e.g., an object) is 

seen, heard, or used in everyday life based on their bilingual status.  

The lexical variable word length (number of phonemes) was found to have a 

significant influence solely in BwA2 in Polish. The explanation for significantly higher 

accuracy in shorter words might lie in the characteristics of the Polish language itself. Polish 

is considered a phonologically complex language as it includes complex phonotactics, which 

means that there are specific rules for combining sounds in words; the phonotactics of Polish 

allows complex combinations of consonants in syllable beginnings and endings (e.g., 

skrzypce [scissors]). Hence, BwA2 complex phonotactics inherent to Polish may be 

specifically affected in his aphasia, thereby leading to the observed effects of higher accuracy 

in less complex words. Three participants (language combinations: English-German, English-

Italian, French-English) showed an imageability effect: Highly imageable items enhanced 

their naming accuracy. Further, the linguistic variable item age of acquisition demonstrated a 

facilitatory effect in three participants. Item age of acquisition is a linguistic variable that 

refers to the language-specific average age at which a word was acquired (earlier acquired 

words are produced more accurately, e.g., Nickels & Howard, 1995). However, age of 

acquisition does not exhibit the same effect on accuracy in bilingual speakers as for 

monolingual speakers, since usually early acquired words might have been learned late in life 

in a late bilingual speaker.  

To summarise, when linguistic variables had an influence on accuracy in bilinguals 

with aphasia, the direction of the influence was observed as predicted from research in 

monolinguals: Higher accuracy was found for shorter words, for words that were acquired 

early in life, and for words that had a high imageability. The absence of the influence of 

visual complexity and familiarity, might be related to the testing material and to the bilingual 

language profile for familiarity, since bilingual speakers experience more differences in how 

frequently an object is seen, heard, or used in everyday life.  

 

Distribution of Error Types  

Among participants included in this study, seven participants (BwA1, BwA2, BwA3, 

BwA4, BwA5, BwA6, BwA8) showed a different error pattern of error types across 

languages and only one participant (BwA7) displayed a consistent error pattern of error types 
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(no responses > semantic errors > correct in non-target language responses > phonological 

errors) across languages (equally distributed). These findings highlight the importance of 

developing a comprehensive understanding of the language impairment and related 

symptoms in each language (Grosjean, 1989; Khachatryan et al., 2016), as bilingual speakers' 

language performance may vary across languages (Khachatryan et al., 2016). 

The bilingual language profile (and language impairment) of BwA7 can explain his 

pattern of equally distributed error types across both languages. As previously mentioned, 

BwA7 presented with a mild and similar level of impairment across languages and was a 

nearly balanced bilingual speaker within his daily life. Given this, it is reasonable to assume 

that balanced bilingual speakers (with mild and similar language impairment across 

languages) might exhibit consistent error patterns across their available languages.   

Returning to the seven participants (BwA1, BwA2, BwA3, BwA4, BwA5, BwA6, 

BwA8) with a different distribution of error types across available languages. This can be 

observed by the most common error type within each language. Five (BwA1, BwA3, BwA4, 

BwA6, BwA8) out of the seven participants exhibited a different most common error type 

across their available languages, supporting the assertion of Khachatryan et al. (2016) that 

bilingual speakers' language performance may vary across languages. The two participants 

with a shared most common error type across their languages were BwA2 and BwA5. BwA2 

experienced semantic errors as the most common error types across both of his languages, 

which indicates a distinct semantic impairment, which will be discussed in this section further 

below. In BwA5, no responses emerged as the most common error type across both of his 

languages English and Italian. BwA5 experienced a more severe language impairment than 

the other participants, explaining the no responses as the most common error type. Moreover, 

the different distribution of errors across available languages is evident in terms of 

phonological errors; no clear and consistent pattern occurs across participants. While some 

participants (BwA1, BwA2, BwA3, BwA4) displayed significantly more phonological errors 

in their L2, the other four participants experienced no difference in phonological errors across 

their available languages.  

Although seven participants showed a different error pattern across their languages, it 

is important to note that five participants (BwA1, BwA3, BwA6, BwA7, BwA8) showed the 

same distribution of semantic errors across languages. When comparing semantic errors 

across languages among the individual participants, there is often a consistent occurrence of 

semantic errors in the same items across languages. This pattern, the same distribution of 

semantic errors across languages and the occurrence of semantic errors in the same items, 
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may hint to the assumption that bilingual people with aphasia have (partly) shared semantic 

representations across languages. This would be in accordance with previous research that 

suggests the existence of shared semantic representations in the bilingual language system of 

bilingual speakers with aphasia (Siyambalapitiya et al., 2013; Kiran and Lebel, 2007; see an 

overview for research on shares semantic representations in bilingual healthy speakers in 

Francis, 2005).  

BwA2, BwA4, and BwA5 were the three participants showing different error patterns 

for semantic errors across languages, which will be discussed per participant below. BwA2 

showed significantly more semantic errors in Polish. A closer examination of the participants 

naming performance in the other language German might provide an explanation for this 

presented pattern. Interestingly, the majority of responses were also incorrect when BwA2 

named the equivalent items in German (the items that had elicited semantic errors in Polish). 

Moreover, the errors assigned to equivalent items were often 

participant produced, for example, semantic errors including phonological errors, single-word 

circumlocutions, or multiword circumlocutions. Consequently, it is plausible to consider that 

BwA2 exhibited a similar pattern of semantic errors across languages, however, in the case of 

resulting in a statistically different error pattern for semantic errors across languages. This 

assumption gets also supported by the result that semantic errors in this participant are the 

most common errors across his available languages.  

BwA4 showed significantly more semantic errors in English, her dominant L1. This is 

surprising and might be explained 

language, German. Some of the items (that were named with a semantic error in English) 

were named with an error in the non-target language, which indicates lexical access 

difficulties, that might be based on semantic difficulties. 

For BwA5, the underlying functional impairment offers an explanation for the 

different patterns of semantic errors. BwA5 presented with a severe naming impairment in 

Italian with a naming accuracy of 0%. Given the severe impairment in his language Italian, it 

is not feasible to draw conclusions or make assumptions about shared or unshared semantic 

representations in his bilingual language network. 
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Language Dominance, Non-Selective Activation, and Inhibition Processes as Drivers for 

Error Patterns and Error Types  

Error Pattern Across Error Categories: Non-Target Language Errors 

The important role of language dominance in word processing was also supported by 

the occurrence of non-target language errors (e.g., semantic errors and phonological errors in 

the non-target language; examples: Target desk, response Stuhl [German word for chair], 

target desk, response Pisch [German word for desk (Tisch) with a phonological error]). Five 

participants (BwA1, BwA3, BwA4, BwA5, BwA6) revealed significantly more non-target 

language errors in the non-dominant language regardless of whether the non-dominant 

language was L1 or L2, while two participants (BwA7 and BwA8) showed an equal 

distribution of non-target language errors across their languages. BwA2 showed significantly 

more non-target language errors in his L1 Polish, while it is important to mention, that the 

 

These findings provide evidence for the impact of language dominance not only on 

accuracy but also on error patterns. Moreover, the results support previous findings 

demonstrating that interference between the available languages predominantly originate 

from the dominant language and thereby influences the non-dominant language (e.g., 

Cargnelutti et al., 2019). This interference is consistent with reported non-selective activation 

in the bilingual language network, which refers to the parallel activation of both 

languages/both lexical forms during word processing; a phenomenon that has also been 

reported for healthy bilingual individuals (e.g., Moon & Jiang, 2011) and bilingual speakers 

with aphasia (e.g., Gray & Kiran, 2013). Non-selective activation is accompanied by 

consistent inhibition processes, as proposed by Green (1986, 1998), to suppress the non-

target language (see Figure 11, inhibition processes occur via the language task schemas 

according to the Inhibitory Control Model of Green [1986, 1998]). However, in the context of 

a stroke, inhibition processes might be (partly) impaired, leading to non-target language 

responses. Furthermore, research proposes greater inhibition processes for the dominant 

language compared to the non-dominant language (Green, 1986; 1998), which provides an 

explanation for the error pattern of this study: The occurrence of significantly more non-

target language errors in the non-dominant language in five participants, attributed to 

impaired inhibition processes that specifically manifest in the dominant/strong language, 

given its higher demand for inhibition. It is important to note, that words produced in the non-

target language can be correct or incorrect since lexical retrieval is impaired in both, the 

dominant and non-dominant language.  



77 

As previously mentioned BwA7 and BwA8 presented a different pattern compared to 

the other six participants: An equal distribution of non-target language errors across their 

languages. This different pattern can be attributed to their individual functional impairment 

and bilingual language profile. Both participants displayed a mild and similar level of 

language impairment across their languages, evidenced by the overall background 

assessments score and the spoken naming results. Moreover, as mentioned earlier, BwA7 was 

identified as a nearly balanced bilingual speaker. Consequently, we infer from our findings 

that when the level of language impairment (and the language use and exposure) is similar 

across languages, there tends to be less interference between the available languages, 

resulting in a relatively equal distribution of non-target language errors across languages in 

bilingual speakers with aphasia. 

BwA2 exhibited more non-target language errors in his L1 Polish compared to his L2 

German. This pattern of more non-

attributed to the bilingual language profile of BwA2: Generally, the percentage of language 

use in German is slightly higher than the language use in Polish. Additionally, 

Furthermore, it is important to note that although the participation in the research project 

takes place in both of the p

language is German. These aspects may account for the pattern of more non-target language 

errors in Polish, as German tends to be the prominent language in the context of his stroke 

and his participation in the research project. 

Conceptual  
Level 

Lexical 
Level  
(Lemma) 

Phoneme 
Level 

Figure 11  

-German Bilingual Speaker in the Inhibitory Control 

Model (Green, 1986, 1998), Adapted from Schwieter & Ferreiera (2013)
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Error Type: Correct in Non-Target Language Responses 

The importance of language dominance in word processing and word production 

within bilingual speakers with aphasia is also reflected by the following: Four participants 

(BwA1, BwA3, BwA4, BwA5) showed significantly more correct non-target language 

responses (e.g., target cat, response Katze [German for cat]) in their non-dominant language. 

The other four participants showed the same, but non-significant pattern: A higher percentage 

of correct non-target language responses in their non-dominant language16. 

This specific error type is commonly observed in picture naming in bilingual people 

with aphasia (Roberts & Deslauriers, 1999). It is often described as a strategy (a) to 

compensate for lexical access difficulties that individual speakers experience in one language 

but not in the other, (b) when a bilingual speaker does not know/has never known the specific 

word in the target language, however, the knowledge of the word is available in the non-

target language, (c) that bilingual speakers with aphasia use to cue themselves by providing 

the word in the non-target language and in the next step translating it (e.g., Cargnelutti et al., 

2019, Neumann et al., 2017).  

The observation of this error type/strategy occurring significantly more often in the 

non-dominant language aligns with the understanding that the non-dominant is often 

-

target language translation equivalents are more often observed in the non-dominant 

-target language -

category it also serves as evidence for non-selective activation of lexical forms (parallel 

activation of the target and non-target lexical form) (e.g., Gray & Kiran, 2013; Moon & 

Jiang, 2011;) and related impaired inhibition processes (e.g., Green, 1986, 1998) in bilingual 

speakers with aphasia (see further explanation above). This error - considered in the model of 

Green (1986, 1998) - occurring more often in the non-dominant language, can therefore be 

attributed to impaired inhibition processes, which are influenced by the fact that the dominant 

language necessitates a greater extent of inhibition (Green, 1986, 1998).  

 

  

 
16 Note: BwA2 showed more correct in non-target language error in his L1 Polish compared to his L2 German. 
However, German tends to be his prominent language in the context of his stroke and his participation in the 
research project. Therefore, the statement above remains true for BwA2. 
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Conclusion 

The current study has provided insights into the complexity of a bilingual language 

system. Word processing in a bilingual speaker with aphasia is influenced by the bilingual 

language profile, specifically language dominance. Language dominance was found to have 

an impact on accuracy patterns as well as error patterns and error types for most participants. 

Furthermore, the analysis of error patterns and error types provide evidence to support the 

processing principles of non-selective activation of available languages and related inhibition 

processes that control the target language output in bilingual speakers affecting word 

production.  

Moreover, this project has shown that error types are differently distributed across 

the importance of developing a comprehensive understanding of the language impairment 

and related symptoms in each language (Grosjean, 1989; Khachatryan et al., 2016), as 

bilingual speakers' language performance may vary across languages (Khachatryan et al., 

2016). Furthermore, the findings on semantic errors across languages might suggest that 

semantic representations are the same/similar or overlapping within a bilingual language 

system. 

 The present study supports the notion, that bilingual speakers are not the sum of two 

monolingual speakers in one person (Grosjean, 1989), due to an interplay between available 

languages that does not exist in a monolingual language system. However, it must be 

acknowledged that existing diagnostic and treatment methods in speech pathology are mostly 

based on monolingual research. Theses diagnostic and treatment methods are therefore not 

constructed for an adequate clinical service for bilingual speakers with aphasia, since 

important aspects like the influence of the bilingual language profile are not considered in 

these materials. However, as shown by this study it is important to, for example, consider the 

dominant language to deliver appropriate and effective clinical services.  
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Appendices 

 

Appendix A 

Item List of all Included Language Combinations 

 

Due to size of Appendix A (87 pages) item lists for all included language 

combinations of all bilingual speakers with aphasia are to find on the Open Science 

Framework Platform under the following link: https://osf.io/23zpc/



90
 

A
p

p
en

d
ix

 B
  

R
es

ul
ts

 o
f 

B
w

A
1 

 C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

1 
in

 D
ut

ch
 (

L
1)

 

 T
a

b
le

 B
1
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
1 

D
ut

ch
 (

L
1)

 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
51

8 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
54

 
-0

.4
66

 
 

 
 

Im
ag

ea
bi

li
ty

 
-0

.0
91

 
-0

.2
18

 
0.

16
4 

 
 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
3 

0.
06

0 
-0

.3
55

 
-0

.1
15

 
 

 T
a

b
le

 B
2
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
1 

D
ut

ch
 (

L
1)

 
 M

od
el

 F
it

 M
ea

su
re

s,
 P

re
di

ct
iv

e 
M

ea
su

re
s 

 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
17

8 
19

0 
20

7 
0.

05
75

 
0.

07
67

 
7.

94
 

5 
0.

16
0 

 
0.

61
9 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



91
 

T
a

b
le

 B
3
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
1 

D
ut

ch
 (

L
1)

 
 M

od
el

 C
oe

ff
ic

ie
nt

s,
 C

ol
li

ne
ar

it
y 

St
at

is
ti

cs
, O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
ad

io
 T

es
ts

   

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
1.

62
24

 
3.

14
2 

0.
51

6 
0.

60
6 

5.
06

5 
0.

01
07

 
23

93
.9

5 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

-0
.0

51
6 

0.
12

9 
-0

.4
01

 
0.

68
8 

0.
95

0 
0.

73
80

 
1.

22
 

 
1.

34
 

0.
74

7 
 

0.
16

18
 

1 
0.

68
8 

A
ge

 o
f 

ac
qu

is
it

io
n 

-0
.3

66
6 

0.
19

4 
-1

.8
92

 
0.

05
9 

0.
69

3 
0.

47
40

 
1.

01
 

 
1.

64
 

0.
61

0 
 

3.
72

49
 

1 
0.

05
4 

F
am

il
ia

ri
ty

  
-0

.0
97

2 
0.

28
7 

-0
.3

38
 

0.
73

5 
0.

90
7 

0.
51

68
 

1.
59

 
 

1.
45

 
0.

68
8 

 
0.

11
46

 
1 

0.
73

5 

Im
ag

ea
bi

li
ty

 
0.

18
92

 
0.

36
1 

0.
52

5 
0.

60
0 

1.
20

8 
0.

59
60

 
2.

45
 

 
1.

05
 

0.
95

3 
 

0.
27

67
 

1 
0.

59
9 

V
is

ua
l c

om
pl

ex
it

y 
-0

.0
68

5 
0.

28
9 

-0
.2

37
 

0.
81

3 
0.

93
4 

0.
52

95
 

1.
65

 
 

1.
17

 
0.

85
6 

 
0.

05
61

 
1 

0.
81

3 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

        



92
 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

1 
in

 G
er

m
an

 (
L

2)
 

 T
a

b
le

 B
4
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
1 

G
er

m
an

 (
L

2)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
49

4 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
01

 
-0

.3
34

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

11
0 

-0
.2

73
 

0.
18

5 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
8 

0.
06

9 
-0

.3
74

 
0.

03
3 

 

 T
a

b
le

 B
5
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
1 

G
er

m
an

 (
L

2)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
57

.1
 

69
.1

 
81

.7
 

0.
22

0 
0.

31
7 

15
.1

 
5 

0.
01

0 
 

0.
80

3 

^T
he

 c
ut

-o
ff

 v
al

ue
 is

 s
et

 to
 0

.5
. 

   



93
 

T
a

b
le

 B
6
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
1 

G
er

m
an

 (
L

2)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
   

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
5.

88
84

 
7.

28
3 

0.
80

85
 

0.
41

9 
36

0.
82

8 
2.

28
e-

4 
5.

71
e+

8 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

-0
.0

74
3 

0.
27

4 
-0

.2
71

1 
0.

78
6 

0.
92

8 
0.

54
26

 
1.

58
9 

 
1.

55
 

0.
64

5 
 

0.
07

33
5 

1 
0.

78
7 

A
ge

 o
f 

ac
qu

is
it

io
n 

-1
.4

36
8 

0.
66

0 
-2

.1
75

7 
0.

03
0 

0.
23

8 
0.

06
51

 
0.

86
7 

 
1.

47
 

0.
67

9 
 

6.
01

46
1 

1 
0.

01
4 

F
am

il
ia

ri
ty

  
0.

25
35

 
0.

58
0 

0.
43

74
 

0.
66

2 
1.

28
8 

0.
41

38
 

4.
01

2 
 

1.
23

 
0.

81
2 

 
0.

19
19

0 
1 

0.
66

1 

Im
ag

ea
bi

li
ty

 
0.

08
59

 
0.

97
4 

0.
08

82
 

0.
93

0 
1.

09
0 

0.
16

15
 

7.
35

4 
 

1.
33

 
0.

75
4 

 
0.

00
77

6 
1 

0.
93

0 

V
is

ua
l c

om
pl

ex
it

y 
-0

.9
04

6 
0.

67
0 

-1
.3

50
7 

0.
17

7 
0.

40
5 

0.
10

89
 

1.
50

4 
 

1.
28

 
0.

78
2 

 
1.

93
18

9 
1 

0.
16

5 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

. 

 
 



94
 

E
rr

or
 R

at
es

 p
er

 E
rr

or
 T

yp
e 

in
 D

ut
ch

 (
L

1)
 a

nd
 G

er
m

an
 (

L
2)

 f
or

 B
w

A
1 

 T
a

b
le

 B
7
 

D
is

tr
ib

ut
io

n 
of

 E
rr

or
s 

pe
r 

E
rr

or
 T

yp
e 

in
 D

ut
ch

 (
L

1)
 a

nd
 G

er
m

an
 (

L
2)

 f
or

 B
w

A
1 

   

E
rr

or
 ty

pe
 

 
D

ut
ch

 (
L

1)
 

 
G

er
m

an
 (

L
2)

 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
6 

2.
93

 
 

6 
2.

93
 

 
13

 
9.

03
 

 
0 

0 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
2 

0.
98

 
 

0 
0 

 
1 

0.
69

 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

36
 

17
.5

6 
 

17
 

8.
30

 
 

34
 

23
.6

1 
 

3 
2.

08
 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
1 

0.
49

 
 

0 
0 

 
1 

0.
69

 
 

0 
0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

1 
0.

49
 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

2 
0.

98
 

 
0 

0 
 

2 
1.

39
 

 
0 

0 

M
ix

ed
 e

rr
or

 
 

1 
0.

49
 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

4 
1.

95
 

 
4 

1.
95

 
 

8 
5.

56
 

 
0 

0 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
2 

0.
98

 
 

2 
0.

98
 

 
5 

3.
47

 
 

0 
0 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
4 

1.
95

 
 

1 
0.

49
 

 
10

 
6.

94
 

 
0 

0 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

2 
0.

98
 

 
2 

0.
98

 
 

2 
1.

39
 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

3 
1.

46
 

 
1 

0.
49

 
 

2 
1.

39
 

 
0 

0 



95
 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

2 
0.

98
 

 
0 

0 
 

8 
5.

56
 

 
0 

0 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
2 

0.
98

 
 

0 
0 

 
0 

0 
 

0 
0 

O
th

er
 e

rr
or

 
 

5 
2.

44
 

 
2 

0.
98

 
 

11
 

7.
64

 
 

0 
0 

N
o 

re
sp

on
se

 
 

43
 

20
.9

8 
 

--
 

--
 

 
21

 
14

.5
9 

 
--

 
--

 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
46

 
22

.4
4 

 
--

 
--

 
 

15
 

10
.4

2 

 T
a

b
le

 B
8
 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 D
ut

ch
 (

L
1)

 a
nd

 G
er

m
an

 (
L

2)
 f

or
 B

w
A

1 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
D

ut
ch

 (
L

1)
 

 
G

er
m

an
 (

L
2)

 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

7 
3.

41
 

 
7 

4.
86

 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
1 

0.
49

 
 

1 
0.

69
 

  
 



96
 

A
p

p
en

d
ix

 C
  

R
es

ul
ts

 o
f 

B
w

A
2 

 C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

2 
in

 P
ol

is
h 

(L
1)

 

 T
a

b
le

 C
1

 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
2 

P
ol

is
h 

(L
1)

 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
25

0 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.1
18

 
-0

.4
14

 
 

 
 

Im
ag

ea
bi

li
ty

 
-0

.0
98

 
-0

.4
01

 
0.

20
3 

 
 

V
is

ua
l c

om
pl

ex
it

y 
0.

05
0 

0.
10

3 
-0

.1
75

 
0.

00
2 

 

 T
a

b
le

 C
2

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
2 

P
ol

is
h 

(L
1)

 
 M

od
el

 F
it

 M
ea

su
re

s,
 P

re
di

ct
iv

e 
M

ea
su

re
s 

 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
30

1 
31

3 
33

4 
0.

07
32

 
0.

10
4 

19
.9

 
5 

0.
00

1 
 

0.
71

0 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



97
 

T
a

b
le

 C
3

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
2 

P
ol

is
h 

(L
1)

 
 M

od
el

 C
oe

ff
ic

ie
nt

s,
 C

ol
li

ne
ar

it
y 

St
at

is
ti

cs
, O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
ad

io
 T

es
ts

  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
-1

0.
17

54
 

5.
19

36
 

-1
.9

59
24

 
0.

05
0 

3.
81

e-
5 

1.
45

e-
9 

1.
00

4 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

-0
.1

57
2 

0.
06

12
 

-2
.5

68
99

 
0.

01
0 

0.
85

5 
0.

75
8 

0.
96

3 
 

1.
05

 
0.

95
3 

 
6.

97
7 

1 
0.

00
8 

A
ge

 o
f 

ac
qu

is
it

io
n 

1.
65

e-
4 

0.
15

55
 

0.
00

10
6 

0.
99

9 
1.

00
0 

0.
73

7 
1.

35
6 

 
1.

34
 

0.
74

8 
 

1.
13

e-
6 

1 
0.

99
9 

F
am

il
ia

ri
ty

  
0.

07
75

 
0.

04
03

 
1.

92
16

0 
0.

05
5 

1.
08

1 
0.

99
8 

1.
16

9 
 

1.
27

 
0.

78
9 

 
4.

00
5 

1 
0.

04
5 

Im
ag

ea
bi

li
ty

 
0.

59
59

 
0.

37
72

 
1.

57
98

9 
0.

11
4 

1.
81

5 
0.

86
6 

3.
80

1 
 

1.
13

 
0.

88
7 

 
2.

64
4 

1 
0.

10
4 

V
is

ua
l c

om
pl

ex
it

y 
0.

16
81

 
0.

24
68

 
0.

68
11

9 
0.

49
6 

1.
18

3 
0.

72
9 

1.
91

9 
 

1.
07

 
0.

93
7 

 
0.

46
7 

1 
0.

49
5 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



98
 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

2 
in

 G
er

m
an

 (
L

2)
 

 T
a

b
le

 C
4

 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
2 

G
er

m
an

 (
L

2)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
45

2 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.1
75

 
-0

.3
40

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

11
4 

-0
.2

92
 

0.
14

9 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

15
4 

0.
09

1 
-0

.3
03

 
0.

04
0 

 

 T
a

b
le

 C
5

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
2 

G
er

m
an

 (
L

2)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
96

.8
 

10
9 

12
3 

0.
05

00
 

0.
06

72
 

3.
79

 
5 

0.
58

0 
 

0.
55

4 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 

   



99
 

T
a

b
le

 C
6

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
2 

G
er

m
an

 (
L

2)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
-3

.5
71

5 
5.

03
5 

-0
.7

09
3 

0.
47

8 
0.

02
81

 
1.

45
e-

6 
54

3.
31

 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

0.
17

84
 

0.
19

3 
0.

92
34

 
0.

35
6 

1.
19

53
 

0.
81

8 
1.

75
 

 
1.

27
 

0.
79

0 
 

0.
87

36
4 

1 
0.

35
0 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
02

14
 

0.
40

9 
0.

05
24

 
0.

95
8 

1.
02

17
 

0.
45

8 
2.

28
 

 
1.

36
 

0.
73

7 
 

0.
00

27
4 

1 
0.

95
8 

F
am

il
ia

ri
ty

  
0.

60
87

 
0.

44
5 

1.
36

90
 

0.
17

1 
1.

83
81

 
0.

76
9 

4.
39

 
 

1.
40

 
0.

71
4 

 
1.

92
83

1 
1 

0.
16

5 

Im
ag

ea
bi

li
ty

 
0.

13
40

 
0.

67
5 

0.
19

85
 

0.
84

3 
1.

14
34

 
0.

30
4 

4.
29

 
 

1.
18

 
0.

85
0 

 
0.

03
94

1 
1 

0.
84

3 

V
is

ua
l c

om
pl

ex
it

y 
-0

.0
51

9 
0.

47
6 

-0
.1

08
9 

0.
91

3 
0.

94
95

 
0.

37
3 

2.
41

 
 

1.
28

 
0.

78
4 

 
0.

01
18

5 
1 

0.
91

3 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



10
0 

E
rr

or
 R

at
es

 p
er

 E
rr

or
 T

yp
e 

in
 P

ol
is

h 
(L

1)
 a

nd
 G

er
m

an
 (

L
2)

 f
or

 B
w

A
2 

 T
a

b
le

 C
7

 

D
is

tr
ib

ut
io

n 
of

 E
rr

or
s 

pe
r 

E
rr

or
 T

yp
e 

in
 P

ol
is

h 
(L

1)
 a

nd
 G

er
m

an
 (

L
2)

 f
or

 B
w

A
2 

 

   

E
rr

or
 ty

pe
 

 
P

ol
is

h 
(L

1)
 

 
G

er
m

an
 (

L
2)

 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
5 

3.
65

 
 

2 
1.

46
 

 
30

 
11

.8
1 

 
1 

0.
39

 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
0 

0 
 

0 
0 

 
8 

3.
15

 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

57
 

41
.6

1 
 

1 
0.

73
 

 
59

 
23

.2
3 

 
0 

0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
0 

0 
 

0 
0 

 
3 

1.
18

 
 

0 
0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

1 
0.

73
 

 
0 

0 
 

7 
2.

76
 

 
0 

0 

M
ix

ed
 e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

2 
1.

46
 

 
0 

0 
 

13
 

5.
12

 
 

0 
0 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
8 

5.
84

 
 

2 
1.

46
 

 
18

 
7.

09
 

 
0 

0 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
0 

0 
 

0 
0 

 
16

 
6.

30
 

 
0 

0 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

1 
0.

73
 

 
0 

0 
 

9 
3.

54
 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

10
 

7.
30

 
 

0 
0 

 
14

 
5.

51
 

 
0 

0 



10
1 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

19
 

13
.8

7 
 

0 
0 

 
10

 
3.

94
 

 
1 

0.
39

 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
2 

1.
46

 
 

0 
0 

 
0 

0 
 

0 
0 

O
th

er
 e

rr
or

 
 

2 
1.

46
 

 
0 

0 
 

10
 

3.
94

 
 

0 
0 

N
o 

re
sp

on
se

 
 

14
 

10
.2

2 
 

--
 

--
 

 
43

 
16

.9
3 

 
--

 
--

 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
11

 
8.

03
 

 
--

 
--

 
 

12
 

4.
72

 

 T
a

b
le

 C
8

 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 P
ol

is
h 

(L
1)

 a
nd

 G
er

m
an

 (
L

2)
 f

or
 B

w
A

2 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
P

ol
is

h 
(L

1)
 

 
G

er
m

an
 (

L
2)

 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

0 
0 

 
0 

0 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
0 

0 
 

0 
0 

 
 



10
2 

A
p

p
en

d
ix

 D
  

R
es

ul
ts

 o
f 

B
w

A
3 

 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

3 
in

 D
ut

ch
 (

L
1)

 

 T
a

b
le

 D
1

 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
3 

D
ut

ch
 (

L
1)

 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
51

8 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
54

 
-0

.4
66

 
 

 
 

Im
ag

ea
bi

li
ty

 
-0

.0
91

 
-0

.2
18

 
0.

16
4 

 
 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
3 

0.
06

0 
-0

.3
55

 
-0

.1
15

 
 

 T
a

b
le

 D
2

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
3 

D
ut

ch
 (

L
1)

 
 M

od
el

 F
it

 M
ea

su
re

s,
 P

re
di

ct
iv

e 
M

ea
su

re
s 

 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
16

6 
17

8 
19

5 
0.

04
93

 
0.

06
82

 
6.

78
 

5 
0.

23
8 

 
0.

63
4 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



10
3 

T
a

b
le

 D
3

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
3 

D
ut

ch
 (

L
1)

 
 M

od
el

 C
oe

ff
ic

ie
nt

s,
 C

ol
li

ne
ar

it
y 

St
at

is
ti

cs
, O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
ad

io
 T

es
ts

  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
1.

31
90

6 
3.

27
9 

0.
40

23
 

0.
68

7 
3.

74
0 

0.
00

60
6 

23
09

.9
4 

 
 

 
 

 
 

 

P
ho

ne
m

es
 

-0
.0

79
27

 
0.

13
1 

-0
.6

04
3 

0.
54

6 
0.

92
4 

0.
71

43
8 

1.
19

 
 

1.
35

 
0.

74
1 

 
0.

36
4 

1 
0.

54
6 

A
ge

 o
f 

ac
qu

is
it

io
n 

-0
.2

16
99

 
0.

19
3 

-1
.1

25
6 

0.
26

0 
0.

80
5 

0.
55

16
7 

1.
17

 
 

1.
61

 
0.

62
1 

 
1.

27
7 

1 
0.

25
9 

F
am

il
ia

ri
ty

  
0.

27
89

5 
0.

30
6 

0.
91

21
 

0.
36

2 
1.

32
2 

0.
72

58
1 

2.
41

 
 

1.
40

 
0.

71
4 

 
0.

84
5 

1 
0.

35
8 

Im
ag

ea
bi

li
ty

 
0.

00
72

8 
0.

37
8 

0.
01

93
 

0.
98

5 
1.

00
7 

0.
48

00
4 

2.
11

 
 

1.
07

 
0.

93
7 

 
3.

71
e-

4 
1 

0.
98

5 

V
is

ua
l c

om
pl

ex
it

y 
-0

.0
09

03
 

0.
31

2 
-0

.0
29

0 
0.

97
7 

0.
99

1 
0.

53
79

6 
1.

83
 

 
1.

18
 

0.
84

5 
 

8.
40

e-
4 

1 
0.

97
7 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



10
4 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

3 
in

 G
er

m
an

 (
L

2)
 

 T
a

b
le

 D
4

 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
3 

G
er

m
an

 (
L

2)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
49

4 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
01

 
-0

.3
34

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

11
0 

-0
.2

73
 

0.
18

5 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
8 

0.
06

9 
-0

.3
74

 
0.

03
3 

 

 T
a

b
le

 D
5

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
3 

G
er

m
an

 (
L

2)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
67

.8
 

79
.8

 
92

.5
 

0.
03

85
 

0.
05

64
 

2.
40

 
5 

0.
79

2 
 

0.
72

1 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 

   



10
5 

T
a

b
le

 D
6

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
3 

G
er

m
an

 (
L

2)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
-6

.9
67

9 
6.

99
1 

-0
.9

97
 

0.
31

9 
9.

42
e-

4 
1.

06
e-

9 
84

0.
22

 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

0.
06

52
 

0.
25

4 
0.

25
6 

0.
79

8 
1.

06
7 

0.
64

8 
1.

76
 

 
1.

39
 

0.
72

2 
 

0.
06

61
 

1 
0.

79
7 

A
ge

 o
f 

ac
qu

is
it

io
n 

-0
.1

53
7 

0.
49

0 
-0

.3
13

 
0.

75
4 

0.
85

8 
0.

32
8 

2.
24

 
 

1.
45

 
0.

69
1 

 
0.

09
96

 
1 

0.
75

2 

F
am

il
ia

ri
ty

  
0.

39
71

 
0.

54
2 

0.
73

2 
0.

46
4 

1.
48

7 
0.

51
4 

4.
30

 
 

1.
53

 
0.

65
3 

 
0.

54
52

 
1 

0.
46

0 

Im
ag

ea
bi

li
ty

 
0.

89
67

 
0.

95
6 

0.
93

8 
0.

34
8 

2.
45

2 
0.

37
7 

15
.9

6 
 

1.
24

 
0.

80
9 

 
0.

88
78

 
1 

0.
34

6 

V
is

ua
l c

om
pl

ex
it

y 
0.

40
32

 
0.

60
9 

0.
66

3 
0.

50
8 

1.
49

7 
0.

45
4 

4.
93

 
 

1.
43

 
0.

69
7 

 
0.

44
73

 
1 

0.
50

4 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



10
6 

E
rr

or
 R

at
es

 p
er

 E
rr

or
 T

yp
e 

in
 D

ut
ch

 (
L

1)
 a

nd
 G

er
m

an
 (

L
2)

 f
or

 B
w

A
3 

 T
a

b
le

 D
7

 

D
is

tr
ib

ut
io

n 
of

 e
rr

or
s 

pe
r 

er
ro

r 
ty

pe
 i

n 
D

ut
ch

 (
L

1)
 a

nd
 G

er
m

an
 (

L
2)

 f
or

 B
w

A
3 

   

E
rr

or
 ty

pe
 

 
D

ut
ch

 (
L

1)
 

 
G

er
m

an
 (

L
2)

 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
4 

2.
48

 
 

1 
0.

62
 

 
33

 
23

.9
1 

 
0 

0 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
1 

0.
62

 
 

0 
0 

 
1 

0.
72

 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

29
 

18
.0

1 
 

6 
3.

23
 

 
24

 
17

.3
9 

 
2 

1.
45

 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
0 

0 
 

0 
0 

 
1 

0.
72

 
 

0 
0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

1 
0.

62
 

 
0 

0 
 

1 
0.

72
 

 
0 

0 

M
ix

ed
 e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

2 
1.

24
 

 
0 

0 
 

4 
2.

90
 

 
0 

0 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
4 

2.
48

 
 

0 
0 

 
5 

3.
62

 
 

0 
0 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
7 

4.
35

 
 

0 
0 

 
6 

4.
35

 
 

0 
0 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

5 
3.

11
 

 
0 

0 
 

0 
0 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

10
 

6.
21

 
 

0 
0 

 
11

 
7.

97
 

 
0 

0 



10
7 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

27
 

16
.7

7 
 

0 
0 

 
23

 
16

.6
7 

 
0 

0 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
3 

1.
86

 
 

0 
0 

 
0 

0 
 

0 
0 

O
th

er
 e

rr
or

 
 

6 
3.

73
 

 
0 

0 
 

5 
3.

62
 

 
0 

0 

N
o 

re
sp

on
se

 
 

21
 

13
.0

4 
 

--
 

--
 

 
12

 
8.

70
 

 
--

 
--

 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
24

 
14

.9
1 

 
--

 
--

 
 

2 
1.

45
 

 T
a

b
le

 D
8

 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 D
ut

ch
 (

L
1)

 a
nd

 G
er

m
an

 (
L

2)
 f

or
 B

w
A

3 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
D

ut
ch

 (
L

1)
 

 
G

er
m

an
 (

L
2)

 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

7 
4.

35
 

 
8 

5.
80

 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
3 

1.
86

 
 

0 
0 

  
 



10
8 

A
p

p
en

d
ix

 E
  

R
es

ul
ts

 o
f 

B
w

A
4 

 C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

4 
in

 E
ng

li
sh

 (
L

1)
 

 T
a

b
le

 E
1
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
4 

E
ng

li
sh

 (
L

1)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
44

1 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
46

 
-0

.6
02

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

08
3 

-0
.1

04
 

0.
05

1 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

09
4 

0.
10

7 
-0

.3
78

 
-0

.0
26

 
 

 T
a

b
le

 E
2
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
4 

E
ng

li
sh

 (
L

1)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
15

2 
16

4 
18

4 
0.

00
58

8 
0.

01
08

 
1.

16
 

5 
0.

94
9 

 
0.

86
7 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



10
9 

T
a

b
le

 E
3
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
4 

E
ng

li
sh

 (
L

1)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
0.

92
41

2 
6.

12
4 

0.
15

09
 

0.
88

0 
2.

52
0 

1.
54

e-
5 

41
15

55
.7

0 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

-0
.0

75
00

 
0.

13
4 

-0
.5

61
2 

0.
57

5 
0.

92
8 

0.
71

4 
1.

21
 

 
1.

29
 

0.
77

8 
 

0.
31

05
 

1 
0.

57
7 

A
ge

 o
f 

ac
qu

is
it

io
n 

-0
.1

72
99

 
0.

40
7 

-0
.4

24
7 

0.
67

1 
0.

84
1 

0.
37

9 
1.

87
 

 
2.

00
 

0.
50

0 
 

0.
17

77
 

1 
0.

67
3 

F
am

il
ia

ri
ty

  
0.

00
34

1 
0.

25
4 

0.
01

34
 

0.
98

9 
1.

00
3 

0.
61

0 
1.

65
 

 
1.

97
 

0.
50

9 
 

1.
81

e-
4 

1 
0.

98
9 

Im
ag

ea
bi

li
ty

 
0.

24
87

9 
0.

83
6 

0.
29

74
 

0.
76

6 
1.

28
2 

0.
24

9 
6.

61
 

 
1.

03
 

0.
97

0 
 

0.
08

57
 

1 
0.

77
0 

V
is

ua
l c

om
pl

ex
it

y 
0.

06
28

9 
0.

44
1 

0.
14

26
 

0.
88

7 
1.

06
5 

0.
44

9 
2.

53
 

 
1.

24
 

0.
80

8 
 

0.
02

03
 

1 
0.

88
7 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



11
0 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

4 
in

 G
er

m
an

 (
L

2)
 

 T
a

b
le

 E
4
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
4 

G
er

m
an

 (
L

2)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
47

7 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.1
19

 
-0

.2
55

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

07
0 

-0
.3

15
 

0.
18

0 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
5 

0.
10

6 
-0

.3
21

 
-0

.0
02

 
 

 T
a

b
le

 E
5
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
4 

G
er

m
an

 (
L

2)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
68

.0
 

80
.0

 
92

.3
 

0.
13

1 
0.

17
8 

8.
00

 
5 

0.
15

6 
 

0.
66

7 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 

   



11
1 

T
a

b
le

 E
6
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
4 

G
er

m
an

 (
L

2)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
-1

5.
65

15
4 

7.
59

8 
-2

.0
59

9 
0.

03
9 

1.
59

e-
7 

5.
43

e-
14

 
0.

46
8 

 
 

 
 

 
 

 

P
ho

ne
m

es
 

-0
.1

78
17

 
0.

24
3 

-0
.7

31
9 

0.
46

4 
0.

83
7 

0.
51

9 
1.

34
8 

 
1.

24
 

0.
80

3 
 

0.
53

81
 

1 
0.

46
3 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
08

68
8 

0.
45

8 
0.

18
97

 
0.

85
0 

1.
09

1 
0.

44
5 

2.
67

6 
 

1.
32

 
0.

75
7 

 
0.

03
59

 
1 

0.
85

0 

F
am

il
ia

ri
ty

  
-0

.0
05

48
 

0.
52

6 
-0

.0
10

4 
0.

99
2 

0.
99

5 
0.

35
5 

2.
79

0 
 

1.
44

 
0.

69
5 

 
1.

09
e-

4 
1 

0.
99

2 

Im
ag

ea
bi

li
ty

 
2.

64
81

3 
1.

10
3 

2.
39

99
 

0.
01

6 
14

.1
28

 
1.

62
5 

12
2.

82
9 

 
1.

19
 

0.
84

4 
 

7.
51

10
 

1 
0.

00
6 

V
is

ua
l c

om
pl

ex
it

y 
0.

32
95

9 
0.

59
5 

0.
55

41
 

0.
58

0 
1.

39
0 

0.
43

3 
4.

46
1 

 
1.

38
 

0.
72

4 
 

0.
31

07
 

1 
0.

57
7 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



11
2 

E
rr

or
 R

at
es

 p
er

 E
rr

or
 T

yp
e 

in
 E

ng
li

sh
 (

L
1)

 a
nd

 G
er

m
an

 (
L

2)
 f

or
 B

w
A

4 

 T
a

b
le

 E
7
 

D
is

tr
ib

ut
io

n 
of

 E
rr

or
s 

pe
r 

E
rr

or
 T

yp
e 

in
 E

ng
li

sh
 (

L
1)

 a
nd

 G
er

m
an

 (
L

2)
 f

or
 B

w
A

4 

   

E
rr

or
 ty

pe
 

 
E

ng
li

sh
 (

L
1)

 
 

G
er

m
an

 (
L

2)
 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
2 

3.
03

 
 

0 
0 

 
21

 
15

.4
4 

 
2 

1.
47

 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
0 

0 
 

0 
0 

 
3 

2.
21

 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

21
 

31
.8

2 
 

1 
1.

51
 

 
20

 
14

.7
1 

 
2 

1.
47

 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
1 

1.
52

 
 

0 
0 

 
0 

0 
 

1 
0.

74
 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

0 
0 

 
0 

0 
 

3 
2.

21
 

 
1 

0.
74

 

M
ix

ed
 e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

3 
4.

55
 

 
0 

0 
 

11
 

8.
09

 
 

1 
0.

74
 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
1 

1.
52

 
 

0 
0 

 
5 

3.
68

 
 

0 
0 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
0 

0 
 

0 
0 

 
1 

0.
74

 
 

0 
0 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

8 
12

.1
2 

 
0 

0 
 

7 
5.

15
 

 
0 

0 



11
3 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

5 
7.

58
 

 
0 

0 
 

10
 

7.
35

 
 

0 
0 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
4 

6.
06

 
 

0 
0 

 
0 

0 
 

2 
1.

47
 

O
th

er
 e

rr
or

 
 

4 
6.

06
 

 
0 

0 
 

5 
3.

68
 

 
0 

0 

N
o 

re
sp

on
se

 
 

14
 

21
.2

1 
 

--
 

--
 

 
18

 
13

.2
4 

 
--

 
--

 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
2 

3.
03

 
 

--
 

--
 

 
21

 
15

.4
4 

 T
a

b
le

 E
8
 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 E
ng

li
sh

 (
L

1)
 a

nd
 G

er
m

an
 (

L
2)

 f
or

 B
w

A
4 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
E

ng
li

sh
 (

L
1)

 
 

G
er

m
an

 (
L

2)
 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

0 
0 

 
0 

0 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
0 

0 
 

2 
1.

47
 

 
 



11
4 

A
p

p
en

d
ix

 F
  

R
es

ul
ts

 o
f 

B
w

A
5 

 C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

5 
in

 E
ng

li
sh

 (
L

1)
 

 T
a

b
le

 F
1

 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
5 

E
ng

li
sh

 (
L

1)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
44

6 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
25

 
-0

.5
96

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

13
9 

-0
.1

45
 

0.
10

2 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

11
2 

0.
15

3 
-0

.3
90

 
-0

.0
36

 
 

 T
a

b
le

 F
2

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
5 

E
ng

li
sh

 (
L

1)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
21

9 
23

1 
25

1 
0.

07
33

 
0.

10
7 

15
.4

 
5 

0.
00

9 
 

0.
72

3 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



11
5 

T
a

b
le

 F
3

 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
5 

E
ng

li
sh

 (
L

1)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
-1

1.
96

36
 

6.
38

3 
-1

.8
74

2 
0.

06
1 

6.
37

e-
6 

2.
35

e-
11

 
1.

73
 

 
1.

33
 

0.
75

3 
 

 
 

 

P
ho

ne
m

es
 

-0
.1

35
4 

0.
11

6 
-1

.1
70

1 
0.

24
2 

0.
87

3 
0.

69
6 

1.
10

 
 

2.
12

 
0.

47
2 

 
1.

40
74

2 
1 

0.
23

5 

A
ge

 o
f 

ac
qu

is
it

io
n 

-0
.5

09
5 

0.
35

6 
-1

.4
29

7 
0.

15
3 

0.
60

1 
0.

29
9 

1.
21

 
 

2.
17

 
0.

46
1 

 
2.

14
19

9 
1 

0.
14

3 

F
am

il
ia

ri
ty

  
-0

.0
14

0 
0.

20
9 

-0
.0

66
9 

0.
94

7 
0.

98
6 

0.
65

4 
1.

49
 

 
1.

12
 

0.
89

1 
 

0.
00

44
7 

1 
0.

94
7 

Im
ag

ea
bi

li
ty

 
1.

94
94

 
0.

89
4 

2.
18

04
 

0.
02

9 
7.

02
4 

1.
21

8 
40

.5
2 

 
1.

31
 

0.
76

1 
 

5.
63

08
0 

1 
0.

01
8 

V
is

ua
l c

om
pl

ex
it

y 
0.

05
63

 
0.

35
6 

0.
15

84
 

0.
87

4 
1.

05
8 

0.
52

7 
2.

12
 

 
1.

33
 

0.
75

3 
 

0.
02

51
2 

1 
0.

87
4 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



11
6 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

5 
in

 I
ta

li
an

 (
L

1)
 

 T
a

b
le

 F
4

 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
5 

It
al

ia
n 

(L
1)

 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
20

2 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.0
02

 
-0

.4
43

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

07
6 

-0
.3

53
 

0.
64

6 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

10
1 

0.
14

2 
-0

.2
16

 
-0

.1
41

 
 

 
 



11
7 

E
rr

or
 R

at
es

 p
er

 E
rr

or
 T

yp
e 

in
 E

ng
li

sh
 (

L
1)

 a
nd

 I
ta

li
an

 (
L

1)
 f

or
 B

w
A

5 

 T
a

b
le

 F
5

 

D
is

tr
ib

ut
io

n 
of

 E
rr

or
s 

pe
r 

E
rr

or
 T

yp
e 

in
 E

ng
li

sh
 (

L
1)

 a
nd

 I
ta

li
an

 (
L

1)
 f

or
 B

w
A

5 

   

E
rr

or
 ty

pe
 

 
E

ng
li

sh
 (

L
1)

 
 

It
al

ia
n 

(L
1)

 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
5 

1.
76

 
 

0 
0 

 
1 

0.
28

 
 

1 
0.

28
 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

33
 

11
.6

2 
 

0 
0 

 
0 

0 
 

29
 

8.
15

 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
6 

2.
11

 
 

0 
0 

 
2 

0.
56

 
 

3 
0.

84
 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
ix

ed
 e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

5 
1.

76
 

 
0 

0 
 

0 
0 

 
6 

1.
69

 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
3 

1.
06

 
 

0 
0 

 
0 

0 
 

5 
1.

40
 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
13

 
4.

58
 

 
0 

0 
 

0 
0 

 
7 

1.
97

 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

5 
1.

76
 

 
0 

0 
 

0 
0 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 



11
8 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

3 
1.

06
 

 
0 

0 
 

0 
0 

 
2 

0.
56

 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
2 

0.
70

 
 

0 
0 

 
0 

0 
 

2 
0.

56
 

O
th

er
 e

rr
or

 
 

86
 

30
.2

8 
 

0 
0 

 
0 

0 
 

66
 

18
.5

4 

N
o 

re
sp

on
se

 
 

12
3 

43
.3

1 
 

--
 

--
 

 
16

7 
46

.9
1 

 
--

 
--

 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
0 

0 
 

--
 

--
 

 
65

 
18

.2
6 

 T
a

b
le

 F
6

 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 E
ng

li
sh

 (
L

1)
 a

nd
 I

ta
li

an
 (

L
1)

 f
or

 B
w

A
5 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
E

ng
li

sh
 (

L
1)

 
 

It
al

ia
n 

(L
1)

 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

0 
0 

 
0 

0 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
0 

0 
 

0 
0 

 
 



11
9 

A
p

p
en

d
ix

 G
  

R
es

ul
ts

 o
f 

B
w

A
6 

 C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

6 
in

 E
ng

li
sh

 (
L

1)
 

 T
a

b
le

 G
1
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
6 

E
ng

li
sh

 (
L

1)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
48

7 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
80

 
-0

.5
83

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

07
3 

-0
.0

91
 

0.
07

0 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

14
3 

0.
10

9 
-0

.3
64

 
0.

02
6 

 

 T
a

b
le

 G
2
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
6 

E
ng

li
sh

 (
L

1)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
12

1 
13

3 
15

3 
0.

03
02

 
0.

06
58

 
6.

34
 

5 
0.

27
4 

 
0.

90
8 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



12
0 

T
a

b
le

 G
3
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
6 

E
ng

li
sh

 (
L

1)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
4.

26
32

 
6.

82
5 

0.
62

46
 

0.
53

2 
71

.0
39

 
1.

10
e-

4 
4.

58
e+

7 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

0.
14

98
 

0.
16

8 
0.

89
35

 
0.

37
2 

1.
16

2 
0.

83
6 

1.
61

3 
 

1.
38

 
0.

72
4 

 
0.

83
44

4 
1 

0.
36

1 

A
ge

 o
f 

ac
qu

is
it

io
n 

-1
.0

13
4 

0.
43

8 
-2

.3
14

4 
0.

02
1 

0.
36

3 
0.

15
4 

0.
85

6 
 

1.
75

 
0.

57
0 

 
5.

16
18

5 
1 

0.
02

3 

F
am

il
ia

ri
ty

  
-0

.2
04

7 
0.

27
3 

-0
.7

48
5 

0.
45

4 
0.

81
5 

0.
47

7 
1.

39
3 

 
1.

64
 

0.
61

1 
 

0.
56

72
3 

1 
0.

45
1 

Im
ag

ea
bi

li
ty

 
0.

05
49

 
0.

99
6 

0.
05

51
 

0.
95

6 
1.

05
6 

0.
15

0 
7.

43
8 

 
1.

08
 

0.
92

5 
 

0.
00

30
1 

1 
0.

95
6 

V
is

ua
l c

om
pl

ex
it

y 
0.

35
75

 
0.

52
2 

0.
68

50
 

0.
49

3 
1.

43
0 

0.
51

4 
3.

97
6 

 
1.

20
 

0.
83

1 
 

0.
46

77
1 

1 
0.

49
4 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



12
1 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

6 
in

 F
re

nc
h 

(L
2)

 

 T
a

b
le

 G
4
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
6 

F
re

nc
h 

(L
2)

 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
45

2 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
46

 
-0

.6
41

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

00
4 

-0
.4

04
 

0.
20

3 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
8 

0.
20

7 
-0

.4
38

 
-0

.0
68

 
 

 T
a

b
le

 G
5
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
6 

F
re

nc
h 

(L
2)

 
 M

od
el

 F
it

 M
ea

su
re

s,
 P

re
di

ct
iv

e 
M

ea
su

re
s 

 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
14

8 
16

0 
17

8 
0.

23
1 

0.
31

7 
37

.3
 

5 
 

 
0.

76
8 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 

   



12
2 

T
a

b
le

 G
6
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
6 

F
re

nc
h 

(L
2)

 
 M

od
el

 C
oe

ff
ic

ie
nt

s,
 C

ol
li

ne
ar

it
y 

St
at

is
ti

cs
, O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
ad

io
 T

es
ts

  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
0.

89
00

 
4.

31
6 

0.
20

6 
0.

83
7 

2.
43

5 
5.

17
e-

4 
11

48
0.

84
2 

 
 

 
 

 
 

 

P
ho

ne
m

es
 

0.
04

38
 

0.
14

3 
0.

30
6 

0.
76

0 
1.

04
5 

0.
78

92
 

1.
38

3 
 

1.
24

 
0.

80
4 

 
0.

09
37

 
1 

0.
75

9 

A
ge

 o
f 

ac
qu

is
it

io
n 

-1
.7

56
0 

0.
53

1 
-3

.3
10

 
 

0.
17

3 
0.

06
11

 
0.

48
9 

 
2.

01
 

0.
49

9 
 

12
.0

98
7 

1 
 

F
am

il
ia

ri
ty

  
0.

19
53

 
0.

23
4 

0.
83

6 
0.

40
3 

1.
21

6 
0.

76
90

 
1.

92
2 

 
1.

82
 

0.
55

0 
 

0.
70

66
 

1 
0.

40
1 

Im
ag

ea
bi

li
ty

 
0.

27
21

 
0.

54
3 

0.
50

1 
0.

61
6 

1.
31

3 
0.

45
28

 
3.

80
5 

 
1.

19
 

0.
84

2 
 

0.
26

18
 

1 
0.

60
9 

V
is

ua
l c

om
pl

ex
it

y 
0.

52
54

 
0.

43
7 

1.
20

3 
0.

22
9 

1.
69

1 
0.

71
82

 
3.

98
2 

 
1.

30
 

0.
76

9 
 

1.
46

95
 

1 
0.

22
5 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



12
3 

E
rr

or
 R

at
es

 P
er

 E
rr

or
 T

yp
e 

in
 E

ng
li

sh
 (

L
1)

 a
nd

 F
re

nc
h 

(L
2)

 f
or

 B
w

A
6 

 T
a

b
le

 G
7
 

D
is

tr
ib

ut
io

n 
of

 E
rr

or
s 

pe
r 

E
rr

or
 T

yp
e 

in
 E

ng
li

sh
 (

L
1)

 a
nd

 F
re

nc
h 

(L
2)

 f
or

 B
w

A
6 

   

E
rr

or
 ty

pe
 

 
E

ng
li

sh
 (

L
1)

 
 

F
re

nc
h 

(L
2)

 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
2 

3.
92

 
 

0 
0 

 
21

 
11

.9
3 

 
1 

0.
57

 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
0 

0 
 

0 
0 

 
6 

3.
41

 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

7 
13

.7
3 

 
0 

0 
 

30
 

17
.0

5 
 

3 
1.

70
 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
0 

0 
 

0 
0 

 
6 

3.
41

 
 

0 
0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

0 
0 

 
0 

0 
 

3 
1.

70
 

 
0 

0 

M
ix

ed
 e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

4 
7.

84
 

 
0 

0 
 

5 
2.

84
 

 
1 

0.
57

 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
7 

13
.7

3 
 

0 
0 

 
3 

1.
70

 
 

3 
1.

70
 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
0 

0 
 

0 
0 

 
4 

2.
27

 
 

0 
0 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

2 
3.

92
 

 
0 

0 
 

1 
0.

57
 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

3 
5.

88
 

 
0 

0 
 

3 
1.

70
 

 
0 

0 



12
4 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

9 
17

.6
5 

 
0 

0 
 

5 
2.

84
 

 
0 

0 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
4 

7.
84

 
 

0 
0 

 
2 

1.
14

 
 

1 
0.

57
 

O
th

er
 e

rr
or

 
 

5 
9.

80
 

 
0 

0 
 

2 
1.

14
 

 
4 

2.
27

 

N
o 

re
sp

on
se

 
 

4 
7.

84
 

 
--

 
--

 
 

37
 

21
.0

2 
 

--
 

--
 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
4 

7.
84

 
 

--
 

--
 

 
34

 
19

.3
2 

 T
a

b
le

 G
8
 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 E
ng

li
sh

 (
L

1)
 a

nd
 F

re
nc

h 
(L

2)
 f

or
 B

w
A

6 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
E

ng
li

sh
 (

L
1)

 
 

F
re

nc
h 

(L
2)

 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

0 
0 

 
0 

0 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
0 

0 
 

1 
0.

57
 

 
 



12
5 

A
p

p
en

d
ix

 H
  

R
es

ul
ts

 o
f 

B
w

A
7 

 C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

7 
in

 F
re

nc
h 

(L
1)

 

 T
a

b
le

 H
1
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
7 

F
re

nc
h 

(L
1)

 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
45

2 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
46

 
-0

.6
41

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

00
4 

-0
.4

04
 

0.
20

3 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
8 

0.
20

7 
-0

.4
38

 
-0

.0
68

 
 

 T
a

b
le

 H
2
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
7 

F
re

nc
h 

(L
1)

 
 M

od
el

 F
it

 M
ea

su
re

s,
 P

re
di

ct
iv

e 
M

ea
su

re
s 

 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
11

6 
12

8 
14

6 
0.

10
5 

0.
17

3 
15

.7
 

5 
0.

00
8 

 
0.

82
4 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



12
6 

T
a

b
le

 H
3
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
7 

F
re

nc
h 

(L
1)

 
 M

od
el

 C
oe

ff
ic

ie
nt

s,
 C

ol
li

ne
ar

it
y 

St
at

is
ti

cs
, O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
ad

io
 T

es
ts

  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
-2

.8
54

0 
4.

65
3 

-0
.6

13
 

0.
54

0 
0.

05
76

 
6.

31
e-

6 
52

5.
75

 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

0.
09

76
 

0.
16

9 
0.

57
8 

0.
56

3 
1.

10
25

 
0.

79
2 

1.
53

 
 

1.
37

 
0.

73
0 

 
0.

33
7 

1 
0.

56
2 

A
ge

 o
f 

ac
qu

is
it

io
n 

-0
.9

85
9 

0.
58

0 
-1

.7
01

 
0.

08
9 

0.
37

31
 

0.
12

0 
1.

16
 

 
2.

43
 

0.
41

2 
 

2.
91

7 
1 

0.
08

8 

F
am

il
ia

ri
ty

  
-0

.2
49

8 
0.

27
1 

-0
.9

22
 

0.
35

6 
0.

77
90

 
0.

45
8 

1.
32

 
 

2.
01

 
0.

49
8 

 
0.

84
8 

1 
0.

35
7 

Im
ag

ea
bi

li
ty

 
1.

27
67

 
0.

58
3 

2.
19

2 
0.

02
8 

3.
58

48
 

1.
14

5 
11

.2
3 

 
1.

22
 

0.
82

0 
 

5.
59

8 
1 

0.
01

8 

V
is

ua
l c

om
pl

ex
it

y 
-0

.6
44

4 
0.

51
9 

-1
.2

42
 

0.
21

4 
0.

52
50

 
0.

19
0 

1.
45

 
 

1.
22

 
0.

82
1 

 
1.

58
6 

1 
0.

20
8 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



12
7 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

7 
in

 E
ng

li
sh

 (
L

2)
 

 T
a

b
le

 H
4
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
7 

E
ng

li
sh

 (
L

2)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
48

7 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
80

 
-0

.5
83

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

07
3 

-0
.0

91
 

0.
07

0 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

14
3 

0.
10

9 
-0

.3
64

 
0.

02
6 

 

 T
a

b
le

 H
5
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
7 

E
ng

li
sh

 (
L

2)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
17

2 
18

4 
20

4 
0.

03
07

 
0.

05
31

 
6.

45
 

5 
0.

26
5 

 
0.

85
0 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 

   



12
8 

T
a

b
le

 H
6
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
7 

E
ng

li
sh

 (
L

2)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
-6

.5
78

2 
4.

58
1 

-1
.4

36
1 

0.
15

1 
0.

00
13

9 
1.

75
e-

7 
11

.0
2 

 
 

 
 

 
 

 

P
ho

ne
m

es
 

-0
.0

46
3 

0.
12

6 
-0

.3
66

4 
0.

71
4 

0.
95

47
6 

0.
74

5 
1.

22
 

 
1.

32
 

0.
75

9 
 

0.
13

33
1 

1 
0.

71
5 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
01

24
 

0.
38

5 
0.

03
21

 
0.

97
4 

1.
01

24
5 

0.
47

6 
2.

15
 

 
1.

90
 

0.
52

6 
 

0.
00

10
3 

1 
0.

97
4 

F
am

il
ia

ri
ty

  
0.

16
42

 
0.

23
0 

0.
71

24
 

0.
47

6 
1.

17
84

4 
0.

75
0 

1.
85

 
 

1.
82

 
0.

55
0 

 
0.

50
93

0 
1 

0.
47

5 

Im
ag

ea
bi

li
ty

 
1.

29
88

 
0.

64
4 

2.
01

53
 

0.
04

4 
3.

66
47

7 
1.

03
6 

12
.9

6 
 

1.
06

 
0.

94
7 

 
3.

80
41

4 
1 

0.
05

1 

V
is

ua
l c

om
pl

ex
it

y 
-0

.3
29

2 
0.

40
8 

-0
.8

07
3 

0.
41

9 
0.

71
94

8 
0.

32
4 

1.
60

 
 

1.
24

 
0.

80
6 

 
0.

65
84

3 
1 

0.
41

7 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



12
9 

E
rr

or
 R

at
es

 p
er

 E
rr

or
 T

yp
e 

in
 F

re
nc

h 
(L

1)
 a

nd
 E

ng
li

sh
 (

L
2)

 f
or

 B
w

A
7 

 T
a

b
le

 H
7
 

D
is

tr
ib

ut
io

n 
of

 E
rr

or
s 

pe
r 

E
rr

or
 T

yp
e 

in
 F

re
nc

h 
(L

1)
 a

nd
 E

ng
li

sh
 (

L
2)

 f
or

 B
w

A
7 

   

E
rr

or
 ty

pe
 

 
F

re
nc

h 
(L

1)
 

 
E

ng
li

sh
 (

L
2)

 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
3 

2.
70

 
 

0 
0 

 
2 

1.
94

 
 

0 
0 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

25
 

22
.5

2 
 

0 
0 

 
23

 
22

.3
3 

 
0 

0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
1 

0.
90

 
 

0 
0 

 
0 

0 
 

0 
0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
ix

ed
 e

rr
or

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

0 
0 

 
0 

0 
 

4 
3.

88
 

 
0 

0 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
1 

0.
90

 
 

0 
0 

 
5 

4.
85

 
 

0 
0 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
0 

0 
 

0 
0 

 
1 

0.
97

 
 

0 
0 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

12
 

10
.8

1 
 

0 
0 

 
12

 
11

.6
5 

 
0 

0 



13
0 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

10
 

9.
01

 
 

3 
2.

70
 

 
11

 
10

.6
8 

 
0 

0 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
2 

1.
80

 
 

0 
0 

 
3 

2.
91

 
 

0 
0 

O
th

er
 e

rr
or

 
 

13
 

11
.7

1 
 

0 
0 

 
12

 
11

.6
5 

 
0 

0 

N
o 

re
sp

on
se

 
 

35
 

31
.5

3 
 

--
 

--
 

 
25

 
24

.2
7 

 
--

 
--

 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
4 

3.
60

 
 

--
 

--
 

 
3 

2.
91

 

 T
a

b
le

 H
8
 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 F
re

nc
h 

(L
1)

 a
nd

 E
ng

li
sh

 (
L

2)
 f

or
 B

w
A

7 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
F

re
nc

h 
(L

1)
 

 
E

ng
li

sh
 (

L
2)

 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

1 
0.

90
 

 
2 

1.
94

 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
1 

0.
90

 
 

0 
0 

 
 



13
1 

A
p

p
en

d
ix

 I
  

R
es

ul
ts

 B
w

A
8 

 C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

8 
in

 F
re

nc
h 

(L
1)

 

 T
a

b
le

 I
1
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
8 

F
re

nc
h 

(L
1)

 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
45

2 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
46

 
-0

.6
41

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

00
4 

-0
.4

04
 

0.
20

3 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

12
8 

0.
20

7 
-0

.4
38

 
-0

.0
68

 
 

 T
a

b
le

 I
2
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
8 

F
re

nc
h 

(L
1)

 
 M

od
el

 F
it

 M
ea

su
re

s,
 P

re
di

ct
iv

e 
M

ea
su

re
s 

 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
14

3 
15

5 
17

2 
0.

17
9 

0.
25

7 
28

.1
 

5 
 

 
0.

74
6 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 



13
2 

T
a

b
le

 I
3
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
8 

F
re

nc
h 

(L
1)

 
 M

od
el

 C
oe

ff
ic

ie
nt

s,
 C

ol
li

ne
ar

it
y 

St
at

is
ti

cs
, O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
ad

io
 T

es
ts

  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
3.

87
01

 
4.

12
8 

0.
93

8 
0.

34
8 

47
.9

45
 

0.
01

47
 

15
63

44
.1

83
 

 
 

 
 

 
 

 

P
ho

ne
m

es
 

0.
02

92
 

0.
14

2 
0.

20
6 

0.
83

7 
1.

03
0 

0.
77

95
 

1.
36

0 
 

1.
25

 
0.

79
8 

 
0.

04
24

 
1 

0.
83

7 

A
ge

 o
f 

ac
qu

is
it

io
n 

-2
.1

01
4 

0.
55

3 
-3

.8
03

 
 

0.
12

2 
0.

04
14

 
0.

36
1 

 
2.

44
 

0.
40

9 
 

16
.6

17
7 

1 
 

F
am

il
ia

ri
ty

  
-0

.4
27

2 
0.

24
1 

-1
.7

69
 

0.
07

7 
0.

65
2 

0.
40

64
 

1.
04

7 
 

2.
15

 
0.

46
4 

 
3.

20
68

 
1 

0.
07

3 

Im
ag

ea
bi

li
ty

 
0.

34
65

 
0.

50
9 

0.
68

1 
0.

49
6 

1.
41

4 
0.

52
20

 
3.

83
1 

 
1.

18
 

0.
85

1 
 

0.
47

48
 

1 
0.

49
1 

V
is

ua
l c

om
pl

ex
it

y 
0.

30
43

 
0.

44
6 

0.
68

2 
0.

49
5 

1.
35

6 
0.

56
55

 
3.

25
0 

 
1.

24
 

0.
80

6 
 

0.
46

60
 

1 
0.

49
5 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  



13
3 

C
or

re
la

ti
on

 M
at

ri
x 

O
ut

co
m

e 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

O
ut

co
m

e 
fo

r 
B

w
A

8 
in

 E
ng

li
sh

 (
L

2)
 

 T
a

b
le

 I
4
 

C
or

re
la

ti
on

 M
at

ri
x 

B
w

A
8 

E
ng

li
sh

 (
L

2)
 

 
P

ho
ne

m
es

 
A

ge
 o

f 
ac

qu
is

it
io

n 
F

am
il

ia
ri

ty
 

Im
ag

ea
bi

li
ty

 
V

is
ua

l c
om

pl
ex

it
y 

P
ho

ne
m

es
 

 
 

 
 

 

A
ge

 o
f 

ac
qu

is
it

io
n 

0.
48

7 
 

 
 

 

F
am

il
ia

ri
ty

 
-0

.2
80

 
-0

.5
83

 
 

 
 

Im
ag

ea
bi

li
ty

 
0.

07
3 

-0
.0

91
 

0.
07

0 
 

 

V
is

ua
l c

om
pl

ex
it

y 
0.

14
3 

0.
10

9 
-0

.3
64

 
0.

02
6 

 

 T
a

b
le

 I
5
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
8 

E
ng

li
sh

 (
L

2)
 

 M
od

el
 F

it
 M

ea
su

re
s,

 P
re

di
ct

iv
e 

M
ea

su
re

s 
 

M
od

el
 F

it
 M

ea
su

re
s 

 
 

P
re

di
ct

iv
e 

m
ea

su
re

s 
 

A
cc

ur
ac

ya  
 

O
ve

ra
ll

 M
od

el
 T

es
t 

 

M
od

el
 

D
ev

ia
nc

e 
A

IC
 

B
IC

 
R

² C
S 

R
² N

 
 

df
 

p 
 

1 
17

4 
18

6 
20

6 
0.

06
47

 
0.

10
8 

13
.8

 
5 

0.
01

7 
 

0.
83

6 

a 
T

he
 c

ut
-o

ff
 v

al
ue

 is
 s

et
 to

 0
.5

. 

   



13
4 

T
a

b
le

 I
6
 

B
in

om
ia

l 
L

og
is

ti
c 

R
eg

re
ss

io
n 

B
w

A
8 

E
ng

li
sh

 (
L

2)
 

 M
od

el
 C

oe
ff

ic
ie

nt
s,

 C
ol

li
ne

ar
it

y 
St

at
is

ti
cs

, O
m

ni
bu

s 
L

ik
el

ih
oo

d 
R

ad
io

 T
es

ts
  

 

M
od

el
 C

oe
ff

ic
ie

nt
s 

- 
A

cc
ur

ac
y 

 
C

ol
li

ne
ar

it
y 

S
ta

ti
st

ic
s 

 
O

m
ni

bu
s 

L
ik

el
ih

oo
d 

R
at

io
 T

es
ts

 

 
 

95
%

 C
I 

 
 

V
IF

 

 T
 

 
  

 df
 

 p 
P

re
di

ct
or

 
E

st
im

at
e 

S
E

 
Z

 
p 

O
R

 
L

ow
er

 
U

pp
er

 
 

 

In
te

rc
ep

t 
7.

52
79

 
5.

96
2 

1.
26

3 
0.

20
7 

18
59

.1
98

 
0.

01
56

 
2.

21
e+

8 
 

 
 

 
 

 
 

P
ho

ne
m

es
 

-0
.1

70
1 

0.
12

2 
-1

.3
91

 
0.

16
4 

0.
84

4 
0.

66
38

 
1.

07
 

 
1.

35
 

0.
74

2 
 

1.
91

75
 

1 
0.

16
6 

A
ge

 o
f 

ac
qu

is
it

io
n 

-0
.6

54
2 

0.
36

1 
-1

.8
10

 
0.

07
0 

0.
52

0 
0.

25
60

 
1.

06
 

 
1.

76
 

0.
56

8 
 

3.
22

87
 

1 
0.

07
2 

F
am

il
ia

ri
ty

  
-0

.0
25

3 
0.

22
3 

-0
.1

13
 

0.
91

0 
0.

97
5 

0.
63

01
 

1.
51

 
 

1.
71

 
0.

58
5 

 
0.

01
29

 
1 

0.
91

0 

Im
ag

ea
bi

li
ty

 
-0

.3
58

9 
0.

83
9 

-0
.4

28
 

0.
66

9 
0.

69
8 

0.
13

49
 

3.
62

 
 

1.
06

 
0.

94
4 

 
0.

19
21

 
1 

0.
66

1 

V
is

ua
l c

om
pl

ex
it

y 
-0

.2
35

2 
0.

42
5 

-0
.5

54
 

0.
58

0 
0.

79
0 

0.
34

36
 

1.
82

 
 

1.
25

 
0.

79
8 

 
0.

30
91

 
1 

0.
57

8 

N
ot

e.
 E

st
im

at
es

 r
ep

re
se

nt
 th

e 
lo

g 
od

ds
 o

f 
"a

cc
ur

ac
y 

=
 1

" 
vs

. "
ac

cu
ra

cy
 =

 0
".

 C
I=

C
on

fi
de

nc
e 

In
te

rv
al

, O
R

=
O

dd
s 

ra
ti

o,
 T

=
T

ol
er

an
ce

.  

 
 



13
5 

E
rr

or
 R

at
es

 p
er

 E
rr

or
 T

yp
e 

in
 F

re
nc

h 
(L

1)
 a

nd
 E

ng
li

sh
 (

L
2)

 f
or

 B
w

A
8 

 T
a

b
le

 I
7
 

D
is

tr
ib

ut
io

n 
of

 E
rr

or
s 

pe
r 

E
rr

or
 T

yp
e 

in
 F

re
nc

h 
(L

1)
 a

nd
 E

ng
li

sh
 (

L
2)

 f
or

 B
w

A
8 

   

E
rr

or
 ty

pe
 

 
F

re
nc

h 
(L

1)
 

 
E

ng
li

sh
 (

L
2)

 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
T

ar
ge

t l
an

gu
ag

e 
 

N
on

-t
ar

ge
t l

an
gu

ag
e 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

 
N

um
be

r 

of
 e

rr
or

s 

%
  

al
l e

rr
or

s 

P
ho

no
lo

gi
ca

l e
rr

or
 

 
19

 
15

.2
0 

 
0 

0 
 

13
 

18
.0

6 
 

0 
0 

P
ho

no
lo

gi
ca

ll
y 

un
re

la
te

d 
no

n-
w

or
d 

 
0 

0 
 

1 
0.

80
 

 
0 

0 
 

0 
0 

S
em

an
ti

c 
er

ro
r 

 
 

13
 

10
.4

0 
 

0 
0 

 
14

 
19

.4
4 

 
0 

0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

er
ro

r 
 

 
1 

0.
80

 
 

0 
0 

 
0 

0 
 

0 
0 

S
em

an
ti

ca
ll

y 
un

re
la

te
d 

no
n-

w
or

d 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

S
em

an
ti

c-
th

an
-p

ho
no

lo
gi

ca
l e

rr
or

 
 

3 
2.

40
 

 
1 

0.
80

 
 

2 
2.

78
 

 
0 

0 

M
ix

ed
 e

rr
or

 
 

1 
0.

80
 

 
0 

0 
 

0 
0 

 
0 

0 

M
or

ph
ol

og
ic

al
 e

rr
or

 
 

1 
0.

80
 

 
0 

0 
 

8 
11

.1
1 

 
0 

0 

U
ns

pe
ci

fi
ed

 e
rr

or
 

 
2 

1.
60

 
 

0 
0 

 
3 

4.
17

 
 

0 
0 

M
ul

ti
w

or
d 

ci
rc

um
lo

cu
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

S
in

gl
e 

w
or

d 
ci

rc
um

lo
cu

ti
on

 
 

0 
0 

 
0 

0 
 

0 
0 

 
0 

0 

P
er

se
ve

ra
ti

on
 

 
0 

0 
 

0 
0 

 
0 

0 
 

0 
0 

V
is

ua
l e

rr
or

 
 

3 
2.

40
 

 
0 

0 
 

2 
2.

78
 

 
0 

0 



13
6 

A
cc

ep
ta

bl
e 

se
m

an
ti

c 
al

te
rn

at
iv

e 
 

15
 

12
 

 
0 

0 
 

11
 

15
.2

8 
 

0 
0 

U
se

-o
f-

la
ng

ua
ge

 e
rr

or
 

 
0 

0 
 

0 
0 

 
3 

4.
17

 
 

0 
0 

O
th

er
 e

rr
or

 
 

5 
4 

 
1 

0.
80

 
 

3 
4.

17
 

 
0 

0 

N
o 

re
sp

on
se

 
 

46
 

36
.8

0 
 

--
 

--
 

 
11

 
15

.2
8 

 
--

 
--

 

C
or

re
ct

 in
 n

on
-t

ar
ge

t l
an

gu
ag

e 
 

--
 

--
 

 
9 

7.
20

 
 

--
 

--
 

 
2 

2.
78

 

 T
a

b
le

 I
8
 

D
is

tr
ib

ut
io

n 
of

 L
an

gu
ag

e 
M

ix
in

g 
E

rr
or

s 
in

 F
re

nc
h 

(L
1)

 a
nd

 E
ng

li
sh

 (
L

2)
 f

or
 B

w
A

8 

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

 

 
F

re
nc

h 
(L

1)
 

 
E

ng
li

sh
 (

L
2)

 

 
N

um
be

r 
of

 e
rr

or
s 

%
 a

ll
 e

rr
or

s 
 

N
um

be
r 

of
 e

rr
or

s 
%

 a
ll

 e
rr

or
s 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

I 
 

0 
0 

 
0 

0 

L
an

gu
ag

e 
m

ix
in

g 
er

ro
r 

II
: B

ac
k-

tr
an

sl
at

io
n 

er
ro

r 
 

 
4 

3.
20

 
 

0 
0 



137 

Chapter 3: 

 

Spoken Picture Naming Accuracy in Monolingual and Bilingual Speakers with 

Aphasia: Influence of Phonological Neighbourhood Within and Across Languages 

(Study 2) 
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Introduction 

 

Worldwide, there is a growing ageing population. According to the United Nations, 

one in six people in the world (16%) will be 65 or older in 2050 (United Nations, 2019). 

Additionally, the bilingual population is increasing, with 50% of the world's population 

already being bilingual (Grosjean, 2021). The growth of ageing and bilingual people across 

the globe increases age-related diseases like aphasia. Aphasia is an acquired language 

disorder caused by a brain injury such as a stroke (e.g., Schneider et al., 2021). As pointed 

out by Grosjean (1989) a bilingual speaker is not the sum of two monolingual speakers. 

However, existing theoretical models of language perception and production that are used to 

assess and treat aphasia are predominantly based on monolingual language processes (e.g., 

Dell et al., 2007; Levelt et al., 1999), and bilingual theories are still under-specified (e.g., 

Kroll et al., 2010) or are starting to emerge (Dijkstra et al., 2019). Hence, standardised 

assessment and treatment protocols for bilingual aphasia are still scarce. In turn, speech 

pathologists often feel overwhelmed when it comes to treatment decisions, in particular how 

to adapt their clinical practice to the unique characteristics of bilingual language processing 

to ensure the best outcomes for their clients (Rose et al., 2014). 

 

Spoken Word Production  

Spoken word finding difficulties are one of the main symptoms in people with aphasia 

and are, therefore, most commonly targeted in speech pathology interventions. Hence, spoken 

word production is a key area of concern to understand how language organisation varies in 

bilingual speakers. Models of monolingual word production in unimpaired speakers are well 

investigated (e.g., Dell et al., 2007; Levelt et al., 1999). These models agree on three major 

processing steps in spoken word production: Accessing the (a) non-lexical concept, (b) 

lexical semantic information, and (c) lexical form information. However, there is no 

consensus about the flow of information between the different levels. While some models 

propose an interactive information spread (e.g., Dell et al., 2007), other models like the Two-

Stage model proposed by Levelt et al. (1999) assume a serial forward activation flow 

between levels. Models capturing the bilingual context have been published as well, for 

example MULTILINK (Dijkstra et al., 2019). MULTILINK is an interactive model where 

activation spread operates in bidirectional manner. The model includes the aspect of having 

more than one language within a bilingual language system. However, the MULTILINK 

model has a stronger focus on word recognition/comprehension rather than production. 
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Hence, the processing steps of spoken word production in a bilingual mental lexicon are not 

explained in detail.  

According to the Interactive Activation Model of spoken language processing (Dell et 

al., 2007) three different steps/levels within an interconnected network of units or nodes are 

involved in monolingual word processing (see Figure 1): (a) semantic features (access of 

lexical-semantic information), (b) lexical selection (lemma activation at the word node level), 

and (c) phonological selection (activation of phonemes at the phoneme level). The model 

enables bidirectional connections between the semantic feature, lexical selection, and 

phonological selection nodes such that activated phonemes of selected words (lemmas) 

provide feedback to words (lemmas) with shared phonemes to the target word. While this 

model was initially developed for monolingual speakers, it is reasonable to assume that this 

can also be extended to impaired bilingual word production.  

Note. Arrows within the figure illustrate bidirectional activation.  

However, more fine-grained aspects of processing a word are still under debate. For 

example, it remains unclear how the word selection of one word is influenced by the 

activation of similar-sounding word forms, so-called phonological neighbours (e.g., target 

rain, phonological neighbour pain). 

  

Figure 1  

Interactive Activation Model of Spoken Language Processing (Dell et al., 2007)
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Phonological Neighbourhood in Monolingual and Bilingual Speakers 

Monolingual Speakers  

Phonological neighbours differ from the target word in a single phoneme, such as (a) 

additions (rain  train), (b) deletions (brain  rain), (c) substitutions (rain  pain) (e.g., 

Marian, 2009). Phonological neighbourhood, referring to the set of phonological neighbours, 

can be further specified by density and frequency. Phonological neighbourhood density 

(PND) describes the number of neighbours a single word has available (e.g., cat has many 

neighbours, such as mat and rat), whereas phonological neighbourhood frequency (PNF) 

indicates how often each neighbour occurs in everyday language (e.g., cat has a higher 

occurrence than mat). Phonological neighbourhood frequency can be indicated by, for 

example, the individual neighbour frequency or the summed frequency of all phonological 

neighbours (e.g., Luce & Pisoni, 1998; Middleton & Schwartz, 2010).  

In the context of monolingual speakers, it is suggested that activating a particular 

target word also activates its phonological neighbours (e.g., Luce et al., 1990). This can be 

explained by interactive speech production models, where the activation of phonological 

neighbours during spoken word production proceeds through feedback from the phoneme to 

the lexical level (e.g., Chen & Mirman, 2012; Dell & Gordon, 2003). This is only a plausible 

explanation in an interactive framework, and frameworks such as the Two-Stage model (e.g., 

Levelt et al., 1999) struggle to explain phonological similarity effects given there are no 

interactive links assumed between phoneme and word form level. A further question of 

interest is whether phonological neighbours that are activated together with the target word 

are more influential if they are high or low in frequency (neighbourhood frequency) and/or if 

there are many or only a few neighbours (neighbourhood density). It is still an open question 

whether and how these two factors influence word production.  

Bilingual Speakers 

The effects of phonological neighbourhood, including density and frequency, are less 

well understood in bilingual speakers. Bilingual speakers do not only have phonological 

neighbours within their available languages (see the explanation of PND and PNF above 

under monolingual speakers) but also across their languages (e.g., English shower and 

German Bauer [English for farmer]). Similar to the phonological neighbourhood within 

languages (PNDwithin, PNFwithin), phonological neighbourhood density (PNDacross) and 

frequency (PNFacross) can be determined across languages. Bilingual speakers also hold a 

specific form of phonological neighbours across languages, so-called cognates (e.g., Costa et 

al., 2005). Cognates are words with high phonological overlap and very similar or identical 
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meaning to their non-target language translation equivalent (e.g., English house, German 

Haus).  

In the context of bilingual speakers, simultaneous activation of the translation 

equivalent (cognate or no cognate) has been suggested (e.g., Costa et al., 2005). Additionally, 

researchers have hypothesized words of the non-target language (which do not need to be the 

translation equivalent) that are similar in phonological form to the word in the target language 

(e.g., Colomé, 2001) may be activated due to feedback between the phoneme level and word 

form level across both languages (e.g., Costa et al., 2006; Colomé, 2001; Colomé & Miozzo, 

2010). Therefore, it is of interest (a) whether high or low-density across neighbourhood that 

either contains high- or low-frequency across neighbours can either facilitate or slow down 

the word search in a bilingual speaker, and (b) if the degree of phonological similarity across 

the target and non-target language translation equivalent (which can be either a cognate or 

not) influences word production in bilingual speakers.  

 

PND/PNF Effects in Monolingual Speakers  

Monolingual Healthy Speakers  

The evidence for PND effects in picture naming is inconclusive (see Table 1). 

Literature report facilitatory, inhibitory and an absence of PND effects on spoken word 

naming. Gordon and Kurczek (2014) analysed the effect of PND on naming accuracy in 

picture naming in 31 adults and found no effect. These findings are in accordance with the 

results of studies investigating the PND effect in young adults (Vitevitch, 2002; Vitevitch et 

al., 2004). Another research group found higher accuracy in picture naming in 24 young 

adults with an increased PND (Newman & Bernstein Ratner, 2007). In contrast to these 

results, Newman and German (2005) found inhibitory PND effects on accuracy in 1075 

individuals (717 adolescents and 358 adults) that named 44 pictures (22 with a low PND, and 

22 with a high PND). New evidence from Hameau et al. (2021) suggests that the presence 

and direction of the effects of phonological neighbours could be influenced by the relative 

frequency of the target in comparison to its phonological neighbours: When the phonological 

neighbours were higher in frequency than their target, inhibitory effects were observed, but 

only for the naming of lower frequency targets. When phonological neighbours were lower in 

frequency compared to their target, there was a trend towards higher accuracy when naming 

higher frequency targets. 
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Only two studies considered the effect of PNF on spoken picture naming in healthy 

monolingual speakers and showed a facilitative phonological neighbourhood effect for 

correct word naming (Newman & Bernstein Ratner, 2007, Vitevitch & Sommers, 2003). 

 

Table 1  

PND/PNF Effects on Picture Naming Accuracy in Monolingual Healthy Speakers (Adults) 

Study PND effect on accuracy PNF effect on accuracy 

Gordon & Kurczek, 2014 No effect  NA 

Vitevitch, 2002 No effect  NA 

Vitevitch et al., 2004 No effect  NA 

Newman & Bernstein Ratner, 2007 Higher accuracy  Higher accuracy  

Newman & German, 2005 Less accuracy NA 

Hameau et al., 2021 Less accuracy: Naming of lower frequency targets 

Higher accuracy: Naming of higher frequency 

targets 

Vitevitch & Sommers, 2003  NA Higher accuracy  

Note. NA = Not investigated in this study, PND = Phonological neighbourhood density, PNF 

= Phonological neighbourhood frequency.  

 

Monolingual Speakers with Aphasia 

Studies addressing this specific question in monolingual speakers with aphasia found 

an increased picture naming accuracy when the target word was high in density (e.g., Gordon, 

2002; Goldrick et al., 2010; Middleton & Schwartz, 2010) (see Table 2). Gordon (2002) 

presented a facilitation effect for higher PNDwithin in 43 participants, who named 175-line 

drawings of objects that varied in length and frequency. Goldrick et al. (2010) found the same 

effect in a single case study that included 260 pictures. Middleton and Schwartz (2010) found 

the PNDwithin effect on picture naming accuracy in three participants with aphasia that 

named 48 black-and-white pictures (24 low density/24 high density) of common everyday 

objects that were monosyllabic nouns. Mirman et al. (2010) published another study, where 

they investigated the effect of phonological neighbourhood with 175 black and white pictures 

in 62 people with aphasia by adding the aspect of distant (words with matching onsets, e.g., 

target: salt, distant phonological neighbour: silt) and close neighbours (homophones, e.g., can 

[container] and can [able]). They found higher naming accuracy in words with many distant 
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phonological neighbours but less accuracy for words with near phonological neighbours. 

Laganaro et al. (2013) tested 21 French speakers with aphasia with 115 items and found that 

picture naming of words with high density elicited more phonological errors but less 

semantic and fewer non-word errors. We are aware of only a handful of unpublished studies 

(e.g., conference presentations) that reported no effects of density on spoken picture naming 

accuracy in people with aphasia (Palmer et al., 2018, Tichborne et al., 2021). Palmer et al. 

(2018) found no effect of density on spoken picture naming accuracy in three monolingual 

English-speaking people with aphasia who named 224 object pictures, whereas Tichborne et 

al. (2021) could only find PND effects on accuracy (items included: 32 colour drawings [16 

high and 16 low PND words]) in one out of eight speakers with aphasia. Given that these are 

null effects, it is difficult to publish those data sets, but we would like to acknowledge their 

importance in this debate, contributing to the conclusion that there is currently inconsistent 

evidence base available that can inform us about the influence of phonological neighbours in 

bilingual word processing. 

It also needs to be noted that only two of the studies above addressed the effect of 

phonological neighbourhood frequency on naming accuracy, with both studies finding no 

PNF effects (Gordon, 2002; Palmer et al., 2018).  
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Table 2  

PND/PNF Effects on Spoken Picture Naming Accuracy in Monolingual Speakers with 

Aphasia 

Study  PND effect on accuracy  PNF effect on accuracy 

Gordon, 2002 Higher accuracy  No effect 

Goldrick et al., 2010, Higher accuracy NA 

Middleton & Schwartz, 2010 Higher accuracy  NA 

Mirman et al., 2010 Higher accuracy for words 

with many distant PN 

Less accuracy for words with 

close PN 

NA 

Laganaro et al., 2013 More PE, Less SE and NWE NA 

Palmer, 2018a No effect No effect  

Tichborne et al., 2021a (Mostly) No effect  NA 

Note. PE = Phonological errors, SE = Semantic errors, NWE = Non-word errors, PN = 

Phonological neighbours, NA = Not investigated in this study, PND = Phonological 

neighbourhood density, PNF = Phonological neighbourhood frequency. 
a = Unpublished conference poster presentations. 

 

PND/PNF Effects in Bilingual Speakers 

Bilingual Healthy Speakers  

To our knowledge, three studies investigated the influence of phonological 

neighbourhood on picture naming accuracy in bilingual speakers (see Table 3). In the study 

conducted by Marian and Blumenfeld (2006) German-English and English-German late 

bilinguals were compared to investigate the effects of PNDwithin. The study found that 

naming accuracy in German was generally higher (L1 and L2) for targets with a higher 

PNDwithin. Two studies examined the within- and across-effects of phonological neighbours 

in bilingual speakers. Sadat et al. (2016) tested early Catalan-Spanish bilinguals in Spanish 

and found neither PNDwithin (Spanish neighbours) nor PNDacross (Catalan neighbours) 

effects on accuracy if the target item was high in density. Another study that included late 

French-English bilingual speakers investigated the influence of PNDwithin (English 

neighbours) and PNDacross (French neighbours) on English picture naming (Hameau, 

Biedermann, & Nickels, 2021). The authors found that higher phonological neighbourhood 
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density within and across languages had an inhibitory effect, but only for less familiar words. 

Conversely, for more familiar words, the effect tended to be facilitatory or even non-existent. 

The two studies that investigated the PNDacross effect only tested for the PNDacross effect 

in one direction (Sadat et al., 2016: Target Spanish, neighbours Catalan; Hameau et al., 2021: 

Target English, neighbours French). However, there might be effects in the other direction 

that should be investigated (example based on the two studies above: Sadat et al., 2016: 

Target Catan, neighbours Spanish; Hameau et al., 2021: Target French, neighbours English).   

None of the studies mentioned above have examined the effects of phonological 

neighbourhood frequency within and across languages (PNFwithin or PNFacross) on picture 

naming accuracy.  

 

Table 3  

PND/PNF Effects on Picture Naming Accuracy in Bilingual Healthy Speakers 

Study 

PNDwithin 

effect on 

accuracy 

PNDacross 

effect on 

accuracy 

PNFwithin 

effect on 

accuracy 

PNFacross 

effect on 

accuracy 

Marian & Blumenfeld, 2006 Higher accuracy 

in L1 + L2 

NA NA NA 

Sadat et al., 2016  No effect No effect NA NA 

Hameau et al., 2021 Less accuracy for less familiar words 

Higher accuracy/no effect for familiar words 
NA NA 

Note. L1 = First language, L2 = Second language, NA = Not investigated in this study, PND 

= Phonological neighbourhood density, PNF = Phonological neighbourhood frequency. 

 

Bilingual Speakers with Aphasia 

An unpublished conference poster presentation investigated spoken picture naming 

and the effect of phonological neighbourhood density and frequency in one bilingual person 

with aphasia (Palmer et al., 2018) (see Table 4). Neither within nor across phonological 

neighbourhood density and frequency proved beneficial for spoken word accuracy. However, 

there was a trend for less naming errors in naming pictures with high PNDwithin in the 

ctures with high 

PNFwithin in the second language (English). Again, PNDacross and PNFacross were only 

tested in one direction (target: Italian, neighbours: English; not tested: Target English, 

neighbours Italian). To our knowledge, no further studies have addressed phonological 
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neighbourhood effects across languages in bilingual people with aphasia, controlling for 

differing density and frequency properties of word items used. 

 

Table 4  

PND/PNF Effects on Spoken Picture Naming Accuracy in Bilingual Speakers with Aphasia 

Study  

PNDwithin effect 

on accuracy  

PNDacross 

effect on 

accuracy 

PNFwithin effect 

on accuracy  

PNFacross  

effect on 

accuracy 

Palmer et al., 2018a No effect  

(Trend for higher 

accuracy in L1) 

No effect No effect  

(Weak trend for higher 

accuracy in L2) 

No effect 

Note. L1 = First language, L2 = Second language, PND = Phonological neighbourhood 

density, PNF = Phonological neighbourhood frequency. 
a = Unpublished conference poster presentation.  

 

Phonological Similarity Effects in Bilingual Speakers 

Cognates (word pairs that share their meaning and have a high overlap in form e.g., 

tomato [English] vs Tomate [German]) are a specific form of phonological neighbours across 

languages in a bilingual speaker. Across the literature, there is a well-established 

cognate words are named orally more quickly and accurately (Costa et al., 2000; Costa et al., 

2005; Strijkers et al., 2010) compared to matched non-cognate stimuli. These results suggest 

that phonological similarity across the target word and non-target language translation 

equivalent might be influential on word finding in bilingual speakers.  

 

In sum, the investigation of the effects of phonological neighbourhood on spoken 

picture naming in people with aphasia is scarce, especially in bilingual speakers with aphasia. 

Furthermore, while the effects of PND are commonly reported across different studies, the 

effects of PNF remain less examined in monolingual and bilingual speakers with aphasia.  

Hence, this study explores the effect of phonological neighbours on spoken picture naming 

accuracy in monolingual and bilingual speakers with aphasia.  
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Study Aim 

The aim of this study was to investigate the influence of phonological neighbourhood 

on spoken picture naming accuracy in monolingual and bilingual speakers with aphasia. The 

influence of within-language phonological neighbours was examined for monolingual and 

bilingual speakers with aphasia, the influence of across-language phonological neighbours 

was investigated in bilingual speakers with aphasia. 

Research question and prediction for monolingual speakers with aphasia 

(1) Is there an influence of phonological neighbourhood density and/or phonological 

neighbourhood frequency within languages on picture naming accuracy in 

monolingual speakers with aphasia? 

Given the inconsistent evidence base on phonological neighbourhood density effects 

on picture naming accuracy, neighbourhood density might show faciliatory, inhibitory 

or no effects on accuracy. Research on the influence of neighbourhood frequency is 

limited, while it is not feasible to draw predictions from previous research.   

Research question and prediction for bilingual speakers with aphasia 

(2) Is there an influence of within and/or across phonological neighbourhood density 

and/or frequency within and across languages on picture naming accuracy in bilingual 

speakers with aphasia?  

Given the limited evidence base on phonological neighbourhood effects in bilingual 

speakers with aphasia, it is not feasible to draw predictions from previous research. 

Bilingual speakers with aphasia are a by nature heterogenous population and might 

show different effects based on individual participant factors.  

 

The outcome of this study might help researchers and speech pathologists to better 

understand how similar-sounding words within and across languages affect picture naming 

accuracy. This will, in turn, be beneficial for composing meaningful assessment and 

treatment materials for monolingual and bilingual speakers with word finding difficulties in 

aphasia and enhance language production theories that are still underspecified for bilingual 

speakers (e.g., Kroll et al., 2010). Additionally, word sets for different language 

combinations, including phonological neighbourhood variables (within and across languages) 

and lexical variables, will be developed in the course of this project, that will be made 

available via an open-access resources to serve researchers in the future when exploring 

unimpaired and impaired bilingual word retrieval processes in different languages.   
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Participants 

 

Monolingual and bilingual speakers with aphasia were recruited for this spoken 

picture naming study. Ten monolingual and eight bilingual participants were included based 

on the following inclusion and exclusion criteria: Post-acute or chronic aphasia (at least 3 

months post-onset) and self-reported normal and/or corrected-to-normal hearing and vision. 

Identified potential participants with moderate to severe speech apraxia, dysarthria, other 

cognitive impairments (such as dementia), and/or severe language comprehension deficits 

were excluded. However, people with only mild cognitive impairments (e.g., attention, 

memory), mild dysarthria, or mild apraxia of speech were eligible to participate. 

Additionally, participants had to show spoken picture naming accuracy of more than 10% or 

Aphasie, Dysle  Stadie et al., 2013) that was used as a screener across all 

participants. This standardised picture naming test is normed for the German language and 

includes ten low-frequent and ten high-frequent words. It needs to be noted that this 

classification may not be accurate when we translated the test into languages other than 

German.   

Although we identified 13 potential monolingual individuals with aphasia, only ten of 

them were included in the study. Three participants did not meet the inclusion criteria and 

were excluded from participation due to various reasons (severe language impairment, 

unavailability/inaccessibility during the data collection, refusal to participate/request to 

withdraw from the project). We identified 22 potential bilingual participants. Out of the 22 

potential participants, 14 bilingual speakers were excluded due to one or more of the above-

stated exclusion criteria or their unavailability at the time of data collection. 

All monolingual and bilingual participants received a study information letter and 

were given the chance to ask questions about participation (see General Appendix A). All 

participants needed to provide written consent for participation and for the researcher to 

access their demographic and medical data to underpin data analysis and interpretation (see 

General Appendix B). A personal data form (demographic questionnaire) designed for this 

study (based on the International Classification of Functioning, Disability, and Health [ICF]) 

was utilized to collect demographic and medical information and for the bilingual participants 

to collect information on the participant's bilingual language profile (see General Appendix 

C). The bilingual speakers additionally completed the Language Experience and Proficiency 

Questionnaire (LEAP-Q, Marian et al., 2007) to provide detailed information on their 



149 

bilingual language profile, such as their language history, language age of acquisition and 

language dominance. The Language Experience and Proficiency Questionnaire is a 

questionnaire originally designed for healthy bilingual speakers. Consequently, the 

completion of the questionnaire required a specifically tailored approach since the original 

questions were not aphasia friendly in nature. Therefore, the researcher assisted the 

participant with the completion of the questionnaire by reading the questions aloud. 

Participants were given the opportunity to have the questions repeated or clarified as many 

times as needed. Additionally, support was given for example by visual aids in form of a 

numerical scale ranging from one to ten. To assess post-stroke language performance, 

thirteen subtests of the Bilingual Aphasia Test (BAT, Paradis & Libben, 1987) were 

administered to all monolingual participants and carried out across both languages in all 

bilingual speakers. The following thirteen subtests of the BAT were administered: Pointing, 

simple and semi-complex commands, complex commands, verbal auditory discrimination, 

semantic categories, synonyms, repetition, lexical decision of words and nonsense words, 

series, verbal fluency, naming, reading words, and reading comprehension for words. Since 

the BAT does not test for written naming, written naming abilities were screened by using the 

first 30 items of Subset 1a of the experimental picture naming task. Written naming was 

always administered after the experimental task to control for potential priming or repetition 

effects.  

A comprehensive overview of the individual demographic and medical data, the 

background language assessment data and, for the bilingual participants, the bilingual 

language profile data is given in Appendix A (monolinguals) and General Appendix E 

(bilinguals). A summary of these data for monolingual and bilingual speakers is provided 

below.  

This project received ethics approval from three different ethic committees (see 

Appendix X): Bielefeld University in Germany (EUB 2020-137-Am), Curtin University in 

Perth (HRE2017-0274), South Metropolitan Health Service Human Research 

(RGS0000003763) (see General Appendix D).   

 

Monolingual Speakers with Aphasia  

Demographic and Medical Data of all MwA 

A summary of the demographic and medical data of all ten monolingual speakers with 

aphasia is given in Table 5. The ten participants (two female) were aged between 49 and 84 

years (mean 66.75 years, SD 11.20 years). Five were monolingual German speakers, the 
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other five were monolingual Australian-English speakers. All ten individuals were post-onset 

between 8 months and 25 years (mean 155.7 months [13.0 years], SD 111.7 [9.3 years]) and 

presented with a left hemisphere stroke. One participant (MwA5) had a stroke within the left 

and right hemisphere. For detailed information on stroke lesions, see Appendix A. According 

-reports, the stroke resulted in aphasia in all ten 

speakers.  

Background Language Assessment Data of all MwA 

To investigate the severity of the individual language disorder in each monolingual 

participant, background language assessments across expressive and receptive task were 

carried out (see Table 5 for a summary of spoken naming data). The pattern of language 

impairment across participants was consistent with the diagnosis of anomic aphasia (MwA2, 

unclassified aphasia (MwA1)17. 

Spoken picture naming was screened by Subtest 13 of the LEMO. Accuracy ranged 

from 45% to 90%. Thirteen subtests of the BAT were conducted to assess the language 

performance across language modalities (for a list of all 13 subtests see above). Based on the 

BAT results (Appendix A), all of the participants presented with a language impairment. 

Spoken picture naming accuracy within the BAT subtest ranged from 30% to 100%. For 

detailed results on the background language assessments of each participant see Appendix A. 

 

   

 
17 Aphasia syndrome classifications are based on the following information: (i) Clinical observations during the project, (ii) 
the BAT and LEMO background assessment results, and (iii) speech pathology reports (if available). 
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Bilingual Speakers with Aphasia   

Demographic and Medical Data of all BwA 

Table 6 summarizes the demographic and medical data of the eight bilingual speakers 

with aphasia. The bilingual participants (four female, four male) were aged between 55 and 

75 (mean 66.1 years, SD 6.3 years) and post-onset between 11 months and 28 years (mean 

119.9 months [10 years], SD 109.5 months [9.1 years]). Seven participants had a left 

hemisphere stroke (BwA1, BwA2, BwA3, BwA4, BwA5, BwA6, and BwA8). BwA7 had a 

right hemisphere stroke. Two of the seven participants with a left hemisphere stroke also had 

additional lesions in either the right hemisphere (BwA8) or in the right hemisphere and 

cerebellum (BwA2). Details on the stroke locations are provided for each participant in 

General Appendix E. Ac -reports and medical records, all 

participants experienced aphasia after their stroke.  

Bilingual Language Profile Data of all BwA 

Six different language profiles were presented by the bilingual participants: Dutch-

German (BwA1, BwA3), Polish-German (BwA2), English-German (BwA4), English-Italian 

(BwA5), English-French (BwA6), and French-English (BwA7, BwA8). Dutch, Polish, 

were 

classified as their L2. Seven individuals were identified as late bilinguals, since they fully 

immersed in their second language between the age of 17 and 35, while BwA5 was an early 

bilingual who acquired English and Italian from birth (see Table 6). 

Pre- and post-stroke, the L2 was the dominant language in four participants (BwA1, 

BwA3, BwA7, BwA8), while the L1 was the dominant language in BwA4, BwA5, BwA6.  

The language dominance was equally distributed among languages for BwA2. The dominant 

language was determined by the participants' language proficiency, language exposure and 

use, and biographical factors (language age of acquisition, environmental languages, 

language of residence). Language proficiency was determined by the language background 

assessments, spanning across receptive and expressive tasks that were conducted with every 

participant (see below). Biographical factors were conducted by the LEAP-Q and the 

participants' self-reports. Language use and exposure were determined by an assessment that 

with family, interaction with friends, daily life activities (e.g., supermarket, medical 

appointments, restaurant), TV, radio/music, smartphone/social media/internet/computer, 
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L1, one point L2), or 'using both languages in this category' (one point L1, one point L2). 

Accordingly, the language use and exposure were defined by a score on a scale between zero 

and eight (zero = no/minor language use and exposure, eight = high language use and 

exposure). For detailed information on the participants' language use and exposure refer to 

General Appendix E. 

Background Language Assessment Data of all BwA 

We used various background assessments to determine the language performance of 

both languages in all bilingual participants (see Table 6 for a summary of spoken naming 

data). The language impairment pattern was consistent with the diagnosis of either anomic 

aphasia (BwA2, BwA3, BwA4, BwA6, BwA7, BwA8) or Broca's aphasia (BwA1, BwA5)18. 

The LEMO picture naming screener results showed 0% and 90% accuracy across 

participants. The language performance of the participants was evaluated across languages 

and modalities by the 13 subtests of the BAT as listed above. Within the BAT spoken picture 

naming subtest, participants showed an accuracy between 6.25% to 100%. The written 

naming abilities were screened in each language in each participant by the first 30 items of 

Subset 1a of the experimental task (always administered after the experimental picture 

naming task to control for potential priming or repetition effects). For a detailed outcome of 

all background language assessments in all participants, see General Appendix E. All 

participants reported a parallel language recovery across their languages.  

  

 
18 Aphasia syndrome classifications are based on the following information: (i) Clinical observations during the project, (ii) 
the BAT and LEMO background assessment results, and (iii) speech pathology reports (if available). 
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Experimental Task 

 

Research Design  

This picture naming study consists of a case series design, including ten monolingual 

and eight bilingual speakers with aphasia. Aphasia is a heterogenous language disorder that 

can affect each modality (speech production, language comprehension, writing, reading) and 

can be caused by, for example, a stroke (Schwartz & Dell, 2010). While many variables have 

to be considered in a monolingual speaker with aphasia, an even greater number of 

influencing factors are at play when exploring bilingualism in a speaker with aphasia. They 

vary, for example, their available languages, language dominance and language age of 

acquisition. Based on these factors, a case series approach that considers these individual 

differences across participants is the most suitable research methodology (Howard et al., 

2015). The experimental task investigated spoken picture naming accuracy across 

monolingual and bilingual speakers with aphasia, with a particular focus on how accuracy 

(monolinguals and bilingual speakers with aphasia) and across languages (bilingual speakers 

with aphasia).  

 

Method 

Materials 

Picture stimuli were obtained from MultiPic (Duñabeitia et al., 2018). This database 

offers 750 standardised noun images for seven languages (Dutch-Belgium, Dutch-

Netherlands, English-British, French, German, Italian, and Spanish). Item lists were created 

for each language (monolingual speakers with aphasia) or each language combination 

(bilingual speakers with aphasia). Pictures for the final item list were chosen based on their 

name agreement (consensus on the name of an image [Alario et al., 2004]). Only pictures 

with a name agreement of 80% or above were included. Name agreement values were 

unavailable for Polish using the MultiPic database. Therefore, the Polish-German item set 

included all German items with an 80% name agreement for German and Polish. A native 

Polish speaker translated all German targets to define the Polish target response19. It is 

 
19  Duñabeitia et al. (2022) published additional data on Polish name agreement for 500 out of 750 noun pictures 
of their MultiPic database. Based on this, not all of the 422 items of the Polish-German item list had an 80% 
name agreement for Polish. Furthermore, of the 422 included items, 13 items were translated differently by 

 



156 

acknowledged that some of these items may not meet the 80% name agreement criteria for 

Polish.  

The monolingual item lists included either 423 items (German item list) or 440 items 

(English item list). The lists of items for the different language combinations had between 

331 and 422 entries each, depending on the respective language combination. The item list 

for each language/language combination was divided into two sets and further subdivided 

into three subsets (Set 1: Subset 1a, Subset 1b, Subset 1c; Set 2: Subset 2a, Subset 2b, Subset 

2c), which allowed the participants for breaks during the naming sessions. The subsets 

included between 70 and 74 items for each monolingual item set. Subsets for bilingual 

participants included 55 to 71 items. The order of items in a subset was quasi-randomised. To 

avoid priming or interference effects, items that had a semantic relation, the same target 

onset, and/or the same word form in compound words were separated from each other. Table 

7 presents the number of items per item set/subset for each language and language 

combination. For a detailed list that names every item of an item list for each language and 

language combination, see Appendix B. 

 

Table 7  

Number of Included Items per Language and Language Combination 

Language/  

Language- 

combination 

Item-lists (n) Item-sets Subsets (with n per subset) 

German 423 Set 1 

Set 2 

1a (n=71), 1b (n=71), 1c (n=70) 

2a (n=71), 2b (n=70), 2c (n=70) 

English 440 Set 1 

Set 2 

1a (n=73), 1b (n=73), 1c (n=74) 

2a (n=72), 2b (n=74), 2c (n=74) 

Dutch-German 347 each 

language 

Set 1: Dutch 

Set 2: Dutch 

1a (n=58), 1b (n=58), 1c (n=58) 

2a (n=58), 2b (n=58), 2c (n=57) 

  Set 1: German 

Set 2: German 

1a (n=58), 1b (n=58), 1c (n=58) 

2a (n=58), 2b (n=58), 2c (n=57) 

Polish-Germana 422a each Set 1: Polish 1a (n=71), 1b (n=71), 1c (n=70) 

 

Duñabeitia et al. (2022) than by the native speaker of our study. Since data collection and data analysis was 
already completed with the publication of the 2022 study, we proceeded with the translation of our study. As a 
result, the name agreement values for the 13 items, that were translated differently, were not included in the 
Polish item list for our study. For details see Appendix B. 
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language Set 2: Polish 2a (n=70), 2b (n=70), 2c (n=70) 

  Set 1: German 

Set 2 German 

1a (n=71), 1b (n=71), 1c (n=70) 

2a (n=70), 2b (n=70), 2c (n=70) 

English-German 331 each 

language 

Set 1: English 

Set 2: English  

1a (n=55), 1b (n=55), 1c (n=55) 

2a (n=56), 2b (n=55), 2c (n=55) 

  Set 1: German 

Set 2 German 

1a (n=55), 1b (n=55), 1c (n=55) 

2a (n=56), 2b (n=55), 2c (n=55) 

English-Italian 356 each 

language 

Set 1: English 

Set 2: English  

1a (n=60), 1b (n=59), 1c (n=60) 

2a (n=59), 2b (n=59), 2c (n=59) 

  Set 1: Italian 

Set 2: Italian 

1a (n=60), 1b (n=59), 1c (n=60) 

2a (n=59), 2b (n=59), 2c (n=59) 

English-French 365 each 

language 

Set 1: English 

Set 2: English  

1a (n=61), 1b (n=61), 1c (n=60) 

2a (n=61), 2b (n=61), 2c (n=61) 

  Set 1: French 

Set 2: French 

1a (n=61), 1b (n=61), 1c (n=60) 

2a (n=61), 2b (n=61), 2c (n=61) 

Note. a German Item-list for both languages, one item was excluded for culturally sensitive 

reasons.  

 

Predictor Values. We obtained a number of predictor values (experimental and 

control predictors) for each included item. Experimental predictors included values for 

PNDwithin/PNFwithin (monolingual item lists and bilingual item lists) and for 

PNDacross/PNFacross/phonological similarity (bilingual items lists). Furthermore, all items 

were given control predictor values (different lexical variables) that are known to impact 

picture naming (e.g., imageability). For a description of how values were collected, see 

below.  

Experimental Predictors: PNDwithin, PNFwithin. We used the CLEARPOND 

database (Marian et al., 2012) to determine the PNDwithin and PNFwithin values for the 

Dutch, German, English, and French items. A PNDwithin value collected in CLEARPOND 

reflects the number of phonological neighbours to a target. The PNFwithin value describes 

the mean frequency of the available neighbours to the target. For the collected PNFwithin 

values we applied a logarithmic base 10 transformation to the PNFwithin values as 

commonly used in linguistic research. PNDwithin and PNFwithin values for Polish and 

Italian were unavailable, and no appropriate accessible tools were identified to collect these 

values. Hence, we could not analyse the influence of these values.  
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Experimental Predictors: PNDacross, PNFacross. Again, we used the 

CLEARPOND database (Marian et al., 2012) to collect PNDacross and PNFacross values for 

all items included in this study. Across neighbourhood values for the following target 

languages were collected (see Table 8):  

 

Table 8  

Collected Across Neighbourhood Values for Different Target Languages Collected via 

CLEARPOND 

Target language  Collected across neighbourhood values 

Dutch German PNDacross and PNFacross values 

German Dutch PNDacross and PNFacross values 

English PNDacross and PNFacross values 

Polish German PNDacross and PNFacross values20 

English German PNDacross and PNFacross values  

French PNDacross and PNFacross values 

Italian English PNDacross and PNFacross values2 

French English PNDacross and PNFacross values  

 

All collected PNDacross values represent the target's number of cross-linguistic 

phonological neighbours. The PNFacross value represents the mean frequency of available 

cross-linguistic neighbours to the target. The collected PNFacross values were transformed 

into base 10 logarithm values as commonly used in linguistic research.  

Experimental Predictor: Phonological Similarity. We used alineR (Downey et al., 

2017) to determine a phonological similarity value for each item. AlineR21 is an open-source 

R software to calculate feature-weighted based linguistic distance or similarity across item 

pairs. Both words were transferred into their IPA script to calculate the similarity value of the 

target word and the non-target language equivalent. Diacritic signs and suprasegmental signs 

 
20 Polish and Italian are both languages that are not included in the CLEARPOND database. However, 
CLEARPOND allows for the collection of PNDacross and PNFacross values of their provided languages 
(Dutch, English, French, German and Spanish) for target languages that are not provided in the database. The 
Polish and Italian targets IPA were used to obtain X-SAMPA (Extended Speech Assessment Methods Phonetic 
Alphabet) codes. With the X-SAMPA codes relevant across neighbours were collected in CLEARPOND.  
21 AlineR identifies features using ASCII (American Standard Code for Information Interchange). ASCII is the 
most widely used character encoding format for textual data on computers and the internet. In ASCII-encoded 
data, there are distinct values assigned to 128 alphabetic, numeric, special characters, and control codes. 

-
alveolar, retroflex, palatal, spirant, nasal, aspirated, long, front, central) to indicate features. 
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were removed from both IPA scripts to run the calculation in R (R Core Team, n.d.). Every 

item pair was manually entered into the program. Since not all IPA signs were provided by 

the alineR software, the calculation of the similarity of some item pairs included some change 

of IPA signs (e.g., -pair 

needed a change of more than two IPA signs.   

Control Predictors: Lexical Variables. In addition to the experimental predictors, we 

obtained a range of control predictors for all items. The control predictors consisted of a set 

of lexical variables, defined by Alario et al. (2004), that are known to have an impact on 

picture naming: Spoken word form frequency, syllable length, phoneme length, age of 

acquisition, familiarity, imageability, and visual complexity. Spoken word form frequency 

defines how often an item/word is used. The two measures for word lengths are number of 

syllables and number of phonemes. The lexical variable age of acquisition defines when a 

word is typically learned by the wider population, and familiarity refers to how familiar a 

concept is. Imageability reflects how easily people can form a mental image of a word (it is 

easier if you have already stored an image in your memory from previous experience). The 

last lexical variable, visual complexity, reflects the number of details in an image; more detail 

reflects increased processing (see Alario et al. 2004 for an overview and more detailed 

definitions). Table 9 presents an overview of all accessed sources to collect values for the 

different lexical variables.  

Item lists for all languages and language combinations in Appendix B present all 

experimental and control predictors values.  

 

Table 9  

References of Lexical Variables per Language 

Lexical 

variables  

Sources lexical variables per language 

Dutch German Polish English Italian French 

Spoken word 

form frequency 

Keuleers et al., 

2010 

Brysbaert et al., 

2011 

Mandera et al., 

2015 

van Heuven et al., 

2014 

Crepaldi et al., 

2015  

Desrochers & 

Thompson, 2009 

Syllable length 
Nederlands 

woordenboek, n.d.  

Martin-Luther-

Universität Halle-

Wittenberg, n.d.  

 

 
Wilson, 1988 Olivetti, n.d.  

Lexique - Boris 

New & Christophe 

Pallier, n.d.  

Phoneme length 
Nederlands 

woordenboek, n.d.  

Martin-Luther-

Universität Halle-

Wittenberg, n.d.  

 

 

WordReference.co

m, n.d.   
Olivetti, n.d. 

Le Dictionnaire, 

n.d. 

 

Age of 

acquisition 

Brysbaert et al., 

2014 

Birchenough et al., 

2017 
Imbir, 2016 

Johnston et al., 

2010 

Montefinese et al., 

2019 

Alario & Ferrand, 

1999 

Familiarity 
Shao & Stiegert, 

2016 

Schröder et al., 

2012  

Duñabeitia et al., 

2022 a 

Johnston et al., 

2010 

Montefinese et al., 

2014 

Alario & Ferrand, 

1999 



160 

Imageability 
Shao & Stiegert, 

2016 
Võ et al., 2009 Imbir, 2016 Scott et al., 2019 

Montefinese et al., 

2014 

Desrochers & 

Thompson, 2009 

Visual 

complexity 

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018b

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018 

Duñabeitia et al., 

2018 

Note. Number of phonemes was collected by the International Phonetic Alphabet (IPA).   

a The native speaker in this study translated 14 out of the 422 items differently to Duñabeitia et al. (2022). We 

continued our work with our translation since data collection and analysis were already completed. The 

familiarity values for these 13 items are therefore not included in the final Polish item list. For more details, see 

Appendix B. 

b Visual complexity norms were not available for Polish. Visual complexity values of the German items were 

taken. This approach was acceptable since the visual complexity values showed a high cross-linguistic 

correlation ( r > .90) and can therefore be applied to Polish (Duñabeitia et al., 2022). 

Procedure  

The procedure was different for the monolingual and bilingual speakers with aphasia. 

Monolinguals underwent at least three sessions, while bilinguals were tested for at least six 

sessions.  

Monolingual Participants. Each monolingual participant was tested at least three 

times with each session lasting around 60 to 90 minutes. Sessions were scheduled over period 

of at least a week, with a break of at least one day between the picture naming sessions. 

Figure 2 visualises the study procedure for the monolingual participants.  

   

In the first session, the monolingual speakers with aphasia conducted the BAT and the 

LEMO picture naming test. Session two and session three consisted of the experimental 

comprised naming 

Set 1, which was composed of three subsets (Subset 1a, Subset 1b, Subset 1c: All subset 

consisted of an equal number of items). Additionally demographic and medical data were 

collected. Within the third session, the participant named the items of the second naming set, 

Figure 2  

Study Procedure Monolingual Speakers with Aphasia 
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again the set was divided into three subsets (Subset 2a, Subset 2b, Subset 2c: All subset 

consisted of an equal number of items). The picture naming task in session three was 

followed by the written naming task of the first 30 items of Subset 1a.  

Due to fatigue and/or level of task tolerance, the timeline was slightly modified for 

two monolingual speakers with aphasia. The picture naming task was spread over four 

sessions for MwA6 (Session 2: Subset 1a and Subset 1b, Session 3: Subset 1c and 2a, Session 

4: Subset 2b, Session 5: Subset 2c) and spread over three sessions for MwA8 (Session 2: 

Subset 1a and 1b, Session 3: Subset 1c and 2a, Session 4: Subset 2b and 2c). 

Bilingual Participants. Each bilingual participant was tested for at least six times. 

One individual session lasted for approximately 60 to 90 minutes The six sessions were 

scheduled over a minimum of three weeks, including a day of rest between sessions with 

different items in the same language. Sessions with the same item set, that were named in a 

different language, were scheduled with a break of at least one week to avoid priming effects. 

Figure 3 visualises the study procedure for the bilingual speakers with aphasia. 

 Note. L1 = First language, L2 = Second language. The figure is an example of a study 

following session were accordingly adjusted. 

The BAT and the LEMO picture naming test were administered in the first session in 

session across the two languages of the bilingual participant. To maintain language mode and 

avoid language switching, a naming session was always held in one language. Session two 

language. Accordingly, session three (Item set 1) and session four (Item set 2) were naming 

sessions for t

Figure 27  

Study Procedure Bilingual Speakers with Aphasia (Starting the Study in the P
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subsets of item set 1 and item set 2 was alternated in session four and session five. 

Additionally, the following data were collected during different sessions: LEMO picture 

naming test in the participants first language (session three), demographic and medical data 

session of the experimental task (session six) included the administration of the BAT22 and 

-Q was 

administered to capture the bilingual language profile of the participant.  

Four bilingual participants (BwA2, BwA4, BwA5, BwA7) received an adapted/ 

modified presentation procedures due to the onset of fatigue, language impairment and/or 

level of task tolerance. The adaptation consisted of a split of session six into two sessions 

(BwA2, BwA4, BwA7). For BwA5 the picture naming sessions in Italian were split across 

three sessions (session 2: Subset 2a and Subset 2b, session 3: Subset 2c and Subset 1a, 

session 6: Subset 1c and Subset 1b). 

As illustrated in Figure 2 and Figure 3, the written naming task was always conducted 

after the picture naming task to prevent any possible priming or repetition effects for the 

spoken modality, that constituted the main task. 

 

Items to name were shown on a laptop using the DMDX software (Forster & Forster, 

2003). Instructions for the picture naming task were given verbally by the examiner and were 

additionally displayed on the screen. The participants were instructed to name the picture 

with a single name as fast and accurately as possible. For bilingual participants, instructions 

were always given in the language according to the language associated to the session. A 

practice round, including five items23, was included before each subset. Each trial began with 

a 250ms fixation cross at the centre of the screen, followed by the appearance of the target 

picture in the centre of the screen and the start of the audio recording. The examiner stopped 

the audio recording and moved to the next item by using the keyboard. When the participant 

named the picture or indicated to move on to the next item, pictures were removed from the 

screen. As soon as the next item appeared, the audio recording started again. The division of 

 
22 Training to conduct the BAT in Italian/Polish was given to a family member of BwA2 and BwA5 since the 
experimenter could not speak Italian or Polish. The family member administered the BAT in the presence of the 
researcher. The examiner was fluent in all other evaluated languages, so no family member was needed to 
conduct the BAT for any other participant. 
23 Items were taken from MultiPic and were not included in the item list of the experimental task since they had 
a name agreement of 79% or less.  
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a naming set into three subsets allowed for two breaks of five to ten minutes within a naming 

session.    

 

Data Analysis 

Transcription and Error Coding 

The DMDX software (Forster & Forster, 2003) generated a WAV-audio file for every 

single item during the naming task. This audio file was used to transcribe and code the verbal 

response as correct or incorrect. Incorrect responses were assigned with an error code to 

define the error type (the detailed error type coding is not part of this study; see General 

Appendix F for the error types guideline that was used to analyse incorrect response by their 

error type). For consistency across transcription and error types coding a guideline was 

developed. Additionally, examiners involved in the process received a transcription and error 

code training, including a check in session for questions after the analysis of the first naming 

set. The transcription and error coding for the different languages was always carried out by a 

native or proficient speaker of the respectively language. Difficulties during the process were 

discussed with a second examiner and presented to a third person to reach consensus for 

unsolved issues.  

The first complete attempt made within the first 10 seconds after the onset of the 

picture was coded as correct or incorrect. A first complete attempt was defined as follows: A 

consonant-vowel or vowel-consonant response (schwa was not considered a vowel) that was 

uninterrupted and had either a downward/upward intonation or level intonation followed by a 

noticeable pause (one second). An attempt that was self-interrupted or a minimal vowel-

consonant or consonant-vowel response (schwa was not considered a vowel), followed 

directly by another utterance, was defined as fragment and was not coded as a complete 

atte

response. The usage of a determiner was not coded. Additionally, a number of response 

variations were allowed without incorrect coding: Addition of a prepositional phrase (e.g., 
24 

 

 
24 A response that included the addition of a modifier component that resulted in a compound word was 
considered an acceptable alternative. 
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 Logistic Regression. Logistic regression analyses were carried out preceded by 

correlational analysis using the analysis software jamovi (The jamovi project, n.d.). Analyses 

were run for each monolingual and bilingual speaker with aphasia for each of their languages 

to examine the presence and direction of any effect of phonological neighbourhood on picture 

naming accuracy. Additionally, further lexical variables known to be influencing picture 

naming such as spoken word form frequency, number pf phonemes, number of syllables, age 

of acquisition, imageability, familiarity, visual complexity were added in order to control for 

their contribution to the result patterns. Analysis to examine effects for phonological 

neighbourhood density and frequency on accuracy of lexical retrieval across languages were 

conducted for bilingual speakers with aphasia and followed the steps of the monolingual 

analysis, with addition of the across neighbours. 

Multicollinearity. We examined the potential for multicollinearity (cut-off: r > .7) 

(Field, 2017) among all experimental predictors (PNDwithin, PNFwithin, PNDacross, 

PNDacross, phonological similarity) and control predictors (spoken word form frequency, 

number of phonemes, number of syllables, age of acquisition, imageability, familiarity, visual 

multicollinearity between several predictors, especially and unsurprisingly the PND and PNF 

predictors. To avoid multicollinearity between the PND and PNF predictors, we ran 

individual regression analyses for each PND and PNF predictor, always the phonological 

similarity predictor included for the analysis of the bilingual speakers. Additionally, the 

length variables, number of phonemes, and number of syllables for all languages (r > .7). For 

French, familiarity and frequency were highly correlated (r = .831). We decided to exclude 

the predictors number of syllables and frequency from the analyses to minimize potentially 

problematic levels of multicollinearity25. After excluding syllables and frequency, regression 

analyses were run for all monolinguals and bilingual speakers. Result revealed further 

multicollinearity for analyses involving the word lengths measure number of phonemes. 

Since the predictor number of phonemes had no effect on accuracy across the participants26 

justification was given to leave number of phonemes out of the model. Furthermore, we 

monitored multicollinearity by using the variance inflation factor (VIF). Problematic levels of 

multicollinearity are reported with a value above 5 (Hutcheson, 1999). After removing the 

 
25 Both phonemes and syllables can be considered measures of word length, and familiarity and frequency are 
measures of frequency (Nickels & Howard, 1995). 
26 Except of one single analysis out of 16 analyses (BwA2 Polish). 
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variables number of syllables, number of phonemes and frequency, the experimental and 

control variables had a VIF of 2.85 or less across all analyses. For correlation matrix details 

see Appendix C.  
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Results 

 

Monolingual Speakers with Aphasia 

Summary Data   

Naming Accuracy. Summarized accuracy naming data of all ten monolingual 

speakers with aphasia are presented in Table 10 and Table 11. Accuracy across the 

participants ranged from 17.97% to 82.50%.  

Experimental Predictors Affecting L1 Accuracy. Effects of within-language 

phonological neighbourhood density and frequency across analyses were observed for one 

participant. MwA5 showed significant PNDwithin and PNFwithin effects on naming 

accuracy (PNDwithin: p = .019, OR = 1.276, 95% CI [1.041, 1.56]; PNFwithin: p = .004, OR 

= 7.420, 95% CI [1.924, 28.62]). Detailed results of the logistic regression analyses per 

experimental predictor (PNDwithin, PNFwithin) for all participants are given in Table 10 and 

Table 11.  

PNDwithin Affecting Accuracy 

The results of the binomial logistic regression models examining the PNDwithin 

predictor on accuracy across all participants are shown in Table 10. The overall percentage of 

accuracy of model classification across all analyses was between 63.5% and 91.9% (cut-off < 

50%).  

The predictor PNDwithin significantly predicted picture naming accuracy in one 

participant (MwA5: p = .019, OR = 1.276, 95%-CI[1.041, 1.56].  

Age of acquisition, familiarity and imageability were significant control predictors of 

accuracy in five participants (age of acquisition: MwA2: p = .033, OR = 0.354, 95%-

CI[0.136, 0.920]; MwA6: p = .004, OR = 0.426, 95%-CI[0.237, 0.766]; MwA8: p = .050, OR 

= 0.571, 95%-CI[0.326, 0.999] / familiarity: MwA9: p = .016, OR = 0.567, 95%-CI[0.357, 

0.899] / imageability: MwA5: p = .037, OR = 7.084, 95%-CI[1.122, 44.71]). See Appendix C 

for regression analyses details.  

  



16
7 

T
a

b
le

 1
0

  

A
cc

ur
ac

y 
an

d 
L

og
is

ti
c 

R
eg

re
ss

io
n 

D
at

a 
(P

N
D

w
it

hi
n 

P
re

di
ct

or
) 

fo
r 

al
l 

M
on

ol
in

gu
al

 S
pe

ak
er

s 
w

it
h 

A
ph

as
ia

 

P
ar

ti
ci

pa
nt

  
L

an
gu

ag
e 

N
 it

em
s 

A
cc

ur
ac

y 

M
od

el
 te

st
 

R
² C

S
 

R
² N

 
A

C
 

S
ig

ni
fi

ca
nc

e 
of

 M
od

el
 c

oe
ff

ic
ie

nt
s 

(p
) 

 P
re

di
ct

or
s 

N
 it

em
s 

co
rr

ec
t 

%
 c

or
re

ct
 

A
oA

 
F

am
 

Im
ag

e 
V

C
 

P
N

D
w

it
hi

n 

M
w

A
1 

G
er

m
an

 
42

3 
76

 
17

.9
7%

 
 

.0
29

 
.0

43
 

70
.3

%
 

.2
42

 
.5

08
 

.8
75

 
.5

64
 

.4
24

 

M
w

A
2 

G
er

m
an

 
42

3 
18

9 
44

.6
8%

 
 

.1
40

 
.1

88
 

63
.5

%
 

.0
33

* 
.8

50
 

.1
12

 
.1

05
 

.1
50

 

M
w

A
3 

G
er

m
an

 
42

3 
20

3 
47

.9
9%

 
 

.1
86

 
.2

14
 

71
.6

%
 

.0
65

 
.1

32
 

.4
81

 
.5

07
 

.1
22

 

M
w

A
4 

G
er

m
an

 
42

3 
34

4 
81

.3
2%

 
 

.1
12

 
.2

60
 

91
.9

%
 

.0
82

 
.8

09
 

.8
92

 
.2

49
 

.4
50

 

M
w

A
5 

G
er

m
an

 
42

3 
28

4 
67

.1
4%

 
 

.1
80

 
.2

84
 

81
.1

%
 

.5
20

 
.6

30
 

.0
37

* 
.9

40
 

.0
19

* 

M
w

A
6 

E
ng

li
sh

 
44

0 
12

8 
29

.0
9%

 
 

.0
84

 
.1

16
 

68
.8

%
 

.0
04

* 
.8

76
 

.4
06

 
.4

61
 

.9
03

 

M
w

A
7 

E
ng

li
sh

 
44

0 
31

1 
70

.6
8%

 
 

.0
18

 
.0

28
 

78
.3

%
 

.5
22

 
.8

98
 

.9
25

 
.3

62
 

.3
88

 

M
w

A
8 

E
ng

li
sh

 
44

0 
29

8 
67

.0
5%

 
 

.0
38

 
.0

58
 

78
.3

%
 

.0
50

* 
.1

89
 

.0
56

 
.3

71
 

.4
86

 

M
w

A
9 

E
ng

li
sh

 
44

0 
34

1 
77

.5
0%

 
 

.0
33

 
.0

59
 

85
.4

%
 

.0
76

 
.0

16
* 

.5
79

 
.2

64
 

.2
92

 

M
w

A
10

 
E

ng
li

sh
 

44
0 

36
3 

82
.5

0%
 

 
.0

25
 

.0
43

 
84

.2
%

 
.1

15
 

.9
33

 
.3

03
 

.9
21

 
.6

45
 

N
ot

e.
 R

² C
S

 
, R

² N
 =

 
F

am
il

ia
ri

ty
, 

Im
ag

e 
=

 I
m

ag
ea

bi
li

ty
, V

C
 =

 V
is

ua
l c

om
pl

ex
it

y,
 P

N
D

w
it

hi
n 

=
 P

ho
no

lo
gi

ca
l n

ei
gh

bo
ur

ho
od

 d
en

si
ty

 w
it

hi
n 

la
ng

ua
ge

. 

 



168 

PNFwithin Affecting Accuracy 

Table 11 lists the results of the binomial logistic regression models examining the 

PNFwithin predictor on accuracy across all monolingual participants. The overall percentage 

of accuracy of model classification across analyses was between 58.9% and 93.2% (cut-off 

50%).  

The PNFwithin factor significantly predicted picture naming accuracy in one 

participant (MwA5: p = .004, OR = 7.420, 95%-CI[1.924, 28.62]. 

The control predictors age of acquisition, familiarity, and imageability significantly 

predicted accuracy in five participants (age of acquisition: MwA4: p = .034, OR = 0.176, 

95%-CI[0.035, 0.874]; MwA6: p = .004, OR = 0.408, 95%-CI[0.221, 0.751] / familiarity: 

MwA9: p = .014, OR = 0.559, 95%-CI[0.351, 0.890], imageability: MwA5: p = .043, OR = 

6.143, 95%-CI[1.059, 35.63]; MwA8: p = .054, OR= 3.050, 95%-CI[0.980, 9.50]). See 

Appendix C for details of the regression analyses.  
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Bilingual Speakers with Aphasia 

Summary Data  

Naming Accuracy. Accuracy naming data of all bilingual speakers with aphasia 

across their languages are summarised in Tables 12-

(either dominant or non-dominant language) ranged between 20.22% and 86.03%. Accuracy 

L2 (either dominant or non-dominant language) was between 0% and 

80.27%.  

Experimental Predictors Affecting L1 and L2 Accuracy. Among all regression 

analyses across participants and languages, phonological neighbourhood effects were found 

for five participants (BwA2, BwA3, BwA6, BwA7, and BwA8). BwA2 showed significant 

PNFwithin and phonological similarity effects on picture naming accuracy in his dominant 

L2 German. BwA3 exhibited phonological similarity effects in his non-dominant L1 Dutch in 

the within-language analyses (PNDwithin, PNFwithin). BwA6 again presented phonological 

similarity effects on accuracy in her non-dominant language French (L2) in the within-

language (PNDwithin, PNFwithin) and across-language analyses (PNDacross, PNFacross). 

Phonological similarity and PNFwithin effects in the within-language analyses were 

presented by BwA7 in his non-dominant language L1 French. BwA8 displayed PNFwithin 

effects in her non-dominant L1 French. Detailed information on the logistic regression results 

per experimental predictor (PNDwithin, PNFwithin, PNDacross, PNFacross  always 

including the phonological similarity predictor) for all participants across their languages are 

given below.  

PNDwithin/Phonological Similarity Affecting L1 and L2 Accuracy  

Table 12 summarises the results of the binomial logistic regression model examining 

the PNDwithin and the phonological similarity predictor on L1 and L2 naming accuracy 

across all participants. The overall percentage of accuracy of model classification across all 

analyses was between 61.2% and 91.0% (cut-off 50%).  

The PNDwithin predictor showed no significant effect on accuracy across the 

phonological similarity significantly predicted 

picture naming accuracy in three participants always in their non-dominant language (BwA3 

[L1]: p = .049, OR = 1.011, 95%-CI[1.000, 1.02]; BwA7 [L1]: p = .043, OR = 1.019, 95%-

CI[1.001, 1.04], (BwA6 [L2]: p = .005, OR = 1.020, 95%-CI[1.006, 1.035]).  

When adding the control predictors to the model, age of acquisition and imageability 

significantly predicted accuracy in five participants in either their L1 or L2 (age of 

acquisition: BwA1: L2 dominant, p = .010, OR = 0.146, 95%-CI[0.341, 0.629]; BwA6: L2 
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non-dominant, p < .001, OR = 0.103, 95%-CI[0.029, 0.369]; BwA8: L1 non-dominant, p < 

.001, OR = 0.125, 95%-CI[0.037, 0.415] / imageability: BwA4: L2 non-dominant, p = .013, 

OR = 23.126, 95%-CI[1.914, 279.397]; BwA7: L1 non-dominant, p = .052, OR = 3.436, 

95%-CI[0.992, 11.90]). Familiarity and visual complexity did not predict accuracy. Full 

details of the regression analyses can be found in Appendix C. 
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PNFwithin/Phonological Similarity Affecting L1 and L2 Accuracy  

Table 13 lists the regression results of the PNFwithin and phonological similarity 

predictors on L1 and L2 naming accuracy for all participants. The accuracy of model 

classification with a cut-off of 50%, ranged between 61.2% and 91.0% across analyses. 

PNFwithin significantly predicted accuracy in the non-dominant L1 for two 

participants (BwA7: L1 non-dominant, p = .033, OR = 2.913, 95%-CI[1.092, 7.76], BwA8: 

L1 non-dominant, p = .040, OR = 2.265, 95%-CI[1.039, 4.933]) and in the dominant L2 for 

one participant (BwA2: L2 dominant, p = .042, OR = 2.97, 95%-CI[1.043, 8.44]). 

Phonological similarity was a significant predictor of picture naming accuracy in L1 in two 

participants (BwA3: L1 non-dominant, p = .043, OR = 1.012, 95%-CI[1.000, 1.02]; BwA7: 

L1 non-dominant, p = .020, OR = 1.023, 95%-CI[1.004, 1.04]) and for L2 in two further 

participants (BwA2: L2 dominant, p = .023, OR = 1.02, 95%-CI[1.003, 1.04]; BwA6: L2 

non-dominant, p = .008, OR = 1.020, 95%-CI[1.005, 1.034]. These effects were found in 

either the dominant (BwA2) or the non-dominant language (BwA3, BwA6, Bw9).  

Furthermore, age of acquisition and imageability (control predictors) predicted 

accuracy in five participants in their L1 or L2 (age of acquisition: BwA1: L2 dominant, p = 

.008, OR = 0.139, 95%-CI[0.032, 0.601]; BwA6: L2 non-dominant, p < .001, OR = 0.103, 

95%-CI[0.029, 0.366]; BwA8: L1 non-dominant, p < .001, OR = 0.126, 95%-CI[0.037, 

0.426] / imageability: BwA4: L2 non-dominant, p = .014, OR = 10.294, 95%-CI[1.828, 

225.257], BwA7: L2 dominant, p = .043, OR = 3.903, 95%-CI[1.004, 14.59]. See Appendix 

C for full analyses details. 
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PNDacross/Phonological Similarity Affecting L1 and L2 Accuracy  

Table 14 presents the results of the binomial logistic regression model examining the 

PNDacross and phonological similarity effects. Results are listed for L1 and L2 naming 

accuracy across all participants. The accuracy of model classification across all regression 

analyses ranged from 57.9% to 91.0% (cut-off 50%).  

The PNDacross predictor showed no significant effect on accuracy across the 

r the non-dominant L2 

was significantly predicted by phonological similarity in one participant (BwA6: L2 non-

dominant, p = .005, OR=1.020, 95%-CI[1.006, 1.033].  

The control predictors age of acquisition and imageability significantly predicted 

accuracy in six participants in either their L1 or their L2 (age of acquisition: BwA1: L1 non-

dominant, p = .049, OR = 0.674, 95%-CI[0.455, 0.999]; BwA1: L2 dominant, p = .010, OR = 

0.152, 95%-CI[0.036, 0.634]; BwA3: L1 non-dominant, p = .042, OR = 0.652, 95%-

CI[0.432, 0.985]; BwA6: L2 non-dominant, p < .001, OR = 0.104, 95%-CI[0.029, 0.368]; 

BwA8: L1 non-dominant, p < .001, OR = 0.123, 95%-CI[0.037, 0.406] / imageability: BwA4 

L2 non-dominant.015* OR=22.886, 95%-CI[1.821, 287.582]). Familiarity and visual 

complexity did not show an effect. Full details of the analyses can be found in Appendix C. 
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PNFacross/Phonological Similarity Affecting L1 and L2 Accuracy  

The results of the examination of the PNFacross and phonological similarity predictor 

of L1 and L2 naming accuracy across all participants can be found in Table 15. The 

yses was between 62.0% 

and 91.0% (cut-off 50%).  

The PNFacross predictor showed no significant effect on accuracy across the 

-dominant L2 

was significantly predicted by phonological similarity in one participant (BwA6: L2 non-

dominant, p = .007, OR = 1.019, 95%-CI[1.005, 1.033]).  

Age of acquisition and imageability significantly predicted accuracy in five bilingual 

speakers with aphasia when entered as control predictors into the regression model (age of 

acquisition: BwA1: L1 non-dominant, p = .046, OR = 0.670, 95%-CI[0.453, 0.992]; BwA1: 

L2 dominant, p = .014, OR = 0.168, 95%-CI[0.040, 0.699]; BwA6: L2 non-dominant, p < 

.001, OR = 0.102, 95%-CI[0.029, 0.362]; BwA8: L1 non-dominant, p < .001, OR = 0.125, 

95%-CI[0.038, 0.413]; BwA8: L2 dominant, p = .052, OR = 0.434, 95%-CI[0.187, 1.01] / 

imageability: BwA4: L2 non-dominant, p = .014, OR = 21.939, 95%-CI[1.859, 258.888]). 

Familiarity and visual complexity did not contribute significantly to accuracy. See Appendix 

C for full analyses details. 
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Discussion 

 

This study investigated the impact of phonological neighbours on accuracy in spoken 

picture naming in monolingual and bilingual speakers with aphasia, using a logistic 

regressions analysis. Hereby, the influence of phonological neighbourhood density and 

frequency within language (PNDwithin, PNFwithin) was investigated for both speaker 

groups, and additionally across languages (PNDacross, PNFacross, phonological similarity) 

for the bilingual speaker group.  

The pattern that emerged for monolingual speakers showed no effects of phonological 

neighbourhood within language for nine participants. Only one participant (MwA5, see Table 

16) showed increased accuracy with higher phonological neighbourhood (higher PNDwithin 

and PNFwithin).  

 

Table 16  

Phonological Neighbourhood Effect on Accuracy in all Monolingual Speakers with Aphasia 

 Phonological neighbourhood effect on accuracy 

Participant PNDwithin effect on accuracy PNFwithin effect on accuracy 

MwA1 × × 

MwA2 × × 

MwA3 × × 

MwA4 × × 

MwA5   

MwA6 × × 

MwA7 × × 

MwA8 × × 

MwA9 × × 

MwA10 × × 

Note. × = No effect on picture naming accuracy,  = Effect on picture naming accuracy. 

 

Five bilingual participants (BwA2, 3, 6, 7, and 8, see Table 17) showed increased 

picture naming accuracy with higher phonological neighbourhood (PNFwithin and 

phonological similarity) in the within-language analyses. The effect was only evident in the 

-dominant/weaker language for five participants. For the across-language 
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analyses, minimal effects were observed: Only BwA6 showed an increased accuracy when 

phonological similarity between languages was high, again this was observed for her non-

dominant language. Further, across-language phonological neighbourhood analyses 

(PNDacross, PNFacross, phonological similarity) revealed no effects on picture naming 

accuracy. 

This suggests that a high PNFwithin and high phonological similarity (across the 

target and non-target language equivalent word) potentially facilitates accuracy in bilingual 

speakers with aphasia only within their non-dominant language. Hence, language dominance 

might be a crucial factor when investigating neighbourhood effects in bilingual speakers with 

aphasia.  

 

Table 17  

Phonological Neighbourhood Effects on Accuracy in all Bilingual Speakers with Aphasia 

   Phonological neighbourhood effects 

   Within-language analyses  Across-language analyses 

Participants  PNDwithin PNFwithin  PNDacross PNFacross 

BwA1 L1 Dutch × ×  × × 

 L2 German^ × ×  × × 

BwA2 L1 Polish^ × ×  × × 

 L2 German^ × PNF: , PS:   × × 

BwA3 L1 Dutch PS:  PS:   × × 

 L2 German^ × ×  × × 

BwA4 L1 English^ × ×  × × 

 L2 German × ×  × × 

BwA5 L1 English^ × ×  × × 

 L1 Italian  × ×  × × 

BwA6 L1 English^ × ×  × × 

 L2 French PS:  PS:   PS:  PS:  

BwA7 L1 French  PS:  PNF: , PS:   × × 

 L2 English^  × ×  × × 

BwA8 L1 French  × PNF:   × × 

 L2 English^ × ×  × × 

Note. ^ = Dominant language, × = No effect on picture naming accuracy,  = Effect on picture naming 

accuracy, PS = Phonological similarity, PNF = Phonological neighbourhood frequency. 
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Phonological Neighbourhood Effects in the Mental Lexicon 

Monolingual Speakers with Aphasia  

The majority of included monolingual participants showed no PNDwithin/PNFwithin 

effect on their picture naming accuracy outcome. Merely one single monolingual speaker 

with aphasia (MwA5) displayed density and frequency effects on accuracy.  

Previous studies, that investigated these neighbourhood effects in monolingual 

unimpaired and impaired speakers were inconclusive. In monolingual healthy speakers, no 

effects on accuracy were reported for density (Gordon & Kurczek, 2014; Vitevitch, 2002; 

Vitevitch et al., 2004), facilitatory effects were found for density and frequency (Newman & 

Bernstein Ratner, 2007; Hameau et al., 2021), inhibitory effects were detected for density 

(Newman & German, 2005) and for density and frequency (Hameau et al., 2021). In 

monolingual speakers with aphasia no effects were found for density (Palmer, 2018; 

Tichborne et al., 2021) and frequency (Palmer, 2018; Gordon, 2002), faciliatory effects were 

revealed for density (Gordon, 2002; Goldrick et al., 2010; Middleton & Schwartz, 2010; 

Mirman et al., 2010: Laganaro et al., 2013), and inhibitory effects were reported for density 

(Mirman et al., 2010; Laganaro et al., 2013).  

In the context of comparing our findings to previous research, our results align with 

reporting no phonological density effects on accuracy in healthy monolinguals 

(Gordon & Kurczek, 2014; Vitevitch, 2002; Vitevitch et al., 2004). Additionally, our findings 

are consistent with three studies that revealed no density effects in monolingual speakers with 

aphasia (Palmer, 2018; Tichborne et al., 2021).  

Since most research in this field mainly focussed on phonological neighbourhood 

effects in relation to density; only a limited number of studies incorporated neighbourhood 

frequency values. Therefore, we incorporated in our examination phonological 

neighbourhood frequency as a predictor. Our results for frequency effects align with previous 

research that found no frequency effects on accuracy in monolingual speakers with aphasia 

(Palmer et al., 2018; Gordon, 2002).  

 In comparison to studies that have shown different patterns, our study included a 

significantly larger number of items to examine phonological neighbourhood effects. While 

the previous studies with facilitatory and inhibitory outcomes examined phonological 

neighbourhood effects with 48 to 260 pictures that were mostly black and white drawings, 

our study specifically included 423 items for the monolingual German speakers and 440 

items for the monolingual English speakers with aphasia. These items consisted of coloured 

objects that varied in word lengths and consonant-vowel structures in both languages. 
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Consequently, our item material was much larger in comparison to earlier studies and we also 

matched for factors that underpin spoken word production, and are therefore more sensitive 

to capture potential neighbourhood effects driven by density and frequency (further 

theoretical implications will be discussed later in this section).  

Bilingual Speakers with Aphasia  

Four bilingual participants (BwA3, 6, 7 and 8) showed higher picture naming 

accuracy in the within-language analyses for items that were higher in frequency and/or had a 

high phonological similarity to the non-target language word, always in their non-dominant 

language, regardless of whether the non-

BwA2 showed the same effect, however in his dominant L2 German. It is important to 

across his 

L1 and L2. The bilingual language profile of BwA2 could provide an explanation for why the 

participant showed the effects in German (L2): His language proficiency, which is part of the 

construct of language dominance, is slightly higher in Polish (L1). Therefore, effects in his 

dominant language may have been driven by his lower proficiency in his dominant language 

German.  

For the across-language analyses, only BwA6 showed phonological neighbourhood 

effects (phonological similarity); however, again, higher accuracy was observed in their non-

dominant language.   

When comparing our result to previous research on bilingual healthy speakers, it 

needs to be acknowledged that published research is scarce and inconclusive. Researchers 

have found facilitatory effects for neighbourhood density within languages (Marian & 

Blumenfeld, 2006; Hameau et al., 2021) and neighbourhood density across languages 

(Hameau et al., 2021). Furthermore, inhibitory effects on accuracy were reported for density 

within and density across language neighbours (Hameau et al., 2021), while another study 

found neither density within and nor density across effects on picture naming accuracy (Sadat 

et al., 2016). It is noteworthy, that all these findings from previous research are based on 

density effects, while neighbourhood frequency within and across languages has remained 

unexplored in the bilingual population with aphasia. We, therefore, included this aspect in our 

study. 

The study conducted by Marian and Blumenfeld (2006), including German-English 

and English-German late bilinguals, also reported that naming accuracy in German was 

generally higher (L1 and L2) for targets with a higher phonological neighbourhood density 

within languages and deducted that language proficiency played a more important role in 
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lexical access than the language age of acquisition. This additional finding is in accordance 

with our research that assumes that phonological neighbourhood effects in bilinguals need to 

be considered in the context of the bilingual language profile since our effects were always 

observed in the non-dominant/weaker language, and this was regardless of whether the 

language was the L1 or L2 (so regardless of the language age of acquisition).    

Evidence-based findings on phonological neighbourhood effects in bilingual speakers 

with aphasia are limited. Only an unpublished single case study investigated this effect, 

controlling for frequency and density (Palmer et al., 2018). Palmer et al. (2018) found no 

effects of density and frequency, neither within nor across languages. The findings of the 

across language analyses are in line with our findings, while the result of the within-language 

analyses differ: Our study found phonological neighbourhood effects in the non-

dominant/weaker language in five out of eight participants. However, phonological 

neighbourhood effects on accuracy were also not consistently found among the bilingual 

speakers in this study. This could indicate that the nature of the underlying language deficit 

(locus of breakdown in lexical processing) is different from those that showed neighbourhood 

effects. This rationale can potentially account for the absence of phonological neighbourhood 

effects in the non-dominant language of the single case study conducted by Palmer et al. 

(2018). 

A further noteworthy aspect regarding the previous research in this field among 

healthy and language-impaired bilingual speakers is, that the projects have only conducted 

the across-analyses in one language direction. However, it needs to be acknowledged that 

across phonological neighbourhood effects can manifest in both directions (L1 to L2, L2 to 

L1). Consequently, the current study addressed this limitation and examined across 

neighbourhood effects in both directions.   

Observed Effects in the Context of a Monolingual Word Production Model. We 

assumed potential beneficial effects for word retrieval accuracy when the target word owns a 

high phonological neighbourhood, an assumption that was presented by others as well 

(Gordon & Kurczek, 2014). While we tested this assumption for monolingual speakers with 

aphasia, we were specifically interested if this is true for bilingual speakers, so whether 

within-language (PNDwithin, PNFwithin) and across-language phonological neighbours 

(PNDacross, PNFacross, phonological similarity) will affect accuracy in bilingual speakers 

with aphasia.  

bidirectional activation between phonemes and lemmas, as outlined in the Interaction 
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Activation Model of spoken language production (Dell et al., 2007, see Figure 4), can have a 

facilitatory effect on accuracy within the non-dominant/weaker language of a bilingual 

speaker with aphasia. An explanation for why there is this effect in the non-dominant/weaker 

language: There are differences in the strength of processing (between dominant and non-

dominant languages) and these differences in processing strengths can be an explanation for 

the differences in phonological neighbourhood effects regarding language dominance. This 

would imply, processing pathways are more robust in the dominant language compared to the 

processing pathway in the non-dominant language, and therefore the effects of phonological 

neighbours may not emerge in the dominant language. 

Note. Production of a target word (cat) facilitated by the within-language phonological 

neighbour rat. The arrows in the model feature bidirectional activation.  

Among the monolingual speakers with aphasia, nine participants exhibited no 

phonological neighbourhood effect on accuracy. An explanation could lie in the nature of the 

phonological neighbourhood effects we observed in the bilingual population. Effects have 

been exclusively observed in the bilingual speakers' non-dominant/weaker languages. 

However, monolinguals only speak in their dominant language since no other language is 

available. The absence of neighbourhood effects among these participants can therefore be 

explained by their language profile: Higher accuracy by increased activation between lemma 

and phonemes to the target has only been observed in a non-dominant language for bilingual 

speakers, which does not exist in monolingual speakers.  

Figure 10  

Activation Model of Spoken Language Production (e.g., Dell et al., 2007) 
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As already mentioned, neighbourhood effects of the participants in our study (BwA2, 

BwA3, BwA6, BwA7, BwA8) were also driven by the phonological similarity across item 

pairs (target word and non-target language transition equivalent): Accuracy of the target word 

was facilitated by the activation of the non-target language equivalent with high phonological 

similarity to the target word. This aligns with the evidence discussed in relation to the 

-established 

phenomenon whereby cognate words27 are named faster and more accurately compared to 

non-cognate words (e.g., Costa et al., 2000; Costa et al., 2005; Strijkers et al., 2010). This 

phenomenon is based on the semantic and phonological overlap (simultaneous activation of 

the word form of the translation equivalent in the non-target language) for cognates (Costa et 

al., 2005). Although non-target language equivalents that facilitated accuracy in our study 

were not all cognates, they had a high phonological similarity to the target word (in addition 

to semantic overlap). Therefore, these non-target language equivalents have a high level of 

form level activation.  

Effects in the Context of a Bilingual Language Model. The MULTILINK model 

(Dijkstra et al., 2019) can offer an explanation for the increased accuracy of target words 

through the activation of semantic and phonological word forms of non-target language 

words. MULTILINK is a computational bilingual localist-

network architecture is layered and the key representational structure is a lexical network. 

Hence, MULTILINK is an interactive model where activation spread operates in a 

bidirectional manner. While the MULTILINK model has a stronger focus on word 

recognition/ comprehension rather than production, it can still offer an explanation of the 

cognateness effect observed in our study. A key aspect of the MULTILINK model is 

bidirectional activation that operates between the different linguistic levels and between 

languages during word processing. The integration of multiple languages within the model 

acknowledges that the bilingual language network includes more than one language. With the 

assumed bidirectional activation between languages in the bilingual language network, it 

becomes possible to explain how the activation of semantic and phonological word forms 

from the non-target language can enhance the activation of the target word. 

 
27 Refer to the introduction for a detailed explanation; cognates are words with high overlap in the form to their 

non-target language translation equivalent (e.g., English house, German Haus). 
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Conclusion  

To conclude, we could demonstrate in this study that phonological neighbourhood 

effects (PNFwithin, phonological similarity) on picture naming accuracy are only evident in 

bilingual speakers with aphasia when they name pictures in their non-dominant/weaker 

language. The findings help us to better understand the bilingual language network: Bilingual 

speakers seem to benefit from the activation of phonological neighbours within their 

languages when speaking in the non-dominant/weaker language (since the activation of the 

words and phonemes of the neighbourhood words boost the activation of the target word). As 

such, there is a compelling rationale for considering these factors when enhancing picture 

naming accuracy and diagnosing and treating bilingual speakers with aphasia in speech 

pathology. Material for assessment and/or treatment in the bilingual speakers' non-

dominant/weaker language can be consciously chosen, e.g., holding phonological 

neighbourhood features that facilitate naming accuracy. It remains an open question why 

monolingual speakers do not show within neighbourhood effects, why more research on the 

conditions under which these phonological neighbourhood effects do emerge in people with 

aphasia is needed. However, importantly, we need to remind ourselves that bilinguals are not 

just two monolingual speakers and that the influence of bilingual language profile is an 

important factor to consider in bilingual word production.  
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Appendices 

 

Appendix A 

Background Information Monolingual Speakers with Aphasia  

 

Background Information MwA1 

Data Medical Records and Self-Reports  MwA1 

Demographic and Medical Data. MwA1 was an 84-year-old German speaker (male) 

who worked as a technician until retirement. He had a stroke seven years and eight months 

prior to the start of the project. His CT scan showed a left middle cerebral artery infarct due 

to a heart attack six days before the stroke, resulting in aphasia.  

Language Related Data. 

aphasia, dysphagia and a right hemiparesis immediately post-onset, resulting in 

hospitalisation for six weeks. After his stroke, MwA1 received regular outpatient 

occupational therapy, physiotherapy, speech pathology, and a three-week speech pathology 

rehabilitation once a year. Medical statements dated from the start of the project reported 

unclassified aphasia, characterised by phonological jargon, word finding difficulties, 

phonological paraphasias, recurring utterances, and neologisms. His main strategy to 

compensate for his word finding difficulties was using written communication, a better-

preserved modality. 

Background Language Assessments  MwA1 

There was no syndrome-specific pattern observed for his language impairment. 

and the background assessment results). Tab

German on various background assessments spanning across receptive and expressive tasks. 

The LEMO subtest spoken naming resulted in impaired naming abilities with an accuracy of 

45% (LEMO score: 9/20). MwA1 showed a language impairment in the BAT (BAT score: 

104/174) with an accuracy of 30% within the spoken naming BAT subtest (BAT naming 

score: 6/20). MwA1 showed impaired written naming abilities with an accuracy of 36.37% 

(first 30 items of Subset 1a of the experimental naming task: Written naming score: 11/30). 

His naming accuracy for written naming was higher compared to the spoken naming 

accuracy of these 30 items (spoken naming score: 5/30, accuracy 16.67%). 
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Table A1 

Language Background Assessment Data MwA1 

 German 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 9 90 

Simple and semi-complex commands (n=10) 10 100 

Complex commands (n=20) 2 10 

Verbal auditory discrimination (n=18) 13 72.22 

Semantic categories (n=5) 3 60 

Synonyms (n=5) 1 20 

Lexical decision of words and nonsense words (n=30) 25 83.33 

Lexical decision of words (n=20) 18 90 

Lexical decision of nonwords (n=10) 7 70 

Reading comprehension for words (n=10) 7 70 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 15 50 

Repetition of words (n=20) 12 60 

Repetition of nonwords (n=10) 3 30 

Series (n=3) 1 33.33 

Verbal fluency (n=3) 3 100 

Spoken Naming (n=20) 6 30 

Reading Aloud (n=10) 9 90 

Overall BAT-score 104  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 

High frequency (n=10)  

Low frequency (n=10) 

9 

4 

5 

45 

40 

50 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30) 11 36.67 

Spoken naming (n=30) 5 16.67 
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Background Information MwA2 

Data Medical Records and Self-Reports  MwA2 

Demographic and Medical Data. MwA2 was a 75-year-old German speaker (male), 

who worked as a banker prior to his stroke. The participant was 25 years post-onset with the 

start of the project. He had a left hemisphere infarct in the middle cerebral artery while he 

was out for a run. The stroke resulted in aphasia.  

Language Related Data. 

resulted in severe aphasia post-onset, with verbal production abilities reduced to only yes- 

and no-responses and hemiparesis on the right side. After rehabilitation of three months, the 

participant returned home and received outpatient physiotherapy, occupational therapy and 

speech pathology. With the start of the project, all types of outpatient therapies were ongoing. 

At the start of the project, medical data reported anomic aphasia characterised by moderate 

word finding difficulties.  

Background Language Assessments  MwA2  

The pattern of language impairment was consistent with fluent anomic aphasia (based 

on clinical observations and the background assessment results). 

language performance in German. The participa

subtest spoken naming was 75% (LEMO score: 15/20). MwA2 showed a language 

impairment in the BAT (BAT score: 128/174), with a spoken naming accuracy of 75% within 

the spoken naming BAT subtest (BAT naming score: 15/20). The participant showed written 

naming accuracy of 46.67% (first 30 items of Subset 1a of the experimental naming task: 

Written naming score: 14/30). His naming accuracy for written naming was similar to the 

spoken naming accuracy when comparing the naming accuracy of these 30 items (spoken 

naming score: 15/30, accuracy 50%). 

 

Table A2 

Language Background Assessment Data MwA2 

 German 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 9 90 

Complex commands (n=20) 5 25 
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Verbal auditory discrimination (n=18) 14 77.78 

Semantic categories (n=5) 1 20 

Synonyms (n=5) 3 60 

Lexical decision of words and nonsense words (n=30) 27 90 

Lexical decision of words (n=20) 19 95 

Lexical decision of nonwords (n=10) 8 80 

Reading comprehension for words (n=10) 9 90 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 20 66.67 

Repetition of words (n=20) 18 90 

Repetition of nonwords (n=10) 2 20 

Series (n=3) 3 100 

Verbal fluency (n=3) 2 66.67 

Spoken Naming (n=20) 15 75 

Reading Aloud (n=10) 10 100 

Overall BAT-score 128  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 15 75 

High frequency (n=10)  9 90 

Low frequency (n=10) 6 60 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  14 46.67 

Spoken naming (n=30) 15 50 
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Background Information MwA3 

Data Medical Records and Self-Reports  MwA3 

Demographic and Medical Data. MwA3 was a 57-year-old German speaker (male), 

who worked as a master butcher and business economist prior to his stroke. He returned as a 

marginal employee to the same company post-  

middle cerebral artery infarct 19 years and two months prior to this study. The stroke resulted 

in aphasia.  

Language Related Data. Medical records reported global aphasia and apraxia of 

speech immediately post-onset. The participant went through different rehabilitation 

programs after his hospitalisation, including a four-week intensive speech pathology 

rehabilitation a number of times (not more than once a year). Ongoing occupational therapy, 

physiotherapy and speech pathology were reported. At the start of the study, medical data 

reduced to one- to two-word sentences, with moderate to severe word finding difficulties and 

difficulties with reading and writing. Additionally, mild apraxia of speech, mild facial 

paresis, mild hemiparesis right and a mild sensitivity disorder (face) were reported.  

Background Language Assessments  MwA3  

-

(based on clinical observations and the background assessment results). Table A3 lists the 

results of different background assessments. The participant was screened with impaired 

naming abilities within the LEMO subtest spoken naming with an accuracy of 85% (LEMO 

score: 17/20). MwA3 showed a language impairment across the 13 subtests of the BAT (BAT 

score: 123/174). Spoken naming within the BAT was impaired with an accuracy of 65% 

Subset 1a of the experimental naming task was 33.33% (written naming score: 10/30). The 

participant showed higher naming accuracy for spoken naming compared to written naming 

across these 30 items (spoken naming score: 17/30, accuracy 56.67%). 

  



200 

Table A3 

Language Background Assessment Data MwA3 

 German 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 6 60 

Complex commands (n=20) 2 10 

Verbal auditory discrimination (n=18) 14 77.78 

Semantic categories (n=5) 5 100 

Synonyms (n=5) 4 80 

Lexical decision of words and nonsense words (n=30) 27 90 

Lexical decision of words (n=20) 20 100 

Lexical decision of nonwords (n=10) 7 70 

Reading comprehension for words (n=10) 9 90 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 27 90 

Repetition of words (n=20) 20 100 

Repetition of nonwords (n=10) 7 70 

Series (n=3) 1 33.33 

Verbal fluency (n=3) 2 66.67 

Spoken Naming (n=20) 13 65 

Reading Aloud (n=10) 3 30 

Overall BAT-score 123  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 17 85 

High frequency (n=10)  9 90 

Low frequency (n=10) 8 80 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  10 33.33 

Spoken naming (n=30) 17 56.67 
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Background Information MwA4 

Data Medical Records and Self-Reports  MwA4 

Demographic and Medical Data. MwA4 was a 49-year-old German speaker 

(female) who was trained as an office junior and worked as a typist in the medical sector until 

retirement post-stroke. The participant was eight years and three months post-onset with the 

start of the project. MwA4 had a left frontal and temporal intracerebral haemorrhage, which 

resulted in aphasia. 

Language Related Data. mixed aphasia, 

dyscalculia, dyslexia, and a hemiparesis right. Additionally, impaired concentration, 

attention, memory and orientation abilities were reported. MwA4 underwent two 

rehabilitation programs after her hospitalisation. At the start of the study, medical data 

reported anomic aphasia with ongoing speech pathology addressing her mild word finding 

difficulties.  

Background Language Assessments  MwA4  

e impairment was consistent with the diagnosis of fluent 

anomic aphasia (based on clinical observations and the background assessment results). Her 

language performance was tested across different assessments spanning receptive and 

expressive tasks (see Table A4). The LEMO subtest spoken naming resulted in naming 

accuracy of 90% (LEMO score: 18/20). Overall BAT results showed a language impairment 

for MwA4 (BAT score: 163/174). The accuracy of spoken naming within the BAT was 100% 

(BAT naming score: 20/20). MwA4 showed impaired written naming abilities with an 

accuracy of 80% (first 30 items of Subset 1a of the experimental naming task: Written 

naming score: 24/30). Naming accuracy across written and spoken naming was equally 

distributed when comparing the naming accuracy of these 30 items (spoken naming score: 

24/30, accuracy 80%). 

 

Table A4 

Language Background Assessment Data MwA4 

 German 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 9 90 
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Complex commands (n=20) 17 85 

Verbal auditory discrimination (n=18) 17 94.44 

Semantic categories (n=5) 5 100 

Synonyms (n=5) 4 80 

Lexical decision of words and nonsense words (n=30) 28 93.33 

Lexical decision of words (n=20) 20 100 

Lexical decision of nonwords (n=10) 8 80 

Reading comprehension for words (n=10) 10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 28 93.33 

Repetition of words (n=20) 20 100 

Repetition of nonwords (n=10) 8 80 

Series (n=3) 3 100 

Verbal fluency (n=3) 3 100 

Spoken Naming (n=20) 20 100 

Reading Aloud (n=10) 9 90 

Overall BAT-score 163  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 18 90 

High frequency (n=10)  9 90 

Low frequency (n=10) 9 90 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  24 80 

Spoken naming (n=30) 24 80 
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Background Information MwA5 

Data Medical Records and Self-Reports  MwA5 

Demographic and Medical Data. Participant MwA5 was a 59-year-old German 

speaker (male), who worked as a building and footpath cleaner for 20 years prior to his 

stroke. The participant was eight months post-onset with the start of the project. One week 

prior to the stroke MwA5 had a transient ischemic attack. He had multiple infarcts localised 

in the left and right hemisphere, the main infarct was localised in the middle cerebral artery 

left. The stroke resulted in aphasia. 

Language Related Data. Immediately after the stroke, non-fluent aphasia and mild 

dysarthria were reported. Additionally, the participant was diagnosed with hemiparesis, 

neglect and apraxia on the right body side. The non-fluent aphasia was specified by a reduced 

spoken output (mostly yes- and no-responses), severe word finding difficulties, 

comprehension difficulties and impaired reading and writing abilities. After hospitalization, 

the participant followed nine weeks of rehabilitation and self-reported a language recovery 

for his verbal language output and reading abilities. At the start of the project, medical data 

reported mild aphasia, including mild word finding difficulties and moderate writing 

impairments  

Background Language Assessments  MwA5  

uent anomic aphasia 

(based on clinical observations and the background assessment results). The 

language performance was tested across various background assessments (see Table A5). His 

accuracy on spoken picture naming (LEMO subtest spoken naming) was screened with 80% 

(LEMO score: 16/20 [80% correct]). MwA5 showed a language impairment across the 13 

BAT subtests (BAT score: 145/174). Spoken naming within the BAT was impaired; the 

participant presented an accuracy of 90% (BAT naming score: 18/20). Written naming 

accuracy was 26.67% (30 items of Subset 1a of the experimental naming task: Written 

accuracy of these 30 items (spoken naming score: 23/30, accuracy 76.67%). 
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Table A5 

Language Background Assessment Data MwA5 

 German 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 8 80 

Complex commands (n=20) 7 35 

Verbal auditory discrimination (n=18) 16 88.89 

Semantic categories (n=5) 5 100 

Synonyms (n=5) 2 40 

Lexical decision of words and nonsense words (n=30) 28 93.33 

Lexical decision of words (n=20) 20 100 

Lexical decision of nonwords (n=10) 8 80 

Reading comprehension for words (n=10) 9 90 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 27 90 

Repetition of words (n=20) 20 100 

Repetition of nonwords (n=10) 7 70 

Series (n=3) 3 100 

Verbal fluency (n=3) 2 66.67 

Spoken Naming (n=20) 18 90 

Reading Aloud (n=10) 10 100 

Overall BAT-score 145  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 16 80 

High frequency (n=10)  7 70 

Low frequency (n=10) 9 90 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  8 26.67 

Spoken naming (n=30) 23 76.67 
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Background Information MwA6 

Data Medical Records and Self-Reports  MwA6 

Demographic and Medical Data. MwA8 was a 73-year-old English speaker (male) 

from Australia who immigrated from Sri Lanka to Australia at the age of eight years with his 

family. MwA8 had a stroke in the left hemisphere 15 years prior to the study when he was on 

vacation. The stroke resulted in aphasia.  

Language Related Data. At the start of the study, medical records reported moderate 

aphasia (with moderate to severe impaired expressive output and moderate comprehension 

impairment) based on the Western Aphasia Battery (WAB). The participant used an 

augmentative and alternative communication device (iPad). 

Background Language Assessments  MwA6  

-fluent 

ckground assessment results). 

assessments spanning receptive and expressive tasks. The LEMO subtest spoken naming 

resulted in impaired naming abilities with an accuracy of 45% (LEMO score: 9/20). MwA6 

showed a language impairment in the BAT (BAT score: 117/174), with an accuracy of 60% 

within the spoken naming subtest (BAT naming score: 12/20). MwA6 showed impaired 

written naming abilities with an accuracy of 30% (first 30 items of Subset 1a of the 

experimental naming task: Written naming score: 9/30). When comparing the naming 

accuracy of these 30 items for written and spoken naming, there is a better outcome for 

spoken naming (spoken naming score: 12/30, accuracy 40%). 

 

Table A6 

Language Background Assessment Data MwA6 

 English 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 7 70 

Complex commands (n=20) 0 0 

Verbal auditory discrimination (n=18) 14 77.78 

Semantic categories (n=5) 1 20 
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Synonyms (n=5) 2 40 

Lexical decision of words and nonsense words (n=30) 26 86.67 

Lexical decision of words (n=20) 16 80 

Lexical decision of nonwords (n=10) 10 100 

Reading comprehension for words (n=10) 9 90 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 22 73.33 

Repetition of words (n=20) 18 90 

Repetition of nonwords (n=10) 4 40 

Series (n=3) 2 66.67 

Verbal fluency (n=3) 2 66.67 

Spoken Naming (n=20) 12 60 

Reading Aloud (n=10) 10 100 

Overall BAT-score 117  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 9 45 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  9 30 

Spoken naming (n=30) 12 40 
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Background Information MwA7 

Data Medical Records and Self-Reports  MwA7 

Demographic and Medical Data. MwA7 was a 63-year-old English speaker (male) 

from Australia, who was born and raised in the United States and worked as an insurance 

broker prior to the stroke. The participant had a left middle cerebral artery infarct seven years 

before the study, followed by a car accident. The stroke resulted in aphasia.  

Language Related Data. Immediately after the stroke, the participant was diagnosed 

with expressive and receptive aphasia, a hemiparesis right and apraxia. A left vocal fold 

paresis and subsequent dysphonia following surgery for left carotid endarterectomy were 

managed by an otolaryngologist and Botox treatments. At the start of the study, medical data 

reported mild to moderate expressive aphasia, mild alexia, some reading comprehension 

difficulties and mild pragmatic difficulties. At times, great functional and social 

communication skills with a tangential conversational discourse were reported.  

Background Language Assessments  MwA7  

The pattern of language impairment was consistent with the diagnosis of fluent 

anomic aphasia (based on clinical observations and the background assessment results). Table 

ken naming was 65% (LEMO 

score: 13/20). MwA7 showed a language impairment in the BAT (BAT score: 152/174); 

however, his spoken naming accuracy within the BAT subtest was 100% (BAT naming 

score: 20/20). The participant showed written naming accuracy of 90% (first 30 items of 

Subset 1a of the experimental naming task: Written naming score: 27/30). Written naming 

accuracy is higher in comparison to the spoken naming accuracy of these 30 items (spoken 

naming score: 21/30, accuracy 70%). 

 

Table A7 

Language Background Assessment Data MwA7 

 English 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 10 100 

Complex commands (n=20) 9 45 
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Verbal auditory discrimination (n=18) 12 66.67 

Semantic categories (n=5) 4 80 

Synonyms (n=5) 5 100 

Lexical decision of words and nonsense words (n=30) 29 96.67 

Lexical decision of words (n=20) 20 100 

Lexical decision of nonwords (n=10) 9 90 

Reading comprehension for words (n=10) 10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 27 90 

Repetition of words (n=20) 19 95 

Repetition of nonwords (n=10) 8 80 

Series (n=3) 3 100 

Verbal fluency (n=3) 3 100 

Spoken Naming (n=20) 20 100 

Reading Aloud (n=10) 10 100 

Overall BAT-score 152  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 13 65 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  27 90 

Spoken naming (n=30) 21 70 
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Background Information MwA8 

Data Medical Records and Self-Reports  MwA8 

Demographic and Medical Data. Participant MwA8 was a 65-year-old English 

speaker (male) from Australia. MwA8 had a left-sided basal ganglia haemorrhage 11 years 

prior to this study, which resulted in aphasia.  

Language Related Data. According to medical records, the participant had aphasia, 

dysarthria and right-sided hemiparesis after the stroke. At the start of the project medical 

records reported mild dysarthria and mild aphasia, which was characterised by word finding 

difficulties and some mild to moderate reading (comprehension) difficulties. 

Background Language Assessments  MwA8  

clinical observations and the background assessment results). His language performance in 

English was tested on various background assessments spanning receptive and expressive 

tasks (see Table A8). The participant was screened with impaired naming abilities within the 

LEMO subtest spoken naming with an accuracy of 80% (LEMO score: 16/20). MwA8 

showed a language impairment across the 13 subtests of the BAT (BAT score: 134/174). 

Spoken naming within the BAT was impaired, with an accuracy of 90% (BAT naming score: 

experimental naming task was 46.67% (written naming score: 14/30). When comparing the 

written naming results to the spoken naming results of the same 30 items, spoken naming 

accuracy is higher in comparison to the written naming accuracy (spoken naming score: 

18/30, accuracy 60%). 

 

Table A8 

Language Background Assessment Data MwA8 

 English 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 9 90 

Complex commands (n=20) 8 40 

Verbal auditory discrimination (n=18) 10 55.56 

Semantic categories (n=5) 4 80 
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Synonyms (n=5) 5 100 

Lexical decision of words and nonsense words (n=30) 28 93.33 

Lexical decision of words (n=20) 20 100 

Lexical decision of nonwords (n=10) 8 80 

Reading comprehension for words (n=10) 10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 22 73.33 

Repetition of words (n=20) 20 100 

Repetition of nonwords (n=10) 2 20 

Series (n=3) 1 33.33 

Verbal fluency (n=3) 2 66.67 

Spoken Naming (n=20) 18 90 

Reading Aloud (n=10) 7 70 

Overall BAT-score 134  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 16 80 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  14 46.67 

Spoken naming (n=30) 18 60 
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Background Information MwA9 

Data Medical Records and Self-Reports  MwA9 

Demographic and Medical Data. MwA9 was a 49-year-old English speaker (male) 

from Australia, who worked as a computer technician and in stock retail prior to his stroke. 

After the stroke, he returned to work in an op shop twice a week. The participant was five 

years and 11 months post-onset with the start of the project. While living in Canada he had a 

left parietal intracerebral haemorrhage, which resulted in aphasia.  

Language Related Data. While the participant lived in Canada, he had a stroke that 

resulted in aphasia and hemiparesis. The aphasia was characterized by reduced expressive 

output (only yes- and no-

comprehension abilities were unimpaired, writing was possible in capital letters. Eight 

months after rehabilitation in Canada MwA9 returned to Australia, his home country. At the 

start of the project, medical data diagnosed MwA9 with severe hemiparesis and mild aphasia, 

which was mainly that was characterised by word finding difficulties. 

Background Language Assessments  MwA9  

anomic aphasia (based on clinical observations and the background assessment results). His 

language performance was tested across different assessments spanning receptive and 

expressive tasks (see Table A9). The LEMO subtest spoken naming resulted in naming 

accuracy of 90% (LEMO score: 18/20). Overall BAT results showed a language impairment 

for MwA9 (BAT score: 145/17228). The accuracy of spoken naming within the BAT was 

85% (BAT naming score: 17/20). MwA9 showed impaired written naming abilities with an 

accuracy of 80% (first 30 items of Subset 1a of the experimental naming task: Written 

naming score: 24/30). When comparing the naming accuracy of these 30 items for written 

and spoken naming, the participant showed a higher accuracy for written naming (spoken 

naming score: 20/30, accuracy 66.67%). 

  

 
28 Overall score is 145/172 and not 145/174 (based on the exclusion of two items, see Table A9) 
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Table A9 

Language Background Assessment Data MwA9 

a One item was excluded (pronunciation error by the researcher). 
b Overall score is 145/172 and not 145/174 (based on the exclusion of two items, see a).

 English 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 8 80 

Complex commands (n=20) 6 30 

Verbal auditory discrimination (n=18; this version n=17a) 13 76.47 

Semantic categories (n=5; this version n=4a) 4 100 

Synonyms (n=5) 5 100 

Lexical decision of words and nonsense words (n=30) 27 90 

Lexical decision of words (n=20) 18 90 

Lexical decision of nonwords (n=10) 9 90 

Reading comprehension for words (n=10) 10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 29 96.67 

Repetition of words (n=20) 20 100 

Repetition of nonwords (n=10) 9 90 

Series (n=3) 3 100 

Verbal fluency (n=3) 3 100 

Spoken Naming (n=20) 17 85 

Reading Aloud (n=10) 10 100 

Overall BAT-score 145b  

   

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 18 90 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  24 80 

Spoken naming (n=30) 20 66.67 
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Background Information MwA10 

Data Medical Records and Self-Reports  MwA10 

Demographic and Medical Data. MwA10 was a 63-year-old English speaker 

(female) from Australia, who worked as a secretary at a bank until retirement after her stroke. 

MwA10 had a vascular stroke in the left hemisphere (two days after stomach surgery) two 

years and eight months prior to this study. The stroke resulted in aphasia. 

Language Related Data. Immediately after the stroke, the participant was diagnosed 

with upper limb hemiplegia and aphasia, characterised by limited expressive output (yes- and 

no-responses, thank you-response). At the start of the project, medical data reported mild 

aphasia with mild word finding difficulties being present.  

Background Language Assessments  MwA10  

(based on clinical observations and the background assessment results). The language 

performance was tested across various background assessments (see Table A10). Her 

accuracy on spoken picture naming (LEMO subtest spoken naming) was screened with 90% 

(LEMO score: 18/20). MwA10 showed a language impairment across the 13 BAT subtests 

(BAT score: 164/174). However, spoken naming within the BAT was not impaired, the 

participant presented an accuracy of 100% (BAT naming score: 20/20). Written naming 

accuracy was 70% (30 items of subset 1a of the experimental naming task: Written naming 

accuracy when comparing the accuracy results of these 30 items (spoken naming score: 

22/30, accuracy 73.33%). 

 

Table A10 

Language Background Assessment Data MwA10 

 English 

Background assessment Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks   

Pointing (n=10) 10 100 

Simple and semi-complex commands (n=10) 10 100 

Complex commands (n=20) 18 90 

Verbal auditory discrimination (n=18) 16 88.89 

Semantic categories (n=5) 4 80 



214 

 

  

Synonyms (n=5) 5 100 

Lexical decision of words and nonsense words (n=30) 28 93.33 

Lexical decision of words (n=20) 20 100 

Lexical decision of nonwords (n=10) 8 80 

Reading comprehension for words (n=10) 10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks    

Repetition of words and nonsense words (n=30) 27 90 

Repetition of words (n=20) 20 100 

Repetition of nonwords (n=10) 7 70 

Series (n=3) 3 100 

Verbal fluency (n=3) 3 100 

Spoken Naming (n=20) 20 100 

Reading Aloud (n=10) 10 100 

Overall BAT-score 3 100 

 164  

LEMO 2.0  Spoken Naming (Subtest 13)   

Naming: Total (n=20) 18 90 

   

Naming-Subset 1a (items 1-30)   

Written naming (n=30)  21 70 

Spoken naming (n=30) 22 73.33 
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Appendix B 

Item Lists for all Included Languages and Language Combinations 

 

Due to size of Appendix B (167 pages) item lists for all included languages and 

language combinations of all monolingual and bilingual speakers with aphasia are to find on 

the Open Science Framework Platform under the following link: https://osf.io/23zpc/ 
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Appendix C 

Logistic Regression Results for the Monolingual and Bilingual Speakers with Aphasia 

 

The result of the regression analyses of all monolingual and bilingual speakers with 

aphasia are to find on the Open Science Framework Platform under the following link: 

https://osf.io/23zpc/ 

The results of the regression analyses also include the correlation matrix of the 

different languages and language-combinations. Refer to the following results for the 

correlation matrix of the different languages and language-combinations: German (MwA1), 

English (MwA6), Dutch-German (BwA1), Polish-German (BwA2), English-German 

(BwA4), English-Italian (BwA5), French-English (BwA6).  
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Chapter 4:  

 

Accuracy Pattern and Language Mixing Errors in Compound Word Picture Naming in 

Bilingual Speakers with Aphasia 

(Study 3) 
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Introduction 

 

Bilingual Compounds  A Window into Bilingual Word Organisation 

In psycholinguistic research, the investigation of compound words (e.g., bedroom: A 

word that consists of two free-open morphemes [bed and room]) is of special interest, since 

l lexicon 

within the language system (Downing, 1977). Moreover, they are considered as gateways to 

understand the linguistic representations and grammatical processing of words (Libben, 

2006).  

The same applies to the investigation of language processing in people with an 

acquired language disorder such as aphasia. The examination of word access via spoken 

picture naming tasks is a common methodology when working with people with aphasia as it 

can give valuable insight into the mental lexicon within and, in the bilingual case, across 

language system(s). Many aphasiologists have drawn on this methodology and formed 

hypotheses about how word storage may work, what constitutes a word unit, and what 

mechanisms need to be in place to access a word successfully. Frameworks about bilingual 

word organization have been proposed by, for example, Kroll et al. (2010), Abutalebi and 

Green (2007), Costa et al. (2006) but their theories remain underspecified compared to the 

monolingual context. However, in an increasingly bilingual world, more sophisticated 

bilingual language models are emerging (e.g., the MULTILINK model proposed by Dijkstra 

et al., 2019) but are still imprecise when it comes to detailed morphological processing, like 

in compound words. 

Investigating compound production more in word picture naming in bilingual 

speakers with aphasia can further enhance our understanding of the bilingual language system 

and more specifically the bilingual mental lexicon, which is still not fully understood. To the 

best of our knowledge, only one study has investigated compound picture naming in bilingual 

speakers with aphasia to date (Jarema et al., 2010). The following introduction provides an 

overview of the linguistic characteristics of compound words, empirical evidence from 

(impaired) monolingual speakers regarding monolingual word processing in the Two-Stage 

Model (Levelt et al., 1999), empirical evidence in relation to the model from impaired 

bilingual speakers and, finally, the research questions for this study. 
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Compound Words and Their Linguistic Characteristics 

A compound word, independent of whether being a monolingual or bilingual speaker, 

is defined by the combination of two or more free-standing morphemes (e.g., free open class 

morphemes are bed and room; a morpheme is the smallest meaning-carrying unit in 

language). This combination of two independent morphemes creates a new word form that is 

lexically (morphologically) complex (e.g., bedroom) (e.g., Jarema et al., 2010). In contrast, 

simple words consist of a single morpheme that cannot be further broken down into smaller 

meaningful units (e.g., fish). A compound word can be formed by different word constituents. 

These constituents can be words of different word classes (nouns, verbs, adjectives, 

prepositions), that can be combined to form a compound word (Lorenz & Zwitserlood, 2014). 

However, the most common type of compound is a noun-noun compound, like bedroom or 

sunflower. All compound words consist of a morphological modifier constituent and a 

morphological head constituent, with the head constituent specifying the syntactic and 

morphological features (e.g., grammatical class, gender, case, number inflection) of the 

compound word.  

Additionally, the head constituent represents the basic meaning of the full compound 

word, while the modifier constituent modifies or specifies the meaning of the head 

constituent (Lorenz & Zwitserlood, 2014). In most languages, compounds follow the right-

hand head rule, with the rightmost constituent forming the morphological head (e.g., English, 

German). However, some languages also contain head-initial compound words (e.g., French, 

Italian) or have exclusively head-initial compound words available (e.g., Hebrew). 

In addition, compound words can either be semantically transparent, opaque, or semi-

transparent in meaning. Semantically transparent compounds are characterized by a close 

connection between the meaning of the whole word and the meanings of the individual 

constituents (e.g., bedroom = room for a bed). In contrast, the meaning of opaque compounds 

cannot be derived from the meanings of the two individual constituents (e.g., hotdog). Semi-

transparent compound words are neither completely transparent nor completely opaque: One 

constituent may be relatively transparent while the other is relatively opaque (e.g., sunflower) 

(e.g., Lorenz, 2008). 
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Representation of Compound Words in the Monolingual Mental Lexicon According to 

Healthy Language Production Model 

Models of monolingual word production in unimpaired speakers (e.g., Dell et al., 

2007; Levelt et al., 1999) can offer insights into the representation of compound words within 

the mental lexicon. There is consensus about the three major steps in monolingual word 

production: Accessing (a) the non-lexical concept level, followed by (b) the lexical semantic/ 

syntactic level, and subsequently (c) the lexical phonological word form level. The Two-

Stage Model proposed by Levelt et al. (1999) signifies lexical processing in two steps: The 

lemma level and the phonological word form level. Grammatical properties of words are 

stored at the lemma level (e.g., word class, gender, tense, etc.), while the word form level 

represents the phonological structure of the word (e.g., syllable number and structure, 

phoneme types, etc). The lemma level serves therefore as an intermediate level between the 

lexical-semantic and the phonological level (Levelt et al., 1999) (see Figure 1). 

The Two-Stage Model for word production provides our theoretical framework (even 

though a monolingual one), in which we explore the representation of simple and compound 

words in the monolingual context (see Figure 1). The reason we chose this framework lies in 

the detail of its morphological processing steps. Levelt et al. (1999) propose that while simple 

words are processed via a single-lemma-single-word form route, compound words have a 

single-lemma-multiple-word form representation. This implies that compound words are 

holistically stored at the lemma level29, however, the individual constituents are stored 

separately (in a de-composed manner) at the word form level (see Figure 1). However, the 

one-lemma-multiple-word-form representation has been recently challenged with recent 

neuropsychological evidence (e.g., Lorenz et al., 2022) and will be discussed further below.  

 

  

 
29 Please refer to Levelt et al. (1999) for some proposed exceptions.  
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Empirical Evidence for the Single-Lemma-Multiple Word Form Account from Healthy 

and Language-Impaired Speakers 

Numerous studies have investigated the representation of compound words in the 

mental lexicon, focusing on how compound words and their constituents are stored and 

accessed across the different lexical levels and combined for word production. A number of 

studies found evidence supporting the single-lemma-multiple-word form route during word 

production as proposed by Levelt et al. (1999) across healthy speakers (Lüttmann et al., 2011; 

Lorenz et al., 2018; Lorenz & Zwitserlood, 2016) and speakers with aphasia (e.g., Semenza et 

al., 1997; Badecker, 2001). Semenza et al. (1997) investigated the naming of compounds and 

monomorphemic words involving 36 Italian speakers with aphasia. The omission of the verb 

constituent in compound words with a verb-noun structure led to the assumption of a separate 

entry of the constituents during lexical access. Badecker (2001) also investigated picture 

naming and naming-to-definition for compound and monomorphemic words in an English 

e.g., target downpour, response down storm), a single-lemma-multiple word form 

representation of compound words in the mental lexicon has been suggested.  

Word Form  
Level  

Lemma  
Level 

Concept 
Level 

Word Form  
Level  

Figure 1  

Monolingual Two-Stage Assumption for Word Processing of a 

Simple Word (Fish) and a Compound Word (Bedroom)

Concept 
Level 

Lemma  
Level 
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However, the current understanding of the representation of compound words in the 

mental lexicon is also derived from research in monolingual healthy speakers. Lüttmann et al. 

(2011) for instance, conducted two picture-word-interference experiments with 20 German-

speaking people to test for composition during compound production. Findings revealed that 

target (e.g., bedroom) and distractor words (e.g., bathroom) with shared morphemes 

facilitated naming, which provides evidence for the activation of a single lemma node and a 

composition of the constituents at the word form level in the mental lexicon. Furthermore, 

Lorenz et al. (2018) examined noun compounds and distractors (morphological, semantic, 

unrelated) in a picture-word interference paradigm in young and older German speakers.  

Distractors showed the following effect: Speeded naming for constituent distractors (bed or 

room for bedroom), inhibition processes for distractors categorically associated with the 

compound word (sleep for bedroom), and no effects for distractors categorially associated 

with the first constituent of the compound (chair for bedroom). Results were consistent 

across age groups, suggesting that compound words are stored holistically at the lemma level 

but independently at the word form level, unaffected by age-related factors. These findings 

were further supported by the same research lab a few years earlier (Lorenz & Zwitserlood, 

2016) however, they also suggested that some compound words might be represented 

-lemma-multiple-

nt of 

compound word representation is discussed below.  

Empirical Evidence for the Multiple-Lemma-Multiple Word Form Account from Healthy 

and Language-Impaired Speakers 

-lemma-multiple-

-lemma-multiple-

was suggested by Marelli et al. (2012). Marelli et al. (2012) conducted a single case study 

with an Italian speaker with acquired dyslexia. The individual had more difficulty in reading 

verbs than nouns; the verb constituent of a verb-noun compound was particularly difficult. 

Within the spoken picture naming task, including verb-noun and noun-noun compound items, 

a similar pattern was found, suggesting a multiple-lemma representation of compounds in the 

mental lexicon. Moreover, a study by Lorenz et al. (2022)  investigated the lexical 

representation and processing of noun compounds. Participants were speakers with aphasia 

and unimpaired controls (age-matched). A picture naming task was administered in German, 

a language with grammatical gender and different gender types (masculine, feminine and 

neuter). These items required three different grammatical determiners (der, die, das). The 
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activation of compound constituents at lemma level during production was investigated in the 

scope of the study. This was achieved by using primes that were congruent in gender with the 

compound head, the compound modifier, or incongruent with both. Results showed that 

congruency between the prime and target at the head level facilitates performances across 

groups, on the other hand, the modifier congruent prime showed contrasting effects 

(facilitatory and inhibitory). The results suggest that lemmas of both constituents and their 

grammatical gender are activated during compound word retrieval, supporting the theory of a 

multiple-lemma representation of compounds in the mental lexicon. These findings were also 

supported by Döring et al. (2022) who tested 36 German speakers in a picture-naming 

experiment. Categories of noun compound words were determined based on their first 

constituents, while the compounds themselves did not have semantic relationships. 

Additionally, pictures representing only the first constituent of the compound were shown as 

a control condition. Time taken to name words within categories increased progressively, 

indicating greater interference during the selection of words from the lexicon. This 

cumulative effect of semantic interference was also observed for compound words. These 

findings suggest that when producing compound words, the lemmas associated with the first 

constituent of the compound are activated. The authors conclude, therefore, that these results 

-  

However, since research on the multiple-lemma-multiple-word form account is rare, 

the theoretically framework of this study is the account that proposes a single-lemma-multiple-

word form representation of compound words in the mental lexicon, as proposed by Levelt et 

al. (1999).  

 

Compound Processing in Monolingual Speakers with Aphasia  

Accuracy  

Various linguistic factors such as word length and word complexity influence 

accuracy in picture naming, and can either facilitate or hinder lexical retrieval. 

Unsurprisingly, people with aphasia experience specific difficulties with the lexical retrieval 

of compound words due to their morphological complexity (Jarema et al., 2010). These 

findings have been reported by multiple research groups: Compound word lexical retrieval is 

more challenging for people with aphasia than the retrieval of simple words, due to their 

morphologically more complex structure, resulting in more naming errors (e.g., Badecker, 

2001; Blanken, 2000; Lorenz et al., 2014; Lorenz & Zwitserlood, 2014). 
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One explanation for the advantage observed for simple words may be that there are 

more complex retrieval processes for compound words than for simple words (e.g., Lorenz et 

al., 2014); there are for example more nodes to select on word form level for compound 

words than simple words. 

Error Types  

Furthermore, the examination of compound words in people with aphasia has 

lexical representations, picture naming errors in compound words manifest the same error 

types observed in morphologically simple words. These errors include, for example, semantic 

errors (e.g., target: greenhouse, response: plant) or phonological errors (e.g., target: 

greenhouse, response: greelhouse) (e.g., Blanken, 2000). However, due to the linguistic 

characteristics and morphological complexity associated with compound words, a specific 

people with aphasia. Constituent errors can affect a/the constituent(s) of the compound word 

and can be observed as a substitution of constituents (e.g., target doorbell response 

doorknock) (Badecker, 2001; Blanken, 2000; Delazer & Semenza, 1998; Mäkisalo et al., 

1999) or omission of constituents (e.g., target sunflower, response sun) (Blanken, 2000; 

Delazer & Semenza, 1998; Hlttmair-Delazer et al., 1994). Among these constituent error 

types, the substitution of a constituent is more common or will be occurring more frequently 

in comparison to an omission in compound (Jarema et al., 2010). 

The distribution of these two constituent errors, with substitutions of constituents 

occurring more frequently than omissions of constituents (resulting in the production of a 

simple word), can explain another phenomenon that has been reported by various studies, the 

so- ledge of the 

structure of compound words (morphosyntactic information at lemma-level) and how to build 

compounds, however, they have difficulties in retrieving the complete phonological form 

(e.g., Semenza & Mondini, 2010; Chiarelli et al., 2007; Semenza et al., 1997). This effect 

indicates that although people with aphasia may experience difficulties with the production of 

compound words, they can retain the morphological knowledge (e.g., is it a compound word 

tructure (e.g., is it a noun-noun or a 

verb-noun compound), and the word formation rules of the languages (e.g., how to build a 

compound word). This observed compound effect suggests that the knowledge of the 

compound word morphological structure is stored separately from the phonological word 

form of the compound word. In the framework of the Two-Stage Model (Levelt et al., 1999, 
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see Figure 1) the compound effect supports a preserved lemma level where morphosyntactic 

information can be accessed while experiencing difficulties with retrieving the phonological 

word form level (Semenza et al., 2011)  

Levelt et al. (1999), which positions the lemma level as holding an important role in the 

production of compound words (refer to further explanation and discussion of Levelt et al. 

[1999] below). However, these findings relate to the monolingual context, what the bilingual 

compound representation entails has hardly been studied. 

 

Compound Processing in Bilingual Speakers with Aphasia  

Jarema et al. (2010) are the only researchers that investigated compound processing in 

bilingual speakers with aphasia.30 The study examined compound processing performance 

across a reading, repetition, and translation task in three French-English bilingual speakers 

with aphasia, always in both languages. All three participants grew up and still lived in a 

French-English environment. Two participants were classified as English-dominant speakers 

and presented a generally higher accuracy in the English compound processing tasks. The 

third participant was a more balanced bilingual speaker, with generally higher accuracy in 

French, respectively a similar accuracy across available languages. Moreover, the study 

investigated the influence of specific structural properties of compound words on lexical 

inconclusive research findings, firstly, whether a constituent is more vulnerable to 

impairment due to its position (first or second constituent) in the compound word (e.g., 

Hlttmair-Delazer et al., 1994; Delazer & Semenza, 1998; Blanken, 2000). Secondly, the role 

of the headedness constituent was explored, and whether the advantaged status of the head 

constituent influences compound processing in people with aphasia (known as the 

 that the head constituent has a privileged role in lexical 

access)? Some studies reported a head constituent advantage (e.g., Blanken, 2000; Marelli et 

al., 2009), others a non-head advantage (e.g., Hlttmair-Delazer et al., 1994), or no significant 

headedness effect at all (e.g., Delazer & Semenza, 1998). The findings of Jarema et al. (2010) 

headedness of the compound word in two participants (neither of the effects acted alone). 

 
30 The same authors published an abstract in 2007 (Jarema et al., 2007) that presents the 2010 study, but with 
only two of the three participants that were included in the study of 2010. 
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position in the compound word nor a headedness effect). Furthermore, Jarema et al. (2010) 

examined the influence of the grammatical category (adjective-noun or noun-adjective 

compound vs. noun-noun compound) and between-language phonological similarity 

(cognates, non-cognates) on compound processing. The grammatical category did not have 

any influence on error rate; however, cognates showed a faciliatory effect across the 

participants which is consistent with previous research on healthy participants (e.g., Costa et 

al., 2000) and language impaired populations (e.g., Kohnert, 2004; Lalor & Kirsner, 2001; 

Roberts & Deslauriers, 1999). 

Influence of the Bilingual Context (in Compound) Word Naming in Bilingual Speakers 

with Aphasia  

When looking at word naming in bilingual speakers with aphasia, regardless of 

whether it is a compound word or not, it is important to consider the bilingual language 

profile, which has an influence on accuracy and error types occurring. Hence, the following 

paragraph will introduce specific error types, that are related to bilingual speakers with 

aphasia and further aspects of the bilingual language profile (e.g., language age of acquisition 

and non-selective activation of languages within a bilingual language network) that might 

influence word production.  

Language Mixing in Bilingual Speakers with Aphasia. Language mixing errors are 

error types, that are specifically associated to bilingual speakers with aphasia. They refer to 

the use of words from multiple languages within the same utterance. Language mixing errors 

have not been investigated in compound picture naming in bilingual people with aphasia so 

far. The language mixing phenomenon can take several forms: Naming the non-target 

language translation equivalent word (e.g. target cat, response Katze [German equivalent to 

cat), blending a word by combining the root from one language with a suffix/prefix from 

another language (e.g. target witnesses, response witnessen [the response is influenced by the 

word Zeugen [German word for witnesses]), combining syllables from different languages 

within a single word (e.g., target potato, response kartato [response includes the first syllable 

of Kartoffel; German for potato]), or applying the phonological or intonation rules of one 

language to a word from another language (e.g., target thermometer, while the intonation 

rules of Thermometer [German word for thermometer] are applied) (e.g., Cargneuletti et al, 

2019). However, it is important to acknowledge that the phenomena of producing the target 

word in the non-target language translation equivalent can also be seen as a strategy to 

compensate for lexical retrieval difficulties in the target language or to name a picture where 

the associated word has never been known in the target language but in the other language 
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(e.g., Neumann et al., 2017). In turn, the error of naming a picture in the non-target language 

translation equivalent can be classified as a specific error type and not as a language mixing 

error. Findings on language mixing errors in bilingual speakers with aphasia suggested that 

there is a higher likelihood that language mixing errors are produced by a bilingual speaker 

with aphasia when the available languages present structural similarities (e.g., Abutalebi et 

al., 2009; Kurland & Falcon, 2011). 

The Bilingual Profile. When investigating compound picture naming in the context 

of bilingual speakers with aphasia, bilingual profiles are important to be considered. Bilingual 

speakers are a heterogenous population by nature. They bring unique bilingual profiles that 

differ, for example, in languages spoken, language dominance (multifactorial construct of 

language proficiency, language use and exposure, biographical aspects [environmental 

languages, age of acquisition, language of residence]), and language age of acquisition (age 

of learning the available languages). Language dominance and language age of acquisition 

are both known to influence accuracy of a bilingual speaker with aphasia (e.g., Khachatryan 

et al., 2016). However, some research suggests that language dominance is a better predictor 

for lexical access in bilingual speakers with a language disorder than the age of acquisition of 

the available languages (e.g., Kiran & Tuchtenhagen, 2005). This finding aligns with findings 

in healthy bilingual speakers, where it has been shown that language proficiency and 

language dominance are influencing lexical access (e.g., Kotz & Elston-Güttler, 2004).  

Non-Selective Language Activation and Inhibition Processes in a Bilingual 

Language System. Another difference that distinguishes bilingual speakers from 

monolingual speakers, is the presence of a language system that holds more than one 

language. This means the bilingual language network might have additional tasks, for 

example the reported non-selective activation of the available languages. Non-selective 

activation refers to a bilingual language system that involves two or more languages during 

production: Not only the target language/word is activated but also the non-target 

language/word. Non-selective activation of language in bilingual speakers has been found in 

healthy people (e.g., Moon & Jiang, 2012; Libben et al., 2017) but also in a bilingual 

population with language impairments (e.g., Gray & Kiran, 2013). 

This parallel activation goes along with the presence of inhibition processes in 

bilingual speakers, which are necessary to suppress the non-target languages while speaking 

in the target language. A well-known model that explains inhibition mechanisms in a 

bilingual language network is the Inhibitory Control Model by Green (1998) (see Figure 2). 

According to the model, the bilingual speech production system comprises multiple levels of 
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control and lexical nodes containing language markers that assign them to a particular 

language. The model proposes that language production in bilinguals consists of an interplay 

of inhibition, control schemata, and a supervisory attentional system. The supervisory 

attentional system regulates tasks while additionally activating, maintaining, and updating the 

language task schema (see Figure 2). The selection of the correct word form gets ensured by 

the language system that marks lemmas associated with the concept. However, this is not 

sufficient to guarantee correct word selection. A key aspect of the model is the inhibition and 

therefore deactivation of lemmas without language tags to suppress the non-target language. 

Another important feature of the model is the aspect that overcoming inhibition is more 

difficult for strongly activated words compared to words with less activation. Based on this, 

the Greens model predicts that the dominant language in a bilingual speaker requires greater 

inhibition processes. The existence of a language network that holds more than one language 

and the associated non-selective activation and inhibition processes contribute to the 

complexity and specific language processing aspects in bilingual speakers, including those 

with aphasia.  

In sum, when it comes to compound word processing in bilingual speakers with 

aphasia, research is scarce. Limited research has investigated the accuracy of compound 

words in bilingual speakers with aphasia including crucial influencing factors like the 

heterogeneity of bilingual profiles. Furthermore, although it is known that bilingual speakers 

exhibit specific error types that are related to their bilingual profile (language mixing errors), 

Conceptual  
Level 

Figure 2  

The Production of the W C -German Bilingual Speaker in the 

Inhibitory Control Model (Green, 1998), Adapted Model from Schwieter & Ferreira (2013)

Lexical  
Level  
(Lemma) 

Phoneme  
Level  
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these error types have not yet been studied in the context of compound words in bilingual 

individuals with aphasia. Therefore, the present study aims to examine both accuracy and 

language mixing errors in bilingual speakers with aphasia in compound word naming by 

taking into account influencing factors such as the bilingual language profile and its impact 

on word processing, to further inform theories on bilingual word processing.  

 

Study Aim  

 Our goal is to further inform theories of bilingual language processing by 

investigating accuracy in compound picture naming in bilingual speakers with aphasia, both 

across and within language. In the within-language analysis, compound accuracy will be 

compared to simple word accuracy. Additionally, the study will focus on language mixing 

errors in compound naming across bilingual participants. The bilingual language profile (e.g., 

language age of acquisition, language dominance) and phonological similarity across 

languages will be taken into account. 

Research questions and predictions 

(1) Do accuracy patterns differ when bilingual speakers with aphasia name compound 

pictures across their languages taking into account their bilingual language?  

We predicted a different accuracy pattern on compound picture naming between 

languages depending on the bilingual language profile (e.g., language age of 

acquisition, language dominance). 

(2) Does the morphological complexity of words influence accuracy in bilingual speakers 

with aphasia? 

We predict that for accuracy analyses within languages, the accuracy is higher for 

simple words than compound words based on previous research, that found higher 

accuracy for words with a less complex morphological structure compared to 

compound words.  

(3) Do language mixing errors occur in compound picture naming in bilingual speakers 

with aphasia and is the occurrence of language mixing errors influenced by 

phonological similarity across languages?  

We predict that language mixing errors will occur and that the errors might be 

influenced by the bilingual language profile. We predict more language mixing errors 

occurring with high phonological similarity across languages, based on research that 

found a more likelihood of language mixing errors in bilingual speakers with aphasia 

when the available languages present structural similarities. 
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In sum, this might help researchers and speech pathologists to better understand 

bilingual language processing and related influencing factors. Additionally, the development 

of picture and word materials for different language combinations (in addition to the guide to 

define and code language mixing errors) might offer a resource for future research in this 

field (open access).   

  



231 

Participants 

 

Bilingual speakers with aphasia were recruited for the experimental compound picture 

naming task. Eight bilingual participants with post-stroke aphasia were included according to 

the following inclusion criteria: Post-acute or chronic stroke with aphasia, self-reported 

normal or corrected-to-normal hearing and vision. Exclusion criteria consisted of the 

following: Moderate to severe apraxia of speech, dysarthria or other cognitive impairments 

(e.g., dementia), and/or severe comprehension deficits (reported by a speech pathologist). 

However, participants presenting with mild cognitive impairments (e.g., attention, memory), 

picture naming accuracy needed to be more than 10% and less than 90% tested by the spoken 

(Stadie et al., 2013). The subtest included 20 items that 

were normed for the German language (ten high frequent and ten low frequent words). Items 

were translated into the participants' respective languages to use the LEMO subtest as a 

screener in the spoken languages of the participants. It is acknowledged that the frequency 

classification might not be accurate when translated into languages other than German. 

During the recruitment process, 22 potential participants expressed interest in the study. 

However, 13 were excluded due to one or more of the above exclusion criteria or due to 

unavailability at the point of data collection. 

All participants were given a study information sheet and the possibility to ask 

questions about the study (see General Appendix A). The bilingual speakers with aphasia 

were asked to provide written consent to participate in the study and to access demographic 

and medical data (when accessible), important information for the analysis and interpretation 

of the collected naming data (see General Appendix B). To gather demographic and medical 

data and to determine the bilingual language profile, a personal data form (demographic 

questionnaire) was applied (see General Appendix C). In addition, each participant was asked 

to complete the Language Experience and Proficiency Questionnaire (LEAP-Q, Marian et al., 

2007) to gather information about the language history (language age of acquisition and 

language dominance). The Language Experience and Proficiency Questionnaire was 

originally designed for healthy bilingual speakers. Therefore, it holds a non-aphasia-friendly 

structure, since e.g., long and complex sentences and questions are included. The researcher 

assisted the participants in completing the questionnaire by reading the question aloud. 

Additionally, participants could always ask for a repetition or a further clarification of the 
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question. As an additional tailored approach, a visual aid in the form of a numerical scale 

from one to ten was given. A number of background assessments were carried out in both of 

-stroke language performance. 

Thirteen subtests of the Bilingual Aphasia Test (BAT, Paradis & Libben, 1987) were 

modalities: Pointing, simple and semi-complex commands, complex commands, verbal 

auditory discrimination, semantic categories, synonyms, repetition and lexical decision of 

words and nonsense words, series, verbal fluency, naming, reading words, and reading 

comprehension for words. Since the BAT does not cover written naming, we screened for 

written naming abilities using the first 30 items of Subset 1a of the experimental naming task.  

For detailed information on the individual demographic and medical data, bilingual 

language profile data, and background language assessment data per participant, see General 

Appendix E. A summary of this data across participants is given below.  

The ethics committees of Bielefeld University in Germany (EUB 2020-137-Am), 

Curtin University Perth (HRE2017-0274), and the South Metropolitan Health Service Human 

Research (RGS0000003763) obtained approval for this study (see General Appendix D).  

 

Demographic and Medical Data of all Bilingual Speakers with Aphasia 

Table 1 presents a summary of the demographic and medical data of all bilingual 

participants. The eight bilingual speakers with aphasia (four females and four males) were 

aged between 55 years and 75 years (mean 66.1 years, SD 6.27 years) and post-onset between 

11 months and 28 years (mean 119.9 months [10 years], SD 109.5 months [9.13 years])31. 

BwA1, BwA2, BwA3, BwA4, BwA5, BwA6, and BwA8 presented with a left hemisphere 

stroke. BwA7 had a right-hand hemisphere stroke. Two of the seven participants with a left 

hemisphere stroke had additional lesions in either their right hemisphere (BwA8) or the right 

hemisphere and cerebellum (BwA2). For detailed information on the stroke lesions, see 

-reports, all of 

them experienced aphasia after their stroke.  

 

  

 
31 Three participants had experienced multiple strokes. To calculate the mean post-onset time, only the stroke 
that resulted in the language impairment (determined by medical data and the participants' self-reports) was 
considered (see Table 1). 
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Bilingual Language Profile Data of all Bilingual Speakers with Aphasia 

The included participants had six different language profiles: Dutch-German (BwA1, 

BwA3), Polish-German (BwA2), English-German (BwA4), English-Italian (BwA5), English-

French (BwA6), French-English (BwA7, BwA8). This means the first language was either 

Dutch, Polish, English, Italian, or French; the second language was either German, French, or 

English (see Table 1).  

Seven of the eight bilingual speakers with aphasia were classified as late bilinguals. 

The participants reported full immersion in L2 between the age of 17 and 35 by living in the 

country of their L2 (excluding classroom language experience). BwA5 was the only early 

bilingual, who experienced parallel language acquisition of English and Italian from birth.   

The bilingual -reports, results of the LEAP-Q 

[Marian et al., 2007], background language assessments) was carried out to determine the 

dominant language for each participant. The L2 was the dominant language pre- and post-

stroke for four participants (BwA1, BwA3, BwA7, BwA8), the L1 was the dominant 

language pre- and post-stroke for three participants (BwA4, BwA5, BwA6). The language 

dominance was equally distributed among languages for BwA2. The dominant language was 

determined by the participants' language proficiency, language exposure and use, and 

biographical factors (language age of acquisition, environmental languages, language of 

residence). Language proficiency was determined by the language background assessments, 

spanning across receptive and expressive tasks that were conducted with every participant 

(see below). Biographical factors were conducted by the LEAP-Q and the participants' self-

reports. Language use and exposure were determined as per followed: Each language of a 

participant received a score to determine the language use and exposure ratio of the two 

languages available -reports and the results of the LEAP-Q). 

The score could range from zero to eight for each language (zero = no/minor language use 

and exposure, eight = high language use and exposure). The score was determined by 

considering eight categories: Interaction with family, interaction with friends, daily life 

activities (e.g., supermarket, medical appointments, restaurant), TV, radio/music etc., 

smartphone/social media/internet/computer, reading, and writing. Each category was matched 

-

-

-point L1, one-point L2). Hence, a language use and exposure score was 

calculated, indicating language use and exposure with a score between zero and eight. See 

General Appendix E for detailed information on language use and exposure per participant.  
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Background Language Assessments Data of all Bilingual Speakers with Aphasia  

background language assessments were carried out across both languages in each participant. 

The pattern of language impairment was consistent with the diagnosis of anomic aphasia 
32.  

Accuracy within this subtest ranged from 0% to 90%. Thirteen subtests of the BAT were 

modalities: Pointing, simple and semi-complex commands, complex commands, verbal 

auditory discrimination, semantic categories, synonyms, repetition and lexical decision of 

words and nonsense words, series, verbal fluency, naming, reading words, and reading 

comprehension for words. The results of the BAT showed a language impairment for all 

participants in both languages. Spoken naming accuracy within the BAT subtest was 

distributed between 6.25% and 100%. Since the BAT does not include a written naming test, 

written naming abilities were screened for each participant across 30 items for both 

languages. The 30 items consisted of item 1 to item 30 of subset 1a of the experimental 

naming test. Written naming was administered after the experimental task to control for 

potential priming or repetition effects. General Appendix E presents details on the 

background language results per participant.  

Finally, the bilingual recovery pattern was captured: All participants self-reported a 

parallel recovery pattern across their languages.  

  

 
32 Aphasia syndrome classifications are based on the following information: (i) Clinical observations during the project, (ii) 
the BAT and LEMO background assessment results, and (iii) speech pathology reports (if available). 
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Experimental Task 

 

Research Design  

A case series design was carried out to examine spoken picture naming in compound 

words in eight bilingual speakers with aphasia. Aphasia is a heterogeneous language disorder 

arising from various neurological disorders, that can affect all language modalities. When 

investigating bilingual speakers with aphasia, even greater heterogeneity occurs; since two 

bilingual people are never the same, they will differ, for example, in their language history, 

language age of acquisition and language dominance. Therefore, our study design, which 

accounts for these intra-individual differences across the participants, is appropriate (e.g., 

Schwartz & Dell, 2010; Howard et al., 2015). The study examined spoken picture naming 

accuracy for compound words (e.g., bedroom) and compared them to accuracy data of simple 

words (e.g., fish) that were matched for word length and word form frequency. Language 

mixing errors (e.g., schlafroom; language mixing error of the word Schlafzimmer [German 

for bedroom] and the English word bedroom) were investigated and considered by the 

phonological similarity across the target word and the non-target language translation 

equivalent.  

 

Method  

Materials 

Images were taken from MultiPic (Duñabeitia et al., 2018), a database with over 750 

normed noun images for various languages (Dutch-Belgium, Dutch-Netherlands, English-

British, French, German, Italian, and Spanish). Item lists were developed for each included 

language combination in this study comprising only those images with greater than 80% 

name agreement (degree of agreement on a name of an image [e.g., Alario et al., 2004]) in 

both of the relevant languages. Since the MultiPic database did not contain Polish data, the 

German-Polish list included all items with an 80% name agreement in German. It is 

emphasised that some of the included items may not meet the 80% name agreement 

requirement for Polish33. 

 
33 Name agreement data for 500 out of the 750 pictures of the MultiPic database were published in 2022 by 
Duñabeitia et al. Based on the publication, not all included 422 items of the Polish-German item list hold a name 
agreement of 80% or more for Polish. Additionally, the native speaker of Polish in our study translated 13 out of 
the 422 items differently to Duñabeitia et al. (2022). As we had completed data collection and data analysis 
before the new name agreement data for Polish became available, we proceeded with our own translation. 
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Item lists included 331 to 422 items, depending on the language combination. These 

item lists contained 17 to 76 compound words (consequently 276 to 383 simple words). Table 

2 lists the number of included compound words and simple words for each language 

combination while Appendix A presents each included compound word for each language. 

The included compound words were mostly noun compounds, however, across languages 

some verb-noun compound words and adjective-noun compound words were included (see 

Appendix A). 

The item lists with all words included (compound and simple words) were divided 

into two sets that were further subdivided into three subsets (Set 1: Subset 1a, Subset 1b, 

Subset 1c; Set 2: Subset 2a, Subset 2b, Subset 2c). The subsets contained 55 to 71 items, and 

compound words were distributed across these subsets. The division of the whole item list 

into sets and subsets allowed for breaks between the subsets. The order of item presentation 

in a subset was quasi-randomised in both languages such that there were no consecutive items 

that were semantically related or had the same onset or word form (in the case of compound 

words). Items that met these criteria were distributed from each other to avoid priming and 

interference effects.   

 

Table 2  

Number of Items (n) per Language Combination (all Words, Simple Words, Compound 

Words) 

 Number of items (n) 

Language-combination 

All words Simple words Compound 

words 

Dutch  German  
Dutch 347 

347 

286 

288 

61 

59 German 

Polish^ - German  
Polish 422^ 

422 

383 

346 

39 

76 German 

English  German  
English 331 

331 

293 

276 

38 

55 German 

English  Italian  
English 356 

356 

316 

334 

40 

22 Italian 

 

Consequently, the name agreement data for the 13 items, that were translated differently, were not incorporated 
into our Polish item list. Appendix A gives more details.  
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English  French 
English 365 

365 

322 

348 

43 

17 French 

Note. ^The Polish item list is the German item list in translation since the name agreement for 

Polish was not available at the beginning of the study using the MultiPic (Duñabeitia et al., 

2018) database. 

 

All included compound items received values for their phonological similarity 

(phonological similarity of the target word to the non-target language translation equivalent 

[cognates included]), word length and spoken word form frequency.  

The phonological similarity value was calculated by using alineR (Downey et al., 

2017). AlineR34 is an open-source R software (R Core Team, n.d.) calculating feature-

weighted linguistic distances or similarities between pairs of items. To calculate the similarity 

value of the compound target word and its non-target language translation equivalent, both 

words were transcribed into their IPA script. All diacritic and suprasegmental signs were 

removed from the IPA scripts, and each item pair was manually inputted into the program. 

Since some IPA signs were not covered using alineR for similarity calculation, some 

substitutions of IPA signs (e.g., 

calculated when an item pair needed a change of more than two IPA signs. Word lengths was 

defined by phoneme lengths, which describes the number of phonemes a compound word 

IPA scripts were collected from different sources for the different languages (Dutch: 

Nederlands woordenboek [n.d.], German: Martin-Luther-Universität Halle-Wittenberg [n.d.], 

, English: WordReference.com [n.d.], Italian: Olivetti [n.d.], 

French: Le Dictionnaire [n.d.]). Spoken word form frequency refers to the frequency an 

individual item is used in spoken language. Frequency values for all compound words were 

taken from different sources for the different languages (Dutch: Keuleers et al., 2010; 

German: Brysbaert et al., 2011; Polish: Mandera et al., 2015; English: van Heuven et al., 

2014; Italian: Crepaldi et al., 2015; French: Desrochers & Thompson, 2009). All collected 

values are provided in Appendix A. 

 
34 AlineR utilises the American Standard Code for Information Interchange (ASCII) to identify features. ASCII 
is the most common character encoding format for textual data in both computers and internet. In ASCII-
encoded data, there are specific values designated to 128 alphabetic, numeric, and special characters, as well as 
control codes. To indicate features, acceptable encodings are composed of lowercase letters within the range of 

inclusion of additional modifiers (dental, palato-alveolar, retroflex, palatal, spirant, nasal, 
aspirated, long, front, central). 
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Procedure 

All participants were tested for at least six times, including a minimum of four picture 

naming sessions. The sessions lasted 60 to 90 minutes each and were scheduled with a break 

of at least one day. To avoid priming effects, the experimental naming sessions with the same 

item sets across languages were parted by a minimum of a week. Figure 3 gives an example 

of the standard experimental task procedure for a participant that started the task in the L2. If 

Note. The figure depicts a study procedure that begins with a participant's L2; subsequent 

sessions were adjusted accordingly if the study commenced with the participant's L1. L1 = 

First language, L2 = Second language. 

The BAT and the LEMO naming subset were carried out in the first session in the 

participants' second language. The picture naming sessions were conducted across four 

sessions. Different languages were always tested in separate sessions to avoid language 

naming task was scheduled in session two and session five, the L1 picture naming task in 

session three and session four. To minimise potential order effects, item sets in session four 

and five were ordered alternated to the sequence in session two and three. The four picture 

naming sessions were followed by different tasks: LEMO naming subset in L1 (session 

three), demographic and medical data collection (session four), and written naming task35 in 

L2 (session five). The study was finished by session number six, which comprised the BAT36

35 The written naming test was always administered after the experimental task to avoid for potential priming 
and repetition effects (see Figure 3). 
36 The researcher running the experiment always spoke at least one of the languages of the participant. An 
informal language broker training was provided to a family member who delivered the BAT in Polish (BwA2) 
and Italian (BwA5), with the researcher being present. 

Figure 3 

Experimental Task Procedure for a Bilingual Speaker with Aphasia



240 

 L1, as well as the LEAP-Q to capture the 

 

Four participants (BwA2, BwA4, BwA5, BwA7) received an adjusted procedure due 

to the onset of fatigue, the language impairment and/or level of task tolerance. Session six 

was split into two sessions for BwA2, BwA4, and BwA7. BwA5 named item set 1 and item 

set 2 in Italian across three and not two sessions (Session 2: Subset 2a and Subset 2b, Session 

3: Subset 2c and Subset 1a, Session 6: Subset 1c and Subset 1b). 

Items of the picture naming task were displayed on a laptop using the DMDX 

software (Forster & Forster, 2003). The researcher provided a verbal introduction. 

Additionally, the introduction was displayed on the screen (in the respective language of the 

naming session). Participants were asked to name the picture on the screen. Each subset 

started with a practice round of five37 items. Before items appeared and the audio recording 

started, a fixation cross preceded for 250ms at the centre of the screen. As soon as the 

participant named the picture or indicated to move forward to the next item, a picture was 

removed and the audio-recording stopped by the researcher using the keyboard. As all 

naming sessions included three subsets, a session had two breaks of five to ten minutes 

between the subsets.  

 

Data Analysis  

Analysis of Accuracy in Compound Words 

Each given response was transcribed and coded as correct or incorrect. The 

transcription was based on the WAV-audio file, generated by the DMDX software (Forster & 

Forster, 2003). All incorrect responses were further coded by error type, according to the 

developed error coding guideline attached in General Appendix F.  Since different examiners 

were involved in the transcription and analysis process (not all languages were spoken by just 

one person), the coding guideline allowed for analysis consistency. All examiners involved 

were either native speakers or proficient speakers of the respective language. Each person 

underwent a training and a follow-up session after the transcription and coding of the first 

naming set. Issues with the transcription/error coding were always discussed with a second 

examiner, and  if needed  a third person was included to find consensus.  

 
37 Items were taken from MultiPic and were not included in the item list of the experimental task since they had 
a name agreement of 79% or less. 
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The first complete attempt within the first ten seconds of the item onset was coded as 

correct or incorrect. A first complete attempt was defined as follows: A minimal consonant-

vowel or vowel-consonant response (schwa was not considered a vowel) that was 

uninterrupted and had either a downward/upward intonation or level intonation followed by a 

noticeable pause (one second). Fragments were not coded as a first complete attempt. They 

were defined as follows: Attempts that were self-interrupted or that were a minimal vowel-

consonant or consonant-vowel response (schwa was not considered a vowel) followed 

directly by another utterance. Different variations of responses were allowed without 

penalising the response: Usage of dialect and accent patterns, usage of filler words (e.g., 

addition of a prepositional p

modifier38 

target 

 

The transcription and error coding were followed by an accuracy distribution analysis 

two-tailed). 

In a next step, compound word accuracy was compared to simple word accuracy 

compound words, an item set for simple words was created for each language. This item set 

of simple words was matched by word length (number of phonemes) and spoken word form 

frequency to the compound words, checked via a t-test (see Appendix B for each matched 

list39

racy.  

Analysis of Error Types in Compound Words  

Incorrect responses were assigned with a further error code to define the error type in 

the target or non-target language (e.g., semantic error in the target language: Target bedroom, 

response sleep; semantic error in the non-target language: Target bedroom, response Schlaf 

[non-target language [German] word for sleep]). The categorisation of the error type 

 
38 An addition of a modifier that resulted in a compound word was coded as an acceptable alternative (for the 
definition or error types see General Appendix F). 
39 The French matching list (simple words and compound words) was matched for word lengths and word form 
frequency. However, it needs to be acknowledged that a number of frequency values were not available for the 
compound words. 
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consistently referred to a whole-word analysis rather than a single constituent of the 

compound word. The following error types were coded to define incorrect responses in the 

target or non-target language:  

- Phonological error  

- Phonologically unrelated non-word  

- Semantic error 

- Semantically unrelated error 

- Semantically unrelated non-word  

- Semantic-then-phonological error 

- Mixed error  

- Morphological error  

- Unspecified error  

- Multiword circumlocution  

- Single word circumlocution  

- Visual error  

- Acceptable alternative  

- Use-of-language error  

- Other error.  

For a definition of the error types with examples for the target and non-target 

language see General Appendix F. Additionally to the error types that could appear in always 

either the target or non-target language (described above), four further error types were 

included to code the incorrect response: No response, correct in non-target language, 

language mixing error, back-translation error. For a definition with examples of these four 

error types see General Appendix F. For an overview of the error distribution across both 

languages for each participant see Appendix C to Appendix J. Furthermore, the specific 

distribution of phonological errors, semantic errors, no responses, constituent errors, and 

language mixing errors among both available languages are additionally given in the 

individual result section of each participant.  

Language Mixing Errors in Compound Words. As described in our theoretical 

introduction, little is known about lexical access of morphological complex words in 

bilingual speakers with 

morphological complex words have not been investigated in bilingual speakers with aphasia 

yet. Therefore, we were specifically interested in all language mixing errors within compound 
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naming. We checked for language mixing errors within the first ten seconds of the response 

language 

mixing errors that were given beyond the first ten seconds of a response (in case there was a 

language mixing errors in compound words were assigned a further code to define the type of 

language mixing error. Language mixing error types were defined by an error in the first 

constituent (Type A, Type B, Type C  see below), an error in the second constituent (type a 

type b, type c  see below) or by a literal translation error (type a type b  see below):  

Table 3  

Language Mixing Error Types 

Error type Explanation  

Language mixing errors in the first constituent   

First constituent error  Type A The first constituent is exchanged by the first 

constituent of the equivalent non-target 

language compound word, e.g., bedroom target

 Schlafroom response (influenced by the 

German word Schlafzimmer [German 

equivalent to bedroom]). 

First constituent error  Type B The first constituent is partly exchanged by 

part of the first constituent of the equivalent 

non-target language compound word, e.g., 

Schlafzimmer target (the German word for 

bedroom)  schledzimmer response (influenced 

by the English word bedroom [English 

equivalent to Schlafzimmer]). 

First constituent error  Type C The first constituent is (partly) exchanged by 

(part of) the equivalent non-target language 

word (not a compound word), e.g., weegschaal 
target (the Dutch word for scales)  scaleschaal 
response (influenced by the English word scales 

[English equivalent to weegschaal]). 
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Language mixing errors in the second constituent  

Second constituent error  Type 

A

The second constituent is exchanged by the 

second constituent of the equivalent non-target 

language compound word, e.g., elbow target

elbogen response (influenced by the German word 

Ellenbogen [German equivalent to elbow]).  

Second constituent error  Type 

B 

The second constituent partly exchanged by 

part of the second constituent of the equivalent 

non-target language compound word, e.g., 

Fingerabdruck target (the German word for 

fingerprint)  fingerabprint response (influenced 

by the English word fingerprint [English 

equivalent to Fingerabdruck]). 

Second constituent error  Type 

C 

The second constituent is (partly) exchanged 

by (part of) the equivalent non-target language 

word (no compound word), e.g., broodrooster 
target (Dutch word for toaster)  broodtoaster 

response (influenced by the English word 

toaster [English equivalent to broodrooster]). 

Language mixing errors by literal translation 

Literal translation error  Type A The target and non-target language word are 

compound words; the non-target language 

equivalent word is literally translated into the 

target language, e.g., Flughafen target (the 

Lufthafen response (literal translation of the 

English word airport into German). 

Literal translation error  Type B The target word is a simple word, the non-

target equivalent word is a compound word, 

the response is a compound (literal translation 

of the non-target language compound word 

into the target language), e.g., méduse target 

(French word for jellyfish)  poisson de gellée 
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response (literal translation of the non-target 

language compound word jellyfish into the 

target language French).  

 

After the coding of all language mixing errors, we investigated the distribution of 

language mixing errors across the modifier and head constituent of a compound word (for 

 

Logistics regression analysis was carried out in all bilingual speakers with aphasia to 

examine the influence of phonological similarity across item pairs (target word and non-

target language translation equivalent) on language mixing errors in picture naming in 

compound words. We used the analysis software jamovi (The jamovi project, n.d.). The 

regression analysis was two-fold for each participant to control for similarity effects: Firstly, 

the regression analysis included phonological similarity and the number of phonemes. In a 

second step the analysis was conducted with only phonological similarity as the predictor 

variable. This procedure was chosen to ensure that phonological similarity effects are not 

related to the word lengths (number of phonemes). Since results did not show any influence 

of word length, the regression analysis results with only phonological similarity as 

experimental predictor included will be presented as the main analysis relevant for this study.  
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Results 

 

Data on Accuracy and Language Mixing Errors in Compounds Across all Bilingual 

Speakers with Aphasia 

Accuracy in Compounds: All Bilingual Speakers with Aphasia  

Table 4 summarises the accuracy of naming data across eight bilingual speakers. 

Seven participants (BwA1, BwA2, BwA3, BwA4, BwA5, BwA6, BwA8) showed the same 

pattern of accuracy across each of their languages spoken: A higher compound naming 

accuracy was observed for their dominant language. However, two of those six participants 

showed a significant difference in accuracy in compound naming across their languages 

(BwA6: L1 English, BwA8: L2 English). While BwA7 showed a difference in accuracy 

across languages, accuracy was higher in the non-dominant language.  

Accuracy in compound naming was compared to accuracy of a matched simple word 

list (matched for word length [calculated in the number of phonemes] and word form 

frequency, > .05) within languages for each participant40. Among the 16 analyses (analyses 

within L1 and within L2 for eight participants) accuracy of simple word naming was higher 

compared to the accuracy of compound naming in 12 analyses (see Table 4). Of the 12 

analyses that showed higher accuracy in simple words, four analyses presented a significant 

difference (BwA2 L2 German dominant, BwA4 L1 English dominant, BwA6 L1 English 

dominant, BwA7 L2 English dominant). Among the four analyses with a different pattern, 

two analyses showed higher accuracy for compound words than simple words (BwA1 L1 

Dutch non-dominant and BwA3 L1 Dutch non-dominant) and two analyses displayed an 

equal distribution of accuracy between simple and compound words (BwA1 L2 German 

dominant and BwA5 L1 Italian non-dominant).  

 

 
40 See Appendix K for the accuracy analysis of all simple words versus compound words in the L1 and L2 of 
each participant, which is not part of the discussion, since the number of compound words and number of simple 
words in these analyses are not equally distributed.  
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Error Types in Compounds: All Bilingual Speakers with Aphasia  

frequently occurring error types, including phonological errors, semantic errors, no responses, 

constituent errors, and language mixing errors are presented in Table 6 across participants 

and languages. Among the bilingual participants, the distribution of the most common errors 

and language mixing errors was different which can be recognized by looking at which type 

of error occurs most frequently among the individual participants (some participants showed 

the same occurrence of multiple error types across their languages): Eight times no responses, 

seven times constituent errors, three times semantic errors, one time phonological errors, and 

one time language mixing errors41. See Appendix C to Appendix J for a detailed list of all 

error types. 

Language Mixing Errors in Compounds. Language mixing errors in compounds 

were analysed in more detail for all bilingual speakers with aphasia. Table 7 summarises the 

results in detail per participant for language mixing errors within and beyond the first ten 

seconds of the given responses (please be aware that Table 6 presents language mixing errors 

only within the first ten seconds of all responses). Language mixing errors occurred in both 

languages in two participants (BwA1 and BwA3), in one of the languages in four participants 

(BwA4, BwA6, BwA7 and BwA8), and in no language in two participants (BwA2 and 

BwA5). All six participants that presented language mixing errors showed these errors in 

their non-dominant language regardless of whether the non-dominant language was their L1 

or L2. Two participants (BwA1 and BwA3) additionally showed language mixing errors in 

their dominant language (L2 German). In total, 41 errors were observed across all 

participants (see Table 5). These language mixing errors were further classified into different 

error types (first constituent errors: 14 errors, second constituent errors: 9 errors, literal 

translation errors: 18 errors).  

 

  

 
41 No responses (BwA1 L1 and L2, BwA4 L2, BwA5 L1 and L2, BwA7 L1 and L2, BwA8 L1), Constituent 
error (BwA2 L1 and L2, BwA4 L2, BwA6 L1 und L2, BwA7 L1, BwA8 L2), Semantic errors: BwA3 L1, 
BwA4 L1, BwA7 L1), Phonological errors (BwA3 L2), Language mixing errors (BwA3 L1). 
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Table 5  

Number of Language Mixing Error Types Across all Participants 

Language mixing error 

(error type) 

Number of errors 

across participants  Example error type 

First constituent error 14 bedroom target  Schlafroom response 

(influenced by the German word 
Schlafzimmer [German equivalent to 
bedroom]) 
 

Second constituent error 9 elbow target  elbogen response (influenced by 
the German word Ellenbogen [German 
equivalent to elbow]) 
 

Literal translation error 18 méduse target (French word for jellyfish)  
poisson de gellée response (literal translation of 
the non-target compound jellyfish into the 
target language French)  

 

BwA1 and BwA3 produced errors in the first and second constituent related to errors 

in the modifier constituent (first constituent) and head constituent (second constituent) of the 

compound word. BwA1 presented a higher number of language mixing errors in the modifier 

constituent (in comparison to the number of errors in the head constituent) in both of her 

available languages. BwA3 displayed no difference in the distribution of errors across the 

modifier constituent and head constituent within his languages.  

In the last step, language mixing errors were analysed according to the influence of 

phonological similarity across item pairs (phonological similarity of target and non-target 

equivalent). Only one participant (BwA1, Dutch-German bilingual, dominant language = 

German [L2]) showed a significant effect of phonological similarity: The number of language 

mixing errors increased with a higher phonological similarity across item pairs.  



25
0 

T
a

b
le

 6
  

Su
m

m
ar

y 
D

at
a 

of
 E

rr
or

 T
yp

es
 i

n 
B

il
in

gu
al

 S
pe

ak
er

s 
(W

it
hi

n 
th

e 
F

ir
st

 t
en

 S
ec

on
ds

 o
f 

R
es

po
ns

es
) 

N
ot

e.
 D

U
T

 =
 D

ut
ch

, G
E

R
 =

 G
er

m
an

, P
O

L
 =

 P
ol

is
h,

 E
N

G
 =

 E
ng

li
sh

, I
T

A
 =

 I
ta

li
an

, F
R

E
 =

 F
re

nc
h,

 g
re

y 
=

 M
os

t f
re

qu
en

t e
rr

or
 ty

pe
s 

ob
se

rv
ed

.  
a 
D

om
in

an
t l

an
gu

ag
e.

 
b  L

an
gu

ag
e 

m
ix

in
g 

er
ro

r 
w

it
hi

n 
th

e 
fi

rs
t 1

0 
se

co
nd

s 
of

 a
 r

es
po

ns
e.

  

 
 

ID
 

L
an

gu
ag

e 
pr

of
il

e 

N
 

it
em

s 

A
cc

ur
ac

y 

1 
E

rr
or

 ty
pe

s 

 
P

ho
no

lo
gi

ca
l 

 
S

em
an

ti
c 

 
N

o 
re

sp
on

se
 

 
C

on
st

it
ue

nt
 

 

L
an

gu
ag

e 

M
ix

in
gb  

N
 it

em
s 

co
rr

ec
t 

%
 

co
rr

ec
t 

L
1v

s 
L

2 

p(
2t

ai
le

d)
 

1 

N
 to

ta
l 

er
ro

rs
 

%
 

er
ro

rs
 

1 

N
 to

ta
l 

er
ro

rs
 

%
 

er
ro

rs
 

1 

N
 to

ta
l 

er
ro

rs
 

%
 

er
ro

rs
 

1 

N
 to

ta
l 

er
ro

rs
 

%
 

er
ro

rs
 

1 

N
 to

ta
l 

er
ro

rs
 

%
 

er
ro

rs
 

B
w

A
1 

 
L

1 
D

U
T

 
61

 
17

 
27

.8
7 

p=
.2

74
 

 
1 

2.
27

 
 

6 
13

.6
4 

 
16

 
36

.3
6 

 
1 

2.
27

 
 

3 
6.

82
 

L
2 

G
E

R
a  

59
 

23
 

38
.9

8 
 

3 
8.

33
 

 
1 

2.
78

 
 

9 
25

.0
0 

 
4 

11
.1

1 
 

7 
19

.4
5 

B
w

A
2 

L
1 

P
O

L
a  

39
 

19
 

48
.7

2 
p

<
.0

0
1
*
 

 
--

 
--

 
 

6 
30

 
 

2 
10

 
 

7 
35

 
 

--
 

--
 

L
2 

G
E

R
a  

76
 

12
 

15
.7

9 
 

6 
9.

38
 

 
8 

12
.5

 
 

11
 

17
.1

9 
 

16
 

25
 

 
--

 
--

 

B
w

A
3 

L
1 

D
U

T
 

61
 

27
 

44
.2

6 
p=

.5
91

 
 

1 
3.

23
 

 
5 

16
.1

3 
 

2 
6.

45
 

 
4 

12
.9

0 
 

5 
16

.1
3 

L
2 

G
E

R
a  

59
 

30
 

50
.8

5 
 

9 
31

.0
3 

 
2 

6.
90

 
 

2 
6.

90
 

 
5 

17
.2

4 
 

4 
13

.7
9 

B
w

A
4 

L
1 

E
N

G
a  

38
 

21
 

55
.2

6 
p=

.2
18

 
 

--
 

--
 

 
5 

29
.4

1 
 

4 
23

.5
3 

 
1 

5.
88

 
 

--
 

--
 

L
2 

G
E

R
 

55
 

22
 

40
.0

0 
 

3 
9.

09
 

 
2 

6.
06

 
 

5 
15

.1
5 

 
5 

15
.1

5 
 

2 
6.

06
 

B
w

A
5 

L
1b  

E
N

G
a  

40
 

2 
5 

p=
.5

35
 

 
--

 
--

 
 

7 
18

.4
2 

 
13

 
34

.2
1 

 
3 

7.
89

 
 

--
 

--
 

L
1b  

IT
A

 
22

 
0 

0 
 

--
 

--
 

 
--

 
--

 
 

9 
40

.9
1 

 
--

 
--

 
 

--
 

--
 

B
w

A
6 

L
1 

E
N

G
a  

43
 

33
 

76
.7

4 
p

=
.0

0
1
*
 

 
--

 
--

 
 

1 
10

.0
0 

 
1 

10
.0

0 
 

5 
50

.0
0 

 
--

 
--

 

L
2 

F
R

E
 

17
 

5 
29

.4
1 

 
--

 
--

 
 

2 
16

.6
7 

 
2 

16
.6

7 
 

3 
25

.0
0 

 
--

 
--

 

B
w

A
7 

L
1 

F
R

E
 

17
 

9 
52

. 9
4 

p=
1 

 
--

 
--

 
 

1 
12

.5
0 

 
1 

12
.5

0 
 

1 
12

.5
0 

 
--

 
--

 

L
2 

E
N

G
a  

43
 

22
 

51
.1

6 
 

--
 

--
 

 
1 

4.
76

 
 

6 
28

.5
7 

 
5 

23
.8

1 
 

--
 

--
 

B
w

A
8 

L
1 

F
R

E
 

17
 

6 
35

.2
9 

p
=

.0
0

7
*
 

 
--

 
--

 
 

1 
9.

09
 

 
4 

36
.3

6 
 

2 
18

.1
8 

 
--

 
--

 

L
2 

E
N

G
a  

43
 

32
 

74
.4

2 
 

--
 

--
 

 
1 

9.
09

 
 

2 
18

.1
8 

 
3 

27
.2

7 
 

--
 

--
 



25
1 

T
a

b
le

 7
  

Su
m

m
ar

y 
D

at
a 

of
 L

an
gu

ag
e 

M
ix

in
g 

E
rr

or
s 

(L
M

 E
rr

or
s)

 i
n 

B
il

in
gu

al
 S

pe
ak

er
s 

w
it

h 
A

ph
as

ia
 

 
 

 
 

L
M

 e
rr

or
s 

(n
) 

 

L
M

 e
rr

or
s:

 D
is

tr
ib

ut
io

n 
ac

ro
ss

 e
rr

or
 ty

pe
s 

 

L
M

 e
rr

or
s:

 

D
is

tr
ib

ut
io

n 
ac

ro
ss

 

m
od

if
ie

r 
an

d 
he

ad
 

 

P
ho

no
lo

gi
ca

l s
im

il
ar

it
y 

(P
S

) 
ef

fe
ct

 p
 v

al
ue

 
 

 
 

 

F
ir

st
 c

on
st

it
ue

nt
 

er
ro

r 
(n

) 
 

S
ec

on
d 

co
ns

ti
tu

en
t 

er
ro

r 
(n

) 
 

B
ac

k 
tr

an
sl

at
io

n 

er
ro

r 
(n

) 

 
 

 
L

D
 

A
ll

 
W

it
hi

n 
10

s 
F

ur
th

er
b  

 
a 

b 
c 

 
a 

b 
c 

 
a 

b 
 

M
od

if
ie

r 
H

ea
d 

 

L
M

 e
rr

or
s 

(P
S

) 
vs

 o
th

er
 

re
sp

on
se

s 
(P

S
)c  

B
w

A
1 

L
1 

N
L

 
L

2 
6 

3 
3 

 
3 

--
 

--
 

 
1 

--
 

--
 

 
1 

1 
 

3/
6 

1/
6 

 
p 

=
 .9

38
 

L
2 

G
E

a  
8 

7 
1 

 
3 

2 
--

 
 

1 
1 

--
 

 
1 

--
 

 
5/

8 
2/

8 
 

p
 =

 .
0

3
1
*
 

B
w

A
2 

L
1 

P
L

a  
L

2 
n/

a 

L
2 

D
E

a  
n/

a 

B
w

A
3 

L
1 

N
L

 
L

2 
11

 
5 

6 
 

3 
--

 
1 

 
3 

--
 

1 
 

3 
--

 
 

4/
11

 
4/

11
 

 
p 

=
 .9

16
 

L
2 

G
E

a  
4 

4 
--

 
 

1 
--

 
1 

 
2 

--
 

--
 

 
--

 
--

 
 

2/
4 

2/
4 

 
p 

=
 .8

32
 

B
w

A
4 

L
1 

E
N

a  
L

1 
n/

a 

L
2 

G
E

 
2 

2 
--

 
 

--
 

--
 

--
 

 
--

 
--

 
--

 
 

2 
--

 
 

--
 

--
 

 
p 

=
 .5

77
 

B
w

A
5 

L
1 

E
N

a  
E

N
 

n/
a 

L
1 

IT
 

n/
a 

B
w

A
6 

L
1 

E
N

a  
L

1 
n/

a 

L
2 

F
R

 
4 

1a  
3 

 
--

 
--

 
--

 
 

--
 

--
 

--
 

 
1 

3 
 

--
 

--
 

 
p 

=
 .6

08
 

B
w

A
7 

L
1 

F
R

 
L

2 
3 

--
 

3 
 

--
 

--
 

--
 

 
--

 
--

 
--

 
 

--
 

3 
 

--
 

--
 

 
p 

=
 .6

75
 

L
2 

E
N

a  
n/

a 

B
w

A
8 

L
1 

F
R

 
L

2 
3 

--
 

3 
 

--
 

--
 

--
 

 
--

 
--

 
--

 
 

1 
2 

 
--

 
--

 
 

p 
=

 .8
10

 

L
2 

E
N

a  
n/

a 

N
ot

e.
 N

L
 =

 D
ut

ch
, G

E
 =

 G
er

m
an

, P
L

 =
 P

ol
is

h,
 E

N
 =

 E
ng

li
sh

, I
T

 =
 I

ta
li

an
, F

R
 =

 F
re

nc
h,

 L
D

 =
 L

an
gu

ag
e 

do
m

in
an

ce
, L

M
 e

rr
or

s 
=

 L
an

gu
ag

e 
m

ix
in

g 
er

ro
rs

, P
S

 =
 P

ho
no

lo
gi

ca
l s

im
il

ar
it

y.
  

a  L
it

er
al

 tr
an

sl
at

io
n 

er
ro

r 
of

 ty
pe

 b
, t

he
re

fo
re

 n
ot

 in
 T

ab
le

 6
. 

b  T
hi

s 
ca

te
go

ry
 in

cl
ud

es
 th

e 
fo

ll
ow

in
g 

L
M

 e
rr

or
s:

 L
M

 e
rr

or
s 

af
te

r 
te

n 
se

co
nd

s,
 L

M
 e

rr
or

s 
th

at
 w

er
e 

a 
se

co
nd

 e
rr

or
 c

od
e,

 li
te

ra
l t

ra
ns

la
ti

on
 e

rr
or

s 
of

 ty
pe

 b
. T

he
se

 L
M

 e
rr

or
s 

ar
e 

no
t i

nc
lu

de
d 

in
 th

e 
er

ro
r 

ty
pe

s 
ta

bl
e 

of
 e

ac
h 

in
di

vi
du

al
 p

ar
ti

ci
pa

nt
 (

se
e 

A
pp

en
di

x 
C

 to
 A

pp
en

di
x 

J)
.  

 
c  L

og
is

ti
c 

re
gr

es
si

on
 a

na
ly

si
s,

 s
ig

ni
fi

ca
nc

e 
of

 m
od

el
 c

oe
ff

ic
ie

nt
s 

(p
):

 P
ho

no
lo

gi
ca

l s
im

il
ar

it
y 

(e
xp

er
im

en
ta

l p
re

di
ct

or
).

 
 



252 

Data on Accuracy and Language Mixing Errors in Compounds in Bwa1 

Accuracy in Compounds in Dutch (L1) and German (L2)  BwA1  

As shown in Table 4 above, BwA1 showed an accuracy of 27.87% (n = 17/61) for the 

Dutch compounds item set and 38.98% (n = 23/59) for the German compounds item set. No 

significant difference was ob  

Naming accuracy within languages was higher for compound words compared to 

simple word naming accuracy were equally distributed. 

Error Types/Language Mixing Errors in Compounds in Dutch (L1) and German (L2)  

BwA1  

Dutch. 

uage mixing 

errors: 6.87%, phonological errors: 2.27%, constituent errors: 2.27%).   

BwA1 produced six language mixing errors in her non-dominant L1 Dutch (three in 

 see Table 6 and Table 

7): Three errors of language mixing in the first constituent (type a), one error of language 

mixing in the second constituent (type a), and two errors of literal translation of non-target to 

the target language (type a). Thus, the distribution of language mixing errors across the 

constituents showed a higher occurrence of language mixing errors in the modifier 

constituent: In three cases, the Dutch modifier constituent was named in German (L2 

dominant), whereas in only one case, the Dutch head constituent was named in German.  

The binomial logistic regression model examining the effect of phonological 

similarity on language mix

percentage of accuracy in classification was 89.6% (cut-off < 50%). The phonological 

similarity did not significantly predict language mixing errors in compounds in Dutch (L1 

non-dominant). Full details of the analysis can be found in Appendix C.  

German. The most commonly occurring errors in the participant's L2 German were 

00%, language mixing errors: 19.45%, constituent errors 

11.11%, phonological errors: 8.33%, semantic errors: 2.78%). 

BwA1 produced eight language mixing errors in her dominant L2 German (seven in 

 see Table 6 and Table 7): 

Five errors of language mixing in the first constituent (three errors of type a and two errors of 

type b), two errors of language mixing in the second constituent (one error of type a and one 
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error of type b), one error of literal translation of non-target to the target language (type a). 

Thus, the distribution of language mixing errors across the constituents showed a higher 

occurrence of language mixing errors in the modifier constituent: In five cases, the German 

modifier constituent was named in Dutch (L1 non-dominant), whereas in two cases, the 

German head constituent was named in Dutch. 

The results of the binomial logistic regression analysis investigating the impact of 

phonological similarity on language mixing errors in compounds was found to be statistically 

with 86.4% of accuracy in classification (cut-off < 50%). Phonological similarity (p = .031, 

OR = 1.029, 95%-CI[1.00, 1.057) significantly predicted language mixing errors in German 

(L2, dominant). Full details of the analysis can be found in Appendix C. 

 

Data on Accuracy and Language Mixing Errors in Compounds in BwA2 

Accuracy in Compounds in Polish (L1) and German (L2)  BwA2 

BwA2 exhibited an accuracy of 48.72% (n = 19/39) for the Polish compounds item set 

and 15.79% (n = 12/76) for the German compounds item set, according to the accuracy data 

presented in Table 4. Accuracy varied significantly between the two lan

Exact Test, two-tailed: p < .001). 

The accuracy within languages was higher for simple words than that for compound 

words in Polish. The same accuracy analysis within German (L2) showed significantly higher 

accuracy for simple words compar -tailed: p < 

.001).  

Error Types/Language Mixing Errors in Compounds in Polish (L1) and German (L2)  

BwA2 

Polish. The most common error type observed in the participant's L1 Polish was the 

constituent errors: 35%, semantic errors: 30%, no responses: 10%, 

phonological errors: 0%, language mixing errors: 0%).  

BwA2 presented no language mixing errors in his L1 (see Table 6 and Table 7). 

German. The most prevalent error types observed in the participant's L2 German 

12.5%, phonological errors: 9.38%, language mixing errors: 0%). 

BwA2 produced no language mixing errors in his L2 German (see Table 6 and Table 

7).  

 



254 

Data on Accuracy and Language Mixing Errors in Compounds in BwA3 

Accuracy in Compounds in Dutch (L1) and German (L2)  BwA3 

Table 4 presents the accuracy in compound picture naming for BwA3, with 44.26% 

(n=27/61) for the Dutch and 50.85% (n=30/59) for the German compounds item set. There 

was no significant difference in compound accuracy across languages.  

The accuracy in compound words was higher than that of simple words in the 

 

Error Types/Language Mixing Errors in Compounds in Dutch (L1) and German (L2)  

BwA3  

Dutch. 

errors: 16.13%, language mixing errors: 16.13%, constituent errors: 12.90%, no responses: 

6.45%, phonological errors: 3.23%).  

When naming compounds in his non-dominant L1 Dutch, BwA3 made a total of 11 

under th

observed in the first constituent (three errors of type a, one error of type c), while four were 

observed in the second constituent (three errors of type a, one error of type c). Furthermore, 

three errors were attributed to the literal translation of non-target to target language, all 

classified as error type a. Hence, the number of language mixing errors was found to be the 

same for both the modifier and head constituent. 

The binomial logistic regression analysis examining the impact of phonological 

percentage of accuracy in classification was 85.1% (cut-off < 50%). The phonological 

similarity did not significantly predict language mixing errors in compounds in Dutch (non-

dominant L1). Appendix E shows all details of the analysis.   

German. The most commonly occurring errors within the compound set in the 

errors: 17.24%, language mixing errors: 13.79%, semantic errors: 6.90%, no responses: 

6.90%).  

BwA3 made four language mixing errors when naming German compounds, with all 

 see Table 6 and Table 7). Among 
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these errors, two were observed in the first constituent (one error of type a and one error of 

type c), while the remaining two were observed in the second constituent (two errors of type 

a). Consequently, an equal number of language mixing errors was observed for both the 

modifier and head constituent. 

The result of the binomial logistic regression analysis investigating the impact of 

phonological similarity on language mixing errors in compounds was not statistically 

93.2% of accuracy in classification (cut-off < 50%). Therefore, the findings suggest that 

phonological similarity did not significantly predict language mixing errors in compounds in 

German (dominant L2). Appendix E presents all details of the analysis. 

 

Data on Accuracy and Language Mixing Errors in Compounds in BwA4 

Accuracy in Compounds in English (L1) and German (L2)  BwA4 

Table 4 displays that BwA4 achieved an accuracy of 55.26% (n = 21/38) for the 

English compound item set and 40.00% (n = 22/55) for the German compound item set. The 

 

When comparing the accuracy of simple and compound words within each language, 

results showed that accuracy was significantly higher for simple words compared to 

compound words for English (Fisher Exact test two-tailed: p = .025). This pattern was 

 

Error Types/Language Mixing Errors in Compounds in English (L1) and German (L2)  

BwA4 

English. 

frequent error type (semantic errors: 29.41%, no responses: 23.53%, constituent errors: 

5.88%, phonological errors: 0%, language mixing errors: 0%).  

BwA4 exhibited no language mixing errors in her dominant L1 English (see Table 6 

and Table 7).  

German. 

phonological errors: 9.09%, semantic errors: 6.06%, language mixing errors: 6.06%).  

BwA4 committed two language mixing errors while naming German compounds in 

her non-  see Table 6 

and Table 7). Both errors were literal translation of non-target to the target language (type a). 
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Since BwA4 made only literal translation errors, there was no analysis performed on the 

modifier and head constituent.  

The binomial logistic regression model examining the effect of phonological 

classification (cut-off < 50%). The phonological similarity did not significantly predict 

language mixing errors in compounds in German (non-dominant L2). Full details of the 

analysis can be found in Appendix F. 

 

Data on Accuracy and Language Mixing Errors in Compounds in BwA5 

Accuracy in Compounds in English (L1) and Italian (L1)  BwA5 

Table 4 above shows the accuracy in compound picture naming in BwA5 with 5.00% 

(n = 2/40) for the English compounds item set and 0% (n = 0/22) for the Italian compounds 

accuracy across the 

 

Within English, accuracy was higher for simple words compared to compound words. 

There was no difference in accuracy for Italian between simple words and compound words.  

Error Types/Language Mixing Errors in Compounds in English (L1) and Italian (L1)  

BwA5 

English. 

7.89%, phonological errors: 0%, language mixing errors: 0%).  

BwA5 did not make any language mixing errors in his dominant L1 English (see 

Table 6 and Table 7). 

Italian. 

ors: 0%, semantic errors: 0%, constituent 

errors: 0%, language mixing errors: 0%).  

BwA5 produced no language mixing errors in his non-dominant L1 Italian (see Table 

6 and Table 7).  

 

Data on Accuracy and Language Mixing Errors in Compounds in BwA6 

Accuracy in Compounds in English (L1) and French (L2)  BwA6 

Table 4 summarizes the accuracy data and shows an accuracy of 76.74% (n = 33/43) 

for the English compounds item set and 29.41% (n = 5/17) for the French compounds item 
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langu -tailed: p = .001).  

Unsurprisingly, the within language analysis showed a significantly higher accuracy 

Exact Test, two-tailed: p 

French, with higher accuracy for simple words than compound words.  

Error Types/Language Mixing Errors in Compounds in English (L1) and French (L2)  

BwA6 

English. 

frequent error types (constituent errors: 50%, semantic errors: 10%, no responses: 10%, 

phonological errors: 0%, language mixing errors: 0%).  

BwA6 made no language mixing errors in her dominant L1 English (see Table 6 and 

Table 7).  

French. The most prevalent error type observed in the participant's L2 French were 

phonological errors: 0%, language mixing errors: 0%).  

During picture naming in her non-dominant L2 French, BwA6 made four language 

 see Table 6 and Table 7). The four errors were all classified as literal translation 

of non-target to the target language errors consisting of one error of type a and three errors of 

type b. Since BwA6 made only literal translation language mixing errors, no specific analysis 

on the modifier and head constituent was performed 

The binomial logistic regression model investigating the effect of phonological 

of accuracy in classification (cut-off < 50%). The phonological similarity did not 

significantly predict language mixing errors in compounds in French (non-dominant L2). Full 

details of the analysis can be found in Appendix H. 

  

Data on Accuracy and Language Mixing Errors in Compounds in BwA7 

Accuracy in Compounds in French (L1) and English (L2)  BwA7 

Table 4 above demonstrates that BwA7 showed accuracy of 52.94% (n = 9/17) for the 

French compounds item set and 51.16% (n = 22/43) for the English compounds item set 
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accuracy across his two languages.  

The analysis within languages showed higher accuracy for simple words than that of 

co

showed significantly higher accuracy for simple words compared to compound words (Fisher 

Exact test, two-tailed: English, p = .007). 

Error Types/Language Mixing Errors in Compounds in French (L1) and English (L2)  

BwA7 

French. 

12.50%, constituent errors: 12.50%, phonological errors: 0%, language mixing errors: 0%). 

BwA7 produced three language mixing errors in her non-dominant L1 French, with 

errors were literal translation of non-target to the target language errors (type b). As BwA7 

exclusively made literal translation errors, no specific analyses on the modifier and head 

constituent were performed.  

The binomial logistic regression analysis exploring the impact of phonological 

accuracy in classification was 87.5% of (cut-off < 50%). The phonological similarity did not 

significantly predict language mixing errors in compounds in French (non-dominant L1). 

Refer to Appendix I for the analysis details.  

English. The most commonly occurring errors in the participant's L2 English were 

phonological errors: 0%, language mixing errors: 0%). 

BwA7 made no language mixing errors in her dominant L2 English (see Table 6 and 

Table 7).  

 

Data on Accuracy and Language Mixing Errors in Compounds in BwA8 

Accuracy in Compounds in French (L1) and English (L2)  BwA8 

Table 4 above displays that BwA8 showed an accuracy of 35.29% (n = 6/17) for the 

French compounds item set and 74.42% (n = 32/43) for the English compounds item set. A 

Exact Test, two-tailed: p = .007). 
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As observed for the previous participants in the within language analysis, accuracy for 

languages.  

Error Types/Language Mixing Errors in Compounds in French (L1) and English (L2)  

BwA8 

French. 

error type (no responses: 36.36%, constituent errors: 18.18%, semantic errors: 9.09%, 

phonological errors: 0%, language mixing errors: 9%).  

BwA8 made three language mixing errors in her non-dominant L1 French (all three in 

 see Table 6 and Table 7). In all instances, these errors were literal 

translations of non-target to the target language errors (one error of type a, two errors of type 

b). As BwA8 only presented literal translation errors, no specific modifier and head 

constituent analysis was conducted.  

The binomial logistic regression model examining the effect of phonological 

(df = 1) = 0.0

classification was 93.3% of (cut-off < 50%). The phonological similarity did not significantly 

predict language mixing errors in compounds in French (non-dominant L1). For details on the 

analysis outcome, see Appendix J.  

English. The most frequent error type observed in the participant's L2 English were 

9.09%, phonological errors: 0%, language mixing errors: 0%).  

BwA8 made no language mixing errors in her dominant L2 English (see Table 6 and 

Table 7). 

 

For a list of the distribution of all error types among all participants in both of their 

languages, see Appendix C to Appendix J.  
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Discussion 

 

This study investigated spoken compound word naming in eight bilingual speakers 

with aphasia, all presenting with word finding difficulties ranging from severe to moderate. 

This study was only the second study conducting compound picture naming in bilingual 

speakers with aphasia, with similar findings for accuracy compared to Jarema et al. (2010): 

Higher accuracy across languages was observed for the dominant language.  

In our study compound naming accuracy across languages was investigated and 

compared to accuracy in simple word naming within and across languages for each 

participant. In addition, associated error types were documented and categorised using a step-

by-step guide to describe language mixing errors in compound words. This guide was 

developed during the course of this project. 

The results obtained from the accuracy and language mixing errors analyses revealed 

Language dominance was a key factor. Naming accuracy analyses revealed a difference in 

compound naming across languages, with higher accuracy in the dominant language for six 

participants, regardless of whether the dominant language was the L1 or L2. Similarly, the 

language mixing error analyses indicated six participants with mixing errors in either both or 

one of their languages spoken. These mixing errors across participants consistently 

manifested in their non-dominant language, regardless of whether the non-dominant language 

was their L1 or L2. Hence, the accuracy and the error analyses are complementary in their 

pattern. 

 

Language Dominance as a Driver for Accuracy and Error Patterns in Bilingual 

Speakers with Aphasia 

Accuracy Pattern 

While seven participants (BwA1, BwA2, BwA3, BwA4, BwA5, BwA6, BwA8; 

significant for BwA2, BwA6 and BwA8) showed higher accuracy for their dominant 

language, one participant posed an exception to this 'rule' as the accuracy pattern was higher 

in the non-dominant language (BwA7). The results highlight the influence of language 

dominance on accuracy, which has also been found in a project on compound word 

processing including three French-English speakers with a language impairment (Jarema et 

al., 2010). Two of the three included participants showed higher accuracy in their dominant 

language English, while the third participant exhibited a balanced accuracy pattern across 
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languages; however, this third participant was also classified as a balanced bilingual speaker. 

This pattern of balanced accuracy in compound naming across languages, within a balanced 

bilingual speaker, has been also found in our study. BwA7 exhibited higher compound word 

accuracy in his non-dominant language French (L1). However, it needs to be acknowledged 

that the percentage of accuracy across languages had a difference of less than 2% (Fisher

Exact Test, two-

-

pictured BwA7 as a nearly balanced bilingual speaker, with English (L2) only slightly being 

his dominant language. This was further supported by the background assessment 

performance, revealing a similar language impairment across the available languages. 

Consequently, the results suggested that compound words are easier to name in the 

dominant language of a bilingual speaker with aphasia, regardless of whether the dominant 

might be less vulnerable to language impairment. These findings are in alignment with 

research that emphasized that language dominance is a more reliable factor for lexical access 

in bilingual speakers with a language disorder than the age of acquisition of the available 

languages (e.g., Kiran & Tuchtenhagen, 2005). 

Error Pattern (Language Mixing Errors)  

The important role of language dominance in word processing was also supported by 

the language mixing errors presented by six participants in this study in either both (BwA1 

and BwA3) or one (BwA4, BwA6, BwA7 and BwA8) of their available languages, always in 

their non-dominant language regardless of whether the non-dominant language was their L1 

or L2. The dominant language was the stronger language in all cases and according to Green 

(1986, 1998) the stronger and dominant languages requires greater ongoing inhibition 

processes within the bilingual language system. Due to (partly) impaired inhibition processes, 

caused by the stroke, inhibition problems may occur more often in the dominant and stronger 

language. Therefore, more language mixing errors occur in the non-dominant language due to 

unsuccessful inhibition of the dominant language.  

Among the bilingual participants, two individuals (BwA2, BwA5) did not exhibit 

language mixing errors. BwA5, an English-Italian participant, presented with a severe 

language impairment with reduced naming abilities with minimal responses (5% correct) in 

English and no responses in Italian. The functional impairment, therefore, explains the 

absence of these error types in BwA5. BwA2, another participant without the demonstration 

of language mixing errors, was a Polish-German bilingual speaker. German and Polish are 
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languages from different language families (German: Germanic language, Polish: Slavic 

language) that are characterized by significant differences in their morphological structure 

and different ways of compounding. These differences might lead to less interference and, 

therefore, fewer language mixing errors compared to people that speak languages that share 

greater morphological characteristics across languages.  

 

Accuracy and Error Types in the Framework of Psycholinguistic Models   

Accuracy  

The findings of the accuracy analysis within languages (comparing compound word 

accuracy to simple word accuracy [matched list for word length and word form frequency] in 

than compound words. Seventy-five percent of the analyses (12 out of 16 analyses, four 

analyses with a significant difference) presented a consistent pattern of higher naming 

accuracy in simple words compared to compound words. These findings align with the 

findings of different research groups, that argue for a more complex retrieval process for 

compound words (e.g., bedroom) over the retrieval process for simple words (e.g., fish) (e.g., 

Badecker, 2001; Blanken, 2000; Lorenz et al., 2014; Lorenz & Zwitserlood, 2014), which 

makes the retrieval for compound word more vulnerable as the retrieval of simple words. 

These findings can also be understood within the framework of the Two-Stage Model 

(e.g., Levelt et al.,1999), which proposes two word form entries for a compound word and 

one word form entry for a simple word (see Figure 4). Due to this more complex 

representation of compounds at the phonological word form level, more processing steps are 

involved in accessing the phonological word form of compound words in comparison to 

simple words, that in contrast need to activate, select and access only one phonological word 

form.  
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BwA1 and BwA3 were participants in this study, that did not consistently exhibit this 

accuracy pattern across simple words and compound words. The bilingual language profile of 

these two participants might account for their differing patterns of lower accuracy in simple 

words compared to compound words (BwA1 L1 Dutch and BwA3 L1 Dutch) or equal 

distribution of accuracy between simple and compound words (BwA1 L2 German). Both of 

the participants were Dutch-German bilingual speakers. Dutch and German are both 

languages that are known for their rich morphology, not only in compound words. It is, 

therefore, a reasonable consideration that there was no difference in accuracy between 

compound and simple word naming or higher accuracy for compound than simple word 

naming, given that simple words can have morphological complex word structures across 

these languages. Additionally, BwA5 an English-Italian speaker, presented no difference in 

naming accuracy across the compound and simple words in Italian. This pattern can be 

not recovered after the stroke, which resulted in an accuracy of 0% for both word types.   

Error Types (Language Mixing Errors) 

The language mixing errors by six participants align with reported non-selective 

activation of both languages/both lexical forms in bilingual healthy speakers (e.g., Moon & 

Jiang, 2012; Green, 1986, 1998) and in bilingual speakers with language impairments (e.g., 

Figure 4 

-Stage Assumption for Word Processing of a Simple Word 

(Fish) and a Compound Word (Bedroom)

Word form  
Level  

Lemma  
Level 

Concept  
Level 

Concept  
Level 

Lemma  
Level 

Word form  
Level  
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Siyambalapitiya et al., 2013; Gray & Kira, 2013). Language mixing errors that, for example, 

are a blending of constituents from both languages (e.g., schlafroom: Language mixing error 

of Schlafzimmer [German word for bedroom] and bedroom), can only be explained by 

parallel language activation when a bilingual speaker speaks (see Figure 5).  

In addition, these findings support research on the representation of monolingual 

compound word representation in the mental lexicon. Evidence for a representation of 

compound words, with two phonological word forms at -lemma-

multiple-

(Lüttman et al., 2011, Lorenz et al., 2018; Lorenz & Zwitserlood, 2016) and speakers with 

aphasia (e.g., Semenza et al., 1997; Badecker, 2001). Returning to the example of 

word bedroom): Only with a separate representation of the compound constituents at word 

form level this language mixing error can arise (see Figure 5).  

However, the question of why these language mixing errors occur remains. A possible 

explanation may lie in impaired inhibition processes: Due to the non-selective activation of 

both languages when a bilingual speaker speaks, there are ongoing concurrent activation and 

inhibition processes, which have been explained in the Inhibitory Control model by Green 

(1986, 1998). According to Green (1986, 1998) ongoing inhibition processes (via Language 

Task Schemas, see Figure 5) at the lemma level are needed to suppress the non-target 

language. It is assumed that inhibition processes might be (partly) impaired as a result of the 

stroke that caused the  

Error Types (Language Mixing Errors)  

The language mixing errors by six participants align with reported non-selective 

activation of both languages/both lexical forms in bilingual healthy speakers (e.g., Moon & 

Jiang, 2012; Green, 1986, 1998) and in bilingual speakers with language impairments (e.g., 

Siyambalapitiya et al., 2013; Gray & Kira, 2013). Language mixing errors that, for example, 

are a blending of constituents from both languages (e.g., schlafroom: Language mixing error 

of Schlafzimmer [German word for bedroom] and bedroom), can only be explained by 

parallel language activation when a bilingual speaker speaks (see Figure 5).  

In addition, these findings support research on the representation of monolingual 

compound word representation in the mental lexicon. Evidence for a representation of 

compound words, with two phonological word forms at -lemma-

multiple-

(Lüttman et al., 2011, Lorenz et al., 2018; Lorenz & Zwitserlood, 2016) and speakers with 
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aphasia (e.g., Semenza et al., 1997; Badecker, 2001). Returning to the example of 

word bedroom): Only with a separate representation of the compound constituents at word 

form level this language mixing error can arise (see Figure 5).  

However, the question of why these language mixing errors occur remains. A possible 

explanation may lie in impaired inhibition processes: Due to the non-selective activation of 

both languages when a bilingual speaker speaks, there are ongoing concurrent activation and 

inhibition processes, which have been explained in the Inhibitory Control model by Green 

(1986, 1998). According to Green (1986, 1998) ongoing inhibition processes (via Language 

Task Schemas, see Figure 5) at the lemma level are needed to suppress the non-target 

language. It is assumed that inhibition processes might be (partly) impaired as a result of the 

stroke that caused the language disorder. These (partly) impaired inhibition processes might 

contribute to the occurrence of language mixing errors (see Figure 5)  

Note. Word processing of a compound word in a Two-Stage Model (Levelt et al., 1999) in a German-

English bilingual speaker, resulting in a language mixing error. The Model supports the non-selective 

activation of lexical forms in bilingual speakers (e.g., Siyambalapitiya et al., 2013) with separate 

representations of the compound constituents at the word form level (e.g., Badecker, 2001). Based on 

(partly) impaired inhibition processes (language task schemas; Green, 1986, 1998) a language mixing 

error occurs.  

Concept 
Level  
  

Lemma  
Level 

Word Form 
level  

Figure 5 

Word Processing of a Compound Word That Results in a Language Mixing Error
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Influence of Phonological Similarity on Language Mixing Errors 

The presented language mixing errors were further investigated to examine the 

influence of phonological similarity across item pairs (phonological similarity of target and 

non-target language translation equivalent). Only BwA1 (Dutch-German) showed a 

significant phonological similarity effect on language mixing errors in her dominant L2, 

while we initially predicted phonological similarity effects on language mixing errors across 

participants. This prediction was based on previous research in bilingual speakers, that 

reported a higher occurrence of language mixing errors in languages with shared structural 

similarities; similar words/cognates between two languages can contribute to interference and 

might lead to mixing errors (e.g., Abutablebi et al., 2009; Kurland & Falcon, 2011). We 

acknowledge, that the different language mixing error types, included in the analyses to test 

for the phonological similarity effect, might have influenced the analysis outcome. As 

reported, 41 errors were incorporated in the analysis, of which 18 errors were literal 

translation language mixing errors42. These literal translation errors might be specifically 

characterized by morphology processes and less by phonology. Literal translation errors 

support the reported compound effect found in previous research: People with aphasia often 

maintain the knowledge of the structure of compound words (morphosyntactic information at 

lemma-level) and how to build compounds, however, they have difficulties in retrieving the 

complete phonological form (e.g., Semenza, 2011, Chiarelli et al., 2007; Semenza et al., 

1997). Therefore, a majority of the language mixing errors included in the regression 

analyses, to test for phonological similarity effects, were most likely less influenced by 

phonology but more influenced by morphology, potentially reducing the predicted 

phonological similarity effect. The question, of whether phonological similarity across item 

pairs influences language mixing errors in bilingual speakers with aphasia, can only be 

answered by upcoming research that incorporates a greater number of first constituent and 

second constituent language mixing errors (see method section for a further explanation of 

these error types).   

  

 
42 Example: The target word is a simple word, the non-target equivalent word is a compound word, the response 
is a compound (literal translation of the non-target language compound word into the target language), e.g., 
méduse target (French word for jellyfish)  poisson de gellée response (literal translation of the non-target language 
compound word jellyfish into the target language French). 
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Conclusion 

The current study has demonstrated the benefit of the investigation of compound word 

naming in bilingual speakers with aphasia to gain a deeper understanding of the bilingual 

language system, which is still under-specified (for a recent attempt see, e.g., Dijkstra et al., 

dominance influenced compound naming accuracy and the occurrence of language mixing 

anguage profile in 

(compound) word processing in bilingual speakers with aphasia. The investigation of 

language mixing errors has given further insight into the bilingual language system and 

-selective activation of 

both languages in bilingual speakers during lexical processing with related (partly) impaired 

inhibition processes to supress the non-target language, and (b) the separate representation of 

compound words constituents at word form level within the mental lexicon.  

Moreover, the conducted project has developed a novel guide to define and code 

language mixing errors in compound words in bilingual speakers with aphasia. Since the 

current study is only the second study that investigated compound word processing in 

bilingual speakers in aphasia and additionally the first study that examined language mixing 

errors, there was no guide available to classify and code theses errors in bilingual speakers 

with a language impairment. The developed guide holds the potential to get applied in future 

research in bilingual speakers with aphasia and/or as assessment tool in clinical practice by 

speech pathologists.  
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Appendices 

 

Appendix A 

Compound Item List for all Included Language Combinations 

 

Table A1 

Compounds Item List for The Language Combination Dutch-German (Including Number of 

Phonemes and Resemblance Score) 

Picture Language Session Name Phonemes Resemblance 

PICTURE_214 Dutch 1a-5 slaapkamer 9 184 

PICTURE_121 Dutch 1a-13 doolhof 6 65 

PICTURE_93 Dutch 1a-23 skateboard 8 195 

PICTURE_79 Dutch 1a-25 toetsenbord 10 135 

PICTURE_151 Dutch 1a-35 dienblad 7 147 

PICTURE_724 Dutch 1a-40 walvis 6 53 

PICTURE_299 Dutch 1a-43 struisvogel 11 
 

PICTURE_652 Dutch 1a-45 reuzenrad 8 197 

PICTURE_163 Dutch 1a-48 kokosnoot 8 207 

PICTURE_373 Dutch 1a-50 bloemkool 7 205 

PICTURE_46 Dutch 1b-13 schroevendraaier 13 211 

PICTURE_119 Dutch 1b-32 walnoot 6 125 

PICTURE_297 Dutch 1b-51 vliegtuig 8 
 

PICTURE_185 Dutch 1c-1 voetbal 6 140 

PICTURE_586 Dutch 1c-5 strijkijzer 11 114 

PICTURE_729 Dutch 1c-7 vrijheidsbeeld 13 
 

PICTURE_212 Dutch 1c-9 weegschaal 7 48 

PICTURE_57 Dutch 1c-11 postzegel 9 117 

PICTURE_531 Dutch 1c-18 schildpad 8 179 

PICTURE_425 Dutch 1c-22 doedelzak 8 
 

PICTURE_101 Dutch 1c-24 drumstel 8 95 

PICTURE_160 Dutch 1c-28 kruiwagen 8 
 

PICTURE_617 Dutch 1c-30 vliegveld 8 140 

PICTURE_12 Dutch 1c-33 zeemeermin 8 
 

PICTURE_207 Dutch 1c-36 litteken 7 49 

PICTURE_591 Dutch 1c-37 handdoek 6 150 

PICTURE_181 Dutch 1c-44 driehoek 6 125 

PICTURE_702 Dutch 1c-46 brandblusser 11 
 

PICTURE_381 Dutch 1c-50 aardbei 5 100 
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PICTURE_56 Dutch 1c-52 elleboog 6 115 

PICTURE_262 Dutch 1c-55 zaklamp 7 169 

PICTURE_695 Dutch 1c-57 sinaasappel 9 71 

PICTURE_305 Dutch 2a-37 brievenbus 9 129 

PICTURE_29 Dutch 2a-44 cowboy 6 
 

PICTURE_698 Dutch 2a-47 oorbel 5 36 

PICTURE_562 Dutch 2a-50 broodrooster 10 132 

PICTURE_493 Dutch 2a-52 stinkdier 8 191 

PICTURE_48 Dutch 2a-54 brandweerman 11 140 

PICTURE_246 Dutch 2a-57 tandarts 8 177 

PICTURE_308 Dutch 2b-1 dobbelsteen 9 
 

PICTURE_258 Dutch 2b-11 stokbrood 8 99 

PICTURE_161 Dutch 2b-13 stropdas 8 128 

PICTURE_260 Dutch 2b-14 eiland 6 65 

PICTURE_516 Dutch 2b-18 rekenmachine 10 
 

PICTURE_731 Dutch 2b-20 graafmachine 10 68 

PICTURE_540 Dutch 2b-23 vuurtoren 8 
 

PICTURE_14 Dutch 2b-26 badjas 6 120 

PICTURE_547 Dutch 2b-31 vleermuis 8 
 

PICTURE_282 Dutch 2b-34 neushoorn 9 
 

PICTURE_141 Dutch 2b-41 zonnebloem 8 217 

PICTURE_249 Dutch 2b-43 aardappel 7 138 

PICTURE_711 Dutch 2b-49 grasmaaier 9 135 

PICTURE_576 Dutch 2b-54 handschoen 8 170 

PICTURE_115 Dutch 2b-56 nijlpaard 8 170 

PICTURE_138 Dutch 2c-21 koelkast 7 139 

PICTURE_387 Dutch 2c-26 nietmachine 9 82 

PICTURE_89 Dutch 2c-31 stopcontact 11 158 

PICTURE_743 Dutch 2c-33 vogelverschrikker 14 
 

PICTURE_734 Dutch 2c-35 wasmachine 9 199 

PICTURE_589 Dutch 2c-48 slaapkamer 9 184 

PICTURE_537 Dutch 2c-57 vingerafdruk 11 
 

PICTURE_171 German 1a-1 torwart 7 65 

PICTURE_684 German 1a-3 erdnuss 6 79 

PICTURE_214 German 1a-5 schlafzimmer 9 184 

PICTURE_93 German 1a-23 skateboard 8 195 

PICTURE_652 German 1a-45 riesenrad 7 197 

PICTURE_163 German 1a-48 kokosnuss 8 207 

PICTURE_373 German 1a-50 blumenkohl 9 205 

PICTURE_398 German 1a-52 lenkrad 7 65 
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PICTURE_46 German 1b-13 schraubenzieher 11 211 

PICTURE_119 German 1b-32 walnuss 6 125 

PICTURE_297 German 1b-51 flugzeug 9 
 

PICTURE_185 German 1c-1 fussball 6 140 

PICTURE_586 German 1c-5 buegeleisen 8 114 

PICTURE_729 German 1c-7 freiheitsstatue 14 
 

PICTURE_57 German 1c-11 briefmarke 9 117 

PICTURE_531 German 1c-18 schildkroete 9 179 

PICTURE_558 German 1c-20 feuerzeug 9 
 

PICTURE_425 German 1c-22 dudelsack 7 
 

PICTURE_101 German 1c-24 schlagzeug 9 95 

PICTURE_223 German 1c-26 reissverschluss 11 110 

PICTURE_160 German 1c-28 schubkarre 7 
 

PICTURE_617 German 1c-30 flughafen 8 140 

PICTURE_12 German 1c-33 meerjungfrau 10 
 

PICTURE_591 German 1c-37 handtuch 7 150 

PICTURE_140 German 1c-39 wasserhahn 7 65 

PICTURE_181 German 1c-44 dreieck 6 125 

PICTURE_702 German 1c-46 feuerloescher 8 
 

PICTURE_381 German 1c-50 erdbeere 7 100 

PICTURE_56 German 1c-52 ellenbogen 7 115 

PICTURE_262 German 1c-55 taschenlampe 9 169 

PICTURE_126 German 2a-1 fallschirm 7 105 

PICTURE_331 German 2a-5 buestenhalter 10 93 

PICTURE_305 German 2a-37 briefkasten 9 129 

PICTURE_649 German 2a-42 krankenwagen 10 87 

PICTURE_29 German 2a-44 cowboy 6 
 

PICTURE_698 German 2a-47 ohrring 5 36 

PICTURE_493 German 2a-52 stinktier 8 191 

PICTURE_48 German 2a-54 feuerwehrmann 10 140 

PICTURE_246 German 2a-57 zahnarzt 9 177 

PICTURE_516 German 2b-18 taschenrechner 9 
 

PICTURE_540 German 2b-23 leuchtturm 9 
 

PICTURE_14 German 2b-26 bademantel 9 120 

PICTURE_547 German 2b-31 fledermaus 9 
 

PICTURE_282 German 2b-34 nashorn 7 
 

PICTURE_464 German 2b-36 radiergummi 9 60 

PICTURE_141 German 2b-41 sonnenblume 10 217 

PICTURE_711 German 2b-49 rasenmaeher 7 135 

PICTURE_576 German 2b-54 handschuh 6 170 
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PICTURE_115 German 2b-56 nilpferd 8 170 

PICTURE_138 German 2c-21 kuehlschrank 8 139 

PICTURE_671 German 2c-29 hosentraeger 9 69 

PICTURE_89 German 2c-31 steckdose 8 158 

PICTURE_743 German 2c-33 vogelscheuche 9 
 

PICTURE_734 German 2c-35 waschmaschine 9 199 

PICTURE_106 German 2c-38 gewaechshaus 10 85 

PICTURE_23 German 2c-41 fahrrad 6 77 

PICTURE_484 German 2c-43 eichhoernchen 10 
 

PICTURE_589 German 2c-48 schlafzimmer 9 184 

PICTURE_537 German 2c-57 fingerabdruck 10 
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Table A2 

Compounds Item List for the Language Combination Polish-German (Including Number of 

Phonemes and Resemblance Score) 

Picture Language Session Name Phonemes Resemblance 

PICTURE_652 Polish 1a-8  16 95 

PICTURE_145 Polish 1a-12  12 
 

PICTURE_358 Polish 1a-13 samochód 7 65 

PICTURE_79 Polish 1a-14 klawiatura komputera 20 171 

PICTURE_539 Polish 1a-15 astronauta 10 199 

PICTURE_540 Polish 1a-52 latarnia morska 14 
 

PICTURE_273 Polish 1a-67 autobus 7 85 

PICTURE_185 Polish 1a-71  11 91 

PICTURE_126 Polish 1b-6 spadochron 9 116 

PICTURE_333 Polish 1b-26 babeczka (ciastko) 7 74 

PICTURE_514 Polish 1b-28  14 
 

PICTURE_464 Polish 1b-30 gumka [do mazania] 5 93 

PICTURE_281 Polish 1b-34  15 190 

PICTURE_729 Polish 1c-4  15 
 

PICTURE_344 Polish 1c-21 pompa wodna 10 119 

PICTURE_331 Polish 1c-26 biustonosz 10 176 

PICTURE_431 Polish 1c-40  10 104 

PICTURE_14 Polish 1c-54  7 64 

PICTURE_282 Polish 1c-67  9 134 

PICTURE_617 Polish 2a-8 lotnisko, lotnisko, aeroport 8 116 

PICTURE_325 Polish 2a-11 telewizor 10 97 

PICTURE_57 Polish 2a-37 znaczek pocztowy 13 116 

PICTURE_297 Polish 2a-43 samolot 7 
 

PICTURE_305 Polish 2a-47 skrzynka na listy 15 171 

PICTURE_223 Polish 2a-49  17 154 

PICTURE_537 Polish 2b-4 odcisk palca 12 
 

PICTURE_181 Polish 2b-31  8 107 

PICTURE_308 Polish 2b-34 kostka do gry 11 64 

PICTURE_46 Polish 2b-38  10 
 

PICTURE_40 Polish 2b-44  13 92 

PICTURE_711 Polish 2b-58 kosiarka do trawy 14 
 

PICTURE_724 Polish 2b-60 wieloryb 9 80 

PICTURE_577 Polish 2c-25 góra lodowa (lodowiec)a 10 75 

PICTURE_735 Polish 2c-43 kostka lodu 10 
 

PICTURE_684 Polish 2c-45 orzech ziemny 10 
 

PICTURE_262 Polish 2c-47 latarka kieszonkowa 16 142 

PICTURE_93 Polish 2c-56 deskorolka 10 115 

PICTURE_649 Polish 2c-58 karetka pogotowia 17 188 

PICTURE_119 Polish 2c-70  12 
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PICTURE_652 German 1a-8 riesenrad 7 95 

PICTURE_145 German 1a-12 muelleimer 7 
 

PICTURE_558 German 1a-24 feuerzeug 9 
 

PICTURE_89 German 1a-46 steckdose 8 116 

PICTURE_540 German 1a-52 leuchtturm 9 
 

PICTURE_101 German 1a-60 schlagzeug 9 113 

PICTURE_493 German 1a-65 stinktier 8 156 

PICTURE_484 German 1a-68 eichhoernchen 10 
 

PICTURE_185 German 1a-71 fussball 6 91 

PICTURE_661 German 1b-1 schublade 7 170 

PICTURE_126 German 1b-6 fallschirm 7 116 

PICTURE_48 German 1b-12 feuerwehrmann 10 
 

PICTURE_398 German 1b-14 lenkrad 7 
 

PICTURE_734 German 1b-22 waschmaschine 9 63 

PICTURE_106 German 1b-25 gewaechshaus 10 77 

PICTURE_514 German 1b-28 u-boot 4 
 

PICTURE_464 German 1b-30 radiergummi 9 93 

PICTURE_381 German 1b-32 erdbeere 7 82 

PICTURE_281 German 1b-34 granatapfel 10 190 

PICTURE_23 German 1b-53 fahrrad 6 70 

PICTURE_160 German 1b-55 schubkarre 7 88 

PICTURE_115 German 1b-61 nilpferd 8 113 

PICTURE_334 German 1b-64 schachbrett 7 
 

PICTURE_729 German 1c-4 freiheitsstatue 14 
 

PICTURE_425 German 1c-9 dudelsack 7 95 

PICTURE_702 German 1c-13 feuerloescher 8 
 

PICTURE_635 German 1c-22 wildschwein 9 76 

PICTURE_737 German 1c-24 unterhose 8 82 

PICTURE_331 German 1c-26 buestenhalter 10 176 

PICTURE_138 German 1c-28 kuehlschrank 8 97 

PICTURE_339 German 1c-30 rucksack 6 107 

PICTURE_431 German 1c-40 handschuh 6 104 

PICTURE_12 German 1c-42 meerjungfrau 10 
 

PICTURE_603 German 1c-50 friedhof 7 115 

PICTURE_14 German 1c-54 bademantel 9 64 

PICTURE_671 German 1c-65 hosentraeger 9 69 

PICTURE_282 German 1c-67 nashorn 7 134 

PICTURE_617 German 2a-8 flughafen 8 116 

PICTURE_576 German 2a-10 handschuh 6 104 

PICTURE_747 German 2a-13 badewanne 8 97 

PICTURE_56 German 2a-18 ellenbogen 7 45 

PICTURE_743 German 2a-22 vogelscheuche 9 115 

PICTURE_163 German 2a-28 kokosnuss 8 135 

PICTURE_57 German 2a-37 briefmarke 9 116 
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PICTURE_297 German 2a-43 flugzeug 9 
 

PICTURE_305 German 2a-47 briefkasten 9 171 

PICTURE_223 German 2a-49 reissverschluss 11 154 

PICTURE_591 German 2a-51 handtuch 7 105 

PICTURE_698 German 2a-57 ohrring 5 61 

PICTURE_547 German 2a-64 fledermaus 9 101 

PICTURE_171 German 2a-65 torwart 7 83 

PICTURE_537 German 2b-4 fingerabdruck 10 
 

PICTURE_244 German 2b-18 gluehbirne 8 78 

PICTURE_181 German 2b-31 dreieck 6 107 

PICTURE_46 German 2b-38 schraubenzieher 11 
 

PICTURE_29 German 2b-40 cowboy 6 
 

PICTURE_40 German 2b-44 kleeblatt 7 92 

PICTURE_586 German 2b-46 buegeleisen 8 102 

PICTURE_246 German 2b-48 zahnarzt 9 175 

PICTURE_711 German 2b-58 rasenmaeher 7 
 

PICTURE_373 German 2b-61 blumenkohl 9 96 

PICTURE_516 German 2b-66 taschenrechner 9 
 

PICTURE_531 German 2c-7 schildkroete 9 58 

PICTURE_140 German 2c-18 wasserhahn 7 65 

PICTURE_214 German 2c-21 schlafzimmer 9 129 

PICTURE_577 German 2c-25 eisberg 7 75 

PICTURE_580 German 2c-27 krankenschwester 12 
 

PICTURE_141 German 2c-39 sonnenblume 10 133 

PICTURE_735 German 2c-43 eiswuerfel 8 
 

PICTURE_684 German 2c-45 erdnuss 6 
 

PICTURE_589 German 2c-52 schlafzimmer 9 129 

PICTURE_262 German 2c-47 taschenlampe 9 142 

PICTURE_478 German 2c-54 waschbecken 7 
 

PICTURE_93 German 2c-56 skateboard 8 115 

PICTURE_649 German 2c-58 krankenwagen 10 188 

PICTURE_119 German 2c-70 walnuss 6 
 

a = The words in the brackets are the translation of Duñabeitia et al. (2022). For further 
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Table A3 

Compounds Item List for The Language Combination English-German (Including Number of 

Phonemes and Resemblance Score) 

Picture Language Session Name Phonemes Resemblance 

PICTURE_244 English 1a-22 lightbulb 8 114 

PICTURE_711 English 1a-26 lawnmower 8 
 

PICTURE_79 English 1a-29 keyboard 6 81 

PICTURE_171 English 1a-31 goalkeeper 9 85 

PICTURE_56 English 1a-35 elbow 5 100 

PICTURE_689 English 1b-20 fish tank 7 80 

PICTURE_95 English 1b-24 suitcase 7 71 

PICTURE_698 English 1b-36 earring 5 72 

PICTURE_163 English 1b-46 coconut 8 157 

PICTURE_589 English 1b-54 bedroom 6 83 

PICTURE_542 English 1c-2 fireplace 10 61 

PICTURE_309 English 1c-5 ice cream 7 62 

PICTURE_540 English 1c-7 lighthouse 8 
 

PICTURE_214 English 1c-20 bedroom 6 83 

PICTURE_46 English 1c-32 screwdriver 11 
 

PICTURE_185 English 1c-44 football 6 150 

PICTURE_537 English 1c-53 fingerprint 11 
 

PICTURE_101 English 2a-8 drum kit 7 111 

PICTURE_106 English 2a-26 greenhouse 8 159 

PICTURE_381 English 2a-36 strawberry 8 100 

PICTURE_734 English 2a-48 washing machine 10 185 

PICTURE_425 English 2b-4 bagpipes 8 97 

PICTURE_141 English 2b-7 sunflower 9 153 

PICTURE_48 English 2b-9 fireman 8 159 

PICTURE_617 English 2b-12 airport 7 61 

PICTURE_702 English 2b-15 fire extinguisher 17 
 

PICTURE_603 English 2b-27 graveyard 9 67 

PICTURE_193 English 2b-39 jellyfish 8 97 

PICTURE_729 English 2b-44 statue of liberty 15 
 

PICTURE_365 English 2b-51 hedgehog 7 48 

PICTURE_351 English 2b-53 butterfly 9 135 

PICTURE_29 English 2c-2 cowboy 6 
 

PICTURE_442 English 2c-5 pineapple 8 90 

PICTURE_202 English 2c-27 fishing rod 8 
 

PICTURE_743 English 2c-29 scarecrow 9 
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PICTURE_93 English 2c-38 skateboard 9 195 

PICTURE_160 English 2c-41 wheelbarrow 9 78 

PICTURE_37 English 2c-49 doughnut 6 132 

PICTURE_140 German GER-1a-10 wasserhahn 7 
 

PICTURE_246 German GER-1a-16 zahnarzt 9 175 

PICTURE_649 German GER-1a-20 krankenwagen 10 112 

PICTURE_244 German GER-1a-22 gluehbirne 8 114 

PICTURE_711 German GER-1a-26 rasenmaeher 7 
 

PICTURE_171 German GER-1a-31 torwart 7 85 

PICTURE_56 German GER-1a-35 ellenbogen 7 100 

PICTURE_698 German GER-1b-36 ohrring 5 72 

PICTURE_547 German GER-1b-38 fledermaus 9 
 

PICTURE_40 German GER-1b-40 kleeblatt 7 118 

PICTURE_163 German GER-1b-46 kokosnuss 8 157 

PICTURE_516 German GER-1b-49 taschenrechner 9 
 

PICTURE_589 German GER-1b-54 schlafzimmer 9 83 

PICTURE_540 German GER-1c-7 leuchtturm 9 
 

PICTURE_126 German GER-1c-14 fallschirm 7 97 

PICTURE_138 German GER-1c-17 kuehlschrank 8 93 

PICTURE_214 German GER-1c-20 schlafzimmer 9 83 

PICTURE_57 German GER-1c-27 briefmarke 9 
 

PICTURE_46 German GER-1c-32 schraubenzieher 11 
 

PICTURE_514 German GER-1c-34 u-boot 4 60 

PICTURE_661 German GER-1c-40 schublade 7 43 

PICTURE_185 German GER-1c-44 fussball 6 150 

PICTURE_484 German GER-1c-50 eichhoernchen 10 
 

PICTURE_537 German GER-1c-53 fingerabdruck 10 
 

PICTURE_115 German GER-1c-55 nilpferd 8 70 

PICTURE_101 German GER-2a-8 schlagzeug 9 111 

PICTURE_558 German GER-2a-12 feuerzeug 9 
 

PICTURE_586 German GER-2a-22 buegeleisen 8 83 

PICTURE_106 German GER-2a-26 gewaechshaus 10 159 

PICTURE_12 German GER-2a-29 meerjungfrau 10 
 

PICTURE_381 German GER-2a-36 erdbeere 7 100 

PICTURE_734 German GER-2a-48 waschmaschine 9 185 

PICTURE_145 German GER-2a-54 muelleimer 7 69 

PICTURE_425 German GER-2b-4 dudelsack 7 97 

PICTURE_141 German GER-2b-7 sonnenblume 10 153 

PICTURE_48 German GER-2b-9 feuerwehrmann 10 159 

PICTURE_617 German GER-2b-12 flughafen 8 61 
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PICTURE_702 German GER-2b-15 feuerloescher 8 
 

PICTURE_576 German GER-2b-22 handschuh 6 32 

PICTURE_603 German GER-2b-27 friedhof 7 67 

PICTURE_281 German GER-2b-30 granatapfel 10 165 

PICTURE_729 German GER-2b-44 freiheitsstatue 14 
 

PICTURE_262 German GER-2b-48 taschenlampe 9 82 

PICTURE_29 German GER-2c-2 cowboy 6 
 

PICTURE_23 German GER-2c-9 fahrrad 6 60 

PICTURE_478 German GER-2c-14 waschbecken 7 
 

PICTURE_580 German GER-2c-17 krankenschwester 12 
 

PICTURE_493 German GER-2c-19 stinktier 8 136 

PICTURE_223 German GER-2c-24 reissverschluss 11 59 

PICTURE_743 German GER-2c-29 vogelscheuche 9 
 

PICTURE_181 German GER-2c-33 dreieck 6 125 

PICTURE_93 German GER-2c-38 skateboard 8 195 

PICTURE_160 German GER-2c-41 schubkarre 7 78 

PICTURE_331 German GER-2c-46 buestenhalter 10 63 

PICTURE_282 German GER-2c-55 nashorn 7 60 
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Table A4 

Compounds Item List for The Language Combination English-Italian (Including Number of 

Phonemes and Resemblance Score) 

Picture Language Session Name Phonemes Resemblance 

PICTURE_37 English 1a-4 doughnut 6  

PICTURE_609 English 1a-10 pencil case 10 106 

PICTURE_93 English 1a-16 skateboard 9 250 

PICTURE_163 English 1a-25 coconut 8 110 

PICTURE_206 English 1a-48 paint roller 11 98 

PICTURE_537 English 1a-54 fingerprint 11 176 

PICTURE_79 English 1b-7 keyboard 6 91 

PICTURE_48 English 1b-20 fireman 8 98 

PICTURE_689 English 1b-27 fish tank 7 67 

PICTURE_106 English 1b-49 greenhouse 8 55 

PICTURE_734 English 1b-51 washing machine 10  

PICTURE_512 English 1c-9 eye patch 6 63 

PICTURE_542 English 1c-12 fireplace 10 61 

PICTURE_617 English 1c-14 airport 7 177 

PICTURE_12 English 1c-18 mermaid 7 89 

PICTURE_603 English 1c-20 graveyard 9 95 

PICTURE_425 English 1c-27 bagpipes 8 89 

PICTURE_56 English 1c-30 elbow 5 52 

PICTURE_698 English 1c-32 earring 5 82 

PICTURE_351 English 1c-36 butterfly 9 153 

PICTURE_702 English 2a-9 fire extinguisher 17 194 

PICTURE_160 English 2a-12 wheelbarrow 9 78 

PICTURE_743 English 2a-14 scarecrow 9 151 

PICTURE_442 English 2a-18 pineapple 8 90 

PICTURE_242 English 2a-25 postman 8 165 

PICTURE_711 English 2a-27 lawnmower 8  

PICTURE_540 English 2a-43 lighthouse 8 49 

PICTURE_381 English 2a-49 strawberry 8 118 

PICTURE_244 English 2a-55 lightbulb 8 137 

PICTURE_171 English 2b-10 goalkeeper 9 119 

PICTURE_185 English 2b-35 football 6 69 

PICTURE_392 English 2b-56 teapot 5 67 

PICTURE_141 English 2c-3 sunflower 9 112 

PICTURE_46 English 2c-5 screwdriver 11  

PICTURE_719 English 2c-9 bathroom 6 73 
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PICTURE_560 English 2c-24 watermelon 10 80 

PICTURE_202 English 2c-26 fishing rod 8  

PICTURE_675 English 2c-30 windmill 7 75 

PICTURE_101 English 2c-41 drum kit 7 101 

PICTURE_193 English 2c-50 jellyfish 8 76 

PICTURE_562 Italian 1a-9 tostapane 9 132 

PICTURE_93 Italian 1a-16 skateboard 9 250 

PICTURE_57 Italian 1a-27 francobollo 11  

PICTURE_586 Italian 1b-13 ferro da stiro 12 80 

PICTURE_721 Italian 1b-53 macchina fotografica 18 135 

PICTURE_281 Italian 1c-2 melograno 9 172 

PICTURE_617 Italian 1c-14 aeroporto 9 177 

PICTURE_425 Italian 1c-27 cornamusa 9 89 

PICTURE_126 Italian 1c-57 paracadute 10 164 

PICTURE_181 Italian 2a-2 triangolo 9 200 

PICTURE_743 Italian 2a-14 spaventapasseri 15 151 

PICTURE_711 Italian 2a-27 tagliaerba 9  

PICTURE_382 Italian 2b-8 portafoglio 10 58 

PICTURE_172 Italian 2b-27 pappagallo 10 80 

PICTURE_141 Italian 2c-3 girasole 8 112 

PICTURE_46 Italian 2c-5 cacciavite 9  

PICTURE_331 Italian 2c-11 reggiseno 9 52 

PICTURE_40 Italian 2c-21 trifoglio 8 91 

PICTURE_202 Italian 2c-26 canna da pesca 12  

PICTURE_621 Italian 2c-28 carro armato 11 82 

PICTURE_218 Italian 2c-42 pannolino 9  

PICTURE_626 Italian 2c-51 pianoforte 10 115 
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Table A5 

Compounds Item List for The Language Combination French-English (Including Number of 

Phonemes and Resemblance Score) 

Picture Language Session Name Phonemes Resemblance 

PICTURE_46 French 1a-12 tournevis 8 130 

PICTURE_720 French 1a-31 cerf-volant 7 43 

PICTURE_562 French 1a-41 grille-pain 6 71 

PICTURE_331 French 1a-50 soutien-gorge 9 32 

PICTURE_163 French 1b-10 noix-de-coco 9 98 

PICTURE_698 French 1b-12 boucle d'oreille 9 37 

PICTURE_425 French 1c-36 cornemuse 8 103 

PICTURE_547 French 1c-48 chauve-souris 7 
 

PICTURE_586 French 1c-54 fer à repasser 10 74 

PICTURE_141 French 2a-1 tournesol 8 131 

PICTURE_734 French 2a-7 machine-à-laver 10 136 

PICTURE_382 French 2a-36 portefeuille 8 
 

PICTURE_29 French 2a-43 cow-boy 5 107 

PICTURE_721 French 2b-29 appareil photo 6 59 

PICTURE_202 French 2b-44 canne à pêche 7 
 

PICTURE_719 French 2b-48 salle de bain 7 75 

PICTURE_729 French 2c-55 statue de la liberté 16 304 

PICTURE_46 English 1a-12 screwdriver 11 130 

PICTURE_442 English 1a-32 pineapple 8 90 

PICTURE_392 English 1a-34 teapot 5 67 

PICTURE_48 English 1a-36 fireman 8 58 

PICTURE_702 English 1a-54 fire extinguisher 17 
 

PICTURE_540 English 1a-60 lighthouse 8 51 

PICTURE_598 English 1b-4 dart board 8 73 

PICTURE_163 English 1b-10 coconut 8 98 

PICTURE_698 English 1b-12 earring 5 37 

PICTURE_244 English 1b-14 lightbulb 8 84 

PICTURE_56 English 1b-19 elbow 5 31 

PICTURE_309 English 1b-21 ice cream 7 50 

PICTURE_214 English 1b-33 bedroom 6 
 

PICTURE_689 English 1b-42 fish tank 7 64 

PICTURE_537 English 1c-3 fingerprint 11 102 

PICTURE_609 English 1c-16 pencil case 10 84 

PICTURE_542 English 1c-18 fireplace 10 67 

PICTURE_617 English 1c-27 airport 7 86 
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PICTURE_351 English 1c-34 butterfly 9 86 

PICTURE_425 English 1c-36 bagpipes 8 103 

PICTURE_141 English 2a-1 sunflower 9 131 

PICTURE_734 English 2a-7 washing machine 10 136 

PICTURE_675 English 2a-14 windmill 7 75 

PICTURE_95 English 2a-24 suitcase 7 71 

PICTURE_589 English 2a-29 bedroom 6 
 

PICTURE_711 English 2a-33 lawnmower 8 
 

PICTURE_29 English 2a-43 cowboy 6 107 

PICTURE_12 English 2a-47 mermaid 7 59 

PICTURE_365 English 2b-5 hedgehog 7 56 

PICTURE_160 English 2b-10 wheelbarrow 9 57 

PICTURE_79 English 2b-42 keyboard 6 70 

PICTURE_202 English 2b-44 fishing rod 8 
 

PICTURE_719 English 2b-48 bathroom 6 75 

PICTURE_603 English 2b-57 graveyard 9 73 

PICTURE_193 English 2b-59 jellyfish 8 76 

PICTURE_106 English 2c-2 greenhouse 8 35 

PICTURE_743 English 2c-6 scarecrow 9 76 

PICTURE_242 English 2c-14 postman 8 
 

PICTURE_101 English 2c-19 drum kit 7 81 

PICTURE_381 English 2c-31 strawberry 8 65 

PICTURE_560 English 2c-38 watermelon 10 73 

PICTURE_250 English 2c-51 chainsaw 7 
 

PICTURE_729 English 2c-55 statue of liberty 15 304 
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Chapter 5: 

 

General Discussion 
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The empirical papers presented in this thesis addressed two main questions: 

(1) Can spoken word retrieval be influenced differently or similarly across languages 

within a speaker with aphasia?  

(2) To what extend do similar-sounding words influence each other within and across 

language(s) in speakers with aphasia? 

Three studies investigated spoken word production within and across languages in 

bilingual speakers with aphasia each focusing on slightly different aspects of bilingual word 

retrieval including speaker- and language-specific factors that may influence the word finding 

process. A summary of the results is presented below, together with other relevant literature. 

Findings are then discussed within the current speech production models that were introduced 

at the start of this thesis (see Dell et al, 2007; Levelt et al., 1999; Dijkstra et al., 2019, Green, 

1986; 1998). 

 

What Factors Influence Bilingual Word Retrieval Within and Across Languages Within 

a Speaker with Aphasia?  

We investigated speaker-specific and language-specific factors that might influence a 

word frequencies, word lengths, and age-of-acquisition values (to name just a few) to express 

the same concepts, each bilingual speaker with aphasia presents unique differences including 

pre-onset factors such as the age of language acquisition, language proficiency and language 

dominance, and post-onset factors such as functional language breakdown, recovery patterns, 

language use and language context. Hence, Chapter 2 (paper 1) addressed these factors to 

understand whether a bilingual speaker with aphasia can show the same or different accuracy 

and error patterns across languages within one speaker. Chapter 3 (paper 2) expanded these 

factors to variables that are not commonly controlled and assessed for in either mono- or 

bilingual speakers with aphasia: these were phonological neighbourhood density and 

phonological neighbourhood frequency within and across languages. The specific aim of this 

second study was to clarify whether having more phonological similar sounding words to the 

target (within) but also to the non-target word (across) helps or hinders lexical access. 

While most literature stems from the unimpaired bilingual population when 

investigating phonological neighbourhood density (Hameau et al, 2021a), literature on 

bilingual aphasia is scarce. Overall, the effects of phonological density and frequency on 

spoken word findings provide an inconsistent evidence base (e.g., Hameau et al., 2021b; 

Sadat et al., 2016). Hence, paper 2 added a novel approach by calculating a phonological 
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similarity score across target and non-target translations. The critical measure was simply 

accuracy. While Chapter 3 (paper 2) expanded the list of lexical variables controlled for 

compared to Chapter 2 (paper 1), Chapter 4 (paper 3) tried to focus on a special subset of 

ing 

accuracy and error patterns, three unique error types emerged for compound words: (i) 

substitution errors concerning the first constituent of the target compound, (ii) substitution 

errors concerning the second constituent of the target compound and (iii) literal translation 

errors.  

All papers describe the same methodological approach: spoken picture naming within 

and across languages. Overall, materials consisted of six picture and word sets (n > of 300), 

that were developed for six languages: English, French, German, Dutch, Polish and Italian. 

Each language set was controlled for several linguistic variables. All three studies included 

the same eight bilingual participants with aphasia. Only Chapter 3 (paper 2) included an 

additional ten monolingual speakers (five English and five German speakers) to be able to 

compare our findings on monolingual phonological neighbourhood effects to findings in the 

literature (e.g., Gordon, 2002). However, the monolinguals also served as a control for the 

within-language analyses for the bilingual German-English speakers. 

Interestingly, every study showed accuracy and error patterns that were influenced by 

language dominance. This was a finding we did not predict. Below, each chapter is 

summarised in more detail, followed by an overall summary of the results related to current 

language models. Furthermore, limitations and potential future directions will be given, 

including implications for the assessment and treatment of bilingual aphasia. 

 

Chapter 2 (Paper 1): Accuracy and Error Pattern in Spoken Picture Naming Across 

Languages in Bilingual Speakers with Aphasia 

 This study consisted of an experimental spoken picture naming task using a case-

series design to investigate accuracy patterns, error patterns, and error types across languages 

in bilingual speakers with aphasia. We considered the following factors when analysing 

naming responses: (i) the bilingual language profile (e.g., language age of acquisition, 

proficiency per language, dominance, language use and context, the linguistic similarity of 

language combination spoken for each participant), and (ii) a set of lexical variables with 

specific manifestation for each language spoken (e.g., word frequency, word age of 

acquisition, word length, imageability, familiarity etc).  
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Eight bilingual speakers (all classified as late bilinguals, except for one who was 

classified as early) with aphasia who spoke different language combinations (Dutch-German, 

Polish-German, English-German, English-Italian, English-French, French-English) were 

included. All speakers presented with spoken word finding difficulties. Items for the 

experimental picture naming task were taken from MultiPic (Duñabeitia et al., 2017) and 

each picture stimulus had a name agreement of at least 80%. Depending on the language, 

item lists consisted of approximately 300 to 400 pictures. Linguistic variables were collected 

for each item in each language. Participants named these items in each of their languages. 

Testing sessions were counterbalanced over at least four sessions. Responses were coded for 

accuracy and error type and analysed within and between languages for each participant. A 

regression analysis was carried out to analyse the influence of linguistic variables on 

accuracy. The distribution of error types between languages for each participant was 

calculated by comparing the proportion of a specific error type to the overall error types 

between languages.  

Six participants displayed a significant difference in their naming accuracy across 

languages; most interestingly, higher naming accuracy was usually observed in their 

dominant language, regardless of whether the dominant language was their L1 or L2. Only 

one participant did not show a significant difference in naming accuracy across languages, 

variables influencing naming accuracy significantly were word length, item age of 

acquisition, and imageability (direction: the shorter the word, the earlier acquired the word 

and the higher imageability, accuracy increased). Analyses for the non-target language errors 

resulted in significantly more non-target language naming errors for the non-dominant 

language in six participants, regardless of whether the non-dominant language was the 

differences in error type distribution across languages for seven participants. 

Language dominance emerged as a key factor for accuracy patterns, error patterns, 

and error types for the target language responses. Furthermore, error pattern and error type 

analyses provided evidence to support the processing principles of non-selective activation of 

available languages and related inhibition processes that control the target language output in 

bilingual speakers (e.g., Green, 1998) affecting word production. Furthermore, the 

importance of developing a comprehensive understanding of the individual language 

impairment and related symptoms in each language was supported by our findings since the 

analysis revealed different distributions of error types across languages for seven participants. 
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The findings on semantic errors across the participants, which were often distributed 

similarly across languages, might suggest that semantic representations are the same/similar 

across languages within a bilingual language system. Findings on other error types caused 

interestingly different error patterns across languages (e.g., phonological errors for example 

did not show a clear and consistent pattern occurs across participants; some participants 

displayed significantly more phonological errors in their L2, others did not experience a 

difference in phonological errors across their available languages). These findings illustrate 

the importance of a fine-tuned assessment of the functional breakdown in both languages and 

potentially a different treatment focus in each language in the latter event when the error 

pattern looks different across the language spoken.  

 

Chapter 3 (Paper 2): Spoken Picture Naming Accuracy in Monolingual and Bilingual 

Speakers with Aphasia: Influence of Phonological Neighbourhood Within and Across 

Languages 

This study investigated the influence of similar-sounding words (phonological 

neighbours) on accuracy in monolinguals and bilingual speakers with aphasia. As in paper 1, 

a spoken picture-naming task was carried out, using the same items across the languages 

spoken. The same eight bilingual speakers from Chapter 2, who presented with different 

language combinations (Dutch-German, Polish-German, English-German, English-Italian, 

French-English) and all showed word finding difficulties were included in Chapter 3. In 

addition, ten monolingual speakers with aphasia (five German speaking, five English 

speaking) were recruited, who served as controls for the within-language effects for the 

German-English bilingual speakers, whose responses were also analysed for within-language 

neighbourhood effects. It also enabled us to understand whether monolingual phonological 

neighbourhood density effects could be replicated that were reported in the monolingual 

aphasia literature (e.g., Gordon, 2002). Materials used were the same as for Chapter 2 (Paper 

1) with the exception that each item was now also controlled for its phonological 

neighbourhood density and neighbourhood frequency (see below). For all included items 

phonological neighbourhood variables were collected via CLEARPOND (Marian et al., 

2012), including within-language phonological neighbours for the monolingual and bilingual 

and additionally across-language phonological neighbours for only the bilingual speakers 

with aphasia. Responses were coded for accuracy. In addition, a phonological similarity score 

was calculated between the target word and non-target language translation equivalent word. 
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A regression analysis was carried out to analyse the influence of within and across 

phonological neighbours on accuracy. 

For the ten monolingual speakers with aphasia, nine participants showed no effects of 

phonological neighbourhood density and frequency within language on accuracy, and only 

one participant showed increased accuracy when phonological neighbourhood density and 

frequency were high. For the eight bilingual speakers with aphasia, five participants showed 

increased picture naming accuracy when targets had a higher phonological neighbourhood 

frequency/phonological similarity in the within-language analyses. The effect was only 

-dominant/weaker language for five participants. For the 

across-language analyses, only minimal non-significant effects were observed: Only one 

participant showed an increased accuracy when the phonological similarity between 

languages was high, again this was observed for the non-dominant language. This finding 

stands in contrast to Chapter 2 (paper 1) where accuracy was usually higher for the dominant 

language of a speaker, however, the effects of the phonological neighbourhood seem subtle, 

so are best picked up in the weaker or non-dominant language. The findings help us to better 

understand the bilingual language network: Bilingual speakers seem to benefit from the 

activation of phonological neighbours within their languages when speaking in the non-

dominant/weaker language. As such, there is a compelling rationale for considering these 

factors when enhancing picture naming accuracy and diagnosing and treating bilingual 

speakers with aphasia in speech pathology. Materials for assessment and/or treatment in the 

bilingual speakers' non-dominant/weaker language can therefore be carefully chosen, (e.g., 

controlling for phonological neighbourhood features that may facilitate naming accuracy 

within a language).  

Additionally, given that across-phonological neighbourhood showed hardly an effect 

in our study (only one participant benefitted in our study), it is probably unnecessary to 

control for this variable when considering treatment transfer effects. Our study also gives 

inspiration for future studies, whether the target language is only activated at this late stage 

since across-language neighbourhood effects seem almost absent.  

 

Chapter 4 (Paper 3): Accuracy Pattern and Language Mixing Errors in Compound 

Word Picture Naming in Bilingual Speakers with Aphasia 

In Chapter 4, the third study of this thesis was presented. The study investigated 

compound picture naming in bilingual speakers with aphasia, including accuracy analysis 

across languages and within languages. Analyses contrasted compound word accuracy versus 
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simple word accuracy, including a language mixing error analysis. As for studies 1 and 2, 

speaker-specific factors and language-specific variables were considered.  

         The same spoken picture naming task as for study 1 and study 2 was conducted 

including the same eight bilingual speakers with aphasia. From the item sets presented to 

participants in study 1 and 2, a subset of compound words and simple words was extracted; 

these lists contained between 17 to 76 compound words per language (matched to a subset of 

simple words controlled for frequency and word length). For each compound item, values for 

word length, spoken word form frequency, and their phonological similarity were collected. 

Participants named the subsets in each of their available languages, counterbalanced over at 

least four sessions. Responses were coded for accuracy and error type. Compound naming 

accuracy across languages was investigated and compared to accuracy in simple word 

naming within languages for each participant. In addition, language mixing errors in 

compound words were explored. A regression analysis was conducted to examine the 

influence of phonological similarity between the target and the non-target translation word on 

the occurrence of language mixing errors.  

Naming accuracy analyses revealed three observed main error types: A difference in 

compound naming across languages with higher accuracy in the dominant language for six 

participants, regardless of whether the dominant language was the L1 or L2. Accuracy 

within-language analysis presented higher accuracy in simple words than in compound 

words. The language mixing error analyses indicated six participants with mixing errors in 

either both or one of their languages spoken. These mixing errors across participants 

consistently manifested in their non-dominant language, regardless of whether the non-

dominant language was their L1 or L2. Phonological similarity had an effect on the 

occurrence of language mixing errors in only one participant. Overall, three main error types 

words: (i) substitution errors concerning the first constituent of the target compound, (ii) 

substitution errors concerning the second constituent of the target compound, and (iii) literal 

translation errors. Given that not enough language mixing errors were made per participant, 

these error-type patterns remain of descriptive nature at this stage.  

To sum up, the main findings for paper 3, language dominance influenced compound 

naming accuracy and the occurrence of language mixing errors, highlighting the importance 

essing in 

aphasia. The investigation of language mixing errors has given further insight into the 
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findings may give an indication for non-selective activation (Green, 1998; 1989) of both 

languages in bilingual speakers during lexical processing since the first two error types 

(substitution of the first or second constituent) indicates a partly impaired inhibition process 

that is not able to suppress the non-target language.  

 

Overall, all three studies contributed to a comprehensive error coding categorisation 

guide (see General Appendix F) that includes guidelines on how to define and code language 

mixing errors in simple and compound words in bilingual speakers with aphasia. This 

bilingual error coding system can hopefully be of use in future research into bilingual 

aphasia. The developed materials that span five language combinations will be made 

available as open-access resources so that they can be used as assessment tools in clinical 

practice by speech pathologists, that are looking for specific language combinations.   

 

Overall Summary of Findings   

The present thesis has demonstrated the complex nature of word processing and word 

production in bilingual speakers with aphasia. A comprehensive analysis of the included 

studies made it evident that accuracy patterns, error patterns, and error types can differ across 

languages in bilingual speakers with aphasia. Key factors that cause these different patterns 

across languages are the heterogenous bilingual language profiles, the level of breakdown 

each individual brings and the lexical variables that need to be considered for each language 

separately. Language dominance was observed to be a key factor in the spoken word retrieval 

process for people with bilingual aphasia for study 1 and 3. This accumulated evidence 

highlights the importance of acquiring a comprehensive understating of the language 

impairment across the languages in bilingual aphasia. In addition, study 3 was able to add 

some evidence in favour of non-selective language activation, indicating that both languages 

were active at least in some cases when a compound word was named. The different types of 

mixing errors observed pointed in the direction of an inhibitory control problem indicating 

the important role of inhibitory control mechanisms during bilingual word form access.    

Even though our findings indicate a greater complexity for bilingual word processes 

compared to monolingual speakers with aphasia, it needs to be emphasised again that 

bilingual speakers do not merely process two languages within their bilingual language 

system (see Grosjean, 1989). As this thesis demonstrates across three studies, bilingual 

speakers with aphasia exhibit distinct language profiles that can vary to a great extent. As 

pointed out, it is not only the language combination that adds complexity, but factors such as 
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language age of acquisition (whether someone is, for example, an early or late bilingual 

speaker), and language dominance.  

 

How to Understand Findings in Existing Monolingual and Bilingual Word Processing 

Frameworks?  

We drew from monolingual frameworks on word processing and word production 

(Dell et al., 2007; Levelt et al., 1999) as well as bilingual language frameworks (Dijkstra et 
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same and different error patterns across languages (for example, the occurrence of non-target 

language errors such as semantic errors and phonological errors in the non-target language: 

bilingual language network is characterised by parallel/non-selective activation of both 

languages/both lexical forms during word processing and this non-selective activation is 

accompanied by consistent inhibition processes to suppress the non-target language. 

However, in the context of a stroke, inhibition processes might be (partly) impaired, leading 

to non-target language responses across languages as we observed in Study 1. 

The findings of study 2 showed an increase in picture naming accuracy with higher 

phonological neighbourhood frequency. However, this increase in accuracy was observed for 

the within-analysis of five participants. Only one participant showed a significant increase in 

accuracy for the across-analysis for phonological similarity. We interpreted the consistent 

increase in accuracy for the within-analysis as compatible with a bidirectional activation 

language production (Dell et al., 2007). Since we found an influence of the phonological 

neighbours on the target, parallel activation at the lemma and word form level is necessary to 

influence the target word retrieval. Since we found the strongest effect of neighbourhood 

influence in five speakers for their non-dominant languages, we speculate that the non-

dominant language target (which was mostly the weaker language for the five speakers, who 

showed a facilitatory neighbourhood effect) can benefit more strongly from the activation of 

its phonological neighbour since it has more room to inherit activation. Since the processing 

pathways between the different lexical retrieval levels are more robust for the dominant 

language compared to those in the non-dominant language (less prone to be influenced by 

other lexical factors); a stronger influence of phonological neighbourhood can occur in the 



338 

latter. In our case, neighbourhood influence manifested in higher accuracy when accessing a 

target word in their non-dominant language. Since the non-dominant language has less 

established lexical pathways, there is a higher need for more activation (help) to be selected 

Ansaldo and Saidi (2014) in the context of cross-linguistic therapy effects.  

In addition, we used the Two-Stage model (Levelt et al., 1999) and its monolingual 

assumption around compound word representation to interpret bilingual compound 

representations. While Levelt et al. (1999) assumes one lemma entry (with some exceptions 

to consider) and separate word form representations for a monolingual compound word, we 

used his framework to explain language mixing errors for bilingual speakers. However, this 

required a mechanism that can suppress and inhibit the non-target language. Language 

mixing errors (as we observed in study 3) are evidence that such a language control 

mechanism is needed but weakened in people with bilingual aphasia. We, therefore, 

includes a mechanism that navigates the activation of both languages. Green called this 

-

-target 

language within a bilingual language network. The notion of a weakened or impaired control 

mechanism is useful when trying to understand the error patterns and error types we observed 

in study 3. 

 As discussed above, language mixing errors that consist of a constituent from each 

available language (e.g., schlafroom: Language mixing error of Schlafzimmer [German word 

for bedroom] and bedroom), can only present when having separate entries at word form 

level within the mental lexicon. Due to inhibition control mechanisms that are (partly) 

impaired as a result of the stroke, these language mixing errors occur since the non-target 

language compound word is not successfully suppressed during the word production of a 

bilingual speaker with aphasia.  

Lastly, the MULTILINK model (Dijkstra et al., 2019), which is characterized by its 

lexical network and associated bidirectional activation, served as a framework to understand 

and discuss the interplay and dynamic interaction of multiple languages within a bilingual 

language network. Within the phonological neighbourhood study (study 2), high 

phonological similarity across the target word and the non-target language equivalent word 

increased picture naming accuracy in five participants. The MULTILINK model (Dijkstra et 

al., 2019) offered an additional explanation for the increased accuracy of target words 
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through the activation of semantic and phonological word forms of non-target language 

words since a key aspect of the MULTILINK model is bidirectional activation that operates 

between the different linguistic levels and between available languages during word 

bidirectional activation between languages in the 

bilingual language network, an explanation is given why the activation of semantic and 

phonological word forms from the non-target language can enhance the activation of the 

target word. 

Despite the valuable contribution made by the current bilingual models, it is important 

to acknowledge their limitations as well. The current models are not yet able to fully capture 

the influence of additional bilingual factors on word processing and word production in 

bilingual speakers with aphasia, such as the influence of languages age of acquisition, or 

language dominance. Additionally, it needs to be noted, that these bilingual models are not 

tailored to outline the nuances of word processing and word production at specific levels 

within the bilingual mental lexicon, such as the storage and access of information at the 

lemma level and/or phonological word form level.  

Hence, the above interpretation and combination of different models is merely an 

attempt to start a discussion between monolingual and bilingual language researchers as both 

disciplines can complement each other with different aspects of the word production 

processes.  

 

Limitations and Potential Futural Directions  

Lack of Diverse Language Combinations 

This thesis included bilingual participants with aphasia with different language 

combinations: Dutch-German, Polish-German, English-German, English-Italian, and French-

English. It is therefore important to note that all included participants only showcased Indo-

Germanic language combinations (for an overview across all language families, see Fromkin 

et al., 2018). Consequently, the thesis did not address accuracy and error patterns across 

different scripts (e.g., English vs Mandarin). Hence, materials to assess bilingual aphasia for 

language within the Sino-Tibetan branch or Austronesian languages (e.g., Australian 

Indigenous languages) are still very scarce. Therefore, our findings cannot be generalised to 

speaker groups outside our five Indo-Germanic language combinations explored. We would 

like to reassure the reader that participants, who spoke languages outside the Indo-Germanic 
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family branches were not deliberately excluded from this research; rather no potential 

participants presented to us during our recruitment process.  

Hence, one of the urgent future research areas would entail designing picture and 

word materials that can capture accuracy patterns, error patterns and error types in bilingual 

speakers with aphasia outside the Indo-Germanic language families. This would be 

particularly relevant when considering the context of Australia, where Mandarin represents 

the second biggest language group after English (Australian Bureau of Statistics, 2017). 

Consequently, bilingual individuals with aphasia, who are Mandarin (L1) and English (L2) 

speakers are most likely to seek speech pathology services for age-related language 

impairments such as aphasia in the Australian context.  

Uneven Distribution of Compound Words Within the Language Combinations Used 

Within the scope of the third study, which focussed on compound word production in 

bilingual speakers with aphasia, there is a notable difference in the distribution of the number 

of compound words included across the different languages. Languages like English and 

German included a substantial number of compound words, while languages like Italian and 

French had a comparatively smaller pool of compound items available for testing in our set. 

In future research, it would be worthwhile to aim for a more balanced distribution of testing 

materials that include a matched number of compound words across languages. Replicating 

our findings with a larger pool of items would give valuable insight into the stability of the 

observed effects reported in study 3. 

Furthermore, compound words can vary regarding their transparency, they can be 

semantically transparent (e.g., bedroom), opaque (e.g., hotdog), or semi-transparent (e.g., 

sunflower) in meaning. It would be of interest to examine how accuracy and error 

patterns/error types manifest when transparency/opaqueness is also controlled for across 

languages.  

 

Conclusions 

The research in this thesis explored word production within and across languages in 

bilingual speakers with aphasia. Having considered several speaker-specific and language-

specific factors, a small piece to the puzzle was added to the expansion of bilingual language 

theories. 

 Even a small advancement in bilingual theory can facilitate bilingual assessment and 

treatment planning. For example, understanding that the inhibitory control process may be 

weakened in bilingual aphasia (as was observed in study 3) or that phonological neighbours 
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across languages have hardly any effect, while phonological neighbours within a language 

seem to have an influence on word retrieval in bilingual speakers, but only in their weaker 

language (study 2). Lastly, bilingual speakers with aphasia can show the same and different 

error patterns across languages (study 1), which informs our material design, assessment and 

treatment planning considering always all languages spoken by a person with aphasia.  

This project made a small start by contributing a comprehensive picture and word 

material battery that controls for several lexical variables across five languages. In addition, 

all three studies contribute to an extensive error coding guide for bilingual word finding 

errors. Definitions for different error types across languages are provided which can help to 

streamline the bilingual error classification process. It is hoped that the developed picture and 

word materials together with the error code guide can serve future research projects that want 

to explore unimpaired and impaired bilingual word retrieval processes in more depth.  
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General Appendix E 

Background Information of all Bilingual Speakers with Aphasia 

 

Background Information BwA1 

 

Medical Records and Self-Reports  BwA1  

Demographic and Medical Data  

BwA1 was a 55-year-old Dutch-German speaker (female), who immigrated from the 

Netherlands to Germany aged 23. The participant was ten years and four months post-onset at 

the start of the project. She worked pre-onset as an area sales manager for 15 years and as an 

office administrator for five years. BwA1 had an ischemic left hemisphere infarct in the 

middle cerebral artery. The stroke resulted in aphasia.  

Language Related Data  

Based on medical records, immediately post-onset, the participant presented with 

global aphasia with minimal abilities for verbal production (only yes-responses and no-

responses) but with only mildly impaired language comprehension. Medical records 

describ

finding, grammar, reading, and writing at the start of the project. General conversation was 

characterised by being mildly non-fluent. The participant reported a parallel recovery pattern 

for both her available languages, Dutch (L1) and German (L2).  

 

Bilingual Language Profile  BwA1  

BwA1 was a late Dutch-German bilingual. She was fully immersed in German (L2) 

from the time of her move to gual profile assessments  

(self-reports, LEAP-Q, language background assessments), her dominant language was 

German (L2) pre- and post-

language proficiency, language exposure and use, and biographical factors (language age of 

acquisition, environmental languages, language of residence). Language proficiency was 

determined by the results of the language background assessments, spanning across receptive 

and expressive tasks (see below). Biographical factors were conducted by the LEAP-Q and 

self-reports. Language use and exposure were determined by using a scale from 0-8, whereas 

e scores for BwA1: Dutch = 2, German = 8; see 

also participants section for further information on the scale). She used Dutch when visiting 
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her family in the Netherlands and when listening to Dutch music/radio. She used German in 

most social contexts since she lived in Germany (interaction with family and friends, daily 

life activities [e.g., supermarket, medical appointments, restaurant], TV, radio/music, 

internet/computer/smartphone/social media, reading, writing). The participant was fully 

immersed in German in her pre-stroke work environment. 

 

Background Language Assessments  BwA1   

-fluent 

Table E1 

assessments spanning across receptive and expressive tasks. The LEMO spoken naming 

subtest resulted in impaired naming abilities for both languages. Naming accuracy was higher 

for German (L2, dominant) than for Dutch (L1 Dutch LEMO score: 6/20 [30% correct], L2 

German LEMO score: 11/20 [55% correct]). BwA1 showed a generally better language 

performance for German (L2, dominant) than for Dutch (L1 Dutch BAT score: 148/171, L2 

German BAT score: 15743/171). Spoken Naming within the BAT was impaired in both 

languages, with higher naming accuracy for German (L2, dominant) compared to Dutch (L1 

Dutch BAT naming score: 13/20 [65% correct], L2 German BAT naming score: 18/20 [90% 

correct]). BwA1 showed higher accuracy in written naming for German (L2, dominant) (first 

30 items of Subset 1a of the experimental naming task: L1 Dutch written naming score: 13/30 

[43.33% correct], L2 German written naming score: 17/30 [56.67% correct]). When 

comparing written naming and spoken naming of these 30 items within languages, the 

participant showed higher accuracy in written naming for both languages (spoken naming 

score: L1 Dutch non-dominant: 9/30 [30% correct], L2 German dominant: 15/30 [50%]) 

compared to their written performance (written naming score: L1 Dutch non-dominant 13/30 

[43.33% correct], L2 German dominant 17/30 [56.67% correct]). 

  

 
43 To compare the overall BAT score across languages, the score for the verbal fluency subset has been excluded 
from the German (L2) overall BAT score since this subset result needed to be excluded for the Dutch (L1) 

German BAT score is 
160/174.  
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Table E1 

Language Background Assessments for BwA1 

 Dutch (L1) German (L2) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 10 100  10 100 

Simple and semi-complex commands (n=10) 10 100  10 100 

Complex commands (n=20) 20 100  20 100 

Verbal auditory discrimination (n=18) 13 72.22  13 72.22 

Semantic categories (n=5) 5 100  3 60 

Synonyms (n=5) 4 80  5 100 

Lexical decision of words and nonsense words (n=30) 27 90  30 100 

Lexical decision of words (n=20) 19 95  20 100 

Lexical decision of nonwords (n=10) 8 80  10 100 

Reading comprehension for words (n=10) 9 90  8 80 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30) 27 90  28 93.33 

Repetition of words (n=20) 20 100  20 100 

Repetition of nonwords (n=10) 7 70  8 80 

Series (n=3) 0 0  3 100 

Verbal fluency (n=3) n/aa n/aa  3(0b) 100(0b) 

Spoken Naming (n=20) 13 65  18 90 

Reading Aloud (n=10) 10 100  9 90 

Overall BAT-score 148   160 (157b)  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20) 6 30  11 55 

High frequency (n=10)                                                         7 70 

Low frequency (n =10)    4 40 

      

Naming Subset 1a (items 1-30)      

Written naming  13 43.33  17 56.67 

Spoken naming  9 30  15 50 

a Subtest results are missing.  
b Excluding the subset verbal fluency to compare the overall BAT score across languages. 
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Background Information BwA2 

 

Medical Records and Self-Reports  BwA2 

Demographic and Medical Data  

BwA2 was a 66-year-old Polish-German speaker (male), who immigrated from 

Poland to Germany at the age of 35. While living in Germany, BwA2 was a former 

construction worker (25 years) and facility manager (five years). Prior to his move to 

Germany, BwA2 worked at the Polish Navy. BwA2 retired after he had the stroke. He was 

eleven months post-onset at the start of this project. He had an extended ischemic bilateral 

cerebellar infarct and an infarct in the right superior cerebellar artery and basilar artery. 

Further infarcts in the following brain areas were reported without a specified hemisphere 

localisation as follows: Selective infarcts occipital, infarct in the lanky vertebral artery with a 

V4-occlusion and infarct in the stromal area of the posterior cerebral artery. Ongoing post-

stroke difficulties (e.g., motor and lymphatic) indicated infarcts in the left and right 

hemisphere. Based on his medical records, the stroke resulted in aphasia, but was not further 

specified. 

Language Related Data 

Medical records indicated aphasia and dysarthria post-stroke. At the start of the 

project, the participant received ongoing outpatient speech pathology focussing on his mild to 

moderate spoken word finding difficulties. The participant reported a parallel recovery 

pattern for his available languages, Polish (L1) and German (L2). 

 

Bilingual Language Profile  BwA2  

BwA2 was a late Polish-German bilingual speaker, who was fully immersed in 

German was spoken once in a while at home by his parents/grandparents when he was a 

child. The language dominance was equally distributed across the available languages Polish 

(L1) and German (L2) pre- and post-stroke. 

language proficiency, language exposure and use, and biographical factors (language age of 

acquisition, environmental languages, language of residence). The language background 

assessments, spanning across receptive and expressive tasks (see below), were used to 

determin -

Q and self-reports. The percentage of language use and exposure was slightly higher in 

German (L2) pre- and post-stroke, determined by a scale ranging from 0-8 (0 indicated 
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language use and exposure scale score [out of 7, the participant reported no use of a 

smartphone/social media/internet/computer]: Polish = 4, German = 5). The participant self-

rated Polish as his preferred language pre- and post-stroke, which he would choose whenever 

he could choose (even though his self-rated exposure across languages is lower for Polish 

[40%] than for German [60%]). The participant reported German and Polish usage when 

interacting with friends and when he had the choice for reading materials. German was the 

language for daily activities (e.g., supermarket, medical appointments, restaurant), TV, and 

radio/music, while Polish was mainly used when BwA2 was in contact with his family (wife, 

kids, and further relatives) and for writing tasks. His pre-stroke work environment was 

entirely German-speaking. 

 

Background Language Assessments  BwA2 

The pattern of language impairment in BwA2 was consistent with the diagnosis of 

fluent anomic aphasia (based on clinical observations and the background assessment 

results). 

background assessments. The LEMO subtest for spoken naming resulted in impaired naming 

non-dominant, preferred language) than for German (L1 Polish LEMO score: 17/20 [85% 

correct], L2 German LEMO score: 12/20 [60% correct]). BwA2 showed a language 

impairment in both languages across the thirteen subtests of the BAT. A generally better 

language performance was shown for Polish (L1, non-dominant, preferred language) 

compared to German (L1 Polish BAT score: 131/174, L2 German BAT score: 108/174). 

Spoken naming within the BAT was impaired in both languages, with higher naming 

accuracy in Polish (L1, non-dominant, preferred language) (L1 Polish BAT naming score: 

19/20 [95% correct], L2 German BAT naming score: 12/20 [60% correct]). BwA2 showed 

higher written naming accuracy for Polish (L1, non-dominant, preferred language) (first 30 

items of Subset 1a of the experimental naming task: L1 Polish written naming score 20/30 

[66.

self-report might indicate that he never learned to write in German. Therefore, German 

educed 

German writing abilities unrelated to the stroke. When comparing written naming and spoken 

naming of the 30 items of Subset 1a within languages, the participant showed higher 

accuracy in spoken naming for both languages (spoken naming score: L1 Polish non-
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dominant: 21/30 [70% correct], L2 German dominant: 11/30 [36.67%]) compared to written 

naming (written naming score: L1 Polish non-dominant 20/30 [66.67% correct], L2 German 

dominant 3/30 [10% correct]). 

 

Table E2 

Language Background Assessments for BwA2 

 Polish (L1) German (L2) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 10 100  10 100 

Simple and semi-complex commands (n=10) 10 100  6 60 

Complex commands (n=20) 0a 0a  6 30 

Verbal auditory discrimination (n=18) 11 61.11  9 50 

Semantic categories (n=5) 5 100  3 60 

Synonyms (n=5) 3 60  0 0 

Lexical decision of words and nonsense words (n=30) 27 90  23 76.67 

Lexical decision of words (n=20) 18 90  17 85 

Lexical decision of nonwords (n=10) 9 90  6 60 

Reading comprehension for words (n=10) 6 60  5 50 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30) 26 86.67  20 66.67 

Repetition of words (n=20) 18 90  16 80 

Repetition of nonwords (n=10) 8 80  4 40 

Series (n=3) 3 100  2 66.67 

Verbal fluency (n=3) 3 100  2 66.67 

Spoken Naming (n=20) 19 95  12 60 

Reading Aloud (n=10) 8 80  10 100 

Overall BAT-score 131   108  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20) 17 85  12 60 

High frequency (n=10)                                                         8 80 

Low frequency (n =10)    4 40 

      

Naming Subset 1a (items 1-30)      

Written naming  20 66.67  3b 10b 

Spoken naming  21 70  11 36.67 

a Participant does not follow the instructions and starts pointing out to objects while the test administrator (spouse) still reads 
out the task instructions. 
b Based on the participant's statement; it is highly likely that he never learned to write in German.  
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Background Information BwA3 
 

Medical Records and Self-Reports  BwA3  

Demographic and Medical Data  

BwA3 was a 64-year-old Dutch-German speaker (male), who immigrated from the 

Netherlands to Germany at the age of 25. BwA3 worked as a farmer and tradesman in the 

Netherlands and later as a farmer in Germany. He retired after his stroke 28 years prior to this 

years ago prior to this study). The participant had two strokes 30 years ago and three to four 

transient ischaemic attacks 14 years before this study; he had no language impairment 

resulting from these. Twenty-eight years before this study, BwA3 had a left hemisphere 

infarct in the middle cerebral artery. This resulted in one and a half years of coma, followed 

self-reports and medical records reported aphasia post-onset.  

Language Related Data 

After the coma, BwA3 was diagnosed with speech apraxia, dysphagia, and global 

aphasia (including severe impairments in language production, comprehension, writing and 

reading). Language recovered post-onset comprehensively, with mainly mild spoken word 

finding difficulties remaining. BwA3 recalled that there was no difference in the recovery 

patterns across his languages (parallel language recovery pattern). 

 

Bilingual Language Profile  BwA3 

BwA3 was a late Dutch-German bilingual speaker. He reported that he was fully 

immersed in German (L2) from the time of his move to Germany. His dominant language 

was German (L2) pre- and post-

language proficiency, language exposure and use, and biographical factors (language age of 

acquisition, environmental languages, language of residence). The LEAP-Q and self-reports 

were used to conduct biographical factors. The results of the language background 

assessments, spanning across receptive and expressive tasks (see below), determined the 

-

, language use 

and exposure were determined. Based on the scale, language use and exposure were higher in 

German (L2) pre- and post-stroke (language use and exposure scale score: Dutch = 1-2, 

German = 8). The participant used German when interacting with family and friends, for 
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daily life activities (e.g., supermarket, medical appointments, restaurants), TV, radio/music, 

smartphone/social media/internet/computer, reading, and writing. Dutch has been used when 

interacting with family (kids who live in the Netherlands) and, in the past, when interacting 

with friends.  

 

Background Language Assessments  BwA3 

fluent anomic aphasia (based on clinical observations and the background assessment 

results). Table E3 shows 

background assessments. The LEMO subtest for spoken naming resulted in impaired naming 

abilities for both languages. Naming accuracy was higher in Dutch (L1, non-dominant) 

compared to German (L1 Dutch LEMO score: 15/20 [75% correct], L2 German LEMO 

score: 10/20 [50% correct]). BwA3 showed a language impairment in both languages. A 

generally better language performance was observed in German (L2, dominant) compared to 

Dutch (L1 Dutch BAT score: 144/171, L2 German BAT score: 14844/171). Spoken naming 

within the BAT was impaired in both languages, with higher naming accuracy in Dutch (L1, 

non-dominant) compared to German (L1 Dutch BAT naming score: 16/20 [80% correct], L2 

German BAT naming score: 12/20 [60% correct]). BwA3 showed higher naming accuracy in 

written naming for German (L2, dominant) compared to Dutch (first 30 items of Subset 1a of 

the experimental naming task: L1 Dutch written naming score: 17/30 [56.67% correct], L2 

German written naming score: 24/30 [80% correct]). The participant showed the same 

accuracy across written and spoken naming for Dutch (L1, non-dominant) for the 30 items of 

Subset 1a (spoken naming score: 17/30 [56.67% correct]). Within German naming of Subset 

1a, accuracy was higher for written naming (written naming score: L2 German dominant 

24/30 [80% correct]) compared to spoken naming (spoken naming score German L2 

dominant: 19/30 [63.33% correct]). 

  

 
44 To compare the overall BAT score across languages, the subset score for verbal fluency has been excluded 
from the German (L2) overall BAT score since this subset result was missing for the Dutch (L1) version. When 
including the verbal fluency subset score  
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Table E3 

Language Background Assessments for BwA3 

 Dutch (L1)  German (L2) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 10 100  10 100 

Simple and semi-complex commands (n=10) 10 100  10 100 

Complex commands (n=20) 13 65  9 45 

Verbal auditory discrimination (n=18) 15 83.33  17 94.44 

Semantic categories (n=5) 3 60  4 80 

Synonyms (n=5) 5 100  5 100 

Lexical decision of words and nonsense words (n=30) 26 86.67  29 96.67 

Lexical decision of words (n=20) 20 100  20 100 

Lexical decision of nonwords (n=10) 6 60  9 90 

Reading comprehension for words (n=10) 10 90  10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30) 26 86.67  29 96.67 

Repetition of words (n=20) 19 95  20 100 

Repetition of nonwords (n=10) 7 70  9 90 

Series (n=3) 0 0  3 100 

Verbal fluency (n=3) n/aa n/aa  3(0b) 100(0b) 

Spoken Naming (n=20) 16 80  12 60 

Reading Aloud (n=10) 10 100  10 100 

Overall BAT-score 144   151 (148b)  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20) 15 75  10 50 

High frequency (n=10)                                                         5 50 

Low frequency (n =10)    5 50 

      

Naming Subset 1a (items 1-30)      

Written naming  17 56.67  24 80 

Spoken naming  17 56.67  19 63.33 

a Subtest results are missing. 
b Excluding the subset verbal fluency to compare the overall BAT score across languages. 
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Background Information BwA4 

 

Medical Records and Self-Reports  BwA4  

Demographic and Medical Data  

BwA4 was a 75-year-old English-German speaker (female), who was born and raised 

in South Africa and moved to different countries across her life span (Australia, Germany). 

The participant was two years and nine months post-onset at the start of the project. BwA4 

had a stroke in the middle cerebral left artery, resulting in aphasia. 

Language Related Data 

Medical records reported a non-fluent aphasia post-onset with severely impaired verbal 

production immediately post- -responses) and 

impaired writing and reading abilities (reading abilities recovered three months post-onset). 

Language comprehension was only mildly impaired. The participan

mild expressive aphasia with moderate to mild spoken word finding difficulties. Her English 

language (L1) recovered first, while German recovered at a slower pace. Relatives reported a 

(stronger) English accent post-onset when the participant spoke German, which had not been 

observed prior to the stroke. At the start of this project, BwA4 described her recovery patterns 

as balanced, which aligns with a parallel language recovery pattern. 

 

Bilingual Language Profile  BwA4 

BwA4 was a 75-year-old late45 English-German bilingual speaker. The participant 

moved to Australia at the age of 16 years with her family. She was fully immersed in German 

(L2) from the time of her move to Germany at the age of 27. She returned to Australia at the 

- and post-stroke, 

factors (language age of acquisition, environmental languages, language of residence). The 

results of the language background assessments, spanning across receptive and expressive 

Biographical factors were conducted by the LEAP-Q and self-reports. Language use and 

exposure were higher in English, determined by using a scale from 0-8, whereas 0 indicated 

 
45 BwA4 grew up as an early (simultaneously) bilingual speaker in South Africa, speaking English and Africans, 
however, Africans was less dominant than English. After moving to Australia at 16, Africans was no longer a 
present language. The participant reported maintained comprehension abilities and no production abilities left 
for Africans. BwA4s Africans was not assessed as part of this study. 
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(language use and exposure scale score: English = 8, German = 3; see also participants 

section for further information on the scale). -movement to Australia 

16 years prior to this study, English and German have been used in interaction with the 

family (family language is English and German), when reading and for her minimal usage of 

smartphone/internet/computer/social media. English has been reported as her language when 

interacting with friends, for daily life activities (e.g., restaurant, medical appointments, 

restaurants, etc.), TV, radio/music, and writing.  

 

Background Language Assessments  BwA4 

The pattern of impairment in BwA4 was consistent with a diagnosis of fluent anomic 

aphasia (based on clinical observations and the background assessment results). Table E4 

performance for both languages on a range of background 

assessments. The LEMO subtest for spoken naming resulted in impaired naming abilities for 

both languages. Results showed higher naming accuracy for English (L1, dominant) than for 

German (L1 English LEMO score: 16/20 [80% correct], L2 German LEMO score: 13/20 

[65% correct]). BwA4 showed a language impairment in both languages. A slightly better 

language performance was shown for German (L2, non-dominant) than for English (L1 

English BAT score: 15846/173, L2 German BAT score: 162/173). Spoken naming within the 

BAT was unimpaired in the dominant language English (L1) but impaired in German (L2) 

(L1 English BAT naming score: 20/20 [100% correct], L2 German BAT naming score: 16/20 

[80% correct]). Participant BwA4 showed higher naming accuracy in written naming for 

English (L1, dominant) compared to German (first 30 items of Subset 1a of the experimental 

naming task: L1 English written naming-score: 26/30 [86.67% correct], L2 German written 

naming-score: 16/30 [53.33% correct]). When naming these 30 items in English (L1, 

dominant), written naming accuracy was higher relative to spoken naming accuracy (spoken 

naming score: 24/30 [80% correct]). Within German naming of Subset 1a, accuracy was 

higher for spoken naming (spoken naming score: German L2 non-dominant: 18/30 [60% 

 
46 Five points were deducted within the English version's subtest repetition of words and nonwords. This 
deduction was based on ambiguity made by the test administrator. Without the administrator's ambiguity error, 
the score for the BAT in English would increase to 163/173, resulting in a balanced language disorder across 
BwA4's two languages available when comparing the overall BAT score (L1 English 163/173, L2 German 
162/173). 
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correct]) compared to the written naming performance (written naming score: L2 German 

non-dominant 16/30 [53.33% correct]). 

 

Table E4 

Language Background Assessments for BwA4 

 English (L1) German (L2) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 10 100  10 100 

Simple and semi-complex commands (n=10) 10 100  10 100 

Complex commands (n=20) 18 90  18 90 

Verbal auditory discrimination (n=18) 15 83.33  15 83.33 

Semantic categories (n=5, English n=4) 4 100  5(4a) 100(100a) 

Synonyms (n=5) 4 80  4 80 

Lexical decision of words and nonsense words (n=30) 29 96.67  30 100 

Lexical decision of words (n=20) 20 100  20 100 

Lexical decision of nonwords (n=10) 9 90  10 100 

Reading comprehension for words (n=10) 10 100  10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30) 23b 76.67  30 100 

Repetition of words (n=20) 15 75  20 100 

Repetition of nonwords (n=10) 8 80  10 100 

Series (n=3) 3 100  3 100 

Verbal fluency (n=3) 3 100  3 100 

Spoken Naming (n=20) 20 100  16 80 

Reading Aloud (n=10) 9 90  9 90 

Overall BAT-score 158b   163(162a)  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20) 16 80  13 65 

High frequency (n=10)                                                         8 80 

Low frequency (n =10)    5 50 

      

Naming Subset 1a (items 1-30)      

Written naming  26 86.67  16 53.33 

Spoken naming  24 80  18 60 

a Due to an error by the test administrator, one item was excluded from the English semantic 

categories subtest. This item was also excluded from the German semantic categories subtest 

to be able to compare the overall BAT score across languages. 
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b Five points were deducted within the English version's subtest repetition of words and 

nonwords. However, this deduction was based on ambiguity made by the test administrator. 

Without the administrator's obscurity error, the score for the BAT in English would increase 

to 163/173. 
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Background Information BwA5 

 

Medical Records and Self-Reports  BwA5 

Demographic and Medical Data  

BwA5 was a 64-year-old English-Italian speaker (male) from Australia, who worked 

as a former office manager and retired after his third stroke (one year and three months prior 

to this study). The participant had three strokes (four years, one year eight months, and one 

year three months prior to this study). The first stroke (four years ago) was diagnosed as a 

transient ischemic attack (left insula, left middle and anterior cerebral artery). It did not 

notably affect linguistic and cognitive abilities. The second stroke (one year and eight months 

prior to this study: Major stroke with thrombectomy) was localised in the left hemisphere's 

parietal, frontal and temporal areas and resulted in motor issues and language difficulties (all 

modalities). The participant returned to work in April 2019 after a successful recovery 

process. A month later (one year and three months prior to this study), BwA5 had a third 

stroke (left frontal areas, left middle cerebral artery [M2], left frontal operculum [anterior]) 

which resulted in aphasia.  

Language Related Data 

-

onset resulted in non-fluent expressive aphasia, including severe spoken word finding 

difficulties and difficulties with reading, wr

recovery pattern has been described and defined as a parallel recovery pattern (see 

background assessment results, including productive and receptive language tasks).  

 

Bilingual Language Profile  BwA5 

BwA5 was an early (simultaneously) English-Italian bilingual speaker born and raised 

in Australia, growing up in an English-Italian-speaking family since his parents immigrated 

to Australia from Italy. Italian was spoken at home with the parents growing up, and English 

was the language when the participant spoke to his siblings. Additionally, some music and 

TV shows were played in Italian. He married an early (simultaneously) English-Italian 

bilingual speaker (his parents-in-law also immigrated from Italy before his wife was born). 

- and post-stroke, based on his language 

proficiency, language exposure and use, and biographical factors (language age of 

acquisition, environmental languages, language of residence). Biographical factors were 

conducted by the LEAP-Q and self-reports, and the results of the language background 



373 

assessments, spanning across receptive and expressive tasks (see below), determined the 

 were higher in English, 

determined by the usage of a scale from 0-

scores: English = 8, Italian = 1-2; see also participants section for further information on the 

scale). English has been used in all language contexts (interaction with family and friends, 

daily life activities [e.g., supermarket, medical appointment, restaurant], TV, radio/music, 

internet/computer/smartphone/social media, reading, writing). Italian and English language 

were used when interacting with family (Italian mainly when interacting with parents and 

parents-in-  

 

Background Language Assessments  BwA5 

non-

erformance for both languages across various 

background assessments. The LEMO subtest of spoken naming assessed impaired naming 

abilities for both languages. Higher naming accuracy was shown for English (dominant) 

(English LEMO score: 6/20 [30% correct], Italian LEMO score: 0/20 [0% correct]). BwA5 

showed a language impairment in both languages. A generally better language performance 

was observed for English (dominant) compared to Italian (English BAT score: 10447/170, 

Italian BAT score: 55/170). Spoken naming (n = 16) within the BAT was impaired in both 

languages, with higher naming accuracy in English (dominant) (English BAT naming score: 

10/16 [62.5% correct], Italian BAT naming score: 1/16 [6.25% correct]). When comparing 

written naming accuracy across languages, BwA5 showed higher naming accuracy in written 

naming for English (dominant) compared to Italian (first 30 items of Subset 1a of the 

experimental naming task: English written naming score: 8/30 [26.67% correct], Italian 

written naming score: 0/30 [0% correct]). Within language comparison of written and spoken 

naming accuracy of these 30 items, slightly higher accuracy was shown for written naming in 

English (dominant) compared to spoken naming (spoken naming score: 7/30 [23.33% 

correct]). In Italian, the spoken and written naming task was unsuccessful (spoken naming 

score: L1 Italian non-dominant 0/30 [0% correct]). 

 
47 The BAT-subtest naming misses four items in the Italian version. To compare the overall BAT-score across 
languages, these four items have been excluded from the English naming subset. When including these four 

-score is 105/174. 
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Table E5 

Language Background Assessments for BwA5 

 English (L1) Italian (L1) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 9 90  8 80 

Simple and semi-complex commands (n=10) 7 70  0 0 

Complex commands (n=20) 0 0  0 0 

Verbal auditory discrimination (n=18) 13 72.22  6 33.33 

Semantic categories (n=5) 4 80  1 20 

Synonyms (n=5) 0 0  0 0 

Lexical decision of words and nonsense words (n=30) 26 86.67  16 53.33 

Lexical decision of words (n=20) 19 95  15 75 

Lexical decision of nonwords (n=10) 7 70  1 10 

Reading comprehension for words (n=10) 9 90  3 30 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30) 15 50  17 56.67 

Repetition of words (n=20) 15 75  13 65 

Repetition of nonwords (n=10) 0 0  4 40 

Series (n=3) 2 66.67  0 0 

Verbal fluency (n=3) 1 33.33  0 0 

Spoken Naming (n=20, Italian n=16) 11(10a) 55(62.5a)  1 6.25 

Reading Aloud (n=10) 8 80  3 30 

Overall BAT-score 105 (104a)   55  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20) 6 30  0 0 

      

Naming Subset 1a (items 1-30)      

Written naming  8 26.67  0 0 

Spoken naming  7 23.33  0 0 

a The BAT-subtest naming misses four items in the Italian version. These four items have 

been excluded from the English naming subset to compare the overall BAT score across 

ese four 

items.  
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Background Information BwA6 

 

Medical Records and Self-Reports  BwA6 

Demographic and Medical Data  

BwA6 was a 65-year-old English-French speaker (female), who was born and grew 

up in the United Kingdom and immigrated to Australia at the age of 31. She had previously 

worked as a speech-language pathologist in the UK and Australia. BwA6 had a left-sided 

embolism in the middle cerebral artery in 2012 when she was 57 (eight years prior to the 

present study). The stroke initially resulted in dysphagia and aphasia. 

Language Related Data 

reading comprehension, spoken word finding difficulty, and cognitive impairments such as 

reduced memory and attention. The participant further reported some prosopagnosia and 

ongoing fatigue. At the start of the project, the following was reported: Fluent aphasia with 

mild spoken word finding difficulties (especially when tired), mild comprehension and 

reading difficulties (complex input), mild fatigue and attention difficulties. BwA6 recalled 

that immediately after her stroke, she experienced language mixing/switching (her two 

equivalent French word would come to mind, which had not been the case pre-stroke). She 

reported that once this passed, after a short period, there was no difference in the recovery 

patterns across her languages (hence, the assumption that both languages followed a parallel 

language recovery pattern).  

 

Bilingual Language Profile  BwA6 

BwA6 was an English-French bilingual speaker. She fully immersed in French (L2) at 

the age of 17 while living in France with a French family and attending a French secondary 

school for several months. She maintained close ties to France throughout her adult life, 

visiting regularly and staying in touch with her French friends, even when she immigrated 

from the United Kingdom to Australia at the age of 31. The native language English (L1) was 

- and post-

language proficiency, language exposure and use, and biographical factors (language age of 

acquisition, environmental languages, language of residence). Language proficiency was 

determined by the results of the language background assessments, spanning across receptive 

and expressive tasks (see below). Biographical factors were conducted by the LEAP-Q and 
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self-reports. Language use and exposure were higher in English (L1), determined by the 

application of a scale from 0-

English = 8, French = 2; see also participants section for further information on the scale). 

 with family and 

friends, daily life activities [e.g., supermarket, medical appointments, restaurant], TV, 

radio/music, smartphone/social media/internet/computer, reading, writing). French was used 

when interacting with friends (via email, telephone, and holidays) and preferred for reading. 

 

Background Language Assessments  BwA6 

The pattern of language impairment in BwA6 was consistent with the diagnosis of 

fluent anomic aphasia (based on clinical observations and the background assessment 

background assessments. The LEMO subtest for spoken naming resulted in impaired naming 

abilities for both languages with slightly higher naming accuracy for English (L1, dominant) 

(L1 English LEMO score: 15/20 [75% correct], L2 French LEMO score: 13/20 [65% 

correct]). BwA6 showed a language impairment in both languages. A slightly better language 

performance was observed for English (L1, dominant) compared to French (L1 English BAT 

score: 152/173, L2 French BAT score: 14948/173). Spoken naming (n = 19) within the BAT 

was mildly impaired in both languages, with slightly higher naming accuracy for English (L1, 

dominant) (L1 English BAT naming score: 18/19 [94.74% correct], L2 French BAT naming 

score: 17/19 [89.47% correct]). BwA6 showed unimpaired written naming results for English 

(L1, dominant) (first 30 items of subset 1a of the experimental naming task: L1 English 

written naming score: 30/30 [100% correct]). Written naming was impaired for French (L2) 

(first 30 items of Subset 1a of the experimental naming task: L2 French written naming score: 

15/30 [50% correct]). When comparing written naming and spoken naming of these 30 items 

within languages, the participant showed slightly higher accuracy in written naming for 

English (L1, dominant) compared to spoken naming (spoken naming score: 29/30 [96.67% 

correct], written naming score: 30/30 [100% correct]). Within French naming, the accuracy 

was 50% across spoken and written naming (spoken naming score: 15/30 [50% correct], 

written naming score: 15/30 [50% correct]). 

 
48 The subset naming misses an item for the English version. This item was excluded for the French version to 
compare 
BAT score is 150/174.  
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Table E6 

Language Background Assessments for BwA6 

 English (L1) French (L2) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 10 100  10 100 

Simple and semi-complex commands (n=10) 10 100  9 90 

Complex commands (n=20) 9 45  14 70 

Verbal auditory discrimination (n=18) 15 83.33  17 94.44 

Semantic categories (n=5) 4 80  3 60 

Synonyms (n=5) 4 80  0 0 

Lexical decision of words and nonsense words (n=30) 27 90  24 80 

Lexical decision of words (n=20) 19 95  17 85 

Lexical decision of nonwords (n=10) 8 80  7 70 

Reading comprehension for words (n=10) 10 100  9 90 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30) 29 96.67  30 100 

Repetition of words (n=20) 20 100  20 100 

Repetition of nonwords (n=10) 9 90  10 100 

Series (n=3) 3 100  3 100 

Verbal fluency (n=3) 3 100  3 100 

Spoken Naming (n=20, English n=19) 18 94.74  18(17a) 90(89.47a) 

Reading Aloud (n=10) 10 100  10 100 

Overall BAT-score 152   150 (149a)  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20)  15 75  13 65 

      

Naming Subset 1a (items 1-30)      

Written naming  30 100  15 50 

Spoken naming  29 96.67  15 50 

a This naming subset misses an item for the English version. This item was also excluded for 

French to compare the overall BAT score across languages. 
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Background Information BwA7 

 

Medical Records and Self-Reports  BwA7  

Demographic and Medical Data 

BwA7 was a 66-year-old French-English speaker (male), born and raised in Mauritius 

and immigrated to Australia aged 28. Pre-stroke, he had worked in the hotel industry in 

Mauritius and Australia. BwA7 had two right-sided ischemic strokes in 2004 when he was 49 

years (16 years prior to the present study) which resulted in a left-sided paresis of the upper 

and lower limbs.  

Language Related Data 

Medical data were unavailable; however, regular speech therapy visits (post-onset) 

were reported, including therapy for word finding difficulties and communication training. 

BwA7 self-reported short-term memory loss and reduced attention. He presented with mild 

dysphonia, reporting a history of vocal nodules. BwA7 recalled that following the stroke, 

there was no difference in the recovery patterns across his languages (which would match 

with a parallel language recovery pattern). 

 

Bilingual Language Profile  BwA7 

BwA7 was a late49 French-English bilingual speaker. He was fully immersed in 

English (L2) at the age of 13 when he attended an English-speaking secondary school in 

-reports, LEAP-Q, 

slightly dominant language pre- and post-

proficiency, language exposure and use, and biographical factors [language age of 

acquisition, environmental languages, language of residence]). Language proficiency was 

determined by the results of the language background assessments, spanning across receptive 

and expressive tasks (see below). Biographical factors were conducted by the LEAP-Q and 

self-reports. Language use and exposure were slightly higher in English, determined by a 

scale ranging from 0-

 
49 BwA7 grew up as an early (simultaneously) bilingual speaker. He learnt both French and Mauritian Creole 
from birth. Both languages were spoken at home, with French being more dominant since it was spoken at 
school, amongst friends and in the wider community. The participant reported maintaining proficiency in 
Mauritian Creole. His Creole was not assessed in this study. 
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BwA7 [out of 7, due to lack of information about writing]: French = 5, English = 7; see also 

participants section for further information on the scale). Both languages were used in 

multiple contexts: Contact with the family (immediate family: English, parents and siblings: 

French), TV, radio/music, smartphone/internet/computer/social media, and reading. English 

was additionally the language of daily life activities (e.g., supermarket, medical 

appointments, restaurant) and when interacting with friends.  

 

Background Language Assessments  BwA7 

fluent anomic aphasia (based on clinical observations and the background assessment 

background assessments. The LEMO subtest spoken naming resulted in balanced impaired 

naming abilities across languages (L1 French LEMO score: 16/20 [80% correct], L2 English 

LEMO score: 16/20 [80% correct]). BwA7 showed a mild language impairment across both 

languages (L1 French BAT score: 164/174, L2 English BAT score: 165/174). Spoken naming 

within the BAT was mildly impaired in both languages (L1 French BAT naming score: 19/20 

[95% correct], L2 English BAT naming score: 19/20 [95% correct]). Participant BwA7 

showed higher naming accuracy in written naming for English (L2, dominant) compared to 

French (first 30 items of Subset 1a of the experimental naming task: L1 French written 

naming-score: 20/30 [66.67% correct], L2 English written naming-score: 24/30 [80% 

correct]). When comparing written naming and spoken naming of these 30 items within 

languages, the participant showed higher accuracy for spoken naming in French (L1, non-

dominant) compared to written naming (written naming score: 20/30 [66.67% correct], 

spoken naming score: 22/30 [73.33% correct]). Within Subset 1a naming in English (L2 

dominant) the accuracy of written naming was higher than for spoken naming (written 

naming score: 24/30 [80% correct], spoken naming score: 21/30 [70% correct]).  
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Table E7 

Language Background Assessments for BwA7 

 French (L1) English (L2) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 10 100  10 100 

Simple and semi-complex commands (n=10) 10 100  10 100 

Complex commands (n=20) 14 70  16 80 

Verbal auditory discrimination (n=18) 15 83.33  16 88.89 

Semantic categories (n=5) 5 100  5 100 

Synonyms (n=5) 5 100  4 80 

Lexical decision of words and nonsense words (n=30) 30 100  29 96.67 

Lexical decision of words (n=20) 20 100  20 100 

Lexical decision of nonwords (n=10) 10 100  9 90 

Reading comprehension for words (n=10) 10 100  10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30) 30 100  30 100 

Repetition of words (n=20) 20 100  20 100 

Repetition of nonwords (n=10) 10 100  10 100 

Series (n=3) 3 100  3 100 

Verbal fluency (n=3) 3 100  3 100 

Spoken Naming (n=20) 19 95  19 95 

Reading Aloud (n=10) 10 100  10 100 

Overall BAT-score 164   165  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20)  16 80  16 80 

      

Naming Subset 1a (items 1-30)      

Written naming  20 66.67  24 80 

Spoken naming  22 73.33  21 70 
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Background Information BwA8 

 

Medical Records and Self-Reports  BwA8 

Demographic and Medical Data  

BwA8 was a 74-year-old French-English speaker (female), who immigrated from 

Mauritius to Australia in 1973, aged 28. She had worked in a creche in Mauritius and in 

catering in Australia. BwA8 had several frontal strokes: Twelve years and eight months ago 

(infarct in left inferior frontal gyrus and right occipital lobe), nine years ago (infarct in the 

right middle frontal gyrus), and three months50 ago (left inferior frontal gyrus infarct and a 

small infarct in the posterior margin of the frontal lobe). 

Language Related Data 

The infarct 12 years and eight months ago resulted in non-fluent aphasia (for French 

and English), with writing abilities left. With recruitment for this project (before the third 

stroke), the participant was diagnosed with mild receptive and expressive aphasia 

characterised by some word finding difficulty, mild dysarthria and self-reported mild memory 

impairment. This diagnosis remained after the third stroke. A stronger French accent when 

speaking in English was reported due to the third stroke. BwA8 recalled no difference in the 

recovery patterns across her languages.  

 

Bilingual Language Profile  BwA8 

Participant BwA8 was a late51 French-English speaker, who was fully immersed in 

English (L2) from the time when she immigrated from Mauritius to Australia. The 

- and post-stroke, based on our 

ssments (self-reports, LEAP-Q, language background 

assessments). Language proficiency, language exposure and use, and biographical factors 

(language age of acquisition, environmental languages, language of residence) determined the 

dominant language. The results of the language background assessments, spanning across 

 
50 BwA8 had a stroke after the recruitment. The stroke resulted in no significant long-term issues and no 
extended rehabilitation process. She left the hospital at moved back home. BwA8 was willing to participate in 
the project. Therefore, the project started three months after the stroke. 
51 BwA8 grew up as an early (simultaneously) bilingual speaker. She learnt both French and Mauritian Creole 
from birth. French was spoken at home, school, work, and community. Creole was spoken in the community; 
however, the participant was forbidden to speak Mauritian Creole at home. BwA8 reported maintaining 
proficiency in Mauritian Creole by being a member of a Mauritian community in Australia. Her Creole was not 
assessed as part of this study. 
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while data taken from the LEAP-Q and self-

factors. 

scale from 0-

2, 

English = 8; see also participants section for further information on the scale). English was 

English, sister: French), interaction with friends, daily life activities (e.g., supermarket, 

medical appointments, restaurant), TV, radio/music, smartphone/internet/computer/social 

media, reading, writing. French was used by the participant when in (daily) contact with her 

sister(s) and during some leisure activities with friends (e.g., attending a Mauritian choir, an 

active member of a Mauritian community).   

 

Background Language Assessments  BwA8 

The pattern of language impairment in BwA8 was consistent with the diagnosis of 

fluent anomic aphasia (based on clinical observations and the background assessment 

background assessments. The LEMO subtest spoken naming resulted in impaired naming 

abilities for both languages with slightly higher naming accuracy for English (L2, dominant) 

(L1 French LEMO score: 17/20 [85% correct], L2 English LEMO score: 18/20 [90% 

correct]). BwA8 showed a language impairment in both languages. A generally better 

language performance was shown for English (L2, dominant) (L1 French BAT score: 

14752/156, L2 English BAT score: 152/156). Spoken naming within the BAT was unimpaired 

across languages (L1 French BAT naming score: 20/20 [100% correct], L2 English BAT 

naming score: 20/20 [100% correct]). BwA8 showed higher naming accuracy in written 

naming for English (L2, dominant) in comparison to French (first 30 items of Subset 1a of 

the experimental naming task: L1 French written naming score: 20/30 [66.67% correct], L2 

English written naming score: 25/30 [83.33% correct]). The participant showed the same 

accuracy across written and spoken naming for French (L1, non-dominant) for the 30 items 

of Subset 1a of the experimental naming task (written naming score: 20/30 [66.67% correct], 

spoken naming score: 20/30 [66.67% correct]). Within English naming of Subset 1a, the 

 
52 The English BAT version misses nine i

to compare the overall BAT score across languages. When including these items in the French subtest, the 
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accuracy of spoken naming was higher than written naming (written naming score: 25/30 

[83.33% correct]), spoken naming score English L2 dominant: 26/30 [86.67% correct]). 

 

Table E8 

Language Background Assessments for BwA8 

 French (L1) English (L2) 

Background assessment Raw score % correct  Raw score % correct 

Bilingual Aphasia Test (BAT)  Receptive tasks      

Pointing (n=10) 10 100  10 100 

Simple and semi-complex commands (n=10) 10 100  10 100 

Complex commands (n=20) 18 90  20 100 

Verbal auditory discrimination (n=18) 14 77.78  16 88.89 

Semantic categories (n=5) 4 80  5 100 

Synonyms (n=5) 5 100  4 80 

Lexical decision of words and nonsense words (n=30; English n=21) 29(20a) 96.67(95.24a)  20 95.24 

Lexical decision of words (n=20; English n=13) 19(12a) 95(92.31a)  13 100 

Lexical decision of nonwords (n=10; English n=8) 10(8a) 100(100a)  7 87.5 

Reading comprehension for words (n=10) 9 90  10 100 

Bilingual Aphasia Test (BAT)  Expressive tasks       

Repetition of words and nonsense words (n=30; English n=21) 30(21a) 100(100a)  21 100 

Repetition of words (n=20; English n=13)  20(13a) 100(100a)  13 100 

Repetition of nonwords (n=10; English n=8) 10(8a) 100(100a)  8 100 

Series (n=3) 3 100  3 100 

Verbal fluency (n=3) 3 100  3 100 

Spoken Naming (n=20) 20 100  20 100 

Reading Aloud (n=10) 10 100  10 100 

Overall BAT-score 165(147a)   152  

      

LEMO 2.0  Spoken Naming (Subtest 13)      

Naming: Total (n=20)  17 85  18 90 

      

Naming Subset 1a (items 1-30)      

Written naming  20 66.67  25 83.33 

Spoken naming  20 66.67  26 86.67 

a 

excluded from the French subtest to compare the overall BAT score across languages. The 

French subtest. 
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