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Abstract 
 

The aim of this dissertation is to examine how simultaneous interpreting training as a context 

where extreme language control is needed affects the three main executive functions of 

inhibition, switching and working memory updating. To this end, this dissertation examines 

the basis of brain plasticity and learning in a linguistic context, defines executive functions and 

their role in bilingual language processing and highlights simultaneous interpreting as a 

modality of bilingualism that clearly taxes both language control as well as executive 

functions. By emphasizing how interpreters use interpreting-specific competences to deal 

with the increased control demands and depicting the processes of interpreting competence 

acquisition in interpreting training, a parallel to general skill acquisition processes from the 

cognitive sciences is drawn. To conclude the theoretical background, relevant studies from 

cognitive bilingualism studies as well as cognitive translation and interpreting studies on the 

impact of simultaneous interpreting on executive functions are presented.  

Based on these theoretical underpinnings, the methodology and results of a longitudinal 

event-related potential study are presented. The performance in three executive function 

tasks of a group of interpreting students was compared to translation students at baseline 

before their respective Master studies. The performance of the interpreting group was then 

tested subsequently at the end of every semester for four semesters until the end of their 

Master studies of Conference Interpreting while event-related potential data was also 

collected. The event-related potential data was triangulated with behavioural data as well as 

competence data. The rare combination of a longitudinal design that goes beyond pre- and 

post-tests and was paired with the neuroscientific method of electroencephalography allows 

for a much more fine-grained look at how executive functions are affected by the process of 

learning how to interpret simultaneously.   

Results are presented as discussed in relation to previous research. The findings not only 

enrich the research landscape and knowledge base surrounding executive functions and 

language control by offering unique insights into temporal aspects of neural processes but 

also provide implications for the didactics of interpreting training.  

Finally, room for enhancement in the conducted study as well as opportunities for future 

research are discussed. 
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 1. Introduction 
 

“Our brains are adaptable; indeed, we never use the same brain twice”  

(Turner 2019) 

 

Brain plasticity has been considered the basis of learning and, although “never using 

the same brain twice” is clearly hyperbole, our brains do have the ability to change 

dynamically and adapt to external influences, ultimately being shaped by the lives we 

lead (see Costandi 2016: 2). Communicating through language, be it spoken language 

or other modalities, is an integral part of our human existence and therefore can be 

considered as one of the most crucial external influences our brain is subject to. Since 

bilingualism, or, managing more than one language in the brain, has been observed 

to result in structural and functional changes and in some cases even in cognitive 

benefits that lie outside the linguistic domain (see Mechelli et al. (2004), Grogan et 

al. (2012), Rossi et al. (2017), Berken et al. (2016), Bialystok et al. (2004; 2005)), the 

search for the circumstances and mechanisms under which these cognitive changes 

and benefits occur has been the focus of many researchers (see e.g. Abutalebi & 

Green (2008), Bialystok et al. (2005), Paap & Greenberg (2013), Verreyt et al. (2016), 

Hervais-Adelman et al. (2015a), Elmer et al. (2011)). The basis of these research 

questions is that in bilinguals, both of their languages are active to a certain degree, 

resulting in increased control demands to manage both languages and avoid 

unwanted interferences (see e.g. Dijkstra & van Heuven (1998), Green (1998), 

Meuter & Allport (1999), Paradis (1994)). Furthermore, neural regions associated 

with both linguistic processing and well as domain-general executive control partly 

overlap neurally, which has highlighted so called executive functions (EF) as an 

actively contributing mechanism for the effective management of languages during 

bilingual language processing (see e.g. Abutalebi & Green (2007), (2008), (2013), 

Hervais-Adelman & Babcock (2020), Baene et al. (2015), Garbin et al. (2010)).   

Simultaneous interpreting (SI) has for some time now become the centre of interest 

of researchers investigating how the multilingual brain changes in response to 

different cognitive control demands. In addition to the acquisition of interpreting-
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specific skills to manage the high processing demands of the interpreting task at 

hand, interpreters need to keep both of their languages at a high level of activation 

during simultaneous interpreting while also avoiding unwanted interference from 

both languages. Overlapping processes of listening, word identification, translation 

and speech production (see Frauenfelder & Schriefers 1997) create higher processing 

demands than other bilingual speech contexts, which in turn requires a higher degree 

of cognitive control to coordinate the various brain networks carrying out these 

different tasks and therefore taxes executive functions to a greater extent than other 

bilingual interactional contexts (see García (2014), Christoffels et al. (2006), Hervais-

Adelman & Babcock (2020), Yudes et al. (2011), Henrard & van Daele (2017), van der 

Linden et al. (2018)). Consequently, neurocognitive models of SI that are based on 

empirical research findings have been established (see e.g. Fabbro (1999), Garcia 

(2019), Hervais-Adelman & Babcock (2020)).    

These insights have contributed to the interpreter advantage research that 

investigates executive functions of simultaneous interpreters in direct comparison 

with language groups characterized by different bilingual modalities such as 

translators, language teachers or general bilinguals without interpreting competence 

(see e.g. Yudes et al. (2011), Dong & Liu (2016), Babcock et al. (2017), Zhong & Dong 

(2024), van de Putte et al. (2018)). As in the bilingual advantage hypothesis, results 

are quite heterogenous, often depending on the research method that is applied 

(neuroscientific or behavioural) and the executive function that is researched (see 

e.g. Henrard & van Daele (2017) but see also e.g. van der Linden et al. (2018)). 

However, meta-analyses have identified that the executive functions of task-

switching and working memory (WM) updating play a primary role during SI (see 

Nour et al. (2020) and Hu & Fan (2021)).  

The question whether or not there is an improvement in executive function as an 

effect of SI, however, only targets participant groups as a snapshot in time and does 

not address another basal and important aspect in this research field: How and when 

do advantages in executive functions as effects of SI come to pass? Since SI is an 

acquired skill that follows skill acquisition patterns based in general cognitive science, 

simultaneous interpreting training is especially relevant in this context. Interpreting 

students undergo a learning process of acquiring interpreting specific skills and 
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refining language skills (see Kutz (2010), Kalina (2006), Albl-Mikasa (2012), Riccardi 

(2005), Hoffman (1997), Moser-Mercer et al. (2000)) while learning to interpret 

simultaneously which requires differential involvement of different executive 

functions. However, this skill acquisition process, how executive functions are 

affected by the process of learning how to interpret simultaneously, has not been 

given much attention in SI research. 

Hence, I conducted a longitudinal study using both neuroscientific methods, 

behavioural data as well as competence data to investigate how executive functions 

change during SI training as a function of increased cognitive control demands and 

interpreting-specific skill acquisition. My aim was to specifically monitor the 

progression of three different executive functions during SI training to gain insights 

into the black box of simultaneous interpreter’s brains that go beyond pre- and post-

test designs.   

Simultaneous interpreting as a research subject is situated in the field of translation 

and interpreting studies. However, the methodology applied in this dissertation 

heavily draws on cognitive bilingualism research. Both interpreting studies as well as 

bilingualism research have translation as a common denominator. Nonetheless, they 

approach translation from two different angles. Historically, translation was used as 

a task in bilingualism research to study and understand the mechanisms of language 

processing in the brain. For example, Kroll & Stewart (1994) applied a translation task, 

the results of which lead to the conceptualization of the Revised Hierarchical Model 

(RHM), one of the most influential models of bilingual language processing. 

Furthermore, early case studies of bilingual aphasic patients applied translation tasks 

to show that language processing is disrupted (see e.g. Paradis et al. (1982)). In 

interpreting studies however, translation in the mode of simultaneous interpreting is 

an acquired skill and a profession. In the past, cognitive translation studies have been 

criticized for not relying on insights from cognitive bilingualism research in different 

aspects (see e.g. García (2015)), despite the fact that translation requires controlling 

information in the multilingual mental lexicon, an aspect of cognition that 

psycholinguists have spent decades researching (García 2015: 10–11). Furthermore, 

although interpreting studies have drawn on cognitive models of language processing 
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from bilingualism research in recent years to establish neurocognitive models of 

interpreting (see Garcia (2019) and Hervais-Adelman & Babcock (2020)), bilingualism 

research does not integrate findings from cognitive interpreting studies to that 

extent, although it could surely benefit from it. This dissertation attemps to bridge 

this gap by taking the fundamentals of bilingual language processing as its basis and 

then applying them to the setting of simultaneous interpreting, using well-

established methodology from cognitive bilingualism research and finally 

contextualizing the results as contributions to the fields of cognitive interpreting 

studies and bilingualism research.  
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1.1 Research objective  
 

While there is a substantial body of research investigating the interpreting advantage 

(see e.g. Hu & Fan (2021) or García et al. (2020) for reviews), there are only a handful 

of studies that investigate how SI training affects executive functions (e.g. Dong & 

Zhong (2017)). Although cross-sectional studies have contributed to a better 

understanding of the involvement of executive functions during SI, only few studies 

have investigated how SI training affects executive functions in a longitudinal design 

(see Dong & Liu (2016), Babcock et al. (2017) and van de Putte et al. (2018)) which is, 

however, important to not merely consider a snapshot in time. Moreover, studies 

that have applied a longitudinal design, did so by using pre- and post- designs, usually 

testing groups of participants at the beginning and at the end of their respective 

training. While pre- and post-test designs can potentially give insights into whether 

there is an improvement or change in executive functions from the start of training 

to the end of training, they cannot provide information on what happens in-between 

these testing points. Assuming executive functions progress in alignment with 

interpreting skill acquisition and might therefore be characterized by peaks, plateaus 

or a renormalization of the progress, pre- and post-test designs do not suffice to 

depict this development. Furthermore, the studies that are investigating the effect of 

SI training on executive functions rarely apply neuroscientific measures that have, 

however, the potential to provide important details about cognitive processes in a 

granularity that behavioural measures cannot.  

Hence, I aim to answer the research question of how SI training affects the three 

executive functions of inhibition, switching and working-memory updating by 

conducting a longitudinal study that goes beyond pre- and post-test measures and 

also takes skill acquisition models from cognitive science as well as interpreting 

studies into consideration.   

With the aim of monitoring the changes in the reaction of the brain to certain 

executive function tasks, I decided to use electroencephalography (EEG), more 

specifically event-related potentials (ERP), in triangulation with behavioural data 

(reaction time and accuracy data) and self-rated as well as objective competence 

data. The EEG and especially ERPs are characterized by a very high temporal 
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resolution, making it possible to precisely observe different brain reactions over time 

(see e.g. Luck (2005)). In contrast to reaction time measures that also contain the 

time it takes to give a motor response, ERPs are a more direct way to cognitive 

processes. Applying linear mixed effects models that allow the inclusion of various 

independent variables as well as random effect to account for participant variability, 

makes it possible to implement statistical rigour and obtain reliable effects.  

In addition to the question whether executive functions progress or improve at all, I 

am especially interested in whether executive functions show a plateau or even a 

decrease that is accompanied by a stable behavioural performance, in accordance 

with neuroscientific and neurolinguistic models of skill acquisition and language 

learning (see e.g. Lövdén et al. (2013) and Pliatsikas (2020)).  

Results contribute to the already existing research on SI and executive functions, 

complement the findings from previous studies on the effect of SI training on 

executive functions and enrich the existing literature on executive functions in 

cognitive bilingual studies. Showing that executive functions do not progress 

continuously throughout training but might be subject to performance plateaus or 

renormalization after performance peak, or that the progression of executive 

functions might be affected by pauses of training such as semesters abroad, might 

have various implications. On the one hand, affirming results would contribute to the 

understanding of how SI as a form of extreme language control affects the plasticity 

of bilingual brains. On the other hand, it can have implications for didactics: if 

performance and electrophysiological markers decrease after a semester abroad 

where no interpreting training was followed, it might be reasonable to offer 

additional preparatory courses before resuming interpreting training again after the 

semester abroad or to supply the SI trainees with material they can use to train during 

their semester abroad. Expanding the implications of my results to didactics 

ultimately benefits the simultaneous interpreting trainees, since the insights about 

the progress of cognitive control functions can lead to the Master's programme in 

Conference Interpreting being better tailored to the needs of the students.  
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1.2. Chapter outline 
 

Chapter 2 introduces how bilingualism as well as SI can bring about changes in the 

brain by initially defining the term plasticity and learning-induced plasticity in a 

language-independent manner. This chapter lays the foundation for explaining how 

the brain changes in reaction to external influences, highlights the basic mechanisms 

of learning and skill acquisition by introducing relevant models from cognitive science 

and describes how expertise can be transferred from one domain to another if the 

underlying skills share common cognitive processes, such as executive functions. 

Chapter 3 starts out by defining bilingualism and explaining the caveats of 

categorizing bilingual individuals. Building on the knowledge of neural plasticity from 

the previous chapter, Chapter 3 presents neurolinguistics studies that investigate 

how bilingualism affects the brain functionally as well as structurally and continues 

to provide evidence for linguistically-induced brain plasticity from cognitive 

translation and interpreting studies. Specifically, brain regions that are affected by 

language-induced brain plasticity are highlighted, marking the first mention of 

overlapping involvement of domain-general executive functions in linguistic 

processes. 

Chapter 4 is dedicated to defining executive functions. First of all, the term executive 

function is defined in general, followed by a detailed description of the three main 

executive functions inhibition, switching (shifting) and working-memory updating. In 

a dedicated sub-chapter, these executive functions are further differentiated and 

mapped onto tasks that make it possible to test the respective executive function.  

Chapter 5 marks the point where the aforementioned isolated knowledge about 

executive functions and linguistic processes converges. It begins by posing a key 

question in cognitive bilingualism research: how do bilinguals manage more than one 

language in their mind without being subject to unwanted interference from one 

language when another is used? To elucidate on this question, relevant 

psycholinguistic models of both word identification as well as word production are 

delineated in separate subchapters. By doing so, first mentions of the involvement of 

executive functions in these processes are highlighted. Building on this, another 

subchapter is dedicated to investigating the neural overlap of domain-general 
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executive functions and language-specific processes during language processing. 

Relevant studies investigating this overlap with behavioural as well as neuroscientific 

methods are presented, and a language control network depicting the involved brain 

regions implicated in executive functions and language processing is illustrated. In 

the final subchapter of Chapter 5, the bilingual advantage hypothesis is presented, 

integrating knowledge about language-induced brain plasticity and skill acquisition 

from Chapter 2 and Chapter 3 as well as knowledge about the involvement of 

executive functions in bilingual language processing from Chapter 4 and the current 

Chapter 5. The chapter concludes with presenting factors of the bilingual experience 

that may modulate the change in executive functions that constitutes the basis of the 

bilingual advantage hypothesis, putting simultaneous interpreting in the focus as an 

instance of extreme language control.  

In order to describe SI as a cognitive task, Chapter 6 starts out by defining SI and 

setting it apart from other forms of translation and modalities of bilingualism. Key 

literature and associated models that highlight important SI-specific processes are 

presented and the involvement of executive functions in these models and processes 

is emphasized. Subsequently, interpreting competence models are presented and SI 

competence acquisition models are accentuated to draw a parallel to skill acquisition 

models from cognitive science mentioned in Chapter 2. Pertinent studies using both 

behavioural as well as neuroscientific methods are presented in another subchapter 

that indicates how SI as an extreme form of language control affects the brain 

structurally and functionally, complementing studies from Chapter 3 that concern 

language-induced brain plasticity in general. Finally, studies using both behavioural 

as well as different neuroscientific methods are presented that investigate how SI 

and SI training affect executive functions.   

Chapter 7 provides an interim summary of all previous chapters, highlighting the key 

points that are relevant to the research question of this dissertation. Furthermore, 

Chapter 7 presents the research gap as well as the hypothesis to prepare for the 

empirical part of this dissertation.  

Chapter 8 constitutes the study that was conducted to investigate the research 

question and test the hypotheses that were formulated in the previous chapter. 

Initially, the methods that were applied are presented, a combination of behavioural 
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data, event-related potentials, frequency band analysis as well as competence data. 

To substantiate the use of event-related potentials, their fundamentals are explained 

which is followed by a detailed description of relevant ERP components and a small 

literature review that validates the tasks that are used to examine the three main 

executive functions in the study as well as to give an overview of relevant areas of 

interest and electrodes that are used for the ERPs. Subsequently, the tasks that are 

used to test the executive functions are explained in detail, followed by an in depth 

description of the participants that took part in the study, the stimuli that were used, 

how the data was collected as well as how the data was analysed. Thereafter, the 

results of the study are presented, starting out with the competence data and 

followed by behavioural data as well as electrophysiological data.   

The findings that were presented in Chapter 8 are critically discussed in detail in 

Chapter 9 where they are also contextualized within the framework of the relevant 

literature that that was presented beforehand and compared to previous studies.  

Chapter 10 marks the conclusion of the study, where all findings are again briefly 

summarized and put into context. Furthermore, the implications and relevance of the 

findings are discussed. Lastly, Chapter 10 also presents the limitations of the study as 

well as future research endeavours that are relevant to the research field in the 

context of this dissertation. 
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2. Neuroplasticity and Learning 
 

There is little doubt that bilingualism and therefore managing multiple languages in 

one brain changes the brain both functionally and structurally, a hypothesis for which 

studies comparing monolingual and multilingual brains have provided ample 

evidence (see e.g. Mechelli et al. (2004); Felton et al. (2017); Burgaleta et al. (2016); 

Luk et al. (2011)). Yet, there seems to be something even more distinct about 

simultaneous interpreting (SI), a specific modality of bilingualism, that distinguishes 

interpreting brains from non-interpreting bilingual brains. Studies comparing 

interpreters and bilinguals or multilinguals have shown increased grey matter volume 

in different brain areas (e.g. Becker et al. (2016); Babcock (2015)), increased 

functional connectivity (e.g. Becker et al. (2016)) or increased subcortical structure 

volume (e.g. Korenar et al. (2023)) for interpreters compared to bilinguals. 

Furthermore, increased cortical thickness in regions related to speech processing and 

executive functions, thereby expanding into the non-linguistic realm (e.g. Hervais-

Adelman et al. (2017)) have been shown for interpreters compared to multilinguals 

and sometimes translators. Interpreters have also been shown to outperform 

bilinguals in different executive functions tasks (Morales et al. (2015); Yudes et al. 

(2011); Henrard & van Daele (2017); Dong & Zhong (2017)). Therefore, the question 

of what it is about simultaneous interpreting that leads to adaptions in interpreting 

brains that are not apparent in bilingual brains is a relevant one.   

Simultaneous interpreting requires bilingual speech processing, similar to written 

translation and speaking two languages in general, however, interpreting and 

especially simultaneous interpreting requires the near simultaneous processing and 

coordination of two languages at the same time (Ahrens 2011: 105–106). Highlighting 

this simultaneity and the overlapping processing during SI, Babcock & Vallesi (2017) 

explain that SI “[…] requires an individual to simultaneously comprehend speech in 

one language, transform the meaning into another language, and produce the 

resulting output” (Babcock & Vallesi 2017: 403). But first and foremost, simultaneous 

interpreting is a skill that is learned and requires the acquisition of explicit 

competences (see Section 6.2). This is also supported by Babcock & Vallesi (2017), 

who explain that SI is also a form of bilingualism and a skill that needs to be acquired 
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(Babcock & Vallesi 2017: 403). At the core of every acquisition, learning, training, and 

skill process lies neuroplasticity. It can be referred to as the brain’s capacity to 

“modify itself, functionally and structurally, in response to experience and injury” 

(Bernhardi et al. 2017: 1). Learning how to manage multiple languages and 

specifically learning to interpret simultaneously can be seen as such an experience as 

mentioned by Bernhardi et al. (2017). However, before specifically focussing on how 

learning to manage multiple languages and finally how learning simultaneous 

interpreting can affect brain plasticity in executive functions, this chapter initially 

explains from a language-independent point of view the basis of how both structural 

as well as functional changes can arise as a function of learning and plasticity. 

Generally speaking, there are two main kinds of plasticity. Functional plasticity 

involves changes in the functionality of neurons, such as the firing rate or the amount 

of neurotransmitters that are released. Structural plasticity entails changes in brain 

volume effected the formation of new neural connections (Costandi 2016: 13).   

Already in 1948, the Polish neuro-physicist Jerzi Konorski deduced that the repetition 

of stimuli, by which he meant learning, can cause longer lasting transformations in 

certain neuron systems, which he called plastic changes, or, plasticity (Konorski 1948: 

79–82). Further developing from this, Donald Hebb coined the Hebbian learning law 

in his book The Organization of Behavior: A Neurophysiological Theory in 1949. He 

assumed that: 

“When an axon of cell A is near enough to excite a cell B repeatedly 

or persistently takes part in firing it, some growth process or 

metabolic change takes place in one or both cells such that A’s 

efficiency, as one of the cells firing B, is increased” (Hebb 1949: 62). 

 

While Hebb initially intended to define the cellular basis of learning in memory with 

this postulate, it formed the basis for long-term changes in synaptic strength. In other 

words, Hebb hypothesized that the simultaneous activity of presynaptic terminals 

and postsynaptic neurons reinforces their mutual synaptic connection. This suggests 

that recurring mutual activity not only strengthens the connections between neurons 

but makes it more likely that the connection is retained or that even new connections 

are formed. Correspondingly, synaptic terminals that do not receive as much activity 
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are weakened and will in time lose their connection to the postsynaptic cell. This 

mechanism explains how the brain continues to grow after birth in reaction to the 

new experiences a newborn is subjected to. This decline of synaptic connection can 

especially be seen in adolescence, when only the most frequently used connections, 

namely those shaped by experience persevere (Purves et al. 2012: 537–538). This 

concept of strengthening connections by frequent use has been applied in translation 

studies in the context of the gravitational pull hypothesis by Halverson (2003). She 

drew on the concept of entrenchment coined by Langacker (1987) who determined 

that any cognitive occurrence or cognitive event leaves a neurochemical trace behind 

that is supposed to facilitate the reoccurrence of said event. He states that “[…] an 

event becomes more and more deeply entrenched through continued repetition” 

(Langacker 1987: 100). He furthermore explains that a deeply entrenched event can 

be carried out more automatically than events that have not been repeated often 

enough to become entrenched (Langacker 1987: 100). Halverson (2003) extrapolated 

this concept to the field of translation and assumes that in an activated linguistic 

network, some linguistic nodes are more prominent than other, among other things 

because of their deeper entrenchment caused by frequent activation (Halverson 

2003: 216). She proposes that when translation equivalent routes have been 

repeated or activated several times, their connections are strengthened and 

therefore entrenched (Halverson 2003: 215). When translation routines are repeated 

often, they become more entrenched and automated (Halverson 2003: 200). In 

addition to entrenchment, salience also plays a role, a term Halverson (2003) 

originally referred to as “prominence” (Halverson 2003: 206–207), since some 

linguistic features are more prominent or salient than others. Halverson (2017) states 

that activation patterns that have been used more frequently over time and have 

become more entrenched are more prominent or salient than others, which causes 

the linguistic forms to be more likely to be chosen (Halverson 2017: 13). Halverson 

has described this as a “gravitational pull” (Halverson 2003: 216) and has also 

referred to this as “magnetism” (Halverson 2017: 14) in more recent publications 

since it better captures the concept that during translation, the translator is more 

drawn to target language items that exert more salience than others (Halverson 

2017: 14)  
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It has become clear from this chapter that coactivation and the strengthening of 

connections, both from a general neuroanatomical view as well as from a linguistic 

view is the key for plasticity and ultimately for learning to occur. Importantly, 

strengthening synaptic connections and synaptic pruning can occur in all stages of 

life. They are a crucial part of the brain reshaping itself as a consequence of learning, 

which is explained further in the next subsection. 

2.1 Learning-induced plasticity 
 

In the beginning of brain research, it was assumed that the brain was incapable of 

changing. However, works such as those by Diamond et al. (1964) lead to a paradigm 

change that showed that the brain is capable of changing in reaction to external 

experiences. This change is initially marked by an increase in grey or white matter 

volume. Diamond et al. (1964) used rats to study the influence of experience and 

environmental enrichment on the brain. Postpartum, rats were put in one of two 

groups. One group received environmental complexity training, the other group was 

put in an isolated condition and was depraved of new experiences. Results showed 

an increase of depth of cortex, especially in the visual cortex bilaterally for the 

environmental enrichment group compared to the sensory deprivation group. 

Furthermore, the environmental enrichment group showed a decreased number of 

neurons, glia, and capillaries per field. This was interpreted as an indication of more 

intercellular and intervascular substance due to more dendritic branching (Diamond 

et al. 1964: 111–118). Later, studies in humans have also shown that changes in brain 

volume and thickness can occur in adults, particularly in brain regions that are 

responsible in function for the task that is executed or acquired (Lövdén et al. 2013: 

2303–2304). Evidence for this comes for example from studies with taxi drivers or 

jugglers. Maguire et al. (2000) used MRI to compare the brains of London taxi drivers 

who have extensive navigation experience to those of a control group who were not 

taxi drivers. Results showed significantly increased grey matter volume in the 

posterior hippocampi for the taxi drivers compared to controls. This matches with 

the findings that the posterior hippocampus is implicated in recalling already learned 

spatial representations of the surroundings, especially in storing and using mental 

maps. Since the taxi drivers highly depend on their navigational skills, their 
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hippocampus seems to have adapted to the increased demands (Maguire et al. 2000: 

4398–4402). It must be said however that it is not clear from this study if there were 

no other confounding variables next to the navigational skills that might have led to 

changes in the hippocampus. Similarly, Draganski et al. (2004) compared grey-matter 

volume of two groups in a pre-and post-test using MRI. One group had to learn 

juggling  within a three month period in which they regularly practiced juggling. The 

other group did not receive juggling training. Both groups were scanned before the 

beginning of training and at the end of training. Finally, the jugging group was 

scanned an additional time three months after their training ended; they were no 

longer fluent in the juggling skill. Results showed that only the juggling group 

displayed increased grey-matter volume in the bilateral mid-temporal area and in the 

left posterior intraparietal sulcus after the second scan. After the third scan, this 

expansion decreased again (Draganski et al. 2004: 311). Taken together, results from 

both studies show that the adult brain is capable of changing and that change is not 

only present after birth and is not only the result of brain aging but also related to 

learning.  

The observation that acquiring and using a new skill may occur alongside structural 

adaptions in brain regions that are related to the execution of the skill is often 

referred to as experience-dependent plasticity (Pliatsikas 2020: 459). Draganski et al. 

(2004) also referred to the change of brain structure in adults in reaction to 

environmental demands as learning-induced plasticity (Draganski et al. 2004: 311). 

Therefore, based on Hebb’s postulate that neurons that are active together form 

stronger connections, learning and learning to adapt to new environmental 

influences or experiences is seen as one of the biggest influences of plasticity in the 

brain.  

However, what exactly constitutes the increases in brain volume is not entirely clear. 

It is assumed that it is a combination of changes in dendritic branches, synapses, cell 

numbers, cell sizes and capillaries (Lövdén et al. 2013: 2300).  

Changes in volume and thickness of grey and white matter are assumed to reflect 

learning and skill acquisition, however, the time-course of volumetric changes in the 

brain is an important aspect to consider, since an increase in volume might not last. 

In turn, this does not have to imply that the learning gains are lost. Interesting 
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evidence for this comes from Quallo et al. (2009), who used MRI to investigate the 

learning process of adult macaque monkeys who learned to use a rake. The monkeys 

were scanned before, during and after their intensive training. Results showed a 

learning related volumetric increase in several brain areas that corresponded to the 

learning curves of the monkeys. Monkeys that learned fast already showed a grey-

matter increase after one week of training, while a monkey that showed a flatter 

learning curve showed later and slower grey-matter volume increased. A crucial point 

here is that when the monkey’s performance reached a plateau, grey-matter volume 

decrease although the training continued. After training had finished, grey-matter 

volume was greater than at the beginning of training, but smaller than during the 

monkey’s performance peak. The authors concluded that the increases in grey matter 

volume were due to the tool learning experience (Quallo et al. 2009: 18397-18383). 

Lövdén et al. (2013) called this phenomenon “the expansion-partial renormalization 

hypothesis” and assumed that a rapid expansion of brain volume in the initial phase 

of training succeeded by a renormalization of brain volume since only the most used 

new connections are maintained, might be a general principle of neural plasticity 

(Lövdén et al. 2013: 2301). This increase in grey matter volume followed by a 

decrease and renormalization phase has also been discovered in the field of language 

learning which is discussed in more detail as a theoretical basis for plasticity in 

simultaneous interpreters in 5.4.  

Lövdén et al. (2013) emphasize that one should be cautious in equating an increase 

in brain volume with increased performance of the individual and that further 

research is necessary to establish for certain that learning is a prerequisite for 

volumetric brain changes or whether increased activity in relevant brain regions 

induced by the new experience suffice to show an increase in volume without any 

learning or improvement in performance (Lövdén et al. 2013: 2303–2304).  

  

Apart from the expansion-partial renormalization hypothesis, skill learning has also 

been discussed on a more theoretical level, however on the same basis, namely 

Hebb’s (1949) learning postulate (see Chapter 2.). Based on observations from brain 

research that have shown that over the course of learning, experience-dependent 

changes happen in the brain, Chein & Schneider (2012) explore the time line of 
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changes in the brain during learning. Grounded in the Hebbian learning postulate, 

Chein & Schneider (2012) present a triarchic theory of learning and skill acquisition. 

They explain how specific brain networks change as an effect of different stages of 

learning. Within a hierarchically organized learning system consisting of a (1) 

representation system, the (2) cognitive control network and the (3) metacognitive 

system, the learner lives through three stages of learning, beginning with the 

formation or acquisition of new behaviour that is converted into a controlled 

execution stage that ultimately results in a stage of automatic execution. While 

learners acquire and execute new skills, activity in these three systems change 

according to the learning stage. While activity in the cognitive control network is low 

in the formation stage, the activity of controlling and executing the new skill increases 

in the controlled execution stage of learning (Chein & Schneider 2012: 78–80). This 

three-phase model of learning and skill acquisition becomes more important later in 

this dissertation in the context of interpreting competence acquisition (see Section 

6.2) as well as in the context of structural and functional brain changes as an effect 

of managing multiple languages (see Chapter 3).  

Chein & Schneider (2012) explain that the representational system acts as an 

acquisition and storage system for memories and basic knowledge and creates 

associations based on people’s experiences, serving as an archive for accumulated 

knowledge. The learning mechanism of this system is said to rely on the Hebbian 

postulate that cells that often fire simultaneously create stronger connections (see 

Chapter 2.). Eventually, the representational system can process information without 

the cognitive control network which leads to faster and ultimately automatic 

responses to stimuli. This is why its activity is low in the first learning stage of 

formation, augments in the controlled execution stage and reaches a high in the 

automatic execution stage. Within their model, Chein & Schneider (2012) describe 

the cognitive control network as a “domain-general system responsible for 

monitoring and directing information processing in the representation system” 

(Chein & Schneider 2012: 81). This is the first mention of a domain-general executive 

control system in this context of skill acquisition and learning and will become more 

important in Chapter 4, when executive functions are explained, in Section 5.3 when 

the overlap of executive functions and language processing is laid out and in Section 
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6.2, when the acquisition of interpreting competences are examined. Within the 

hierarchic model, the cognitive control network is responsible for focussing attention 

on the relevant information and collaborates with working memory so that people 

can uphold their goals and keep out the irrelevant information. Its most important 

node is the lateral prefrontal cortex. In contrast to the representation system that 

only stores explicitly learned associations, the cognitive control network represents 

more complex information. The cognitive control network is highly involved when 

new information is processed in the representation system by controlling the focus 

of attention so that it focusses on the important information and the task goal can be 

maintained. Over time, the representation system becomes familiar with thoroughly 

studied associations and can tap directly into the information they contain. 

Therefore, the cognitive control system no longer has to give permission and is less 

activated, the representation system can deal with the information independently 

during the stage of automatic processing. Chein & Schneider (2012) mention that 

training can play a significant role in modelling and strengthening cognitive control 

capacity, as the regions of the cognitive control network become increasingly 

efficient. Furthermore, Chein & Schneider (2012) summarize that different cognitive 

control processes can be enhanced by different types of experiences. This means that 

training cognitive control can enhance, for example, the ability to update active 

mental representations, to multitask or to suppress interferences from distractions 

(Chein & Schneider 2012: 81–82).   

Interestingly, these descriptions of control processes that can be enhanced 

corresponds to the main domain-general executive functions discussed in detail in 

Sections 4.1, 4.2 and 4.3, inhibition/interference suppression, monitoring, working 

memory updating and shifting. The involvement of interference suppression, working 

memory updating and shifting in bilingual language processing in general has been 

discussed extensively, as laid out in further detail in Sections 5.1 and 5.2. 

Furthermore, the involvement of these processes in translation and especially 

simultaneous interpreting has a special status. For example, monitoring and 

inhibition have both been assumed to be involved in conflict monitoring for 

interference of a more activated language or monitoring of speech input and output 

during simultaneous interpreting (for details see Chapter 6).    
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Additionally, the metacognitive system can be regarded as a control system that 

oversees the cognitive control network. It is involved in establishing new behavioural 

routines, prepares and initiates tasks and monitors them (Chein & Schneider 2012: 

82). The metacognitive system plays its most important role in the formation stage, 

where it is responsible for initiating and preparing the brain to carry out a novel 

routine. This is followed by the controlled execution stage, where the cognitive 

control network guides the attention to the most important information and 

prevents distractions. Ultimately, when the system has learned to automatically 

execute the information, the representation system is most active, the cognitive 

control system can let go to some degree since the association between the stimulus 

and the appropriate response has been sufficiently established (Chein & Schneider 

2012: 83).  

Lastly, Chein & Schneider (2012) assign the different phases and systems to brain 

regions. They associate the formation stage with an increase in activity in the anterior 

prefrontal cortex that they ascribe to the metacognitive system. When the skill 

acquisition shifts into the controlled execution stage that revolves around the 

cognitive control network, Chein & Schneider (2012) describe that the activity in the 

anterior prefrontal cortex diminishes and in turn grows in the dorsolateral prefrontal 

cortex, the anterior cingulate cortex, the posterior parietal cortex and the inferior 

frontal junction. When the skill is mostly automated after practice, the activity in the 

cognitive control areas is reduced, task performance is mainly linked to the 

representation system (Chein & Schneider 2012: 81). Note that the cognitive control 

areas mentioned by Chein & Schneider (2012) largely correspond to the executive 

control network established by Abutalebi & Green (2007; 2008) and Green & 

Abutalebi (2013) in Section 5.3. 

This subchapter has explained the concept of experience- or learning dependent 

plasticity in the adult human brain by presenting studies on animals and humans that 

rely on the Hebbian learning postulate laid out in Chapter 2. Furthermore, two 

important frameworks have been discussed that examine how learning a skill affects 

the time course of experience-dependent plasticity on a structural level (expansion-

partial renormalization hypothesis) and that explains how a new skill is learned on a 
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more theoretical level (hierarchical model of learning). The latter framework 

explicitly incorporates the role of domain-general executive functions, which 

provides an important basis for the following chapters that explain how managing 

multiple languages and especially simultaneous interpreting can impact the brain and 

executive functions.  

In preparation of domain-generality, the next subsections briefly highlight another 

aspect of plasticity, namely the transfer of a skill learned in one domain to another 

domain that was not specifically trained. 

2.2 Transfer of expertise 
 

As laid out in the previous subsection, learning and skill acquisition can impact the 

structure and functionality of our brain. Interestingly, this reorganization is not 

necessarily limited to the domain that was trained, but can be transferred. Kimball & 

Holyoak (2000) see transfer as a basic process of learning and explain transfer as the 

performance of a task that affects the performance of a second task. They argue that 

transfer and expertise are related in such a way that certain types of expertise allow 

for a transfer of learning to new tasks. However, in order for transfer to occur, two 

tasks must share features that are relevant for achieving the goal of the tasks. 

According to their reasoning, experts can better transfer knowledge to a new task 

that even lies beyond their initial domain of expertise (Kimball & Holyoak 2000: 109–

118).  

Although they do not specify the features that must be shared between two tasks so 

that a transfer of expertise can occur, it is possible that the common denominator 

here are domain-general executive functions (see Chapter 4). Evidence for this comes 

from various studies that show a successful skill transfer in the field of musical 

expertise as well as video games: In a study with children aged 6-15, Ho et al. (2003) 

investigated how music training affects visual and verbal memory. One group was in 

a musical programme at school and received additional training. The other group had 

no such training and had not participated in a musical programme before. Both 

groups were matched on intelligence and subjected to different tasks of verbal and 

visual memory. As a result, children with music training showed better verbal 
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memory than the group without music training. Schellenberg (2004) conducted a 

study with four groups of children: Participants in two of the groups received 

instrumental or voice training, participants in two other groups either received no 

training at all or were trained in drama, a non-musical artistic activity. The IQ was 

measured before and after the training period. Children in the music groups showed 

greater increases in IQ compared to the control groups. Interestingly, children in the 

non-musical artistic activity groups showed improvements in adaptive social 

behaviour. In an ERP-study, Moreno et al. (2011) trained two groups of children in 

musical curriculum or a visual arts curriculum. An intelligence test as well as an 

executive functions task were administered as pre- and post-tests. The results 

showed enhanced performance in verbal memory as well as an improvement in 

executive functioning. Results also revealed an increased P200 ERP amplitude that 

has been interpreted to reflect an increased neural representation of the executive 

function skill by training. P200 refers to a positive peak of electric potential 200ms 

after a stimulus has been presented.  

Similarly, studies have investigated how performance in video games can be 

transferred into the domain of cognitive functions. Buelow et al. (2015) observed the 

effect of short term video game playing and compared it to a control group. 

Participants in the video game group showed improved performance on measures of 

decision making and problem solving, and made fewer errors, reflected in the 

Wisconsin Card Sorting test. In four experiments, among them a Flanker compatibility 

task, Green & Bavelier (2003) showed changes in various aspects of visual attention 

when they compared frequent video game player with non-players.  

Taken together these studies and the knowledge on brain plasticity, learning and 

transfer of skills show that our brain and especially our cognitive control functions 

are exceedingly receptive to different experiences. One of these experiences that can 

also massively impact our cognition is bilingualism, controlling more than one 

language. The following chapter will therefore initially try to gauge the multifaceted 

term of bilingualism and then provide evidence on how managing multiple language 

can induce structural and functional plasticity in the brain. Studies from both 

bilingualism research as well as translation studies research will be provided. 
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This rather general approach to plasticity, skill acquisition and transfer of expertise 

however also translates to the linguistic realm. The following subsections will present 

experimental evidence from studies that have shown that learning to manage 

multiple languages in one brain is one of the external experiences that show 

structural as well as functional effects on both linguistic as well as non-linguistic 

executive functions. Transfer of expertise and training domain-general executive 

functions is also not a phenomenon that is restricted to the bilingual research 

domain. Learning to translate and to interpret between multiple languages and 

acquiring interpreting and translation specific competences also requires skill 

acquisition that is assumed to extend to the executive functions domain as will be 

explained in more detail in Chapter 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

22 
 

3. The plastic bilingual brain 
  

The term bilingualism, although conveying the impression of being clear-cut, is much 

more complex and requires careful differentiation. More limited definitions of the 

term have described bilingualism for example as “[…]native-like control of two 

languages” (Bloomfield 1933 // 1984: 56), using only the proficiency level of speakers 

as indicators of bilingualism. However, this definition neglects important aspects of 

the experience of managing two languages and leaves open the question of which 

competence level would exactly classify a speaker as bilingual. In a more recent and 

broader definition, Grosjean & Li (2013) describe bilingualism as “[…] the use of two 

or more languages (or dialects) in everyday life” (Grosjean & Li 2013: 5). This however 

leaves room for speculation about the frequency, context, and modality of use of two 

languages in everyday life. When discussing bilingualism in depth and especially when 

conducting research with bilinguals and monolinguals, it should be classified in 

accordance with various dimensions, such as age of acquisition (AoA), learning 

context, sociocultural and linguistic environment, context of language use, detailed 

differentiation of language competence according to dominance, fluency and literacy 

of language, speaking and finally switching habits. AoA is often grouped into the 

subcategories early simultaneous bilinguals for a parallel acquisition of both 

languages before the age of three, early sequential bilinuals for instances in which 

the acquisition of the second language before the age of six and late sequential 

bilinguals for instances where the second language is usually learned after the age of 

three or six. Language competence is often grouped into balanced and unbalanced 

bilinguals. The first case covers bilinguals that have obtained the same level of 

proficiency in both languages while the latter case covers bilinguals that show 

dominance in one language (Schwieter & Festman 2023: 6–7). However, classifying 

bilingualism is not a trivial endeavour and still poses difficulties for bilingualism 

researchers everywhere. As Marian & Hayakawa (2021) explain, “[…] attempting to 

quantify ‘how bilingual’ is an individual (especially relative to others) is particularly 

challenging due to the many forms that bilingualism can take“ (Marian & Hayakawa 

2021: 527). Although there are standardized tests and self-reports such as the 

Language and Proficiency Questionnaire (LEAP-Q) (Marian et al. 2007) that attempts 
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to generate a reliable measure of bilingualism or the Bilingual Switching 

Questionnaire (Rodriguez-Fornells et al. 2011) that tries to capture the extent to 

which bilinguals switch between languages in different contexts, there are still 

caveats. Marian & Hayakawa (2021) summarize that especially self-reported 

measures of proficiency can vary across skills, measures, ages, proficiency levels and 

raters and explain the option of combining self-reports with standardized tests of the 

bilingual ability such as picture naming or different vocabulary tests. They highlight 

that a prominent issue in bilingualism research is that the methods and measures 

that are applied to characterize bilingual and monolingual participants are still 

extremely heterogenous and that participants are often still grouped roughly 

together into a bilingual and a monolingual group, although there is a common 

consensus that bilingualism should be seen as a continuum. Most studies presented 

in this dissertation share this issue that is inherent to the whole research field. 

Populations often differ greatly in factors such as language history and language 

experience which, in addition to the lack of standardization in methods, makes it 

difficult to interpret results across studies. Marian & Hayakawa (2021) emphasize 

that “Until there is greater consensus on how individual differences should be 

assessed, it will be challenging to determine whether inconsistent results across 

studies emerge from differences in populations or measures“ (Marian & Hayakawa 

2021: 534). This is especially important for studies researching the bilingual 

advantage (see Section 5.4). Marian & Hayakawa (2021) recommend that researchers 

collect detailed participant information and try to establish whether there are 

relationships across some variables, as well as using mixed-effect models that can 

account for variance due to participant or item influences (Marian & Hayakawa 2021: 

527–534). They even propose computation of a bilingual quotient, similar to the 

intelligence quotient but acknowledge the issues that come with the depiction of 

intelligence in the IQ (Marian & Hayakawa 2021: 542). Translation and Interpreting 

research are challenged by similar issues, as explained in more detail in Section 6.1. 

The measure of translation or interpreting competence is extremely important in 

experimental research, since participants also need to be classified in terms of their 

abilities in applying certain translation or interpreting skills. Bilingual competence is 

a part of translation and interpreting competence (see e.g. PACTE group et al. (2003), 
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EMT framework European Commission 2022)) which makes it all the more important 

to establish standardized and comprehensive measures when studying translators 

and interpreters (see Sections 6.1 and 8.1.3).  

Coming back to the bilingual brain, it is most important in the context of cognitive 

studies that the bilingual brain is seen as a complex and plastic entity that is formed 

depending on various language modes and experiences. As noted early on by 

Grosjean (1989), bilinguals and therefore the bilingual brain should not be seen as 

“two monolinguals in one person “ (Grosjean 1989: 5), but as “an integrated whole 

which cannot easily be decomposed into two separate parts” (Grosjean 1989: 6) with 

languages interacting in complex neural networks.    

In the context of this dissertation, bilingualism is seen as the act of managing more 

than one language in the brain. More specifically, the focus lies on the cognitive 

mechanisms for using and controlling two languages and how these mechanisms are 

affected and altered by simultaneous interpreting training, a form of translation 

activity and an extreme case of language control within the bilingual experience. The 

following subsections of Chapter 3 consider neurolinguistic studies on how 

bilingualism changes the structure and functionality of the brain. Section 3.1 presents 

studies that approach this topic from the viewpoint of bilingualism studies while 

Chapter 3.2 presents studies that approach this topic by from a more translation and 

interpreting-oriented perspective. 

3.1 Language-induced brain plasticity in bilingualism research 
 

The action of managing more than one language in the brain has long been assumed 

to affect the architecture and functionality of our cognitive abilities. Managing two 

language was initially thought to be non-beneficial, it was even presumed to 

negatively impact language development in children. However, a study by Peal & 

Lambert (1962) was the first to show a positive impact of bilingualism: bilingual 

children performed better than monolingual children on tests that required symbol 

manipulation and reorganization. In terms of increased executive functions in one 

French-English bilingual participant they observed that “Intellectually his experience 

with two language systems seems to have left him with a mental flexibility, a 
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superiority in concept formation, and a more diversified set of mental abilities” (Peal 

& Lambert 1962: 20). 

Since then, the field of neurolinguistics has come a long way in examining the impact 

of acquiring and using more than one language, or more specifically, how the brain 

restructures in order to accommodate linguistic representations of more than one 

language and control the processing efforts this entails.   

As mentioned in Chapter 2, acquiring a new skill restructures the brain which can 

manifest in higher grey or white matter brain volume as well as increased functional 

connectivity. In the context of language acquisition and bilingualism, the main 

findings concern both cortical grey matter and subcortical structures, the cerebellum, 

white matter structural connectivity as well as resting state functional connectivity. 

Mechelli et al. (2004) compared monolinguals to early and late bilinguals, revealing 

higher grey-matter density in the left posterior supramarginal gyrus (pSMG) that was 

more pronounced for early than for late bilinguals. The inferior parietal cortex is 

involved in verbal fluency tasks (Mechelli et al. 2004: 757). Grogan et al. (2012) 

examined the grey matter volume of bilinguals and multilinguals and found increased 

grey matter density in the pSMG for the multilingual group (Grogan et al. 2012: 1350). 

Olulade et al. (2016) compared grey matter volume of monolinguals to unimodal and 

bimodal bilinguals and found increased volumes in the left hemisphere in the 

dorsolateral prefrontal cortex (DLPFC) with the middle frontal gyrus (MFG) and the 

precentral gyrus (PCG), the inferior frontal gyrus (IFG), inferior middle and superior 

occipital gyri, cuneus as well as posterior middle temporal gyrus (MTG) for unimodal 

bilinguals. In the right hemisphere, the IFG, MFG, superior frontal gyrus (SFG), frontal 

operculum, inferior parietal lobule (IPL), MTG and superior temporal gyrus (STG) 

showed increased volume for unimodal bilinguals (Olulade et al. 2016: 3199). Felton 

et al. (2017) also compared grey matter volume of monolinguals and bilinguals and 

found greater volume of the right anterior cingulate gyrus and sulcus, the pars 

triangularis, the inferior frontal sulcus as well as the superior temporal gyrus for 

bilinguals. Interestingly, they also observed a volume increase in corpus callosa in the 

central callosal region (Felton et al. 2017: 4–6). These studies show that the 

experience of bilingualism and controlling more than one language induces cortical 
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changes in areas that manage phonological and lexico-semantic processing but also 

language and domain-general executive control (Pliatsikas 2019: 235). Especially the 

anterior cingulate cortex hosting the anterior cingulate gyrus has often been 

correlated to domain-general executive control (Abutalebi et al. 2012).   

Subcortically, Hosoda et al. (2013) found increased volume of the caudate nuclei in a 

vocabulary learning study after a learning period of 16 weeks (Hosoda et al. 2013: 

13666). Burgaleta et al. (2016) compared monolinguals to simultaneous bilinguals 

and found greater volume of the putamen, thalamus, globus pallidus as well as right 

caudate in bilinguals (Burgaleta et al. 2016: 440). Similar results were provided by 

Pliatsikas et al. (2017), who examined bilinguals who differed in immersion and L2 

usage with monolinguals. Results showed bilateral increased volume in the putamen, 

globus pallidus and right thalamus. Furthermore, immersion was a predictor of 

increased volume in right globus pallidus (Pliatsikas et al. 2017: 1788).   

Concerning white matter changes, the most interesting structure in the context of 

this dissertation is the corpus callosum (CC), which ensures among others, 

interhemispheric communication  with regions of the prefrontal cortex such as 

inferior frontal regions (Lacoste et al. 1985: 582). The prefrontal cortex has also been 

shown to be highly involved in both language control and executive functioning 

(Abutalebi & Green 2008, 2016). Coggins et al. (2004) compared monolingual 

teachers to bilingual teachers and found increased volume in the anterior midbody 

of the corpus callosum in bilinguals (Coggins et al. 2004: 72). Luk et al. (2011) 

compared monolinguals to lifelong bilinguals and found increased white matter 

density bilaterally in the superior longitudinal fasciculus (SLF), right inferior fronto-

occipital fasciculus (IFOF) and the right uncinate fasciculus (Luk et al. 2011: 16810). 

Nichols & Joanisse (2016) correlated L2 proficiency and AoA in bilinguals with white 

matter density changes and found positive correlations between AoA of L2 and 

increased density in the right inferior longitudinal fasciculus (ILF), arcuate fasciculus 

and the corpus callosum, as well as correlations between L2 proficiency and increased 

density on the right ILF, arcuate fasciculus and forceps minor that belong to the 

corpus callosum (Nichols & Joanisse 2016: 20). Rossi et al. (2017) investigated the 

impact of L2 proficiency levels on white matter changes and compared monolinguals 

to proficient but late L2 learners. They found higher white matter density in the 
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corpus callosum, IFOF and inferior longitudinal fasciculus (Rossi et al. 2017: 5–6). 

Taken together, these studies show that managing more than one language affects 

various white matter areas that are involved in linguistic processing, for example in 

semantic, syntactic, and phonological processing on the one hand, and areas 

implicated in executive functions on the other hand. Since managing two languages 

is thought to pose increased demands on language as well as cognitive control, 

myelination of white matter tracts is elevated, resulting in higher white matter 

density to ensure effective communication between both hemispheres (Pliatsikas 

2019: 242).  

As for the impact of managing multiple languages on brain functionality, most studies 

focus on changes in resting state connectivity, which is the connectivity of brain 

regions when no task is to be performed. Berken et al. (2016) used fMRI to compare 

resting state connectivity in sequential to simultaneous bilinguals with focus on the 

inferior frontal gyrus. They found stronger functional connectivity for simultaneous 

bilinguals between the left and right inferior frontal gyrus and between the inferior 

frontal gyrus and the dorsolateral prefrontal cortex, inferior parietal lobe and 

cerebellum, all regions partly involved in language and/or executive control. 

Especially the right inferior frontal gyrus plays a role in domain-general executive 

functions such as response inhibition and attentional control. Furthermore, L2 AoA 

was correlated with strength of functional connectivity, with earlier L2 AoA 

correlated with stronger functional connectivity. They also found that during speech 

production, the left inferior frontal gyrus showed reduced activation despite 

increased functional connectivity. Taken together, the results were interpreted 

towards increased neural efficiency for simultaneous bilinguals and for bilinguals with 

earlier L2 AoA.  

Similarly, Kousaie et al. (2017) also compared resting state functional connectivity in 

simultaneous bilinguals to sequential bilinguals with focus on the ventromedial 

prefrontal cortex (VMPFC) and additionally tested the participants on a Simon task to 

assess the executive function of interference suppression. Results revealed that the 

VMPFC activity was correlated positively with areas of the so called default mode 

network, which show a decrease in activity when a task is present. So, as activity in 
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the VMPFC decreased, activity in the default network also decreased which is 

associated with better performance of executive function tasks. Furthermore, the 

authors also found a negative correlation of activation in the VMPFC with areas of 

the task-positive attention network that show an increase in activation when a task 

is present. This means as activity in the VMPFC or the default mode network 

decreases, activity in the task-positive attention network increases, which is involved 

in important executive functions such as attentional control. Ultimately, results 

revealed that this anticorrelation between the default mode network and the task-

positive attention network is influenced by the degree of bilingualism, with stronger 

anticorrelations between the VMPFC and the task-positive attention network for 

simultaneous bilinguals than for sequential bilinguals in combination with better 

interference suppression performance in the Simon task for simultaneous bilinguals.

  

Instead of applying a binary approach to bilingualism, Sulpizio et al. (2020) 

investigated the effect of L2 AoA, L2 proficiency and usage as continuous variables 

on resting-state functional connectivity in regions identified to be involved in 

language processing and executive functions, namely the prefrontal cortex, bilateral 

ACC, inferior parietal lobules, thalamus, basal ganglia and cerebellum (Abutalebi & 

Green 2008, 2016). They found that higher AoA values were associated with more 

functional connectivity between the left pSTG and the left praecuneus. Furthermore, 

an increase in L2 proficiency was associated with an increase in connectivity only for 

late bilinguals. Specifically, for regions associated with control, increased L2 

proficiency was associated with increased efficiency. Furthermore, living in a bilingual 

context where both languages are used equally was associated with enhanced 

connectivity.  

3.2 Language-induced brain plasticity in cognitive translation and interpreting 

research 
 

In contrast to bilingualism research, cognitive translation and interpreting studies 

“[…] focus on the ways people translate and interpret oral, written and signed 

languages, in order to improve production, quality, professional training and user 
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education” (Muñoz Martín 2022: 1). Evidence from the impact of managing more 

than one language in the context of translating and interpreting mostly stems from 

studies on interpreters and professional translators who were compared to bilingual 

or multilingual controls. A more in depth review of the research landscape of changes 

to the brains of interpreters specifically is provided in Section 6.3. However, the 

following studies represent selected contributions from studies that are more 

oriented towards translation and interpreting than towards bilingualism. 

Elmer et al. (2010) examined auditory word processing in simultaneous interpreters 

with more or less interpreting experience and compared them to bilingual controls. 

Within the scope of an EEG study, participants performed a lexical decision task. 

Results showed larger N400 in interpreters during incongruent trial detection within 

the L1 and L2, as well as when they performed the task in the other direction from L1 

to L2. These results were interpreted as sensitivity to semantic processing with and 

across L1 and L2 that was induced by interpreting training (Elmer et al. 2010: 152).

  

Elmer et al. (2011) compared white matter density of simultaneous interpreters to 

non-interpreting bilingual controls and found reduced density in various parts of the 

corpus callosum for the simultaneous interpreting group. They interpreted the 

results as expertise-related modifications of white matter that are due to special 

demands of simultaneous interpreting (Elmer et al. 2011: 2069). Elmer et al. (2014) 

compared grey matter volumes of professional simultaneous interpreters to 

multilingual controls. In contrast to the results in bilingualism research, simultaneous 

interpreters showed reduced grey matter volume in the left middle-anterior 

cingulate gyrus, bilateral middle-anterior insula, left SMG, bilateral pars triangularis 

and left pars opercularis compared to the multilingual control group (Elmer et al. 

2014: 183).  

Contrary to these findings, Becker et al. (2016) compared simultaneous interpreters 

to professional translators and found increased grey matter volume in the left frontal 

pole region for simultaneous interpreters, a region belonging to the prefrontal cortex 

associated with multitasking. Furthermore, they found increased functional 

connectivity between the frontal pole and the left IFG, pars opercularis and pars 

triangularis, as well as the left MTG in simultaneous interpreters. They concluded that 
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interpreters show a network that is functionally more strongly connected than in 

controls (Becker et al. 2016: 257).  

As a part of her dissertation, Babcock (2015) examined changes in grey- and white-

matter in simultaneous interpreting students and translation students at the 

beginning and at the end of their two-year Master’s programme. She found an 

increase in grey-matter volume for interpreters in regions that are implicated in 

simultaneous language input and output. Furthermore, results showed that white 

matter language pathways in the left hemisphere were reinforced (Babcock 2015: 

110).   

Hervais-Adelman et al. (2017) measured cortical thickness in interpreting students 

before and at the end of their Master’s programme and compared both instances to 

multilingual controls. They found increases in cortical thickness in regions involved in 

speech processing and executive functions for the simultaneous interpreters 

compared to the controls: in the left posterior STG, SMG, the planum temporale 

within the Sylvian fissure and in the right hemisphere in the superior parietal lobule, 

the angular gyrus of the IPC, in the intraparietal sulcus and in the superior frontal 

gyrus (Hervais-Adelman et al. 2017: 215).   

Korenar et al. (2023) compared volumes of the caudate nucleus and the putamen of 

translators, interpreters and bilinguals. They found that translators and interpreters 

showed significantly larger putamen and caudate volumes than bilinguals. However, 

there were no significant differences in putamen and caudate volumes between 

interpreters and translators. Interestingly, the authors also calculated the effects of 

bilingual experiences as indexed by a score on caudate and putamen volumes. For 

interpreters, volumes of both caudate nuclei initially increased with growing bilingual 

experience only to decrease after reaching a certain level of bilingual experience. For 

translators, only the volume of the caudate nucleus showed an initial increase and a 

following decrease in volume with growing bilingual experience. They reasoned that 

different brain regions adapt as a reaction to differences in bilingual experiences 

(Korenar et al. 2023: 5).    

Since these studies compared interpreting individuals to non-interpreting individuals 

(bilinguals or translators) and found differences in different parts of brain 

architecture, this seems to suggest that there is something “special” or unique about 
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how the practice of interpreting shapes the brain that even transcends the control 

demands that are put on managing multiple languages in “only” bilingual brains. 

There even seems to be a difference between translating and interpreting individuals, 

although not all studies confirm this difference (see Korenar 2023). This reinforces 

the question of what it is about the modality of simultaneous interpreting that 

warrants these changes; this is discussed further in Chapter 6. Points that need to be 

critically reflected in studies from bilingualism as well as translation and interpreting 

research mostly concern the issue of measuring bilingualism or bilingual proficiency 

as well as interpreting or translation competence that was already discussed in the 

introduction of Chapter 3. Only more recent studies try to gauge the impact of 

variables such as AoA or L2 proficiency or immersion (see e.g. Pliatsikas et al. (2017) 

or Sulpizio et al. (2020)). In the studies involving interpreters or translators and 

bilinguals, non-interpreting bilinguals were not examined on some important 

variables, for example on how much they switch between language which could 

impact results. Furthermore, it is not straightforward to interpret the opposing 

results of increased grey-matter volume in one study (Becker et al. 2016) and 

decreased grey-matter volume in another study (Elmer et al. 2014). Since 

measurements were often not accompanied by tests of performance, it is difficult to 

infer from more or less brain volume to better or worse performance or a more or 

less efficient brain. After all, most studies presented here apart from one study by 

Hervais-Adelman et al. (2017) or Babcock (2015) were cross-sectional with results 

only representing one moment in time.  

Despite the criticism, these neurolinguistic studies from both bilingualism research 

and cognitive translation and interpreting studies show the general capability of the 

brain to adapt in response to different characteristics of managing multiple languages 

such as the age at which the languages are required, the proficiency of both 

languages as well as the modality of language use (e.g. simultaneous interpreting vs. 

bilingual language use in everyday life). This chapter has already briefly touched upon 

the fact that, during language processing, both linguistic brain regions as well as brain 

regions responsible for domain-general executive functions are affected by structural 

and functional changes induced by managing multiple languages. The following 

Chapter 4 provides a thorough definition of executive functions and describes 
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selected executive functions that are prevalent in literature as well as relevant to this 

dissertation. Chapter 5 will then consolidate executive functions and their role in 

language processing as a preparation for discussing the effects of simultaneous 

interpreting on executive functions. 
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4. Executive functions 
 

The terms cognitive control and executive functions have often been used 

interchangeably in research. It can be argued that cognitive control refers to a more 

general spectrum of mental processes, as laid out in Botvinick et al. (2001):  

“A remarkable feature of the human cognitive system is its ability to 

configure itself for the performance of specific tasks through appropriate 

adjustments in perceptual selection, response biasing, and the on-line 

maintenance of contextual information. The processes behind such 

adaptability, referred to collectively as cognitive control […]” (Botvinick et 

al. 2001: 624). 

Executive functions have been defined as “[…] a collection of top-down control 

processes used when going on automatic or relying on instinct or intuition would be 

ill-advised, insufficient, or impossible” (Diamond 2013: 136). More precisely, they can 

be viewed as “[..] the ability to coordinate thoughts and actions in relation with 

internal goals a variation of top-down mental processes that help us coordinate our 

thoughts and actions […]” (Koechlin et al. 2003: 1181). Executive functions play a vital 

role in our everyday life since they are involved in higher cognitive processes such as 

planning and reasoning. Exercising executive control is seen as effortful, since it is 

harder to change and interrupt a process than to automatically continue down a path 

(Diamond 2013: 136; Koechlin et al. 2003: 1181). Early models such as by Norman & 

Shallice (1986) have already distinguished between more automatic processing that 

is carried out by learned and familiar action sequences called schemas that can be 

triggered by an event, and the supervisory attentional system (SAS) that controls 

attention. As opposed to automatic processing, the SAS is required if a situation is 

new and no automatic task schemas can be applied, the task goal needs to be 

changed, something needs to be suppressed or the task is difficult (Norman & Shallice 

1986: 6–8). Miller & Cohen (2001) described automatic behaviours such as reacting 

to an unexpected stimulus form over time as a learning mechanism and can be 

classified as bottom-up processing. Bottom-up processing behaviour can therefore 

be categorized as being determined by external stimuli. In contrast to that, they 

describe the requirement of controlling behaviour by inner goals as top-down 

processing. Top-down processing behaviour is therefore not guided by external 
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stimuli but by internal intentions. They explain that the prefrontal cortex is especially 

involved in top-down processing, namely in situations where automatic processing is 

not possible since more control is required, e.g. when we need to form internal goals 

and want to achieve them or the goals change frequently (Miller & Cohen 2001: 168). 

  

As one of the most complex functions that can be carried out by the human brain, 

understanding all components of executive functioning is still an ongoing 

investigation. However, different attempts to categorize executive function have 

been undertaken, such as by Miyake et al. (2000). They have described executive 

functions as “[…] general-purpose control mechanisms that modulate the operation 

of various cognitive subprocesses and thereby regulate the dynamics of human 

cognition” (Miyake et al. 2000: 50). They defined three “core” executive functions: 

inhibition, shifting (and monitoring) and working memory updating. In their “unity 

and diversity model”, they show that although executive functions do have distinctive 

aspects and are separable from one another to a certain extent, they also share one 

important common factor that can be considered the core of executive functioning: 

the ability to maintain task goals (Miyake & Friedman 2012: 10–12).   

Although that it is beyond question that executive functions involve neural networks 

that extend beyond frontal regions, the prefrontal cortex has been identified as 

particularly important for executive functioning (Miller & Cohen 2001: 168). Studies 

such as a PET study by Collette et al. (2005) provided neuropsychological evidence 

for the distributed network of executive functions. Adapted to the unity and diversity 

model by Miyake et al. (2000), they examined which brain areas are commonly active 

during all three main executive functions tasks and which brain area activation is task 

specific. They found that all three tasks shared the activation of the left superior 

parietal cortex, the right intraparietal sulcus, the left middle frontal gyrus as well as 

the left IFG. The right supramarginal gyrus, the left praecuneus, left superior parietal 

cortex as well as the left middle and inferior frontal gyrus was specifically associated 

with switching, while updating specific areas included the frontopolar, superior, 

middle, inferior and orbitofrontal cortex as well as the intraparietal sulcus and the 

cerebellum. Finally, inhibition mostly showed activation on the commonly activated 

cerebral areas, however, the right orbitofrontal gyrus and the right middle/superior 
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frontal gyrus seemed to be more associated with inhibition than with switching or 

updating (Collette et al. 2005: 418–419).   

A more detailed account on the location of executive functions can be found in 

Section 5.3.  

  

Following this definition of the broad terminus executive functions, the next 

subchapters dive into the three main executive functions as classified by Miyake et 

al. (2000) in greater detail. 

4.1 Inhibition  
 

Miyake et al. (2000) describe inhibition as the ability to wilfully inhibit dominant and 

automatic responses (Miyake et al. 2000: 57). Later, this definition of inhibitory 

control was extended to include controlling attention, behaviour as well as thoughts 

and emotions in order to follow an internal goal (Diamond 2013: 137). Furthermore, 

researcher have proceeded to distinguish between two kinds of cognitive control that 

are often grouped together under the term inhibition: interference suppression and 

response inhibition (Bunge et al. 2002a; Martin-Rhee & Bialystok 2008; Esposito et 

al. 2013; Luk et al. 2010). Interference suppression is the ability to filter out irrelevant 

information surrounding a stimulus, whereas response inhibition is characterized by 

inhibiting responses that are inappropriate but dominant (Bunge et al. 2002a: 301). 

Bunge et al. (2002a) conducted an fMRI study that examined the brain activation in 

these two kinds of inhibition in children compared to adults by means of a 

combination of Flanker tasks and a go/no-go paradigm. The experiment contained 

three relevant conditions. In a congruent condition, participants saw five arrows in a 

row all pointing in the same direction and had to press a button to indicate the 

direction of the five arrows. In the incongruent condition, participants saw five 

arrown ina row with the central arrow pointing in a different direction than the 

others. Participants had to press a button to indicate the direction of the central 

arrow, a task requiring the inhibition of the interfereing information from the arrows 

surrounding the central arrow. In the no-go condition, participants saw X’s instead of 

arrows and had to inhibit their response alltogether. On the one hand, the results 
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showed that children engaged different brain regions from adults during interference 

suppression, indicating a developing cognitive strategy from childhood to adulthood. 

On the other hand, children seemed to activate a subset of the adult’s response 

inhibition circuit. Taken together, these results point towards two different forms of 

inhibitory control with two different developmental timelines.   

The notion of inhibitory control has also been associated with attentional control 

since we can actively choose on what to focus and supress the urge to give attention 

to other stimuli. Instead of letting external stimuli such as loud noise draw our 

attention away (involuntary automatic attention), we purposefully focus our 

attention. This is comparable to a cocktail party, where we focus on the conversation 

we are having at the moment and block out all the surrounding conversations. In this 

case researchers speak of voluntary attention that is goal driven and endogenous 

(Diamond 2013: 137). Posner & DiGirolamo (1998) speak of executive attention. For 

them, executive attention is at the root of executive control, and they use the term 

synonymously to executive control.    

Inhibitory control can be tested by means of various psycholinguistics and 

psychological tests such as the Simon task (Simon & Wolf 1963), the Flanker task 

(Eriksen & Eriksen 1974), the Stroop task (Dunbar & MacLeod 1984), the attention 

network task (ANT) (Fan et al. 2002), go/no-go paradigms and the antisaccade tasks 

(Hallett 1978). Specifically, interference suppression and conflict monitoring are 

often tested with the Eriksen Flanker or the Stroop task, whereas response inhibition 

is often tested with the go/no-go paradigms. This dissertation focusses on the Flanker 

task to investigate the changes in inhibition and conflict monitoring during 

interpreting training. The Flanker task is one of the classic stimulus-response-conflict 

(SRC) tasks often applied in cognitive psychology. In conflict tasks, interference 

surfaces because attributes that are not relevant to a stimulus are integrated in a 

stimulus that also contains relevant attributes (Kleinsorge 2021: 2). In cases of the 

Flanker tasks, the stimuli are classically letters or arrows in congruent and 

incongruent conditions. The Flanker task has widely been used to examine the 

bilingual advantage in executive functions in bilinguals (see Section 5.4)  as well as in 

translators and interpreters (Section 6.4).  

A concept that is closely related to inhibitory control or interference suppression is 
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conflict monitoring. Botvinick et al. (2001) explain conflict monitoring as a process 

“[…] that monitors for the occurrence of conflicts in information processing […]” 

(Botvinick et al. 2001: 625). They explain that when conflict is detected during conflict 

monitoring, this information is passed on to centres that regulate executive control 

which result in compensatory actions such as interference suppression or inhibition. 

They also suggest that the anterior cingulate cortex (ACC) serves as the primary 

conflict detection area in the brain (Botvinick et al. 2001: 625). Monitoring, inhibition 

and interference suppression are further discussed in the context of  bilingual and 

monolingual speech processing in Sections 5.1 and 5.2, in the context of the bilingual 

advantage hypothesis as well as code-switching that are discussed in Section 5.4 and 

furthermore in the context of cognitive interpreting processes discussed in Chapter 

6.  

4.2 Shifting/Switching  

 
According to the definition by Miyake et al. (2000), the executive function shifting 

means shifting between different mental sets or tasks and is also referred to as task 

switching or attention switching. Most importantly, shifting requires disengaging an 

irrelevant task set and engaging a relevant task set (Miyake et al. 2000: 55–56).  

Diamond (2013) calls this executive function cognitive flexibility and sees task 

switching as one aspect of mental flexibility. According to her definition, mental 

flexibility requires the ability to change perspectives. This in turn relies partly on 

inhibitory control as well as on working memory (Diamond 2013: 149).  

Jamadar et al. (2015) define switching as the “ability to dynamically and flexibly adapt 

changing behavioural context, internal behavioural goals, advance information, or 

the outcome of a previous response” (Jamadar et al. 2015: 328).   

In cognitive psychology, switching and mental flexibility have been investigated by 

means of different tasks such as the Wisconsin Card sorting test (WCST, (Berg 1948)) 

and different other task switching paradigms (Jersild 1927). Among the various task 

switching paradigms is the colour-shape switch task (see e.g. Garbin et al. (2010) or 

Prior & Gollan (2011)). The colour-shape switch task usually consists of a colour or a 

shape cue that is shown before the stimulus and indicates the main task that is to be 

performed (either react to the shape or the colour of the following stimulus. The 
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stimuli consist of two different shapes of two different colours, to which response 

rules are designed (see e.g. Garbin et al. (2010), López Zunini et al. (2019) or Dong & 

Liu (2016)).  

All task switching paradigms follow the premise that changing a task rule from on trial 

to another negatively impacts performance in the second trial, since interference is 

created from the task that was previously relevant. Task switching paradigms 

compare repeat trials, where a task needs to be carried out on consecutive trials, with 

switch trials, where the task changes and disrupts successive trials. Switch trials show 

lower performance compared to repeat trials with regards to accuracy and speed. 

This is called switching costs, which tend to decrease the longer the response-target 

interval (RTI) is but never vanish completely. Interestingly, interference from a 

preceding task as well as the preparation for the following task have an influence on 

task switching performance, since they activate different cognitive control processes: 

Dealing with interference that is carried over from the previous task on the one hand, 

and updating the working memory with the new task on the other hand (Jamadar et 

al. 2015: 328).  Jamadar et al. (2015) used an activation likelihood estimation (ALE) to 

conduct a meta-analysis of 43 task switching studies that were published before 2014 

to determine which brain areas are engaged during task switching. They found that 

the contrast of switch and repeat trials mostly activates a frontoparietal network 

including the DLPFC, right VLPFC, left ACC, left SMA, bilateral premotor cortex and 

inferior parietal cortex. The frontoparietal network showed more activation during 

switch than during repeat trials. They concluded that while this indicates a central 

network of executive functions that is active during task switching, the results give 

no validation that there is a brain region that is only active for task switching and 

specialized in switch trials (Jamadar et al. 2015: 330). Most task switching paradigms 

differentiate between proactive control, which refers to cognitive control processes 

mostly involved in goal setting, and reactive control, which is associated with control 

processes for dealing with interference that is protracted from inhibiting a response 

rule (Jamadar et al. 2015: 327). Monsell (2003) explains that the source of the switch 

costs lie in the task task-set reconfiguration that entails to switch attention between 

the stimulus attributes and the action rules or the task rules that are associated with 



 

39 
 

the stimulus attributes. This reconfiguration of the task-set allows the selection of 

the appropriate response and also involves the inhibition of non-relevant elements 

from the previous task-set (Monsell 2003: 135). Within a task switching paradigm, a 

switch trial would therefore require the switching of attention as well as inhibitory 

mechanisms.   

Task switching paradigms typically entail single-task blocks where participants must 

perform the same task subsequently, and mixed-task blocks, where participants must 

occasionally switch between tasks, but which also contain repeat trials. On this basis, 

switching and/or mixing costs are calculated. Mixing costs indicate the performance 

costs on repeat trials in mixed-task blocks and trials in the single-task blocks, while 

switching costs depict the performance costs on switch trials vs. repeat trials only in 

the mixed-task block (Braver et al. 2003: 713). More specifically, switching costs 

reflect the effort of re-activating a decision rule and reconfiguring the necessary 

response rule for the next response. Remembering the rule associated with the cue 

is vital (Timmer et al. 2017:246). Furthermore, Braver et al. (2003) assigned sustained 

and transient cognitive control to task switching. According to this rationale sustained 

components of cognitive control entail e.g. elevated active maintenance demands 

that stem from maintaining different task sets on a high activation level or from 

increased attentional monitoring processes that increases the sensitivity to 

environmental task switching cues. Contrastingly, transient control processes 

comprise e.g. internally reconfiguring or updating task goals or connecting cues to 

the correct stimulus-response (Braver et al. 2003: 714). Within an fMRI study, Braver 

et al. (2003) applied a task switching paradigm and found increased activation in the 

left lateral PFC as well as the left superior parietal cortex when contrasting task switch 

trials with task repeat trials and single task trials. Mixed task blocks both required 

sustained cognitive control reflected by activation of the right anterior PFC as well as 

transient cognitive control reflected in left lateral PFC activation and activation of the 

superior parietal cortex (Braver et al. 2003: 719–722).  

Finally, although the executive function of shifting does contain control processes 

that specifically target switching as a core element, it is likely related to and does 

include other executive function processes such as inhibiting the prepotent response 

of the subsequent task and updating the task rule in working memory (Abutalebi & 
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Green 2008: 564). Shifting has specifically been studied in the context of the bilingual 

and interpreter advantage (see Sections 5.4 and 6.4) as well as in the context of 

showing the neural overlap of executive functions and language control (see Section 

5.3). 

4.3 Working memory updating  

 

Another core executive function revolves around the updating of working memory 

representations (Miyake et al. 2000: 56). This executive function involves holding 

information in the mind that is not visually present anymore and manipulating this 

information (Diamond 2013: 142). The concept of working memory portrays a 

temporary and limited storage of information while the information is in use (Banich 

& Compton 2018: 287). Differently put, this means that certain information needs to 

be kept active in the mind while it is being used for a cognitive task (Baddeley 1983: 

311). The updating aspect of this executive function stems from the mechanism that 

relevant information needs to be manipulated in the working memory instead of just 

being stored (Miyake et al. 2000: 57). Taking a look back at the basis of executive 

functions introduced in the beginning of Chapter 4., maintaining a task goal, explains 

why working memory has such an important part in executive functioning: If 

information cannot be maintained in the mind short-term and altered thereby, a task 

goal cannot be maintained, which hampers the ability to plan and execute plans and 

goals (Banich & Compton 2018: 364). Early lesion studies that showed that in some 

patients, long-term recall of information remained intact while short-term recall was 

impaired and vice versa. This indicated that there must be a (partly structural) 

dissociation between long- and short-term storage of information (Banich & 

Compton 2018: 288).   

Before the concept of working memory was coined, information that could only be 

retained for a short time and was not stored in long-term memory was called short-

term memory and was structurally represented a single component (Shiffrin & 

Atkinson 1969). Moving away from the concept of a unitary store and focussing on 

the concept that the information is not just briefly retained but also worked with 

(Baddeley 2010: 138), different psychological models of working memory emerged: 

The first model to change how we view working memory was the multicomponent 
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working memory model introduced by Baddeley & Hitch (1974). Their model has 

been updated several times, but the original model contained three parts: the so 

called central executive and two supplementary storage systems: the phonological 

loop and the visuospatial sketchpad. Originally, the central executive was described 

as a system that coordinates information from the visuospatial sketchpad and the 

phonological loop and was classified as a limited capacity attention system (Baddeley 

1983: 315). However, after criticism in particular from researchers that emphasize 

the role of attention in working memory models (Cowan 1998, 2008) and criticism of 

the role of the central executive as simply being a general processing capacity unit, it 

was developed further on the basis of Norman & Shallice’s (1986) model of 

attentional control (Baddeley 2003: 835). A division was made between two control 

processes: one process of control relies on the control of behaviour that is guided by 

cues from the environment and represents an automatic form of control. The other 

control process is guided by a measure of attentional control in the form of the so 

called supervisory activating system (SAS) that can take over when automatic control 

is not enough (Baddeley 2003: 835).  

The phonological loop is responsible for auditory content and incorporates a 

phonological store that holds memory traces for a short time as well as an articulatory 

rehearsal process that functions as an inner voice. To refresh memory traces, they 

need to be retrieved and repeated (Baddeley 2003: 829–830). There are different 

effects that support the model of the phonological loop. For instance, there is the 

phonological similarity effect: words or letters that sound the same are harder to 

remember than different sounding items. Furthermore, there is the word length 

effect: The longer a word is, the harder it is to remember or, the more the memory 

span decreases. The articulatory suppression effect shows that if remembering a 

word is interrupted by another non-related word, memory of the target word 

becomes impaired (Baddeley 1983: 316–317). Evidence from children learning 

languages has led to the assumption that the phonological loop has developed to 

facilitate language acquisition. When children learn a language, they need to develop 

the ability to hear a word they do not know and repeat it. This process is thought to 

depend on the phonological loop. For patients who show impairments of the 
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phonological loop, acquiring novel words is difficult or impossible. The phonological 

loop therefore seems to play an important role in long-term phonological learning. 

The visuo-spatial sketchpad is the counterpart of the phonological loop as it 

specializes in holding visuo-spatial images in the mind and manipulating them. It also 

functions as an active storage that is limited in capacity (Baddeley 1983: 319).   

A point of critique of Baddely and Hitch’s original  model is that it did not make 

interaction between the phonological and visuospatial system possible. Therefore, 

another component was proposed to solve this issue: the episodic buffer. The 

episodic buffer is also assumed to be a temporary storage system of limited capacity 

that is however able to integrate information from different sources. It acts as a 

buffer between the phonological loop and the visuospatial sketchpad and long term 

memory. One of its important tasks is feeding information into and retrieving 

information from long-term memory. It is also controlled by the central executive 

(Baddeley 2000: 421).   

The multicomponent model by Baddeley and Hitch has been the prevalent 

theoretical framework for many years. However, while it can account for many 

aspects of the working memory process, other approaches to working memory have 

also proven promising in more recent years. So called “state-based models” 

(D'Esposito & Postle 2015: 117) assume that allocation of attention is the basis of 

retaining information in working memory for a short period of time. They can be 

separated into two categories based on the stimuli that are perceived: activated 

models that mostly deal with symbolic stimuli such as words, letters or numbers, and 

sensorimotor recruitment models that deal with perceptual stimuli such as colours, 

sounds and tactiles (D'Esposito & Postle 2015: 117). Approaches such as by Cowan 

(1988) that fall under the category of activated models highlight different activation 

states of elements in long-term memory namely in an activated memory that 

represents short-term memory and a so called focus of attention (Cowan 1988: 180). 

Over the years, Cowan adapted the model to new theories and insights and also 

incorporated a working memory element as an embedded feature of long-term 

memory. According to his newer models, several elements can be more activated 

than others in the entirety of the long-term memory; as a result of recent perception 

for example. This is called activated long-term memory and corresponds to short-



 

43 
 

term memory. The aforementioned focus of attention is another portion of the 

activated elements in long-term memory and has a limited chunking capacity. 

Working memory falls back on three components of the model, namely the activated 

part of memory, the focus of attention as well as a central executive that controls the 

information that is stored (Cowan 2008: 326–333).  

For all activated models, D'Esposito & Postle (2015) summarize that when a piece of 

information is to be remembered for a short time, its representation in the long-term 

memory is accessed through a recognition process and kept in an activated state by 

focussed attention. Especially in Cowans models, the capacity of focussed attention 

is limited, and attention focus is controlled by a central executive. When an attention 

shift happens, the items that were in the focus of attention remain in the activated 

long-term memory which has no capacity limits. However, the activated long-term 

memory is affected by temporal decay of the information representation (D'Esposito 

& Postle 2015: 118). Both multicomponent models as well as state-based models 

share the communality of distinguishing between two components: They have on the 

one hand a separate system that is responsible for executive control, be it attentional 

control specifically or a more general approach that governs and influences the 

memory systems on how to use and manipulate information. On the other hand, both 

model types have these memory systems that are responsible for storage or retrieval 

of information. Neurophysiologically, this division is most likely represented by 

networks communicating in the posterior cortex as well as in the prefrontal cortex 

(Banich & Compton 2018: 291). More specifically, a neuroimaging review study by 

Vilberg & Rugg (2008) has found activation during memory retrieval in the left lateral 

cortex, inferior parietal sulcus as well as the right lateral and medial parietal cortex 

(praecuneus) (Vilberg & Rugg 2008: 1789). First evidence from parietal involvement 

in working memory came from a lesion study, where a patient with damage to the 

left parieto-occipital area exhibited reduced performance in various short term recall 

tests while his long-term memory seemed unaffected (Shallice & Warrington 1970: 

268–269). Event-related fMRI studies such as by Postle et al. (2003) have shown that 

the retention of working memory representation of stimuli is mediated by posterior 

regions and not the prefrontal cortex as previously assumed (Postle et al. 2003: 941). 
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The proposition that information is in fact maintained active across a delay period 

has been questioned in studies such as by Lewis-Peacock et al. (2012), who used a 

multivariate pattern analysis of fMRI to show that only item representations in the 

focus of attention show an active neural trace and not item representations that are 

kept in activated long-term memory (short-term memory). Despite that items in 

activated long-term memory did not show activation, they could be remembered 

across a short delay, accomplished by other neural mechanisms such as transient 

changes in synaptic potentiation (Lewis-Peacock et al. 2012: 61). These findings show 

a dissociation in short-term and working memory retention and fit the embedded or 

state based models of working memory (e.g. Cowan (1998)) rather than Baddeley & 

Hitch’s (1974) multicomponent model.    

Apart from posterior parietal regions that seem to mediate storage or reactivation of 

information, working memory also heavily depends on prefrontal regions that are 

known to host executive function networks. Prefrontal regions  play a part in 

organizing, monitoring and coordinating behaviour or attention, which fits with the 

central executive components that are both entailed in multicomponent as well as 

state-based working memory models. Consequently, prefrontal regions and posterior 

regions likely work together during working memory usage, the former guiding access 

to mental representations retained in a posterior network (Banich & Compton 2018: 

291).  

Concerning testing working memory, it is important to select tasks that require the 

manipulation of information and not just test holding information in the mind which 

would test short-term memory. Popular measures are for example complex span 

tasks (Conway et al. 2005) to measure working memory capacity or the n-back task 

(Smith & Jonides 1997) that measures working memory updating abilities. The n-back 

task can consist of different difficulty levels, depending on how many instances need 

to be remembered. Participants often see a sequence of stimuli and need to decide 

whether a stimulus matches the N instances before that, depending on the level of 

recall that should be performed (Jaeggi et al. 2010: 394). As described by Polich 

(2007), during updating of working memory representation of stimuli, a stimulus is 

briefly visually processed and its representation is matched with the previous 
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representation in working memory, not unlike mismatch detection. If there is no 

change in the stimulus attribute, there is no need for updating. However, if a relevant 

new stimulus is detected, the stimulus representations that are to be kept in working 

memory need to be updated (Polich 2007: 2129). In the context of the n-back task 

this can mean that if for example a 2-back-match was detected, the mental 

representation of the next stimulus that is relevant needs to be updated in working 

memory, until another match is detected. According to Jaeggi et al. (2010), the n-

back task therefore involves working-memory updating processes as well as some 

inhibitory processes during stimulus matching (Jaeggi et al. 2010: 395). 

Working memory processes are involved and interact with other executive functions 

processes such in inhibition tasks as well as task switching paradigms. Working 

memory and inhibition processes interact insofar as a task goal must be kept in the 

mind to identify what needs to be inhibited. This does not mean however, that both 

concepts cannot be separated in tasks. In a spatial Stroop task that is primarily used 

to test inhibition, the participant needs to remember two rules. However, the stimuli 

themselves indicate the location of the response. Consequently, this task places a 

comparably smaller demand on working memory. The same concept can be applied 

to the Flanker task, where the arrows tell the participant what to do (Diamond 2013: 

143–145). Vice versa, inhibition also supports working memory by inhibiting 

distractions and controlling attention to keep the mind from wandering (Diamond 

2013: 144). Working memory also interacts with the executive function of switching. 

Diamond (2013) described the involvement of working memory in switching as “ […] 

inhibit (or deactivate) our previous perspective and load into WM (or activate) a 

different perspective” (Diamond 2013: 149). In task switching paradigms, the 

participant needs to remember two rules and update the required rule according to 

the prime that is shown.   

Which role working memory updating plays in the context of bilingualism and most 

importantly simultaneous interpreting is discussed in detail in Sections 5.4 as well as 

6.4.  

 

To conclude, describing the executive functions relevant to this dissertation has made 
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clear that although a single executive function can distinguish itself from another by 

unique mechanisms, there is also considerable overlap between executive functions, 

the main common factor being to maintain goal representations. As described in the 

unity and diversity framework by Miyake et al. (2000), the three main executive 

functions share underlying commonalities and are not completely independent. They 

particularly describe that some component of inhibition as well as attention control 

might be present in working memory updating as well as switching tasks (Miyake et 

al. 2000: 89). In terms of neurophysiology, this chapter has already touched upon 

where the three main executive functions can be localized and there seems to be 

overlapping prefrontal-parietal localization of most executive functions.   

To consolidate the connection of executive functions and bilingual language 

processing, the following chapter explains the linguistic involvement of executive 

functions as well as their neurophysiological overlap in more detail.  
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5. Executive functions and psycholinguistic models of bilingual 

processing 
 

A key question in bilingualism and cognitive translation and interpreting studies is 

how our brain makes enables two languages to interact with one another without 

causing unwanted interference. Especially in the context of simultaneous 

interpreting that entails overlapping processes of word identification and word 

production, this is a crucial point. It has been suggested that executive functions play 

a role in bilingual language processing to manage this issue. In order to explain this 

involvement and in view of the interpreting process, language 

comprehension/reception processes and language production processes needs to be 

differentiated. Different models for both processes in bilinguals suggest the 

involvement of general cognitive control in bilingual language processing. At the root 

of this lies the theory that in bilinguals, access to the mental lexicons is non-selective 

and both language systems are active simultaneously, which was tested for example 

in studies with interlingual homographs. Interlingual homographs are words that 

have the same written form but differ in meaning. Dijkstra & van Heuven (1998) 

explain that according to a language selective-access to the mental lexicon, 

interlingual homographs should show faster reaction times (RT) than monolingual 

control items that are matched in frequency (Dijkstra & van Heuven 1998: 192). 

Dijkstra et al. (1998) tested this in different lexical decision tasks with English-Dutch 

interlingual homographs and control words. In Experiment 1, participants had to 

decide whether a word was an English word or a Dutch word. Results did not indicate 

significant differences in reaction times for homographs. Experiment 2 replicated 

Experiment 1, except that now participants were instructed to say “yes” to English 

words and “no” to Dutch words, creating a higher activation level of Dutch words 

than in Experiment 1. Results showed a significant difference in reaction time 

between Dutch and English words, with longer RT for Dutch words with high 

frequency. It seems that reactions to the English interlingual homographs were 

strongly inhibited by the Dutch words and participants had difficulty deciding 

whether a homograph was an English or Dutch word. In this experimental design, a 

complete selective access and deactivation of the Dutch lexicon would have been 
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helpful. Instead, it seemed that both lexicons were active at the same time and 

participants had difficulty suppressing words from the Dutch lexicon. These findings 

speak for a non-selective access to the bilingual lexicon and parallel activation of both 

language systems (Dijkstra et al. 1998: 52–61). This parallel activation of both 

language systems is valid for identifying as well as for producing words in two 

languages. Since simultaneous interpreting heavily taxes both word identification as 

well as word production, bilingual models for both processes are presented 

hereinafter. 

5.1 Word identification modelling  
 

Based on the language non-selective access hypothesis, Dijkstra & van Heuven’s 

(1998)  developed the initial Bilingual Interactive Activation model (BIA model). In the 

BIA model, words are represented as letter features, letters, words, and language 

nodes; one language node per spoken language. Initially, letter features, meaning 

how a letter is constituted, is detected and activates the corresponding letter. Letter 

units then activate the words containing the letter in the right position. If the word 

in the position is a mismatch, the activation level of the word is reduced. If the word 

is a match, it remains activated and feeds activation back to the letters. The language 

nodes then bundle the activation of all words that are activated in a lexicon and send 

top-down inhibition to word nodes in the other lexicon. Active word nodes can inhibit 

other word nodes and this activation goes back and forth between and across nodes. 

In the end, the word that matches the input best receives the most activation and 

becomes most active, upon which it transcends a recognition threshold. As already 

shown in experiments such as by Dijkstra et al. (1998), activation happens more 

quickly depending on frequency as well as lexical and semantic overlap between 

words (Dijkstra & van Heuven 1998: 199–200). However, some of the crucial caveats 

of the BIA model are the missing representation of phonological and semantic 

features as well as the unspecified representation of interlingual homographs and 

cognates (Dijkstra & van Heuven 2002: 181). Therefore, Dijkstra & van Heuven 

expanded the BIA model and created the BIA+ model, that contains phonological and 

semantic word representations as well as a task schema/decision system that was 

adapted from Green’s (1998) Inhibitory Control Model (ICM). As in the BIA model, 
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lexical orthographic candidates are initially activated simultaneously irrespective of 

how similar they are to the input and their prevalent activation level. In contrast to 

the initial BIA model however, activated matches activate their respective 

phonological and semantic representations. This activation process still remains 

language non-specific, the similarity of the input word to the lexical, phonological, 

and semantic representations determines the successful selection of a word. Another 

difference to the initial BIA model is the integration of a non-linguistic task/decision 

system and its distinction from the word identification system. The word 

identification system is affected by linguistic context in lexical, syntactic, or semantic 

sources such as sentence context. The task/decision system on the other hand is 

affected by non-linguistic context or so called task schemas such as instructions or 

task demands (Dijkstra & van Heuven 2002: 187) The most important difference 

between the BIA+ and the BIA model is that the BIA model assumes top-down 

inhibitory control from the language nodes while the BIA+ does not support top-

down control (Dijkstra & van Heuven 2002: 195). While Dijkstra & van Heuven (2002) 

propose the task/decision system as a replacement for top-down control by the 

language nodes and are supposed to engage in the same functions, they do not 

indicate in their BIA+ model that the task/decision system influences the word 

recognition system. It seems that the non-linguistic task/decision system is viewed as 

part of domain-general cognitive control, however, Paap (2018) argues that the word 

identification system is encapsulated, which makes top-down control from the non-

linguistic task/decision system impossible for the BIA+ model. The arrow in the BIA+ 

model only indicates that the word identification system influences the task/decision 

system, but not the other way around (Paap 2018: 442). Dijkstra & van Heuven (2002) 

did consider different possibilities of how the task/decision system could be 

integrated. They chose the option that the task/decision system does not influence 

the activation state of words in the identification system but that it can control 

decisions of e.g. what task these words are used in after the word identification. The 

BIA + model therefore uses primarily bottom-up processes with the option of top-

down processes after word identification. Dijkstra & van Heuven (2002) do however 

emphasize that there is the possibility that the task/decision system modifies the 

activation level of words in both languages in the recognition system during the 
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recognition or identification process.  

In another extension of the BIA+ model by Dijkstra et al. (2019), the Multilink model 

that is based on a computational approach, the involvement of the task/decision 

system in the lexical network is still not conclusively specified (Dijkstra et al. 2019: 

666). 

Green’s (1998) Inhibitory control model (ICM) is one of the models that include an 

executive component that influences the bilingual lexico-semantic system with a top-

down processing approach. It is rather oriented towards production although it also 

contains mechanisms for word identification. In contrast to models that explicitly 

target production, the inhibitory control model rather focusses on the language 

control aspect but does not include processes for articulation (see e.g. Levelt’s model 

further below). The ICM shares some features with other models that touch upon 

executive functions such as the working memory models elucidated in Section 4.3. 

Similar to the central executive control system in Cowan’s (1998) embedded state-

based model that controls and coordinates the allocation of attention, the ICM 

postulates a control system that lies outside the language control system. It 

influences language control and is referred to as the supervisory attentional system 

(SAS). The SAS controls so called task schemas that Green defines as “mental devices 

or networks that individuals may construct or adapt on the spot in order to achieve 

a specific task” (Green 1998:69). They can be viewed as a mental representation of 

the instructions of a task such as “translate into English”. If a task has been performed 

before, corresponding task schemas can be recovered from memory. If the task is 

new and has not been done before, task schemas can be created spontaneously, 

which requires more effort, coordination, and control. This application of task 

schemas that can be automatically retrieved from working memory or must be 

created under more effort corresponds to early model of executive functions such as 

by Norman & Shallice (1986) mentioned in Chapter 4. Green’s (1998) definition of 

task schemas leans more on the definition by Norman & Shallice (1986) and differs 

from the definition of schemas by Dijkstra & van Heuven (2002).   

During word reception, the SAS specifies which language is to be used and transmits 

this to the task schemas. The SAS also controls that conceptual information driven by 

a goal is transmitted to the lexico-semantic system via the conceptualiser. In the 
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lexico-semantic system, each lexical representation has a lemma that defines its 

syntactic properties. The lemmas have a language tag that assigns the word to a 

language. Green (1998) explains that during a translation from L1 into L2, the task 

schema e.g. for production or translation is initially activated by the SAS. The task 

schema then increases or inhibits the activation at the lemma level in the lexico-

semantic system and active lemmas enter into competition for lemma selection. 

Consequently, the activation of lemmas with non-target language tags is inhibited. 

Green (1998) mentions that it is possible for a lexical concept in L1 to also activate a 

lemma in L2 or vice versa if it shares features with L1, which accounts for the language 

non-selective access and explains phenomena such as in the lexical decision tasks 

with interlingual homophones. The activation levels of the lemmas in one language 

can be skewed depending on language proficiency or conversational context. 

Therefore, high activation levels of lemmas require more inhibition if they belong to 

the non-target language. The task schema remains active until the language goal is 

achieved in the lexico-semantic system and is either inhibited by other schema or if 

the SAS has altered the task goal (Green 1998: 69–73).  

The ICM model was tested by using language switching tests: In their “relative 

strength hypothesis”, Meuter & Allport (1999) predicted: “The more nearly equal in 

strength the two languages, the smaller the expected (reverse) asymmetry in the 

switching costs” (Meuter & Allport 1999: 28). They used a numeral naming task 

during which L1 dominant participants had to switch between languages following a 

cue. The results showed longer reaction times for switch trials than for non-switch 

trials. Furthermore, switching costs1 were greater when participants had to switch 

from their non-dominant L2 into their dominant L1 than when they had to switch in 

the other direction. They explained this effect in accordance with the ICM: If a word 

in the weaker L2 is to be named, more inhibition is needed to supress the higher 

activation level of the stronger L1. This inhibition carries over into the switch trial, 

where the word is to be named in the stronger L1. Therefore, it is more effortful to 

overcome the amount of inhibition and name the L1, which leads to longer reaction 

times (Meuter & Allport 1999: 35). Thus, while the BIA, BIA+ and Multilink models 

                                                           
1 Difference in RT between switch and non-switch trials 



 

52 
 

incorporated executive control rather tentatively, the ICM suggests that there is a 

cognitive control component that lies outside of the language control system and 

modulates it top-down.  

Other approaches such as by Finkbeiner et al. (2006) have argued that it is not 

suppression or inhibition of one of the competing lexical representations or task 

schemas and question the lexical suppression hypothesis that lies at the core of e.g. 

Green’s ICM. Instead, they argue in favour of the so called “differential activation 

approach” (Finkbeiner et al. 2006: 1087), in which the target nodes receive additional 

activation in contrast to the non-target language nodes. They set forth that the 

additional activation is modulated and regulated by the bilingual speaker’s intention 

(Finkbeiner et al. 2006: 1087–1088). Finkbeiner et al. (2006) however do not specify 

how exactly the intentions of a speaker are represented and which circumstances 

they underlie. From the description of the mechanism of additional activation of 

target language nodes controlled by intentions, it could be assumed that this is 

another form of top-down control that requires executive function processes after 

all, similar to the task schemas in the ICM or BIA/BIA+. 

5.2 Language production modelling 
 

Language production models partly rely on mechanisms of language identification 

models such as the BIA/BIA+ but also incorporate specific processes for speech 

planning and articulation. Executive functions are integrated in these models at 

different levels, as will be explained in the following.  

Modelling bilingual language production as in simultaneous interpreting has started 

out with monolingual speech productions models. One of the most popular 

monolingual models is Levelt’s (1995; 1999; 1998; 1989) model of speech generation 

that encompasses a conceptualization phase, a formulation phase and an articulation 

phase. In the conceptualization phase, the speaker basically decides what to say using 

macroplanning and microplanning processes, generating a preverbal message using 

working memory and long-term memory (Levelt 1989: 9–10). Levelt (1999) describes 

these processes as shifting the attention to something the speaker wants to express, 

monitoring whether what should be said is implemented and laying out a plan to 
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achieve communication goals. The preverbal message is submitted to the 

formulation phase. Here, lexical concepts in the message activate the syntactic words 

and their lemmas that belong to them. After lemma selection, morpho-phonological 

encoding takes place and the morphological and phonological characteristics of the 

word become available and are matched. During the phonological encoding, the 

syllables, phrases, and intonation patterns are constituted. The output from this 

stage is transferred to the articulation phase, where the physical articulatory organs 

such as lungs, larynx, pharynx, tongue and mouth articulate the message (Levelt 

1999: 87–94). Levelt (1995) points out that a network of the cortex, the basal ganglia 

and the cerebellum are involved in this process (Levelt 1995: 21). In his original 

speech model from 1989, (Levelt) explicitly talks about executive control and 

automaticity. He declares that a process is automatic when it is not managed by 

executive control, since automatic processes are executed without the person being 

consciously aware of them. Contrary to this, he explains that controlled processing 

required attentional demands and therefore certain degrees of awareness of the 

process. In terms of his model, he clarifies that the conceptualization phase involves 

highly controlled processes, since arranging communicative intentions require much 

attention and cannot be carried out automatically or by using a pre-existing schema. 

He explains that monitoring already occurs for internal speech. By this definition, 

executive monitoring already occurs before the speaker has articulated his message. 

It could be argued that this planning, goal directed behaviour, attention shifting and 

monitoring corresponds to the task schemas and top-down control proposed in 

Green (1998). Levelt (1989) further describes that speakers monitor their speech 

output in order to correct mistakes or reformulate the message, which also includes 

monitoring as an executive control function (Levelt 1989: 13–21). More specifically, 

Levelt (1999) describes that during the articulation process, monitoring as executive 

control is involved to monitor speech output. He mentions that “[…] the effort of 

keeping control is more apparent from hesitations, dysfluencies and fresh starts that 

abound in normal speech” (Levelt 1999: 112). This is another indication of the 

involvement of executive-functions, since the attention must also be directed to the 

speech output and goal directed behaviour must be followed.   

This modular approach to monolingual speech production is not easily applied to 
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bilingual speech production since it does not explain how words from one language 

can fit into syntactic structures from another language and how words in two 

languages can be jointly activated. Therefore, bilingual models of speech production 

need to follow a more connectionist and interactive approach (Riehl 2015: 51).  

Riehl (2015) argues for an approach that follows spreading activation during speech 

production as it was implemented in the BIA+ model of word recognition. Words from 

both languages share concepts that activate semantic representations and semantic 

neighbours. Parallel to this selection process at the lemma level, activated lemmas 

trigger their phonological representations and their neighbours. This still happens 

across languages. The phonological representations that fit best and are most active 

feed activation back to the lemma level. Consequently, weak candidates from both 

languages become less and less active, the word that received most activation and  is 

most likely to fit is chosen and articulated (Riehl 2015: 51–52). Riehl (2015) does not 

specify the conceptual phase or the articulation phrase further but the details from 

Levelt’s (1995; 1999, 1989) model fit around the interactive activation model. It can 

be argued that the conceptual planning phase in Levelt (1995; 1999, 1989) model 

initially sets the direction for articulation, upon which the word concepts from the 

planning phase activate lemmas in both languages and so on. After the words that 

are to be articulated in the right languages are found they could once more be 

submitted to the formulation phase including phonological encoding and then 

transferred to articulation. Riehl (2015) points towards monitoring and inhibitory 

processes that act as an additional mechanism to keep both languages apart during 

production. She emphasized that there should be a distinction between a local 

inhibition that pertains to translation equivalents for a certain concept, or a global 

inhibition where the activation of a whole language system would be lowered (Riehl 

2015: 53–54). In my personal expectation, this is only likely when we are truly talking 

about lowering the activation of words in a language system and not switching off 

one language system completely. Riehl (2015) refers to Green’s (1998) model that 

includes the SAS as an executive monitoring system. 

These psycholinguistics models for word identification and word production have 

attempted to gauge the interaction of two languages in one brain and which role 
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executive control functions play in these mechanisms. To test the hypotheses of the 

models, language switching tasks were often applied (see e.g. Meuter & Allport 

(1999)). In literature, switching between languages has sometimes been equated to 

code-switching, however, there are some important distinctions to consider. Code-

switching can be defined as “the alternation between the use of one language and 

another within the same context” (Schwieter & Festman 2023: 114). Yet, there are 

distinctions made such as by Muysken (2000) who distinguishes between alternation, 

insertion and congruent lexicalization. During alternation, the speaker alternates 

between structures from one language to another. During insertion, single words, or 

entire chunks of a sentence in one language are inserted into the structure of another 

language. Finally, during congruent lexicalization, words from two different 

languages can be inserted into a shared grammatical structure (Muysken 2000: 3–5). 

Another differentiation of code-switching can also be to distinguish between inter-

sentential switching and intra-sentential switching. Inter-sentential switching 

characterises the language switch between two different sentences while intra-

sentential switching characterises the switching of languages within a sentence 

(Kuzyk et al. 2020: 544). Inter-sentential code-switching rather falls into the category 

of alternation in the terminology of Muysken (2000), while intra-sentential code-

switching fit into Muysken’s (2000) categories of insertion and congruent 

lexicalization. Green (1998) has touched upon code-switching in the context of his 

inhibitory control model. He emphasizes that when switching from one language to 

another, both languages need to be active to some degree and that code-switching 

requires a cooperative rather than a competitive relationship between language task 

schemas (Green 1998: 76). In an extension of the ICM that is tailored to code-

switching, the so called control process model of code-switching, Green & Wei (2014) 

explain that during insertion and alternation, more active language task schemas 

from one language can give local control to the other language task schemas so that 

the word from the other language can be inserted. After insertion, the previously 

more active language receives control again. In case of insertion, it is possible that 

the inserted word needs to be adapted into the sentence structure, while during 

alteration, no adaption might be necessary since it could be a whole new sentence. 

In contrast, during congruent lexicalization or dense code-switching as Green & Wei 
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(2014) denominate it, the words from both languages that have the highest activation 

are inserted and adapted into the grammatical structure (Green & Wei 2014: 504). 

Executive functions are involved here in the form of inhibitory control as set forth in 

Green’s ICM. Which effects frequent switching between languages and code-

switching might have on executive functions such as inhibition, attentional shifting 

and working-memory updating is further discussed in Section 5.4. However, for the 

context of this dissertation, it needs to be mentioned that simultaneous interpreting 

and translation do not fit into the categories of insertion, alternation, congruent 

lexicalization, intra-sentential switching or intra-sentential switching and are 

therefore not truly code-switching behaviours. While it can be argued that 

simultaneous interpreting and translation both involve switching from one language 

to another in the form of translation that requires high activation levels of both 

languages that are used, especially in the case of simultaneous interpreting, both 

modalities require the acquisition of translation and interpreting specific skills. 

Simultaneous interpreting does not involve a code-switch within or between 

sentences but the overlapping word identification and production processes laid out 

in this section and the preceding section.  

In summary, what becomes clear from the psycholinguistic models that have been 

presented above is that languages must be jointly activated for bilingual language 

identification and bilingual language production to be effective. There seems to be 

little doubt that some form of executive control in language reception and production 

is involved since all models repeatedly mention processes that are characteristic of 

domain-general executive functioning at different points. They contribute to the 

understanding of how languages can be kept apart, and task goals can be reached. 

However, there seems to be no real consensus among the models concerning the 

exact point at which executive functions are involved. Especially the concept of 

monitoring and at which stages it is involved in pre and post articulation does not 

seem clear cut. The evidence from neurolinguistic studies in Section 5.3 as well as the 

studies on the bilingual advantage in executive functions in Section 5.4 will further 

elaborate on the involvement of executive functions in bilingual processing. This will 

form the basis for the empirical study to see how executive functions are affected 
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during simultaneous interpreting training.  

  

5.3 Neurolinguistic evidence of overlap between executive control and 

language control 
 

As Sections 5.1 and 5.2 have shown, most psycholinguistic models suggest or do not 

entirely reject an involvement of executive function in managing more than one 

language, an assumption that corresponds to the findings of Chapter 3: Various 

studies have shown how managing multiple languages induces functional and 

structural changes not only in brain regions related to language, but also in brain 

regions related to executive function or cognitive control. The question arises 

whether there is an overlap of executive function networks and language control 

networks. Several studies have investigated this issue by applying language switching 

or task switching paradigms as well as by comparing the two tasks. During linguistic 

switching, participants switch between languages while during non-linguistic task 

switching, participants switch between tasks. To further explore the notion of 

overlapping executive functions and language control, several studies from a 

neuroscientific perspective are discussed in the following.  

In an fMRI study, Hernandez et al. (2000) compared a group of bilinguals in single- vs. 

dual language picture naming. In the mixed-language condition, participants showed 

increased activity in the DLPFC (Hernandez et al. 2000: 428). Electrophysiological 

evidence can be found in Khateb et al. (2007) where ERPs of bilinguals were 

compared in a monolingual task selection and a bilingual language selection in picture 

naming contexts. They predicted different selection processes during L1 naming in 

the bilingual and monolingual naming contexts and therefore differing ERP 

responses. They found diverging ERP patterns at 220ms after stimulus presentation 

which were interpreted as different L1 naming processes. Additionally, they 

conducted an estimation by source localization of brain regions and found an 

increased activation in the left middle frontal-precentral gyri, supramarginal gyri and 

angular gyri during language selection (Khateb et al. 2007: 208). By applying a task 

switching paradigm to see whether bilingualism impacts brain areas responsible for 
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the executive function of switching, Garbin et al. (2010) compared monolinguals to 

bilinguals using MRI. For switch trials, they found increased activation in areas 

fundamental to the monitoring and inhibition processes in task-switching: right 

inferior frontal cortex, left IPL and the ACC in monolinguals, and the left inferior 

frontal cortex and the left striatum as well as reduced switching costs for bilinguals. 

They concluded that monolinguals and bilinguals use brain networks of executive 

functions differently and that the increased activity in the left IFG in switch trials for 

bilinguals clearly shows that there is a relationship between executive control and 

language control (Garbin et al. 2010: 1277). In another fMRI study, Baene et al. (2015) 

examined whether there is an overlap in brain activity in linguistic and non-linguistic 

switching. They found that the lateral and medial PFC (ACC and pre-SMA) and the 

inferior and superior parietal lobe showed common activation during linguistic and 

non-linguistic switching (Baene et al. 2015: 1761). Similarly, Coderre et al. (2016) 

tested bilinguals on a Flanker task with linguistic and non-linguistic distractors and a 

semantic categorization task while conducting an fMRI scan. They found significant 

functional overlap in the left IFG for bilinguals for both linguistic as well as executive 

functions tasks but no functional overlap for monolinguals, concluding that managing 

multiple languages everyday demands more executive control in bilinguals, which 

causes the increased functional overlap in the left IFG for bilinguals but not for 

monolinguals (Coderre et al. 2016: 484). The overlap of executive functions and 

language control has also been investigated behaviourally, for example by Declerck 

et al. (2017). They compared language switching costs with task switching costs and 

implemented the same task format, cues, stimuli and response modalities for task 

switching and language switching. Results showed no differences between language 

switching costs and task switching costs as well as significant correlations between 

task- and language switching costs when a non-linguistic task was used. However, 

when a linguistic task was used (picture naming), language and task switching costs 

differed in error rates. They concluded that language switching and task switching 

share mechanisms only to a certain degree, which is in line with model such as the 

ICM that assumes a certain degree of involvement of executive function in language 

control with some language-specific control processes (Declerck et al. 2017: 143–

145). In a follow up study, this time using event-related potentials, Declerck et al. 
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(2021) again compared bilinguals in task switching and language switching. 

Behaviourally, they did not find differences between language and task switching 

costs. Electrophysiological results showed no significant differences for cue-locked or 

target-locked ERPs between language and task switching, also supporting the view 

that language control and executive functions overlap (Declerck et al. 2021: 640–

642).   

Not only language switching has shown results pointing towards an involvement of 

executive functions in language control, but there is also evidence from various 

translation tasks:   

In a positron emission tomography (PET) study, Price et al. (1999) examined the 

neural underpinning of translation in one direction and switching translation 

directions. They found increased activity in the ACC and subcortical structures for 

translation as well as the anterior insula, the cerebellum and SMA, while switching 

between forward and backward translation primarily engaged the SMG (Price et al. 

1999: 2232–2233). Using functional near-infrared spectroscopy (fNIRS), Quaresima 

et al. (2002) tested bilinguals on translation from their L1 into their L2, vice versa, or 

in alternating translation direction and found increased oxyhaemoglobin levels in the 

left inferior frontal cortex that houses the Broca’s area (Quaresima et al. 2002: 238). 

In a silent sentence translation task within an fMRI study that was compared to silent 

reading, Lehtonen et al. (2005) found increased activation in the left VLPFC as well as 

the globus pallidus for the translation task (Lehtonen et al. 2005: 609).  

As mentioned in Section 4.1, executive functions research often distinguishes 

between two types of inhibition: interference suppression and response inhibition. 

Martin-Rhee & Bialystok (2008) examined these two types of inhibition within the 

context of bilingualism by using the Simon task with an additional delayed answer 

condition in bilingual and monolingual children. In tasks with bivalent displays, two 

conflicting dimensions need to be resolved, which requires interference suppression, 

while in tasks with univalent displays, response inhibition is needed. Their results 

pointed to a robust advantage for bilingual children in the Simon tasks when a 

bivalent display was used and therefore, interference suppression had to be applied. 

When response inhibition needed to be applied, bilinguals did not show an advantage 

over monolinguals. They argue that the two linguistic systems of bilinguals represent 



 

60 
 

bivalent representations, offering competing response options to the same goals. 

Bilinguals must focus their attention on the relevant language system and ignore the 

other system to resolve the conflict (Martin-Rhee & Bialystrok 2008: 91). Similarly, 

Luk et al. (2010) followed the theoretical case of Bunge et al. (2002a) and examined 

the neural correlates of interference suppression and response inhibition in 

monolinguals compared to bilinguals. They used a modified Flanker task with a 

go/no-go paradigm. Their results showed different neural correlates for 

monolinguals and bilinguals in the interference suppression condition, but similar 

networks in the response inhibition condition. They concluded that bilingualism 

seems to influence brain networks that are used for interference suppression but not 

for response inhibition. Therefore, although interference suppression and response 

inhibition are often grouped together as forms of inhibition, they might be cognitively 

distinct. Furthermore, they observed that the brain areas that were active in 

bilinguals during interference suppression are congruent with the areas that are a 

part of the language control network set forth by Abutalebi & Green (2008) (Luk et 

al. 2010: 355).  

 

The reported regions in these studies indicate an involvement of executive functions 

in language control and map the relevant regions. Abutalebi & Green (2007; 2008) 

have given an overview of cortical and subcortical structures that are involved in 

cognitive control as well as in language control to map a model of executive control 

and language control. It becomes clear that executive control is a complex function 

that does not rely on a single system in the brain but is rather implemented by several 

interacting systems. According to Abutalebi & Green (2007), these systems include 

predominantly the left prefrontal cortex but also the anterior cingulate cortex, the 

left inferior parietal lobe and the basal ganglia (Abutalebi & Green 2007: 248). 

Abutalebi & Green (2008) explain that the prefrontal cortex is engaged in executive 

functions, more specifically decision making, selecting and inhibiting responses as 

well as working memory. The PFC cooperates with the ACC which is responsible for 

conflict detection. Together, the PFC and the ACC identify conflict and trigger a top-

down signal. The executive control regions identified by Abutalebi & Green (2007) 

largely overlap with the executive control regions that Chein & Schneider (2012) 
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associate with their cognitive control network that is most active in the controlled 

execution stage of skill learning (see Section 2.1). As already mentioned in Section 4.3 

in the context of working memory representation maintenance or reactivation, the 

parietal cortex is also described as part of the executive functions network mapped 

by Abutalebi & Green (2008). The posterior parietal cortex is directly linked to the 

prefrontal cortex, which makes it possible to hold information active or on-line. 

Another network links the PFC to the subcortical structure of the caudate nucleus 

which belongs to the basal ganglia. Although mostly associated with motor control, 

Abutalebi & Green (2008) argue that the PFC and basal ganglia interact in such a way, 

that the PFC maintains a representation while conflict is present and the basal ganglia 

plays a part in inhibiting unwanted behaviour (Abutalebi & Green 2008: 563–564).

  

In terms of inhibition, Bunge et al. (2002b) emphasize the strong interconnection of 

parietal cortex and prefrontal cortex and suggest that both structures are functionally 

extremely connected and coactivated. By means of a Flanker task they were able to 

show that the left parietal cortex was activated when there was an increased 

requirement to maintain a representation of all responses that were possible while 

the prefrontal cortex was activated when an answer needed to be selected from two 

competing responses or stimuli types, in this case congruent or incongruent trials 

(Bunge et al. 2002b: 1566–1569).  

As already explained previously in this section, task switching holds a unique and 

particularly interesting status, since it incorporates not only switching but also 

inhibition and working memory. Therefore, several studies researching the overlap 

or involvement of executive functions in language control compare task switching to 

language switching (see this Chapter). As mentioned in Sections 4.2 and 5.3, Jamadar 

et al. (2015) and Collette et al. (2005) have identified regions that are most active in 

studies examining the involvement of executive functions in task switching and have 

highlighted the involvement of the parietal cortex in task switching.  

After describing the neural basis of executive control, Abutalebi & Green (2008) map 

brain systems that underly language switching based on neural evidence with regions 

strongly implicated in general executive functions. They delineate a model that 

includes the left prefrontal cortex, the ACC, the caudate nucleus as well as left and 
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right SMG (Abutalebi & Green 2008: 573). Abutalebi et al. (2012) emphasized the role 

of the ACC in language control and executive functions. Within the scope of an fMRI 

study, they asked early bilinguals to perform a language control task in the form of 

language switching and an executive control task (Flanker). Bilinguals were compared 

to monolinguals who performed the same executive control task but carried out the 

language switching task within their only language. They concluded that language 

control in bilinguals and monolinguals relies among others on the dorsal ACC. 

Furthermore, compared with monolinguals, functional imaging results revealed that 

bilinguals used the ACC more efficiently for conflict monitoring, a non-linguistic 

executive function, indexed by the interference control stimuli of the Flanker task 

(Abutalebi et al. 2012: 2083–2085).  

Green & Abutalebi (2013) updated and specified their original model to also include 

the thalamus and the putamen as well as the cerebellum in addition to the ACC and 

pre-SMA, the left and right IFC and left PFC as well as inferior parietal lobe (Green & 

Abutalebi 2013: 523). In a more recent systematic review, Tao et al. (2021) confirmed 

the prior established model of overlapping executive functions and language specific-

areas by Green & Abutalebi (2013).  

This section has examined different models of bilingual processing and mapped the 

overlap or involvement of executive functions in bilingual language processing to 

highlight that managing multiple languages and switching between them is a complex 

interaction of various systems. This is especially important in preparation of defining 

interpreting as a cognitive task that heavily taxes executive functions and explaining 

why executive functions can be influenced by extreme forms of language control such 

as SI. The experimental part of this thesis deals exactly with this question: how are 

executive functions influenced by simultaneous interpreting training (see Section 

6.4)?  

As was laid out in Section 3.1, managing two languages in one brain has shown to 

influence both the function as well as the structure of our brain. Bringing this overlap 

of executive function and language control together with the knowledge of how 

bilingualism can shape our brain, the next section dives into how executive functions 

are affected by the bilingual experience of controlling more than one language and 
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the transfer of expertise from one region to another, before diving into how 

interpreting affects brain structure and functions as well as executive functions. 

 

5.4 The bilingual advantage hypothesis 
 

As presented in Chapter 2, our brain is capable of changing as a consequence of 

learning and skill acquisition. Bilingualism has long been discussed as a factor that 

influences the architecture of our brain (see Chapter 3). Built on the aforementioned 

models of executive functions, language control and language processing in Chapter 

4, the so called bilingual advantage hypothesis emerged. This hypothesis assumes 

that bilinguals display an advantage in cognitive functions since they have to select 

the correct word from two language systems which results in enhanced control 

demands. The two languages should be jointly active but not involuntarily interfere 

with one another. The bilingual advantage hypothesis is rooted in the construct of 

simultaneous activation of two language systems in bilinguals and the resulting lexical 

competition that needs to be resolved to prevent interferences. It is assumed that if 

bilinguals learn to manage multiple languages from early on and therefore also train 

their domain-independent executive function due to the overlap in language control 

and executive control, this should result in long-term advantages beyond the 

language domain, namely in an advantage in executive functions. This presupposes 

overlapping neural circuits in prefrontal as well as parietal and subcortical areas for 

language control and executive functions, as discussed in the preceding Chapter 4 

(García-Pentón et al. 2016: 304). Generally, to test the bilingual advantage 

hypothesis, monolingual and bilingual groups are compared by contrasting 

behavioural measures such as reaction times and accuracy rates using different 

experimental tasks. Most frequently, the typical executive functions tests are applied 

that were mentioned in Chapter 4: the Simon task, Stroop task or Flanker task and 

the ANT for inhibitory control, the n-back task for working memory updating and e.g. 

the colour-shape switch task or the Wisconsin Card Sorting Test for switching (van 

den Noort et al. 2019: 5).   
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Initially, research literature mainly focussed on the inhibitory control advantage that 

bilinguals possessed due to their ability to manage more than one language. In their 

review, Hilchey & Klein (2011) coin the term BICA, bilingual inhibitory control 

advantage, which they define as follows: 

“Frequent use of the inhibitory processes involved in language selection in 

bilinguals will result in more efficient inhibitory processes, which will 

confer general advantages on non-linguistic interference tasks—that is, 

those requiring conflict resolution. These advantages will be reflected in 

reduced interference effects in bilinguals as compared to monolinguals. In 

other words, bilinguals should show an advantage over monolinguals on 

trials with response conflict” (Hilchey & Klein 2011: 628). 

These inhibitory control advantages manifested in faster reaction times for 

incongruent trials in bilinguals relative to monolinguals in tasks such as the Simon 

task or Flanker task. Evidence that inhibitory processes are indeed required during 

language processing comes from a study by Emmorey et al. (2008) in which they 

compared monolinguals, unimodal bilinguals and bimodal bilinguals in a modified 

Flanker task that included congruent and incongruent trials as well as go-/no-go trials. 

More specifically, they investigated whether the bilingual advantage in executive 

functions is in fact encouraged by the need to select only one language while 

representations from two languages are in conflict for selection. In contrast to 

unimodal bilinguals, who articulate two languages, bimodal bilinguals articulate a 

spoken and a sign language and can produce both modalities at the same time and 

do not experience the constraint to select only one language for production. Results 

did not show a significant difference in accuracy between the groups, however, there 

was a significant effect of group on reaction time, with unimodal bilinguals showing 

significantly faster reaction times than monolinguals and bimodal bilinguals in both 

congruent and incongruent conditions as well as in go-trials. Bimodal bilinguals did 

not differ from monolinguals in reaction times. Following these results, the authors 

suggested that there is not only a bilingual advantage in inhibitory control but also in 

attention control, monitoring and task switching. They concluded that the bilingual 

advantage is rooted in competition between two language systems in the same 

modality (Emmorey et al. 2008: 1203–1204).   

The bilingual advantage in executive functions seemed to be modulated by the factor 
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of participant age. Early on, Bialystok et al. (2004) and Bialystok et al. (2005) 

addressed the bilingual advantage in different age groups and across the lifespan. 

Building on earlier research with bilingual and monolingual children, Bialystok et al. 

(2004) conducted studies with bilingual and monolingual older and younger adults 

that performed different versions of the Simon task. In general, bilinguals showed 

faster responses in both congruent and incongruent conditions and produced a 

smaller Simon effect. Interestingly, older bilinguals performed better than older 

monolinguals and showed a smaller Simon effect. This was taken as support for the 

hypothesis that lifelong bilingualism decreases age-related decline of inhibitory 

processing. In another series of studies, Bialystok et al. (2005) tested three bilingual 

and monolingual age groups on the Simon task. Bilingual children showed an RT 

advantage in both congruent and incongruent trials over monolingual children in the 

first and second study. In the third study, monolingual and bilingual young adults 

between 20 and 30 years were tested. Surprisingly, no difference between 

monolinguals and bilinguals in both congruent and incongruent trials surfaced. 

Finally, Bialystok et al. (2005) tested bilingual and monolingual middle-aged adults 

between the ages of 30-59 and older adults between the ages of 60-80. The results 

showed that middle-aged adults outperformed older adults and bilinguals 

outperformed monolinguals in terms of speed. Once again, the bilinguals showed an 

advantage in both congruent and incongruent trials. Since this phenomenon surfaced 

in all age groups, the authors suggested that the executive demands specific to the 

Simon task extend to a more general processing advantage that cannot be limited to 

inhibition. Furthermore, taken together the studies across the age groups present a 

U-shaped procession of advantage in executive functions that is apparent in young 

children, plateaus in young adulthood and enhances processing again in older age. As 

an explanation for the absence of bilingual processing advantage in young adulthood, 

the authors suggested that young adults are at their peak performance regarding 

cognitive processing. They are in control of efficient processing and receive a lot of 

practice through computer games and other media. The advantage that comes from 

bilingualism is irrelevant to them and can give no further boost. The authors conclude 

that in childhood, when executive processes are developing, bilingualism can give a 

developmental boost as well as in adulthood, when executive processes start to 
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decline, and bilingualism can have a protective function (Bialystok et al. 2005: 107–

117).  

Coming back to the initial BICA hypothesis, Hilchey & Klein (2011) lay out that the 

BICA is a rather rarely occurring phenomenon that is bound to very restricted 

conditions. Furthermore, findings from various studies showed bilinguals 

outperforming monolinguals in congruent as well as incongruent trials and not only 

in congruent trials (see e.g. (Costa et al. 2008); Bialystok et al. (2004)). Hilchey & Klein 

(2011) therefore highlight that instead of just affecting inhibitory control, 

bilingualism may enhance domain-general executive functions overall. They refer to 

this phenomenon as BEPA, bilingual executive processing advantage (Hilchey & Klein 

2011: 629). According to this rationale, the focus of control lies not on inhibitory 

processes alone but rather on a comprehensive conflict-monitoring system that 

functions as general executive control. Since bilinguals must constantly monitor their 

linguistic representations to select the right one, their monitoring system is more 

efficient than that of monolinguals (Hilchey & Klein 2011: 654–655). Costa et al. 

(2008), Costa et al. (2009) as well as Bialystok (2015) supported this view and 

redirected their focus away from the notion of inhibitory control towards a focus on 

attention and conflict monitoring. According to Costa et al. (2008), attention has 

executive components as well, therefore attentional processes are a component of 

executive control that are involved in selecting the right goal-directed action and 

involve inhibitory control as well. Furthermore, they argue that executive attention 

requires both conflict monitoring mechanisms as well as conflict resolution 

mechanisms. In bilingual speakers, these attentional control mechanisms come to 

play continuously, which is why hypothetically, the general attention system should 

become more efficient. They used the Attentional Network Task (ANT) that is widely 

used to study different attentional networks and tested monolinguals and bilinguals. 

The results indicated that bilinguals were faster than monolinguals in congruent as 

well as incongruent trials, and the difference between congruent and incongruent 

trials was larger for monolinguals than for bilinguals. This was interpreted as evidence 

that bilinguals possess a more efficient executive control mechanism and are less 

affected by incongruent trials. Furthermore, it suggests that bilinguals possess a more 

efficient conflict resolution mechanism than monolinguals. Lastly, results showed 
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that bilinguals had lower switch costs than monolinguals and showed less 

interference from incongruent trials (Costa et al. 2008: 77–78). Bialystok (2015) sees 

attention at the core of the bilingual advantage hypothesis and proposes that “[…] 

the bilingual experience changes the way attention is directed to the environment” 

(Bialystok 2015: 120). In support of this hypothesis, she references studies such as by 

Sebastián-Gallés et al. (2012). In their study, silent videos of faces talking in English 

and French were shown to Spanish or Catalan monolingual and Spanish-Catalan 

bilingual infants. In the videos, sentences were read in one language first and the 

language was switched subsequently. Average looking time was analysed. The results 

showed that only bilingual infants noticed that the language had changed, even if 

they were unfamiliar with the languages while looking times for monolingual children 

were at chance levels. This suggests that some dispositions are already developing 

before children start to use language (Sebastián-Gallés et al. 2012: 994–997).  

To sum up, it is not yet clear whether attention control or conflict monitoring as more 

general concepts of executive functioning are the sole driving force behind managing 

multiple languages, or whether they rather represent one aspect of executive 

functioning that coexists next to inhibitory processes and switching processes.  

Concerning the executive functions of shifting and working memory updating in 

bilinguals, studies such as by Prior & Macwhinney (2010) and Hansen et al. (2016) 

have provided interesting results. Prior & Macwhinney (2010) used a colour-shape 

switch task to compare the executive function of shifting and monitoring in 

monolinguals and early bilingual psychology students. They calculated switching 

costs representing the difference in reaction time between switch and non-switch 

trials in mixed task blocks, and mixing costs that represent the difference in reaction 

times in the single-task block and repeat trials in the mixed-task block. Trial type 

(switch, non-switch) and language group (monolinguals, bilinguals) were used as 

independent variables while reaction times and accuracy were dependent variables. 

Results for the switching costs indicated a significant effect of trial type on accuracy 

and reaction times with non-switch trials being more accurate and receiving faster 

reaction times compared to switch trials. However, there was no main effect of 

language group. There was however a significant interaction between trial type and 

language group for reaction times but not for accuracy. The bilinguals were faster on 
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switch trials than the monolinguals. Therefore, bilinguals showed lower switching 

costs than monolinguals. Results for the mixing costs did show a significant main 

effect of trial type (single task, non-switch trials) for reaction times and accuracy with 

single-task trials being performed quicker and with higher accuracy than non-switch 

trials. There was however no significant difference between groups and no 

interaction. The bilingual advantage in this study could therefore only be established 

in reduced switching costs in bilinguals. Switching costs are said to be created by 

transient control processes aimed at choosing between two competing tasks. In the 

colour-shape switch task, these tasks activate the appropriate task goal and change 

the stimulus-response mapping according to the cue that is shown. The authors 

suggested that the lifelong practice of the bilingual students in choosing the desired 

language and coordinating languages as well as in resolving interference between the 

languages has direct consequences on the executive function of shifting (Prior & 

Macwhinney 2010: 255–259).  

Hansen et al. (2016) examined how different components of working memory 

develop differently in different age groups of monolingual and bilingual school 

children by testing them on an n-back task and a reading span task. The n-back task 

specifically targets executive functioning, especially updating and interference 

control. With regard to working memory updating, results indicated that only 

children in the younger age groups (grades 2 and 3) showed a bilingual advantage 

reflected in correct responses, but not in the older age groups (grades 5 and 8). It 

seems that emergent bilingualism benefits WM-related processes at an early 

developmental stage. The authors argue that younger bilingual children but not 

slightly older children probably are affected most by the transfer effects from 

bilingualism to executive functions since language interference effects and the 

demand for executive control are highest at this earlier stage (Hansen et al. 2016: 56–

70).  

Apart from purely behavioural studies, various studies have investigated the bilingual 

advantage in executive functions by using fMRI and EEG since in more recent years 

neuroscientific methods have become more widespread in bilingualism and 

translation research. The majority of these studies examined structural overlap in 

executive functions networks in bilinguals or compared activation of said brain 
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networks in bilinguals and monolinguals, as already explained in Section 5.3. Some of 

these studies describe structural or functional brain differences between 

monolinguals and bilinguals only and not in combination with behavioural results. 

García-Pentón et al. (2016) argue that this does not provide a full picture of how 

bilingual language control and executive control interact. Bialystok (2017) report 

however that some studies from cognitive neuroscience argue in a different 

direction, interpreting lacking differences in behavioural performance as beneficial 

because it allows to look at brain differences with behaviour as a controlled factor. 

Also, equal behavioural performance but different ERP waveforms between groups 

could reveal that there is in fact a cognitive difference while the motor response 

necessary for behavioural results is too coarse-grained to reflect that (Bialystok 2017: 

242). 

Not relying on structural differences but on connectivity, Grady et al. (2015) 

compared intrinsic functional connectivity in resting state in monolingual and 

bilingual older adults. They hypothesized that bilinguals would show increased 

functional connectivity in executive function networks compared to monolinguals. 

Results showed stronger intrinsic connectivity in the frontoparietal control network 

for bilinguals than for monolinguals as well as in the default mode network that is 

associated with the brain at rest. Other networks not involved in executive 

functioning did not show any difference. This indicates that older bilinguals’ executive 

functions still benefit from the modulations caused by bilingualism (Grady et al. 2015: 

175–179).  

Although the EEG has been used rather infrequently to investigate the bilingual 

advantage compared to structural methods, there are a few studies that have shown 

results in favour of the bilingual advantage in executive functions. Kousaie & Phillips 

(2012) compared performance of bilingual and monolingual young adults on three 

executive function tasks (Simon, Flanker, Stroop) during EEG recording. They did not 

find any behavioural differences between the groups. However, they found larger N2 

amplitudes for monolinguals than bilinguals in the Stroop task, which seems contrary 

to the bilingual advantage hypothesis but could indicate that bilinguals were more 

efficient in their conflict monitoring. The results were however not consistent across 

all tasks (Kousaie & Phillips 2012: 81). Markiewicz et al. (2023) compared 
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monolinguals and bilinguals in a Flanker task with a with a incongruent/congruent 

ratio of 25%/75%. For the behavioural results, they found longer response time 

distribution tails for bilinguals compared to monolinguals, indicating that bilinguals 

sometimes had longer responses. For the ERP-results, they found significantly 

increased N2 amplitudes and decreased P3 amplitudes for bilinguals compared to 

monolinguals. The results were interpreted as evidence for enhanced proactive 

monitoring in bilinguals (N2 and P3) which resulted in fewer available attentional 

resources to solve conflict and categorize the stimulus and thus occasionally longer 

reaction times (Markiewicz et al. 2023: 133–143). Morrison et al. (2019) investigated 

whether there is a bilingual advantage in working memory using the P3 ERP 

component. Monolingual and bilingual participants performed an n-back task. 

Results showed no significant differences in reaction times and accuracy between 

groups but indicated a smaller P300 amplitude for monolinguals compared to 

bilinguals, indicating that bilinguals had more cognitive resources available to solve 

the n-back task (Morrison et al. 2019: 196–197).  

Contrary to the positive findings, there are also various studies that did not find a 

bilingual advantage in executive functions. For example, Paap & Greenberg (2013) 

compared monolinguals to bilinguals in an antisaccade task, Simon task, Flanker task 

and colour-shape switch task. They did not find a significant outcome for a bilingual 

advantage in inhibitory control or task switching and even found a slight disadvantage 

in one of the Simon tasks (Paap & Greenberg 2013: 242). Testing monolinguals and 

bilinguals on various task switching paradigms, Hernández et al. (2013) also did not 

find reduced switching costs for bilinguals compared to monolinguals (Hernández et 

al. 2013: 271). Bastian et al. (2016) compared monolinguals to bilinguals in different 

executive functions such as inhibition, conflict monitoring, shifting and generalized 

cognitive abilities. Rather than evaluating single tasks, the authors built linear mixed-

effects models that contained continuous predictors of bilingualism such as age of 

acquisition, non-L1 language use and proficiency ratio. They did not find an 

advantage for bilinguals over monolinguals in inhibitory control, monitoring, shifting 

or generalized cognitive abilities. However, it has to be noted that they did not have 

a strictly monolingual control group (Bastian et al. 2016: 254). Therefore, within the 
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course of ongoing research, critical voices have continuously debated the validity of 

the bilingual advantage hypothesis, highlighting the studies that did not find an 

advantage for bilinguals in executive functions over monolinguals or could not 

replicate positive results from previous studies. In their review, van den Noort et al. 

(2019) included studies on the bilingual advantage between 2004 and 2018 and 

found that while 54.3 % of studies registered a bilingual advantage, 28.3% showed 

mixed results and 17.4% found evidence against the bilingual advantage. Some 

critical voices such as Paap et al. (2017) have emphasized the publication bias 

towards positive results of the bilingual advantage reported by de Bruin et al. (2015) 

where they reviewed conference abstracts from 1999 to 2012. They reported that 

studies which found purely results in favour of the bilingual advantage were most 

likely to be published, followed by studies with mixed results while studies that did 

not find a bilingual advantage in executive functions for bilinguals were published 

least (de Bruin et al. 2015: 104). Furthermore, Paap et al. (2015) argues that many 

studies do not match monolingual and bilingual participants on factors such as socio-

economic status, immigrant status or culture which can however influence 

performance and be confounding variables (Paap et al. 2015: 267–268). In terms of 

the tasks, Paap et al. (2015) argue that although there are executive function tasks 

that seem specific to the respective executive function such as the Flanker or the 

Simon task that target inhibition, two inhibition tasks might not tap into the same 

kind of inhibition and show little convergence (Paap et al. 2015: 273). In the context 

of ERP literature, Cespón (2021) also emphasized methodological problems in 

bilingual advantage studies such as low sample sizes, publication bias and selective 

reporting of results (Cespón 2021: 2–3). Privitera et al. (2023) have argued that using 

only fixed-effects analysis methods, as it was done for the majority of bilingual 

advantage studies, does not do justice to individual differences that can occur within 

subjects and groups. They recommend using mixed-effects models that are better 

suited for the data structure in multi-trial tasks since they can include participants 

and group as factors. They tested this argument by analysing previously collected 

data from a group of Chinese-English bilingual students performing a Simon task in a 

linear mixed model and in fixed-effects models that used average reaction times per 

participant. They found that after including participant and item congruency as 
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random effects all main effects on performance that were identified in the fixed-

effects model disappeared. The authors concluded that the heterogenous results in 

bilingual advantage studies could stem from differences in analysis methods that 

were applied and also recommended using linear mixed effect models if previous 

analysis have yielded positive or null effects (Privitera et al. 2023: 2–6). 

Although not entirely consistent, a bilingual advantage has surfaced in many studies 

as described at the beginning of this section. Therefore, Paap et al. (2015) have 

proposed the following: “A more likely scenario is that bilingual advantages accrue 

only in very specific circumstances that pair the right set of bilingual experiences with 

the resonating set of EF measures“ (Paap et al. 2015: 275–276). In order to redirect 

the focus from debating about the existence of the bilingual advantage itself, 

Woumans & Duyck (2015) have argued that 

„ […] our field would benefit from moving away from the current yes/no 

debate. Instead, we should investigate what factors moderate the 

manifestation of a bilingual advantage, preferably using longitudinal 

designs and thoroughly normed measures of individual cognitive 

differences“ (Woumans & Duyck 2015: 357). 

Calabria et al. (2018) define three factors that can affect the bilingual language 

control network: age of L2 acquisition, language proficiency and nature of language 

use (Calabria et al. 2018: 226). In terms of age of acquisition, they refer to the studies 

by Berken et al. (2016) and Kousaie et al. (2017) mentioned in Section 3.1. Berken et 

al. (2016) discovered a link between an early AoA in sequential and simultaneous 

bilinguals and stronger connectivity between the inferior frontal regions and the right 

parietal region. In a study using resting-state fMRI, Kousaie et al. (2017) compared 

simultaneous bilinguals to sequential bilinguals and found that anticorrelations 

between the VMPFC and the task-positive attention network were stronger for 

simultaneous bilinguals and that simultaneous bilinguals also showed better 

interference suppression in a Simon task compared to sequential bilinguals. 

Regarding L2 proficiency, Calabria et al. (2018) propose that different levels of L2 

proficiency lead to different levels of pre-SMA, ACC, left caudate and IFG recruitment, 

that are all involved in inhibitory control. Finally, they address that the frequency in 

which bilinguals switch between their languages are likely to affect language control 
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and therefore executive control (Calabria et al. 2018: 226). As a replication and 

extension of the study by Prior & Gollan (2011), who found a connection between 

frequent language switching and a bilingual advantage in task switching, Verreyt et 

al. (2016) also examined how frequency of language switching impacts the bilingual 

advantage in executive control functions. They administered a Flanker and a Simon 

task to three groups of participants: unbalanced bilinguals, balanced bilinguals that 

do not switch between their languages as a routine and balanced bilinguals that 

frequently switch between their languages in everyday life. All balanced bilinguals 

had a high level of L2 and acquired both language before the age of six. The results 

indicate that frequently switching BL display smaller congruency effects than BL that 

rarely switch between languages at an equal L2 proficiency level (Verreyt et al. 2016: 

183–187). Verreyt et al. (2016) argue that an advantage in executive functions 

requires a frequent activation of lexical representations of both languages as well as 

the subsequent necessary inhibition of the non-target language, as is the case during 

language switching. Therefore, the authors place frequent language switching at the 

core of a bilingual executive functions advantage (Verreyt et al. 2016: 188–189). 

  

Green & Abutalebi (2013) argue in their adaptive control hypothesis that the 

interactional context is a factor that influences mental control processes and 

therefore language control and language switching or code-switching. According to 

the adaptive control hypothesis, control processes that are needed to achieve goals 

gradually adapt to extraneous demands, that is, different interactional contexts. Not 

adapting to the interactional context would require an interactional cost. The first 

interactional context is the single language context that represents the use of one 

language for a specific environment and another language for another specific 

environment and does not require frequent language switching. Secondly, the dual-

language context entails using two languages with different speakers but not 

switching between the languages in one utterance but switching between languages 

within a conversation with different speakers. Finally, the dense code-switching 

context is represented by frequently switching between languages within one 

utterance and even the adaption of words from a specific language into another 

language. Green & Abutalebi (2013) further differentiate between seven control 
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processes that are involved to different parts in the three interactional contexts. The 

single language context requires goal maintenance and interference control, the 

latter being further split up into conflict monitoring and interference suppression. In 

contrast, the dual language context requires salient cue detection, selective response 

inhibition, task disengagement and task engagement in addition to goal maintenance 

and interference control. The dense code-switching context however only requires 

opportunistic planning and is rather neutral towards the other control processes 

(Green & Abutalebi 2013: 517–519). The single language context requires constant 

suppression of the non-target language and no reactivation. Contrarily, the dense 

code-switching context does not require the suppression of the non-target language. 

Finally, the dual language context requires constant inhibition and re-activation of 

the non-target language, which can lead to an adaption of the executive functions 

goal maintenance, conflict monitoring, and interference suppression (Green & 

Abutalebi 2013: 526–527). Thinking about simultaneous interpreting, it is not 

straightforward to fit this modality into one of the situational language contexts. 

However, the dual-language context would fit most to SI, since simultaneous 

interpreters listen to a speaker in one language and then produce another language. 

This would also require the constant inhibition and re-activation of the non-target 

language since both languages need to be kept at a high activation level.  

As mentioned in Section 5.2, Green & Wei (2014) explain how code-switching 

requires the language task schemas to work in a cooperative manner to enable a 

code-switch. They also integrate the premise of different language contexts from 

their adaptive control hypothesis into their theory and predict that a dual language 

context could enhance executive functions in contrast to the single-language context. 

Assumed that simultaneous interpreting can be categorized as a dual-language 

context, this would correspond to the bilingual advantage hypothesis as well the 

interpreter advantage hypothesis (see Section 6.4) (Green & Wei 2014: 506).   

Building on Green & Abutalebi’s (2013) adaptive control hypothesis and to 

consolidate the competing results from bilingual advantage studies, Paap (2018) has 

formulated the so called “controlled dose hypothesis”. Similar to the skill acquisition 

process model by Chein & Schneider (2012) mentioned in Chapter 2, the controlled 

dose hypothesis assumes that L2 management undergoes different stages from an 
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effortful controlled execution to a more automatic process. The hypothesis relies on 

the two basic assumptions that (1) a process that requires an excessive use of 

executive control results in an improvement of executive control ability and that (2) 

the improvement occurs rapidly but either diffuses because the process is not used 

anymore or because it has transitioned from the controlled execution stage to the 

automatic execution stage (Paap 2018: 454). This would indicate that an advantage 

in executive functions is either connected to the L2 proficiency and only occurs in the 

beginning of L2 learning or that the processing demands of L1 and L2 switching need 

to be high enough to tax and train executive functions as well.  

Pliatsikas (2020) has proposed a similar approach that is more neuroscientifically 

grounded by presenting the Dynamic Restructuring model. This model maps the 

neurocognitive changes occurring as a consequence of bilingualism across three 

stages. Stage 1 takes effect during initial L2 exposure and learning which demands an 

increased need to control lexical alternatives and results in a change in a network of 

parietal, temporal and frontal regions. These regions are implicated in vocabulary, 

semantic and phonological learning as well as executive functions. These effects 

result in an increase in grey matter volume in these regions. At Stage 2, immersion 

and the bilingual experience have increased, which results in a return to baseline 

volume of brain regions that have previously grown at Stage 1, since only the most 

efficient brain regions are preserved. This stage is not characterized by fully 

automated executive functions to control both languages but by a continuous control 

of lexical alternatives, inhibiting the non-target language and switching between the 

languages. According to Pliatsikas (2020), while in Stage 1, mainly cortical structures 

were implicated in executive control and language control, a switch to more 

subcortical structures takes place in Stage 2. Finally, Stage 3 is characterized by peak 

efficiency with a renormalization of all prior enhancements as well as automatized 

language control and all executive functions connected to it. In the context of this 

model, Pliatsikas (2020) emphasizes that simultaneous interpreting training is an 

experience that taxes language and executive control so intensely that it may cause 

the stages 2 and 3 to fuse together (Pliatsikas 2020: 464–466). This approach of a 

dynamic brain restructuring in reaction to learning, especially passing through 

different phases, corresponds well to the expansion-partial renormalization 
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hypothesis (see Lövdén et al. (2013)) as well as the skill acquisition model (see Chein 

& Schneider (2012)) introduced in Section 2.1 in the context of general brain 

plasticity. In the expansion-partial renormalization hypothesis, training of a mechanic 

skill in macaque monkeys resulted in an initial increase in grey-matter volume in 

relevant areas that was followed by a decrease (partial renormalization) in grey-

matter after training that was not accompanied by loss of skill. Chein & Schneider’s 

(2012) model of skill acquisition comprises three different phases: formation, 

controlled execution and automatic execution. Executive control is required most in 

the controlled execution stage and least during the automatic execution stage. This 

does not correspond entirely to Pliatsikas’ (2020) dynamic restructuring model that 

places primary engagement of executive function in its initial stage. However, both 

models assume that training or learning affects the amount of engagement of 

executive functions and, in the case of the dynamic restructuring model, also 

structural density.   

Grundy et al. (2017a) reviewed MRI and EEG studies to compare the neural correlates 

in connection with executive functions in monolinguals and bilinguals and come to a 

similar conclusion as Pliatsikas (2020) in terms of a cortical to subcortical shift with 

increased executive function proficiency. They summarize that proficient bilinguals 

show less frontal activation compared to monolinguals who perform the same on 

executive function tasks, a phenomenon that seems to be reversed in bilingual 

children. They coin the phrase “bilingual anterior-to-posterior and subcortical shift 

(BAPSS)” (Grundy et al. 2017a: 188), which describes the pattern of bilinguals 

recruiting less frontal and executive control such as the ACC and the DLPFC regions 

and more posterior and subcortical regions such as the basal ganglia in executive 

functions tasks. Grundy et al. (2017a) describe this pattern as an indicator of 

increased efficiency (Grundy et al. 2017a: 188). Three studies especially fit this 

observation: 

Mohades et al. (2014) compared early simultaneous bilingual children to early 

sequential bilingual children and monolingual children in a Simon and Stroop task 

using fMRI. They found that both bilingual groups showed higher accuracy in both 

tasks but at the expense of reaction times. Furthermore, there was increased 

activation in incongruent trials in the STG, bilateral cingulate gyrus, middle frontal 
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gyrus and right caudate nucleus in bilinguals compared to monolinguals and 

increased activation in the caudate nucleus and posterior cingulate in simultaneous 

bilingual children compared to sequential bilingual children (Mohades et al. 2014: 

632–635). Studying ageing bilinguals, Gold et al. (2013) compared older adult 

bilinguals and younger adult bilinguals to older adult and young adult monolinguals 

in a task switching paradigm using fMRI. In the first experiment, older bilinguals 

outperformed older monolinguals in switching performance. In the second 

experiment, bilingual older adults and bilingual younger adults performed better 

than younger and older monolinguals while showing less activation in left lateral 

frontal and cingulate cortex. Since bilingual older adults outperformed monolingual 

older adults, this was taken as an indicator for increased neural efficiency in executive 

function processing in bilinguals (Gold et al. 2013: 392–393). Ansaldo et al. (2015) 

took these results one step further by comparing elderly monolinguals and bilinguals 

on a Simon task and a Stroop task using fMRI. In the Stroop task, bilinguals 

outperformed monolinguals in the incongruent condition. In the Simon task, both 

groups performed equivalently in terms of reaction time and accuracy. However, 

monolinguals activated the right middle frontal gyrus while solving incongruent trials, 

whereas bilinguals rather activated left inferior parietal regions. Normally, there is a 

shift from posterior to anterior regions in aging brains, which could only be observed 

in monolinguals in this study (Ansaldo et al. 2015: 462–465).  

Taken together, there is recent neuroimaging evidence that the bilingual brain not 

only changes when it is presented with the challenge of managing multiple languages, 

but it also renormalizes these changes structurally or shifts tasks to different brain 

areas while keeping up the efficiency as shown in studies that corroborated the 

structural neuroimaging findings with behavioural results.  

This final section of Chapter 5 has now merged all aspects of neuroplasticity, 

bilingualism and executive functions so far. It has become clear that although 

managing multiple languages does induce changes in the brain, it would be an 

oversimplification to only speak of an advantage in executive functions. Whether 

executive functions change as a result of managing multiple languages seems to 

depend on different aspects of the bilingual experience such as L2 proficiency, how 
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often a person uses both languages and switches between the languages as well as 

processing demands of the linguistic task at hand. In the end, this chapter has also 

made clear that there is a possibility that a change in executive functions induced by 

an increase in language control is not stagnant but renormalizes when the language 

or linguistic task is automized.  

The search for what modulates linguistic-induced changes in executive functions has 

put simultaneous interpreting in the spotlight since it requires managing multiple 

languages under potentially stressful conditions and time pressure. As the next 

chapter will further elaborate, interpreting is a cognitive task with high processing 

demands that requires a high degree of language and professional competence, 

executive control and attention. How simultaneous interpreting training can affect 

executive functions and why this dissertation can be an important contribution in this 

research area will also be discussed further.  
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6. Interpreting as a cognitive task 
 

Within the bilingual advantage debate, the search for cognitive advantages in 

bilinguals has put the spotlight on interpreting as a cognitive task that requires high 

levels of both language control as well as cognitive control. This chapter therefore 

highlights the research pillars of cognitive interpreting studies and answers questions 

such as: What characterises simultaneous interpreting? Which processes are at 

work? Which interpreting strategies are applied and where might executive functions 

be involved? Furthermore, the following sections will explain simultaneous 

interpreting as a profession, but also how simultaneous interpreting training changes 

the brain and how executive functions are affected. Finally, a look at models of 

interpreting competence will emphasize the importance of training and will draw the 

connection between interpreting training and neuroplasticity. 

As pointed out in Pöchhacker (2016), a differentiation between the two main working 

modes of interpreting, consecutive interpreting and simultaneous interpreting, was 

made from the 1920s onwards (Pöchhacker 2016: 18). While consecutive interpreting 

is characterized by a target text that is produced after a source text or speech, 

simultaneous interpreting (SI) requires the interpreter to listen and speak 

concurrently, resulting in a source message that is rendered instantaneously (Ahrens 

2017: 446). The simultaneity of the process of SI that involves parallel processing of 

bilingual output and input is seen as an exceptional ability, which is why most early 

research has focussed on the simultaneous interpreting mode, advancing conference 

interpreters into the research focus (Ahrens 2017: 449). Fabbro & Darò (1995) 

highlighted the simultaneity of processes during simultaneous interpreting and 

emphasized that interpreters need to listen to the message in the source language, 

translate the message into the target language and formulate the message in the 

target language all at the same time while adhering to severe time constraints  

(Fabbro & Darò 1995: 310). Seeber (2011) argues however that simultaneous 

interpreting rather represents a temporal overlap of language comprehension and 

language production and not exactly simultaneous processes (Seeber 2011: 185). 

Frauenfelder & Schriefers (1997) explain that language comprehension and language 
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production lie at the core of the interpreting process. They emphasize how complex 

it is to establish an accurate model of simultaneous interpreting, since language 

comprehension and language production are constantly overlapping during 

interpreting and are not easy to research in the monolingual context, let alone in the 

bilingual interpreting context (Frauenfelder & Schriefers 1997: 73–74).   

This overlap of word recognition and production is characteristic of SI and therefore 

differentiates SI from other bilingual modalities such as bilingual speech and code-

switching as well as written translation. As laid out in Sections 5.1 and 5.2, there are 

good reasons to assume that both languages are active during bilingual language 

reception and production (Dijkstra et al. 1998; Paradis 1994), that executive functions 

are implicated in this process to guide and support the word identification and 

production process (Green 1998; Abutalebi & Green 2007; Green & Abutalebi 2013), 

and that therefore, bilinguals may have increased control demands over their 

languages at least in certain circumstances of their bilingual profile (depending on 

AoA, proficiency, processing demands) (see Hilchey & Klein 2011, García-Pentón et 

al. 2016). As Christoffels & de Groot (2005) explain, SI and written translation do 

share some basic principles, the most evident being that both tasks tap into similar 

processes of bilingual language processing to achieve communication for a third 

party. Translators and interpreters are not allowed to muddle their personal beliefs 

into the context of the message, and they need to self-monitor during language and 

text production. However, input and output modes of SI and written translation are 

fundamentally different. While written translation relies on a visual and written 

mode, SI is usually characterized by the auditory and verbal mode2. Furthermore, the 

input rate during SI is determined by the speaker of the source text and is usually 

comparable to the input rate of normal speech (about 100-200 words per minute). 

Consequently, simultaneous interpreters need to produce output directly, with a 

speaking rate of about 4.000 words in a 30 minute speech. In contrast to that, the 

source text in written translation is fixed and the translator can go back to the source 

text to reread certain passages. This is not possible during SI, and, together with the 

                                                           
2 There are also hybrid forms such as sight translation, where a written source text must be 
interpreted orally into a target output 
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high speaking rate, SI creates an urgency in the action that is not given during written 

translation. Therefore, only simultaneous interpreting is characterized by the near 

simultaneity of speech reception/comprehension processes and speech production 

processes (Christoffels & de Groot 2005: 455–456). These overlapping processes 

performed under time pressure create a higher level of control demands than other 

bilingual modalities (van de Putte et al. 2018: 244). As Riccardi (2005) summarizes:  

“Compared to monolingual communication, SI is an unnatural form of communication, whose 

main peculiarity – in addition to its bilingual nature, common to all oral and written 

translation forms – is given by the time pressure under which it is carried out” (Riccardi 2005: 

756).  

The overlap of source text or language input and target text or language output is 

therefore the most prominent feature of simultaneous interpreting and has been 

studied since the 1950s as so called ear-voice span or décalage. The time lag between 

the speaker’s input and output is suggested to reflect cognitive processing of the 

interpreter and is affected by different factors such as the speaker delivery rate, text 

type, applied interpreting strategies and interpreting competence (Timarová et al. 

2011: 121–123). Studies such as by Treisman (1965) and Lee (2002) have shown that 

factors such as longer sentence length, interpreting in the direction of the non-native 

language or task difficulty (shadowing vs. SI) that require more cognitive effort lead 

to longer ear-voice spans and other factors such as longer between-sentence pauses 

decreased the ear-voice span, possibly because information could be properly 

processed, reducing cognitive load.  

Over time, many different models have been developed to explain the elaborate 

interpreting process and more and more important subprocesses have been added 

to the picture, a relevant selection of which will be presented in the following section.

  

6.1 Cognitive models of simultaneous interpreting 
 

The earliest interpreting models were product-oriented and based on observations 

of interpreters, but also process-oriented when based on retrospections (Ahrens 

2017: 448). One of these early models based on an observational approach was 

established within the framework of the École Supérieure d’Interprêtes et 
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Traducteures (ESIT) by Danica Seleskovitch and Marianne Lederer: By studying 

conference interpreters, they formulated three phases of the interpreting process 

which they denominated Théorie du sens. The first phase is characterized by 

understanding the sense of an uttered phrase through the use of different cognitive 

complements, which can be understood as different forms of background knowledge 

about the world. This is followed by the deverbalization phase, where the verbal 

forms of the utterances disappear and are reformulated according to their true 

meaning in the target language; these are finally expressed in the last phase 

(Seleskovitch & Lederer 1989: 36–42). However, although this was one of the first 

approaches of using empirical data to study the cognitive processes of interpreting 

and although this theory was formulated by upholding ecological validity, the lack of 

experimental design and experimental hypothesis testing neglected the observation 

and interpretation of important cognitive sub-processes and executive functions. 

Furthermore, results from observing conference interpreters, although a promising 

method at the time, can be subjective and are not free of biases (Garcia 2019: 16). 

 

Chernov (1979) proposed a model that accommodates the interpreter’s cognitive 

multitasking on the basis of redundancy of languages. According to this reasoning, 

redundancy of languages enables probability prediction on a semantic level when a 

message is received in a source language. Furthermore, an anticipatory synthesis 

takes place, while the message in the target language is generated (Chernov 1979: 

278). Anticipation processes interact with the interpreter’s memory store of general 

world knowledge and with the context of the situation, making them an integral part 

of interpreting as a cognitively demanding task (Chernov 1979: 293).  

Moser’s (1978) flow also puts emphasis on anticipatory processes as well as memory 

storage. Initially, incoming acoustic input is analysed for its features by using the 

phonological rules that are stored in long term memory. When the syllables are 

recognized, they are transformed into words of the source language with the help of 

semantic and syntactic cues. Next, strings of processed words are stored temporarily 

in the so called Generated Abstract Memory (GAM), a storage that is similar to short-

term memory, creating a feedback loop that makes it possible for newly incoming 

information to be further processed. Information in the GAM is chunked into units of 
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meaningful phrases of different sizes. The GAM has a limited number of these chunks 

it can hold, which is why less and less capacity is available for new storage the more 

capacity is used to chunk larger units. The GAM works together with language 

concepts in long-term memory to find a conceptual base for the processed 

information. Once conceptual relations are activated, the meaning of the words can 

be understood, and the corresponding target language nodes can be activated. To 

deal with the processing capacity of the GAM, the interpreter uses prediction or 

anticipation processes. When the interpreter is aware of what is coming next, many 

processing steps until the activation of target language equivalents are omitted 

(Moser 1978: 354–360). The interaction between memory systems as well as 

between memory systems and anticipatory processes was an important asset for 

later models.  

In the 1980s and 1990s, methods and paradigms from cognitive psychology and 

psycholinguistics as well as a need for more scientifically based research greatly 

impacted research in simultaneous interpreting (Gile 2015: 45–47). Based on findings 

from lesion studies in aphasia patients, Paradis (1994) formulated a neurolinguistic 

theory of simultaneous interpreting. It is based on the activation threshold 

hypothesis, assuming that items in the multilingual lexicon have different activation 

thresholds. The more often an item is activated, the lower its activation threshold 

becomes and the less stimulation it needs to be activated. When an item is selected 

for activation, all competing items are inhibited by raising their activation thresholds 

and decreasing their activation. During simultaneous interpreting, items from both 

languages are activated but not to the same degree. Therefore, Paradis (1994) 

assumes that interpreters who switch frequently between languages have probably 

developed lower activation thresholds for the language that is not selected, so they 

can alter between comprehension and production fluently (Paradis 1994: 320–321). 

In a complex flow model, Paradis (1994) highlights the overlapping cognitive 

processes of encoding and decoding that take place during simultaneous interpreting 

and also points out the differential involvement of the left and right hemisphere in 

language processing. Ultimately, he also emphasizes that implicit linguistic 

competence and explicit metalinguistic knowledge are highly involved in 

simultaneous interpreting (Paradis 1994: 324–332). Setton’s (1999) model is based 
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on theories about how perception, cognition and action interact in speech 

processing. His model contains representations of speech input, word recognition, 

decoding and assembling, world-, situational- and linguistic knowledge and working 

memory as well representations for formulation and the articulation processes. 

Interestingly, Setton (1999) specifically includes an executive that not only 

coordinates tasks but is also involved in meaning assembly and controls production 

(Setton 1999: 63–92).  

A first attempt at a neuroanatomical model of simultaneous interpreting was 

constructed by Fabbro (1999). Based on a series of experimental studies on the 

neuropsychological aspects of simultaneous interpreting, Fabbro (1999) set forth a 

model of simultaneous interpreting that involves the main functional components 

that are implicated in the SI process and also highlights the involvement of both 

hemispheres during simultaneous interpreting. The author describes that the left 

hemisphere is mostly implicated in recognizing the message in the SL and translating 

and articulating the message in the TL. The right hemisphere is rather implicated in 

emotional-attentive tasks and aspects of nonverbal communication The model shows 

the involvement of the bilateral primary and secondary auditory cortex, left-

hemispheric subcortical structures, left temporo-parietal cortex, right temporo-

parietal areas, left inferior anterior frontal cortex, left and right premotor areas, left 

supplementary motor area and Broca’s area. Furthermore, the model shows an 

involvement of the cingulate gyrus bilaterally. Although some of these brain regions 

are language and motor function specific, especially the mentioning of the left 

inferior frontal cortex, the left SMA and, although not further specified, the cingulate 

cortex and subcortical structures overlaps with the model of executive functions and 

language control of Green & Abutalebi (2013) described in Section 5.3. (Fabbro 1999: 

205–206).  

In Garcia (2019), the author contrasts his neuroarchitectural translation model (NTM) 

that is not interpreting specific but depicts the organization of both translation and 

interpreting systems with Fabbro’s neurocognitive model of simultaneous 

interpreting. Garcia’s model is mostly based on lesion studies and leans on other 

findings about the bilingual brain. Its most important neuroanatomic regions for 

translation and interpreting incorporate left hemispheric perisylvian and 



 

85 
 

frontostratial regions. Garcia (2019) acknowledges that although in contrast to the 

NTM, Fabbro’s (1999) model does not capture the aspects of conceptually mediated 

and form-level connections, it represents separate routes for forward and backward 

translation and is generally based on empirical methods. Therefore, it can be further 

tested (Garcia 2019: 126–128). What is striking about both models is that they do not 

incorporate specifically how executive functions play into the interpreting process, 

although models of language identification as well as production have partly 

incorporated executive functions (see Sections 5.1 and 5.2) and various studies have 

shown an overlap between executive functions and language processing (see Section 

5.3).  

Daniel Gile’s research focus lay primarily on effort during interpreting. He based the 

foundations of his effort model of interpreting on findings about attention and 

mental capacity from cognitive psychologists like Kahneman (1973). Kahneman’s 

capacity theory assumed that “[…] there is a general limit on man’s capacity to 

perform mental work” (Kahneman 1973: 8). Proceeding from this, Gile explained that 

there is a distinction between non-automatic mental operations that require 

attention or processing capacity and automatic mental operations that do not. 

Mental operations that are non-automatic use up processing capacity from a limited 

repository. Consequently, non-automatic operations were thought to be involved in 

interpreting, such as identifying new or unknown stimuli, identifying known stimuli 

that are presented under difficult conditions, storing and altering information in 

memory or preventing incorrect responses (Gile 2009: 159–160). Gile proposed a 

model that encapsulated the most effortful operations during interpreting and 

depicted them in the formula SI = L + P + M + C. 

The effort model therefore consists of four central effort components:  

- The listening as analysis effort (L) that comprises all operation that are 

directed towards comprehension, starting from analysing soundwaves of SL 

utterances over identifying words to finding the meaning of the SL speech. 

- The production effort (P) that is classified by converting the mental 

representation of the utterance into a speech plan and then carrying out that 

speech plan as well as monitoring as self-correcting the output. 
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- The memory effort (M) which mainly revolves around the effortful operation 

of the short-term memory.  

- The coordination effort (C) that is reflected by the resources necessary for the 

coordination of the listening, production, and memory effort  

 

According to Gile, more than one and even all three core efforts can be active at the 

same time, however, each effort has a limited processing capacity. Therefore, in 

order for interpreting to unfold fluently, the processing capacity requirements for L, 

P and M should not overstep the respective as well as the overall available processing 

capacity of the interpreter. The interpreter must therefore learn to coordinate the 

resources to the important processing capacities at the right time (Gile 2009: 160–

170).  

Also occupied with the resource capacity during interpreting, Seeber (2007) 

addresses the overlap of the effort processes identified by Gile and establishes a two-

dimensional model of the cognitive resource footprint for shadowing, sight 

translation and simultaneous interpreting. In the individual cognitive resource 

footprints, the processing stage, modality and the sequence of the task or processes 

at hand can be visualized. An interference score can be calculated that describes the 

interference between resource-demanding perceptual tasks such as listening or 

reading and cognitive tasks such as working memory involvement when they are 

executed simultaneously (Seeber 2007: 1382–1384). However, Seeber (2017) 

concedes that the assumptions for the cognitive resource footprints for shadowing, 

sight translation and SI are only valid under laboratory settings and do not apply to 

real-life interpreting situations (Seeber 2017: 467). 

Already in 1969, David Gerver highlighted the importance of monitoring and memory 

in simultaneous interpreting. After comparing SI during shadowing and interpreting 

in a study, he suggested that interpreters store input while they are translating the 

SL utterance and monitor the TL output. He concludes that attention during 

interpreting can be split between receiving input, translating, and monitoring. 

However, if a certain capacity is overstepped, allocating attention towards input or 

output suffers (Gerver 2002: 65–66). Gerver subsequently proposed a flow model 
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that incorporated different kinds of memory systems. Among these were a short-

term working memory buffer that ensures the ongoing translation process while new 

information comes in, a short-term memory output buffer that corrects and monitors 

the output that is to be produced, as well as a long-term memory that stores language 

information. Building on research suggesting that attention can be split between 

different tasks, he also emphasizes that control processes are involved that monitor 

and determine how attention is distributed during the interpreting task. He 

concluded that with this divided attention, the interpreter can handle different tasks 

under normal condition but that, in the case of occurring difficulties, attention must 

be refocussed on decoding and encoding. Resulting from this, monitoring of input 

and output can be compromised (Gerver 1976: 191–193).  

 

At this point, it is important to take a closer look at the term “monitoring” since it 

occurs in the executive function literature reviewed in Section 4.1, in the context of 

bilingual word identification in Section 5.1, in the context of language production in 

Section 5.2 as well as in the context of interpreting presented in the current chapter. 

However, not all notions of monitoring refer to the same concept, which needs to be 

distinguished here, although there are also overlapping aspects. In the executive 

function literature, monitoring is mostly understood as conflict monitoring and is 

understood as a process that detects conflict and then initiates actions to resolve this 

conflict for example through interference suppression or inhibition (see Botvinick et 

al. (2001)). In Section 5.1, conflict monitoring is taken up indirectly in the context of 

word identification, where especially the ICM by Green (1998) includes executive 

functioning in the form of the supervisory attentional system. When a word is heard, 

the SAS already specifies which languages is to be used and sends this via the 

conceptualiser to the lexico-semantic system where the information influences the 

activation levels of word representations. When it comes to translation or answering 

in another language, inhibition is presented as the mechanism in focus. Explaining 

language switching costs, Meuter & Allport (1999) assume that when switching from 

L1 into the presumably weaker L2, more inhibition is necessary to inhibit the 

activation of stronger L1 representations. This could also be rephrased as conflict 

detection. So, a lot of conflict is detected when switching from L1 into L2, which 
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requires inhibition of activated L1 representations. The prolonged reaction times 

during switching back from L2 into L1 stem from the increased inhibition of the L1 

representations that needs to be overcome. Monitoring as part of executive 

functioning clearly would take place at the word activation level. In the context of 

word production in Section 5.2, Levelt (1989) does not refer back to the concept of 

conflict monitoring but rather to the concept of error monitoring by monitoring 

internal speech at the early conceptual phase and monitoring speech output during 

articulation. He placed monitoring in the realm of executive functions but since it is a 

monolingual speech production model, does not take conflict monitoring for conflict 

with other languages into account. Monitoring as it was mentioned in the context in 

translation studies and here in interpreting studies has a similar character. 

Translators and interpreters have been assumed to use different routes to arrive at 

their translation: vertical translation requires the translator or interpreters to fully 

understand the meaning of the source language text or utterance and happens via a 

meaning based production of the target word. Horizontal translation on the other 

hand is based on replacing linguistic structures of the source language with the 

corresponding structures of the target language (de Groot 1997: 30). Vertical 

translation has often also been referred to as the meaning-based or semantically-

mediated route and horizontal translation has been referred to as the word 

representation-based route or transcoding (see Schaeffer & Carl (2015) 2015 or Amos 

& Pickering (forthcoming)).   

Referring back to Toury (1995), Tirkkonen-Condit (2005) explains that monitoring 

during translation alerts the translator about a problem that occurs in the outcome 

if a literal translation is followed. Literal translation is seen as the default method of 

translation that is interrupted when conflict is detected. In this case, monitoring 

seems indeed to be understood as conflict monitoring in the sense that there is 

conflict due to a missing literal translation equivalent that can be resorted to. 

Tirkkonen-Condit (2005) mentions that there could be a difference in monitoring 

between novice and expert translators since novices would tend to resort to literal 

translation more than experts. However, she acknowledges that literal translation 

can be observed in experts as well (Tirkkonen-Condit 2005: 407–408). In line with 

Tirkkonen-Condit’s monitoring model, Carl & Dragsted (2017) assume that during 
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written translation, text production and comprehension processes occur in parallel, 

which is described as the default procedure by Tirkkonen-Condit (2005). While the 

text is produced, the eyes gather the required information to continue the text 

production, which however goes against the mind-eye-hypothesis (see Just & 

Carpenter (1980). The monitor interrupts the default procedure when translation 

problems occur. Carl & Dragsted (2017) collected key-logging and eye tracking data 

in a copy task and a translation task. They found that participants showed long 

instances of consequent text production that was not stopped by the monitor in both 

tasks. However, during translation, a phrase was sometimes typed before the 

translator knew the exact translation of the rest of the phrase. The authors suggested 

that meaning in the source text emerges and consolidates while the translation 

progresses. When translation problems were encountered, signalled by the monitor, 

these problems were triggered by production problems and not by comprehension 

problems in the ST (Carl & Dragsted 2017: 6–28).  

In terms of simultaneous interpreting, Amos & Pickering (forthcoming) summarize 

that during SI, the meaning of the input utterance needs to be fully understood to 

use the meaning-based route and  that the word representation or transcoding route 

is seen as inferior since it is mostly used by interpreting students that heavily rely on 

translation equivalents and must yet learn to pay attention to the meaning of the 

input utterance. They emphasize however that more recent views suggest that both 

routes may be applied during interpreting also by experienced interpreters, but that 

interpreting mostly occurs via the semantically-mediated route. Whether conflict 

monitoring then sets of a trigger during non-semantically mediated transcoding, 

indicating that translation needs to be redirected from pure translation equivalent 

activation to meaning-based translation is not specified in Amos & Pickering 

(forthcoming). In a study where she investigated the influence of audiovisual input 

on self-monitoring during interpreting, Gieshoff (2017) calculated the number of 

cognate translations when the interpreters worked with or without visual input of lip 

movements. She explained that interpreters are encouraged to avoid especially low 

frequency cognates that are uncommon in the target language which requires 

interpreters to monitor their output more closely when coming across cognates. 

Inhibiting those cognates can therefore be classified as successful self-monitoring. 
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She found that without visual input, cognate translations in interpreters increased 

and interpreted this as an indication for less effective self-monitoring (Gieshoff 2017: 

317–323). Gerver (1976) mentions the monitoring of input and output in 

simultaneous interpreting but does not specify whether this refers to conflict 

monitoring of competing languages or simply monitoring which language is the input 

language and whether the translation output is correct during articulation. Input 

monitoring and output monitoring can still be a part of executive control since it 

requires the allocation of attention to these processes, however, they do not seem 

to correspond to conflict monitoring that is connected to interference suppression 

that lie on a “deeper” level of language processing. Maybe at this point, a model of 

the interpreting process would be helpful that included different layers of processing, 

surface layers and deeper layers. Since these monitoring processes are not specified 

anywhere in a comprehensive manner, I would suggest to at least differentiate 

between “paying attention to” or monitoring speech input during word identification, 

monitoring conflict from different competing language representations or translation 

options in the mental lexicon and inhibiting or suppressing interfering word 

representations that are activated during the internal speech formulation process, 

and lastly “paying attention to” or monitoring speech output during articulation. 

  

Most of these models have highlighted specific aspects of the interpreting process 

that are not language specific such as monitoring and split-attention (Gerver 2002), 

working memory (Moser 1978), anticipation (Chernov 1979), cognitive effort (Gile 

2009; Seeber 2007,, 2017) or activation and inhibition (Paradis 1994) with the later 

models aiming at a more comprehensive view (Setton 1999; Paradis 1994; Fabbro 

1999). However, apart from Setton’s model, there is no specific mention of executive 

functions, although monitoring, working memory and activation/inhibition clearly fall 

into the realm of executive control (see Chapter 4). This seems necessary however, 

since simultaneous interpreting is clearly a modality of bilingualism and therefore 

must require the involvement of executive functions to manage the enhanced control 

demands.  
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This section has summarized how interpreting studies over time have shed lights on 

different aspects of the cognitive mechanisms of interpreting and have evolved from 

an observational methodology towards more controlled experiments and more 

comprehensive models that also incorporate empirically-based neuroarchitectural 

features. Executive functions are mostly not mentioned explicitly and, if so, not in a 

detailed manner (Gerver (2002); Fabbro (1999); Setton (1999); Chabasse (2009)). 

However, especially aspects such as working memory, inhibition and activation that 

are part of the aforementioned models clearly belong to executive functions. 

Together with Fabbro’s neurocognitive model of interpreting that mentions brain 

areas that are also implicated in executive control (see Green & Abutalebi (2013)), 

this section shows that executive functions do play a role in models of interpreting, 

but they have not been given specific and comprehensive attention in pertinent 

models.  

 

As a result of the previous chapters, SI has been positioned as an extremely 

demanding cognitive task by presenting models of the interpreting process and 

highlighting the challenges interpreters face when managing the overlapping 

processes of listening and speaking such as cognitive multitasking (Chernov 1979), 

changing activation thresholds of both languages in use (Paradis 1994), capacity limits 

and associated cognitive effort (Gile 2009) or split attention (Gerver 2002). Therefore, 

the question arises what the interpreters must do to deal with these challenges. As 

Riccardi (2005) points out: “Conference interpreting is a goal-oriented activity 

directed towards the faithful reproduction of the source text in the TL under given 

circumstances” (Riccardi 2005: 764). Riccardi (2005) explains that since interpreters 

need to achieve this goal, they must engage in decision-making and problem-solving 

activities. She argues that since decisions need to be made consciously in the context 

of SI which is why SI is based on strategic behaviour (Riccardi 2005: 764). SI novices 

must deliberately train to learn how to solve interpreting-specific problems that can 

be related for example to syntactically reconstructing the source message so it 

matches the target language that is uttered. The SI trainees therefore develop 

strategies through training to solve the problems encountered during the SI process 

and increase their SI competence to finally become experts (Moser-Mercer et al. 
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2000: 110). It can therefore be argued that learning specific strategies to successfully 

interpret an utterance and SI competence acquisition go hand in hand. In the context 

of this dissertation, competence acquisition is a central topic since an increase in SI 

competence has been shown to be accompanied by enhanced executive functions 

(see e.g. Yudes et al. 2011, Dong & Liu 2016, Dong & Zhong (2017) in Section 6.4). The 

following chapter therefore discusses the notion of interpreting competence, 

differentiates it from related terms such as expertise and skill, and elaborates on 

strategies that need to be acquired during SI training to foster SI competence 

acquisition. 

 

6.2 Modelling interpreting competence 
 

When talking about interpreting competence, first of all, it is important to distinguish 

between the notion of competence and the notion of expertise. Sternberg (2005) 

defines the development of competence as “[…] the ongoing process of the 

acquisition and consolidation of a set of skills needed for performance in one or more 

life domains at the journeyman-level or above” (Sternberg 2005: 15). On the other 

hand, Sternberg (2005) defines the development of expertise as “[…] the ongoing 

process of the acquisition and consolidation of a set of skills needed for a high level 

of mastery in one or more domains of life performance” (Sternberg 2005: 15). He 

consequently distinguishes between being able to perform a skill competently and 

being able to perform a skill at expert level. In translation process research, expertise 

and competence have often been used as synonyms in the past. However, as argued 

by Tiselius & Hild (2017), competence and expertise are different from each other 

and should also be investigated as two different concepts. They define competence 

as “[…] a set of different capacities and skills necessary for completing a translation 

or interpreting task” (Tiselius & Hild 2017: 426). They see competence as a 

prerequisite for the development of expertise and define expertise as “[…] the 

mastery of outstanding skills by an expert, a mastery that is only achieved after many 

years of goal‐focused work and deliberate practice” (Tiselius & Hild 2017: 426). One 

could therefore say that they applied the general definitions by Sternberg (2005) to 
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the translation and interpreting studies context. In an attempt to investigate expert 

performance in the domain of translation and interpreting, Ericsson (2000) discusses 

the importance of deliberate practice for expert performance. Analogous to other 

skill acquisition models, he describes the high cognitive effort to control a new skill 

during an initial phase of learning and skill acquisition, the shift to a smoother 

performance that no longer requires the previously large amount of effortful 

attention to perform the skill at a satisfactory level and finally a shift towards 

automated performance. He emphasizes however that for expert performance, 

learners must continuously challenge themselves through deliberate practice to 

continue to improve their skill and avoid staying in automaticity and arrested 

development (Ericsson 2000: 195–198). Krampe & Ericsson (1996) again highlight the 

importance of deliberate practice for the maintenance of expert performance. They 

compared the cognitive-motor skills of young and old amateur and expert pianists. 

While older expert and amateur pianist displayed a normal age-related decline of 

general processing speed, their performance on music-related tasks did not decline 

as much as the performance of old amateurs. Most importantly, the amount of 

deliberate practice older experts engaged in during the last 10 years of their life 

prediced how much of the pianistic skill could be maintained. The authors suggested 

that through deliberate practice, expert pianists acquire and maintain certain 

mechanisms that enable expert performance in the musical domain. If maintained, 

these mechanisms make the experts less vulnerable to cognitive decline in the 

processing skills related to their area of expertise. The study paints out explicitely 

that deliberate practice is not only important in the acquisition phase of a skill but 

constitutes what makes expert performance so special and that maintaining expert 

performance is not an automatic byproduct of having a acquired a skill on expert level 

once in younger years (Krampe & Ericsson 1996: 348–357). 

As described in the previous section, interpreters need to juggle different overlapping 

cognitive tasks: the overlap between speech comprehension, transfer and 

production. Chabasse (2009) notes that this overlap requires the interpreter to apply 

strategies to make the process of interpreting easier and to distribute available 

cognitive resources economically (Chabasse 2009: 71). Gile (2009) refers to the these 
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strategies as coping tactics and describes them as solutions implemented by the 

interpreter to deal with the various problems that can arise during SI due to for 

example cognitive overload (Gile 2009:191-200). Riccardi (2005) characterizes these 

strategies as knowledge-based strategies since applying them results from conscious 

and analytical processes when an action during interpreting needs to be planned on 

the spot as no automatic response is available or too much cognitive overload is 

already present. She distinguishes these knowledge-based strategies from skill-based 

strategies, which are defined as stored automatic response patterns that are applied 

unconsciously such as recurrent and stereotypical parts of speeches (e.g. welcoming, 

greetings, thanks) (Riccardi 2005:760-762). Corresponding to this view, Andres (2013) 

also highlights that skills play an important role in SI expertise research, with skills 

being processes that aid in completing an action and are acquired through training 

but are then mostly automated (Andres 2013: 239). Hence, both strategies and skill 

play an important role in SI competence and expertise acquisition and must be 

trained through deliberate practice (Andres 2013: 240). This notion of deliberate 

practice of skill in SI corresponds to the aforementioned account of deliberate 

practice in other domains by Krampe & Ericsson (1996) to maintain expert 

performance. However, it seems like strategies play a bigger role in conscious 

decision-making during the SI process when dealing with cognitive load and in 

restructuring knowledge. 

Within the presentation of his Cognitive Load Model, Seeber (2011) addresses 

different strategies by focussing on cognitive load during interpreting. Similar to 

Gile’s Effort Model, Seeber’s Cognitive Load Model tries to depict the cognitive 

demands during interpreting. However, Seeber’s model attempts to quantify 

cognitive load and enables a more in depth analysis of local cognitive load caused by 

different interpreting strategies. Seeber lists waiting, stalling, chunking and 

anticipation as strategies during simultaneous interpreting. During waiting, the 

interpreter stops producing the target language and waits for more information in 

the source language whilst storing this information in working memory where it 

needs to remain in an activated state or be reactivated until further encoding and 

production. While this strategy eases cognitive load for a certain time, it also creates 
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a spillover effect. This means that cognitive load will eventually increase even more 

when the speaker produces more and more output. The load is therefore rather 

delayed than solved. Stalling is similar to waiting in that regard as it also gives the 

interpreter time to accumulate more information and context. However, interpreters 

are not silent during stalling as they are during waiting but fills the gap between 

meaningful utterances with repetitions for example. Stalling makes processing more 

complex and increases the interpreter’s lag. During chunking the interpreters divide 

a sentence into smaller units that should roughly correspond to the prosodic pattern 

of the respective language. Thereby, information can be encoded and embedded 

immediately without waiting for the end of the sentence. As a downside, chunked 

sentences can sometimes seem convoluted. Lastly, anticipation means that the 

interpreter tries to predict an utterance before it has been finished by the speaker. 

The big advantages of anticipation are that the cognitive resources do not increase 

drastically compared to the other strategies and that the spillover effect is avoided. 

Only inference processing during anticipation costs some cognitive load (Seeber 

2011: 189–195). Seeber (2011) argues that all strategies but anticipation cause a 

spillover effect and that cognitive load is dependent on how much restructuring 

interpreters engage in (Seeber 2011: 197).  

For the comprehension process, Chabasse (2009) lists strategies such as preparation 

in terms of content as well as terminology to make inferencing through context as 

efficient as possible. Knowing the context and being able to infer meaning is crucial 

for another strategy: anticipation. If the interpreter is well prepared, they can either 

rely on grammatical indicators that contain meaning or infer meaning through 

knowing the context and consequently anticipate what the speaker is going to say 

next (Chabasse 2009: 72). Another strategy is making use of mental frames or scenes. 

These concepts come from Fillmore’s (1976) frame semantics approach. Chabasse 

(2009) summarizes that frames are the abstract mental representation of a situation 

and scenes are concrete mental images to that situation (Chabasse 2009: 67). 

Activating such as frame and scene can ease the cognitive load during interpreting 

and free resources that they can invest otherwise (Chabasse 2009: 74). Another 

crucial strategy for comprehension is disambiguation by linking the meaning of an 

utterance to context. Ambiguity is resolved by suppressing more and more meaning 
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representations that do not fit the conversational context (Chabasse 2009: 88). 

Chabasse (2009) does not explain the cognitive nature of this suppression process, 

however, this might be a part of inhibitory executive functions. Chabasse (2009) 

furthermore describes that the interpreter needs to decide on the meaning of the 

utterance before receiving the full set of elements needed for disambiguation while 

still keeping other possibilities in mind where a sentence meaning might be headed. 

The interpreter cannot wait too long to solve ambiguity because they would risk 

stunting speech production and forgetting parts of the utterance. The interpreters 

still need to be able to correct themselves if the decision they took on disambiguation 

turns out to be false. Chabasse (2009) emphasizes that this process requires immense 

cognitive flexibility, another core executive function often mentioned in connection 

with shifting and switching between tasks (see Section 4.2). Furthermore, Chabasse 

(2009) mentions that interpreters need to keep their closely linked language systems 

of L1 and L2 from interfering with one another by suppressing the target language 

during comprehension and suppressing the source language during speech 

production all while keeping information in working memory. She highlights that 

these processes have nothing to do with linguistic competence but with cognitive 

control or attentional control (Chabasse 2009: 89–90). As discussed in Chapter 5. and 

Section 5.1, it is likely that both languages are active at the same time during bilingual 

language production and that access to the mental lexicon happens non-selectively. 

Although it seems unlikely that a whole language system is suppressed, it is still 

debated whether a local suppression of non-target language representation occurs 

or whether it is an interplay of increasing and decreasing activation (or inhibition) of 

language representations (see Section 5.1).  

Similar to what Chabasse (2009) describes as disambiguation, Gile (2009) lists 

reconstructing a segment with the help of the context as an important 

comprehension strategy. In the case that the interpreter has not completely 

understood a name or technical term, they can try to reconstruct the information by 

using their extra-linguistic knowledge (knowledge of the subject or situation) (Gile 

2009: 201). Gile (2009) furthermore explains that when interpreters are confronted 

with memory overload, they can apply the strategy of segmentation to unload the 

short-term memory. This entails reformulating speech segments earlier than usual, 
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even when the full picture of the sentence is not yet clear (Gile 2009: 205). Moreover, 

if the interpreter cannot think of a term on the spot, they can use explaining or 

paraphrasing as a sort of expansion instead of a one-to-one translation (Gile 2009: 

207). When a piece of information seems to have negligible value and other crucial 

information requires the interpreter’s attention, they can use the strategy of 

omission or compressing the content. This does not mean that information is lost, it 

can surface again at another point if the interpreters choose. However, Gile (2009) 

emphasizes that this strategy should not be chosen lightly since it can be unethical to 

omit information (Gile 2009: 210).  

Regarding speech production, Chabasse (2009) mentions the four steps of 

conceptualization, formulation, articulation and monitoring. She highlights 

monitoring as an important strategy in speech production during SI and, although she 

does not explicitly mention the mechanisms behind monitoring, she refers to it as the 

control of the interpreter’s output (Chabasse 2009: 57). Although this does 

correspond to the monitoring mechanism in Levelt’s (1989) model of speech 

production, it is not the same kind of monitoring that is discussed in executive 

function research, as already discussed in this section.  

Lastly, Chabasse (2009) mentions that scenes and frames help to structure content 

coherently. If this coherence is missing during a speech, the interpreter can use the 

strategy of inferring by accessing their world knowledge or by recalling so called 

chunks from memory (Chabasse 2009: 67).  

Riccardi (2005) groups the aforementioned strategies into categories: while she 

assigns anticipation, segmentation, information selection and stalling as 

comprehension strategies, compression, expansion, restructuring and pauses or 

intonations are categorized as production strategies. Furthermore, she sees décalage 

and monitoring as overall strategies and omission for example as an emergency 

strategy (Riccardi 2005: 765). 

The aforementioned strategies that are a part of interpreting competence acquisition 

highlight especially the cognitive part of interpreting competence. Integrated into 

other aspects of interpreting competence, they are represented in different models 

of interpreting competence that are discussed in the following.   
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Kalina (2000) explained that translation studies3 have a longer history than 

interpreting studies which is probably why interpreting was initially seen as just an 

oral form of translation (Kalina 2000: 16). Interpreting and translating do share the 

aspect of reformulating from a source language into a target language as translation 

proper or interlingual translation as Jakobson (1959) calls it, although a message can 

also be translated or interpreted intralinguistically (reformulated within one 

language) or intersemiotically (interpretation of verbal signs) (Jakobson 1959: 233). 

Therefore, translation and interpreting also share various competences that are 

represented in different translation competence models such as in older models as 

by PACTE group et al. (2003) and Göpferich (2009) or in a new and much more 

comprehensive framework of the European Masters in Translation competence 

framework (see European Commission (2022)) or the EFFORT project (EFFORT Project 

2023). Surely, there are important competences in all these models and frameworks 

that are valid for both translators as well as interpreters. Interpreters and translators 

do both need for example bilingual sub-competence, instrumental sub-competence 

and extra-linguistic sub-competence (PACTE group et al. 2003: 58–59) or, as 

Göpferich (2009) called it, communicative competence, tools and research 

competence and strategic competence (Göpferich 2009: 20). However, neither of 

these competence models appropriately covers the idiosyncrasies of the interpreting 

process mentioned in the beginning of Chapter 6.    

In contrast to models of translation such as by the PACTE group et al. (2003) or 

Göpferich (2009), models of interpreting such as by Gile (2009), Moser (1978) or 

Seeber (2011, 2017) have rather focused on processes than on competence. 

However, different lists of interpreting competences have emerged over time 

(Tiselius & Hild 2017: 428). For example, based on previous literature, López Gómez 

et al. (2007) listed several “aptitudes” divided into “cognitive” and “personality” 

categories. The cognitive category includes both linguistic and cultural aspects and 

comprises efficient input segmentation, attentional division, use of language-pair 

specific strategies, mastering the predictable properties of language, being able to 

change translation strategies, possessing verbal fluency as well as processing speed, 

                                                           
3 “Translation studies” is usually used as a cover term for both translation and interpreting studies, 
however, in this context it is used to describe translation research 
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good long- and short-term working memory and power of concentration. The 

personality aptitudes include both cultural as well as so called “academic” aspects 

and include being able to adapt without delay to different speakers, situation and 

subjects, having a pleasant voice and public-speaking skills, displaying stress 

resistance and self-control, being able to work in a team, keeping a professional 

distance, having a desire to be well informed, being diplomatic and having a good 

self-concept (López Gómez et al. 2007: 77). A much more specific division was 

undertaken by Kalina (2006), who separated interpreting competences into pre-

process competences, peri-process competences, in-process competences as well as 

post-process competences (Kalina 2006: 257). This model was taken up by Albl-

Mikasa (2012) who used interpreter’s real live experiences to construct a model of 

interpreting competence. Pre-process competences include mastering languages 

that are used during interpreting, terminology management, informed-semi 

knowledge about the topic they are interpreting and a streamlined preparation that 

itself entails the sub-competences of fast orientation, selective approach, and 

individual memory support drafting. Peri-process competences entail being able to 

work in teams and cooperate with colleagues and clients, keeping the balance 

between actively promoting communication and operating in the background, 

cultivating an instinct for what is at stake and what lies at the core of an interaction, 

being realistic about one’s own performance and abilities as well as being able to 

build up resilience against the pressure of the task and the working field. Embedded 

in the peri-process skills are the actual in-process skills that are required during the 

process of interpreting. Here is where many of the aforementioned strategies to 

manage the increased processing demands and alleviate cognitive effort are located. 

In-process skills are divided into comprehension skills, transfer skills and production 

skills. Comprehension skills encompass the competence to scan, identify and match 

the content of an utterance as well as contextualize what is said. A special mention is 

given to dealing with interpreting situations where English is used as a lingua franca 

and mixed into another language by a speaker. The interpreter needs the skill to 

estimate how much of the English expressions are in fact common knowledge or need 

to be articulated otherwise. The transfer competences entail the skill of coordinating 

the overlapping processes of listening, transfer, speaking and monitoring as well as 
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being able to relieve mental load by applying processes such as chunking (see Chapter 

6.). Production competences entail modulating the synchronicity and décalage, 

making minimal reductions to the speaker’s output to fee up mental capacity, 

balancing high fidelity to the source utterance and target audience needs as well as 

adapting the performance, presentation and prosody to the occasion and the 

audience. Lastly, the post-process competences concern terminology work after the 

interpreting job as well as quality control. Albl-Mikasa (2012) extended Kalina’s 

(2006) competence model by also adding the para-process competences that relate 

to the status of an interpreter as entrepreneur that has to do with customer relations. 

The competences therefore include business knowledge, knowledge about customer 

relations and professional standards, the willingness to engage in life-long learning 

and lastly the competence to be aware and reflect upon one’s own operation pattern, 

solution finding process and extent of knowledge (Albl-Mikasa 2012: 64–89).   

In regard to Kalina’s (2006) and Albl-Mikasa’s (2012) models, the In-process skills are 

most relevant in the context of this dissertation, since they are most likely to 

implicate the executive functions. More specifically and as explained in Sections 5.1 

and 5.2, executive functions are required during the overlapping word/language 

comprehension and production processes.   

The two models mentioned above are quite comprehensive in their skills, however, 

they start out from the point of professional interpreters. What is missing to 

emphasize the development of competence, and the formation of skill is a model that 

is interpreter training oriented. A very early distinction between novice and expert in 

different steps was presented by Hoffman (1997). He distinguished between naïves 

who do not have any knowledge of the conference interpreting domain, novices who 

are just beginning the SI studies and have already been tentatively exposed to the 

domain, initiates who are already beyond the introductory stage of the novice and 

have begun to gather some experience in SI, apprentices, who are well immersed in 

the domain between one and 12 years, journeymen, who are able to work as a 

conference interpreter and finally, experts, who are characterized by effective and 

efficient performance and have gathered specialised skills and knowledge from 

sustained experience. This model highlights the stage shifts that occur during the 

development of interpreting expertise (Hoffman 1997: 199–200). He evidently does 
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not differentiate in terminology between competence and expertise and equals years 

on the job as an indicator expertise. Moser-Mercer (2008) also criticizes that models 

developed for experts do not cover how skill acquisition in interpreting through 

various stages proceeds and that novice performance requires specific factors for it 

to proceed to expert performance. From a performance psychology perspective, she 

highlights that altough ability and aptitudes do play an important role in interpreting 

skill acquisition, aspects such as motivation to learn a new effortful skill, the  

opportuntity of an appropriate physical work environment to perform the skill and 

the acquisition of domain-specific knowledge significantly contribute to the 

formation of SI capacity and ultimately, expert performance. She also promotes the 

shift from teaching methods relying on routine expertise to so called adaptive 

expertise. This means to shift from the ability of quickly solve familiar domain-specific 

problems in routine situations to a more meta-cognitive approach, the ability of 

adjusting more easily to new and unfamiliar situations, creatively looking for 

solutions, being willing to deal with uncertainty and continuously improving 

performance throughout life (Moser-Mercer 2008: 1–9). 

A model that precisely considers the finding that SI trainees go through various stages 

in their skill acquisition process and that focusses on the different subprocesses of SI 

competence acquisition in training can be found in Kutz (2010), who developed the 

“Leipziger Kompetenzmodell der Dolmetschdidaktik (LKM)” (Kutz 2010: 12) that 

specifically responds to the formation of knowledge and skills in interpreting. The 

competences that are listed for a successful interpreting interaction largely overlap 

with other models of interpreting competence. What is most interesting in Kutz’s 

(2010) approach are different basic assumptions that underly these competences. 

Kutz (2010) sees interpreting competence as qualifying a person to interpret on a 

professional level. Furthermore, Kutz (2010) defines that interpreting competence 

comprises qualifying a person to perform global control processes as well as different 

subprocesses. They further explain that these global control processes manage 

different macro operations such as intentions and goals (Kutz 2010: 198). Although 

these global processes are not explicitly denominated as executive control functions 

in this source, the definition that was given corresponds to the general definition of 
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executive functions (see Chapter 4) as well as to the involvement of domain-general 

or “global” control processes in models of language control such as the ICM (see 

Section 5.1). From this perspective, Kutz (2010) seems to implicate executive 

functions as an integral part of interpreting competence. Consequently, it can be 

assumed that executive control will be affected by the formation of interpreting 

competence during interpreting training. Kutz (2010) furthermore emphasizes that 

interpreting competence is formed through three stages that are based on principles 

of skill learning from the educational sciences: knowledge about action, the ability to 

act and finally proficiency. In the first stage of competence formation, trainee 

interpreters gain methodological and theoretical knowledge about the interpreting 

process. Trainees are supposed to reach a point where they know in theory how 

interpreting is done, but do not yet have the ability to interpret. This is reached in the 

second stage through a practical approach and actual interpreting training. The 

interpreting trainee is then able to perform the process of interpreting but in a very 

controlled, conscious and effortful manner. Kutz (2010) explains that the terms 

conscious and controlled reflect slightly different levels of processing. The ability to 

perform the interpreting process in a conscious manner means that the action is 

performed while control mechanisms are strongly implicated. The ability to perform 

the interpreting process in a controlled manner is thought to involve processes that 

are partly automated but still require higher levels of cognitive control than complete 

automation of a task. In this second stage, the interpreting trainee is also able to 

consolidate the theoretical knowledge with practical training (Kutz 2010: 206–207). 

From a theoretical perspective, the second phase is where executive functions are 

trained and possibly enhanced since this phase entails the practical application of 

previously acquired knowledge about action. Using Albl-Mikasa’s (2012) terminology, 

this phase entails training of in-process competences that require executive functions 

to coordinate the overlapping processes. How much executive control is required 

depends on how far competence acquisition has progressed, as becomes clear in the 

third stage. In the third stage of competence formation, Kutz (2010) describes that 

interpreting trainees improve their skills to interpret throughout their training 

process, making them more and more proficient in their actions. More and more 

interpreting processes are automated and can happen subconsciously. The better the 
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trainees master the competences conveyed and practices through training, the more 

abilities they build and the more proficient they get. Converting abilities into 

proficiencies has a beneficial effect on the interpreting performance, since it is more 

automated, faster, more precise and more ergonomic. Kutz (2010) highlights at this 

points that abilities only turn into fully automated proficiency with intensive 

professional training and that proficiencies can be lost if not trained regularly, similar 

to a muscle (Kutz 2010: 206–210).  

Riccardi (2005) highlights the different forms of knowledge that are altered during 

simultaneous interpreting training. She explains that declarative knowledge is non-

automatic knowledge about a task that can be verbalized. Procedural knowledge on 

the contrary is unconscious knowledge about how to perform a task that is more 

automatic. Interpreting students must improve their declarative knowledge in 

different topics such as economy or EU policies. Trainee interpreters must learn new 

procedural knowledge to automatize different interpreting related processes. The 

author summarizes that professional interpreters and trainee interpreters differ in 

how their declarative and procedural knowledge is organized, which results in 

differences in interpreting performance (Riccardi 2005: 757–758). It could be argued 

that interpreting trainees only possess declarative knowledge about interpreting at 

the beginning of training in what Kutz denominated the knowledge about action 

phase. In the ability to act and proficiency phases, the students transform the 

declarative knowledge into procedural automatic knowledge.  

  

The above described modelling of interpreter trainee competence acquisition 

overlaps with models of translation competence acquisition such as that by PACTE 

(2000) which assumes that translation competence consists mostly of sub-

competences. The novice stage of acquisition is seen as a stage where certain sub-

competences have been partially acquired but are not yet fully developed and do not 

yet interact with one another. On their way to expert performance, translators 

restructure these sub-competences (PACTE 2000: 103).  

Furthermore, this modelling of interpreter trainee competence, especially the 

different phases and the eventuating loss of an ability in the absence of usage, 

corresponds perfectly to other models of skill acquisition such as by Chein & 



 

104 
 

Schneider (2012) (see Section 2.1) as well as to recent neuroscientific models of 

functional and structural changes in the brain resulting from language learning 

(Pliatsikas 2020) (see Section 3.1): 

So far, this dissertation has presented three dynamic models that depict different 

stages of skill learning in general (Chein & Schneider (2012)), language learning 

(Pliatsikas (2020)) and interpreting (Kutz (2010)). All models include domain-general 

executive functions and all models include three similar phases of low skill or initial 

skill formation, performing the skill by help of controlled execution and finally an 

automation of the skill (see Table 1). In view of this dissertation that asks how 

executive functions change during interpreting training, it is therefore helpful to 

theorize based on these three models how interpreting students might progress in 

their skill learning. 

Table 1: Overview of the different stages of three skill acquisition models 

Source Model Stage 1 Stage 2 Stage 3 

Chein &  

Schneider 

(2012) 

Skill acquisition 

model 

formation controlled 

execution 

automation 

Pliatsikas 

(2020) 

Dynamic 

restructuring 

model 

initial 

exposure 

consolidation peak 

performance 

Kutz (2010) Leipziger 

Kompetenzmodell 

der 

Dolmetschdidaktik 

(LKM) 

knowledge  

about action 

ability to act proficiency 

 

While the models by Chein & Schneider (2012) and Kutz (2010) assume the most 

activation of executive functions in Stage 2, when the skill is performed more 

regularly but has not yet been automated and requires controlled execution, 

Pliatsikas’ (2020) dynamic restructuring model of L2 acquisition sees the initial 



 

105 
 

exposure stage as the stage that requires most cortical executive functions. He 

mentions however, that Stage 2, where bilingual proficiency has already increased, 

still requires executive functions, since a constant inhibition of the non-target 

language and switching between languages takes place (Pliatsikas 2020: 465). The 

shift from Pliatsikas Stage 2 to Stage 3, which represents peak performance and 

automation, and engagement of executive functions of course depends among other 

factors on how often both languages are used and how much switching between the 

languages occurs.  

Back to the interpreting students in training, they should already possess high 

language competence in both their L1 and L2. In terms of the models, the students 

would therefore start out at Stage 2 or between Stage 2 and 3 in terms of how 

consolidated they are in their language skills at the beginning of their interpreting 

training. According to the dynamic restructuring model, they would have surpassed 

the initial benefit in executive function that is provided by the initial exposure to L2 

and the associated potential increase in grey-matter volume. However, they should 

still engage their executive functions to manage multiple language systems. Contrary 

to the language competences, their interpreting competence before starting training 

should be in Stage 1. In terms of Kutz’s (2010) model, they have knowledge about 

simultaneous interpreting and may be initially exposed to it in the first weeks of 

training. The SI students should then shift to Stage 2, ability to act, where they require 

a drastic amount of executive functions to accommodate the new tax on the linguistic 

system. Even if they have trained their executive functions through bilingualism or 

translating between L1 and L2, the stress that the simultaneity and online processing 

put on the linguistic system should be enough to show an increased engagement of 

executive functions. Through a controlled execution with high engagement of 

executive functions, the students increase their SI competence. According to Kutz 

(2010), extensive professional training is necessary to reach Stage 3 of the LKM 

model, therefore it cannot be assumed that the interpreting students will have fully 

automatized their interpreting skills. Although they might be proficient performers 

at the end of training, they are not yet considered experts according to e.g. Hoffman 

(1997) or Tiselius & Hild (2017). 
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Another aspect of interpreting competence acquisition is the discussion around 

whether there is a presupposition for interpreting and the associated aptitude testing 

before starting interpreting training. SI was long seen as a skill only some individuals 

have an aptitude for, resulting in aptitude tests to select promising candidates for SI 

training (see e.g. Moser-Mercer et al. (2000)). However, as Chabasse (2009) 

emphasizes, training can compensate initially lacking aptitude and testing aptitudes 

too early in a learning process may potentially exclude individuals whose aptitude 

needs longer to develop or might set in later (Chabasse 2009: 55). Chabasse 

furthermore summarizes that by practicing interpreting repeatedly, the brain of the 

interpreter reorganizes which makes interpreting easier. Therefore, interpreting is an 

activity that needs to be trained which mitigates the significance of aptitude tests. 

She highlights that aptitude tests should not measure what an individual can already 

do, but what they have the potential to be able to do in the future. Students that 

apply for interpreting training should not be required to already be able to interpret, 

since this is a skill that is developed through interpreting training (Chabasse 2009: 

124). Still, especially when empirically studying executive function by comparing 

interpreting trainees with other bilingual populations at the beginning of their 

respective training, it is sensible to draw a baseline comparison of cognitive skills. This 

way it is possible to observe whether both groups have similar cognitive prerequisites 

or whether SI students possess inherent advanced cognitive skills as it was done for 

example by Babcock et al. (2017). 

So far, this section has presented strategies that can be applied to manage the 

processing demands created by the task of simultaneous interpreting, presented 

models of interpreting competence in which these strategies are integrated as well 

as models of interpreting competence acquisition. Especially the restructuring of 

knowledge during SI competence acquisition has been a central theme. This 

restructuring of knowledge and the whole process of learning to interpret has also 

been studied empirically with studies finding effects of emerging interpreting 

competence on linguistic, cognitive, and interpreting-specific performances: 

Older studies such as by Moser-Mercer et al. (2000) found that expert interpreters 

outperformed novices in a delayed auditory feedback (DAF) task. During DAF, a delay 
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between the moment a speaker produces a speech sequence and the moment the 

speaker hears the output is created electronically. Results showed that experts made 

fewer mistakes in delayed auditory feedback and displayed greater verbal fluency 

than the novice interpreters, probably since the experts needed to pay less attention 

to monitoring their output as a result of their increased SI competence (Moser-

Mercer et al. 2000: 123).  

Bajo et al. (2000) compared the performance of professional interpreters, 

interpreting students, bilinguals and non-interpreting professionals from other fields 

in different linguistic abilities such as reading time, lexical decision and semantic 

categorization. They hypothesized that interpreters would outperform all other 

groups since they have specifically trained their comprehension skills in addition to 

their bilingual skills. Results showed that interpreters showed significantly faster 

reading times than bilinguals and non-interpreters, indicating increased information 

processing efficiency. For the lexical decision task, results showed significant 

differences in reaction times between groups for non-words with interpreters 

outperforming all other groups in reaction speed. In terms of semantic 

categorization, interpreters performed faster in non-typical concept categorization 

than all other groups. To see if the effects of superior performance in interpreters 

were due to training, the interpreting students had to perform the tasks twice, once 

at the beginning and once at the end of an academic year. A control group with non-

interpreting students was tested in parallel. Results indicated that reading times 

reduced significantly from Session 1 to Session 2 for the interpreting students but not 

for the control group. Similar result patterns were revealed in the semantic 

categorization task: Interpreting students responded faster for both typical and non-

typical items in Session 2, while non-interpreting students did not seem to improve 

their speed of accessing semantic knowledge. For the lexical decision task there was 

only a tendency for interpreting students to improve their response speed, the 

difference between Session 1 and 2 was however only significant in the non-word 

condition. No difference in reaction times between Sessions 1 and Session 2 surfaced. 

In another separate experiment, Bajo et al. (2000) also tested the groups on their 

working memory capacity by administering a digit span task, a phrase span task and 

a word span task with and without articulatory suppression. Results showed that 
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interpreters had significantly higher memory spans in the digit and phrase span tasks 

compared to bilinguals and non-interpreting professionals. As indicated by the 

results, interpreters, students, and non-interpreters performed similarly in the 

condition without articulatory suppression. However, in the articulatory suppression 

condition, professional interpreters outperformed the other groups. This indicates 

that extensively trained interpreters have better working memory capacity and can 

use their working memory more efficiently. The authors conclude that interpreting 

training and professional interpreting practice enhances different linguistic and non-

linguistic skills that are connected to comprehension. Interpreters must therefore 

develop a special set of skills (Bajo et al. 2000: 130–140).  

Tzou et al. (2012) examined the influence of language proficiency and formal 

simultaneous interpreting training on interpreting performance and working memory 

by comparing interpreting students with one year of formal training experience, 

interpreting students with two years of formal training experience and a non-

interpreting bilingual group. For measuring working memory performance, they used 

a spoken digits span and a reading span task. A simultaneous interpreting task was 

used to determine interpreting performance, recordings of the task were rated by 

professional interpreters. Language proficiency was measured with a TOEFL test. The 

digit span task showed a significant effect of group with second year interpreting 

students showing significantly higher scores than non-interpreting bilinguals. The 

reading span also showed a significant effect of group, this time both first- and 

second-year interpreting students outperformed the bilinguals. Results of the 

interpreting task showed a significant effect of group with the second-year 

interpreting students outperforming the first-year interpreting students in overall 

quality. The first years outperformed the non-interpreting bilingual group. 

Concerning the role of language proficiency in relation to interpreting and working 

memory span, results revealed that advanced L2 proficiency did not enhance working 

memory spans more across the two languages compared to less advanced L2 

proficiency. Lastly results showed a positive correlation between L1 and L2 reading 

span and simultaneous interpreting quality and between L2 digit span and 

interpreting quality. Taken together the results show that different stages in 

interpreting competence acquisition are reflected differently in interpreting quality 
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and that working memory span is partly associated with interpreting competence and 

quality (Tzou et al. 2012: 217–225).   

Within the scope of an fMRI study to longitudinally investigate brain changes in 

simultaneous interpreting trainees, Hervais-Adelman et al. (2015a) also compared 

simultaneous interpreting performance. Participants were tested at the beginning 

and at the end of their training and were compared to a non-interpreting control 

group. Results showed that interpreting trainees outperformed the control group 

both at the beginning and at the end of training in the interpreting task. The 

difference between groups at the beginning of testing could be attributed to the fact 

that they self-selected themselves for the interpreting training according to their 

talents and interests. However, there were also significant improvements within the 

interpreting group from beginning of training to the end of training. Response 

latencies showed that interpreters performed faster in the second session compared 

to the first session (Hervais-Adelman et al. 2015a: 268). fMRI results are discussed in 

Section 6.3.  

Chmiel (2021) showed how interpreting training and the associated competence 

acquisition affects word translation speed by testing interpreting students at the 

beginning and at the end of their training programme in a sentence translation task 

and compared the performance to professional conference interpreters. The 

translation task included context (high constraint context, low constraint context, no 

context) and translation direction as independent variables. They expected 

translation accuracy and translation speed to increase as a result of training. More 

specifically, translation into L1 should be faster than translation into L2 at the 

beginning of training. This direction effect was expected to disappear at the end of 

interpreting training, and it was expected to not be apparent in professional 

interpreters, since the interpreting training and the professional practice affect the 

competence of switching between the languages. Results showed that interpreting 

students differed significantly in their translation accuracy before and after training 

and that trainees generally performed better when the words were embedded in 

sentence context both before and after training. Accuracy was modulated by context 

in the L2-L1 direction but not in the L1-L2 direction. Regarding translation speed, 

results showed that interpreting trainees were faster after training than before 



 

110 
 

training and were faster in the L2-L1 direction than in the L1-L2 direction in general. 

Professional interpreters were compared to the interpreting students at the end of 

their training. Professional interpreters showed maximum accuracy. Due to this 

ceiling effect, it is not possible to draw conclusions regarding accuracy, although the 

professionals did outperform the students. There was also no main effect of 

experience on translation speed when comparing students at the end of their training 

and professional interpreters. This might also represent a ceiling effect since the 

cross-lexical links might have already become reinforced at advanced pre-

professional training so that professional training cannot give a further boost. 

Professional interpreters still showed an advantage in the L2-L1 direction against 

expectations. Interestingly, the low constraint context cost decreased with 

experience. Chmiel (2021) interpreted this observation in favour of a more efficient 

inhibition mechanism to select the correct translation equivalent over time. Overall, 

this study gives a good example of how to differentiate between the effect of training 

and the effect of professional experience in interpreting and also tentatively 

discusses the involvement of the executive function of inhibition (Chmiel 2021: 25–

38).  

Yu & Dong (2022) investigated how interpreting competence develops by 

longitudinally examining how interpreting competence is correlated with language 

competence and working memory capacity in consecutive interpreting students. 

They orient their theory to the dynamic systems theory that assumes that complex 

systems such as human development is a non-linear process that has no definite end. 

More traditional developmental theories assume that development proceeds 

predictably and linear and has a clear beginning and end. They postulate that with 

increasing interpreting competence, trainees can better coordinate various tasks. 

Therefore, they hypothesize that students have increased cognitive abilities after 

training that correlate with interpreting performance. Students performed 

consecutive interpreting tasks, five language competence evaluation tasks and 4 

working memory assessment tasks before and after 10 months in interpreting 

training. Although the authors speak of cognitive abilities, most tasks here are 

language specific with the only executive function specific tasks being the working 

memory assessment tasks. Results showed overall that with more interpreting 
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training, more language and memory skills were correlated with interpreting 

performance. They summarized that within the first year of interpreting training, 

students seemed to be able to transform their explicit, declarative knowledge into 

implicit procedural knowledge. This study, however, did not examine how other 

cognitive control functions interact and contribute to interpreting performance (Yu 

& Dong 2022: 269–280).  

These studies have shown that the acquisition of interpreting competence gradually 

affects different language specific abilities that are trained during interpreting 

training as well as interpreting specific abilities. The times lines that were examined 

were quite different. One year of training (Tzou et al. (2012)) or one academic year 

of training (see Bajo et al. (2000)) already leads to some changes and Chmiel (2021) 

investigated changes after a two-year training programme. It has become clear 

however that changes already occur during interpreting training, as is reflected in 

relevant models of general skill acquisition and interpreting skill acquisition (see e.g. 

Kutz (2010)), and not only after several years of professional experience. The 

remaining question that I will address in the methodological part of my thesis is at 

what point in training does competence affect certain abilities and is an increase of 

abilities normalized within the time frame of interpreting training.  

One issue that studies investigating interpreting competence acquisition have in 

common is the assessment of competence in translation and interpreting process 

studies. This is an issue related disciplines such as bilingualism research also face, as 

laid out in Chapter 3. Measuring or categorizing bilingualism encounters challenges 

such as heterogenicity in methods or approaching bilingualism not as a continuum 

but as something static which makes comparison across studies difficult. In the field 

of translation and interpreting studies, García (2014) points out that most studies use 

years of professional experience as the key indicator to measure expertise or 

competence. He criticizes, however, that the years of experience do not actually say 

anything about how often an interpreter is on the job or practices, nor does it say 

anything about the quality of their interpretation. He also emphasizes that large 

variation in professional experience can make a measure unreliable. He proposes that 

other measures should be considered when gauging interpreting competence and 
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expertise, such as hours of professional practice, work settings, types of training or 

interpreting quality ratings (García 2014: 228–229). Schaeffer et al. (2020) also 

highlight that “[…] measures of translation and interpreting competence in relevant 

experiments are either absent or based on non-validated ad hoc instruments.” 

(Schaeffer et al. 2020: 91). Schaeffer et al. (2020) therefore presented the Translation 

and Interpreting Competence Questionnaire (TICQ), a validated questionnaire that 

makes it possible to collect quantitative and qualitative data on different aspects of 

translation and interpreting competence as well as bilingual proficiency such as age 

of acquisition, speaking habits and self-assessed proficiency. This questionnaire was 

also used in the experimental setup of this dissertation (for a detailed description see 

Section 8.1.3). 

Finally, it is vital to mention that the presented models of competence and 

competence acquisition emphasize the cognitive side of simultaneous interpreting 

competence since this dissertation is first and foremost interested in the domain-

general cognitive processes that are affected by SI. However, there is of course more 

to competence and expertise than the cognitive side of things. This is emphasized by 

Beaton-Thome (2018), who complements the cognitive aspects of SI competence by 

highlighting the situatedness of SI and the importance of situated learning, situated 

expertise and community of practice. Beaton-Thome (2018) recognizes it is sensible 

to see one part of SI competence and expertise situated in the mastery of certain 

cognitive skills such as multitasking, monitoring, chunking and adjusting the décalage, 

since this is what can be tested and verified in cognitive interpreting studies. She 

argues however, that viewing how much time an interpreter has spent on a task 

should not be equalled to cognitive skill, since there are other parts of expertise that 

play a crucial role. She emphasized the concept of situated learning, which means 

learning within the context of a group and thereby participating in a community of 

practice. She argues that this community-based approach to learning should be 

intersected with and integrated into cognitive aspects of SI expertise. To this end, she 

proposes different strategies to implement this already during interpreting training 

and competence acquisition. One option could be to instate a mandatory number of 

days of work experience as a conference interpreter that the student trainees need 
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to experience under the guidance of an experienced interpreter. Also, she proposes 

student-tutor booth constellations. Most relevantly in the context of this 

dissertation, she also suggests that this situated learning within a community of 

practices should occur from the beginning of training throughout all competence 

acquisition phases and not only at the end of training, which could provide a 

smoother transition from novice to proficient user to expert, or in other terms, a 

smoother transition from competence acquisition to expert performance and 

expertise (Beaton-Thome 2018: 148–160).   

 

Section 6.1 presented cognitive models of the SI process and highlighted the 

challenges interpreters face arising from overlapping cognitive processes and the 

involvement of executive functions. This current section has highlighted the role of SI 

strategies in competence acquisition to deal with the challenges of the SI. 

Furthermore, the notion of competence was differentiated from the notion of 

expertise. Moreover, this section has highlighted which competences are important 

to the interpreting process, where executive functions are implicated in these 

competences and how interpreting competences are acquired. Thereby, the overlap 

of interpreting competence formation with general skill acquisition models and 

recent findings from neuroscience concerning the consolidation of competence has 

been specified. Studies emphasizing that simultaneous interpreting is a skill that 

needs to be acquired and that the formation of competence and training have effects 

on different cognitive skills such as working memory, semantic categorization or 

lexical decision were presented (see e.g. Tzou et al. (2012); Yu & Dong (2022); Bajo et 

al. (2000)). This again highlights the impressionable nature of the brain. However, the 

studies presented above mostly focused on how interpreting training fosters an 

increase in interpreting competence in general or how interpreting training improves 

the above mentioned linguistic functions in a behavioural manner. The next section 

therefore continues this train of thought and examines from a neuroscientific 

perspective how the brains of interpreters change due to the demanding task of 

interpreting, presenting evidence for the involvement of executive function in the SI 

process. 
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6.3 The neuroplasticity of simultaneously interpreting brains 
 

Chapter 6 so far has pointed out that during simultaneous interpreting, various 

cognitive processes overlap, and different models of simultaneous interpreting have 

tried to model the cognitive effort and control that needs to be exerted to achieve a 

simultaneous translation. Since neuroscientific methods have also become more 

available in cognitive translation and interpreting research, various studies and 

theoretical frameworks have set out to identify the demanding bilingual processing 

at work during simultaneous interpreting, exploring the cognitive basis of 

simultaneous interpreting and investigating how brain structure and functionality are 

already subject to change as a result of simultaneous interpreting. As Chapter 3 has 

shown, managing more than one language has shown to elicit structural and 

functional changes in the brain. The following studies provide a chronological 

overview of studies using both behavioural as well as neuroscientific measures to 

show how the brain changes as a result of simultaneous interpreting as a form of 

extreme language control: 

In one of the earliest studies that revolved around the cognitive processes of 

simultaneous interpreting, Fabbro & Darò (1995) hypothesized that because of the 

complexity and the simultaneity of the processes of simultaneous interpreting, 

interpreters specifically need to develop the ability to focus their attention on the 

verbal input and only direct a reduced focus to the output while displaying increased 

verbal fluency to keep up with the respective speaker and still have time for potential 

self-corrections. They tested whether simultaneous interpreters possess increased 

verbal fluency by conducting a study during which they compared monolinguals and 

interpreters in a verbal fluency task under normal and delayed auditory feedback 

conditions. Delayed auditory feedback has been found to cause speech disruptions, 

however, these speech disruptions are usually less frequent in speakers with high 

verbal fluency. They found that monolinguals performed significantly better in the 

normal auditory feedback condition than in the delayed auditory feedback condition 

while there was no significant difference between the number of words produced 

during normal auditory feedback and delayed auditory feedback in the interpreting 
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group neither for L1 nor for L2. The authors conclude that simultaneous interpreters 

have learned to focus less on their own verbal output and direct their attention rather 

on the input message that needs to be translated and are therefore less susceptible 

to speech disruptions (Fabbro & Darò 1995: 315–316). Although it is not specifically 

mentioned in their study, the fact that interpreters were better at ignoring delayed 

auditory feedback fits with the bilingual advantage research that found increased 

abilities of bilinguals to suppress interferences.  

Rinne et al. (2000) used PET to explore brain activation in professional simultaneous 

interpreters during tasks of interpreting, either translating from their L1 into their L2 

or vice versa and contrasted these activation patterns with shadowing. During 

interpreting into L1, results showed increased activation on the left frontal lobe. 

Interpreting into the L2 was characterized by even more pronounced left frontal 

activation as well as left inferior temporal activation (Rinne et al. 2000: 86–87). These 

findings highlight the importance of the left frontal regions that are associated with 

executive functions, especially during interpreting into the non-native language 

which can pose more difficulty when L2 and L1 proficiency are unbalanced.  

Within the scope of an EEG study, Elmer et al. (2010) investigated how long-term 

language training such as in simultaneous interpreting training influences neural 

adaption in single word processing. The goal was to distinguish the influence of 

proficiency and age of acquisition from the influence of long-term interpreting 

training. They used the N400 ERP component that is sensitive to lexical-semantic 

processing and semantic anomalies. The N400 amplitude is smaller for words that are 

semantically related than for semantically unrelated words. Elmer et al. recruited 

professional SI interpreters that had trained and graduated in a university 

interpreting programme and exclusively interpreted from their L2 into their L1 as well 

as non-interpreting controls matched for age, gender, L2 proficiency and AoA. All 

participants performed semantic decision tasks where they judged whether noun-

pairs were semantically congruent or incongruent within and across two languages. 

The results did not show electrophysiological differences between the two groups in 

the language direction L2 to L1 which SIs specifically trained for. However, results 

showed more negative N400 responses in SIs in incongruent trials within L1 as well 

as L2 but also while they performed the task from L1 to L2 which they did not 



 

116 
 

specifically train for. The increased N400 amplitude in SI might indicate that SI 

training has altered the SIs’ sensitivity to semantic processing within and across both 

languages. Participants within the SI group differed in years of work experience. More 

negative N400 amplitudes were revealed in the SI group with less work experience 

compared to participants with more work experience. The results also suggest a more 

pronounced interconnection of semantic representation in both languages which 

causes more lexico-semantic neighbours to be coactivated (Elmer et al. 2010: 148–

154).  

Ahrens et al. (2010) compared simultaneous interpreting to free speech based on the 

premise that brain activation patterns of perception/comprehension and speech 

production differ in the two tasks, since simultaneous interpreting required parallel 

processing of two languages and is more than just hearing and speaking. The left 

superior temporal sulcus (STS) was identified as the most active area during 

simultaneous interpreting. The authors highlighted that the left STS is not only 

involved in extracting speech and sound that is perceived but also in inhibiting the 

perception of the interpreter’s own voice (Ahrens et al. 2010: 244–245). This speaks 

for an involvement of a domain-general interference suppression mechanism that is 

active during simultaneous interpreting.  

Elmer et al. (2014) argue that although it is useful to study functional and structural 

neuroplasticity, executive function and language control in bilinguals compared to 

monolinguals, studying simultaneous interpreters may deliver important insights into 

how brain regions related to cognitive control and linguistic functions change in 

response to training in younger adults. In an MRI study, Elmer et al. (2014) compared 

grey matter volume in professional SIs to multilingual controls. They found reduced 

grey matter volume in SIs in the left middle-anterior cingulate gyrus that has been 

associated with conflict monitoring and cognitive control, bilateral middle-anterior 

insula and left pars opercularis which have been associated with overt speech 

production, left inferior parietal lobe that has been associated with attention and 

working memory and bilateral pars triangularis which has been associated with 

syntactic processing. Although there were no group differences in grey matter 

volume in the caudate nuclei, a negative relationship between grey matter volume in 

bilateral caudate nucleus and the number of SI training hours was found, which 
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suggests that there is a relationship between the amount of SI training and certain 

grey matter changes. Elmer et al. (2014) indicate that studies in grey matter volumes 

that compared bilinguals to monolinguals usually found increased grey matter 

volume for bilinguals. However, they refer to the process of cortical pruning (see 

Chapter 2) where ineffective neuron connections are removed to foster functional 

specialization. They argue that excessive training of language control such as during 

interpreting training in younger adults may lead to supplementary pruning in 

adulthood, further fostering functional specialization (Elmer et al. 2014: 181–186). 

Contrary to Elmer et al. (2014), Becker et al. (2016) found increased grey matter 

volume in the left frontal pole for interpreters when they compared simultaneous 

interpreters to a multilingual control group. They furthermore found that the left 

frontal pole was stronger connected to the left inferior frontal gyrus and the middle 

temporal gyrus in the interpreting group compared to the control group. The authors 

summarize that the left frontal pole is implicated in monitoring and goal integration 

in working memory tasks as well as in attention shifting and reallocating executive 

resources. The left inferior frontal gyrus has been associated with both task switching 

as well as language switching (Becker et al. 2016: 256–258). More research is 

necessary to establish under which specific conditions interpreters sometimes 

display increased grey matter volume and sometimes reduced volume.  

In terms of brain connectivity, Elmer & Kühnis (2016) used the EEG to compare the 

functional connectivity between the left auditory-related cortex and the Broca’s 

region, two main regions involved in hearing and speaking in simultaneous 

interpreters and a multilingual control group. The authors predicted that since 

simultaneous interpreters are well practiced in overlapping hearing and speaking 

processes, they will pre-activate the connection necessary to anticipate the 

articulatory code of a target sentence more strongly. Results indeed showed that 

simultaneous interpreters engaged the connection between auditory related cortex 

and the Broca’s area earlier and stronger. They also found specific training related 

changes, with increased functional connectivity correlating to the number of hours 

the interpreters trained as well as the age at which the interpreters started training 

(Elmer & Kühnis 2016: 5–6).  

Hervais-Adelman et al. (2015b) investigated the neural basis of interpreting and its 
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overlap with domain-general executive functions. They scanned interpreting 

students before they started their first semester of interpreting training and 

multilingual controls with an fMRI scanner and compared their brain activity during 

three different conditions: passive listening (PL), shadowing (SH) and simultaneous 

interpreting (SI). During passive listening, participants only listen to a recording while 

during shadowing, participants must simultaneously repeat what is said in the 

recording. Finally, during SI, participants must interpret what is said in the recording 

into another language. If the brain region activity engaged in PL and SH are subtracted 

from the brain region activity of SI, brain regions that are specific to SI should be 

revealed. Results demonstrated that in addition to all brain regions engaged in SH 

and PL, SI activated brain regions that manage bilingual input streams in real time. 

Those regions covered the left anterior SMA and pre-SMA, left anterior insula, left 

premotor cortex, caudate nuclei and the dorsal ACC as well as the basal ganglia, left 

pars triangularis and pars orbitalis of the inferior frontal gyrus. The network 

responsible for simultaneity that was present in SH was activated more expansively 

during SI, including the superior temporal gyri, the medial prefrontal and medial 

orbitofrontal cortices as well as the putamen and superior aspect of the cerebellum 

on both sides. Those regions have been associated with selection and initiation of 

action sets, error monitoring, multilingual language control, speech preparatory loop, 

language switching and multitasking. Especially the basal ganglia have been 

associated with attention, learning, memory and executive functions and have been 

found to be involved with bilingual language control. Hervais-Adelman et al. (2015b) 

assume that especially the caudate nucleus is active during SI in monitoring and 

controlling which lexico-semantic system is needed in the given situation. Their 

results provide further evidence of how greatly the neural bases of language control 

and executive functions overlap (Hervais-Adelman et al. 2015b: 4731–4736).  

Hervais-Adelman et al. (2015a) used fMRI to specifically examine how the brains of 

trainee interpreters change functionally during their training to become professional 

interpreters by looking at cerebral responses. They also used multilinguals as a 

control group. They hypothesize that increasing interpreting expertise during training 

progressively automizes language control which shares neural correlates with some 

aspects of domain-general executive functions. Participants were scanned at the 
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beginning and at the end of a 15 month training period and performed in three 

conditions: Listening to sentences, shadowing sentences and interpreting sentences. 

They discovered training-related changes in interpreting performance with 

interpreting trainees showing a significant improvement in the interpreting condition 

but no observable changes in the controls. In a univariate analysis they discovered 

that the response of the right caudate nucleus decreased significantly after the 

training period in the trainee interpreter group. The caudate nucleus is viewed as a 

crucial structure in both language and executive control. This result indicates two 

things. Firstly, that interpreting training induces functional neuroplasticity. Secondly, 

it suggests that increased competence in interpreting leads to more automaticity in 

performance which, consequently, requires the use of less neural cerebral resources. 

Hervais-Adelman et al. (2015a) point out that other studies on experienced 

interpreters have shown no involvement of the caudate nucleus during simultaneous 

interpreting, which indicates that the caudate nucleus is engaged less while 

experience increases. They also discuss the right side lateralisation of the active 

caudate nucleus in this study, pointing out that previous studies have shown bilateral 

caudate involvement with a rightward lateralization, although basal ganglia in 

bilingual language control have a tendency to be left lateralized (Hervais-Adelman et 

al. 2015a: 268–272).  

As already mentioned in Section 3.2, Hervais-Adelman et al. (2017) compared cortical 

thickness before and after simultaneous interpreting training in interpreting trainees 

and multilingual controls. Next to increases in cortical thickness in regions of phonetic 

processing, formulation of propositional speech and working memory, they also 

found increased cortical thickness in regions of domain-general executive control and 

attention, namely the right parietal lobule, for the interpreters but not in the control 

group (Hervais-Adelman et al. 2017: 215–216).  

Based on the converging neuroscientific findings regarding the neural basis of 

simultaneous interpreting, Hervais-Adelman & Babcock (2020) proposed a 

neurocognitive model of simultaneous interpreting. It takes certain aspects from the 

model of bilingual language control put forth by Green & Abutalebi (2013) in the 

context of the adaptive control hypothesis. The model contains distinct control 

pathways for global task demands of simultaneous interpreting (red) and pathways 
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that are specific to controlling resources for managing multiple languages. According 

to the author’s rationale, the model implies that language depends on domain-

general executive functions to control behaviour and that managing multiple 

languages draws on these functions depending on the context of the language 

situation and the language status (Hervais-Adelman & Babcock 2020: 747–749). 

 

This section has presented evidence for activity-dependent plasticity of the brain in 

reaction to simultaneous interpreting. It has become clear that the overlapping 

cognitive processes at work during simultaneous interpreting affect and modulate 

brain structure and functionality of both language specific as well as executive 

functions regions.  

This brings me to the last missing puzzle piece of this theoretical part. This 

dissertation has established a connection between language processing and 

executive functions (see Section 5.3). Following the conclusions of some researchers 

of the bilingual advantage hypothesis that frequent language switching leads to an 

enhancement of executive functions (e.g. Verreyt et al. (2016)), and considering the 

findings from interpreting competence acquisition that interpreting is an acquired 

skill that involves executive functions, and taking the evidence from experience-

dependent plasticity in interpreters into account that show structural changes in both 

linguistic and executive function regions, leads to the assumption that simultaneous 

interpreters should display advantages in executive functions at least during the 

course of their training. The next section therefore discusses evidence from studies 

that investigate whether interpreters show an advantage in executive functions by 

presenting studies that examine both professional interpreters as well as interpreting 

trainees.  

6.4 The impact of simultaneous interpreting on executive functions 
 

As Section 6.3 has shown, there is structural and functional evidence that executive 

function brain areas seem to be implicated in the simultaneous interpreting process 

and are therefore also subject to structural and functional changes induced by the 

enhanced control demands of managing multiple languages. These enhanced 
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processing demands, which also lie at the core of the bilingual advantage hypothesis 

(see Section 5.4) as well as the knowledge of overlapping brain areas of language 

control and executive functions and the ability of the brain to reshape itself in 

reaction to external experiences such as bilingualism, are the basis of the “interpreter 

advantage hypothesis” (García 2014: 221). It postulates that […] the development of 

expert interpreting skills may further enhance specific linguistic and executive 

functions in bilinguals” (García 2014: 221).   

The interpreter advantage hypothesis has been tested both behaviourally as well as 

by using neuroscientific methods, although only few studies have made use of the 

latter methods. Most frequently, professional or trainee simultaneous interpreters 

were compared to a multilingual control group or to translators. The research 

landscape of the interpreter advantage in executive functions is presented 

chronologically in the following, by listing studies that compared the performance of 

either interpreting students or professionals to groups of various other bilingual 

modalities in executive function tasks such as translators, language teachers or 

bilinguals without special training: 

The studies on an interpreter advantage in executive functions revolve around 

working memory and the question whether professional interpreters have better 

WM capacity than novice controls or bilinguals without special training.   

As already laid out in detail in the previous section, Bajo et al. (2000) compared 

working memory capacity in professional interpreters to interpreting students and 

non-interpreting professionals by testing them on a digit span task, a phrase span 

task and word span task with and without articulatory suppression. Professional 

interpreters outperformed the other groups in the digit as well as the phase span 

task. Regarding the word span task, all groups performed similarly when no 

articulatory suppression was required. However, during the articulatory suppression 

condition, interpreters recalled significantly more words than subjects in the other 

two groups (Bajo et al. 2000: 183-140).    

Köpke & Nespoulous (2006) compared performance in different working memory 

tasks in professional interpreters, interpreting students, bilingual controls and 

monolingual university student controls. They used serial span tasks that only 
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measure short-term retention and only tap into memory storage, more complex 

recall tasks with articulatory suppression that involve both storage and processing 

and tap into executive control, listening span tasks, and finally Stroop tests that tap 

into attention and storage. The serial memory span tasks and the Stroop task did not 

yield significant group differences, aside from a bilingual Stroop task in French. 

However, between-group effects were found in the more complex recall tasks with 

articulatory suppression and the listening span task where novice interpreters 

performed better than professional interpreters and the professionals performed 

better than the two control populations. The results showed that interpreting does 

not seem to lead to simple enhanced short term memory or selective attention but 

to enhanced cognitive skills that concern the Central Executive. Since interpreters 

performed better in the articulatory suppression condition than controls, it could be 

assumed that simultaneous interpreting promotes resistance to phonological 

interference. It was nonetheless surprising that novice interpreters outperformed 

expert interpreters which might indicate that differential processes take place in 

novices and experts. Novices might receive a boost in working memory capacity and 

suppression skills, while expert interpreters develop other processes (Köpke & 

Nespoulous 2006: 6–16). This explanation was also suggested by Köpke & Signorelli 

(2012) who argued that novices tend to have better WM skills since they frequently 

struggle with cognitive overload and need more executive control than professionals, 

who have developed more automatic strategies that do not rely on WM as much or 

not at all (Köpke & Signorelli 2012: 189). Christoffels et al. (2006) examined measures 

of WM together with basic language processing components of lexical retrieval. They 

tested experienced professional interpreters and bilingual university students on 

reading span, speaking span and a word span task as well as picture naming and word 

translating. Results showed that interpreters were significantly faster in both picture 

naming and word translation. However, in picture naming this effect only surfaced in 

English. In Dutch picture naming, students did not differ significantly from 

interpreters. Furthermore, interpreters outperformed students on all three memory 

tasks. The results therefore showed distinct differences between the two groups in 

all the subskills that were assumed to underly the interpreting process. However, 

since the language proficiency of the two groups were not on the same level, the 
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experiment was replicated with interpreters and language teachers. The results 

showed that teachers performed similarly to the interpreters on the lexical retrieval 

tasks, however, the interpreters outperformed the teachers on all three tasks, 

regardless of the language tested. The biggest takeaway from this study is that 

interpreters’ WM and short-term memory (STM) capacity was not influenced by L1 

or L2 testing, indicating that they have developed a more efficient way of language 

processing especially in the L2 and that WM is an important subskill of interpreting 

(Christoffels et al. 2006: 327–339).   

These findings that interpreters seem to outperform non-interpreters in WM tasks 

where more executive functions are involved, solidified the view that interpreting is 

more than just maintaining information but also involves sustained monitoring, 

updating, and manipulating of information input and output. Therefore, studies 

investigating enhanced WM abilities of interpreters started to focus more on tasks 

that not only tap into WM storage but emphasize maintaining and updating 

(monitoring) task-relevant information (Morales et al. 2015: 83). One of these tasks 

is the n-back task that was applied by Morales et al. (2015) when they compared 

simultaneous interpreters to bilingual controls in the n-back task and an attention 

network task to test both WM-updating as well as attentional control. Results from 

the n-back task showed that simultaneous interpreters displayed better monitoring 

and information updating abilities than bilingual controls. Interestingly, increasing 

memory load led to decreased accuracy in both groups which led researchers to the 

conclusion that the storage component of WM functioned similarly in both groups. 

That interpreters performed better than the control group overall might be due to an 

enhanced executive component of WM. The difference in performance increased in 

the second experimental block, where task demands had increased, with interpreters 

outperforming the controls. This might indicate that the interpreters were able to 

adapt their performance to the increased task demands more flexibly than the 

control group. In the attention network task, there were no group differences 

concerning the executive control network. Similar to the findings by Köpke & 

Nespoulous (2006), this indicates that an interpreter advantage in executive function 

might not extend to conflict resolution or that inhibitory processes are not involved 

or affected by simultaneous interpreting (Morales et al. 2015: 85–89).   
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The research on working memory and interpreters has shown that, although 

bilingualism can be an important prerequisite for advantages in executive functions 

to surface and for the process of interpreting itself, it is the special skills developed 

during interpreting training that can lead to a change in executive functioning. More 

evidence for this hypothesis comes from studies that not only investigated working 

memory span or working memory updating skill but also inhibitory control and task 

switching skills. The challenge for interpreters is to keep two languages active at the 

same time while avoiding interference between them. As proposed by Dijkstra & van 

Heuven (1998) and Green (1998), selection of languages in bilinguals is achieved by 

inhibiting language representations in the language that is not being used. 

Furthermore, the executive control function of switching between mental sets (also 

referred to as flexibility) overlaps with the language switching aspect of interpreting. 

Therefore, inhibitory processes as well as switching processes have also been 

investigated in the context of enhanced executive function due to interpreting 

training.   

Yudes et al. (2011) compared professional interpreters to bilinguals and 

monolinguals. They applied the Wisconsin Card Sorting Test to examine shifting 

abilities and the Simon task to investigate the inhibition of irrelevant information. 

Furthermore, they also applied a reading span test which yielded significant 

differences among the groups with interpreters showing higher memory span 

compared to monolingual and bilinguals. The results from the WCST showed that 

interpreters completed the task more efficiently than monolinguals and bilinguals. 

Interpreters succeeded in updating the task-relevant information more efficiently 

and were able switch to another solution path when it was necessary compared to 

the two control groups, suggesting that this advantage in shifting or mental flexibility 

is related to the interpreting experience. However, the Simon effect in the inhibition 

task was similar for all experimental groups. No advantage in inhibition for 

interpreters or bilinguals was detected, which corresponds to the results of Köpke & 

Nespoulous (2006), raising the question whether inhibition is involved in interpreting 

at all.   

Macnamara & Conway (2014) provided further evidence for an interpreter advantage 

in executive functions from bimodal simultaneous interpreters. They studied 
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American Sign Language (ASL) simultaneous interpreting students longitudinally to 

see if their task switching ability, mental flexibility and two working memory 

measures changed over the course of training. They found that after their training 

period, interpreting students outperformed their pre-test scores in task switching, 

mental flexibility and WM coordination and transformation. However, they did not 

improve their WM storage and processing abilities. They conclude that an advantage 

in executive functions comes from an interaction between bilingual management 

demands and how much experience the interpreters or bilinguals have in 

accommodating those demands (Macnamara & Conway 2014: 522–524).  

Going in a similar direction, Dong & Xie (2014) investigated the impact of language 

proficiency and interpreting experience on the executive functions of inhibition and 

shifting in four experimental groups. Two groups consisted of interpreters 

(undergraduate and graduate) and two groups consisted of Chinese-English bilingual 

students. The four groups had three different levels of L2 proficiency with graduate 

interpreters showing the highest level of L2. Results showed that L2 proficiency did 

not enhance cognitive control in inhibition or shifting in the bilingual students 

without interpreting experience. This corresponds to Bialystok et al. (2009) who 

suggest that young adults are cognitively speaking at peak performance which cannot 

be further enhanced by bilingualism alone. However, the interpreting experience of 

the interpreters influenced cognitive control in shifting but not inhibition. In contrast 

to the study by Yudes et al. (2011) where L2 proficiency was controlled, L2 proficiency 

was manipulated in this study. The results suggest that L2 proficiency is not a main 

contributing factor for changes in the executive functions of shifting and inhibition, 

however, interpreting training and experience positively influences the enhancement 

of shifting but not inhibition (Dong & Xie 2014: 511–516).   

Henrard & van Daele (2017) compared translators to interpreters but also compared 

them to monolinguals in different executive functions tasks that tapped into 

information processing speed, updating of information in WM, response inhibition, 

flexibility (shifting) and proactive inhibition. Results showed that interpreters 

performed better than monolinguals on all tasks and better than translators on all 

task except on the task assessing flexibility. Translators only performed better than 

monolinguals in the tasks assessing flexibility and the task that tapped into assessing 
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the resistance of proactive inhibition. This study provided further evidence that an 

advantage in executive functions is modulated by the cognitive demands of the 

bilingual situation and that it is likely related to specific aspects in the interpreting 

work activity such as time pressure and experience in managing the increased 

processing demands (Henrard & van Daele 2017: 4–9).  

Woumans et al. (2015) further investigated the impact of the degree of bilingualism 

and interpreting experience on the change in the executive function inhibition. They 

hypothesised that more practice in language control leads to enhanced executive 

functions. They compared monolinguals, balanced bilinguals, unbalanced bilinguals, 

and student interpreters, using the Simon task and the Attention Network Task. 

Furthermore, they used a single and a dual-language version of the semantic verbal 

fluency task to measure language switching proficiency and relate it to domain-

general cognitive control. For bilinguals compared to monolinguals, results produced 

a smaller Simon effect and faster reaction times in the ANT for bilinguals. 

Furthermore, bilinguals performed better at orienting in the ANT. In both tasks, 

interpreters made significantly fewer errors than unbalanced bilinguals but not than 

balanced bilinguals, providing evidence of an inhibitory advantage of interpreters 

compared to unbalanced bilinguals. Ultimately, a connection between language 

switching and cognitive control could only be observed for balanced bilinguals on the 

Simon task. The authors observed that reaction times and congruency effects were 

not consistently smaller for bilinguals, which fits right into the argument that 

different tasks that are thought to tap into the same executive function, actually tap 

into different categories of that executive function. It has to be noted that the 

interpreting group were “only” student interpreters, which might explain why there 

were not more significant differences to balanced bilinguals (Woumans et al. 2015: 

1581–1585).   

Van der Linden et al. (2018) conducted a similar study where they compared 

professional interpreters, monolinguals and L2 teachers. They used an advanced 

Flanker and a Simon task to measure interference suppression and response 

inhibition, the digit span task for short term memory assessment, the Hebb repetition 

paradigm and the n-back task for WM updating. Surprisingly, the authors did not find 

any evidence for an advantage in executive function for interpreters relative to 
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monolinguals or L2 teachers. They also did not find a difference between 

monolinguals and L2 teachers, however they found a marginal advantage in short 

term memory for the interpreters. They reasoned that interpreters might have 

developed a different way of managing their languages, using other language control 

mechanisms than bilinguals. Another possible explanation for the lacking difference 

between interpreters and bilingual teachers might be provided by the Controlled 

Dose hypothesis (Paap 2018). According to this, an advantage in L2 might only surface 

while a new skill or the L2 is still being acquired. L2 teachers and interpreters might 

already have completed the formation and controlled execution stage of acquiring 

the L2 skill and moved on to the automatic execution stage. For the bilinguals and the 

interpreters, language control has become automatic and does not require much 

cognitive control. This might further explain why Woumans et al. (2015) found an 

advantage in their study, since their interpreting subjects were interpreting students 

and therefore possibly still at a stage where they worked on their L2 proficiency (van 

der Linden et al. 2018: 3–15).  

Babcock & Vallesi (2017) compared professional interpreters to multilinguals in tasks 

tapping into short-term memory, working memory, conflict resolution and task 

switching. Results showed that interpreters performed better on verbal and spatial 

short term memory tasks than multilinguals and recalled more words in the verbal 

working memory task. Results did not show a difference between groups in conflict 

resolution and inhibition. In terms of the task switching performance, interpreters 

showed faster reaction times than multilinguals and smaller mixing costs for 

interpreters, indicating an advantage in sustained control for the interpreters but not 

in transient control (no group difference in switching costs). The authors emphasize 

that interpreters did not show enhanced executive functions beyond those seen in 

bilinguals but seemed to enhance functions that are explicitly related to the task of 

simultaneous interpreting (Babcock & Vallesi 2017: 406–415).  

It has become evident from the studies reported so far that inhibition was least 

affected by an interpreter advantage in executive functions. Aparicio et al. (2017) 

specifically examined inhibition in interpreters and compared the performance of 

interpreters and highly proficient bilinguals in a language decision task and a bilingual 

Stroop task. They argued that in the language decision task, both active inhibition 
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processes and overcoming inhibition processes are involved. When accessing the 

target word, the participant must inhibit the representations of the other language. 

When a switch trial occurred, participants had to overcome this inhibition of the 

previously inhibited representation. In the Stroop task, participants only have to 

apply active inhibition (interference suppression). The authors refer back to Green’s 

ICM and Paradis’ activation threshold hypothesis and explain that overcoming 

inhibition is more difficult than active inhibition and hypothesize that both groups 

should perform similarly when only active inhibition is required. When overcoming 

inhibition is required, the authors expected SIs to perform better than the bilinguals 

since simultaneous interpreting specifically trains switching and overcoming 

inhibition. In the language switch task, results showed an advantage for SIs, likely 

because bilinguals needed more cognitive resources to overcome inhibition than SIs. 

However, the task did not provide definite evidence that SIs really outperformed 

bilinguals in overcoming inhibition. The Stroop task provided more evidence. 

Although SIs responded faster than bilinguals, the analysis revealed no difference in 

terms of amplitude of the Stroop effect between groups. This indicates that the active 

inhibition process might not be influenced by simultaneous interpreting expertise 

and might be more related to a general proficiency of language use and frequency of 

language use. Furthermore, it suggests that the advantage of SI in the language 

decision task is due to an advantage in overcoming inhibition. It must be noted that 

the Stroop task although it does tap into executive functions was still linguistic in this 

case, making it more difficult to disentangle non-linguistic executive functioning and 

linguistic control. Still, results suggest that SIs possess an increased ability to deal with 

the interplay of activation and inhibition while keeping a task goal in mind (Aparicio 

et al. 2017: 1433–1446).   

Zhong & Dong (2024) focussed more on the coordination skill of interpreting by 

implementing a dual-task situation and using ERPs to investigate lateralized readiness 

potentials (LRPs). Stimulus-locked LRPs reflect response-selection while response-

locked stimuli reflect motor response and execution. The dual-task usually causes a 

reaction time cost, namely the difference in performance between the dual- and 

single-task condition. Smaller costs are connected to better coordination skills. The 

authors argue that interpreting involves frequent switches between overlapping 
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subtasks such as listening and speaking or listening and note-taking in consecutive 

interpreting that need to be coordinated. In contrast to task switching, dual-tasking 

focusses more on how participants deal with overlapping tasks than on switching 

between tasks. In this study, the authors compared interpreting students to students 

of English. Prior to the dual task, participants were tested on working memory span 

and working memory updating; no significant differences between groups were 

found. Behavioural results showed that the interpreting students showed smaller 

dual-task costs than the control group which indicates an interpreter advantage in 

coordination. Stimulus-locked LRP ERP analysis showed smaller dual-task costs for 

stimulus-locked onset latency for the interpreting group than for the control group, 

again indicating a coordination advantage for the interpreters. Response-locked LRP 

onset latency analysis did not show a difference between groups. It seems therefore 

that interpreters possess better task coordination abilities than individuals who do 

not train this skill via interpreting training (Zhong & Dong 2024: 898–910). It has to 

be mentioned however that testing interpreters and controls on dual-tasking is not 

largely represented in literature in comparison to the “classic” executive function 

tasks.  

  

The aforementioned studies all investigated a possible interpreter advantage in 

executive functions, likely brought about by the constant inhibition and activation of 

languages and the accompanied training of language control as well as executive 

control. However, these studies as well as other research in this field have yielded 

mixed results, as also summarised by Nour et al. (2020). A crucial drawback of the 

aforementioned research is that it is mostly comprised of cross-sectional designs (see 

Nour et al. 2020) that roughly group populations together as experts, novices or 

bilinguals without professional training and only provide insight into one point in 

time. However, as was established in Section 6.2, interpreting competence develops 

over time and it is difficult to infer competence or expertise from counting the 

number of years someone has spent as a simultaneous interpreter. Furthermore, 

longitudinal studies as well as more fine grained data gathering methods have the 

potential to offer a different insight into the underlying processes, however, 

neurolinguistic methods are rarely applied (Nour et al. 2020). Accordingly, a 
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subsequent question that very few studies have investigated is how the acquisition 

of SI competence during training affects executive functions. The following 

paragraphs therefore present studies that applied mostly longitudinal designs and 

occasionally neurolinguistic measures to investigate the effect of SI training on 

executive functions: 

As one of the first studies investigating this aspect of the interpreter advantage, Dong 

& Liu (2016) contrasted interpreting and translation. They tested consecutive 

interpreting students, translation students and Chinese students of English in the 

executive functions of inhibition (number Stroop), shifting (colour-shape switch task) 

and WM updating (n-back task). Applying a longitudinal design, they tested their 

participants at the beginning and at the end of one academic semester. In contrast 

to simultaneous interpreting, consecutive interpreting does not require the 

immediate overlap of comprehension and production. However, consecutive 

interpreting also requires immediate processing whereas more time is available 

during written translation. All three modalities have the frequent language switching 

in common. As indicated by the results, the interpreting experience yielded 

significant advantages in switch costs and updating skills. The translation experience 

only yielded marginally significant improvement in updating. None of the bilingual 

experiences resulted in any enhancement of inhibitory control or monitoring. The 

main difference between consecutive interpreting and written translation is the 

increased time pressure and the needs for immediate processing in interpreting. 

Consequently, the authors suggested that a high processing demand, as is brought 

about by interpreting training, might be a prerequisite for an enhancement of 

domain-general cognitive control (at least for switching and WM updating). To put it 

another way, a bilingual advantage tends to surface if the bilingual task at hand is 

cognitively demanding enough. Furthermore, Dong & Liu (2016) suggest the 

existence of a development curve for the enhancement of executive functions, 

proposing a steady development at the beginning of training followed by a plateau 

when cognitive functioning has reached a peak (Dong & Liu 2016: 3–10). This 

corresponds to current models of skill learning in the area of language as explained 

by Pliatsikas (2020) (see Section 3.1).  
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Babcock et al. (2017) as well as Rosiers et al. (2019) probed the question whether 

enhanced executive functions are acquired through selective training, or whether the 

advantage can be traced back to inherent characteristics that novice interpreters 

already possess at the beginning of their training. In their study, Babcock et al. (2017) 

compared interpreting students to translation students and students from non-

linguistic fields within a longitudinal design. Participants were tested at the beginning 

and at the end of their MA studies in STM tests (letter span and matrix span), WM 

tests (o-span, symmetry span), the attention network task as well as a task switching 

paradigm. Results showed no advantages in memory or other executive function 

tasks for the interpreting students at the beginning of testing, indicating that 

interpreting students did not have an inherent advantage in EF. However, after the 

second round of testing, interpreting students showed substantial gains in verbal 

short-term memory compared to translation students and non-linguistic students, 

which was attributed to their interpreting training. No advantage in the other 

executive function tasks could be noted after the second round of testing. Concerning 

the lack of significant results for spatial short-term memory and working memory, 

the authors suggested that advantages in these categories might emerge with 

increasing interpreting experience after the training period of the MA (Babcock et al. 

2017: 257–263). Rosiers et al. (2019) also tested possible pre-existing enhanced 

executive functions in interpreters, however not within a longitudinal design. They 

tested working memory capacity, inhibition, shifting and WM updating skills prior to 

the respective training of three experimental groups: MA interpreter students, MA 

translation students and MA multilingual communication students. The participants 

were administered the Simon task, the ANT, 2-back task and the colour-shape switch 

task. Furthermore, they had to complete a forward and a backward digit span task. 

The results did not indicate any significant difference between any of the groups in 

inhibition, shifting and updating. There was a small effect of working memory 

capacity indicated by a smaller span effect in the backward digit span task for 

interpreting students and multilingual students which was attributed to a possible 

inherent competence of students who opt for a course of studies with a specific oral 

component. Since no significant differences between the groups could be detected 

in the main executive function tasks, it can be concluded that interpreters did not 
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possess an inherent executive function advantage before receiving interpreting 

training (Rosiers et al. 2019: 120–125).  

Dong & Zhong (2017) investigated how interpreting experience affects executive 

functions in interpreting students with the scope of an ERP study. They tested two 

groups with more and less interpreting experience in the course of their university 

studies in a Flanker task. Results revealed that participants with more interpreting 

experience showed larger N1 and N2 amplitudes in congruent as well as incongruent 

trials, indicating a general advantage in attentional processing and conflict 

monitoring. Results for the P3 component were less conclusive since the first half of 

the P3 time window indicated a monitoring advantage and the second half of the P3 

time window indicated an advantage in inhibition. In comparison to other studies on 

interpreting and executive functions this study suggests that interpreting as a form 

of extreme language control is a unique experience that differs from general bilingual 

processing (Dong & Zhong 2017: 196–202).  

In one of the few longitudinal studies that apply neurolinguistic measures and also 

combine these with behavioural data, van de Putte et al. (2018) used fMRI to 

compare interpreting students and translation students at the beginning and at the 

end of a nine month training period in different executive functions tasks. They used 

the Simon task to investigate interference suppressions, a colour-shape switch task 

to tap into task switching as well as a verbal fluency task that included a language 

switching component to assess semantic fluency and language switching 

performance. Behavioural analysis did not reveal any significant effects of group or 

pre- or post-test on reaction time or accuracy. The authors explained that this lack of 

group difference could be attributed to the close relationship of interpreting and 

translating. Both tasks require formulating a source text into a target text and have 

some neural processes in common. Furthermore, it is possible that behavioural 

differences between groups might appear after a longer period of training or after 

expertise has been formed. Lastly, there is the possibility that both groups have 

already reached a ceiling in terms of behavioural advantages that can be derived from 

bilingual training and no additional boost could be reflected in reaction times or 

accuracy. Neural results provided further insights: A whole brain fMRI analysis 

revealed that compared to translation students, the interpreting students displayed 
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higher involvement of the left superior temporal gyrus in the Simon task and an 

increased involvement of the right angular gyrus in the colour-shape switch task after 

the nine month training period. This can be interpreted as increased capacity of 

cognitive control, more specifically for interference suppression as well as inhibition 

aspects of switching between tasks and languages. In terms of structural connectivity, 

a subnetwork that connects the frontal regions with the basal ganglia that includes 

the left superior frontal gyrus, left/right medial superior frontal gyrus, left orbital 

superior frontal gyrus and the right pallidum showed increased structural 

connectivity for the interpreters compared to the translators. The right pallidum as a 

substructure of the basal ganglia seemed to be central to this network. The authors 

summarize that the basal ganglia in cooperation with frontal regions have been 

assumed to be implicated in executive functions, more specifically in suppressing and 

promoting responses that are in competition against each other and are governed by 

the frontal regions both in domain-general cognitive control as well as verbal control. 

Interpreting students showed increased connectivity compared to the translators in 

a second subnetwork that comprised the left SMA, right postcentral gyrus, right 

superior frontal gyrus, right middle temporal pole, right amygdala, the left inferior 

parietal gyrus and the superior parietal gyrus. Several of these areas, namely the 

cerebellum, the SMA and the parietal lobes overlap with the control network 

proposed by Green & Abutalebi (2013). In this network, the SMA is connected to 

conflict monitoring as well as initiation of speech in language switching while the 

parietal lobes are involved in maintaining task representations. The authors conclude 

that taken together, the results imply that the brains of trainee interpreters are 

subjected to neural changes in networks that are related to both executive control as 

well as language control (van de Putte et al. 2018: 247–255).   

Zhao et al. (2024) hypothesized that consecutive interpreting students would solve 

conflict in a Flanker task better than non-interpreting students since they are more 

often confronted with interference from different languages. To investigate whether 

training the Flanker task would yield better results for the interpreter group than for 

the control group, the Flanker task was divided into two phases. For reaction times, 

results showed significant main effect with incongruent trials showing longer reaction 

times than incongruent trials and overall faster responses in the second half of trials 
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but no main effect of group. However, interpreters showed lower error rates than 

non-interpreters. The ERP results showed significantly less negative N200 amplitudes 

for the interpreting group in both conditions than for the control group. Also, N200 

amplitudes were less negative for interpreting students in the second half of the trials 

compared to the control group. The authors interpreted the results in favour of the 

interpreters needing less attention for monitoring while also making fewer errors 

compared to non-interpreters, presumably because of their enhanced monitoring 

skills due to training language control during interpreting (Zhao et al. 2024: 1–8).

  

As my review of the body of research concerning executive functions and SI shows, 

results are, although partially promising, still mixed, and inconsistent and do not 

provide definitive proof that SI enhances all executive functions. Among the three 

main executive functions, the evidence that interpreters show an advantage in 

working memory and working memory updating seems to be fairly consistent 

(Christoffels et al. (2006); Henrard & van Daele (2017); Rosiers et al. (2019); Babcock 

& Vallesi (2017); Macnamara & Conway (2014); Morales et al. (2015); Dong & Liu 

(2016)) with some exceptions (van der Linden et al. (2018); Babcock et al. (2017)). 

Task switching and flexibility also showed frequent positive results (Yudes et al. 

(2011); Macnamara & Conway (2014); Dong & Xie (2014); Dong & Liu (2016); Henrard 

& van Daele (2017); Babcock & Vallesi (2017)). Inhibition however isolated in a Simon, 

ANT or Flanker task rarely displayed an advantage and was mostly marked by null 

results (Yudes et al. (2011); van der Linden et al. (2018); Dong & Xie (2014); Dong & 

Liu (2016); Babcock et al. (2017); Babcock & Vallesi (2017); Rosiers et al. (2019); 

Aparicio et al. (2017)). Interestingly, the study by Dong & Zhong (2017) was able to 

show an advantage in inhibition using event-related potentials, while other studies 

testing interpreters on the same Flanker task but using behavioural measures could 

not detect an advantage in inhibition. Recent literature meta analyses such as by 

Nour et al. (2020), Hu & Fan (2021) and García et al. (2020) confirm this picture. Nour 

et al. (2020) only found an interpreter advantage in the executive functions of shifting 

and updating but not in inhibition. Interestingly, interpreters performed better than 

control groups in updating in cross-sectional studies, but studies did not show an 
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improvement in updating for trainees in longitudinal designs. Contrary to this, 

shifting improved in both cross-sectional as well as longitudinal designs (Nour et al. 

2020). Hu & Fan (2021) found significant evidence for an interpreter advantage in 

shifting, mixed findings for updating and only sparse evidence for an advantage in 

inhibition (Hu & Fan 2021: 157). In consideration of these mixed findings for both 

trainee interpreters as well as professional interpreters, García et al. (2020) argued 

that “[…] it would thus seem only specific functions, directly taxed in the exercise of 

SI, benefit from sustained practice of this activity” (García et al. 2020: 733). This 

means that some executive functions might just not be relevant to simultaneous 

interpreting or that the whole extent of an executive function is not affected by the 

enhanced processing demands of simultaneous interpreting. However, they highlight 

that pre- and post-training design studies such as by Babcock et al. (2017) are 

extremely valuable, since they have the capacity to show that if advantages occur, 

they are likely brought about by the simultaneous interpreting training. The 

interpreter advantage research field shares various shortcomings with the bilingual 

advantage research field. Sample sizes are low, although this is not uncommon in 

studies using methodologies from the cognitive sciences. Furthermore, participant 

information is not thoroughly reported, or interpreting experience and language 

proficiencies are not matched between groups. Tasks that assess executive functions 

vary greatly between studies, although some of the domains use validated tasks. The 

issue of unity and diversity of executive functions and their tasks remains. Finally, 

another topic is the granularity of measurement (García et al. 2020: 733–737). The 

majority of studies that explicitly examined executive functions in interpreters used 

reaction time and accuracy measures. Only a handful (Dong & Zhong (2017); Zhong 

& Dong (2024); van de Putte et al. (2018), Zhao et al. (2024)) use neurolinguistic 

measures, such as fMRI or EEG. However, as it has become clear in studies that 

examined general structural and functional differences between interpreters and 

other populations, these tools can give valuable insight that do not depend on the 

motor response of a button press to measure, for example reaction times.   

As shown in Dong & Zhong (2017), more fine grained measurements such as 

electrophysiological techniques can provide a better insight into how the reaction of 

the brain changes if interpreting training is provided. What has become clear from 
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this section and was also mentioned by García et al. (2020) is that there is still a lack 

in longitudinal studies while cross-sectional studies still dominate the research 

landscape. However, interpreting is an acquired skill that both includes the skilled 

management of two languages (and in extension of the executive functions 

associated with language control) as well as the successful implementation of 

interpreting specific processes, e.g. overlapping processes of comprehension and 

production. It is therefore extremely important to look at the development of a 

possible advantage in executive functions longitudinally while SI training progresses. 

As the end of Section 5.4 has shown, a renormalization of a skill might occur and there 

is a possibility that this renormalization or automation does not show itself in reaction 

times in a post-test, even if a longitudinal design was applied. Finally, as laid out in 

Section 6.1 by García (2014), it is not clear how soon after the beginning of training 

advantages in executive functions appear (García 2014: 232).  

To sum up, this dissertation has so far shown how the brain changes in reaction to 

extraneous experience, how bilingualism as one of these extraneous experiences can 

reshape the brain both functionally and structurally in both linguistic as well as non-

linguistic aspects, namely the domain-general executive functions. Different models 

of bilingual language identification and production have been discussed and with this, 

how executive functions play a role in language processing. Evidence for an overlap 

of executive functions and language control has been given from a behavioural as 

well as a neuroscientific point of view. The preceding sections have discussed 

simultaneous interpreting as an extreme form of language control, touching upon its 

characteristics, strategies applied in simultaneous interpreting, how interpreting 

competence emerges and how it is different from expertise and how executive 

functions are involved in both strategies as well as competence models. Furthermore, 

how simultaneous interpreting affects brain regions implicated in language control 

and executive control has been highlighted. Finally, as the last missing puzzle piece, 

studies examining the effect of simultaneous interpreting on executive functions 

have been examined specifically from both a behavioural as well as a neuroscientific 

point of view.   

However, as discussed previously in this current section, studies that explicitly 
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investigate how the emergence of SI competence through training affects executive 

functions and thereby laying the groundwork for the hypothesis that simultaneous 

interpreters possess enhanced executive functions at all, are extremely scarce, rarely 

longitudinal and mostly do not apply neuroscientific measures that would provide 

explicit insights into the workings of interpreters’ brains. If longitudinal studies are 

applied, they are conducted in a pre- and post- test manner which does make it 

possible to determine whether there are any improvements in executive functions at 

the end of training. However, pre- and post-tests still mask what occurs between the 

two points of testing and do not provide an insight into the progression and possible 

normalization of executive functions as a result of training and competence 

acquisition. To this end, an empirical study that goes beyond the pre- and post-test 

methodology is conducted by using a triangulation of event-related potentials, 

behavioural data as well as competence data. The following Chapter 7 is dedicated 

to precisely outlining the research gap and formulating the hypothesis based on 

literature. Chapter 8 is dedicated to the methodology of the study and well as the 

results.  
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7. Research gap and hypothesis 
 

Chapter 6 and Section 6.1 have shown that although different executive functions are 

mentioned in models of the interpreting process and models of interpreting 

competence (Gerver (2002); Setton (1999); Chabasse (2009); Seeber (2011)), they are 

not explicitly represented in interpreting process models. Models that look at the 

interpreting process in a more comprehensive way and from a neuroscientific 

perspective do mention brain areas that are implicated in executive functions 

(Paradis (1994); Fabbro (1999); Garcia (2019)). However, they also do not explicitly 

represent the contribution or involvement of executive functions in interpreting. 

From the structural, functional and electrophysiological evidence in Section 6.3 it has 

become clear that executive functions are likely to be implicated in the process of 

simultaneous interpreting and are affected by training language control and other 

interpreting specific functions (see e.g. Elmer et al. (2014); Becker et al. (2016); 

Hervais-Adelman et al. (2015b); Hervais-Adelman et al. (2017); Hervais-Adelman & 

Babcock (2020)). Some of the studies presented in Section 6.4 have shown an 

advantage or a change in executive functions for interpreters compared to non-

interpreting controls or in pre- and post-tests among student interpreters (see e.g. 

Morales et al. (2015); Henrard & van Daele (2017)). However, evidence speaking for 

a change or an enhancement in executive functions due to professional simultaneous 

interpreting practice or simultaneous interpreting training is not consistent across all 

executive function tasks and studies ( see e.g. Yudes et al. (2011); Dong & Xie (2014); 

Dong & Liu (2016); Woumans et al. (2015); Babcock & Vallesi (2017)) and in some 

studies is not present at all (e.g. van der Linden et al. (2018)).  

It has become apparent that the research landscape around executive functions in 

interpreting still lacks both longitudinal studies, neurolinguistic methodologies as 

well as a more fine-grained insight into the process of interpreting training and the 

associated change in executive functioning. Many studies were purely behavioural 

(e.g. Morales et al. (2015); Macnamara & Conway (2014)), many studies only take the 

years of interpreting experience as an indicator for established interpreting 

competence, which does not reflect how much interpreting is done or how high the 
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quality of the interpreting job really is. If studies investigated how interpreting 

training changes executive functions with neuroscientific methods, it was done 

within the scope of fMRI studies (see van de Putte et al. (2018)). Although fMRI 

provides important insights into structural and functional changes in the brain, its 

temporal resolution is quite low since it is a haemodynamic method. EEG studies, 

which would offer a precise insight into the temporal aspects of changes in executive 

functions, are extremely scarce (Dong & Zhong (2017); Zhong & Dong (2024)) and 

only investigate selected executive functions. There are no EEG studies that 

investigate how brain reaction and general executive function changes during 

interpreting training in a longitudinal design. If longitudinal designs were applied (e.g. 

Babcock et al. (2017)), this was done within a pre- and post-test methodology. 

Although pre- and post- measurements are a vital part of experimental testing and 

an established method in cognitive science, they may not cover the full extent of the 

SI training experience. As was laid out in chapters 2 and 3, the brain reacts to an initial 

confrontation with a new skill, and structurally and functionally adapts to the new 

challenges, especially in the realm of language (see e.g. Mechelli et al. (2004); Grogan 

et al. (2012); Hosoda et al. (2013)). However, as general models of skill learning (Chein 

& Schneider (2012)) and interpreting competence acquisition models have shown 

(Kutz (2010)), cognitive control shifts from a more controlled stage of skill execution 

to a more automatized phase of skill execution when competence increases. Within 

the field of language learning, this automation has been shown to result in a 

renormalization of previously emerged structural brain changes (Pliatsikas (2020)). 

The question is whether executive functions experience a similar renormalization in 

simultaneous interpreting after the simultaneous interpreting process has been 

automatized to a greater extent than in the beginning of training. If this is the case, 

some null results in changes of executive functions within pre- and post-test designs 

could be explained. Some studies have found changes in executive functions in 

student interpreters as early as after several weeks of training. The question 

therefore is at what exact point a change in executive functions occurs in interpreting 

students as an effect of training and whether this change lasts until the end of 

training, renormalizes or reaches a ceiling. It would therefore be crucial to take a 

more detailed look at how executive functions change throughout interpreting 
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training that goes beyond testing at the beginning and at the end of training but also 

at intermediate intervals.  

Lastly, none of the studies that examine executive functions have drawn conclusions 

for didactics. However, it would be insightful to know when interpreting training 

takes on a maximum effect and how interpreting competence, and to an extent 

executive functions, are affected by an interruption of training by for example an 

Erasmus semester.  

Based on these gaps in research, the empirical part of this dissertation attempts to 

answer the question of when exactly changes in different executive functions take 

place in simultaneous interpreting trainees, how these changes progress and 

whether they reach a ceiling and are automized.   

During SI, brain networks both implicated in linguistic processing as well as executive 

functions are involved in managing both languages that are used (see Hervais-

Adelman & Babcock (2020) for a review); these networks correspond largely with the 

bilingual language control network put forth by Abutalebi & Green (2007; 2008) and 

Green & Abutalebi (2013). As several studies from the bilingual advantage research 

have shown, this overlapping network or language processing and executive control 

has the potential to result in enhancements of executive functions (see e.g. Bialystok 

et al. (2004); Costa et al. (2008); Kousaie & Phillips (2012); Morrison et al. (2019)). 

Simultaneous interpreting has been identified as a modality of extreme language 

control (see e.g. Hervais-Adelman & Babcock (2020); Hervais-Adelman et al. (2015b)) 

and several studies investigating a beneficial effect of SI on executive functions have 

partly found promising results (see e.g. Morales et al. (2015); Babcock & Vallesi 

(2017); Yudes et al. (2011)). Consequently, studies investigating the effect of SI 

training on executive functions have assumed that the enhanced control demands 

during SI training affect executive functions, and have partly provided evidence that 

an increase in SI competence through SI training results in structural brain changes 

(see van de Putte et al. (2018)) as well as a more efficient use of executive functions 

(see Zhao et al. (2024)).  

The following study therefore investigates how progressing interpreting training 

affects the executive functions of simultaneous interpreting students. To answer this 
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research question and shed a light on the temporal dynamics of changes in the brain, 

electroencephalography was chosen as the research method. The advantages of the 

EEG and event-related potentials are discussed in detail as part of the methodology 

in Section 8.1.2, where EEG studies connecting the relevant ERP components to the 

investigated executive functions are also presented. 

Instead of a pre- and post-test design, interpreting students are tested at baseline 

before beginning their interpreting training and then at the end of every semester for 

four semesters which constitutes their whole MA Conference Interpreting. As done 

in previous studies such as by Dong & Liu (2016), Babcock et al. (2017), Rosiers et al. 

(2019) or van de Putte et al. (2018), non-interpreting translation students were used 

as a control group and were compared to the interpreting students at baseline level. 

Participants are tested on three commonly used executive function tasks: the Flanker 

task (see Eriksen & Eriksen (1974) and e.g. van der Linden et al. (2018)) to test 

inhibition, the colour-shape switch task (see Braver et al. (2003) and e.g. van de Putte 

et al. (2018)) to test task-switching performance and the n-back task (see Smith & 

Jonides (1997) and e.g. van der Linden et al. (2018)) to investigate working memory 

updating. Event-related potentials of the P300 (Sutton et al. (1965); Polich (2007); 

Daffner et al. (2011)) and N200 (Folstein & van Petten (2008); Cespón & Carreiras 

(2020)) ERP-components are examined. Interpreting competence is assessed by a 

validated questionnaire (TICQ) (Schaeffer et al. 2020) that participants fill out at the 

beginning and at the end of their interpreting training. A more detailed description 

of the study is given in the methodology in Section 8.1. 

At baseline, neither the translator group nor the interpreter group has received 

prolonged interpreting training. Therefore, for the between group comparison at 

baseline level, I hypothesize that there will be no significant group difference in all 

tasks in terms of reaction times and accuracy, and, furthermore, that there will be no 

significant differences between groups in terms of voltage in the P300 and N200 time-

windows of the respective tasks. 

After baseline testing, only the interpreting group receives intensive interpreting 

training (see Section 8.1.3 for more information on workload). Therefore, for the 

longitudinal study of the interpreting group, I hypothesize the following: 
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Based on studies that showed gains in interpreting performance after training (see 

Tzou et al. (2012), Hervais-Adelman et al. (2015a), Yu & Dong (2022)), I hypothesize 

that the interpreting competence will increase from the start of the interpreting 

training to the end of the interpreting training as an effect of competence acquisition 

which will be mainly analysed by means of the TICQ-values (Schaeffer et al. 2020).

  

In terms of the between group comparison at baseline in the Flanker task, I 

hypothesize that there will be no difference between groups in terms of accuracy, 

reaction times and voltage in the respective ERP time-windows in any of the 

executive functions tasks based on the results by Babcock et al. (2017) and Dong & 

Liu (2016), who did not find a difference between interpreting group and two control 

groups in executive function tasks at the beginning of their longitudinal study. All 

participants should have the same level of knowledge and executive function ability 

prior to receiving their respective MA training in translation or simultaneous 

interpreting, so no inherent advantage of the interpreting group in executive 

functions should be present.   

As previously shown in studies such as by Costa et al. (2009), Verreyt et al. (2016), 

Dong & Xie (2014) or van der Linden et al. (2018), I hypothesize incongruent trials 

producing longer reaction times and lower accuracy than congruent trials in the 

Flanker task, since they require more inhibition effort. Since Dong & Zhong (2017) 

found an effect of SI experience level on the Flanker interference effect, I hypothesize 

faster reaction times and increased accuracy over the course of SI training. For the 

EEG measures, I hypothesize based on literature such as by Kousaie & Phillips (2012), 

Wild-Wall et al. (2008), Johnstone et al. (2009) or Grundy et al. (2017b) that N200 

amplitudes are larger (more negative) for incongruent trials compared to congruent 

trials in general since larger N200 has been associated with active suppression of 

irrelevant information (Kopp et al. 1996). I hypothesize that the N200 will  become 

less negative for both conditions across the course of testing since increased SI 

experience through training has been associated with improved interference 

suppression (see Dong & Zhong (2017)) and the N200 has shown to be less negative 

when fewer resources for the suppression of irrelevant information need to be 

allocated (see Kopp et al. (1996), Cespón & Carreiras (2020)). Higher alpha power has 
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been associated with increased inhibition (Klimesch et al. 2007). Therefore, for the 

frequency analysis, I hypothesize that alpha power in the alpha frequency range 

decreases over the course of testing, since the interpreting students will need to 

apply less inhibitory control to resolve the task. 

For the colour-shape switch task I hypothesize longer reaction times and lower 

accuracy for switch compared to repeat trials (see Prior & Gollan (2011), Hernández 

et al. (2013), Garbin et al. (2010), Baene et al. (2015)) since they require more 

attentional control, interference suppression and updating of working memory in 

form of the stimulus-response mapping (see Jamadar et al. (2015), Cespón & 

Carreiras (2020), Polich (2007)). Based on results showing an improvement in RT and 

accuracy after SI training (see Dong & Liu (2016) or Babcock et al. (2017)), I 

hypothesize faster reaction times and increased accuracy over the course of testing. 

  

Furthermore, I hypothesize larger N200 (more negative) amplitudes for switch trials 

relative to non-switch trials (see e.g. Timmer et al. (2017), López Zunini et al. (2019), 

Declerck et al. (2021)) since they require more interference suppression from the task 

rule of the previous trials and more resource allocation to interference suppression 

has been associated with more negative N200 amplitudes (see Kopp et al. (1996), 

Cespón & Carreiras (2020)). Again, I hypothesize that the N200 will become less 

negative over the course of testing for both conditions since interpreting training 

been associated with improved interference suppression (see Dong & Zhong (2017)) 

and the N200 has shown to be less negative when fewer resources for inhibitory 

effort need to be allocated amplitudes (see Kopp et al. (1996), Cespón & Carreiras 

(2020)).   

For the P300 amplitude, I hypothesize smaller P300 amplitudes for switch than for 

repeat trials based on task-switching studies such as by López Zunini et al. (2019), 

Periáñez & Barceló (2009) or Chen et al. (2022) (see Cespón & Carreiras (2020) for a 

review), since smaller P300 are associated with more allocation of attentional 

resources (Polich 2007) and switch trials require more attentional resources since 

they involve the switching of attention between the stimulus representation and the 

corresponding response mapping during task-set reconfiguration (Monsell 2003). I 
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hypothesize that over the course of testing, P300 amplitudes increase for both 

conditions since SI training has shown to improve task switching abilities (see Dong 

& Liu (2016), Babcock et al. (2017)) rooted in attention switching (Monsell 2003), and 

allocating fewer cognitive resources to attention switching and stimulus 

categorization has been associated with increased P300 amplitudes (Cespón & 

Carreiras 2020).   

In the frequency domain, I hypothesize less alpha power over the course of testing in 

the N200 time-window as well as in the P300 time-window at the respective fronto-

central and parietal electrode, since alpha power has been associated with increased 

inhibition processes (Klimesch et al. 2007) and I expect the inhibitory effort to 

decrease with progressing SI training (see Dong & Zhong (2017)). 

For the 2-back and 3-back tasks, I hypothesize lower accuracy for match trials than 

for no-match trials as demonstrated e.g. in van der Linden et al. (2018) and Szmalec 

et al. (2011). Accordingly, as previously found in Szmalec et al. (2011) and Barker & 

Bialystok (2019), I hypothesize faster reaction times for match trials than for no-

match trials. Consequently, I hypothesize faster reaction times over the course of 

interpreting training as demonstrated in Dong & Liu (2016) and higher accuracy over 

the course of interpreting training as demonstrated in a numerical increase of 

accuracy in Babcock et al. (2017). However, I hypothesize significantly slower reaction 

times and lower accuracy for 3-back match trials than for 2-back match trials since 

reaction times and accuracy have been shown to decrease with increasing task 

difficulty (see Morrison et al. (2019), Morales et al. (2015), Daffner et al. (2011)), and 

the processing load on updating the working memory increases with increasing load 

conditions (Jaeggi et al. 2010). In terms of electrophysiological results, I hypothesize 

larger P300 amplitudes for match trials than for no-match trials for the 2-back and 3-

back task since categorizing the stimulus is more effortful in the no-match than in the 

match condition (see Barker & Bialystok (2019)). I furthermore hypothesize smaller 

P300 amplitudes in the 3-back than in the 2-back task since P300 has been shown to 

decrease with increasing memory load as in Dong et al. (2015) or Morrison & Taler 

(2020). Lastly, I hypothesize that the P300 amplitude will  increase across the time of 

testing since studies such as by Dong & Liu (2016) have shown behavioural 



 

145 
 

improvements in WM-updating after SI training and available cognitive resources for 

working memory updating have shown to result in larger P300 amplitudes (Morrison 

& Taler 2020).  

For the frequency analysis, I hypothesize less alpha power in the P300 time-window 

over the course of testing, since participants will benefit from SI training and become 

more routinised in updating their working memory and categorizing stimuli and 

therefore require less inhibitory control (Klimesch et al. 2007).  

Finally, based on models of general and linguistic skill acquisition (see Chein & 

Schneider 2012, Lövdén et al. 2013, Pliatsikas 2020), the controlled dose hypothesis 

by Paap (2018) as well as speculations from studies such as by Dong & Liu (2016) who 

specifically investigated the effect of interpreting training on executive functions, I 

hypothesize a ceiling effect for both behavioural and electrophysiological measures 

that reflects an automation of the respective executive functions involved during SI 

training to accommodate the increased cognitive control demands during SI training. 
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8. Study 
 

The goal of the study is to investigate how executive functions are affected by 

interpreting training over time, at which point interpreting training has the most 

impact on executive functions and how the effect of training on executive functions 

progresses over the whole course of the MA Conference Interpreting. In contrast to 

most longitudinal studies, no pre- and post-test methodology was used but instead a 

more faceted approach with testing after every semester. For this purpose, a 

longitudinal design was applied, and electroencephalography (EEG) was selected as 

the data gathering method of choice to gain direct insight into the temporal dynamics 

of longitudinal changes of the reaction of the brain to executive functions-related 

stimuli. The goal is to determine if executive functions and interpreting competence 

acquisition progress during interpreting training and whether a ceiling effect or a 

normalization can be observed at some point. 

8.1. Methodology 
 

The following chapters describe the methodology of the study, i.e. the tasks that are 

used, which data gathering method was chosen, the selected stimuli, which 

participant groups took part in the study as well as the apparatus and procedure. 

Finally, the data analysis process is explained, and the results of the study are 

presented.   

 

8.1.1. Tasks 

 

The present longitudinal study was conducted to explore the impact of interpreting 

training on functional plasticity by focussing on the changes in domain-general 

executive functions. More specifically, tasks were chosen that target attentional 

processing, interference suppression, task switching (mental flexibility) and working 

memory updating.   

To target interference suppression, a modified version of the Eriksen Flanker task was 

applied (Eriksen & Eriksen 1974). The Eriksen Flanker task has been widely used in 
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cognitive psychology to test inhibitory functions, more specifically interference 

suppression. In the cognitive sciences, there are other tasks that also target the 

inhibitory executive function such as the go/no-go task or the Stroop task. However, 

as explained by Bunge et al. (2002a) and mentioned in Chapter 4.1, there are two 

kinds of inhibitory control; interference suppression that is investigated by means of 

the Flanker task and response inhibition that is investigated by go/no-go paradigms 

or Stroop tasks. Since Luk et al. (2010) have shown that bilingualism affects neural 

mechanisms for interference suppression rather than for response inhibition, and the 

Flanker task and its variations have been widely used to investigate the advantage in 

inhibitory control in bilinguals (see e.g. Costa et al. (2008), Kousaie & Phillips (2012), 

Verreyt et al. (2016)), the Flanker task was the task of choice for this experimental 

manipulation. 

Although versions of different complexity exist, the Flanker task typically consists of 

congruent and incongruent stimuli, mostly arrows or letters. As described in Chapter 

5.4, the Flanker task has also been frequently applied to test interference suppression 

or inhibition in bilinguals and multilinguals and compare the results to monolinguals 

(e.g. Kousaie & Phillips (2012); Kousaie & Phillips (2017); Markiewicz et al. (2023); Luk 

et al. (2010)). Furthermore, as laid out in Chapter 6.3, several studies have applied 

the Flanker task to compare interference suppression in simultaneous interpreters 

and bilinguals, translators or monolinguals (e.g. Dong & Xie (2014); van der Linden et 

al. (2018); Zhao et al. (2024); Dong & Zhong (2017)). The incongruent condition is 

cognitively more demanding, since participants must suppress or inhibit the 

interfering components of the incongruent stimulus to make a correct decision. 

Therefore, reaction times in the incongruent condition are usually longer than in the 

congruent condition (Luk et al. (2010); Dong & Xie (2014)). In terms of ERP, the 

Flanker task as a task representing interference suppression or inhibition, is usually 

associated with the N200 component (e.g. Heil et al. (2000); Wild-Wall et al. (2008)). 

As laid out in Chapter 8.1.1, the incongruent condition in the Flanker task is usually 

associated with larger N200 amplitudes and later N200 latencies compared to the 

congruent condition (e.g. Purmann et al. (2011); Kousaie & Phillips (2012); Kousaie & 

Phillips (2017)). In the present study, the Flanker task consists of a row of 5 
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arrowheads either all pointing in the same direction (congruent condition) or a row 

of 5 arrowheads in which the central arrow is pointing in a different direction than 

the other 4 (incongruent condition). Participants are asked to indicate the direction 

of the central arrow on a keyboard, using the “J” key to indicate the middle 

arrowhead pointing to the right and using the “F” key to indicate that the middle 

arrowhead points to the left. Chapter 9.1.5. contains a detailed description of the 

stimuli adaption.  

 

To investigate the impact of interpreting training on task switching or mental 

flexibility, a colour-shape switch task was used. Among task-switching paradigms, the 

colour-shape switch task has widely been applied in examining the bilingual 

advantage in task switching (see e.g. Dong & Liu (2016), López Zunini et al. (2019), 

Garbin et al. (2010)). Furthermore, studies investigating the influence of SI on task 

switching exclusively use the colour-shape switch task (see Becker et al. (2016), Dong 

& Liu (2016), Babcock et al. (2017), Babcock & Vallesi (2017), Rosiers et al. (2019)).

  

As described in Chapter 4.2, colour-shape switch paradigms usually consist of two 

conditions “colour” and “shape” that have two levels each. In the case of the present 

study, the colours red and blue as well as the shapes circle and triangle are used. All 

conditions and levels are mapped on a keyboard. Additionally, colour-shape switch 

tasks consist of two different types of cues that indicate the task that is to be 

performed on the following stimulus. In the present study, a “shape-cue” consisting 

of three 2-D shapes and a “colour-cue” consisting of a spiral shaped colour gradient 

were used. As explained in Chapter 4.2, task switching paradigms are made up of 

“repeat-trials” where the same task rule needs to be followed as in the previous trial 

and “switch-trials” which warrant for a switch from the previous task rule to a 

different task rule indicated by the cue. During the experiment, participants initially 

see a fixation cross, followed by one of two cues indicating the attribute they need 

to react to with the keyboard. The cue is then followed by either a circle or a triangle 

in blue or red. The participants had to use their left hand and the keys “S” and “D” to 

react to the shapes and their right hand and the keys “K” and “L” to react to the 

colours. Switching costs and mixing costs are then calculated, with mixing costs 
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indicating the performance costs on repeat trials in mixed-task blocks and trials in the 

single-task blocks and switching costs indicating the performance costs on switch 

trials vs. repeat trials only in the mixed-task block (see also Chapter 4.2). Colour-

shape switch tasks have frequently been applied to test the executive functions of 

shifting or mental flexibility in bilinguals (e.g. Prior & Gollan (2011); Garbin et al. 

(2010)) as well as simultaneous interpreters (e.g. Dong & Liu (2016); van de Putte et 

al. (2018); Rosiers et al. (2019); Babcock et al. (2017); Babcock & Vallesi (2017)). The 

switch condition generally requires more effort than the repeat condition, which is 

why reaction times are usually longer in switch conditions than in repeat conditions 

(e.g. Prior & Gollan (2011); Garbin et al. (2010); Babcock & Vallesi (2017)). In ERP 

studies applying the colour-shape switch task, the P300 component and the N200 

component were associated with allocation of attentional resources during task 

switching (P300) as well as interference suppression from previous trials (N200). The 

N200 amplitude is usually larger in switch trials compared to repeat trials and the 

P300 amplitude is usually smaller in switch trials than in repeat trials (see Jamadar et 

al. (2015) for a review). A detailed description of the stimuli used in the present study 

follows in Chapter 9.1.5. 

To target working memory updating, the n-back task (Smith & Jonides 1997) was 

applied since it is widely used when investigating bilingual advantages in working 

memory updating (Hansen et al. (2016), Morrison et al. (2019),  Morales et al. (2015), 

Barker & Bialystok (2019), Comishen & Bialystok (2021)) as well as interpreter 

advantages in working memory updating (Dong & Liu (2016), van der Linden et al. 

(2018), Rosiers et al. (2019)). Furthermore, as explained by Hansen et al. (2016), in 

contrast to other tasks that tap into working memory such as the o-span task, the 

executive load of the n-back task is higher, specifically regarding continually 

refreshing items held in working memory and managing interference from currently 

irrelevant but previously relevant items (Hansen et al. 2016: 56). This fits well with 

the high cognitive load during simultaneous interpreting, making the n-back task the 

task of choice in this dissertation. 

The n-back task usually consists of different difficulty levels and contains a continuous 

stream of stimuli (Jaeggi et al. 2010: 394). In the present study, the 2-back and 3-back 
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versions were applied. In the 2-back task, participants see a sequence of letters on a 

screen and must press a button if a letter matches the letter that was shown two 

trials before. Respectively, in the 3-back version, participants must match a target 

stimulus with the stimulus that was shown three trials before. As explained by Jaeggi 

et al. (2010), resolving the conflict created by matching a stimulus to the previous 

one requires inhibitory control. Furthermore, participants have to consistently 

update their working memory as described in Polich (2007). Participants need to keep 

the representation of the relevant stimulus in working memory. When a match is 

detected and the next stimulus becomes relevant, participants need to update their 

working memory. Some n-back tasks also contain lure-trials to increase task difficulty, 

such as Szmalec et al. (2011). The n-back task has been used to determine working 

memory updating proficiency in bilinguals (e.g. Hansen et al. (2016)) as explained in 

Chapter 5.4 as well as in simultaneous interpreters (e.g. van der Linden et al. (2018); 

Rosiers et al. (2019); Dong & Liu (2016)) as explained in Chapter 6.3. Reaction times 

for match trials have been reported to be faster than reaction times for no-match 

trials (e.g. Szmalec et al. (2011)). When using ERP in conjunction with an n-back task, 

the P300 component was usually examined since the P300 has been related to 

stimulus categorization, working memory updating and working memory load(see 

Chapter 9.1.1). The P300 amplitude is usually smaller as working memory updating 

load is high or increases (see Cespón & Carreiras (2020) for a review)   

A detailed description of the stimuli used in the n-back task follows in Chapter 9.1.4. 

To motivate my decision to use EEG to investigate the process of executive functions 

during interpreting training, the following chapter describes the advantages and 

caveats of the EEG in detail and elucidates on the event-related potential 

components that are relevant to this study. 

 

8.1.2 EEG and ERPs 

 

Research applying electroencephalography began with Hans Berger’s ground-

breaking experiments in 1929, in which he observed that, by placing an electrode on 

the scalp, it was possible to record electrical activity of the brain caused by active 
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neurons as voltage on the scalp. This signal was then amplified and changes in voltage 

over time could be mapped. This technique shaped the scientific and clinical research 

of the following decades (Luck 2005: 3–4).   

However, in its unprocessed form, EEG data is a highly elusive way to measure brain 

activity since it contains a mixture of hundreds of different sources of neural activity. 

One technique to draw conclusions from an EEG signal is the so called event related 

potential (ERP) technique.  

ERPs are defined as “[…] voltage fluctuations in the ongoing electroencephalogram 

(EEG) that are time-locked to an event, such as the onset of a stimulus or the execution 

of a manual response” (Luck & Kappenmann 2012: 5)”. These neural reactions can be 

extracted from the entirety of the EEG signal by for example different averaging 

techniques (Luck 2005: 4). The neural basis of the EEG signal lies in the post-synaptic 

potential of pyramidal cells. As an action potential reaches the presynaptic 

membrane, neurotransmitters are released in the synaptic cleft and bind with 

receptors in the postsynaptic cell membrane. In response, ion channels open or close 

and ions flow in and out of the cell which causes a change in electrical potential: the 

post-synaptic potential (Luck 2005: 28 et seqq.). ERPs therefore do not reflect action 

potentials. In order to record changes in scalp-recorded voltage, post-synaptic 

potentials need to occur simultaneously in a large number of neurons that need to 

be spatially aligned perpendicularly to the cortical surface, which is mostly the case 

in groups of so called pyramidal cells in the cerebral cortex. When a post-synaptic 

potential occurs, polarity changes occur in the extracellular space around the 

pyramid cell and inside the pyramid cell, creating a so called dipole. Dipoles have 

positive charges at one and negative charges on the other end. The dipoles can add 

together to form one large dipole called an equivalent current dipole and  then be 

recorded on the scalp surface if there are enough spatially aligned dipoles when the 

neurons are simultaneously active (Luck & Kappenmann 2012: 5). If the neurons do 

not fire together, the signal is too weak to be detected by the electrode. Further 

difficulty is caused by the fold of the cortex. When dipoles are arranged in more than 

90 degrees from each other, they are likely to cancel each other out (Luck 2005: 31).
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In comparison to the overall EEG signal, ERPs are very small. They only become visible 

as a result of combining multiple EEG epochs together, which then form an averaged 

ERP waveform (Luck & Kappenmann 2012: 5). The waveforms show a sequence of 

positive and negative voltage deflections called peaks that “reflect the sum of several 

relatively independent underlying latent components” (Luck 2005: 51). It is crucial to 

differentiate between the peaks in the ERP waveform and the so called ERP 

components that are embedded in the ERP waveform (Luck 2005: 51). Luck (2005) 

defines these ERP components as “Scalp-recorded neural activity that is generated in 

a given neuroanatomical module when a specific computational operation is 

performed” (Luck 2005: 59) and Luck & Kappenmann (2012) add that they can be 

considered as “scalp-recorded voltage change that reflects a specific neural or 

psychological process” (Luck & Kappenmann 2012: 4). It is important to acknowledge 

that the peaks are not completely congruent with distinct ERP components. Isolating 

ERP components is an ongoing issue. When neural processes unfold in the brain, 

different groups of neurons or in other words up to ten equivalent current dipoles 

can be active simultaneously in different brain regions. If ERP components are related 

to specific neural processes, every equivalent current dipole can be seen as a 

separate ERP component that occurs simultaneously with other ERP components. 

The ERP waveform from a specific electrode mirrors the contribution of different ERP 

components that are simultaneously active, which can lead to a superposition of 

different ERP components (Luck & Kappenmann 2012: 6–8). In order to separate the 

observed ERP waveforms from the underlying ERP components, approaches such as 

principal component analysis (PCA) or independent component analysis (ICA) can be 

applied (Luck 2005: 58).  

A scalp recorded EEG is a non-invasive technique, which gives the EEG advantages 

over other forms of collecting brain data. ERP have an excellent temporal resolution 

of 1ms or better which gives them an advantage over fMRI data, since fMRI is based 

on the haemodynamic response that extends over seconds. However, the ERP 

technique has low spatial resolution. The voltage that is recorded at a single electrode 

at a certain event time-point is a summation of activity from various different sources 

(Luck 2005: 25–26). An electrode placed on a left frontal region of the scalp could 

therefore also pick up on activity that occurs more towards the midline. This caveat 
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has been described as the “single greatest shortcoming of the ERP technique” (Luck 

2005: 26).  

ERP components are usually named according to their polarity, P for a positive 

deflection of the electrical signal and N for a negative deflection. Additionally, they 

are named according to the time it takes on average in milliseconds for the ERP 

component to appear after the stimulus was presented, e.g. P300 or N200 (Banich & 

Compton 2018: 50).  

The ERP approach of analysing the EEG signal lies in the time-domain, where many 

trials are epoched and time-locked to an event which results in the ERP waveform. 

Time-frequency analysis lies in the frequency domain since it focusses on how the 

frequency power spectrum changes when EEG data is time-locked to an event 

(Makeig et al. 2004: 204). The EEG signal contains different frequency bands, from 

very low frequencies such as theta at 4 Hz over alpha frequencies at c.a. 10 Hz to beta 

frequencies at c.a. 15Hz and gamma frequencies (40 Hz) (Banich & Compton 2018: 

85). Alpha has been defined as the “[…] dominant brain wave rhythm in the normal 

human EEG and consists of oscillations in the 8-13 waves per second range” 

(Antonenko et al. 2010: 429–430). Waves per second is referred to as Hertz (Hz). 

Changes in the alpha power band have been observed in reaction to different events. 

The most conventional alpha response has already been observed by Hans Berger in 

the beginning of EEG research. Alpha waves were observed when participants had 

their eyes closed, however, upon opening of the eyes, alpha power was suppressed. 

Contrary to these findings, alpha suppression has also been observed during task 

performance and is therefore not only associated with opening the eyes to process 

visual stimuli (Klimesch et al. 2007: 65). Klimesch et al. (2007) interpret alpha 

suppression in terms of desynchronization (Klimesch et al. 2007: 65). Event-related 

desynchronization (ERD) is the “decrease in power of the rhythmic activity within the 

alpha band” (Pfurtscheller 1977: 757) and describes a decrease in synchrony of 

neurons involved in a neural process. While ERPs are thought to reflect how cortical 

neurons respond to changes in stimuli, ERD are thought to reflect how the activity of 

local interactions between neurons changes, indicated by different frequency bands 

(Pfurtscheller & Da Lopes Silva 1999: 1842–1843). Contrary to ERD, event-related 
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synchronization (ERS) represents the concept of “[…] increase in synchrony of the 

underlying neuronal population […]” (Pfurtscheller & Da Lopes Silva 1999: 1842). 

Klimesch et al. (2007) have related ERD and ERS in the alpha band with different 

cognitive states. They propose that ERD as a decrease in alpha band power reflects 

active cognitive processing and therefore excitatory brain processes. In contrast, they 

propose that ERS, an increase in alpha power, mirrors inhibition of some cognitive 

processes. They define inhibition as a top-down control process and describe top-

down processes as central executive control functions that are related to attentional 

control to keep processes focussed. Inhibition is used to prevent interferences. This 

definition of inhibition and executive functions corresponds to the definition used for 

this dissertation in Chapter 4.1. They conclude that executive control of attention is 

linked to increased alpha activity (Klimesch et al. 2007: 65–69).   

On the basis of ERD, Makeig (1993) introduced the analysis of event-related spectral 

perturbation (ERSP) to uncover event-related aspects which the ERP averaged signal 

does not contain. It is grounded in the concept of ERD but measures the changes in 

amplitude of the whole EEG frequency spectrum in response to an event, taking into 

account multiple frequency bands which offers more information than ERD (Makeig 

1993: 284). This technique issues a two-dimensional ERSP image that shows the mean 

change in spectral power from baseline in decibel (Makeig et al. 2004: 204). 

According to Makeig et al. (2004), ERSP and ERP are “nearly complementary” (Makeig 

et al. 2004: 204), since the ERSP changes cannot be well represented in the time-

oriented features of the ERP, and ERPs cannot be well represented within the 

frequency domain. Therefore, to get a comprehensive overview of my data, I chose 

to also look at the time frequency patterns of selected participants. 

 

As also described by Cespón & Carreiras (2020), when event-related potentials are 

used to research executive functions in bilinguals, analysis almost exclusively focuses 

on the N200 component to examine interference suppression and the P300 

component to examine attentional switching and working memory tasks (see e.g. 

Markiewicz et al. (2023), Morrison et al. (2019), Barker & Bialystok (2019), Kousaie & 

Phillips (2012, 2017), López Zunini et al. (2019)). The same is valid for research on the 
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interpreter advantage, although there are extremely few studies that apply ERPs (see 

Dong & Zhong (2017), Zhao et al. (2024)). An important aspect about the N200 and 

the P300 components is that they are well characterized ERP components that have 

been studied for a long time, also in the context of the bilingual advantage in 

executive functions (see above). Since relevant ERP literature such as by Luck (2005) 

recommend focussing on only one or two ERP components per experiment and to 

use well-studied ERP components (Luck 2005: 62), the choice to examine the N200 

and P300 component in the context of this study to investigate how the brain 

reaction of SI trainees in different executive functions tasks change through SI 

training is justified. 

The two ERP components will be described in more detail in the context of executive 

function tasks in the following paragraphs.  

The N200 component can be described as a second negative peak occurring in the 

averaged ERP waveform. It often has a fronto-central distribution and usually peaks 

between 200-350ms after the stimulus has been presented (Cespón & Carreiras 

2020: 316). Although sometimes found in auditory stimuli, it is mostly elicited by 

visual stimuli. As proposed by Folstein & van Petten (2008), the N2 should be divided 

into several subcomponents: a fronto-central component associated with mismatch 

and novelty detection, a fronto-central component associated with cognitive control 

that especially attends to response inhibition, conflict resolution and monitoring and 

two posterior N2 components associated with visual attention. Studies investigated 

the N2 component more thoroughly for the first time in the late 1970s and early 80s. 

Back then it was divided into the subcomponents N2a and N2b, the latter often being 

observed with P3a component in oddball studies. Later however, a third 

subcomponent, the N2c was observed in combination with P3b. N2a is nowadays 

often called mismatch negativity (MMN) for auditory modalities, and visual MMN for 

visual correlates (Folstein & van Petten 2008: 152–153). The N2 was especially 

investigated in the context of go/no-go paradigms, where participants either had to 

react to “go” stimuli or refrain from reacting in “no-go” trials, where a prepotent 

response needs to be overridden.  

There is little doubt that N2 represents cognitive control processes and executive 
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functioning (see Folstein & van Petten (2008)). However, there has been a lot of 

debate about whether the N2 represents conflict monitoring and therefore primarily 

engages the ACC, or whether it rather represents inhibition processes (see 

Nieuwenhuis et al. (2003) and Pfefferbaum et al. (1985)). Some researchers suggest 

that the N2 only represents the monitoring of response conflict. Especially 

Nieuwenhuis et al. (2003) speak in favour of the conflict monitoring hypothesis. 

According to this, an increased N2 amplitude in no-go trials reflects an 

electrophysiological correlate of conflict monitoring in the ACC and not inhibitory 

processes. They used a go/no-go paradigm in which they varied the frequency of go 

and no-go trials (20%, 50%, 80%) as well as inverse dipole modelling to find the neural 

source of the N2. They observed an N2 in go trials even if they were rare, which they 

interpreted against the inhibition hypothesis since no inhibition should be required 

in go trials, only monitoring. The results of the inverse dipole modelling pointed 

towards the ACC as N2 source (Nieuwenhuis et al. 2003: 24).  

However, there are many accounts of research that support the hypothesis that N2 

represents inhibition processes or at least, not purely monitoring processes. One of 

the first research accounts for this was presented by Pfefferbaum et al. (1985). They 

used a go/no-go task with an equiprobable amount of go and no-go trials as well as 

semantic and non-semantic stimuli. Furthermore, participants had to give an overt 

motor response in from of a button press in one condition and only count go trials 

but not no-go trials in their head in another. As a result, the N2 did not seem to be 

limited to overt motor responses and also occurred in the silent counting condition. 

Furthermore, no-go stimuli yielded a larger N2 than go stimuli. Since both stimulus 

types were equiprobable, this effect cannot be attributed to frequency of no-go trials, 

only to their relevance. They concluded that the N2 reflects frontal inhibitory 

mechanisms that come into action on no-go trials. This frontal N2 effect that is larger 

in no-go trials was found by various researchers and was explained in favour of a 

frontal inhibition mechanism (Jodo & Kayama 1992; Falkenstein et al. 1999; Dong et 

al. 2009; Heil et al. 2000). Bokura et al. (2001) used a go/no-go paradigm with a low 

no-go probability to examine how N2 is represented in the brain using low-resolution 

electromagnetic tomography. Results indicated that the no-go N2 component stems 

from the right lateral orbifrontal cortex as well as the ACC (Bokura et al. 2001: 2225–
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2231). Lavric et al. (2004) investigated a similar question, but matched go and no-go 

responses. They hypothesized that the no-go N2 would reflect inhibitory processes. 

They found higher activation in the ventromedial prefrontal cortex (vPFC) as well as 

the dorsolateral prefrontal cortex (DLPFC) in the N2 time window, not in the ACC. 

They inferred that the N2 component possibly has two neural substrates, the ACC for 

conflict monitoring and the vPFC/DLPFC for inhibition. They postulated that when 

stimuli are matched for probability, N2 will reflect inhibition processes (Lavric et al. 

2004: 2484–2487).  

Although it has become clear that the N200 amplitude is consistently larger on 

conflict trials as opposed to non-conflict trials, it is important to discuss the impact of 

processing demands on the N2 component in the context of this dissertation. Jodo & 

Kayama (1992) provided first insights into this topic when they altered the time-

period that participants were given to respond to a stimulus between groups in a 

go/no-go task. As frequently observed, results showed that N200 amplitude was 

significantly more negative in no-go trials than in go trials, however, N2 amplitude 

was also more negative for the group that was given less time to respond to a 

stimulus than for the group that was given more time to respond to a stimulus. The 

results suggested an association between larger (or more negative) N2 amplitudes 

and longer latencies in no-go trials and increased effort to withhold a response, 

corresponding to an increased activation of the inhibitory control system of the brain 

(Jodo & Kayama 1992: 480–481). This would mean that the N200 is modulated by 

how much effort needs to be applied in suppressing interference in incongruent trials 

or suppressing the false response option. It could be argued therefore that the less 

inhibition effort is needed, the less negative the N200 should become.  

The N2 has not only been investigated in the context of go/no-go paradigms, but also 

in the context of Flanker tasks which also tap into the function of inhibition or, more 

precisely, interference suppression as a form of inhibition (see Chapter 4.2). This is 

relevant for this dissertation, where I used the Flanker task (see Chapter 9.1.3) to 

observe changes in executive functioning during the development of interpreting 

competence. In the context of the Flanker task, which contains congruent and 

incongruent conditions, incongruent trials have shown to elicit larger N2 responses 

compared to congruent trials (Wild-Wall et al. 2008; Heil et al. 2000; Johnstone et al. 
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2009; Kousaie & Phillips 2012, 2017; Dong & Zhong 2017;  Markiewicz et al. 2023). 

This can be traced back to the active suppression or inhibition of the irrelevant 

information of the incongruent flankers. Specifically in terms of the Flanker task, 

Kopp et al. (1996) summarized that the N200 might reflect the inhibitory activity that 

comes up when a false response option is automatically primed. That would mean 

that in incongruent trials, a false response option is coactivated but then inhibited by 

exerting executive control (Kopp et al. 1996: 284). This corresponds to the 

coactivation of both languages in the mental lexicon described in chapters 5 and 5.1 

and the inhibition that is needed to suppress the non-target language during 

simultaneous interpreting. As summarized by Cespón & Carreiras (2020), increased 

N200 amplitudes are assumed to reflect increased cognitive effort and more resource 

allocation to interference suppression (Cespón & Carreiras 2020: 317).  

In terms of N200 latency, earlier peak latencies have been observed for congruent 

compared to incongruent trials in a Stroop task and a Simon task and earlier peak 

latencies have been observed for bilingual older adults compared to monolingual 

older adults in a Stroop task and in a Flanker task (Kousaie & Phillips 2017: 29). In 

their review, Cespón & Carreiras (2020) hypothesized that bilinguals should display 

faster N200 latencies than monolinguals in conflict trials that require inhibition 

processes since they are more trained in inhibition due to their experiences with 

language control. However, they review that so far, faster N200 latencies have only 

been shown in older adults and children and not in young adults (Cespón & Carreiras 

2020: 320–323).  

 

The Flanker task or modified forms of the Flanker task are frequently used in the 

context of bilingual advantage research to investigate executive functions in 

bilinguals compared to monolinguals (see e.g. Costa et al. (2008), Emmorey et al. 

(2008), Paap & Greenberg (2013), Grundy et al. (2017b), Markiewicz et al. (2023)). As 

already laid out in Chapter 5.4, the bilingual advantage hypothesis relies on the 

premises that two language system are activated non-selectively and are active at 

the same time, and that language control is needed to prevent languages from 

interfering. These language control processes are a part of cognitive control and 

similar to general executive control processes. Constantly managing two languages 
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in bilinguals is therefore thought to train the cognitive control mechanisms and 

changing general cognitive control abilities, which also include conflict monitoring 

and general inhibitory processes. In the case of the Flanker task, inhibition is taxed in 

the form of interference suppression.  

Consequently, various studies have investigated the effects of bilingualism on conflict 

monitoring and inhibitory processes in bilinguals and monolinguals by analysing the 

N200 component. Kousaie & Phillips (2012) used among other tasks a Flanker task 

and compared monolinguals and bilinguals. Results yielded larger N200 amplitudes 

for incongruent trials than for congruent trials in both conditions, however, there was 

no significant group difference. They only found a group difference in terms of error-

related processing. Kousaie & Phillips (2017) replicated this study with older 

bilinguals and found that the N200 amplitude peaked earlier in bilinguals than in 

monolinguals in incongruent trials in the Flanker task. They concluded that the 

bilinguals were faster at conflict monitoring than monolinguals on incongruent trials. 

Some studies have also investigated the effect of low conflict and high conflict ratio 

on the N200. Grundy et al. (2017b) used the Flanker task and the N200 component 

to investigate whether bilinguals are quicker in switching attention away from 

irrelevant information than monolinguals by testing the effect of previous trial 

congruency on the N200 component in a Flanker task. They calculated the sequential 

congruency effect (SCE) which indexes how performance adjusts depending on the 

congruency of the previous trial. They did not find a main effect of language group 

on the mean N200 amplitude, but the N200 amplitude was significantly larger for 

incongruent trials than for congruent trials. Furthermore, they found that when the 

previous trial was incongruent, the SCE of the Flanker was significant for 

monolinguals, however, for bilinguals, the SCE was smaller than for monolinguals and 

only reached significance in some cases. The authors suggested that bilinguals were 

able to disengage attention more rapidly from the previous trial in the critical 

incongruent trials since they have trained to do so due to their experience in 

managing multiple languages (Grundy et al. 2017b: 43–52). Purmann et al. (2011) 

examined whether there is an adaption of monitoring behaviour in Flanker tasks with 

frequent conflict trials relative to non-frequent conflict trials. They found that 

although the N2 amplitude was bigger for incongruent than for congruent trials in 
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both frequent and infrequent stimuli conditions, the N200 amplitude was smaller 

when conflict was frequent than when conflict was rare (Purmann et al. 2011: 56). As 

already mentioned in Chapter 5.4, Markiewicz et al. (2023) compared monolinguals 

and bilinguals on the Flanker task with a incongruent/congruent ratio of 25%/75% 

and found that N200 was larger (more negative) for bilinguals than for monolinguals 

in both conditions and a P300 that was smaller (less positive) for bilinguals than for 

monolinguals. This was interpreted as evidence that incongruent trials created 

greater conflict monitoring demands and that bilinguals allocated more resources to 

monitoring than monolinguals and also resolved conflict earlier (Markiewicz et al. 

2023: 133–143).  

In the context of simultaneous interpreting as a form of extreme language control, 

only a handful of studies have used the ERP technique and specifically the N200 

component to examine inhibitory control in interpreters. According to the rationale 

built up in this dissertation, simultaneous interpreters should possess enhanced 

inhibition skills since they have trained their language control and more specifically 

the ability to inhibit the respective non-target language when listening and speaking. 

Enhanced inhibitory control should result in less pronounced N200 amplitudes in 

simultaneous interpreters compared to controls. At the point of this dissertation, 

only two studies, one by Dong & Zhong (2017) and one by Zhao et al. (2024) have 

investigated the interpreter advantage hypothesis (see Chapter 6.3) in context of the 

Flanker by using electrophysiological measures. Dong & Zhong (2017) compared 

interpreters with more interpreting experience to interpreters with less interpreting 

experience in a Flanker task. On top of a smaller interference effect in reaction times, 

they found larger N200 amplitudes in both congruency conditions for interpreters 

with more interpreting experience and smaller P300 amplitudes in the incongruent 

condition. They interpreted this as evidence of monitoring and inhibition advantages 

for interpreters with more interpreting training (Dong & Zhong 2017: 195–202). It is 

debatable whether their findings of an increased N200 amplitude for the interpreters 

with more interpreting experience really reflects better inhibitory control or 

increased inhibitory control effort or more resource allocation towards inhibition. 

Although some studies provided electrophysiological evidence that there is a 
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difference in executive processing between monolinguals and bilinguals, the 

interpretation of larger N200 amplitudes for bilinguals compared to monolinguals is 

not clear cut. Cespón (2021) emphasizes that the modulations of the N200 amplitude 

are frequently misinterpreted and that higher N200 amplitudes in bilinguals should 

not be automatically associated with better executive functions. As further above in 

this chapter, research such as by Jodo & Kayama (1992) has linked increased N200 

amplitudes to greater cognitive effort and increased engagement of executive 

functions. So, while it is possible that bilinguals and interpreters use their executive 

functions more due to the increased processing demands of managing multiple 

languages, this does not automatically indicate a more efficient use. As reported in 

Chapter 6.3, Zhao et al. (2024) found less negative N200 responses for consecutive 

interpreters along with a lower error rate for interpreters compared to non-

interpreting controls. Furthermore, dividing the Flanker task into two phases for 

training, they showed that interpreters also showed less negative N200 amplitudes 

in the second phase of Flanker trials compared to non-interpreters, another 

indication of that the interpreters allocated fewer cognitive resources to inhibitory 

control while also outperforming non-interpreter in terms of error rate but not in 

reaction time.   

In the context of my empirical study it is therefore important to reason according to 

aforementioned research (see e.g. Zhao et al. (2024), Jodo & Kayama (1992), Cespón 

& Carreiras (2020), Markiewicz et al. (2023)). Therefore, a more negative N200 

amplitude will be interpreted as increased cognitive resource allocation to inhibitory 

control (interference suppression) based on the aforementioned studies and a 

reduction of said amplitude across the course of testing while behavioural 

performance increases will indicate less cognitive resource allocation to inhibitory 

control and therefore less need to engage inhibitory control due to more efficient 

processing. 

The empirical part of my dissertation extends the aforementioned 

electrophysiological research on conflict monitoring and inhibition with the Flanker 

task.   

Although most studies report a peak on the N2 between 200-300ms after stimulus 

presentation, the time window of the N2 as well as its peaks vary from study to study. 
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In order to back up the decisions of the following statistical analysis of the Flanker 

task, Table 2 shows a selection of relevant studies that were either chosen because 

they used the Flanker task and investigated the N200 component in the context of 

the bilingual advantage or interpreter advantage or because they used a similar 

methodology applying the Flanker task in association with the N200 component. 

Table 2 presents N200 peak time windows as well as the analysed electrodes. 

Although all studies use variations of frontal and fronto-central electrodes, the 

common denominator are the central and fronto-central midline electrodes fz, fcz 

and cz that were chosen for areas of interest after visual inspection of single-

electrode ERPs. Based on the reviewed time-windows and the general definition of 

the N200 peak time-window, a broad time window of 200-400ms was chosen for the 

Flanker task. 

Table 2: Selection of studies using N200 in the Flanker tasks 

Study N200 Peak 

Time window 

Analysed electrodes 

Dong & Zhong (2017) 240-380ms FPZ, AF4, AF3, F7, F5, F3, F1, Fz, F2, 

F4, FC5, FC3, FC1, FCz, FC2, FC4 

Zhao et al. (2024) 250-390ms F5, F3, FC5, FC3, F1, FZ, F2, FCz, F4, 

F6, FC4, FC6 

Kousaie & Phillips (2012) 260-420ms Fz, Fcz 

Kousaie & Phillips (2017) 220-420ms Fz, Fcz 

Markiewicz et al. (2023) 275-325ms 

325-375 

Fcz as example 

Purmann et al. (2011) 200-300ms Fz, FCz, Cz, CPz 

Heil et al. (2000) 155-370ms Fz, Cz, Pz, C3, C4 

Wild-Wall et al. (2008) 100-300 Fz, Fcz; Cz 

Grundy et al. (2017b) 230-330ms AF3, AFz, AF4, F1, Fz, F2, FC1, FCz, 

FC2 

 

In addition to the research on N200 in conflict monitoring tasks such as go/no-go 

tasks and Flanker tasks, the N200 has also been associated with attentional switching 
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in task and language switching paradigms and the concomitant suppression of 

interference. In an early study of task switching processes, Rushworth et al. (2002) 

investigated whether there are different cognitive processes at work during task 

switching. They found an N200-like modulation at 200-360ms after stimulus onset 

and a late positive modulation at 400-920ms after stimulus-onset. The authors 

concluded that there is more than one cognitive process involved in task switching, 

some rather linked to initiating and reconfiguring the task set before the performance 

of the task starts and some processes rather linked to the performance connected to 

the task item. This was also mentioned by Monsell (2003) who explained that 

switching from one task to another in switch trials requires task-set reconfiguration 

that involves switching attention between stimulus representations and task rules. 

He also highlights that this requires the inhibition of elements from the previous 

stimulus and the associated task rule and sees the task-set reconfiguration as a 

source for the switch costs (Monsell 2003: 135).  

The processes initiating a new task and reacting to a stimulus are reflected in the cues 

and the target items of the task (Rushworth et al. 2002: 1139–1146). This 

differentiation has been summarized by Jamadar et al. (2015): As explained in 

Chapter 4.2, task switching paradigms usually differentiate between proactive 

control and reactive control. In the context of ERPs, different approaches can be 

mapped onto these two kinds of control. Proactive control is normally investigated 

by examining cue-locked ERPs, since they reflect the preparation interval that 

precedes a possible task switch. However, in this dissertation I focus on reactive 

control, that is investigated by examining so called target- or stimulus-locked ERPs 

which reflect processes involved in suppressing interference from previous trials, 

switching attention as well as conflict monitoring. These executive processes are 

often reflected in an N200 component with switch trials showing larger and 

sometimes delayed fronto-central N200 components compared to repeat trials 

(Jamadar et al. 2015: 331–333). As in the aforementioned modulations of the Flanker 

task, an increased N200 amplitude in task switching reflects increased effort and 

more resource allocation to inhibitory control (interference suppression) during 

attentional switching (Cespón & Carreiras 2020: 317). 



 

164 
 

Although not as frequently as reaction time measures, the N200 ERP component has 

also been used in task switching paradigms to investigate executive functions in 

bilinguals, often in relation to the bilingual advantage hypothesis or to show 

overlapping language and executive processing. López Zunini et al. (2019) for 

example investigated task switching abilities in younger and older bilinguals. 

Although they did not find a difference in effect size in cue-locked mixing and switch 

positivity or target-locked mixing and switch N200, they found that bilinguals showed 

larger target-locked N200 amplitude compared to monolinguals in both conditions, 

which they suspected to reflect increased conflict monitoring for bilinguals in all 

tasks. They also found larger N200 amplitudes for older bilinguals compared to 

younger bilinguals. They suggested that bilinguals rely on different processing 

strategies than monolinguals as they age. In terms of the behavioural data, they 

found smaller mixing and switch costs in bilinguals, which they interpreted towards 

a better ability to focus attention and reconfigure task specific processes for 

bilinguals than monolinguals (López Zunini et al. 2019: 8–9).  

Timmer et al. (2017) examined whether there are differences in processing in task- 

and language switching between monolinguals and bilinguals. They found that 

monolinguals and bilinguals were similar in their behavioural switching and mixing 

costs in task switching, but that bilinguals outperformed monolinguals in all 

conditions of the mixed blocks. In terms of ERPs, more distributed processes could 

be shown for bilinguals than for monolinguals in both language and task switching. 

The ERP components N200 and P300 were more similar in bilinguals than in 

monolinguals which was interpreted as an increased processing overlap for 

bilinguals. The authors connected this to the sustained training in language switching 

that is supposed to alter switching processes in verbal as well as domain-general 

domains (Timmer et al. 2017: 254).  

As reviewed in Chapter 6.3, there are studies that investigated task-switching in 

simultaneous interpreters with behavioural data. However, electrophysiological 

research on domain-general task switching that specifically examine the N200 

component in simultaneous interpreters is lacking.  
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Table 3 shows a selection of ERP studies that were chosen since they either 

investigated the N200 component in association with attentional switching by 

applying a task switching paradigm in the context of the bilingual advantage 

hypothesis or because they used a similar methodology to the one chosen in this 

dissertation. Table 3 presents the corresponding N200 peak time windows and the 

analysed electrodes. In addition to central and fronto-central electrodes, these 

studies tended to also use parietal as well as temporal electrodes. The central and 

fronto-central electrodes however were again a common denominator across studies 

and, after visual inspection of the single-electrode ERPs in this study, they were again 

chosen as most reliable. In comparison to the Flanker task, studies using switching 

paradigms seemed to use more narrow time windows to investigate the N200, 

therefore and after visual inspection of the data specific to this study, a time-window 

of 200-320 ms after stimulus presentation was chosen. 

Table 3: Studies that used N200 in switching tasks 

Study N200 Peak Time 

window 

Analysed electrodes 

Rushworth et al. 

(2002) 

200-360ms Fpz, Fz, Cz, Pz, Oz, Fc1, Fc2, O1, 

O2, FP1FP/2, AF3/AF4, AF7/AF8, 

F5/F6, F7/F8, FC1/FC2, FC3/FC4, 

C3/C4, CP1/CP2, CP3/CP4, 

FC5/FC6,FT7/FT8,T7/T8,CP5/CP6, 

TP7/TP8, P5/P6, P7/P8, 

PO3/PO4, PO7/PO8, O1/O2 

Timmer et al. (2017) 275-300ms 

225-275ms 

C1, Cz, C2, CP1, CPz, CP2, P1, Pz, 

P2, PO3, POz, PO4 

López Zunini et al. 

(2019) 

200-400ms Fz, Fcz, Cz, F3, Fc3, C3, F4, Fc4, C4, 

Cpz, Pz, Oz, CP3, P3, O1, O2, C4, 

Cp4 

Declerck et al. (2021) 200-350ms Fpz, Fp1, Fp2, F3, Fz, F4, C3, Cz, 

C4, P3, Pz, P4, O1, Oz, O2 
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The P300 component was first mentioned by Sutton et al. (1965) as a late positive 

component that peaks around 300ms in the context of certainty and uncertainty in 

stimulus presentation (Sutton et al. 1965: 1187). In general the P300 has been 

considered to reflect stimulus categorization (Bialystok 2017: 245) or updating 

memory after a stimulus was categorized (Daffner et al. 2011: 1299). P300 has been 

associated with inhibition processes in stimulus-response compatibility (SRC) tasks 

such as go/no-go tasks or Flanker tasks as well as the allocation of attentional 

resources during attentional switching and working memory processes (Cespón & 

Carreiras 2020: 316). As explained in a review of the P300 by Polich (2007), stimuli 

that have to be kept in memory during a working memory task can yield larger P300 

for recurring stimuli than for new stimuli. Furthermore, the size of the P300 

amplitude is a product of the extent to which attentional resources are allocated 

during dual-task paradigms. This is based on the model for the allocation of 

attentional resources by Kahneman (1973) that was already briefly mentioned in 

Chapter 6. In this model, an overall arousal level determines how much attention is 

available to perform a task. Tasks that need more attentional resources are reflected 

in smaller P300 peak amplitudes and longer peak latencies (Polich 2007: 2129–2131). 

Polich (2007) summarizes that P300 peak latencies indicate how fast a stimulus can 

be classified and are modulated by task processing demands. He also related the P300 

latency to working memory updating processes (Polich 2007: 2129–2132). Cespón & 

Carreiras (2020) explain that SRC-tasks entail switching attention from one stimulus-

response mapping to another. Longer P300 latencies have been reported for trials 

that required switching from the previous stimulus-response mapping to another 

than in trials that require only the retrieval or repetition of the previous stimulus-

response mapping (Cespón & Carreiras 2020: 318).  

The P300 has often been divided into two sub-components: The P3a that is also called 

novelty P3 and is rather fronto-centrally distributed, and the P3b that is rather 

temporal-parietally distributed (Polich 2007: 2141). The fronto-central P300 has been 

associated with response inhibition processes in Go/No-Go tasks. More specifically, 

larger fronto-central P300 amplitudes have been associated with more difficulty to 

inhibit certain type of stimuli, usually conflict trials relative to non-conflict trials. 

Cespón & Carreiras (2020) summarize that the P300 amplitude is generally larger in 
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non-conflict trials (such as repeat trials in the case of task-switching) relative to 

conflict stimuli trials (such as switch trials in task-switching paradigms). The P300 has 

also been associated with attentional switching, with larger parietal P300 amplitudes 

for repeat than for switch trials and larger parietal P300 amplitudes for lower task 

difficulty in switching tasks (Cespón & Carreiras 2020: 317–318). When a switch trial 

occurs in a task-switching paradigm, attentional resources must be allocated to 

switch to updated stimulus-response mapping.  

In task switching paradigms, target-locked ERPs show a smaller centroparietal P300 

in switch trials compared to repeat trials in addition to the larger fronto-central N200 

mentioned in the previous chapter. While the N200 amplitude grows as interference 

level grows, the P3b amplitude is decreased (Jamadar et al. 2015: 333). In task 

switching and SRC paradigms, the N200 and P3b are frequently so closely linked that 

literature often talks about an N2/P3 complex (Karayanidis & Jamadar 2014: 219). In 

SRC tasks, such as the Flanker task, P300 reduces while attentional load is increased 

(Jamadar et al. 2015: 333).    

Therefore, when task switching is applied in bilingualism literature, P300 is frequently 

reported in combination with N200, such as in the earlier mentioned study by López 

Zunini et al. (2019). In their study, bilingual adults showed smaller P3b amplitudes 

than monolingual adults in mixing costs. The authors assumed that ageing bilinguals 

rely stronger on earlier processes and have automated some processing strategies 

compared to monolinguals (López Zunini et al. 2019: 7).  

In the aforementioned study by Timmer et al. (2017), P300 modulation was shown 

for both monolinguals and bilinguals. However, contrary to literature, they found 

larger positive P300 amplitudes for switch than for repeat trials. They note that P300 

is present in parietal and parietal-occipital regions but observe an extension to 

central-parietal regions for bilinguals only. Those P300 regions were active during 

task switching and, for bilinguals, more of those regions were also active during 

language switching, inferring a larger amount of cross-domain overlap for bilinguals 

(Timmer et al. 2017: 255). In terms of latency, Kousaie & Phillips (2012) found later 

P300 peak latency for monolinguals compared to bilinguals in a Stroop task but this 

was not specific to congruent or incongruent trials (Kousaie & Phillips 2012: 76). 

Literature in studies investigating the P300 in the context of switching in interpreters 
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and translators is lacking.  

Table 4 shows a selection of ERP studies that were chosen since they investigate 

attentional switching in the context of task switching paradigms (mostly colour-shape 

switch) with the P300 component in the context of the bilingual advantage 

hypothesis or because they were comparable in their methodology to the design 

applied in this dissertation. Table 4 presents the respective P300 peak time window 

and the analysed electrodes. In accordance with relevant P300 literature (see Cespón 

& Carreiras (2020), Sutton et al. (1965), Polich (2007)), these studies use mostly 

frontal, central and parietal electrodes and a time-window between 300 and 600ms 

after stimulus presentation. Accordingly, after visual inspection of the single-

electrode ERP data in this study, the electrodes cz, cp1, cpz and p1 were used as an 

area of interest for analysis in a time window of 280-400ms after stimulus onset. 

Table 4: Studies using P300 in task switching 

Study P3 peak window Analysed electrodes  

Periáñez & Barceló 
(2009) 

310-730ms Fz, Cz, Pz 

Timmer et al. (2017) 325-400ms 
300-375ms 

C1, Cz, C2, CP1, CPz, CP2, P1, Pz, 
P2, PO3, POz, PO4 

López Zunini et al. 
(2019) 

300-600ms Fz, Fcz, Cz, F3, Fc3, C3, F4, Fc4, C4, 
Cpz, Pz, Oz, CP3, P3, O1, O2, C4, 
Cp4 

Declerck et al. (2021) 400-600ms Fpz, Fp1, Fp2, F3, Fz, F4, C3, Cz, 
C4, P3, Pz, P4, O1, Oz, O2 

Chen et al. (2022) 330-500ms F1, Fz, F2, C1, Cz, C2, P1, Pz, and 
P2 

 

The parietal P300 has also been associated with updating working memory (see 

Polich (2007); Cespón & Carreiras (2020)). Polich (2007) summarizes that upon seeing 

a stimulus, a comparison process that is lead by attention occurs to compare the 

previous stimulus in working memory to the current stimulus. If the new current 

stimulus does not match the previous one, attentional resources must be allocated 

to update the stimulus representation (categorize the stimulus) in working memory 

which is shown in the P300 amplitude (Polich 2007: 2129).  

The n-back task (Smith & Jonides 1997) is a common task to successfully measure 

working memory updating processes. The n-back task is thought to represent the 
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execution of different operation sets. One operation set concerns maintaining and 

manipulating contents in working memory while the other set of operations involves 

determining whether the presented stimulus is a match based on whether it 

corresponds to a representation that is still retained in working memory (Daffner et 

al. 2011: 1299). Kok (2001) discusses that when stimulus categorization becomes 

more difficult, the P300 latency increases (Kok 2001: 557) and assumes that as task 

difficulty increases, the P300 amplitude decreases (Kok 2001: 571). As reviewed in 

Cespón & Carreiras (2020), the amplitude of the parietal P300 is larger with 

decreasing working memory load or task difficulty in working memory tasks (Cespón 

& Carreiras 2020: 318). Similar results were found specifically for the n-back task in 

Daffner et al. (2011) who postulated that with increasing task demands in the n-back 

task, the P300 would decline since more cognitive resources need to be allocated to 

sustain attention and manipulate information than for decision-making and updating. 

They tested this hypothesis by comparing high and low performing younger and older 

adults on 3 levels of the n-back task. They found that especially for low performers, 

increasing task demands resulted in a decrease in the P300 amplitude (Daffner et al. 

2011: 1299–1308).  

Studies that investigate the P300 component in the context of working memory as 

an executive function in bilinguals are not as numerous as studies on other executive 

functions. However, studies such as by Morrison et al. (2019) and Morrison & Taler 

(2020) provided evidence of how bilingualism modulates the P300 response. As 

already described in Chapter 5.4 in the context of the bilingual advantage, Morrison 

et al. (2019) found larger P300 amplitudes for bilinguals compared to monolinguals 

in the context of an n-back task, indicating that the task was less difficult for 

bilinguals. However, there was no significant group difference in reaction times and 

accuracy. Morrison & Taler (2020) used ERP to compare the performance of young 

and older monolinguals and bilinguals on a delayed matching-to-sample task. In 

conditions of low, medium and high working memory load, participants saw a 

maximum of five number on a computer screen and were shown another number 

after a delay period. They then had to indicate whether the number shown after the 

delay period was represented on the screen beforehand. For the N200 component, 

results showed that the N2 amplitude increased as working memory load increased 
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and that monolinguals showed larger N2 amplitudes than bilinguals in all working 

memory load conditions. Furthermore, young adults displayed larger N2 amplitudes 

than older adults. The study differentiated between fronto-central P300 and parietal 

P300. For the fronto-central P300 component, the P3 amplitude was significantly 

smaller in the high load condition than in the medium and low load condition. 

Additionally, monolinguals showed smaller P300 amplitudes than bilinguals. Finally, 

older adults had larger P300 amplitudes than younger adults, especially in the 

medium and high load condition. For the parietal P300 component, the P3 amplitude 

also significantly decreased as working memory load increased. However, there were 

no significant differences due to language or age overall. Results indicated however, 

that the P3 amplitude was larger in young adults compared to older adults in the low 

load condition. In terms of the behavioural results, there was no significant difference 

between monolinguals and bilinguals in reaction times and accuracy and there was 

no interaction of age and language. However, older adults showed significantly longer 

reaction times in general, accuracy did not differ in terms of age. Morrison & Taler 

(2020) interpreted the N200 component as a reflection of increased effort when a 

task is difficult. Since monolinguals showed larger N200 amplitudes than bilinguals, 

they proposed that monolinguals needed more effort to perform the task compared 

to bilinguals. However, the result that older adults showed smaller N2 amplitudes 

than younger adults and therefore seemed to perform the task with less effort was 

not consistent with the theoretical background of the aging brain. The P300 

component was interpreted as a reflection of available resources and working 

memory, with larger amplitudes associated with more available resources to perform 

the task. Both parietal and anterior P300 amplitudes decreased with increasing 

working memory load, however, only the frontal P300 amplitude was larger for 

bilinguals than for monolinguals and larger in older adults than in young adults. It 

therefore seems that bilinguals had more resources available to solve the working 

memory task. Nevertheless, the interpretation of less effort and more available 

resources for bilinguals over monolinguals was not reflected in the performance 

indicated by reaction times and accuracy (Morrison & Taler 2020: 2–8).  

Dong et al. (2015) compared monolingual participants with different working 

memory capacities categorized by a digit span task in their performance of an n-back 
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task with different difficulty levels. They found that the P300 amplitudes decreased 

with increasing working memory load and larger amplitudes at parietal sites (Dong et 

al. 2015: 148–150).  

Barker & Bialystok (2019) compared voltage in the P300 time-window between 

monolinguals and bilinguals performing an emotion 2-back and a 3-back task. They 

found an effect of memory load with the P300 amplitude in the 2-back task being 

smaller than the amplitude of the 1-back task for all participants. Additionally, they 

found longer latencies on match trials than on no-match trials in the 1-back task but 

not in the 2-back task. Unfortunately, they did not find a main effect of language 

group but groups differed on match-trials in the 2-back task (Barker & Bialystok 2019: 

31–37). 

Similarly, Comishen & Bialystok (2021) compared a monolingual and a bilingual group 

in an n-back task with task demands increasing from 0-back to 3-back. They found a 

main effect of group with the bilingual group showing larger overall P300 amplitudes 

than the monolinguals. Furthermore, they found a main effect of condition with a 

decrease of the P300 amplitude in the 2-back task and a further decrease of 

amplitude for the 3-back task. Additionally increased task performance was 

associated with larger P3 amplitudes. Based on these results, the authors suggest 

that bilingualism increases the efficient use of attentional resources (Comishen & 

Bialystok 2021: 3–8). 

To the extent of my knowledge, studies using the P300 ERP component to study 

working memory updating in interpreters or translators have yet to be conducted. 

Table 5 shows a selection of ERP studies that were chosen since they use the P300 in 

association with working memory updating in the context of the bilingual advantage 

hypothesis or because they applied a similar methodology to the one applied in this 

dissertation. Table 5 summarizes their P300 peak time windows and the analysed 

electrodes. Again, studies used both central, frontal and also parietal electrodes 

oriented on relevant P300 literature (see Cespón & Carreiras (2020), Sutton et al. 

(1965), Polich (2007)) and applied time-windows spanning from 280-500ms after 

stimulus presentation. Based on this review and visual inspection of the single-

electrode ERPs, an area of interest consisting of the electrodes cp1, cpz, p1, pz and 
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poz was summarized and voltage was analysed in a time-window between 280-

400ms in this dissertation. 

Table 5: Studies using P300 in working memory tasks 

Study P300 peak 
window 

Analysed electrode 

Dong et al. (2015) 280-500 ms F3,FZ, F4, P3,PZ,P4 

Morrison et al. (2019) 300-500 ms Fz, FCz, Cz, and Pz 

Barker & Bialystok (2019) 300–450 ms p1, Cpz, Cp2, P1, Pz, P2 

Morrison & Taler (2020) 250-450 ms P3, Pz, P4 

Comishen & Bialystok 

(2021) 

325-425 ms CP1, CPz, CP2, P1, Pz, P2, PO3, 

POz, PO4 

Daffner et al. (2011) 275-50ms Cz, pz 

 

8.1.3 Participants 

 

With the aim of investigating how learning to interpret affects different executive 

functions, two groups of participants were recruited from the MA Interpreting at the 

Fachbereich Translation, Sprache und Kultur (FTSK)4 of the Johannes-Gutenberg 

University Mainz in Germersheim. Other studies such as by Morales et al. (2015), 

Yudes et al. (2011), Henrard & van Daele (2017) or van der Linden et al. (2018) assume 

that professional simultaneous interpreters must possess enhanced executive 

functions in comparison to non-interpreting populations and therefore compare 

interpreters to professional translators or language teachers in a cross-sectional 

design. However, this dissertation investigates whether and when executive 

functions are enhanced by SI training and therefore examines student interpreters 

through their process of learning how to interpret simultaneously in a longitudinal 

design.   

Additionally, a control group of students enrolled in the MA Translation at the 

Fachbereich Translation, Sprache und Kultur (FTSK) of the Johannes-Gutenberg 

University Mainz in Germersheim was tested for baseline comparison to ensure that 

both groups possessed the same cognitive abilities at the beginning of their 

                                                           
4 Translation Studies, Linguistics and Cultural Studies 
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respective training. The application process for the MA Conference Interpreting at 

FTSK requires an aptitude test, the likes of which was discussed in Chabasse (2009). 

It could be argued that by passing this test, students with already enhanced abilities 

that have the potential to become good interpreters are chosen. Therefore, it is 

important to compare the interpreting group with a control group (in this case the 

translators) at baseline to see if the interpreting group shows an inherent advantage 

in executive functions (see also Babcock et al. (2017)). Translation students were 

chosen over other bilingual populations since studies such as by Prior & Gollan (2011) 

and Verreyt et al. (2016) have shown that how often bilinguals switch between 

languages seems to be an indicator of whether executive functions are affected or 

not. The decisive difference between written translation and simultaneous 

interpreting lies in the urgency that is created by the near simultaneity of language 

reception, translation and production processes during simultaneous interpreting 

(see e.g. Frauenfelder & Schriefers (1997)). These overlapping processes are assumed 

to put much strain on executive processing that is involved in managing the different 

languages (see Hervais-Adelman & Babcock (2020)). However, translation students 

also switch between languages daily during translation, more than bilinguals without 

professional training who speak multiple languages but do not engage in language 

switching as intensively as during SI or written translation. Apart from their 

differential language switching habits, all participants fell under the category of late 

sequential bilinguals for the language combination German as first language and 

English as second language.  

The Interpreting group initially consisted of 10 participants and the Translation group 

consisted of 12 participants. This participant number is quite low, which was due to 

the complexity of the experimental manipulation; participants had to commit to a 

two-year EEG study and only a limited number of participants qualified to participate 

in this study according to their language combination. However, participant numbers 

this low are not entirely uncommon in studies that use neuroscientific measures such 

as EEG and fMRI, such as studies by Elmer et al. (2010) that had 11 participants per 

group for their EEG-study, Elmer & Kühnis (2016) who had 12 participants per group 

and Morales et al. (2015), who had 16 participants per group for their respective fMRI 

studies.    
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Before participating in the study, all participants were required to fill out the 

Translation and Interpreting Competence Questionnaire (TICQ) (Schaeffer et al. 

2020). The TICQ is a multilingual tool that is available online, can be customized and 

is aimed at collecting quantitative and qualitative data on different aspects of 

linguistics skills, translation and interpreting skills. Contrary to other measures of 

translation and interpreting competence it is not based on non-validated ad hoc 

instruments but was validated in two separate studies. It aims at furthering 

comparability across studies, an issue pertaining to both bilingualism studies as well 

as translation and interpreting studies (see Chapter 3 and Chapter 6.1). Consisting of 

three sections, Section A covers general participant information such as age, gender, 

and course of studies as well as aspects pertaining to language history and proficiency 

such as Age of Acquisition, years of learning, different modalities of using languages 

as well as self-rated proficiencies. Section B is translation specific, and Section C is 

interpreting specific. For the study in this dissertation, Section C was used. It includes 

questions about the participants professional experience, interpreting competence 

and questions regarding the interpreting process such as strategies and research 

(Schaeffer et al. 2020: 91–96).  

The TICQ was used to match participants in both groups as well as to compare 

proficiency in the interpreting group at baseline and at the end of their 4 semester 

training period. The TICQ results from the training period of the interpreting group 

are presented in Chapter 9.2.1.   

For baseline comparison of both groups, participants from both groups were 

matched on age, gender, age of English acquisition, self-rated English proficiency and 

self-rated interpreting proficiency. Two-sample t-tests indicated that there are no 

group differences in all aforementioned variables at baseline, which is a prerequisite 

for interpreting the behavioural as well as ERP data at baseline between groups. Table 

6 gives an overview over this participant data. 
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Table 6: Between-group matching for age, gender, AoA English, English proficiency, interpreting 
proficiency 

  Interpreting 

group 

Translator group Group difference 

Age Mean: 24, SD: 

2.5495 

Mean: 23.92, SD: 

3.6296 

t = 0.058702, df = 19, p-

value = 0.9538 

Gender Mean: 1.0, SD: 

0.0 

Mean: 1.1667, SD: 

0.3892495 

t = 1.4832, df = 11, p-

value = 0.1661 

Age of EN 

acquisition 

Mean: 8.33, SD: 

2.0615 

Mean: 8.08333, 

SD: 2.7784 

t = 0.22662, df = 19, p-

value = 0.8231 

Self-rated EN 

proficiency 

Mean: 76.11, 

SD: 12.444 

Mean: 75.83333, 

SD: 10.62444 

t = 0.053845, df = 

15.721, p-value = 0.9577 

Self-rated 

interpreting 

proficiency 

from L1 into 

L2 

Mean: 44.4444, 

SD : 19.59663 

Mean: 37.25, SD: 

32.30008 

t = 0.63194, df = 18.365, 

p-value = 0.5352 

Self-rated 

interpreting 

proficiency 

from L2 into 

L1 

Mean: 61.6667, 

SD: 18.20027 

Mean: 44.75, SD: 

34.83239 

t = 1.4405, df = 17.312, 

p-value = 0.1676 

 

Of all participants, only one participant from the control group indicated to have been 

fluent in English before the age of seven. All participants indicated to have acquired 

English in the context of formal education and furthermore, all participants indicated 

that they spoke English between 1 and 15 hours a week.  

All participants from the Control group (the Translator group) indicated that they 

were currently enrolled in the MA Translation at FTSK Germersheim. All participants 

in the Experimental group (the Interpreting group) indicated that they were currently 

enrolled in the MA Conference Interpreting at FTSK Germersheim. Participants from 

both groups indicated that they had not had any prolonged experience in 
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simultaneous interpreting immediately before starting their respective MA 

programmes. Some participants from both groups indicated that they had 

participated in trial courses of simultaneous interpreting or tested SI within a single 

semester. Furthermore, participants from both groups indicated that they had once 

interpreted for a family member, which was also not rated as extensive and 

continuous simultaneous interpreting training. This information reflects how difficult 

it is to find a group that has not yet had any contact to any interpreting action, since 

especially the FTSK is an environment that fosters multilingualism as equally as 

applying multilingual and translation skills. Most importantly, none of the 

participants from both groups had gone through several semesters of simultaneous 

interpreting training at baseline. 

Only the interpreting group was tested longitudinally across four semesters, the 

designated duration of the MA Conference Interpreting at the FTSK Germersheim. 

Originally, I planned to test both the Experimental group as well as the Control group 

longitudinally, however, due to Covid-19 restrictions and ensuing restricted lab use, 

only the interpreting group could be tested longitudinally. According to the module 

handbook of the Master of Conference Interpreting at FTSK Germersheim 

(Fachbereich 06 2021), participants must take a set of mandatory modules that 

consist of a module for general Interpreting Studies, a module for Cultural Studies, a 

module for Linguistics and finally six modules containing four applied classes for 

consecutive and simultaneous interpreting each. The workload for each of these 

applied interpreting modules is listed as 360 hours. Simultaneous interpreting makes 

up 50% of a module, consecutive interpreting the other 50% and both interpreting 

modes are listed with the same workload. It is therefore evident from the module 

handbook that all participants in this study received the same amount of 

simultaneous interpreting training which amounts to a workload of 180 hours per 

module, so 1080 hours in total for the whole Master of Conference Interpreting. 

For the interpreting group, another prerequisite was that their mother tongue 

needed to be German, and English was supposed to be their first or second language 

of interpreting (they received equal amounts of interpreting training in their first and 

second working language). Participants needed to indicate how many hours per week 
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they spend time interpreting, their ratio of simultaneous vs. consecutive interpreting, 

their maximum interpreting capacity per day as well as some questions about the 

interpreting process itself concerning preparation, problem solving strategies, 

estimated décalage or use of resources in the booth.  

Since the MA interpreting programme inherently has a limited number of first-

semester students and the conditions for participation in the study were also very 

specific, only ten participants could be recruited for the Experimental group.   

All participants’ mother tongue was German and all had grown up in Germany. All 

participants in the experimental group indicated English as their L2, expect for one 

participant who indicated French as L2 and English as L3. All participants are late 

bilinguals, meaning that none of them was fluent in their L2 or L3 before the age of 

seven. All participants learned their L2 in the context of formal education. 

Participants have been learning their L2 for an average of 14.1 years (SD =  2.38).  

Further analysis of participant information of the interpreting group that is related to 

interpreting competence is reported in Section 8.2.1, where the competence change 

from baseline to the end of the training programme is examined. 

8.1.4 Stimuli 

 

The Flanker task stimuli consisted of 5 arrowheads that were horizontally arranged. 

The middle arrowhead was flanked by two arrowheads, either pointing in the same 

direction as the middle arrowhead or in a different direction. This scheme created 

two congruent conditions (<<<<<, >>>>>) and two incongruent conditions (<<><<, 

>><>>). The Flanker experiment design was based on the experiment by (Dong & 

Zhong 2017). There were five blocks of 72 trials each. The congruent/incongruent 

ratio in each block was 75%/25%. This ratio was chosen based on studies by Purmann 

et al. (2011) and Costa et al. (2009). Purmann et al. (2011) examined adaption to 

frequent conflict in a Flanker task by varying frequency of incompatible stimuli. They 

found that the fronto-central N2 amplitude was reduced under frequent conflict as 

opposed to less frequent conflict (Purmann et al. 2011: 56). Costa et al. (2009) 

investigated the bilingual advantage in the Flanker task under different monitoring 

effort conditions. In high monitoring contexts (e.g. 75% congruent/25% incongruent 
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trials), bilinguals outperformed monolinguals in terms of reaction times but not in 

low monitoring versions (e.g. 92% congruent/ 8% incongruent) (Costa et al. 2009: 

141).   

Participants were told to only focus on the middle arrowhead. Using both hands, 

participants pressed the “F” key if the arrowhead pointed to the left side and the “J” 

key if the arrowhead pointed to the right. Before each trial, a fixation cross appeared 

on the screen for 350-550ms. This time interval was jittered to prevent the 

participants from building up a “habituation effect” that occurs when stimuli are 

repeated continuously and in a monotone manner, which causes the electro-negative 

components to be attenuated. However, the amplitude is restored if two stimuli are 

associated (Walter et al. 1964: 380). The fixation cross acts as a so-called indicative 

stimulus that operates as a warning for the following imperative stimulus, to which 

the participant is often required to make a response. By jittering the fixation cross 

time, participants were prevented from building up expectancy. The fixation cross 

was followed by a blank space that lasted 300ms. After that, the stimuli appeared on 

screen for 750ms or until the participant had pressed a key to answer. The participant 

had to answer within the 750ms. After the stimulus had disappeared, there was a 

jittered interstimulus interval for 900-1100ms (Walter et al. 1964). The experimental 

blocks were preceded by a practice block that contained 12 practice trials with a 

50/50 congruent/incongruent ratio. A flowchart of the Flanker task is presented in 

Figure 1:  

 

Figure 1: Flowchart Flanker task 

 

 <<><< 900-1100ms 
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Derived from the experimental designs in López Zunini et al. (2019) and Prior & 

Macwhinney (2010), stimuli for the colour-shape switch task consisted of circles and 

triangles in red or blue. Every stimulus was preceded by a cue that indicated whether 

the participant was supposed to react to the shape, or the colour of the stimulus 

presented. The colour cue was a colour gradient, and the shape cue were four small 

shapes that were presented horizontally. Every experiment consisted of two single 

task blocks of 56 trials each, in which the participants either reacted to the shape or 

the colour. The two single task blocks were then followed by four mixed task blocks 

consisting of 56 trials each in which the participants were supposed to react to the 

shape, or the colour of the stimulus as indicated by the preceding cue. Before a cue 

was presented, a fixation cross appeared in the centre of the screen for 300-350ms 

followed by a blank screen for 150ms seconds. After that a shape or a colour cue 

appeared for 250ms followed by the stimuli that remained on the screen for 4000ms 

or until the participant had pressed a key. Subsequently, an intertrial interval 

followed for 850ms until the next fixation cross appeared. A flowchart of the single 

task trials can be seen in Figure 2 and a flowchart of the mixed task trials can be seen 

in Figure 3. 

 

Figure 2: Flowchart single task trial 

 



 

180 
 

 

Figure 3: Flowchart mixed task trial 
 

The participant used both hands to react to the stimuli. They used their left hand and 

consequently the “S” key to react to a circle and the “D” key to react to a triangle. 

They used their right hand and the “K” key to react to the colour “red” and the “L” 

key to react to the colour blue. 

Based on the design of Szmalec et al. (2011), the stimuli in the 2-back and 3-back 

tasks consisted of 20 consonants of the alphabet (D, H, M, T, B, G, R, Z, P, S, F, J, K, V, 

N, W, L, X, C, Y). The materials were held in close comparison to the ones in Szmalec 

et al. (2011). In the current experiment, participants first completed a 2-back task 

followed by a 3-back task. In both versions, participants saw a string of letters that 

appeared in the centre of the screen and had to press “B” on the keyboard whenever 

a letter was the same as two letters (2-back) or three letters (3-back) before. Each 

stimulus appeared on screen for 500ms, followed by a jittered blank screen of 800-

1000ms. A flowchart of the 2-back and 3-back task can be seen in Figure 4: 
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Figure 4: Flowchart 2-back and 3-back task 

In total the n-back task consisted of 12 blocks (6 blocks 2-back and 6 blocks 3-back). 

The 2-back task had 47 stimuli, since letter matching could only start at the 3rd letter 

and the 3-back task had 48 stimuli, since letter matching could only start at the 4th 

letter. Every block contained 30 mismatch and 15 match trials. Of the 30 mismatch 

trials, 6 were lure trials. For the 2-back condition, 3 lure trials were in the n+1 position 

and 3 were in the n-1 position, while for the 3-back condition, 3 lure trials were in the 

n-1 position, and 3 lure trials were in the n-2 position. Examples of the construction 

of lure trials in both conditions can be seen in Figure 5: 

 

Figure 5: Examples of lure trial construction for 2-back and 3-back conditions 

For the analysis, the so called lure interference effect was examined. According to 

Szmalec et al. (2011), lure trials create competition between assessing how familiar 

an item as and how well it can be remembered. In the case of the 2-back task, an n+1 

lure trial depicts the interference that is created by an old item that is not task 

relevant anymore and can be released from WM. On the contrary, an n-1 lure trial 
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depicts the interference from an item that is still task relevant. The difference 

between the two lure trial types is that n-1 lure trials still have to be kept activated 

in WM as the item still might need to be processed while n+1 lure item is allowed to 

fade from WM. In the case if the 3-back task, an n-1 lure basically corresponds to a 

2-back task that is however not required in the 3-back condition. The n-2 lure items 

correspond to 1-back tasks. According to Szmalec et al. 2011, both n-1 and n-2 lure 

trials require the participant to maintain the item active in the WM, still awaiting a 

possible match. In this waiting stage, participants rehearse those items in their mind. 

Items in the n-1 position in 3-back tasks are slightly older that items in the n-2 position 

and have therefore been rehearsed more often. This rehearsal to maintain an item in 

WM increases the familiarity of it. Szmalec et al. (2011) therefore predict  that a lure 

trial in the n-1 condition creates more interference than a lure trial in the n-2 position, 

since it has been rehearsed more in WM and is therefore more familiar (Szmalec et 

al. 2011:7-9). 

 

8.1.5 Data collection and apparatus 

 

Before the study was launched, it was piloted by testing the EEG-setup, the 

equipment and the smooth display of the computer-based tasks within a trial run in 

the Neurolab at FTSK Germersheim.   

Before the start of the first round of data collection, every participant was informed 

about the procedure of the experiment, the use of the EEG and data protection. After 

the participants had given informed consent, the EEG cap was fitted. Participants 

were seated in front of a computer screen and a keyboard in an EEG chamber that 

fulfilled the requirements of a Faraday cage to reduce noise. The experiment was 

coordinated and supervised by me from the outside of the EEG chamber on two 

separate screens. One screen mirrored the screen in the EEG-chamber and one 

screen showed the continuous EEG recording. The EEG was continuously recorded 

with an electrode cap with 64 Ag/AgCl electrodes that are placed conforming to the 

international 10-20 system. The SynAmps 2 system of Neuroscan (Compumedics 

Neuroscan) was used at a sampling rate of 1000Hz. Furthermore, one electrode was 
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placed at each mastoid and the EEG signal was later re-referenced to the average. 

Impedances were kept below 5 kOhm at all electrode sites before and during 

recording.   

After recording, the raw EEG data was processed using EEGLAB (Delorme & Makeig 

2004) in the MATLAB environment (The MathWorks Inc. (2022)). A high-pass filter at 

0.5 Hz and a low-pass filter at 40Hz was used for filtering. The raw EEG data was first 

cleaned manually by cutting off long pauses containing artefacts at the beginning and 

at the end of recording as well as between the blocks. Noisy channels were rejected 

manually, and independent components were computed using independent 

component analysis (ICA). Consequently, ICA-components that contained artefacts 

were rejected as well. Interpolation was used to replace the channels that were 

initially rejected. The data was divided into epochs which were cleaned again by 

manual rejection of noisy epochs. Finally, epochs were sorted according to the 

conditions of the experimental task, e.g. congruent and incongruent in the Flanker 

task. Only epochs in which the participants answered correctly were included. In 

order to analyse the ERP, epochs were defined from 100ms before stimulus onset to 

700ms after stimulus onset. 

8.1.6 Data Analysis 

 

Data analysis covers three main parts: analysis of competence data, behavioural 

analysis of reaction times and error rates, and analysis of EEG data.   

Competence data is initially analysed by comparing participant’s answers to the pre- 

and post-training TICQ. Additionally, individual interpreting competence scores were 

determined for each participant: In the TICQ, certain questions regarding the 

translation or interpreting competence were assigned weights. It is possible to derive 

a summed competence score per participant that consists of weighted values of the 

answers to the questionnaire. During its validation, the robustness of the section to 

discriminate between lay bilinguals, students and professionals was tested by using 

multigroup discriminant function analysis (MDA). MDA revealed two discriminant 

functions, called F1 and F2, that were shown to both discriminate successfully 

between groups and predict to which group participants belonged to (e.g. translators, 

interpreters, bilinguals). The summed competence values per participant represent 
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the F1 and F2 values (Schaeffer et al. 2020: 97–100). In Jacob et al. (2024), increased 

F1 values have been associated with increased self-rated competence values (Jacob 

et al. 2024: 552). While individual skill associated with the translation process is 

reflected by F1, F2 is associated with the skills of quality control and product 

evaluation (Jacob et al. 2024: 548–549).  

Behavioural data in the form of reaction times and accuracy scores is analysed by 

using descriptive statistics as well as linear mixed regression models.   

EEG data was analysed using the event-related potential (ERP) method. This includes 

comparing voltage in different conditions and sessions in the respective ERP-time 

windows by means of both descriptive statistics as well as linear mixed effects models 

and topographic ANOVAs. Furthermore, the EEG data analysis includes peak latency 

analysis as well as frequency analysis from a single participant. All linear mixed 

regression models were fitted with the lme4 package Bates et al. (2015) in the R 

environment.  

Collinearity can have an adverse effect on the results of the linear mixed regression 

model. If collinearity is present, mostly if there are highly correlated predictors, one 

predictor can be predicted by other predictors which impairs the interpretation of 

the regression model (Winter 2020: 112). To verify the absence of multicollinearity, 

a variance inflation factor (VIF) was calculated. The VIF measures to what degree the 

independent variables are responsible for collinearity (Winter 2020: 114). Following 

Zuur et al. (2010), VIF-values that are equal to 1 indicate that there is no collinearity 

while values over 3 indicate collinearity or even strong collinearity the higher the 

value becomes (Zuur et al. 2010: 9).  

In order to determine effect sizes, the Cohen’s f2 was calculated. Usually, Cohen’s d is 

the go-to measure for calculating effect sizes. The Cohen’s d determines the 

difference between two means that is divided by the standard deviation of the two 

groups, the latter representing the overall variability in the data (Winter 2020: 159). 

However, linear mixed models are more complex than basic approaches of 

significance testing and contain variances from various sources (e.g. random effects, 

fixed effects). The Cohen’s d is therefore not suited for more complex data structures 

such as repeated observation of the same subjects as is the case in the study at hand 

(see Selya et al. 2012:1). Selya et al. (2012) propose the Cohen’s f2 to calculate the 
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effect size in multiple regression models. Cohen (1977) set the guidelines to 

interpreting the Cohen’s f2 as a value of 0.02 as a small effect, a value of 0.15 as a 

medium-sized effect and a value of 0.35 or larger a as large effect (Cohen 1977: 413–

414). After reviewing ERP literature that applies the relevant tasks (see Section 8.1.2 

for an overview), the following ERP components were used for analysis in each task: 

the N200 component was analysed between 200 and 400ms for the Flanker task. For 

the colour-shape switch task, the N200 and the P300 component were used, analysed 

in the time windows of 200-320ms (N200) and 280-400ms (P300). For the 2-back and 

3-back task, the P300 component was analysed in the time window 280-400ms.  

ERP latency is measured by computing the peak latency. The peak latency is 

determined by finding “[…] the maximum amplitude within a time window and use 

the latency of this peak as a measure of the latency of the underlying ERP 

component” (Luck 2005:237-238). The difficulty of this measurement is that that the 

measurement time window might show the increase or decrease of another large 

component at the edges of the time window which will displace the maximum or 

minimum peak. By using local peak latency measures rather than absolute latency 

peak measures, this problem can be resolved. In local peak latency measurement, 

“[…] a point is not considered a peak unless the three to five points on each side of it 

have smaller values” (Luck 2005:238). It must be noted that peak latency measures 

can be sensitive to noise which makes it all the more important to filter out noise 

before analysing the latency. Furthermore, it is sometimes not easy to determine 

when one component ends and another begins. Therefore, peak latency was 

analysed only within the specified time-window of the ERP component. The minimum 

(in case of the N200 component) or maximum (in case of the P300 component) peaks 

were computed and their latency extracted with MATLAB.  

Frequency analysis was performed with MATLAB as well. 
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8.2 Results 
 

This section covers results from different sources. First of all, competence data that 

examines changes in different aspects of interpreting competence indexed by the 

TICQ introduced in Section 8.1.3. Subsequently, behavioural results including 

reaction times and accuracy of all three executive function tasks are presented. This 

is followed by the presentation of electrophysiological results, initially in the form of 

event-related potentials of different ERP components and the voltage changes and 

differences between conditions in relevant ERP component time-windows. Finally, 

data from one participant was chosen for the presentation of time-frequency results 

across all tasks and sessions.  

 

8.2.1 Competence data 

 

Competence data from the interpreting group is analysed by extracting data from the 

TICQ that participants filled out before taking part in the study and after taking part 

in the study at the end of their four-semester interpreting training. For general 

comparison between groups and comparison of pre- and post-questionnaire 

answers, the raw data from the respective TICQ questions was analysed.   

Participants rated their English proficiency with a mean of 76.11 points out of 100 (SD 

= 12.44) in the pre-test and with a mean of 78.75 points out of 100 (SD = 10.26) in 

the post test. Although the mean L2 proficiency rating is higher in the post-test, a t-

test did not show a significant difference between pre- and post-questionnaire 

administration (t = 0.42097, df = 13.157, p-value = 0.6806).  

In terms of their self-rated proficiency to interpret from their L1 into their L2 (English), 

results showed a mean of 44.44 points out of 100 in the pre-test (SD = 19.6) and a 

mean of 58.38 points out of 100 in the post-test (SD =31.1). However, a t-test did not 

reveal a significant difference between groups t = (t = 0.85003, df = 11.411, p-value = 

0.4128), probably due to one participant only indicating 1 from 100 points in the post-

test, resulting in a high standard deviation. In the other direction, interpreting from 

L2 into their L1, results indicated a mean of 61.67 points out of 100 in the pre-test 

(SD = 18.20) and 75.25 points out of 100 in the post-test (SD =19.17). Although there 
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clearly is an increase in mean from pre- to post-test, the t-test did not show a 

significant difference between pre- and post-session (t = 1.1255, df = 13.134, p-value 

= 0.2805).  

Participants spent a mean of 4.25 hours per week interpreting from their L1 into their 

L2 (SD = 1.17) as indicated by the pre-test and 6.5 hours per week interpreting from 

their L1 into their L2 (SD = 3.82)   as indicated by the post-test. The result of a t-test 

was not significant (t = 1.5946, df = 8.2927, p-value = 0.1481). In the other translation 

direction, from L2 into their L1, participants indicated that they spent on average 4.25 

hours per week interpreting in this translation direction at the beginning of training 

(SD = 1.17) and on average 4.25 hours per week in this translation direction at the 

end of training (SD = 2.49). Results of a t-test confirmed the observation that 

participants did not significantly increase their weekly amount of interpreting from 

L2 into L1 over the course of the study (t = 0, df = 9.9183, p-value = 1).  

Regarding the self-reported maximum simultaneous interpreting capacity per day, 

participants indicated a mean value of 1.67 hours (SD = 1.33) at the beginning of 

training and a mean value of 2.44 hours (SD = 1.29) at the end of their training. 

Although their capacity seems to have increased, results of the t-test did not reach 

significance (t = 1.1412, df = 13.987, p-value = 0.273).  

Finally, participants indicated a mean décalage of 3.83 seconds at the beginning of 

their training (SD = 1.72) and a mean décalage of 2.44 seconds at the end of their 

training (SD = 1.29). Again, although the means have increased from pre- to post-test, 

t-tests results do not indicate a significant difference (t = -1.6639, df = 8.9791, p-value 

= 0.1306), probably because two participants did not indicate their décalage in the 

pre-questionnaire.  

 

The subsequent part of the TICQ covers the preparation phase of simultaneous 

interpreting. Participants considered the translation brief before starting their 

preparation in 42.5% of the cases at the beginning of their training (SD = 46.83) and 

in 73.5% of the cases at the end of their training (SD = 43.04). Although this indicates 

a big leap from pre- to post-test, a t-test did not indicate a significant difference 

between testing sessions (t = 1.3786, df = 13.901, p-value = 0.1898).  

Participants were asked whether they prepared printed glossaries, digital word lists 
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or a digital term database for their interpreting task. Only 12.5% indicated that they 

prepared printed glossaries in the pre-questionnaire and 50% indicated that they did 

so in the post-questionnaire. None of the participants in the pre- or post-

questionnaires indicated that they prepared a digital term database for their 

interpreting task, but 75% indicated that they used a digital word list at the beginning 

of training and 62.5% indicated that they still do so at the end of their training.  

Of the participants, 62.5% indicated that they consulted external sources (websites, 

fora, databases, books) before the interpreting assignment at the beginning of their 

training and 87.5% of participants indicated that they do so at the end of their 

training. Similarly, 50% of participants indicated that they consult own resources 

(e.g., glossaries, translation memories, term databases) before the interpreting 

assignment at the beginning of their training and 87.5% indicated that they do so at 

the end of their training.  

All participants at the beginning as well as at the end of their training indicated that 

they do not use translation memory systems or terminology databases for data 

management. Instead, they indicated that they use search engines such as Google 

where they predominantly looked for background information, idiomatic 

expressions, words, or phrases. None of the participants indicated that they use 

interpreter-specific tools, e.g., Interplex or Interpretbank. When asked in which 

language they google, results in the pre-questionnaire indicated that 37.5% google in 

the target language, 0% in the source language and 62.5% in both source and target 

language. In the post-questionnaire, this distribution did not change.  

In terms or research aids, participants indicated using the following resources at the 

beginning of their training: bilingual dictionaries (87.5%), monolingual dictionaries 

(62.5%), synonym dictionaries (77.78%), encyclopaedias (37.5%), search engines 

(87.5%), terminology databases (12.5%) and concordance searches (12.5%). At the 

end of their training, usage in all resources increased (bilingual dictionaries: 100%; 

encyclopaedias: 75%; search engines: 100%, terminology bases: 12.5%; concordance 

search 25%) with the exception of monolingual dictionaries, which were used by 

62.5% and synonym dictionaries which were used by 50%.  

 

For the strategies applied during interpreting, participants rated the importance of 
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visual contact to the speaker during simultaneous interpreting. In the beginning of 

their training, participants indicated a mean of 47.5 points out of 100 (SD = 32.84) 

and at the end of their training they indicated a mean of 57.5 out of 100 points (SD = 

36.15). A t-test did not reveal a significant difference between sessions (t = 0.57908, 

df = 13.873, p-value = 0.5718). Furthermore, participants were asked what strategy 

they used when they do not understand the speaker acoustically. In the pre-

questionnaire, 62.5% indicated omitting the passage they did not understand 

acoustically, 12.5% indicated inventing new content and 25% did not indicate a 

strategy at all. In contrast to that, 50% of participants in the post-questionnaire 

indicated that they omit the passage they did not understand acoustically, 12.5% 

asked their partner, 12.5% made a guess and 0% indicated that they invent new 

content. Still, 25% did not indicate a strategy.  

Participants were also asked for their strategy when they do not understand the 

meaning of a term or sentence during the interpreting process. In the pre-

questionnaire, asking a partner was not represented at all while 62.5% indicated 

doing so in the post-questionnaire, omission was initially represented with 37.5% and 

increased to 62.55% in the post-test, guessing the content initially lay at 62.5% and 

at 50% in the post-questionnaire, inventing new content was initially represented 

with 25% and not represented at all in the post-questionnaire, interrupting the 

speaker was not an option for any participant in the pre- or in the post-questionnaire, 

looking something up in resources was only represented with 12.5% at the beginning 

of training but applied as an option by 50% at the end of training and finally, stalling 

was initially chosen by 50% and increased to 87.5% at the end of training.  

Upon asking how the participants deal with spontaneous changes in the manuscript, 

if they get one, only 37.5% of participants initially indicated that they interpret the 

changes while 87.5% in the post-test opted for interpreting the changes. The 

remaining participants did not indicate a strategy.  

In total, 50% of participants at the beginning of their training indicated that they 

correct obvious mistakes of the speaker in the target language which increased to 

75% of participants at the end of training correcting obvious mistakes of the speaker 

in the target language.  

Participants were also asked which resources they used during the SI process in the 
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booth, which was similar to the question of which resources they prepared. 

Interestingly, none of the participants initially used online resources which increased 

to 75% use of online resources in the post-questionnaire. No term bases or 

translation memories were used at the beginning or at the end of training by any 

participant. Only 12.5% indicated using Google in the booth at the beginning of 

training which increased to 75% of use at the end of interpreting training. Printed 

glossaries were not so commonly used as Google, with only 37.5% indicating that 

they use printed glossaries at the beginning of training and 37.5% indicating use of 

printed glossaries at the end of training. Digital lists were used much more in the 

post-questionnaire, with 87.5% of participants indicating that they use them while 

only 12.5% used them at the beginning of training. Finally, interpreter-specific tools 

such as Interplex or Interpretbank were not used at all.  

Conclusively, participants were asked about how they assessed the quality of their 

interpretation. Initially, 25% of participants indicated that they receive feedback from 

their colleagues, 75% indicated that they assess the interpreting quality through 

recordings. This shifted at the end of their training, where they did not rely as much 

on quality assessment through recordings (37.5%) and rather on feedback from their 

colleagues (37.5%) and clients (12.5%). Still, one participant indicated that they did 

not assess the quality of their interpretation at all.  

Summed competence values were calculated per participant and values from the pre-

training questionnaire were compared to values in the post-training questionnaire by 

means of a t-test. Table 7 shows the summed competence values for the SI 

competence section of the TICQ per participant from the pre-training and the post-

training questionnaire.  

Table 7: Summed TICQ values per participant for pre- and post-training questionnaire 

 Pre Post 

P01 3.018 4.83 

P03 4.2365 5.746 

P04 3.061 4.698 

P06 6.039 5.579 

P07 4.8605 5.95 

P08 4.53 6.135 

P10 4.0195 4.734 

P11 4.612 3.25525 
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The mean pre-training competence value was 4.297 (SD = 0.919) and mean post-

training competence value was 5.116 (SD =0.881). A t-test confirmed the hypothesis 

that overall competence increases from the beginning of training to the end of SI 

training, since it indicated a significant difference between pre- and post-training 

competence value (t = 1.8945786, df = 7, p = 0.0415). To identify the strength of the 

effect, the Cohen’s d was calculated by subtracting mean 2 from mean 1 and dividing 

it through the pooled standard deviation of both means. Results revealed a Cohens’ 

d value of 0.9098 which can be classified as a strong positive effect, indicating that 

competence increased significantly from the pre-training questionnaire to the post-

training questionnaire. This result is concurrent with other studies that have found 

gains in interpreting performance after interpreting training (see Tzou et al. (2012), 

Hervais-Adelman et al. (2015a) and Yu & Dong (2022)). 

The distribution of the F1-values for each participant for the pre- and post-

questionnaire are depicted in Figure 6. While most participants seem to have 

increased their competence, there are two participants, P06 and P11, who do not 

show a higher F1-value in the post-questionnaire than in the pre-questionnaire. Also 

striking is that P06 started out with the second highest value of all participants in both 

questionnaire sessions. These outliers might represent the caveat of self-rated 

questionnaires or a general difficulty to rate one’s competence after having learned 

more about the skill that is acquired, in this case simultaneous interpreting.  
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Figure 6: Scatterplot of F1-values per participant in pre- and post-questionnaire 

 

To not only compare the means of two groups, I furthermore fitted a linear mixed 

model with the F1-value as dependent variable, Session as predictor and Participant 

as random effect. The effect of Session on the F1 value revealed only a certain trend 

toward significance (p = 0.0832, SE = 0.4054); the effect was medium-sized as 

indicated by Cohen’s f2 (f2 = 0.19) with the fixed effects coefficient of the post-

questionnaire increasing by 0.8188 units (see Figure 7). The statistically insignificant 

p-value could possibly be due to the two participants that did not increase their self-

rated interpreting competence. These SI competence results will be descriptively 

triangulated with the ERP results as well as the behavioural results in the Discussion 

in Chapter 9. 

 

Figure 7: Linear mixed model of F1-values per Session 
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Lastly, I would like to mention the attempt to also collect objective competence data 

for this study. By obtaining written consent from all participants, I was able to get 

exam results from two different simultaneous interpreting exams. The first exam 

took place at the end of the first semester of testing and constituted  a “mock exam” 

where the students needed to simultaneously interpret a text from English into their 

L1. They were evaluated on the basis of the standard simultaneous interpreting 

evaluation sheet of the Master of Conference Interpreting that is also used in their 

final exam. An example is attached in the Appendix. The “mock exams” were not 

graded and are meant to help the participants to evaluate their own performance. 

The last exam constitutes the final exam of the course of studies and took place at 

the end of the fourth semester, the last semester of testing.  

As can be seen from an example sheet in the Appendix, the interpreting performance 

was divided into 4 sections. Section 1 covered the presentation of the interpreting 

performance, including points for pronunciation, intonation, completion of 

sentences, communicative competence, and fluency. Section 2 covered the content 

of the interpreting performance, containing completeness, sense, cultural 

competence, coherence, and monitoring. Section 3 dealt with the language during 

interpreting, covering grammar, syntax, and expression. Lastly, Section 4 covered 

whether or not the students successfully applied interpreting strategies, however, 

there was no specification as to which strategies needed to be applied. The examiner 

put crosses down for the respecting category in the columns “good”, “average” and 

“bad” performance. I initially planned to annotate the exam sheets and giving 3 

points for the category “good”, 2 points for the category “average” and 1 point for 

the category “bad” performance. Additionally, I decided to give 1.5 points when the 

examiner placed the cross between “bad” and “average” and 2.5 points when the 

examiner placed the cross between “average” and “good”. Unfortunately, there were 

several problems with the evaluation sheets. First of all, an error occurred during the 

transfer process from the lecturer that conducted the evaluation to the university’s 

examination office and as a result, I only received 8 out of 10 evaluation sheets. Two 

evaluation sheets could not be retrieved. Furthermore, not all students that 

participated in my study decided to take the final exam at the end of the fourth 

semester. Of 8 participants that remained in the study until the end of testing, only 4 
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took the final exam. Of one of these 4 participants, the initial exam at the end of the 

first semester was lost and no pre- and post-training evaluation could take place. This 

leaves me with objective competence data from three participants (P03, P04 and 

P07) that can be evaluated and is described in the following.   

As explained, I annotated the exam evaluation sheet according to the above 

mentioned grading system. Participants could obtain a maximum of 42 points. Table 

8 shows the summed points from the annotation of the initial and the last exam for 

P03, P04 and P07.  

 

Table 8: Overview of points from initial as well as last SI exam 

 Initial Exam Last Exam 

P03 40 19.5 

P04 37 39 

P07 27 25 

 

What is striking is that P04 is the only participant that showed a slight increase in 

interpreting competence. Her biggest gains lay in the improvements of translating 

the sense of what was uttered by the speaker as well as gains in cultural competence, 

expression, and application of interpreting strategies. P07 even performed slightly 

worse in her final exam, loosing points in applying interpreting strategies, syntax, 

grammar as well as all aspects of presentation. P03’s performance in the last exam 

was quite poor compared to her initial exam which led to P03 not passing the final 

exam at all. Although these results from only three participants are merely anecdotal 

and cannot be a part of the overall analysis, the have some interesting implications 

about interpreting competence that will be further expanded upon in the Discussion 

(Chapter 9).  
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8.2.2 Behavioural data 

 

For the behavioural data, reaction times as well as accuracy rates were analysed 

between the Experimental as well as the Control group at baseline level as well as for 

the longitudinal data of the Experimental group for all tasks. Accuracy rates were 

calculated by dividing the number of correct responses by the number of total 

responses. For the between-group comparison of reaction times at baseline level in 

all tasks, linear mixed models were calculated with reaction time as outcome 

variable, Group and Condition as predictor variables as well as Participant as random 

effect.  

 

8.2.2.1 Flanker task 

 

Baseline between-group comparison 

Reaction times for the Experimental and the Control group were compared at 

baseline level to see if there is an initial advantage in reaction times for the 

Interpreting group (Experimental group). A linear mixed model fitted with reaction 

time as outcome variable, Group and Congruency as predictor variables and 

Participant as random effect revealed no significant effect of Group on reaction time 

(p = 0.693, SE =1.765e-02). The effect of Congruency on reaction time was highly 

significant (p < 0.01, SE =1.975e-03) and showed a large effect size (f2 = 0.33) with the 

incongruent condition having significantly slower reaction times (see Figure 8). VIF-

values were equal to 1 and therefore did not indicate collinearity.   

Visual inspection of a Q-Q plot for the residuals showed that residuals deviated from 

normality. Therefore, the linear model was log-transformed to make the residuals 

more normally distributed. The log transformed linear model did not show 

remarkable differences to the original linear model. 
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Figure 8: Linear mixed model of between-group comparison of Flanker RT at Baseline 
 

After including an interaction term to see whether Condition is modulated by Group, 

results revealed a very small (f2< 0.01) but significant interaction of Condition and 

Group (p < 0.001, SE = 3.945e-03) that was driven by the incongruent condition, 

showing that the Experimental group displayed slower reaction times especially in 

the incongruent condition (see Figure 9). 

 

Figure 9: Interactions Group and Condition for reaction times at Baseline 

Mean reaction times of congruent and incongruent conditions for both groups as well 

as the differences between conditions for both groups and accuracy per condition 

are depicted in Table 9. A separate linear model for the effect of Group on reaction 

time in the congruent condition did not reveal a significant difference between 

groups (p =0.963, SE =1.843e-02), nor did a separate model for the incongruent 

condition (p =0.187, SE =0.02142).  
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Table 9: Descriptive statistics for Baseline between groups comparison 

 Experimental group Control group 

Mean congruent RT (in 

ms) 

0.417, SD = 0.078 0.416, SD =0.074 

Mean incongruent RT (in 

ms) 

0.541, SD = 0.098 0.513, SD = 0.084 

Difference (in ms) 0.124 0.097 

Overall accuracy 0.9530 0.956 

Accuracy congruent 0.9881, SD = 0.108 0.983, SD = 0.130 

Accuracy incongruent 0.8477, SD = 0.359 0.876, SD = 0.330 

 

Accuracy was compared between both groups by fitting a logistic regression model 

with Accuracy as the outcome variable, Group and Congruency as predictor variables 

and Participant as random effect to account for differences in accuracy between 

groups (see Figure 10). Results did not a show a significant effect of Group on 

accuracy (p = 0.517, SE = 0.11436) although the Experimental group decreased by -

0.06930 units. However, the effect of Congruency was large (f2 = 0.32) and highly 

significant (p < 0.01, SE = 0.12918), with incongruent condition decreasing by -

2.37387 units, showing that incongruent trials yielded significantly more error than 

congruent trials. The VIF-value was equal to 1 and therefore did not indicate 

collinearity.  

 

Figure 10: Linear mixed model of accuracy in Control and Experimental group at Baseline 
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The inclusion of an interaction term to see whether Congruency is modulated by 

group revealed a significant interaction between Group and Congruency (p = 0.0203, 

SE = 0.2636), showing that the Experimental group had lower accuracy in the 

incongruent condition (see Figure 11). The Group:Congruency interaction effect size 

was small (f2 = 0.01).  

The main effects of group in both RT and accuracy that do not show differences 

between groups at baseline correspond to previous studies that did not find an SI 

advantage in inhibition at baseline testing such as by Babcock et al. (2017), Dong & 

Liu (2016) and Rosiers et al. (2019). The main effects of Congruency in RT and 

accuracy, showing faster RT and higher accuracy for congruent than for incongruent 

trials also correspond to previous literature (see Verreyt et al. (2016), Luk et al. 

(2010), Dong & Xie (2014), van der Linden et al. (2018)). 

 

Figure 11: Interaction between Group and Condition for accuracy at Baseline 

 

Longitudinal results of Experimental group 

Figure 12 depicts the progression of the mean reaction time for the Experimental 

group across all sessions. Although reaction times of both conditions decrease 

steadily, reaction times of the incongruent condition always remain longer than 

reaction times in the congruent condition. 



 

199 
 

 

Figure 12: Progression of mean reaction time per session and condition 

 

This trend is confirmed by a linear mixed model fitted with reaction time as outcome 

variable, Session and Congruency as predictor variables and Participant as random 

effect. The effect of all Sessions on reaction time was significant (S2: p = 0.0129, SE = 

1.790e-03; S3: p < 0.01, SE = 1.793e-03; S4: p < 0.01, SE = 2.059e-03; S5: p < 0.01, SE 

= 1.929e-03). The overall effect size of Session was small (f2 = 0.02). Furthermore, the 

model showed a large (f2 = 0.36) and highly significant effect of Congruency on 

reaction times (p < 0.01, SE = 1.426e-03) with incongruent trials showing significantly 

longer reaction times (see Figure 13). The VIF-values for both Session and Congruency 

were equal to 1, not indicating any multicollinearity.  

Visual inspection of the residuals of the linear model fitted above showed deviation 

from normal distribution. Therefore, the linear model was log transformed to check 

whether this changes the effects. Only marginal changes were found after log 

transformation that did not alter the overall results. 
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Figure 13: Linear mixed model of reaction time progression across all sessions 

Moreover, an interaction term of congruency was added to the linear mixed model 

to test whether Condition influences how Session affects the reaction time, as 

depicted in Figure 14. Results showed significant interactions between all Sessions 

and Congruency, more specifically with incongruent trials, indicating that the effects 

on Session 2-5 on reaction time is different in the incongruent condition compared 

to the congruent condition (S2: p= 0.010955, SE = 4.280e-03; S3: p = 0.000529, SE = 

4.290e-03; S4: p = 0.002370, SE = 4.770e-03, S5: p < 0.01, SE = 4.512e-03). Results 

indicated that especially the RT in the incongruent condition decreased as Sessions 

progressed. The overall effect size of the Session:Condition interaction was small (f2 

< 0.01). 

 

Figure 14: Linear mixed model with congruency as interaction term 
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I additionally applied the emmeans() function in R that estimates marginal means for 

specified factors in linear models using emms <- emmeans(mixed_lm2, ~ Session * 

congruency) and the pairwise comparison of Conditions using emmeans(mixed_lm2, 

pairwise ~ congruency | Session). This way, I checked for the pairwise difference 

between the conditions across Session progression. Results showed that that the 

difference between conditions decreased as Session progressed, indicated by the 

coefficients in Table 11 and Table 10: 

 

Table 10: Difference between means per session 

Table 11: Emmeans per Session and Condition 

 

 

 

 

 

 

The values for the Flanker effect were obtained by calculating the difference of the 

mean reaction times between conditions per session. As depicted in Figure 15, the 

Flanker effect or more precisely the influence of the incongruent stimuli decreased 

Session1 estimate SE p-value 

contrast -0.125 0.0030 <.0001 

Session2    

contrast -0.114 0.00301 <.0001 

Session3    

contrast -0.110 0.00302  <.0001 

Session4    

contrast -0.110 0.00367  <.0001 

Session 5    

contrast -0.104 0.00333  <.0001 

Session1 emmeans SE 

congruent 0.417 0.00876 

incongruent 0.542 0.00905 

Session2   

congruent 0.415  0.00876 

incongruent 0.529  0.00904 

Session3   

congruent 0.412  0.00876 

incongruent 0.521  0.00904 

Session4   

congruent 0.398  0.00884 

incongruent 0.509  0.00923 

Session 5   

congruent 0.395  0.00880 

incongruent 0.498  0.00913 
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until Session 3, after which it slightly increased for Session 4, followed by another 

decrease after Session 5.  

 

Figure 15: Flanker effect across sessions 

As depicted in Figure 16 (left), accuracy initially increased but then reached a negative 

peak at Session 4, after which it increased again drastically. Taking a closer look, 

Figure 16 (right) shows that the congruent condition increased more drastically after 

baseline, while the negative peak in Session 4 as well as the drastic increase is 

mirrored in both conditions.  

 

Figure 16: Accuracy across sessions for the Flanker task 

 

A logistic regression model with Accuracy as outcome variable and Session and 

Condition as predictors revealed that Session 2 and Session 3 did not show significant 

effects on Accuracy (S2: p =  0.32584, SE = 0.11673; S3: p = 0.82080, SE = 0.11327), 

while Session 4 and Session 5 showed highly significant effect of Session on Accuracy 

(S4: p < 0.001, SE = 0.10716; S5: p = 0.00832, SE = 0.13186). The overall effect size 

of Session was small (f2 < 0.01). The effect of Congruency on Accuracy was medium-
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sized (f2 = 0.19) and highly significant (p < 0.001, SE = 0.07540) with the incongruent 

condition decreasing by -1.83165 units from the congruent condition, indicating 

significantly lower accuracy for the incongruent condition. VIF-values for both Session 

and Condition were equal to 1, not pointing towards collinearity.  

Adding an interaction term to see how Session modulates Condition (see Figure 17) 

revealed a marginally significant interaction for Session 2 (p = 0.0530, SE = 0.2735) 

and significant effects for Sessions 3 and 4 (S3: p = 0.0112, SE = 0.2629; S4: p < 0.001, 

SE =  0.2448). The effect size for the Session:Condition interaction was small (f2 = 

0.09). 

 

Figure 17: Interactions Condition and Session for accuracy 

 

The effect seemed to be driven by the incongruent condition, with accuracy 

increasing more in the incongruent condition than in the congruent condition over 

the course of testing as depicted by the estimated marginal means and the contrasts 

between conditions in Table 12 and Table 13. The massive decrease in accuracy in 

represented by the negative coefficient of Session 4 indicated in the interaction 

results in R (estimate: -1.9281, SE = 0.1978, p < 0.001). 
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Table 12: Estimated marginal means for accuracy across session and condition    

Table 13: Contrast of emmeans for accuracy across session and condition 

                        

 

The longitudinal results that RT in the Flanker task sped up over testing correspond 

to previous results of Babcock et al. (2017) who observed faster reaction times in the 

monitoring section of the Attention Network Task after 2 years of SI training. 

However, this effect was not SI specific, since all tested participant groups showed 

faster RT at the post-test compared to the pre-test. Similarly, Dong & Liu (2016) who 

used a Stroop task found faster RT across all groups after one semester of respective 

interpreting, translation or language training. This effect was therefore also not SI 

specific. 

The present results show that participants did increase their overall accuracy in 

reacting to congruent and incongruent trials indicated by the significant effect of S5 

on accuracy, an effect not observed in the longitudinal studies by Dong & Liu (2016) 

and Babcock et al. (2017). 

 

 

 

Session1 emmeans SD

congruent 4.42 0.1778

incongruent 1.72 0.0928

Session2

congruent 4.15 0.1555

incongruent 1.97 0.1018

Session3

congruent 3.91 0.1387

incongruent 1.87 0.0981

Session4

congruent 2.50 0.0867

incongruent 1.70 0.1104

Session5

congruent 4.45 0.2012

incongruent 2.18 0.1235

Session1 estimate SE p-value 

contrast 2706 0.201 <.0001 

Session2       

contrast 2177 0.186 <.0001 

Session3       

contrast 2039 0.170 <.0001 

Session4       

contrast 0.791 0.140 <.0001 

Session5       

contrast 2265 0.236 <.0001 
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8.2.2.2 Colour-shape switch task 

 

Baseline between-group comparison 

Between-group comparison of reaction times at baseline level for the colour-shape 

switch task (see Figure 18) did not reveal a significant effect of Group (p = 0.984, SE 

= 1.078e-01), indicating no initial advantage for the interpreting group in terms of 

overall reaction times. The effect of Condition was small (f2 = 0.02) but significant (p 

< 0.01, SE = 1.044e-02) with an increase of 1.158e-01 units for the switch condition, 

showing that the overall reaction time for switch trials were significantly larger than 

for repeat trials. Visual inspection of the residuals revealed that the data deviated 

from normality. Therefore, a log transformed linear model was fitted, which did not 

reveal substantially different results compared to the non-log transformed model. A 

VIF was calculated for this model; the VIFs for Group and Condition were equal to 1, 

indicating a low risk of collinearity. 

 

Figure 18: Linear mixed model of reaction times between groups at baseline 

In terms of interactions between Condition and Group, results did not show a 

significant interaction (p = 0.075, SE = 0.02106) with only a tendency for shorter 

reaction times in the switch condition for the Experimental group compared to the 

Control group (see Figure 19) 
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Figure 19: Interactions Group and Condition at baseline 

Taking a closer look at reaction times at baseline between groups, results show the 

following mean reaction times for switch and repeat conditions per group as well as 

switching costs (calculated as the difference between repeat and switch trials) and 

accuracy in Table 14. The Experimental group showed smaller switching costs at 

baseline than the Control group. 

 

Table 14: Descriptive statistics of both groups across Sessions in CSM 

 Experimental group Control group 

Mean switch RT (in ms) 0.745, SD = 0.406 0.773, SD = 0.478 

Mean repeat RT (in ms) 0.654, SD = 0.367 0.646, SD = 0.407 

Switching costs (in ms) 0.091 0.128 

Overall accuracy 0.868 0.928 

Accuracy switch 0.842, SD = 0.364 0.914, SD = 0.280 

Accuracy repeat 0.893, SD = 0.310 0.963, SD = 0.189 

 

Separate linear mixed models for repeat and switch conditions between groups 

revealed that there is no significant difference between groups in repeat trials (p = 

0.851, SE = 0.09577) or switch trials (p = 0.838, SE = 0.12502).  

Overall, accuracy was high for both groups, however, it differed significantly between 

the groups as indicated by a logistic regression model with Accuracy as response 
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variable and Group as predictor variable (p < 0.01, SE = 0.1033). This effect was small 

as indicated by Cohen’s f2 (f2 = 0.05). Accuracy in the Experimental group decreased 

by -0.8571, indicating that the Experimental group made significantly more errors at 

baseline than the Control group. Furthermore, the effect of Condition on accuracy 

was small (f2 = 0.03) but highly significant as well (p<0.01, SE =0.1024) with the switch 

condition decreasing by -0.6015 units, showing that significantly more errors were 

made in the switch condition (see Figure 20). The VIF for Group and Condition was 

equal to 1, indicating a low risk of multicollinearity. 

 

Figure 20: Logistic regression model for Accuracy at baseline between groups 

Checking for interactions between Group and Condition by adding an interaction 

term revealed a significant interaction (p = 0.0394, SE = 0.2166) that seems to be 

driven by the switch condition (see Figure 21). The effect size of the interaction was 

small (f2 = 0.02). 

 

Figure 21: Interaction Group and Condition at baseline 
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The result that there are no differences between groups in reaction times at baseline 

in the colour-shape switch task correspond to results by Babcock et al. (2017), Dong 

& Liu (2016) and Rosiers et al. (2019) who all applied the colour-shape switch task 

and did not find a difference in RT between groups at baseline testing. The finding of 

a main effect of Congruency on RT with switch trials having lower RT than repeat 

trials corresponds to relevant task switching literature (see e.g. Garbin et al. (2010), 

Baene et al. (2015), Prior & Gollan (2011), Declerck et al. (2017).  

The result that participants do differ in accuracy at baseline but that this difference 

is due to the interpreting group making more errors than the control group does 

contradict the findings by Rosiers et al. (2019) and Babcock et al. (2017) who did not 

find a difference in accuracy in the colour-shape switch task between groups, 

however, since the effect was driven by lower accuracy in the experimental group, 

no inherent advantage of the SI group at baseline is given. 

Longitudinal results of Experimental group 

Concerning the progression of the mean reaction time of the interpreting group that 

was tested longitudinally, Figure 22 shows that mean reaction time decreases 

steadily over the semesters, with mean switch reaction times always being slightly 

longer than mean repeat reaction times. 

 

Figure 22: CSM progression of mean reaction time for switch and repeat condition 

A linear mixed model (see Figure 23) with reaction time as outcome variable, Session 

and Condition as predictor variables as well as Participant as random effect shows 



 

209 
 

significant effects for all sessions (Session2: p < 0.01, SE = 9.771e-03, Session 3: p < 

0.01, SE = 9.461e-03, Session 4: p < 0.01, SE = 1.054e-02, Session 5: p < 0.01, SE = 

1.018e-02). The general effect size of Session was small as indicated by Cohen’s f2 (f2= 

0.07). Furthermore, the effect of Condition on reaction time was also small (f2 = 0.07) 

but highly significant (p < 0.01, SE = 6.270e-03) with the switch condition showing 

slower reaction times than the repeat condition. Plotting the residuals revealed that 

residuals are not normally distributed. To remedy this, the fitted linear model was log 

transformed, however, log transformation did not lead to meaningful changes in the 

model outcome. The VIF-values were equal to 1 for both Session and Condition which 

indicated that there is no collinearity between independent variables. 

 

Figure 23: Linear mixed model of reaction time across sessions 

Finally, Condition was added as an interaction term to the linear mixed model, to find 

out whether the effect of Session on reaction time is modulated by Condition (see 

Figure 24). 
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Figure 24: Interaction term in linear mixed model 
 

The linear mixed model only revealed a significant interaction with Session 2 (p 

=0.0254, SE =1.928e-02) that was driven by the switch condition, showing a greater 

difference in reaction times between congruent and incongruent condition in Session 

2 than Session 1 as indicated by pairwise comparison of estimated marginal means in 

Table 16 and Table 15. The effect size of the Session:Condition interaction was 

extremely small (f2 < 0.01). 

Table 15: Contrasts between means per session 

Table 16: Emmeans of each condition per session 

Session1 estimate SE p-value 

contrast -0.0893  0.0136 <.0001 

Session2    

contrast -0.1324  0.0137 <.0001 

Session3    

contrast -0.1043  0.0132 <.0001 

Session4    

contrast -0.0650  0.0154 <.0001 

Session5    

contrast -0.0800  0.0145 <.0001 

Session1 emmeans SE 

repeat 0.665  0.0467 

switch 0.755  0.0468 

Session2   

repeat 0.551  0.0467 

switch 0.683  0.0468 

Session3   

repeat 0.548  0.0466 

switch 0.652  0.0467 

Session4   

repeat 0.458  0.0471 

switch 0.523  0.0471 
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Behavioural switching costs were calculated per session for the longitudinally tested 

interpreting group based on the difference in reaction times between switch and 

repeat trials. As depicted in Figure 25, switching costs initially increased, then 

decreased and hit a negative peak at Session 4. 

 

 

Figure 25: Progression of behavioural switching costs across sessions 

 

As depicted in Figure 26, linear mixed model was fitted with switch costs as 

dependent variable, Session as predictor and Participant as random effect. The model 

did not reveal a significant effect of any Session switch costs (all p > 0.05). 

Session 5   

repeat 0.422  0.0469 

switch 0.502  0.0470 
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Figure 26: Linear mixed model of switch costs across all sessions 

As depicted in Figure 27, the overall accuracy of the interpreting group across the 

sessions increases drastically from Baseline to Session 2 but experiences a decrease 

at Session 3 after which it increases again for Session 4, followed by another slight 

decrease in Session 5.   

Figure 28 depicts the progression of accuracy for both conditions separately, showing 

a clear synchronicity between the conditions except for Session 5, where accuracy in 

repeat conditions increases while accuracy in the switch condition decreases. 

 

Figure 27: CSM overall accuracy across Sessions 
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Figure 28: Progression of accuracy across sessions for switch and repeat conditions 

 

By fitting a logistic regression model with Accuracy as the outcome variable and 

Session and Condition as predictor variables, the effect on Accuracy was analysed 

(see Figure 29). 

 

 

Figure 29: Linear mixed model for Accuracy across sessions 

Results revealed highly significant effect of all Sessions on Accuracy (S2: p < 0.001, SE 

= 0.12685; S3: p < 0.001, SE = 0.10374; S4: p < 0.001, SE = 0.15147; S5: p < 0.001, SE 

= 0.12766). The main effect size of Session was small (f2 = 0.08). Furthermore, the 

effect of Condition on Accuracy was also small (f2 = 0.03) but highly significant (p < 

0.001; SE = 0.08301), showing significantly lower accuracy for the switch condition. 
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The VIF-values for Session and Condition were equal to 1 and did not indicate any 

sign of multicollinearity. Adding an interaction term to see whether Condition is 

modulated by Session, the model only revealed a significant interaction for Session 5 

(p < 0.01, SE = 0.29822) with the switch condition showing a decreased accuracy 

compared to the repeat condition (see Figure 30). The overall effect size of the 

Session:Condition interaction was small (f2 = 0.03). 

 

Figure 30: Interactions of Session and Condition across Sessions 

 

The results that participants significantly decreased their overall RT across sessions 

until the end is consistent with the results by Dong & Liu (2016) and Babcock et al. 

(2017), who both used the colour shape switch task and found that participants had 

become faster after their respective training. However, as already mentioned in the 

Flanker task section, this effect occurred for all participant groups and was therefore 

not SI specific.   

Although Figure 25 shows a numerical decrease of switch costs until Session 4, the 

linear mixed model did not reveal a significant effect of Session. This contradicts the 

findings by Dong & Liu (2016), who found that the interpreting groups showed 

significant gains in switch costs, therefore decreasing their switch costs significantly. 

The present finding that accuracy increased across testing contradicts the results by 

Dong & Liu (2016) and Babcock et al. (2017), who did not find an increase in accuracy 

at the post-test. 

 



 

215 
 

8.2.2.3 2-back 

 

Baseline between-group comparison 

Mean reaction time for the Control group was slightly lower than for the Control 

group with 0.581235ms (SD = 0.2602899) and 0.6024996ms (SD = 0.2271982) for the 

Experimental group. To test whether there is a significant effect of Group on reaction 

times, a linear mixed model with reaction time as outcome variable, Group as 

predictor variable and Participant as random effect was fitted (see Figure 31). Since 

the 2-back task required the participants only to press a button when they 

encountered a matching trial, only the match condition was included. Results 

revealed no significant difference in reaction time between groups (p = 0.801, SE = 

0.04487) in the match condition (see Figure 31). However, as confirmed by a Q-Q plot 

and a Shapiro-Wilk test, residuals are not normally distributed. After log transforming 

the data to approach normal distribution, the results of the linear model did not differ 

from the original linear mixed model. 

 

Figure 31: Linear mixed model for between-group differences in reaction times 2-back task 

 

Table 17 includes mean reaction times of the match condition for both groups as well 

as the accuracy of match and the no-match condition. 
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Table 17: Descriptive statistics for Experimental and Control group 

 Experimental group Control group 

Mean match RT (in ms) 0.602, SD = 0.227 0.581, 0.260 

Overall accuracy 0.930, SD =0.256 0.889, SD = 0.314 

Accuracy match 0.862, SD = 0.345 0.782, SD = 0.413 

Accuracy no-match 0.961, SD = 0.193 0.940, SD = 0.238 

 

A logistic regression model with Accuracy as outcome variable and Group and 

Condition as predictors was fitted to account for possible differences in accuracy 

between groups (see Figure 32). Results revealed a small (f2 = 0.02) but significant 

effect of Group (p <0.001, SE = 0.09387) with an increase of the coefficient for the 

Experimental group by 0.52065 units, indicating a significantly higher accuracy for the 

Experimental group at baseline compared to the Control group. Furthermore, the 

effect of Condition was medium-sized (f2 = 0.16) and significant (p < 0.001, SE 

=0.09166) with an increase by 1.43631 units for the no-match coefficient, indicating 

significantly higher accuracy for the no-match condition. There was no significant 

interaction between Condition and Group (p = 0.664; SE = 0.19106). VIF-values for 

both Condition and Group were equal to 1, not indicating any collinearity. 

 

Figure 32: Logistic regression model for between-group comparison of accuracy in 2-back task 

 

The results that there is no significant difference in RT between groups at baseline 

for the 2-back task correspond to results by Babcock et al. (2017) who did not find a 
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difference between groups at baseline in two working memory measures and to 

results by Rosiers et al. (2019) and Dong & Liu (2016) who did not find a difference in 

RT between groups for the 2-back task at baseline testing. The result that accuracy 

was significantly higher for the Experimental group than for the control group at 

baseline contradicts the results by Rosiers et al. (2019) who did not find a difference 

between groups at baseline for accuracy in the 2-back task. The finding that the no-

match condition was characterized by significantly higher accuracy corresponds to 

relevant 2-back literature such as by van der Linden et al. (2018) and Szmalec et al. 

(2011). 

Longitudinal results of Experimental group 

For the progression analysis of the Experimental group, Figure 33 depicts boxplots of 

the reaction times in the match condition across all five sessions. The mean reaction 

time seems to decrease over the course of testing. 

 

Figure 33: Boxplot of reaction times of match condition across sessions in 2-back task 

To statistically confirm this observation, a linear mixed model was fitted with reaction 

time as outcome variable, Session as predictor and Participant as random effect (see 

Figure 34). Although results showed no significant effect of Session 2 on reaction time 

(p = 0.808033, SE = 1.078e-02), Session 3, Session 4 and Session 5 showed highly 

significant effects (S3: p = 0.000825, SE = 1.074e-02; S4: p = 0.001671, SE = 1.207e-

02; S5: p < 0.001, SE = 1.145e-02) along with negative coefficients for all sessions. A 
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Q-Q plot of the residuals showed that the residuals are not normally distributed. 

Therefore, a log transformed linear mixed model was fitted. The results of the log 

transformed model did not differ greatly from the results of the previous linear mixed 

model. 

 

Figure 34: Linear mixed model for experimental group reaction times across sessions in 2-back task 

 

Overall accuracy increased over the course of testing, as depicted in Figure 35. Taking 

a more differentiated look at accuracy in Figure 36 shows that accuracy in the match 

condition initially even decreases for Session 2 and then increased drastically, while 

accuracy for the no-match condition increased consistently and less drastically. 

 

Figure 35: Overall accuracy across sessions for 2-back task 
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Figure 36: Accuracy for match and no-match condition across sessions for 2-back task 

 

A logistic regression model with Accuracy as outcome variable and Session and 

Condition as predictors showed that effect of Session 2 was not significant (S2: p = 

0.1223, SE = 0.11075), the effect of Session 3 was marginally significant (p = 0.0517, 

SE = 0.11188) and the effects of Session 4 and 5 were highly significant (S4: p < 0.001; 

SE = 0.14209; S5: p < 0.001, SE = 0.13633). The overall effect size of Session was small 

(f2 = 0.02). The effect of Condition on accuracy was medium sized (f2 = 0.2) and highly 

significant (p < 0.001, SE = 0.08612) with the no-match condition increasing by 

1.73951 units compared to the match condition, showing that the match condition 

has significantly lower accuracy. VIF-values for Session and Condition were both 

equal to 1, excluding the possibility of multicollinearity.  

Adding an interaction term to check for interactions between Session and Condition 

(see Figure 37) revealed significant interactions for Session 2 and Session 3 (S2: p = 

0.0042, SE = 0.24068; S3: p = 0.0288, SE = 0.23835). The effect size of the 

Session:Condition interaction was small (f2 = 0.01). 
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Figure 37: Interactions between Condition and Session for accuracy 

 

The result that participants in the SI group significantly decreased their reaction times 

across sessions and became faster until Session 5 corresponds to the results by Dong 

& Liu (2016) who found that the SI group and not the bilingual control group 

improved their reaction times after training. The result that accuracy also increased 

over the course of testing, especially the significant increase in both condition in 

Session 4 and 5 corresponds to findings by Babcock et al. (2017) who found a 

numerical decrease of errors for the SI group and the control group. 

 

 

 

8.2.2.4 3-back 

 

Baseline between-group comparison 

In the 3-back task, the linear mixed model to compare the two groups in reaction 

times at baseline level in the match condition did not reveal a significant effect of 

Group on reaction time (p = 0.177, SE = 0.05697), although the coefficient of the 

Experimental group did show an increase by 0.07981 units compared to the Control 

group (see Figure 38). A Shapiro-Wilk normality test revealed that residuals deviated 

from normality (p < 0.001; W = 0.96573). After fitting a log transformed linear model 

to normalize data distribution, results did not differ substantially from the previous 

linear mixed model. 
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Figure 38: Linear mixed model of between-group comparison of reaction time at baseline for 3-back 
task 

Mean reaction times per condition as well as the accuracy for both groups and 

conditions at baseline are depicted in Table 18. A binominal linear model with 

Accuracy as outcome variable, Group and Condition as predictor variables and 

Participant as random effect (see Figure 39) reveals no effect of Group on Accuracy 

(p = 0.41, SE = 0.07982) and a highly large (f2 = 0.5) and significant effect of Condition 

on accuracy with an increase of the no-match coefficient by 2.76352 units, showing 

that significantly more errors were made in the match condition (p < 0.001, SE = 

0.09079). There was no indication for collinearity between the predictors as revealed 

by the VIF-values that were equal to 1 for both Group and Condition. No significant 

interaction effect could be observed (p = 0.164, SE =0.185). 

Table 18: Descriptive statistics for Experimental and Control group in 3-back task 

 Experimental group Control group 

Mean match RT (in ms) 0.686, SD = 0.290 0.588, SD = 0.259 

Overall accuracy 0.854, SD = 0.353 0.848, SD = 0.359 

Accuracy match 0.608, SD = 0.488 0.608, SD = 0.488 

Accuracy no-match 0.966, SD =0.181 0.957, SD =0.204 
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Figure 39: Between-group comparison of accuracy in the 3-back task 

 

The findings that there was no significant group-difference in reaction times and 

accuracy at baseline for the 3-back task correspond to the findings by Dong & Liu and 

Rosiers et al. (2019) who used a 2-back task but did not find a significant difference 

between groups at baseline and to the findings by Babcock et al. (2017) who did not 

find a difference between groups in two different working memory measures. The 

findings that the no-match condition showed significantly higher accuracy than the 

match condition corresponds to relevant n-back task literature such as by van der 

Linden et al. (2018) and Szmalec et al. (2011). 

 

 

Longitudinal results of Experimental group 

Figure 40 shows the progression of mean reaction time across sessions, where it 

becomes apparent that mean reaction times decrease over the course of interpreting 

training and reaction times become shorter overall. 



 

223 
 

 

Figure 40: Progression of reaction time in match condition across sessions 

To test the effect of Session on reaction time, a linear mixed model for the match 

condition was fitted with reaction time as outcome variable, Session as predictor and 

Participant as random effect. Results revealed significant effects of all Sessions but 

Session 2 (S2: p = 0.186, SE = 0.016; S3: p = 0.000192, SE = 0.01590; S4: p < 0.001, SE 

= 0.01782; S5: p < 0.0001, SE = 0.01693) and all Sessions did show negative 

coefficients (see Figure 41). Residuals revealed a non-normal distribution, which is 

why a log transformed linear model was fitted. Overall, log transformed results did 

not differ from the results of the original linear mixed model, only Session 2 showed 

a p-value that is now approaching significance (p = 0.069, SE = 0.02431). Results for 

the other log transformed Sessions continued to show very high significance as in the 

original model. 
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Figure 41: Linear mixed model for progression of reaction time across sessions for the 3-back task 

As can be seen in Figure 42, overall accuracy increased steadily until Session 4, after 

which it decreased slightly. However, it becomes apparent in Figure 43 that accuracy 

in the match condition is not much lower in the 3-back task than in the 2-back task 

and furthermore, that while accuracy in the match condition increases consistently 

until the end of testing, accuracy in the no-match condition is more unstable. 

 

Figure 42: Overall accuracy in the 3-back task across sessions 
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Figure 43: Accuracy in the 3-back task in both conditions across sessions 

 

To test the effect of Session and condition on Accuracy, a logistic regression model 

with Accuracy as outcome variable and Session and Condition as predictors was 

fitted. Results showed no significant effects for Session 2 and 3 (S2: p = 0.8247, SE = 

0.08430; S3: p = 0.5150, SE = 0.08468) but significant effects for Session 4 and 5 on 

Accuracy (S4: p = 0.0181, SE = 0.09555; S5: p = 0.0281, SE = 0.09152). The overall 

effect size of Session was very small (f2 < 0.01). Finally, Condition had a significant 

effect on Accuracy (p < 0.001, SE = 0.06733) that was large in size (f2 = 0.52), with an 

increase of the coefficient of the no-match condition by 2.82708 units, showing that 

the match condition had significantly lower accuracy compared to the no-match 

condition. There was no indication of collinearity between predictors as confirmed 

by VIF-values equal to 1 for both Session and Condition. Interactions between Session 

and Condition were not significant (all p > 0.05). 

The result that participants in the SI group significantly decreased their reaction times 

across sessions and became faster until Session 5 corresponds to the results by Dong 

& Liu (2016) who found that the SI group and not the bilingual control group 

improved their reaction times after training. The result that accuracy also increased 

over the course of testing, especially the significant increase in both conditions in 

Session 4 and 5 corresponds to findings by Babcock et al. (2017) who found a 

numerical decrease of errors for the SI group and the control group. The highly 

significant effect of Condition on Accuracy with the match condition showing lower 
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accuracy corresponds to relevant n-back task literature (see van der Linden et al. 

(2018) and Szmalec et al. (2011)). 

 

8.2.2.5 2-back vs. 3-back task 

 

Lastly, reaction times and accuracy across sessions were compared between the 2-

back and the 3-back task for the interpreting group. Initially, a linear mixed model 

with reaction times as dependent variable and Session and Task (2-back/3-back) and 

Participant as random effect was fitted. Data was not normally distributed, which is 

why a log-transformed linear mixed model with the same variables was fitted and 

used for calculations (see Figure 44). Results showed a significant main effect of 

Session, with all Sessions showing significant effects on the reaction time except 

Session 2, which only displayed a marginally significant effect on reaction time (S2: p 

=0.055; SE = 0.01444; S3: p < 0.001, SE = 0.01436; S4: p < 0.001, SE = 0.01596; S5: p > 

0.001; SE = 0.01523). The overall effect size of Session was small as indicated by 

Cohen’s f2 (f2 = 0.02). Furthermore, there was a small (f2 = 0.02) but significant main 

effect of task (p < 0.001; SE = 0.01082) with the coefficient of the 3-back task 

increasing by 0.10508 units, showing slower reaction times for the 3-back task than 

for the 2-back task. VIF-values for both Session and Task were equal to 1 and did not 

indicate any collinearity. 

 

Figure 44: Linear mixed model of the reaction times of the 2-back and the 3-back task 
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Adding an interaction term revealed a small (p < 0.01) but significant interaction for 

Session 4 (p = 0.014, SE = 0.03216) where the 3-back task seemed to decrease more 

compared to the 2-back task (see Figure 45). 

 

Figure 45: Interaction model of reaction times in 2-back and 3-back tasks 

 

In terms of accuracy, a logistic regression model was fitted with Accuracy as 

dependent variable and Task and Session as independent variables (see Figure 46). 

Results revealed a medium-sized (f2 = 0.16) and highly significant main effect of Task 

(p < 0.001; SE = 0.058496) with the 3-back task showing significantly lower accuracy 

than the 2-back task. In terms of the main effect of Session on accuracy, only Session 

4 and Session 5 did show significant effects (S2: p = 0.9346; SE = 0.079485; S3: p = 

0.3307, SE = 0.079805; S4: p = 0.0015; SE = 0.090808; S5: p < 0.001, SE = 0.087440) 

and the overall effect size of Session was very small (f2 < 0.01). The VIF-values for 

Session and Task were both equal to 1, not indicating any collinearity between 

predictors. 

 

Figure 46: Logistic regression model of accuracy in 2-back and 3-back task across sessions 



 

228 
 

Adding an interaction term revealed only a significant interaction of Session and 

Accuracy in Session 4 (p = 0.04600, SE = 0.20680) with the 2-back task increasing more 

in Session 4 than the 3-back task (see Figure 47). The effect size of the Session:Task 

interaction term was small f2 = 0.01. 

 

Figure 47: Interaction model of accuracy in 2-back and 3-back comparison across sessions 

 

The result of longer reaction times and lower accuracy for the 3-back than for the 2-

back task corresponds to relevant n-back literature (Jaeggi et al. 2010) explaining that 

processing load can be varied with increasing N, so 3-back requires more cognitive 

processing than the 2-back task, more specifically different processes of inhibition 

and working memory updating. Furthermore, the results correspond to findings such 

as by Morales et al. (2015) that found that 2-back task was easier to perform than the 

3-back task. 

 

8.2.3 ERP data 

 

For the Flanker task, the ERP component N200 that has been related to inhibition and 

monitoring processes (see Section 8.1.2) was examined. A fronto-central AOI of the 

electrodes f1, fz, fc1, fcz was selected and analysed within the time window of 200-

400ms based on literature listed in Section 8.1.2. 

The focus of the colour-shape switch task lay on the ERP components P300 and N200. 

The P300 component has been related to mental flexibility, working memory 
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updating and monitoring (see Section 8.1.2). Based on literature listed in Chapter 

8.1.2, a fronto-parietal AOI of the electrodes cz, cp1, cpz and p1 was selected and 

analysed within the P300 time-window 280-400ms. For the N200 time window 200-

320ms, a frontal AOI of the electrodes fz, fcz and cz was selected.  

For the 2-back and 3-back tasks, the P300 ERP component was examined.  

 

8.2.3.1 Flanker task 

 

Initially, voltages of the Experimental group and Control group were compared at 

baseline within the respective N200 time window by fitting a linear mixed model with 

Voltage as outcome variable, Group and Condition as predictor variables and 

Participant as random effect (see Figure 48). Data was normally distributed as 

indicated by a Shapiro-Wilk test (p = 0.06318, W = 0.97356). Results indicated no 

significant effect of Group on Voltage (p = 0.995, SE = 1.176029). This result 

corresponds to previous studies that did not find a behavioural difference between 

groups at baseline in tasks that target the inhibitory executive functions (see Dong & 

Liu (2016), Babcock et al. (2017), Rosiers et al. (2019)). Furthermore, there was no 

significant effect of Congruency on voltage (p = 0.574, SE = 0.245804). Adding an 

interaction term to check for an interaction of Group and Condition did not reveal a 

significant effect (p = 0.647, SE = 1.35648). This result contradicts the hypothesis 

based on N200 literature that assumed more negative voltage for the incongruent 

condition in the N200 time-window (see Wild-Wall et al. (2008), Johnstone et al. 

(2009), Kousaie & Phillips (2012), Grundy et al. (2017b)). However, based on these 

results, the interpreter group did not show an initial advantage in inhibition or 

monitoring abilities over the Control group at baseline. VIF-values for both Condition 

and Group were equal to 1, excluding the possibility of multicollinearity. 
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Figure 48: Linear mixed model of between-group comparison of voltage at baseline

 

Figure 48: Linear mixed model of between-group comparison of voltage at baseline 

Table 19 shows mean voltage as baseline for both groups per condition as well as the 

Flanker interference values at baseline. Two more linear models were fitted to 

analyse the effect of the congruent and incongruent condition on Voltage separately. 

There was neither a significant effect of Group on Voltage in the congruent condition 

(p =0.790, SE = 1.12707), nor in the incongruent condition (p =0.772, SE =1.0888). 

Table 19: Descriptive statistics for both groups and conditions at baseline for Flanker 

 Experimental group Control group 

Mean voltage  

congruent 

0.024009, SD =2.81738 0.3284109, SD = 2.344885 

Mean voltage 

incongruent 

0.4935449, SD = 2.267134 0.1698827, SD = 2.689779 

Flanker 

interference 

-0.4695359 0.1585282 

 

Figure 49 shows the ERPs in the N200 time-window for the simultaneous interpreting 

group across all sessions. Amplitudes that resemble a relatively late N200 component 

can be detected. 
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Figure 49: Flanker ERPs of interpreting group across sessions 

In the form of a topographical 2D-map of the scalp, Figure 50 shows the distribution 

of the averaged voltage at the time window 200-400ms after stimulus onset on the 

scalp per session and per condition. Interesting for the inhibition process are 

especially the fronto-central electrodes that are associated with the executive 

function of inhibition and monitoring. As indicated by the blue colour, voltages in the 

frontal region become slightly more negative, especially in the incongruent condition. 

Session 1 (Baseline) Session 2 Session 3 

Session 4 Session 5 
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Figure 50: Topoplots Flanker task 
 

The progression of mean voltage in the N200 time-window is depicted in Figure 51. 

Mean voltage especially in the incongruent condition seems to decrease until Session 

3 where it hits a negative peak. Subsequently, mean voltage increases again for 

Session 4, followed by a slight decrease for Session 5. 
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Figure 51: Progression of mean voltage within N200 time-window across sessions per condition 

A linear mixed model with Voltage as outcome variable, Session and Condition as 

predictor variables and Participant as random effect was fitted to test the influence 

of Session and Condition on voltage. Data showed normal distribution as indicated 

by a Shapiro-Wilk test (p = 0.4419; W = 0.97389). The results of the model are 

depicted in the following Figure 52: 

 

Figure 52: Linear mixed model of voltage across sessions in N200 time-window of Flanker task 

Although the linear mixed model in general mirrors the trends of the mean voltage 

progression depicted in Figure 51, no effect of Session was significant. (S2: p= 0.857, 

SE = 0.38105; S3: p = 0.141, SE = 0.47626; S4: p = 0.675, SE = 1.75289; S5: p = 0.818; 

SE = 1.81166). The fixed effects coefficients show a slight increase by 0.07037 units 

for Session 2 to Baseline, a decrease by -0.76178 units for Session 3, an increase by 

0.76086 units for Session 4 and an increase by 0.43168 units for Session 5. 
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Interestingly, the effect of Congruency was not significant either (p = 0.420, SE = 

0.13220) although the fixed effects coefficient shows a decrease by -0.10741 units 

for the incongruent condition. The VIF values for both Session and condition were 

equal to 1, indicating that no collinearity is present.   

Additionally, after adding an interaction term to see if Congruency is modulated by 

Session, results did only show a significant interaction of Session 3 and Congruency 

(p = 0.00272; SE = 0.36301). The effect seemed to be driven by the incongruent 

condition, showing that voltage decreased more drastically in the incongruent 

condition at Session 3 compared to the congruent condition (see Figure 53). The 

effect size of the Session:Condition interaction was small (f2 = 0.01). 

The lack of effect of Session on Voltage across the time of testing and therefore also 

the lack of evidence that participants improved their interference suppression 

abilities over SI training corresponds to van de Putte et al. (2018), who did not find a 

behavioural improvement in inhibitory control after 9 months of training.   

 

 

Figure 53: Interactions for Session and Congruency across Sessions 

 

Concerning the electrophysiological Flanker interference effect, Figure 54 shows that 

the difference between condition increases until Session 3, after which it decreases 

again. 
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Figure 54: Electrophysiological Flanker interference effect across sessions 

 

Finally, the peak latency within the N200 time-window in the Flanker task was 

analysed by computing the most negative peaks for both conditions in the N200-

window. It becomes apparent in Figure 55 that the incongruent condition always 

shows longer latencies compared to the congruent condition. Furthermore, latencies 

increase steadily for the incongruent condition, while latencies for the congruent 

condition initially decrease drastically until Session 3 and then slightly increase until 

Session 4 which is followed by a plateau. 

 

Figure 55: Peak latency Flanker in N200 time-window 
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A log transformed linear model revealed no significant effects of Session on latency 

(all Session p > 0.05) but a small- to medium-sized (f2 = 0.08) and significant effect of 

Congruency (p = 0.005, SE = 0.031) with an increase of the incongruent condition by 

0.08782 units, showing significantly higher latencies for the incongruent condition. 

This corresponds to findings in relevant ERP-literature that associate longer latencies 

with more processing effort which is given in the incongruent condition in 

comparison with congruent conditions (see Cespón & Carreiras (2020)).  

VIF-values for Session and Condition were equal to 1 and did not reveal any sign of 

collinearity. Including an interaction term to check for an interaction between 

Congruency and Session did not reveal significant results (all p > 0.05). 

To depict the effect that participant variability might have had on the results of the 

longitudinal analysis, Figure 56 presents the progressions of mean voltage per 

participant and condition. Although there seems to be a trend for a negative peak at 

Session three as it can be seen in Figure 51, Figure 52 and Figure 53, variability 

between participants is high. 

 

Figure 56: Mean voltage across Sessions for all participants and conditions 
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8.2.3.2 Colour-shape switch task 

 

P300 time-window  

For the P300 time-window, Table 20 depicts mean voltage in both conditions per 

group as well as the switching costs as baseline, showing on the one hand that the 

mean voltage in the P300 time-window was more negative for the switch condition 

than the repeat condition and that the mean voltage in the P300 time-window was 

lower for the control group than for the experimental group in both conditions.  

Table 20: Mean voltage in switch and repeat condition per group for the colour-shape switch task in the P300 
time-window 

 Experimental group Control group 

Mean voltage switch 

P300 

0.2285498, SD =1.3293

   

-0.6886222, 

SD=0.9682297 

Mean voltage repeat 

P300 

0.4580216, SD =1.314701 -0.06820417, 

SD=0.9137492 

Switching costs P300 0.2294718 0.620418 

 

Voltages within the P300 time-window of the Experimental group and the Control 

group were compared at baseline level by means of a linear mixed model with 

Voltage as outcome variable, Group and Condition as predictor variables and 

Participant as random effect. Data was normally distributed as indicated by a Shapiro-

Wilk test (p =0.6214 ; W = 0.97969). Results are depicted in Figure 57 and indicated 

small- to medium sized (f2 = 0.1) significant effect of Group (p =0.0393, SE = 0.3389) 

with Control group decreasing by -0.7217 units, indicating that the Control group 

showed significantly lower voltages than the Experimental group. Although the 

switch condition decreased by -0.4427 units, the effect of Condition was not 

significant (p = 0.1969, SE = 0.3375). The VIF values for Group and Condition were 

equal to 1, excluding the possibility of multicollinearity between variables. An 

interaction term was fitted to see whether Condition is modulated by Group, 

however, there was no significant interaction (p = 0.571; SE = 0.6834). 
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Figure 57: Linear mixed model P300 component Experimental vs. Control group 
 

The finding that there was a significant effect of group with the control group showing 

significantly lower voltages than the Experimental group contradicts previous studies 

that did not find a behavioural difference between groups at baseline in the colour-

shape switch task (Babcock et al. (2017), Dong & Liu (2016) and Rosiers et al. (2019)). 

For the Simultaneous interpreters, amplitudes resembling the P300 component are 

depicted in Figure 58 for all Sessions: 

 

 

 

 

 

Figure 58: P300 ERPs for CSM (all sessions) 

Session 1 (Baseline) Session 2 Session 3 

Session 4 
Session 5 
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Depicted in a 2D topographical map, Figure 59 shows the distribution of the averaged 

voltage at the time window 280-400ms after stimulus onset on the scalp per session 

and per condition. For the executive function of task switching as well as the P300 

component distribution, central and parietal regions are relevant. By visual 

inspection it can be seen that voltage in these regions becomes more positive 

especially for the switch condition over the course of interpreting training. 

 

Figure 59: Topoplots colour-shape switch task P300 time-window 

 

The progression of mean voltage for the Experimental group (see Figure 60) for 

switch and repeat conditions in the P300 time window shows a steady increase for 
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both conditions from baseline and peak of mean voltage at Session 4, followed by a 

decline of mean voltage almost back to baseline. 

 

Figure 60: Progression of mean voltage in P300 time window 

 

This trend is confirmed by a linear mixed model (see Figure 61) fitted with Voltage as 

dependent variable, Session and Condition as predictor variables and Participant as 

random effect. Data showed a normal distribution as indicated by a Shapiro-Wilk test 

(p = 0.1066; W = 0.9763). While the effect of Session 2 is not significant (p =0.08058, 

SE =0.3403), the effect of Session 3 and 4 on voltage are significant (S3: p =0.04076, 

SE =0.3295; S4: p =0.03796, SE = 0.3704). The effect of Session 5 on Voltage is not 

significant (p =0.45043, SE =0.3543), unsurprisingly so since voltage seems to return 

almost back to baseline. Overall, the variable of Session shows a small effect as 

indicated by the Cohen’s f2 (f2 = 0.05). The effect of Condition is small (f2 = 0.07) but 

highly significant (p =0.00308, SE = 0.2221) with switch condition decreasing by -

0.6799 units, showing that the switch condition is significantly more negative than 

the repeat condition. The VIF for both Session was equal to 1, indicating that the 

independent variables do not show multicollinearity. Integrating an interaction term 

of Condition in the linear mixed model to examine how the effect of Session on 

Voltage changes depending on Condition yielded non-significant results for all 

sessions (all p>0.05). 
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Figure 61: Linear mixed model P300 across sessions 

 

The finding that the effect of Session 5 on voltage did not reveal a significant result 

contradicts the findings from the behavioural data as well as previous behavioural 

studies that found a improvement in task switching performance at the end of a 

longitudinal testing design (see Dong & Liu (2016) and Babcock et al. (2017)). The 

significant main effect of Condition on Voltage with the repeat condition showing 

more positive voltage than the switch condition corresponds to relevant P300 task 

switching literature (see e.g. López Zunini et al. (2019), Chen et al. (2022), Periáñez & 

Barceló (2009), Cespón & Carreiras (2020)). 

A linear mixed model was fitted with switch costs per participant as dependent 

variable, Session as predictor and Participant as random effect. The linear model did 

not reveal any significant results of Session on switch costs which corresponds to the 

behavioural findings but contradicts findings from previous behavioural studies such 

as by Dong & Liu (2016). The progression of electrophysiological switching costs is 

depicted in Figure 62: 
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Figure 62: Electrophysiological switching costs P300 across sessions 

 

To analyse peak latency for the colour-shape switch task, the most positive peaks 

within the P300 time-window were computed for both conditions across all sessions. 

Figure 63 shows great variability in latencies for both conditions. While latencies 

initially decreased for both conditions, latency of the repeat condition decreased 

further until Session 3, which is followed by an increase for Session 4 and another 

decrease for Session 5. After the initial decrease of the switch condition, latency 

increased again for Session 3 which is then followed by a sharp decrease for Session 

4, the counter development of the repeat condition at this time-point. Latency of the 

switch condition then seems to remain steady for Session 5.  

 

Figure 63: Peak latency for colour-shape switch task in P300 time-window 
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A linear mixed model was fitted to test the effect of Session and Condition on latency. 

Data was normally distributed. Although the regression coefficients indicate a 

decrease in latency across Sessions (see Figure 64), results revealed no significant 

effects of Session (all Session p > 0.05). The effect of Condition however was small (f2 

= 0.05) but significant (p = 0.024, SE = 5.492) with the switch condition regression 

coefficient increasing by 12.695 units, showing significantly longer latencies for the 

switch condition compared to the repeat condition. This corresponds to findings from 

relevant P300 task switching literature that associates switch trials with longer P300 

latencies than repeat trials (see Céspon Carreiras (2020)). No collinearity was 

detected for the predictors Session and Condition indicated by VIF-values equal to 1. 

Interactions between Condition and Session did not show significant results (all p > 

0.05). 

 

Figure 64: Linear mixed model of peak latency for colour shape switch task in P300 time-window 

 

While no effect of Session on latency was found, the effect of Condition on Voltage 

was significant which corresponds to findings from relevant P300 task switching 

literature that associates switch trials with longer P300 latencies than repeat trials 

(see Céspon Carreiras (2020)). 

N200 time-window 

Voltages for the N200 time-window at baseline were compared between the 

Experimental and the Control group by means of a linear model with Voltage as 

outcome variable, Group and Condition as predictor variables and Participant as 
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random effect (see Figure 65). Data was normally distributed as indicated by a 

Shapiro-Wilk test (p =0.6198, W =0.97965). Results revealed a small (f2 = 0.09) but 

significant effect of Group (p = 0.00779, SE = 0.3957) with Control group decreasing 

by -1.1245 units, showing that the Control group displayed significantly lower 

voltages than the Experimental group. The effect of Condition was not significant (p 

= 0.55857, SE = 0.3819), despite a slightly negative coefficient for switch condition (-

0.2259). The VIF for Group and Condition was equal to 1, revealing no sign of 

multicollinearity. There was no significant interaction between Group and Condition 

(p = 0.353; SE = 0.7683) 

 

Figure 65: Linear mixed model for between-group analysis in N200 time window 
 

As depicted in Table 21, the Experimental group showed lower switching costs at 

Baseline compared to the Control group. Linear mixed models that analysed the 

effect of Group on Voltage separately for switch and repeat conditions revealed that 

there was no effect of Group on Voltage in the repeat condition (p = 0.238, SE 

=0.5271) despite a negative correlation for the Experimental group (-0.613). 

Furthermore, there was only a moderately significant effect of Group on Voltage in 

the switch condition (p =0.0832, SE =0.75640). 

Table 21: Mean voltage in switch and repeat condition per group N200 time-window 

 Experimental group Control group 

Mean voltage switch 

N200 

-0.083807, SD =2.5885

   

-1.420941, SD =1.849674 
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Mean voltage repeat 

N200 

-0.253517, SD =1.862124 -0.865414, SD =1.242109 

Switching costs N200 -0.16971 0.5555275 

 

The finding that the Control group displayed significantly lower voltages than the 

Experimental group corresponds to the findings for the P300 component, where 

more negative voltage was also found, indicating more resource allocation to 

attention switching, stimulus categorization and working memory updating (see 

Daffner et al. (2010) and Polich (2007), Cespón & Carreiras (2020) Morrison & Taler 

(2020)), actually speaking for a pre-existing advantage of the SI group. However, as 

already mentioned, the lower voltages in the N200 and P300 time-windows coincided 

with lower accuracy in the Experimental group. 

For the Simultaneous interpreting group, event-related potentials for all sessions for 

the N200 time-window show amplitudes that can be interpreted to correspond to 

the N200 component as depicted in Figure 66:  

 

 

 

 

Figure 66: Event-related potentials N200 component all sessions 

 

Session 1 (Baseline) Session 2 Session 3 

Session 4 Session 5 
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By means of a 2D topographical map, Figure 67 shows the distribution of the 

averaged voltage at the time window 200-320ms after stimulus onset on the scalp 

per session and per condition. Similar to the Flanker task, voltage becomes more 

negative (indicated in blue) in the frontal regions until Semester 3 (Session 4). 

 

Figure 67: Topoplots colour-shape switch task in N200 time-window 

Mean voltage in the N200 time-window across sessions depicted in Figure 68 reveal 

an initial increase in mean voltage until Session 3, followed by a drastic decrease 

especially for the switch condition in Session 4. For Session 5, voltage in the switch 

condition increases again. It seems that the repeat condition remains quite constant 

after initially increasing, while the switch condition is affected more by the course of 

the interpreting training. 
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Figure 68: Progression of mean voltage in N200 time-window across sessions 

 

Before fitting a linear model, data was confirmed to be normally distributed by 

running a Shapiro-Wilk test (p = 0.2495, W = 0.98169). The linear mixed model that 

was fitted with Voltage as dependent variable, Session and Condition as predictor 

variables as well as Participant as random effect (see Figure 69) revealed neither a 

significant effect of Session on Voltage (S2: p = 0.323, SE =0.570411, S3: p= 0.226, SE 

=0.552547, S4: p = 0.690, SE = 0.619766, S5: p =0.545, SE 0.593187=), nor a significant 

effect of Condition on Voltage (p =0.354, SE =0.372527), although the coefficient of 

the switch condition showed a slight decrease by -0.347381 units. VIF-values for 

Session and Condition were equal to 1, not indicating any collinearity. Including an 

interaction term to see whether there is an interaction between Condition and 

Session did not reveal significant results. 
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Figure 69: Linear mixed model of voltage in N200 time-window 
 

The finding that no effect of Session on voltage was significant across sessions does 

contradict the hypothesis formed based on literature that has shown an 

improvement in behavioural performance in task switching (Babcock et al. (2017)) 

and Dong & Liu (2016)) but corresponds to previous findings by van de Putte et al. 

(2018) who did not find an improvement in inhibitory executive control after SI 

training, the N200 component in task switching representing the interference 

suppression aspect of task switching (Jamadar et al. (2015), Cespon & Carreiras 

(2020)).  

The electrophysiological switching costs of the N200 time-window correspond to the 

switching costs in the P300 time-window (see Figure 70), showing an increase in 

switching costs until Session 4, after which they decreased again. A linear mixed 

model with switch costs per participant as dependent variable, Session as predictor 

and Participant as random effect showed a significant effect of Session 4 and Session 

5 on switching costs (S4: p = 0.032, SE = 0.36, S5: p = 0.043, SE = 0.35). This mirrors 

the progression of voltage in both conditions in Figure 68 where the switch condition 

becomes more negative again especially in Session 4. The finding for significant 

switch costs in Session 4 and 5 that become more positive does not correspond to 

previous literature that has shown gains in switch costs after SI training (see Dong & 

Liu (2016) and Babcock et al. (2017)). 
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Figure 70: Electrophysiological switching costs in N200 time-window across sessions 

 

Mirroring the peak analysis for the Flanker task, peak latencies were computed for 

the N200 time-window in the colour-shape switch task by computing the most 

negative peak in the N200 time-window for both conditions across sessions. 

Interestingly, Figure 71 reveals a dissociation of latencies in both conditions. While 

latency in both conditions increases initially in Session 2, the switch condition 

decreases steadily until Session 4, after which latency increases again. In contrast to 

that, repeat condition latency steadily increases until Session 4, which is followed by 

a decrease in latency. A linear mixed model did not reveal any significant effect of 

Session on latency (all Session p > 0.05) but a small (f2 = 0.04) but significant effect of 

Condition on latency (p = 0.047, SE = 5.972) with the switch condition regression 

coefficient increasing by 12.074 units, revealing significantly longer latencies for the 

switch condition. No indication for collinearity was indicated by the VIF-values for the 

predictors Session and Condition (VIF = 1). Adding an interaction term to check 

whether the effect of condition on latency is modulated by Session did not show 

significant results (all p > 0.05).  

Lastly, the finding that Session did not affect N200 latency significantly does not 

correspond to the expectations formed based on N200 literature that assigns later 

latencies with increased cognitive resource allocation (Jamadar et al. 2015), however, 

the finding of a significant effect of Condition on latency with longer latencies for 

switch condition than for the repeat condition corresponds to relevant N200 

literature (Cespón & Carreiras 2020). 
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Figure 71: Peak latencies for colour-shape switch task in N200 time-window 

 

To again depict the effect that participant variability might have had on the results of 

the longitudinal analysis, Figure 72 presents the progressions of mean voltage per 

participant and condition. Although there seems to be a trend for a positive peak at 

Session 3 as can be seen in Figure 68 and Figure 69, the variability between 

participants is very high. 

 

Figure 72: Progression of mean voltage in the N200 time-window across sessions per participant and condition 
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8.2.3.3 2-back 

 

Voltages of the Experimental and the Control group were compared at baseline level 

in the P300 time-window by fitting a linear mixed model with Voltage as outcome 

variable, Group and Condition as predictors and Participant as random effect. Data 

was normally distributed as indicated by a Shapiro-Wilk test (p = 0.2036; W = 

0.96392). Results did not show a significant effect of Group on Voltage (p =0.163, SE 

= 0.4481) mirroring the reaction time results. However, the effect of Condition was 

large (f2 = 0.37) and highly significant (p < 0.001, Se = 0.2477) with a decrease by -

1.5117 units of the coefficient for the no-match condition (see Figure 73). VIF-values 

were equal to 1 for both Session and Condition. There was no significant interaction 

between Group and Condition (p = 0.6334; SE = 0.5103). 

 

Figure 73: Linear mixed model of between group comparison at baseline 2-back task 

 

Table 22 depicts the voltage per group and per condition.  

Table 22: Descriptive statistics 2-back Experimental and Control group 

 Experimental group Control group 

Mean voltage match 3.173, SD = 1.905 2.439, SD = 1.356 

Mean voltage no-match 1.519, SD = 0.984 1.033, SD = 0.569 

 

Separate linear mixed models were fitted per condition to see if there is a difference 

between groups. However, neither the effect of Group in the match condition (p = , 
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0.246 SE = 0.6340), nor the effect of Group in the no-match condition was significant 

(p = 0.143, SE =0.3192). 

The finding that there is no significant difference between groups at baseline in the 

P300 time-window corresponds to the present reaction time results but not to the 

present accuracy results that showed higher accuracy for the Experimental than for 

the Control group. However, the present ERP results correspond to previous 

literature of behavioural studies that did not find a difference in WM-updating 

performance between groups at baseline (see e.g. Dong & Liu (2016), Rosiers et al. 

(2019) and Babcock et al. (2017). The result that Condition had a significant effect on 

Voltage with the no-match condition showing lower voltage than the match condition 

corresponds to results in relevant n-back literature (see Barker & Bialystok (2020)). 

Figure 74 depicts event-related potentials for the longitudinal study with the 

interpreting group per session. Within the P300 time-window, an amplitude that fits 

the characteristics of a P300 amplitude can be detected. 

 

   

 

 

Figure 74: Event-related potentials for the 2-back task across sessions 

 

 

Session 1 (Baseline) Session 2 Session 3 

Session 4 Session 5 
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By means of a 2D topographical map, Figure 75 shows the distribution of the 

averaged voltage at the time-window 280-400 ms after stimulus onset on the scalp 

per session and per condition. Especially interesting is the increase in positive voltage 

(indicated in red) in the parietal region for the match condition until Semester 2 

(Session 3), after which voltage seems to decrease again in this region. 

 

Figure 75:Topoplots for 2-back task 

 

Figure 76 depicts the progression of mean voltage for the Experimental group across 

sessions and per condition. Mean voltage in the match condition is always more 

positive than in the no-match condition, which corresponds to literature postulating 

larger P300 amplitudes for matching stimuli to previous stimuli that are recognized 

as different or important and therefore updating memory representations (see 

    no-match                    match 
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Barker & Bialystok (2019)). Interestingly, this ability seems to decrease from baseline 

to Session 2, which is then followed by a steady increase until a positive peak at 

Session 4, followed by a slight decrease in mean voltage for Session 5. This becomes 

apparent in both conditions, although more pronounced in the match condition. 

 

Figure 76: Progression of mean voltage across sessions per condition for the 2-back task 

 

A linear mixed model with Voltage as outcome variable, Session and Condition as 

predictor variable as well as Participant as random effect was fitted to check for the 

effect of Session and Condition on Voltage (see Figure 77). Data showed normal 

distribution as indicated by a Shapiro-Wilk test (p = 0.227; W = 0.98108). None of the 

effects of Session on Voltage were significant (S2: p =0.423, SE =0.4094; S3: p =0.539, 

SE = 0.4094; S4: p= 0.597, SE =0.4510; S5: p = 0.563, SE = 0.4327), although the 

predictor coefficients indicated a decrease by -0.3297 units for Session 2, a decrease 

by -0.2524 units for Session 3, an increase by 0.2394 units for Session 5 and another 

decrease by -0.2511 units for Session 5. The effect of Condition on Voltage was 

medium-sized (f2 = 0.23) and highly significant (p < 0.001, SE =0.2670) with a decrease 

of the predictor coefficient of the match condition by -1.3144 units, revealing 

significantly lower voltage for the no-match condition. There was also no collinearity 

between the predictors as indicated by VIF-values equal to 1 for Session and 

Condition. There was no significant interaction between Session and Condition (all p> 

0.05). There was no statistically significant interaction between Session and 

Condition.  
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Figure 77: Linear mixed model for the Experimental group across sessions 

The finding that none of the Sessions had a significant effect on Voltage in the P300 

time-window across all Sessions contradicted the present behavioural literature as 

well as previous literature that has found a significant effect of post-test on reaction 

time or accuracy in working memory measures (see Dong & Liu (2016) and Babcock 

et al. (2017)). 

For the 2-back latency analysis, the most positive peak within the P300 time-window 

was computed for both conditions across sessions. Figure 78 reveals a bridge-shaped 

progression of latency in the no-match condition, showing that latency increases 

initially and then decreases after Session 3. Latency in the match condition also 

increased initially and then drastically decreases for Session 3, followed by another 

decrease from Session 4 to Session 5. A log transformed linear mixed model with peak 

latency as dependent variable and Session and Condition as predictor variables as 

well as Participant and random effect revealed only a significant effect of Session 2 

on latency (p = 0.024, SE = 0.029). Session 3-5 did not show significant effect of 

Session on latency (S3: p = 0.106, SE = 0.047, S4: p = 0.216, SE = 0.039; S5: p = 0.850, 

SE = 0.030). The overall main effect of Session was small- to medium-sized (f2 = 0.09). 

The effect of Condition on latency was not significant (p = 0.812, SE = 0.019) which 

does not correspond to existing n-back literature such as by Barker & Bialystok 

(2019), who found longer P300 latencies on match than on no-match trials for the 1-

back task. VIF-values did not indicate any collinearity between predictors (VIF = 1). 
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Furthermore, no significant interaction effect between Session and Condition could 

be observed. 

 

Figure 78: Peak latency of 2-back task in P300 time-window 

8.2.3.4 3-back 

 

To compare the Experimental and the Control group at Baseline on voltage within the 

P300 time-window, a linear mixed model with Voltage as outcome variable, Group 

and Condition as predictor variables and Participant as random effect was fitted (see 

Figure 79). Data showed normal distribution as indicated by a Shapiro-Wilk test (p = 

0.9279, W =0.98821). Results showed no significant effect of Group on voltage (p = 

0.11285, SE = 0.3053) but a medium- to large sized (f2 = 0.2) and significant effect of 

Condition on Voltage (p = 0.00168, SE =0.2981) with the no-match coefficient 

decreasing by -1.0274 units from the match condition, indicating significantly lower 

voltages for the no-match condition. VIF-values for Session and Group were equal to 

1 and indicated no collinearity between predictors. No significant interaction 

between Group and Condition could be observed (p = 0.37, SE = 0.60).  
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Figure 79: Linear mixed model for between-group comparison of Voltage for P300 time-window 

 

Table 23 shows mean voltages for both groups and conditions at baseline in the P300 

time-window: 

Table 23: Mean voltage per condition and per group 3-back task 

 Experimental  Control 

Mean voltage match 2.271, SD = 1.654 2.11, SE = 1.37 

Mean voltage no-match 1.541, SD = 0.694 0.831, SE = 0.725 

 

The finding that there is no significant difference between groups at baseline in the 

P300 time-window corresponds to the present behavioural results as well as to 

previous literature of behavioural studies that did not find a difference in WM-

updating performance between groups at baseline (see e.g. Dong & Liu (2016), 

Rosiers et al. (2019) and Babcock et al. (2017). Furthermore, the result that Condition 

had a significant effect on Voltage with the no-match condition showing lower 

voltage than the match condition corresponds to results in relevant n-back literature 

(see Barker & Bialystok (2020)). 

Figure 80 shows the event-related potentials for the experimental group per sessions. 

Within the time-window 280-400ms, an amplitude resembling the P300 component 

can be seen. 
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Figure 80: Event-related potentials for P300 time-window in 3-back task across sessions 

 

The distribution of the averaged voltage at the time-window 280-400 ms after 

stimulus onset on the scalp per session and per condition can be seen in Figure 81 in 

a 2D topographical map. As for the 2-back task, an increase of positive voltage in the 

parietal area becomes apparent for the match condition until Session 3, after which 

voltage in this area seems to decrease slightly. Strikingly, voltage in the no-match 

condition becomes more positive and spreads more to lateral areas consistently after 

baseline until Session 5. 

Session 1 (Baseline) 

Session 4 Session 5 

Session 2 Session 3 
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Figure 81: Topoplots for 3-back task in both conditions across sessions 

 

The progression of mean voltage per session and condition (see Figure 82) shows a 

diverging pattern. While voltage in the match condition increases until Semester 3, 

after which is reaches a negative peak in Session 4 only to increase again in Session 

5, voltage in the no-match condition initially decreases after Session 1, which is 

followed by a steady increase until Session 4 and a small decrease for Session 5. 

match           no-match 
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Figure 82: Progression of mean voltage in P300 time-window across sessions for 3-back task 

 

Subsequently, a linear mixed model with Voltage as outcome variable and Session 

and Condition as predictor variables as well as Participant as random effect was fitted 

(see Figure 83). A Shapiro-Wilk normality test revealed that residuals were not 

normally distributed (p = 0.01666, W = 0.9653). Since log transformation could not 

be applied because of the negative values from the EEG data, a Yeo Johnson 

transformation was performed. In opposition to log transformation, the Yeo Johnson 

transformation allows for the transformation of nonpositive data. However, the Yeo 

Johnson transformation also did not solve the issue of non-normally distributed data 

and did not alter the results notably. Results did not show any significant effect of 

Session on Voltage, which might be due to the big variance of datapoints as visible in 

Figure 82 (S2: p =0.781 , SE = 0.34611; S3: p = 0.892, SE = 0.34611; S4: p = 0.373, SE = 

0.38869; S5: p = 0.712, SE = 0.37193). Despite that, the effect of Condition on Voltage 

was medium-sized (f2 = 0.18) and highly significant (p < 0.001, SE = 0.23074) with the 

coefficient of the no-match condition decreasing by -1.08722 units compared to the 

match condition, showing significantly higher voltages for the match than the no-

match condition (see Figure 83). No collinearity was indicated by the VIF-values for 

the predictors Session and Condition (VIF = 1). After including an interaction term to 

see whether the effect of Condition on Voltage is modulated by Session, no significant 

effects were revealed (all p < 0.05). 
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Figure 83: Linear mixed model for P300 time-window in 3-back task across sessions 

 

The finding that there was no effect of Session on Voltage in the P300 time-window 

across Sessions did not correspond to the present behavioural literature that showed 

faster RT and increased accuracy over testing. Furthermore, it contradicts previous 

literature that has found a significant effect of post-test on reaction time or accuracy 

in working memory measures (see Dong & Liu (2016) and Babcock et al. (2017)). The 

significant effect of Condition with lower voltage for the no-match condition however 

is in line with previous n-back literature (see Barker & Bialystok (2019)). 

As in the 2-back task, the peak latency in the P300 time-window was computed for 

both conditions of the 3-back task across sessions. Figure 84 reveals that while 

latencies of the match and no-match conditions both initially decrease, latency of the 

match condition increases after Session 2 while latency of the no-match condition 

further decreases. Latency of conditions then meet at Session 4 at almost the same 

level. This variability is also reflected in the linear mixed model: None of the effects 

of Session on latency are significant (all Session p > 0.05), neither is the effect of 

Condition on latency (p = 0.920, SE = 3.127). This is not in line with previous n-back 

literature that associates longer latencies with the match condition (see Barker & 

Bialystok (2019)). As indicated by residuals, data was not normally distributed. A log-

transformed linear mixed model was fitted, that however did not reveal any 

substantially different effects and did not remedy the deviation from normality 

(Session: all p > 0.05); Condition: p > 0.05). VIF-values did not indicate any collinearity 
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between predictors (VIF = 1). Finally, no interaction between Session and Condition 

was observed. 

 

Figure 84: Peak latency 3-back task in P300 time-window 

 

 

8.2.3.5 2-back vs. 3-back task 

 

Finally, how the task 2-back and 3-back task as well as Session affected the voltage in 

the P300 time-window across participants was analysed by fitting a linear mixed 

model with voltage as dependent variable, Task (2-back/3-back), Condition 

(match/no-match) and Session as independent variables and Participant as random 

effect was fitted. Data did not show normal distribution which is why the data was 

initially transformed to approach a normal distribution. Since log transformation 

could not be applied because of the negative values from the EEG data, a Yeo Johnson 

transformation was performed, as the Yeo Johnson transformation allows for the 

transformation of nonpositive data. However, after performing the Yeo Jonson 

transformation, data normality could not be improved since data still did not show 

normal distribution as indicated by a Shapiro-Wilk test (p = 0.01377, W = 0.98056). 

However, robust linear mixed models can handle a certain degree of non-normality. 

  

Results revealed a medium- to large-sized (f2 = 0.2) significant effect of Condition on 

Voltage (p > 0.001, SE = 0.11808) with the no-match condition showing more negative 

voltage in the P300 time-window than the match condition, indicated by the 
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coefficient of the no-match condition that decreased by -0.78637 units. Contrary to 

the expectation, the effect of Task on Voltage was small (f2 = 0.02) and only marginally 

significant (p = 0.0645, SE = 0.11823), although there is a tendency for the 3-back task 

to show lower voltage than the 2-back task, indicated by the 3-back task coefficient 

that decreased by -0.22008 units. There was no significant main effect of Session on 

Voltage (all p > 0.05). Results are depicted in Figure 85. VIF-values for the predictors 

Condition, Task and Session were all equal to 1, not indicating any multicollinearity.  

 

Figure 85:Linear mixed model for comparison of voltage in 2-back and 3-back task across sessions 

 

A 2-way interaction term was added to see whether Task is modulated by Session 

and whether Condition is modulated by Session and whether Condition is modulated 

by Task. Furthermore, a three-way interaction term was added to see whether 

Condition is modulated by Task and Session. Results did not reveal any significant 

interactions (all p > 0.05).  

The significant effect of Condition on Voltage with the no-match condition showing 

more negative voltage in the P300 time-window than the match condition 

corresponds to previous n-back literature (see Barker & Bialystok 2020). 

Furthermore, although only marginally significant, the effect of Task on voltage with 
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the 3-back task showing lower voltage than the 2-back task is in line with the present 

behavioural results that show longer reaction times and lower accuracy for 3-back 

than for 2-back task. The effect is furthermore in line with relevant ERP-literature that 

associates increasing memory load and task difficulty with decreasing P300 voltage 

and amplitudes (Kok et al. (2001), Cespon & Carreiras (2020), Daffner et al. (2011), 

Morrison & Taler (2020), Dong et al. (2015)). 

8.2.4 Frequency analysis 

 

Based on the theoretical framework presented in Section 8.1.2, time-frequency 

analysis was carried out for all three tasks. This was done in the EEGlab environment 

where it is possible to examine event-related spectral perturbations (see Section 

8.1.2). However, the EEG lab environment only allows for single-participant analysis. 

Therefore, and since the frequency analysis was not the main focus of this 

dissertation, only single participants were examined by visual inspection, which 

makes the results anecdotal and only allows for a hypothetical interpretation of 

results. No correlation can be drawn for the whole sample. Nevertheless, since all 

sessions were compared in one participant, the results can give some interesting 

insights from the frequency domain into how executive functions progress over time.

  

Before getting into the analysis, it has to be mentioned that ERSP usually describe the 

perturbations from baseline. Since no data from a “task-absent” condition was 

gathered, the only option is to compare the congruent and incongruent conditions 

which is not entirely sound. Furthermore, there is the possibility that pre-stimulus 

cognition already affects how the alpha behaves after stimulus-presentation, which 

was not examined here.  

As an example before discussing the analysis, Figure 86 depicts the ERSP graph for 

the congruent condition from the Flanker task in Session 1 (baseline) for P01. On the 

left y-axis, the frequency range is represented. For all tasks, the alpha frequency 

range (8-12 hz) was of primary interest. The x-axis shows the time in ms from -200ms 

before stimulus onset until 700ms after stimulus onset. The ERSP bar on the right side 

shows the event-related spectral perturbations in db. As explained in Section 8.1.2, 
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high db (indicated in the red colour on the right side in the ERSP scale) represents an 

increase in alpha power and an increase in synchronized neuronal activity. Alpha 

synchronization (increased alpha power) has been associated with increased 

inhibitory control and less active processing (see Klimesch et al.). The following 

analysis will include zoomed in versions of the time-frequency plots for better 

visualization. 

 

Figure 86: Example of time frequency plot 

For the analysis of the Flanker task, data from P01 from both congruent and 

incongruent conditions were analysed through visual inspection. Alpha frequency 

from 8-12 hz was examined at the electrode fcz in the N200 time window from 200-

400 ms. In Chapter 7, I hypothesized that over the course of testing, especially the 

incongruent condition will show less alpha power, so less synchronization, since less 

inhibitory control will be necessary over time to inhibit the distracting arrows in the 

Flanker task as inhibitory control has been automatized alongside language control 

during the intense interpreting training. 

Figure 87 represents zoomed in versions of the frequency analysis plots for the 

congruent and the incongruent conditions across all sessions: 

                congruent                       incongruent 
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Figure 87: Time frequency plot for Flanker task across sessions and conditions 

 

From visual inspection of the above depicted data, it becomes apparent that alpha 

power differs between conditions, with the incongruent condition showing more 

alpha power in the alpha frequency range especially around 300ms, which lies within 

the N200 time-window. Since according to literature, the incongruent condition 

involves more inhibition and conflict monitoring which should be reflected in 

increased alpha power, this is compliant with the theory presented in Section 8.1.2. 

As for the changes in alpha power across sessions, it can be observed that alpha 

power in the incongruent condition in the 200-400ms time-window increases until 

Session 3 after which it slightly decreases only to increase again at Session 5. This 

mirrors the progression of voltage in the ERP-analysis, where voltage decreased until 

Session 3. Both observations indicate increased inhibition or conflict monitoring. In 

the ERP-analysis, voltage increases again at Session 4 which speaks for less inhibition 

or conflict monitoring processes being included in solving the task which fits together 

with the alpha power seemingly decreasing slightly in Session 4. However, 



 

267 
 

behavioural results also indicated a decrease in accuracy at Session 4. So, it is possible 

that less inhibitory control was engaged in Session 4 but at the cost of accuracy. 

For the colour shape switch task, participant P01 was examined, and two different 

electrodes were chosen to target frontal activity and parietal activity, the fcz as a 

fronto-central electrode and the cpz as parietal electrodes. As explained in Section 

8.1.2, both centro-fontal regions as well as parietal regions are relevant to the colour-

shape switch tasks. The N200 component in the centro-fontal regions has been 

associated with inhibitory control and conflict monitoring, and the P300 component 

in the parietal regions has been associated with updating of task rules and allocation 

of attentional resources. The focus of the time-frequency plot of the fcz electrode lay 

in the N200 time-window from 200-320 ms after stimulus onset and the focus of the 

time-frequency plot of the cpz electrode lay in the P300 time-window from 280-

400ms after stimulus-onset.  

Figure 88 shows the time-frequency plots for P01 at the fcz electrode in the 

congruent and incongruent condition across all sessions. Especially in the 

incongruent condition is becomes apparent that alpha power increases over Session 

2 and 3 after baseline (Session 1), but decreases again at Session 4 and Session 5, 

indicating an initial increase in required inhibitory control followed by a decrease 

which might indicate that in the late stage of training, less inhibitory control is 

necessary due to skill normalization. However, this pattern stands in stark contrast to 

the whole-group analysis of the N200 component in the previous section, where 

voltage in the N200 time-window showed a negative peak at Session 4. Since more 

negative N200 amplitudes have been associated with allocating more resources to 

inhibitory functions, this does not correspond to the alpha time-frequency pattern, 

for which an increase in alpha power and an increase in db (indicated by red colour) 

has been associated with increased inhibitory control effort. However, as depicted 

below, Sesson 4 and 5 show less alpha power which therefore indicates less cognitive 

resources allocated to inhibitory control. Since this is the data from one single 

participant, discrepancies from the whole sample are to be expected.  
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   repeat               switch 

 

 

 

 

 

Figure 88: Time frequency plot for the colour-shape switch task at fcz across sessions and conditions 

 

For the centro-parietally-oriented electrode cpz, Figure 89 represents the time-

frequency plots for both conditions across sessions. However, no relevant alpha 

power changes in the P300 time-window can be observed. However, in the ERP-

results for the P300 time-window, a change in voltage over Sessions could be 

observed and the effect of Congruency and Session on voltage was significant for 

Session 3 and 4. Here, one could tentatively interpret some alpha power increase in 

the switch condition in the lower alpha frequency range from baseline to Session 2 in 

the early 200-380ms time-window that decreases from Session 3 until Session 5. This 

trend can partly be observed in the ERP-data, where voltage increases in the P300 

time window and peaks at Session 4, increased voltage in the context of the P300 

component being associated with less allocation of attentional resources or less 
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cognitive control necessary to categorize the stimulus. Here, at Session 4, alpha 

power is extremely low, which also speaks for less involvement of inhibitory 

processes. With accuracy increasing and also peaking at Session 4 this seems 

plausible. 

   repeat      switch 

 

 

 

 

 

Figure 89: Time-frequency analysis for P01 at cpz for colour-shape switch task across session and 
condition 

 

For the 2-back task, the centro-parietal electrode cpz was examined in P01 in the 

match and no-match condition across all sessions, as depicted in Figure 90. 

What is striking here is that there seems to be some meaningful variability in alpha 

power around the 100 ms mark after stimulus onset, marked by a considerable 

increase in alpha power from baseline to Session 2 in the no-match condition 

compared to the match condition. Since increased alpha power represents increased 

inhibitory control effort and less active processing, this could indicate an early 
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process of stimulus categorization. In the 2-back task, participants had to press a key 

when a presented letter matched a letter presented 2 trials before, otherwise, they 

were told to withhold a response. Speculatively, this early stimulus categorization 

into a “no-go” category could be the source of the increased alpha power in the no-

match condition. 

       no-match                match 

 

 

 

 

 

 

Figure 90: Frequency band plots for 2-back task across sessions and conditions 

 

Similar to the 2-back task, the alpha power in the alpha frequency range was 

examined at the electrode cpz in participant P01 in the 3-back task (see Figure 91). 

Again, there seems to be more obvious change in the alpha power at 100ms after 

stimulus onset especially for the no-match condition, which might indicate early 

stimulus categorization activity or response monitoring to withhold the response. In 

the 280-400ms time point, there is some power change in the lower alpha around 

8hz with alpha power decreasing especially in the match condition. Together with the 

increasing accuracy in the match condition from the behavioural analysis, this might 
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indicate that less resource allocation to executive functions is necessary to solve the 

task of finding a match in the later sessions.  

                  no-match                                   match 

 

 

 

 

 

Figure 91: Time frequency plots for the 3-back task across sessions and conditions 
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9. Discussion 
 

All results are now discussed against the backdrop of the research question of how 

different executive functions change as a result of interpreting training and also in 

the context of the relevant literature discussed in the previous chapters of this 

dissertation. The main rationale is that SI training affects different executive 

functions since SI implicates both domain general-executive functions and language-

specific functions (see e.g. Hervais-Adelman & Babcock (2020), Abutalebi & Green 

(2007; 2008), Green & Abutalebi (2013)) to a more extreme degree than other forms 

of bilingualism (see Hervais-Adelman et al. (2017), Hervais-Adelman et al. (2015a), 

Elmer et al. (2014)), owed to performing overlapping processes of language 

reception, translation and production under time pressure (see Frauenfelder & 

Schriefers (1997)) and simultaneously highly active representations from both 

languages (see Paradis (1994), Dijkstra & van Heuven (1998)).  

Regarding the competence data, the t-test results from analysing the F1 competence 

scores from the pre- and post- questionnaire show a significant difference between 

pre- and post test and indicate an improvement in SI competence which is concurrent 

with other studies that have found gains in interpreting performance after 

interpreting training (see Tzou et al. (2012), Hervais-Adelman et al. (2015a) and Yu & 

Dong (2022)). Results from a linear mixed model with F1 as dependent variable and 

Session as predictor and Participant as random effect only showed a trend toward 

significance and increased competence after training (see Figure 7). This may be 

rooted in the observation that two participants decreased their f1-score at post-

testing (see Figure 6). Although the three analysed exam data are only anecdotal and 

cannot be used to analyse behaviour in the whole sample, they led to an important 

conclusion: I initially considered annotated exam evaluation sheets to be an objective 

and reliable measure, however, the three examples have shown that this way of 

evaluating competence might be far from reliable. One participant did not pass the 

final exam, and one participant performed worse on the final exam than in the initial 

exam. This however does not mean, that these students did not acquire or enhance 

their SI skill over the course of their Masters programme. Rather, the way the exam 
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evaluation sheets evaluate competence or performance is inadequate from an 

instructional point of view. A performance graded with “good” at the end of the 

second semester of SI training does likely not correspond to a performance graded 

with “good” in the final interpreting exam at the end of the Masters programme since 

the demands placed on the SI students increase during the master's program. A 

performance graded “satisfactory” at the end of the SI training compared to a 

performance graded “good” at the beginning of training can still reflect an increase 

in SI skill and competence. It is highly probable that all participants did experience an 

increase in SI skill and ultimately competence, however, the exam evaluation sheets 

do not reflect this. Correspondingly, it is still possible that the two participants have 

increased their interpreting competence over training but were not able to achieve 

the advanced learning objectives underlying level 4 of the interpreting curriculum. 

Unfortunately, the analysed exam protocols do not allow this granularity of analysis. 

As argued by Beaton-Thome (2018), replacing the final exam with a more continuous 

assessment of competence would make it possible to assess a broader range of 

different aspects of competence (Beaton-Thome 2018: 158). In the end, an exam is 

also merely a snapshot in the performance of the interpreting student. Combining 

this proposed continuous assessment of SI competence with replacing grades by a 

more skill performance oriented approach could benefit a more granular assessment 

of SI competence and also boost the skill of the SI students to better reflect on their 

competence gains.  

As Section 6.2 has shown, many researchers consent to the idea that after completing 

interpreting training, students can indeed have improved their interpreting 

competences (see e.g. (see Tzou et al. (2012), Hervais-Adelman et al. (2015a), Yu & 

Dong (2022))). However, this still must be distinguished from expert performance, 

that can only occur after years of consistently training interpreting skills on the job 

(see Tiselius & Hild (2017), Hoffman (1997), Kutz (2010)). The fact that two students 

showed worse performance in their final exam where they should have excelled 

assuming increasing interpreting competence over the course of training and 

performed better in their first exam, might indicate that the student interpreter’s 

performance still depends on some external factors such as stress. With increasing 

expertise, the trainee interpreters should be less affected by external factors such as 
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stress (see Chabasse (2009) and Hoffman (1997)) and show a steadier performance 

over various interpreting jobs. The diverging results also highlight that not all 

students progress in the same manner within the same timeframe and their 

competence progress might differ individually.   

Regarding the interpreting competence acquisition models, the significant difference 

between pre- and post-questionnaire TICQ-scores in the t-test and the marginally 

significant results of the linear mixed model that both showed an increase in 

interpreting competence allows the assumption that the participants’ interpreting 

competence has shifted from the “knowledge about translation phase” to the “ability 

to act phase” as described by  Kutz (2010). Respectively, participants should have 

moved from the “formation phase” over to the “controlled execution phase” as 

described by Chein & Schneider (2012)). Of course, the method does not allow for 

the observation of changes in brain anatomy or activation. The expansion-partial-

renormalization hypothesis (see Lövdén et al. (2013)) and the dynamic restructuring 

model (see Pliatsikas (2020)) can therefore not be discussed with the data at hand. 

 

Regarding the behavioural between-group comparison at baseline for the Flanker 

task, the main effects of Group in both RT and accuracy did not show a difference 

between groups at baseline (see Figure 8 and Figure 10), which corresponds to 

previous studies that did not find a difference between groups in inhibitory 

performance at baseline testing such as in Babcock et al. (2017), Dong & Liu (2016) 

and Rosier et al. (2019) and therefore also corresponds with the hypothesis formed 

on the basis of said literature. The significant main effect of Congruency on RT and 

accuracy, showing faster RT and higher accuracy for congruent than for incongruent 

trials (see Figure 8 and Figure 10) also corresponds to the hypothesis formed based 

on relevant Flanker task literature (see Verreyt et al. (2016), Luk et al. (2010), Dong 

& Xie (2014), van der Linden et al. (2018)). These behavioural findings were partly 

confirmed at electrophysiological level, since no significant difference in voltage in 

the N200 time-window between groups at baseline was found (see Figure 48). This 

again corresponds to the initially formed hypothesis based on previous studies that 

did not find a behavioural difference between groups at baseline in tasks that target 

the inhibitory executive functions (see Dong & Liu (2016), Babcock et al. (2017), 
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Rosiers et al. (2019)). However, there was also no significant difference between 

Conditions (see Figure 48) which contradicts the hypothesis based on N200 literature 

that assumed more negative voltage for the incongruent condition in the N200 time-

window (see Wild-Wall et al. (2008), Johnstone et al. (2009), Kousaie & Phillips 

(2012), Grundy et al. (2017b)).  

The longitudinal behavioural results that RT in the Flanker task sped up over testing 

(see Figure 13) correspond to previous results of Babcock et al. (2017) who observed 

faster reaction times in the monitoring section of the Attention Network Task after 

two years of SI training. However, in their study, this effect was not SI specific, since 

all tested participant groups showed faster RT at the post-test compared to the pre-

test. Similarly, Dong & Liu (2016) who used a Stroop task found faster RT across all 

groups after one semester of respective interpreting, translation or language 

training. This effect was therefore also not SI specific. Since the Control group in this 

study was only tested at baseline, no definite statement can be made regarding 

whether the faster reactions times were interpreting specific or also occurred in the 

translation students. The finding that Congruency had a significant effect on reaction 

time with the incongruent trials showing longer reaction times (see Figure 13) are 

again in line with the initially formed hypothesis that was based on previous findings 

literature (see Verreyt et al. (2016), Luk et al. (2010), Dong & Xie (2014), van der 

Linden et al. (2018)). Furthermore, the present behavioural results show that 

participants did increase their overall accuracy indicated by the significant effect of 

Session 4 and Session 5 on accuracy (see Figure 16), an effect not observed in the 

longitudinal studies by Dong & Liu (2016) and Babcock et al. (2017). However, the 

significant effect of Session 4 on accuracy did not mark an increase but a significant 

decrease in accuracy (see Figure 16), an example which showes nicely how important 

longitudinal designs can be that go beyond pre- and post-tests, offering a more 

detailed look into performance progression in interference suppression during SI 

training. Four participants (P01, P06, P08 and P10) attended their Erasmus-semester 

in Semester 3 (Session 4) and were not able to practice a lot of interpreting at this 

point of testing which might explain the drastic decrease in accuracy at this testing 

point.   
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The longitudinal behavioural results could not be statistically confirmed by the 

electrophysiological results. ERP-results in the N200 time-window showed that there 

was no effect of Session on Voltage across the time of testing (see Figure 52) which 

corresponds to previous behavioural results by van de Putte et al. (2018), who did 

not find a behavioural improvement in inhibitory control after 9 months of training. 

The effect of Condition on Voltage was not significant either, which again contradicts 

the behavioural findings that showed slower RT and decreased accuracy for 

incongruent trials as well as relevant Flanker task literature that associates more 

larger (more negative) voltage in the N200 time-window for the incongruent 

condition (see by Kousaie & Phillips (2012), Wild-Wall et al. (2008), Johnstone et al. 

(2009) or Grundy et al. (2017b)). Only the findings of significantly higher latencies for 

the incongruent than for the congruent condition confirmed the literature that the 

incongruent condition is more effortful and required more interference suppression 

(see Figure 55). As can be seen in Figure 51, voltage in both conditions does change 

across Sessions, decreasing until Session 3 and then slightly increasing again which is 

partly statistically confirmed by a significant interaction of Session 3 and condition 

(see Figure 52). Lower voltage in the N200 time window has been associated with 

increased resource allocation towards inhibitory control (see Cespón & Carreiras 

(2020)), so according to Figure 51, participants seemed to allocate more resources 

towards interference suppression until Session 3, after which they needed fewer 

resources. This might reflect that participants actively need their interference 

suppression to modulate the activation of words from both language system during 

SI (see Paradis 1994). However, since the ERP results could not be confirmed 

statistically, interpretation of the raw data is not reliable. Furthermore, behavioural 

results showed that accuracy significantly dropped at Session 4 (see Figure 16), so the 

increased voltage in the N200 time-window is probably rather associated with that 

than with a decreased need to engage inhibitory control due to increased SI 

competence. At this point it needs to be mentioned that inhibition is the executive 

function that has been shown to be least affected by SI training; an SI advantage in 

inhibitory controlled was rarely found (see Nour et al. 2020 and Hu & Fan 2021) and 

the possibility remains that inhibition is just not as affected by managing multiple 

languages in the brain as other executive functions (Nour et al. 2020).  
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Lastly, the observation that voltage hits a negative peak at Session 3 is mirrored by 

the frequency analysis of P01. Especially in the incongruent condition in P01, alpha 

power increases until Session 3, after which is decreases for Session 4 only to increase 

again at Session 5 (see Figure 87). Increased alpha power has been associated with 

more inhibition (Klimesch et al. 2007). Although this is of course an anecdotal 

observation from one participant, it mirrors the course of voltage progression of the 

whole population.  

For the colour-shape switch task, the result that there are no differences between 

groups in reaction times at baseline (see Figure 18) correspond to results by Babcock 

et al. (2017), Dong & Liu (2016) and Rosiers et al. (2019) who all applied the colour-

shape switch task and did not find a difference in RT between groups at baseline 

testing. The finding of a main effect of Congruency on RT with switch trials having 

longer RT and lower accuracy than repeat trials (see Figure 18) corresponds to 

relevant task switching literature (see e.g. Garbin et al. (2010), Baene et al. (2015), 

Prior & Gollan (2011), Declerck et al. (2017)). However, the result that participants 

do differ in accuracy at baseline (see Figure 20) but that this difference is due to the 

interpreting group making more errors than the control group does contradicts the 

findings by Rosiers et al. (2019) and Babcock et al. (2017) who did not find a difference 

in accuracy in the colour-shape switch task between groups. However, since the 

effect was driven by lower accuracy in the experimental group, no inherent 

advantage of the SI group at baseline is given, which in turn confirms my initial 

hypothesis that was formed on said literature. This pattern could be observed in the 

between-group comparison at baseline of the electrophysiological results for both 

the P300 component and the N200: The finding that there was a significant effect of 

Group with the Control group showing significantly lower P300 voltages than the 

Experimental group (see Figure 57) contradicts previous studies that did not find a 

behavioural difference between groups at baseline in the colour-shape switch task 

(Babcock et al. (2017), Dong & Liu (2016) and Rosiers et al. (2019)). According to 

relevant ERP-literature (see e.g. Daffner et al. (2010) and Polich (2007)), lower voltage 

in the P300 time-window (a smaller and more negative P300 amplitude) corresponds 

to increased task demands (see Daffner et al. (2011) and Cespón & Carreiras (2020)), 
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increased attentional resource allocation to attentional shifting (see Polich (2007) 

and increased working memory load (Morrison & Taler (2020)). It therefore seems 

like the Control group allocated more attentional resources to switching attention 

and updating their working memory. The same goes for the N200 time-window, 

where the control group displayed significantly lower voltages than the Experimental 

group (see Figure 65). Together with the P300 results, this indicates more resource 

allocation to attention switching, stimulus categorization and working memory 

updating (see Daffner et al. (2010) and Polich (2007), Cespón & Carreiras (2020) 

Morrison & Taler (2020)) and actually speaks for a pre-existing advantage of the SI 

group. If the Experimental group also showed equal or better behavioural 

performance at baseline, this would indicate that the SI group possessed an inherent 

advantage in allocating attention, interference suppression, stimulus categorization 

and working memory updating. However, the behavioural analysis has shown that 

the SI group made significantly more errors at baseline (see Figure 20), indicating that 

the SI group likely performed at the cost of accuracy and that the seemingly lower 

task demands, resource allocation to attentional switching and stimulus 

categorization do not indicate an inherent cognitive advantage of the Interpreting 

group over the Control group.   

The finding that there was no effect of Condition on voltage in the between-

participant baseline analysis for the P300 time-window (see Figure 57) or for the 

N200-time window (see Figure 65) contradicts relevant ERP task switching literature 

(Timmer et al. (2017), López Zunini et al. (2019), Declerck et al. (2021), López Zunini 

et al. (2019), Periáñez & Barceló (2009) or Chen et al. (2022), Cespón & Carreiras 

(2020)) but speaks for the conclusion that both groups performed quite similarly, and 

the SI group did not show an inherent advantage in task switching.  

In terms of the longitudinal behavioural results, the findings that participants 

significantly decreased their overall RT across sessions until the end (see Figure 23) is 

consistent with the results by Dong & Liu (2016) and Babcock et al. (2017), who both 

used the colour-shape switch task and found that participants had become faster 

after their respective training. However, as already mentioned in the Flanker task 

section, this effect in their study occurred for all participant groups and was therefore 

not SI specific. The linear mixed model for the switching costs did not reveal a 
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significant effect of Session on switching costs (see Figure 26). This contradicts the 

findings by Dong & Liu (2016), who found that the interpreting groups showed 

significant gains in switch costs, therefore decreasing their switch costs significantly. 

This could be due to a lack of statistical power in the present study, since many more 

SI participants (57) participated in Dong & Liu’s (2016) study. The present finding that 

accuracy increased across testing (see Figure 27) contradicts the results by Dong & 

Liu (2016) and Babcock et al. (2017), who did not find an increase in accuracy at the 

post-test. Furthermore, the significant Session:Condition interaction for Session 5 in 

the present data (see Figure 30) showed that accuracy decreased in Session 5 for the 

switch condition while it increased for the repeat condition. Moreover, due to the 

repeated testing in this longitudinal design, modulations in accuracy than can be seen 

in Session 3 that were not evident in other longitudinal studies only using pre- and 

post-tests could be revealed (see Figure 28). The findings that switch trials showed 

significantly slower reaction times and lower accuracy than repeat trials (see Figure 

23 and Figure 29) correspond to relevant literature on the colour-shape switch task 

literature (see e.g. Garbin et al. (2010), Baene et al. (2015), Prior & Gollan (2011), 

Declerck et al. (2017)).  

With regard to the longitudinal electrophysiological data from the P300 time-

window, the finding that the effect of Session 5 on voltage did not reveal a significant 

result (see Figure 61) contradicts the findings from the behavioural data as well as 

previous behavioural studies that found a improvement in task switching 

performance at the end of a longitudinal testing design (see Dong & Liu (2016) and 

Babcock et al. (2017)). However, Session 3 and Session 4 revealed significant effects 

on voltage and it can be seen in Figure 60 that voltage increased in both conditions 

in Sessions 3 and 4. According to relevant P300 literature, increased voltage in the 

P300 time-window (more positive or larger P300 amplitudes) is associated with less 

resource allocation to attentional switching, stimulus categorization and working 

memory updating (see (see e.g. Daffner et al. (2010), Polich (2007), Morrison & Taler 

(2020), Cespón & Carreiras (2020)). Together with the behavioural findings that 

reaction times became faster (see Figure 23), and accuracy increased overall over the 

course of testing (see Figure 29 and Figure 27), this indicates an improvement in 

attentional resource allocation during task switching. The significant main effect of 
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Condition on Voltage with the repeat condition showing more positive voltage than 

the switch condition (see Figure 61) corresponds to relevant P300 task switching 

literature (Lopez Zunini (2019), Chen et al. (2022), Perianez Barcelo (2009), Cespon 

Carreiras (2020)) and also to the longitudinal behavioural findings that switch trials 

elicited longer reaction times and lower accuracy. Furthermore, the switch condition 

also showed significantly longer latencies (see Figure 64) that, together with the 

lower voltage, correspond to previous literature that associates switch trials with 

longer P300 latencies than repeat trials (see Céspon Carreiras (2020)). The increase 

in voltage in the P300 time-window until Session 4 and the following decrease in 

Session 5 (see Figure 60) is not mirrored in the overall accuracy but in the accuracy 

data per condition that shows a decrease in accuracy at Session 5 but only for the 

switch condition. However, accuracy is still significantly higher at Session 5 for both 

conditions than at baseline. It is possible that participants have reached a plateau 

where their cognitive ability to improve attention cannot be further boosted by SI 

training, which is reflected in the decrease in voltage in the P300 time-window in 

Session 5. When looking at the overall accuracy that increases until the end of testing 

at Session 5 (see Figure 29 and Figure 27) and the reaction times data that also 

improved until Session 5 (see Figure 23), the decrease in P300 voltage at Session 5 

might indicate an automation of processes, so participants need to allocate fewer 

cognitive resources to attention switching while still keeping up performance. A 

plateau of this kind has been speculated about by Dong & Liu (2016) who theorized 

that there might be a development curve of executive function enhancement 

following SI. The mechanisms of this plateau are rooted in models such as by Chein 

& Schneider (2012) and Paap (2018). Chein & Schneider (2012) have suggested that 

after L2 learners transition from a phase the requires high amounts of executive 

control to a phase where they perform less automatically and rely less on executive 

control while still performing well. Formulated on this basis, the controlled dose 

hypothesis by Paap (2018) suggests that any activity that requires a lot of executive 

functions initially will boost executive functions at first but this boost will fade with 

the transition from controlled to more automatic processing (Paap 2018: 454). 

Transferred to the interpreter advantage and the current ERP results for attentional 

switching in the colour-shape switch task, this would suggest that the ability to 
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reallocate attention during task switching was initially boosted by progressing SI 

training and gains in competence but then reached a plateau and shifted to more 

automated and efficient processing.  

Results from the N200 time-window and the associated function of interference 

suppression are far less revealing: The finding that no effect of Session on voltage 

was significant across sessions (see Figure 69) does contradict the hypothesis formed 

based on literature that has shown an improvement in behavioural performance in 

task switching (Babcock et al. (2017) and Dong & Liu (2016)) but corresponds to 

previous findings by van de Putte et al. (2018) who did not find an improvement in 

inhibitory executive control after SI training, the N200 component in task switching 

representing the interference suppression aspect of task switching (Jamadar et al. 

(2015), Cespon & Carreiras (2020)). However, it is in line with the results of the 

Flanker task that, while modulations of the N200 voltage were visible in the raw data, 

they did not show a significant effect of any Session on voltage. Modulations in the 

raw data in the N200-time window were also visible for the colour-shape switch task, 

with voltage increasing until Session 3 followed by a decrease in Session 4 (see Figure 

68). According to literature examining the N200 component, lower (more negative) 

N200 amplitudes are associated with more resource allocation to interference 

suppression (see Cespón & Carreiras (2020)). The raw data in Figure 68 therefore 

theoretically show that participants needed to allocate less interference suppression 

during task switching until Session 3 and needed to increase the resource allocation 

to interference suppression again slightly in Session 4. However, this trend is not 

statistically confirmed and therefore to be considered with caution.   

A linear mixed model with switch costs per participant as dependent variable, Session 

as predictor and Participant as random effect showed a significant effect of Session 4 

and Session 5 on switching costs. This mirrors the progression of voltage in both 

conditions in Figure 68 where the switch condition becomes more negative again 

especially in Session 4. The finding for significant switch costs in Session 4 and 5 that 

become more positive does not correspond to previous literature that has shown 

gains in switch costs after SI training (see Dong & Liu (2016) and Babcock et al. 

(2017)). Lastly, the finding that Session did not affect N200 latency significantly does 

not correspond to the expectations formed based on N200 literature that assigns 



 

282 
 

later latencies with increased cognitive resource allocation (Jamadar et al. 2015), 

however, the finding of a significant effect of Condition on latency with longer 

latencies for switch condition than for the repeat condition corresponds to relevant 

N200 literature (Cespón & Carreiras 2020). 

The results that there is no significant difference in RT between groups at baseline 

for the 2-back task (see Figure 31) correspond to results by Babcock et al. (2017) who 

did not find a difference between groups at baseline in two working memory 

measures and to results by Rosiers et al. (2019) and Dong & Liu (2016) who did not 

find a difference in RT between groups for the 2-back task at baseline testing. The 

result that accuracy was significantly higher for the Experimental group than for the 

control group at baseline (see Figure 32) contradicts the results by Rosiers et al. 

(2019) who did not find a difference between groups at baseline for accuracy in the 

2-back task. Since there was no significant difference in reaction time, it might be 

possible that the Control group traded accuracy for speed. This result speaks for an 

inherent advantage in working-memory updating for the SI group which is in line with 

the possibility that individuals who already possess some cognitive predisposition 

enter the MA Conference Interpreting (see Babcock et al. (2017)). The finding that 

the no-match condition was characterized by significantly higher accuracy (see Figure 

32) corresponds to relevant n-back task literature such as by  van der Linden et al. 

(2018), Szmalec et al. (2011) and Barker & Bialystok (2019). For the ERP data, the 

result that there is no significant difference between groups at baseline in the P300 

time-window (see Figure 73) corresponds to the present behavioural results as well 

as to previous literature of behavioural studies which did not find a difference in WM-

updating performance between groups at baseline (see e.g. Dong & Liu (2016), 

Rosiers et al. (2019) and Babcock et al. (2017)). The result that Condition had a 

significant effect on Voltage with the no-match condition showing lower voltage than 

the match condition (see Figure 73) corresponds to the present behavioural findings 

that associated the no-match condition with longer RT as well as the results in 

relevant n-back literature (see Barker & Bialystok (2020)).  

For the experimental group, the progression of reaction times across sessions 

revealed significant main effects of Session on RT for Session 3, 4 and 5 and therefore 
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showed that RT decreases steadily until the end of training (see Figure 34). This is in 

line with the results by Dong & Liu (2016) who found that the SI group and not the 

bilingual control group improved their reaction times after training. However, the 

translator group in their study also improved their reaction times after training. Since 

the translator control group in the present study was not tested longitudinally, it 

cannot be said for certain that the improvement in RT across sessions is interpreting 

specific. The result that accuracy also increased over the course of testing, especially 

the significant increase in both condition in Session 4 and 5 (see Figure 37) 

corresponds to findings by Babcock et al. (2017) who found a numerical decrease of 

errors for the SI group and the control group. Figure 36 shows that raw data accuracy 

in the match condition decreased slightly, however, this was not supported by a 

significant interaction between Session 5 and Condition (see Figure 37).  

The longitudinal behavioural findings could not be confirmed statistically by the ERP 

data: The result that none of the Sessions had a significant effect on Voltage in the 

P300 time-window across all Sessions (see Figure 77) contradicts the present 

behavioural literature as well as previous literature that has found a significant effect 

of post-test on reaction time or accuracy in working memory measures (see Dong & 

Liu (2016) and Babcock et al. (2017)). The raw data in Figure 76 depicts that there 

were modulations of voltage in the P300 time-window and, despite an initial 

decrease in voltage, voltage in both conditions increased until Session 4, followed by 

a slight decrease. Higher voltage in the P300 time-window has been associated with 

less resource allocation to working-memory updating through stimulus 

categorization (see Polich (2007), Cespón & Carreiras (2020)). Together with the 

significant improvements in RT and accuracy until the end of testing, this speaks in 

favour of an improvement of WM-updating ability across SI training. Furthermore, 

since voltage decreased at Session 5, but RT and overall accuracy remained stable, 

this might indicate a plateau where SI training could not further cognitively boost 

executive functions. However, since the ERP data is not supported by statistics, 

interpretation in this direction must be handled with caution. Lastly, the finding that 

Session and Condition did not show a significant effect on latency did not correspond 

to existing n-back literature such as by Barker & Bialystok (2019), who found longer 

P300 latencies on match than on no-match trials for the 1-back task. 
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The behavioural results of the between-group comparison at baseline of the 3-back 

task did not show a significant difference between groups at baseline in reaction 

times or accuracy (see Figure 38 and Figure 39) and therefore correspond to the 

findings by Dong & Liu (2016) and Rosiers et al. (2019) who used a 2-back task but did 

not find a significant difference between groups at baseline and to the findings by 

Babcock et al. (2017) who did not find a difference between groups in two different 

working memory measures. These findings are especially interesting in regard to the 

behavioural 2-back results at baseline that indicated an inherent advantage in WM-

updating for the SI group. The lack of behavioural difference between groups in the 

3-back tasks shows that when processing effort on working memory was higher than 

in the 2-back task, no advantage of the SI group could be detected, confirming the 

initial hypothesis based on literature by Dong & Liu (2016), Rosiers et al. (2019) and 

Babcock et al. (2017). The finding that Condition had a significant effect on accuracy 

with lower accuracy for the match than for no-match condition (see Figure 39) 

corresponds to relevant n-back literature (see van der Linden et al. (2018)).   

These behavioural findings at baseline were mirrored by the ERP-data that showed 

that there is no significant difference between groups at baseline in the P300 time-

window (see Figure 79). These findings again correspond to the initial hypothesis 

formed on the basis of previous literature of behavioural studies that did not find a 

difference in WM-updating performance between groups at baseline (see e.g. Dong 

& Liu (2016), Rosiers et al. (2019) and Babcock et al. (2017)). Furthermore, the result 

that Condition had a significant effect on Voltage with the no-match condition 

showing lower voltage than the match condition (see Figure 79) corresponds to the 

hypothesis formed on the basis of results from relevant n-back literature (see Barker 

& Bialystok (2020)). In summary, neither behavioural results nor electrophysiological 

data suggest an inherent advantage of the SI group.  

For the progression of reaction time, Session 3, 4 and 5 showed a significant main 

effect on reaction time and it became apparent that that RT decreased steadily until 

the end of training (see Figure 41). This again corresponds to the results from the 2-

back task and to previous results by Dong & Liu (2016) who found that the SI group 

and not the bilingual control group improved their reaction times after training. The 

result that accuracy also increased over the course of testing (see Figure 42), 
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especially the significant increase in both condition in Session 4 and 5 corresponds to 

findings by Babcock et al. (2017) who found a numerical decrease of errors for the SI 

group and the control group. The highly significant effect of Condition on Accuracy 

with the match condition showing lower accuracy corresponds to relevant n-back 

task literature (see by  van der Linden et al. (2018) and Szmalec et al. (2011)).  

Similar to the longitudinal ERP results of the 2-back task, the electrophysiological 

results for the 3-back task did not statistically confirm the progress seen in the 

behavioural data: there was no effect of Session on Voltage in the P300 time-window 

across Sessions (see Figure 83) which contradicts the initially formed hypothesis 

based on previous literature that has found a significant effect of post-test on 

reaction time or accuracy in working memory measures (see Dong & Liu (2016) and 

Babcock et al. (2017)). Taking a look at the raw data in Figure 82 indicates that there 

are modulations in voltage in the P300-time window, showing e.g. that voltage in 

both conditions reached a positive peak in Session 3, decreased for Session 4 and 

slightly increased again in Session 5. Higher voltage in the P300 time-window has 

been associated with less resource allocation to working memory updating via 

stimulus categorization (see Polich (2007), Cespón & Carreiras (2020), Daffner et al. 

(2011)), so the observed trend would indicate that participants needed less cognitive 

resources for WM-updating in Session 3, more in Session 4 (maybe due to lack of 

training after the Erasmus semester) and less cognitive resources again after 

completing their four-semester SI training. However, since the ERP data could not be 

statistically supported, the interpretation of these trends must be considered 

cautiously. Lastly, the significant effect of Condition with lower voltage for the no-

match condition is however in line with previous n-back literature (see Barker & 

Bialystok (2019)). 

In the direct comparison of the 2-back and 3-back task in the SI group, results 

showed that participants performed faster and more accurately across the course of 

testing in both tasks (see Figure 44 and Figure 46), mirroring the separate reaction 

time and accuracy results reported previously. More importantly, the effect of Task 

on reaction time and on accuracy was significant, with the 3-back task always showing 

significantly slower RT and lower accuracy compared to the 2-back task (see Figure 
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44 and Figure 46) which corresponds to relevant n-back literature (Jaeggi et al. 2010), 

explaining that processing load can be varied with increasing N. This means that the 

3-back task in general requires more cognitive processing than the 2-back task and, 

more specifically, different amounts of cognitive resource allocation to inhibition and 

working memory updating. The findings furthermore correspond to findings such as 

by Morales et al. (2015) that found that the 2-back task was easier to perform than 

the 3-back task. Mirroring these findings, the ERP data showed a marginally 

significant effect of Task on Voltage with the 3-back task showing lower (more 

negative) voltage in the P300 time-window (see Figure 85) which has been associated 

with increased cognitive resource allocation to WM-updating through stimulus-

categorization (see Kok (2001), Cespón & Carreiras (2020), Daffner et al. (2011), 

Morrison & Taler (2020), Dong et al. (2015)). However, contrary to the behavioural 

effect of Session on Voltage, ERP results did not show a significant effect of Session 

on voltage (see Figure 85) which in turn mirrors the results from the separate 2-back 

and 3-back ERP analysis. Unfortunately, there were no significant 2-way or 3-way 

interactions that would have warranted an interpretation beyond the main effects 

(see Figure 85). 

To sum up, the initial hypothesis formed in Chapter 7 that interpreters do not possess 

an inherent advantage in executive function compared to translators before they 

start training (see Dong & Liu (2016), Babcock & Vallesi (2017), Rosiers et al. (2019)) 

could be confirmed behaviourally and electrophysiologically with the exception of an 

inherent SI advantage at baseline for the WM-updating that surfaced in the 2-back 

task but disappeared however when memory load was increased in the 3-back task. 

The most promising result that could also be supported by statistically significant 

results was the improvement of the attention switching ability in task switching in 

the colour-shape switch task over the course of testing. After considering a 

performance at the cost of decreased accuracy for the SI group, an initial interpreting 

advantage in task switching of the SI group over the translation control group could 

be excluded which corresponded to the initial hypothesis formed on the basis of 

relevant literature (Dong & Liu (2016), Babcock et al. (2017), Rosiers et al. (2019)). 

Together with the improvement in SI competence scores from pre-training to post-
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training indexed by increased TICQ-scores, both longitudinal behavioural data as well 

as electrophysiological data showed statistically significant evidence for an 

improvement of the attention allocation mechanism during task switching. Most 

importantly, the ERP-data could uncover a potential automation or cognitive 

performance plateau at Session 4, since voltage in the P300 time-window peaked at 

Session 4 while accuracy and reaction time remained steady or further improved for 

Session 5. As discussed above, a mechanism like this has been hypothesized in the 

context of bilingualism (see Chein & Schneider (2012), Pliatsikas (2020) and Paap 

(2018)) as well as SI (see Dong & Liu (2016)) but has so far not been shown in the 

context of SI and executive functions since pre- and post-test designs are not suited 

to uncover what happens between the two testing sessions.   

Since electrophysiological results from the Flanker task, the interference suppression 

component of the colour-shape switch task and the 2-back and 3-back task were not 

significant and could not support the significant behavioural results, it is not possible 

to say for certain that cognitive improvements in interference suppression and 

working-memory updating exist beyond test-re-test effects. This is especially likely 

for interference suppression, for which effects of SI training has been shown the least 

in previous literature (see Nour et al. (2020)). As has become apparent in Figure 56 

and Figure 72, participant variability was quite high which might be one cause of 

missing effects of Session. 

Nevertheless, applying event-related potentials and especially applying a longitudinal 

design that goes beyond the pre- and post-test design was extremely illuminating: If 

I had only done a pre- and post-test, therefore only comparing Session 5 to Session 1 

(baseline)5, an extremely reduced picture would present itself: Reaction time and 

accuracy analysis would indicate that SI students had increased their reaction times 

and accuracy in all executive function tasks and would therefore have increased their 

ability for interference suppression, attentional shifting as well as working memory 

updating and stimulus categorization. However, in the pre- and post-test approach, 

ERP data would reveal simply no significant difference from baseline to Session 5 

                                                           
5 Linear mixed models use Session 1 as reference and automatically compare all following sessions to 
Session 1 (baseline) 
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even though significant difference had surfaced at other testing points in-between. 

As the results have shown, this pre- and post approach would have been especially 

detrimental for the electrophysiological insights into attention shifting aspect 

indexed by the voltage within the P300 time-window, where voltage almost 

decreased back to baseline while the behavioural results all improved or remained 

steady, indicating more efficient attention shifting after Session 4. My more detailed 

longitudinal design revealed significant effects of Session 3 and 4, depicting a bridge-

shaped progression of voltage over the course of testing and showing neuroscientific 

evidence that participants increased their attention shifting function over the course 

of testing. This shows neatly how important information about the neural 

mechanisms would have been lost in a pre- and post-test design using only 

behavioural data. Other studies applying a pre- and post-training design might be 

affected by this issue. For example Babcock et al. (2017) conducted a longitudinal 

study in a pre- and post-test design where they compared MA students of conference 

interpreting to MA translation students and students with non-language related 

degrees in inhibition, attention, switching and short-term memory. They did not find 

that interpreters outperformed the other groups post-training in any executive 

function after a 2-year training period, they only found gains in short-term memory. 

Similarly, van de Putte et al. (2018) compared the performance as well as neural 

activity during the Simon task, a colour-shape switch task and a verbal fluency task of 

interpreting students and translation students after a 9-month training period. They 

did not find any behavioural differences between groups after the training period but 

found differences between groups in brain activity during the Simon and the colour-

shape switch task. The lack of behavioural differences might stem from the 

assumption that reaction times are not fine-grained enough, however, it is also 

possible that there were differences between groups in the middle of testing and 

they have renormalized at the end of training. Since the authors also found increased 

connectivity in the fronto-basal ganglia subnetwork and a network of the cerebellum 

and the supplementary motor area, both networks being associated with executive 

functions and language control, the SI group might have become more efficient. 

Having reported these examples, the study at hand contributes to the research 

landscape of executive functions in simultaneous interpreting students by 
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highlighting that testing at smaller intervals can benefit the understanding of what 

happens to executive functions or even structural and functional characteristics of 

the brain during training. 

It has become apparent that executive functions do not behave in unison and 

individual differences play a big role in how executive functions progress. This has 

become most apparent in the N200-time window in the Flanker task and in the 

colour-shape switch task that both target interference suppression but seem to tap 

into different mechanisms of interference suppression, nevertheless. Although it is 

the same executive function (suppressing interference from the irrelevant Flankers 

or task rule) it behaves differently. Half of the participants in Session 4 participated 

in an Erasmus semester abroad and did not participate in SI training. The is likely 

reflected in the low accuracy in Session 4 of the Flanker task. Interestingly, voltage in 

the N200 time-window reached a positive peak at Session 4. However, it is likely that 

this positive peak is not associated with more ease in task performance and more 

efficiency in executive functions but rather in not using interference suppression as 

much which resulted in lower accuracy. Voltage then decreased again for Session 5, 

but not below the second positive peak at Session 2. In the colour-shape switch task, 

the Erasmus semester also seemed to have an impact. Although accuracy reaches a 

positive peak at Session 4, voltage reaches a negative peak, likely reflecting more 

involvement of interference suppression. It seems like the need to keep up 

performance after the Erasmus semester warranted the increased engagement of 

interference suppression, since no interpreting was done during the semester 

abroad. Interestingly, the Erasmus semester seemingly did not affect the aspect of 

attentional control and working memory updating or stimulus-response mapping, 

since neither accuracy nor voltage decreased at Session 4 in the P300 time-window 

in the colour-shape switch task or the 2-back or the 3-back task. Pausing SI training 

only seemed to affect interference suppression.  

The trends that could be observed in terms of the progression of different executive 

functions have different implications for SI didactics. On the one hand, it has become 

clear that abilities in all executive functions showed a steep increase after the 

beginning of training, reflecting the results from the study by Dong & Liu (2016) that 
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has shown an improvement in behavioural performance in different executive 

functions after only one semester of training. On the other hand, it could be observed 

that although there was a trend for the experimental group to progress in a certain 

way, the individual data showed a large heterogeneity when students reached a high 

or low peak in their respective executive functions (see in Figure 56 and Figure 72). 

This emphasizes that individuals do respond to the increased control demands at a 

differential pace and therefore shows again that, since all brains are different, the 

impact of SI training and the associated competence acquisition is therefore also 

quite individual, meaning that SI training might not be a programme that universally 

fits everyone. There is no definitive evidence in the results that the Erasmus semester 

was the cause of a setback in different executive functions. However, it could be 

argued that one semester of a whole years of absence from SI training might have an 

impact on the training progress and that students might need a longer time to get 

back into the SI practice. Such hypotheses need to be examined in carefully controlled 

future studies. 

In terms of the implications of the results of this dissertation for SI competence 

acquisition, I would like to refer back to the assumption that becoming more adept 

at managing the increased cognitive control demands of SI and therefore increasing 

SI competence leads to a more efficient use of executive functions, also named the 

interpreter advantage (see García (2014)). However, as discussed earlier, the 

apporach of using the graded exam evaluation sheets to capture gains in SI 

competence did not prove as fruitful since an alleged decrease in graded 

performance at the end of SI training compared to the beginning of SI training cannot 

be indicative of a lack of competence acquisition. This cross-sectional approach of 

assessing performance and SI competence makes it difficult to gauge the degree of 

competence acquisition. A proposition for didactics could be to offer a closer-knit and 

at the same time more diverse assessment of the SI competence in the final semester. 

Beaton-Thome (2018) has summarized several solution-oriented approaches. In the 

sense of situated learning within a community of practice, she suggests that 

constellations of experienced SI tutors and students from the beginning of training 

could be fruitful for a more integrated approach to SI expertise acquisition. Most 
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importantly however, she suggests that the final interpreting exam at the end of 

training should be replaced with a more continuous assessment of competence 

(Beaton-Thome 2018: 157–158). This is in line with the approach that was taken in 

the empirical study in this dissertation to observe the progression of executive 

functions. Similar to the issues with executive function assessment, a more 

continuous assessment of SI competence would go beyond simple pre-training and 

post-training assessments of performance and competence. Beaton-Thome (2018) 

also emphasized that being in an all-or-nothing exam situation might not reflect the 

competence of students all too well, which corresponds neatly to my observation. 

She proposes that students would have the possibility to present different aspects of 

their acquired competences in more differentiated final assessments in the last 

semester of training (Beaton-Thome 2018: 158). 

On a broader scale, the results obtained in the present study furthermore provide 

important insights for cognitive bilingualism research. For one, the sample examined 

in this study, simultaneous interpreters, who switch between languages frequently 

and therefore must at least initially allocate increased effort towards inhibiting the 

language representations currently not used for speaking under great time pressure, 

enriches the assumption that “good language switchers are good task switchers” 

(Prior & Gollan 2011). The findings contribute to the discussion within the bilingual 

advantage debate that research should move away from the yes or no binary and 

move towards emphasizing the moderating factors that affect executive functions in 

bilinguals. The current study supports the assumption by Woumans & Duyck (2015), 

that language switching practice is one of the leading components that affect the 

functionality and organization of the bilingual or multilingual brain. At this point 

however, the lack of longitudinal data from a translator or non-translating bilingual 

control group limits the scope to which definitive statements can be made.   

On an electrophysiological level, bilingualism has been associated with increased 

resource allocation towards different aspects of cognitive control, e.g. monitoring or 

inhibition (see e.g. Markiewicz et al. 2023) presumably due to the increased control 

demands posed by managing multiple languages. Especially the results from the task 

switching paradigm in this study offer the perspective that with persistent and 
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extrensive training of language control, the executive functions can let go more as 

processing becomes more automated. This also corresponds to the model proposed 

by Pliatsikas (2020) that explains how the bilingual brain restructures itself while 

gaining more and more control over a second language. The results from the task 

switching paradigm, together with the fronto-parietal electrodes that were chosen 

to examine the response of the brain to the stimuli requiring a task switch, are in line 

with the findings of Hervais-Adelman et al. (2011) who propose that a fronto-parietal 

network supports general switching mechanisms in bilingual language control. 

Ultimately, this study rooted in the setting of SI, provides further evidence that the 

domain general networks of language control are also implicated in bilingual 

language control and as an extension also play a crucial role in modeling SI 

neurocognitively as a form of extreme language control, as it was done by Hervais-

Adelman & Babcock (2020). 

So, to conclude, under some reserve discussed in the following chapter, the results 

have shown that executive functions do have the potential to change during SI 

training, although the present data could only show this in the case of attention 

allocation during task switching. This highlights the plasticity of the bilingual brain, its 

ability to reshape in reaction to different experience, one of the most complex being 

simultaneous interpreting. 
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10. Conclusion, limitations, and future research 
 

This dissertation has positioned simultaneous interpreting as a cognitively 

demanding task that requires the coordination of overlapping processes of language 

reception, translation and production processes and therefore creates high demands 

for language control that also implicates executive functions. Simultaneous 

interpreters have therefore been assumed to possess enhanced executive functions 

as part of the interpreter advantage hypothesis. In the recent past, this assumption 

has been tested by means of neuroscientific methods that highlighted the 

involvement of executive functions during simultaneous interpreting and the 

structural and functional changes that occur in the brain as a function of interpreting 

training. However, when comparing simultaneous interpreters’ performances in 

different executive functions to other bilingual populations such as translators or 

language teachers in cross-sectional studies, inconsistent results have been found. 

Cross-sectional studies have therefore been criticized to only measure performance 

at one point in time and, since interpreting competence and the associated cognitive 

performance is difficult to gauge by grouping participants by years on the job, 

longitudinal studies have been proposed to remedy this issue. However, the 

longitudinal studies that were conducted mostly relied on behavioural measures that 

risk obscuring the mechanisms of the brain by motor response latencies. 

Furthermore, longitudinal studies in this field always applied a pre- and post-test 

design to observe interpreting students’ competences and executive function gains 

after training, concealing what happens during the process of competence 

acquisition. To mitigate these issues, I conducted a longitudinal study that goes 

beyond the pre- and post-test methodology, testing the performance in three 

executive functions tasks of a group of interpreting students continuously throughout 

their Master of Conference Interpreting. By using a triangulation of event-related 

potentials, behavioural measures as well as competence data, I was hoping to provide 

a more accurate and explicit insight into how executive functions are affected by 

training extreme language control through interpreting training. To see whether the 

SI students possess inherently enhanced executive functions since they must pass an 

aptitude test to enter their Master studies, I compared the performance of the SI 
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students to a group of translation students at baseline.  

Results from the TICQ-score revealed that self-rated interpreting competence 

increased from the baseline to the end of SI training. Results from the behavioural as 

well as ERP data showed that besides low processing effort working memory tasks,  

no inherent SI advantage could be seen at baseline. For the longitudinal data, only 

the attention reallocation function during task switching provided reliable results 

from the combination of behavioural and ERP data, describing that the ability to 

reallocate attention during task switching is enhanced during SI training. However, 

since behavioural results continued to increase or remained steady at a certain point 

before the end of training while ERP data showed a decrease in the engagement of 

resource allocation to attention switching, a cognitive performance plateau and more 

efficient processing could be assumed. Hypothesis concerning an improvement in 

interference suppression and working memory updating could not be statistically 

confirmed in a combination of behavioural and ERP-data.  

Nevertheless, another key finding is that by applying a pre- and post-test design, 

important information on the neural processes regarding the executive function 

would have been lost, since there was no significant difference between voltage in 

Session 1 and Session 5 in any task, however, there were significant effects of Session 

3 and 4, for example in the colour-shape switch task. This reinforces the importance 

of applying longitudinal neuroscientific methods over cross-sectional methods and 

more importantly longitudinal methods that go beyond pre- and post-tests. The 

combination of behavioural data, electrophysiological data and competence data 

successfully supported the attempt to construct a full picture of effect of SI training 

on executive functions. The differential results for the different executive functions 

has furthermore highlighted that executive functions are not easily all put in one box 

and need to be chosen carefully.  

This study contributes to existing longitudinal research on SI training and executive 

functions and also encourages testing executive functions longitudinally in 

comparison with other modalities of bilingualism such as translators, language 

learners or even language learners with impaired executive functions such as 

individuals with ADHD. Moreover, the study has highlighted that SI competence 

acquisition has the potential to not progress linearly and that gaps in training such as 
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semesters abroad may have an impact on executive functions supporting SI 

competence acquisition. Lastly, I would like to emphasize the importance of studying 

simultaneous interpreting as well as written translation to further the understanding 

of how different circumstance of language use changes the brain. 

There are some important limitations to this study that absolutely must be 

addressed. First and foremost, it is of course not ideal to only compare the 

interpreting group to the translator group at baseline. Had the Covid19-pandemic not 

restricted human contact and therefore lab use, and also had it not drastically 

lowered the motivation of the participants to commit to a longitudinal study, it would 

have been ideal to collect participants from both groups from the beginning and test 

them longitudinally in parallel throughout their respective MA of Conference 

Interpreting and MA Translation programmes. By only comparing between groups at 

baseline, I was able to account for possible inherent advantages of the interpreting 

group but by continuing to the study only with the experimental group, I was not able 

to draw conclusions about the translator group and could only compare the progress 

of the participants to themselves. I was consequently only able to make assumptions 

about how executive functions are modulated by interpreting training but was not 

able to say with absolute certainty that it was the interpreting training that did the 

trick. Future studies should therefore absolutely compare translation students and 

interpreting students longitudinally in both behavioural as well as 

electrophysiological measures to secure the promising findings that were brought 

about by the study at hand. This way, test-retest effects can be ruled out with more 

certainty.   

Furthermore, another limiting factor concerns the number of participants. Although 

it is not uncommon in neuroscientific studies to have low participant numbers, this is 

one crucial factor that decreases statistical power and limits the generalizability 

across studies. Furthermore, a higher number of participants might have allowed for 

the success of different statistical analysis methods such as sliding contrast analysis, 

for which my participant number was simply too low. The low participant number 

was also rooted in the fact that it is extremely difficult to locate individuals at our 

campus that have not had any prior experience with interpreting and therefore made 
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the pool of possible participants extremely small. Furthermore, the EEG and 

furthermore a longitudinal study with the EEG-technique can be a difficult selling 

point, since adjusting the EEG cap and filling in the gel to lower impedance can be 

very tedious for participants. Despite a great effort at advertising the advantages of 

the EEG, not all individuals feel comfortable with neuroscientific methods and the 

prospect of committing to a longitudinal study. Future studies should nevertheless 

strive to find as many participants as possible to ensure adequate statistical power 

and a wide range of possibilities for statistical analysis.   

One more limitation lies in the competence assessment. The TICQ is an excellent tool 

and an attempt to establish a gold-standard instrument for the assessment of 

translation and interpreting competence. As all other self-report tools however, it is 

not free of the commonly known self-report bias that might skew the results. 

Additionally, for future studies, it would be helpful to administer the TICQ at every 

testing point and not only as a pre- and post-test measure.  

In addition to the proposition of remedying the participant number and the parallel 

testing of the control group, future research leaves many options for follow-up 

studies. It would be interesting for example to continue testing in the field of 

professional interpreters and translators to see which role longitudinal professional 

experience plays in executive functions. Of course, using different neuroscientific 

measures than the EEG, such as fMRI or PET could also provide promising results but 

may not be easily adapted.   

Moreover, it could be interesting for future studies to compare different bilingual 

populations longitudinally such as written translation, second language learners or 

even how professional language training affects individuals with impaired executive 

functions such as individuals with ADHD.  

Lastly, taking a step back from the longitudinal approach, it might also be interesting 

to investigate which short-term effect translation and interpreting may have on 

executive functions, as it is currently being examined by Habig et al. (forthcoming).
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Appendix  

 

Baseline TICQ Experimental group 

 

Please enter 
the 
participant 
ID. Your 
participant 
ID is the 
number you 
have been 
given by the 
experimenter 
(example: 
P03). 

Please enter 
the name of 
your study: 
Please use 
the study 
name 
EEGHa2021. 

Module A1: 
Personal 
data        Age: Gender: 

What is 
your 
highest 
degree? What is your highest degree? [Other] 

Which 
languages 
do you 
speak? 
[Mother 
tongue 
(L1)] 

Which 
languages 
do you 
speak? 
[Language 
2 (L2)] 

EEGHa2021 P01 20 Female Bachelor   Deutsch Englisch 

EEGHa2021 P02 25 Female Bachelor   Deutsch Englisch 

EEGHa2021 P03 23 Female Bachelor   Deutsch Englisch 

EEGHa2021 P04 29 Female Master   Deutsch Französisch 

EEGHa2021 P06 23 Female Bachelor   Deutsch Englisch 

EEGHa2021 P07 26 Female Bachelor   Deutsch Englisch 

EEGHa2021 P08 22 Female Bachelor   Deutsch Englisch 

EEGHa2021 P10 24 Female Bachelor   Deutsch Englisch 

EEGHa2021 P11 24 Female Other 
Derzeitig noch am Schreiben der 
Bachelorarbeit Deutsch Englisch 
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Which 
languages 
do you 
speak? 
[Language 
3 (L3)] 

Which 
languages 
do you 
speak? 
[Language 
4 (L4)] 

Which 
languages 
do you 
speak? 
[Language 
5 (L5)] 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 
each of the 
languages.) 
[L2] 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 
each of the 
languages.) 
[L3] 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 
each of the 
languages.) 
[L4] 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 
each of the 
languages.) 
[L5] 

In which 
country/countries 
did you grow 
up? 

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, biology, 
etc.) during 
your primary 
and / or 
secondary 
education? (An 
answer is 
required for 
each of the 
languages.) 
[mother 
tongue] 

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, biology, 
etc.) during 
your primary 
and / or 
secondary 
education? (An 
answer is 
required for 
each of the 
languages.) 
[L2] 

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, biology, 
etc.) during 
your primary 
and / or 
secondary 
education? (An 
answer is 
required for 
each of the 
languages.) 
[L3] 

Französisch Italienisch Chinesisch No No No No Deutschland Yes No No 

Französisch     No No No No Deutschland Yes Yes No 

Französisch Schwedisch   No No No No Deutschland Yes No No 

Englisch Spanisch Arabisch No No No No Deutschland Yes No No 

Spanisch     No No No No Deutschland Yes No No 

Französisch Italienisch   No No No No Deutschland Yes No No 

Französisch Spanisch   No No No No Deutschland Yes No No 

Spanisch Italienisch   No No No No Deutschland Yes No No 

Spanisch - - No No No No Deutschland Yes No No 
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Which was the 
language of 
instruction for 
general 
classes during 
your primary 
and / or 
secondary 
education? (An 
answer is 
required for 
each of the 
languages.) 
[L4] 

Which was the 
language of 
instruction for 
general 
classes  during 
your primary 
and / or 
secondary 
education? (An 
answer is 
required for 
each of the 
languages.) 
[L5] 

Module A2: 
Language 
acquisition 
(L2)         At 
what age 
did you 
start 
learning 
L2? 

How did you 
primarily learn 
L2? 

How did 
you 
primarily 
learn L2? 
[Other] 

For how 
many years 
have you 
been 
learning 
your L2? 

Do you 
hold a 
language 
certificate 
for your L2 
(e.g. 
TOEFL)? If yes, which certificate? 

If yes, at 
what age 
did you 
earn it? 

Have you 
ever been 
to an L2 
country for 
more than 
three 
months? 

No No 5 
Formal 
education   15 No     No 

No No 8 
Formal 
education   17 No     No 

No No 12 
Formal 
education   11 No     No 

No No 9 
Formal 
education   9 No     No 

No No 8 
Formal 
education   15 Yes SEFIC for Business English 20 Yes 

No No 9 
Formal 
education   15 Yes Englisch: LCCI - EFB Level 1 17 No 

No No 6 
Formal 
education   16 No     No 

No No 10 
Formal 
education   14 No     No 



 

319 
 

No No 8 
Formal 
education   15 No     Yes 

 

If yes, how 
long was 
your 
longest 
stay (in 
months)? 

If yes, when did you stay in that country and 
why? 

With whom 
do you 
speak in 
your 
L2?  (An 
answer is 
required for 
each of the 
options.) 
[Family] 

With whom 
do you 
speak in 
your 
L2?  (An 
answer is 
required for 
each of the 
options.) 
[Relatives] 

With whom 
do you 
speak in 
your 
L2?  (An 
answer is 
required for 
each of the 
options.) 
[Friends] 

With whom do you 
speak in your L2?  (An 
answer is required for 
each of the options.) 
[Colleagues/workplace] 

How often do you speak in 
L2? Choose the option 
closest to your situation. 

How many 
hours per 
week do 
you read 
texts in 
your 
mother 
tongue? 

    Yes Yes Yes No From 1 to 15 hours a day 10 

    No No Yes Yes 
From 1 to 15 hours a 
week 3 

    No No Yes Yes 
From 1 to 15 hours a 
week 2 

    No No No No 
From 1 to 15 hours a 
month 10 

6 Praktikum im Rahmen des Bachelorstudiums No No Yes Yes From 1 to 15 hours a day 4 

    No No No Yes 
From 1 to 15 hours a 
month 15 

    No No Yes No From 1 to 15 hours a day 5 

    No No Yes Yes From 1 to 15 hours a day 3 

6 
September 2020 bis März 2021 für ein 
Praktikum No No Yes No 

From 1 to 15 hours a 
week 6 
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How many 
hours per 
week do 
you read L2 
texts? 

How many 
hours per 
week do 
you listen 
to audio 
content in 
your 
mother 
tongue? 

How many hours 
per week do you 
watch 
TV/movies/series 
in your mother 
tongue? 

How many 
hours per 
week do 
you listen 
to audio 
content in 
L2? 

How many hours per 
week do you 
watch  TV/movies/series 
in L2? 

Module 
A3 (Language 
acquisition): third 
language        Do 
you speak a third 
language? 

Which is 
your third 
language? 

At what age 
did you 
start 
learning 
your third 
language? 

35 0 0 0 10 Yes Französisch 11 

5 3 0 7 5 Yes Französisch 16 

3 0 10 4 3 Yes Französisch 14 

0 0 0 0 0 Yes Französisch 12 

4 2 4 1 3 Yes Spanisch 14 

5 5 12 3 7 Yes Französisch 11 

10 0 0 0 14 Yes Französisch 11 

3 0 0 0 12 Yes Spanisch 15 

10 4 2 10 15 Yes Spanisch 17 
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How did you primarily learn this 
language? 

How did 
you 
primarily 
learn this 
language? 
[Other] 

For how 
many years 
have you 
been 
learning 
this 
language? 

Do you 
hold a 
language 
certificate 
for your 
third 
language 
(e.g. 
TOEFL)? 

If yes, which certificate was 
it? 

If yes, at 
what age 
did you 
earn it? 

Have you 
ever been 
to a country 
for more 
than three 
months 
where this 
language is 
spoken? 

If yes, how 
long was 
your 
longest 
stay (in 
months)? 

Formal education   9 No     No   

Formal education   6 No     No   

Formal education   9 Yes DALF C1 21 Yes 4 

In a country where this language is 
spoken   15 Yes 

Master Französisch 
Lehramt 27 Yes 12 

Formal education   5 No     No   

Formal education   13 Yes DELF B1 15 Yes 5 

Formal education   11 No     No   

Formal education   9 No     Yes 8 

Formal education   5 No     No   
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If yes, when did you stay in that country and why? 

How do 
you rate 
your 
knowledge 
of your 
mother 
tongue?  
From 1 
(very 
poor) to 
100 (very 
good) 

How do 
you rate 
your 
knowledge 
of your 
L2?  From 
1 (very 
poor) to 
100 (very 
good) 

How do 
you rate 
your 
active 
knowledge 
of your 
third 
language?  
From 1 
(very 
poor) to 
100 (very 
good) 

How do 
you rate 
your 
passive 
knowledge 
of your 
third 
language?  
From 1 
(very 
poor) to 
100 (very 
good) 

  100 90 80 100 

  90 75 1 10 

Auslandssemester in Lyon, ERASMUS, weil ich Frankreich liebe und dort 
leben wollte und weil es sehr gut zu meinem Studium gepasst hat. 80 70 70 70 

2010 Au-Pair, 2019-20 Arbeit 90 70 75 85 

  100 85 10 25 

Sep 2014 - Jan 2015, Erasmus 95 80 70 75 

  100 90 60 80 

2016 für einen Europäischen Freiwilligendienst 80 50 50 65 

  80 75 25 45 
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Module C1: Professional 
experience           What is your current 
status? 

If student, how is your 
course of studies 
called? 

Do you already 
have a university 
degree? If yes, please specify? 

If student, in 
which year of 
study are you 
now? 

What is 
your 
language 
combinatio
n? 

Did you 
engage 
in any 
professio
nal 
training 
before 
you 
started 
your 
degree 
program 
at the 
university
? 

Interpreting student 
MAKD Englisch, 
Französisch Yes 

BA Sprache Kultur 
Translation 1 

Englisch 
Französisc
h No 

Interpreting student MAKD AB+Ü Englisch Yes MAKD AB+Ü Englisch 1 

A-Sprache 
Deutsch, B-
Sprache 
Englisch No 

Interpreting student 

Master 
Konferenzdolmetsche
n A-Deutsch, B-
Französisch, C-
Englisch Yes 

Bachelor in 
Anwendungsorientierte 
Interkulturelle 
Sprachwissenschaft (Uni 
Augsburg) 1 

A-Deutsch, 
B-
Französisc
h, C-
Englisch No 

Interpreting student 
MAKD Deutsch 
Französisch Englisch Yes MA Ed 1 

A: Deutsch 
B: 
Französisc
h C: 
Englisch No 
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Interpreting student 

Master 
Konferenzdolmetsche
n Yes Bachelor Fachübersetzen 1 

Deutsch-
Englisch No 

Interpreting student Dolmetschen Yes Bachelor 1 
DE - EN - 
FR Yes 

Interpreting student 
Konferenzdolmetsche
n AB+Ü Yes Bachelor of Arts 1 

A Deutsch 
B Englisch No 

Interpreting student 

Dolmetschen mit 
Englisch und 
Übersetzen mit 
Englisch und 
Spanisch Yes Bachelor of Arts 1 

Englisch 
und 
Spanisch No 

Interpreting student 

MA 
Konferenzdolmetsche
n Yes 

BA Fachübersetzen (nach 
Abgabe der BA-Arbeit) 1 

Englisch 
(ABÜ) Yes 

If yes, what type of 
training? 

If yes, 
how 
long 
did 
the 
trainin
g 
last? 
(in 
month
s) 

Did you gather any other 
interpreting experience? 
Please discribe.(For example 
interpreting classes, 
interpreting seminars, jobs 
etc.) 

Have you 
ever 
interpreted 
for a friend 
or family 
member? 
(For 
example at 
the doctor 
or at the 
public 
administrat
ion office) 

If so, where or in which 
context? 

If so, 
how 
often or 
how 
regularly
? 

Are you 
interpreti
ng 
beyond 
the 
context of 
your 
university 
studies?(
For 
example 
as a 
freelance
r 
alongside 
your 
studies) 

      No     No 

      No     No 
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Im Rahmen der deutsch-
französischen 
Partnerschaftsarbeit durfte 
ich beim alljährlichen 
Austausch zwischen meinem 
Heimatdorf und einem Dorf 
aus Frankreich konsekutiv 
Dolmetschen. Hauptsächlich 
Tischreden der beiden 
Bürgermeister. Das war alles 
ehrenamtlich. No 

Im Rahmen der deutsch-
französischen 
Partnerschaftsarbeit durfte 
ich beim alljährlichen 
Austausch zwischen meinem 
Heimatdorf und einem Dorf 
aus Frankreich konsekutiv 
Dolmetschen. Hauptsächlich 
Tischreden der beiden 
Bürgermeister. Das war alles 
ehrenamtlich. 

Das war 
vor 
Corona 
einmal 
pro Jahr 
für 
insgesa
mt drei 
Jahre. No 

    Nein No     No 

    

2 Jahre Unterricht in 
Konsekutivdolmetschen und 
ca 4 Monate 
Simultanunterricht an der 
Würzburger 
Dolmetscherschule. Yes 

Für einen amerikanischen 
Austauschschüler, der ca. 1 
Woche bei uns wohnte 

Abgeseh
en 
davon, 
kaum. No 

Fremdsprachenkorrespo
ndentin und danach 
staatlich geprüfte 
Übersetzerin 60 

Propädeutikum während des 
BA, 2 Semester Yes Familientreffen 

Bisher 3 
Mal No 

    
Dolmetschpropädeutikum 
Deutsch - Englisch No     No 

    

Im Bachelorstudium habe ich 
schon ein 
Dolmetschpropädeutikum 
besucht Yes 

Während meines 
Europäischen 
Freiwilligendienstes habe ich 
bereits einige Erfahrungen im 
Community Interpreting 
gesammelt, als es darum 
ging, zwischen Freunden und 
Einheimischen sprachlich zu 
vermitteln. 

zirka 
dreimal 
im Monat No 
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Ausbildung zum staatlich 
geprüften Dolmetscher 
und Übersetzer 36 

In meiner Ausbildung habe 
ich hauptsächlich Erfahrung 
im Gesprächs- und 
Konsekutivdolmetschen 
gesammelt. Vor der 
Pandemie hatte ich auch ein 
paar Monate Unterricht im 
Simultandolmetschen. Der 
Schwerpunkt der Ausbildung 
lag jedoch im Übersetzen. No - - No 

 

Module C2: 
Interpreting 
competence        How 
do you rate your 
ability to 
interpret from mother 
tongue into L2? From 
1 (very poor) to 100 
(very good) 

How do you 
rate your 
ability to 
interpret from 
L2 into your 
mother 
tongue? 
From 1 (very 
poor) to 100 
(very good) 

How many 
hours per 
week do you 
engage in 
interpretation 
from your 
mother 
tongue to 
L2? 

How many 
days per 
year do you 
engage in 
interpretation 
from your 
mother 
tongue to 
L2? 

How many 
hours per 
week do you 
engage in 
interpretation 
from L2 to 
your mother 
tongue? 

How many 
days per 
year do you 
engage in 
interpretation 
from L2 to 
your mother 
tongue? 

What is the 
proportion of 
simultaneous 
vs. 
consecutive 
interpreting 
you engage 
in? 
[Simultaneous] 

What is the 
proportion of 
simultaneous 
vs. 
consecutive 
interpreting 
you engage 
in? 
[Consecutive] 

Are you 
member of 
the AIIC? 

70 70 5 50 5 50 60 40 No 

20 30 3 10 3 10 3 3 No 

30 40 5 221 5 221 50 50 No 

55 70 6 0 6 0 40 60 No 

50 60 3 32 3 32 50 50 No 

60 85 4 100 4 100 20 20 No 

30 50 3 104 3 104 50 50 No 

20 75 3 56 3 56 50 50 No 

65 75 5 0 5 0 50 50 No 
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Module C3: 
Questions on the 
interpreting 
process Module 
C3.1: Preparation 
phase              How 
often do you 
consider the 
interpreting brief 
before you start 
your preparation 
(in %)?  [Not 
applicable to me.] 

Module C3: 
Questions on the 
interpreting 
process Module 
C3.1: Preparation 
phase              How 
often do you 
consider the 
interpreting brief 
before you start 
your preparation 
(in %)?  [Other] 

How often 
do you get 
customer-
specific 
information 
(e.g., 
terminology, 
parallel 
texts)? (in 
%) [Not 
applicable 
to me.] 

How often 
do you get 
customer-
specific 
information 
(e.g., 
terminology, 
parallel 
texts)? (in 
%) [Other] 

How often 
do you get 
any 
conference 
materials in 
advance? 
(in %) [Not 
applicable 
to me.] 

How often 
do you get 
any 
conference 
materials in 
advance? 
(in %) 
[Other] 

How often 
do you verify 
the 
speaker’s 
first and/or 
provenance? 
(in %) [Not 
applicable to 
me.] 

How often 
do you verify 
the 
speaker’s 
first and/or 
provenance? 
(in %) 
[Other] 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? [In 
print] 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? 
[Digital: 
term 
database] 

No 70 No 70 No 10 No 0 No No 

Yes   Yes   Yes   Yes   Yes No 

Yes   Yes   Yes   No 20 No No 

Yes   Yes   Yes   Yes   No No 

No 100 No 60 No 50 No 100 No No 

No 0 No 0 No 0 No 0 No No 

No 100 Yes   No 50 No 100 No No 

Yes   No 50 Yes   Yes   Yes No 



 

328 
 

No 70 Yes   Yes   No 70 No No 

 

 

 

 

 

 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? 
[Digital: 
Word list] 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? [no] 

Module C3.2: 
Research 
strategies           Do 
you consult 
external sources 
(websites, fora, 
databases, books) 
before the 
interpreting 
assignment? If yes, ... 

Do you 
consult own 
resources 
(e.g., 
glossaries, 
Translation 
Memories, 
term 
databases) 
before the 
interpreting 
assignment? If yes, ... 

During the research phase, 
what is your strategy if you 
know the meaning of a word, 
but you can't think of its most 
adequate equivalent in the 
target language? I … 

Do you use 
translation 
memory 
systems? 

No Yes No   No   use bilingual dictionary. No 

No No No   No   use bilingual dictionary. No 

Yes No Yes Digital No   use bilingual dictionary. No 

No Yes No   No   use bilingual dictionary. No 

Yes No Yes Digital Yes Both use monolingual dictionary. No 

Yes No Yes Both Yes Both 
infer the meaning from 
context. No 

Yes No Yes Digital No   use a search engine. No 
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Yes No No   Yes Both use a search engine. No 

Yes No Yes Digital Yes Digital use a search engine. No 

 

 

 

 

 

 

Do you use 
terminology 
databases for 
your data 
management? 

Do you use 
search 
engines like 
Google or 
ixquick? 

What do you mainly 
look for when you use 
search engines? 

Do you Google 
mainly in the 
source or 
target 
language? 

Do you use 
interpreter-specific 
tools, e.g., Interplex 
or Interpretbank? 

Which 
research 
aids do you 
use? 
[Monolingual 
Dictionaries] 

Which 
research 
aids do you 
use? 
[Bilingual 
Dictionaries] 

Which 
research 
aids do you 
use? 
[Synonym 
Dictionaries] 

Which 
research aids 
do you use? 
[Encyclopedias 
or similar] 

Which 
research 
aids do you 
use? 
[Search 
Engines] 

No No   
target 
language No No Yes No No No 

No Yes 
Background 
information 

source 
language 

Not applicable to 
me. Yes Yes Yes No Yes 

No Yes 
Background 
information 

target 
language 

Not applicable to 
me. Yes Yes Yes No Yes 

No Yes 
Background 
information 

target 
language No Yes Yes Yes No Yes 

No Yes 
Background 
information both 

Not applicable to 
me. Yes Yes Yes Yes Yes 

No Yes 
Background 
information both No Yes Yes Yes No Yes 

No Yes Words both No No No No Yes Yes 
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No Yes Idiomatic expressions both 
Not applicable to 
me. No Yes Yes No Yes 

No Yes Idiomatic expressions both No Yes Yes Yes Yes Yes 

 

 

 

 

 

 

Which 
research 
aids do you 
use? 
[Terminolog
y 
Databases] 

Which 
research aids 
do you use? 
[Concordance
s Search 
Functions] 

Which 
research 
aids do you 
use? [Not 
applicable 
to me] 

Module C3.3: 
Simultaneous 
interpreting        Ho
w important is 
professional 
equipment (e.g., 
interpreting 
booth)?from 0 (not 
important) - 100 
(very important)  
[Not applicable to 
me.] 

Module C3.3: 
Simultaneous 
interpreting        Ho
w important is 
professional 
equipment (e.g., 
interpreting 
booth)?from 0 (not 
important) - 100 
(very important)  
[Other] 

How often 
do you 
work 
together 
with a 
partner? (in 
%) [Not 
applicable 
to me.] 

How often 
do you 
work 
together 
with a 
partner? (in 
%) [Other] 

If yes, does 
your 
interpreting 
partner help 
you while 
interpreting
? 

If you work 
with a 
partner, 
after which 
interpreting 
duration do 
you usually 
switch over 
to your 
partner (in 
minutes)? 

What is your 
maximum 
simultaneou
s interpreting 
capacity per 
day? (in 
hours) 

No No No No 100 No 0 No 0 2 

No No No No 100 Yes   N/A   1,5 

No No No No 50 Yes   N/A   0,5 

No No No Yes   Yes   N/A   0 

Yes Yes No No 80 Yes   N/A   1,5 

No No No No 100 Yes   N/A   4,5 



 

331 
 

No No No No 80 Yes   N/A   1,5 

No No No No 100 Yes   N/A   1,5 

No No No No 70 Yes   N/A   2 

 

 

 

 

 

 

What is 
your 
estimated 
decalage? 
(in 
seconds) 
[Not 
applicable 
to me] 

What is 
your 
estimated 
decalage? 
(in 
seconds) 
[Other] 

How 
important is 
visual 
contact to 
the speaker 
during 
simultaneous 
interpreting? 
from 0 (not 
important) - 
100 (very 
important) 
[Not 
applicable to 
me.] 

How 
important is 
visual 
contact to 
the speaker 
during 
simultaneous 
interpreting? 
from 0 (not 
important) - 
100 (very 
important) 
[Other] 

Do you pay 
attention to any 
other visual 
information 
distributed by the 
speaker (e.g., 
presentations, 
slides, handouts)? 

What strategy do you 
use when you don’t 
understand the 
speaker acoustically? 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Ask my 
partner] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Omission 
of the 
passage] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Guessing 
the content] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Invent new 
contents] 

No 3 No 60 Yes 
Omission of the 
passage No Yes Yes No 

No 4 No 50 Yes Not applicable to me No Yes No No 
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No 2 No 10 Yes 
Omission of the 
passage No Yes Yes No 

Yes   Yes   
Not applicable to 
me Not applicable to me No No No No 

Yes   No 100 Yes Not applicable to me No No No No 

No 4 No 70 Yes 
Omission of the 
passage No Yes Yes Yes 

No 3 No 50 Yes 
Omission of the 
passage No No No No 

No 7 No 30 Yes Invent new contents No No Yes Yes 

No 4 No 60 Yes 
Omission of the 
passage No No Yes No 

 

 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Interrupt 
the 
speaker] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Look up in 
resource] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Stalling] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Not 
applicable 
to me] 

What strategy do you 
use when you can't 
think of a term in the 
target language? 

How do you deal 
with spontaneous 
changes in the 
manuscript, if you 
get one? 

Do you correct 
obvious mistakes 
of the speaker in 
the target 
language? 

Do you use 
any 
resources 
in the 
booth? 
[Online 
resources] 

No No Yes No Invent new contents 
Interpret the 
changes Yes No 

No No Yes No 
Omission of the 
passage 

Interpret the 
changes Yes No 
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No Yes Yes No Guessing the content 
Not applicable to 
me Yes No 

No No No Yes Not applicable to me 
Not applicable to 
me 

Not applicable to 
me No 

No No Yes No Not applicable to me 
Interpret the 
changes Yes No 

No No No No Stalling 
Not applicable to 
me 

Not applicable to 
me No 

No No Yes No Invent new contents 
Not applicable to 
me 

Not applicable to 
me No 

No No No No Guessing the content 
Not applicable to 
me 

Not applicable to 
me No 

No No No No Guessing the content 
Interpret the 
changes Yes No 

 

 

Do you use 
any 
resources 
in the 
booth? 
[Term 
database] 

Do you use 
any 
resources 
in the 
booth? 
[TM] 

Do you use 
any 
resources 
in the 
booth? 
[Google] 

Do you use 
any 
resources 
in the 
booth? 
[Print 
glossaries] 

Do you use 
any 
resources 
in the 
booth? 
[Digital 
word lists] 

Do you use 
any 
resources in 
the booth? 
[Interpreter-
specific tools, 
e.g. Interplex 
or 
Interpretbank] 

Do you use 
any 
resources 
in the 
booth? [No] 

Do you use 
any 
resources 
in the 
booth? [Not 
applicable 
to me] 

Module C3.4: 
Consecutive 
interpreting        How 
often do you use 
note taking 
strategies? (in %)  
[Not applicable to 
me] 

Module C3.4: 
Consecutive 
interpreting        How 
often do you use 
note taking 
strategies? (in %)  
[Other] 

No No No No No No Yes No No 100 

No No No No No No No Yes No 10 

No No No No No No No Yes No 95 

No No No No No No No Yes Yes   

No No No No No No Yes No No 90 

No No No Yes No No No No No 90 

No No No No No No Yes No No 100 
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No No No Yes No No No No No 30 

No No Yes Yes Yes No No No No 90 

 

 

 

 

 

 

 

 

Do you 
have your 
own 
notation 
system? 

Do you omit 
articles, 
exclamations, 
unimportant 
prepositions, 
adjectives and 
adverbs while 
taking notes? 

Do you separate 
your notes by 
ideas? 

What is the 
speaker’s 
maximum 
speaking 
time before 
you have to 
start the 
interpreting 
task? (in 
minutes) 
[Not 
applicable 
to me] 

What is the 
speaker’s 
maximum 
speaking 
time before 
you have to 
start the 
interpreting 
task? (in 
minutes) 
[Other] 

What is 
your 
maximum 
interpreting 
capacity 
per day? (in 
hours) [Not 
applicable 
to me] 

What is 
your 
maximum 
interpreting 
capacity 
per day? (in 
hours) 
[Other] 

What strategy do you 
use when you don’t 
understand the speaker 
acoustically? 

What strategy do you 
use when you don’t 
understand the meaning 
of a term or sentence? 

Yes Yes Yes No 10 No 3 
Omission of the 
passage Omission of the passage 
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No 
Not applicable to 
me No No 5 No 1,5 

Omission of the 
passage Omission of the passage 

Yes Yes Yes No 4 Yes   
Ask the speaker to 
repeat 

Ask the speaker to 
explain 

N/A     Yes   Yes   Not applicable to me Not applicable to me 

Yes No 
Not applicable to 
me No 6 No 1,5 

Ask the speaker to 
repeat Not applicable to me 

Yes Yes Yes No 5 No 3 
Omission of the 
passage Guessing the content 

Yes Yes Yes No 4 No 1,5 Guessing the content Guessing the content 

Yes Yes Yes No 5 No 1 Guessing the content Invent new contents 

No Yes No No 8 No 2 
Omission of the 
passage Guessing the content 

 

 

 

What strategy do you 
use when you can't 
think of a term in the 
target language? 

Do you pay 
attention to any 
other visual 
information 
distributed by the 
speaker (e.g., 
presentations, 
slides, handouts)? 

Do you correct 
obvious mistakes 
of the speaker 
during consecutive 
interpreting? 

How do you deal with 
inappropriate or 
offensive statements? 

Module C3.5: Quality 
management        How 
do you assess the 
quality of your 
interpreting? 

How often 
do you get 
feedback 
from your 
client? (in 
%) [Not 
applicable 
to me] 

How often 
do you get 
feedback 
from your 
client? (in 
%) [Other] 

If so, how do you deal with 
this feedback? 

I use synonyms Yes Yes Literal translation 
Feedback by 
colleague Yes     

Omission of the 
passage Yes Yes 

Manipulated 
translation Recordings Yes     

Guessing the content Yes Yes Not applicable to me Recordings Yes     

Not applicable to me 
Not applicable to 
me 

Not applicable to 
me Not applicable to me Recordings Yes     
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Not applicable to me Yes Yes Not applicable to me Recordings Yes     

I use synonyms Yes 
Not applicable to 
me Not applicable to me Recordings Yes     

Invent new contents Yes 
Not applicable to 
me 

Manipulated 
translation Recordings No 60 

I make notes for my next 
job 

Guessing the content Yes 
Not applicable to 
me 

Manipulated 
translation 

Feedback by 
colleague Yes     

Guessing the content Yes Yes 
Manipulated 
translation Recordings Yes     

 

 

 

Post-Test TICQ Experimental group 

Module C2: 
Interpreting 
competence        How 
do you rate your 
ability to 
interpret from mother 
tongue into L2? From 
1 (very poor) to 100 
(very good) 

How do you 
rate your 
ability to 
interpret from 
L2 into your 
mother 
tongue? 
From 1 (very 
poor) to 100 
(very good) 

How many 
hours per 
week do you 
engage in 
interpretation 
from your 
mother 
tongue to 
L2? 

How many 
days per 
year do you 
engage in 
interpretation 
from your 
mother 
tongue to 
L2? 

How many 
hours per 
week do you 
engage in 
interpretation 
from L2 to 
your mother 
tongue? 

How many 
days per 
year do you 
engage in 
interpretation 
from L2 to 
your mother 
tongue? 

What is the 
proportion of 
simultaneous 
vs. 
consecutive 
interpreting 
you engage 
in? 
[Simultaneous] 

What is the 
proportion of 
simultaneous 
vs. 
consecutive 
interpreting 
you engage 
in? 
[Consecutive] 

Are you 
member of 
the AIIC? 

90 90 4 4 4 4 50 50 No 

1 85 6 12 4 12 60 40 No 

75 85 4 40 3 40 50 50 No 

70 80 8 50 8 50 30 20 No 

75 80 5 150 5 150 60 40 No 

60 70 7 50 7 50 4 1 No 
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76 82 15 15 0 0 50 50 No 

20 30 3 24 3 24 50 50 No 

 

 

 

 

 

 

 

Module C3: 
Questions on the 
interpreting 
process Module 
C3.1: Preparation 
phase              How 
often do you 
consider the 
interpreting brief 
before you start 
your preparation 
(in %)?  [Not 
applicable to me.] 

Module C3: 
Questions on the 
interpreting 
process Module 
C3.1: Preparation 
phase              How 
often do you 
consider the 
interpreting brief 
before you start 
your preparation 
(in %)?  [Other] 

How often 
do you get 
customer-
specific 
information 
(e.g., 
terminology, 
parallel 
texts)? (in 
%) [Not 
applicable 
to me.] 

How often 
do you get 
customer-
specific 
information 
(e.g., 
terminology, 
parallel 
texts)? (in 
%) [Other] 

How often 
do you get 
any 
conference 
materials in 
advance? 
(in %) [Not 
applicable 
to me.] 

How often 
do you get 
any 
conference 
materials in 
advance? 
(in %) 
[Other] 

How often 
do you verify 
the 
speaker’s 
first and/or 
provenance? 
(in %) [Not 
applicable to 
me.] 

How often 
do you verify 
the 
speaker’s 
first and/or 
provenance? 
(in %) 
[Other] 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? [In 
print] 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? 
[Digital: 
term 
database] 

No 100 No 80 Yes   Yes   No No 

No 100 Yes   No 100 Yes   No No 

No 10 No 30 No 20 Yes   No No 

No 100 Yes   Yes   Yes   No No 

No 100 Yes   Yes   No 100 Yes No 
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No 100 No 60 No 30 No 100 Yes No 

No 78 No 80 No 90 No 40 Yes No 

Yes   No 30 Yes   Yes   Yes No 

 

 

 

 

 

 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? 
[Digital: 
Word list] 

Do you 
prepare a 
glossary for 
the 
interpreting 
task? [no] 

Module C3.2: 
Research 
strategies           Do 
you consult 
external sources 
(websites, fora, 
databases, books) 
before the 
interpreting 
assignment? If yes, ... 

Do you 
consult own 
resources 
(e.g., 
glossaries, 
Translation 
Memories, 
term 
databases) 
before the 
interpreting 
assignment? If yes, ... 

During the research phase, 
what is your strategy if you 
know the meaning of a word, 
but you can't think of its most 
adequate equivalent in the 
target language? I … 

Do you use 
translation 
memory 
systems? 

Do you use 
terminology 
databases for 
your data 
management? 

Yes No Yes Digital Yes Digital use bilingual dictionary. No No 

Yes No Yes Both Yes Both use a search engine. No No 

No Yes Yes Digital Yes Digital use bilingual dictionary. No No 

Yes No Yes Both Yes Digital 
infer the meaning from 
context. No No 

Yes No Yes Both Yes Both use a search engine. No No 
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Yes No Yes Both Yes Both use a search engine. No No 

No No Yes Digital No   use a search engine. No No 

No No No   Yes Print use bilingual dictionary. No No 

 

 

 

 

 

 

Do you use 
search 
engines like 
Google or 
ixquick? 

What do you mainly 
look for when you use 
search engines? 

Do you 
Google mainly 
in the source 
or target 
language? 

Do you use 
interpreter-specific 
tools, e.g., Interplex 
or Interpretbank? 

Which 
research 
aids do you 
use? 
[Monolingual 
Dictionaries] 

Which 
research 
aids do you 
use? 
[Bilingual 
Dictionaries] 

Which 
research 
aids do you 
use? 
[Synonym 
Dictionaries] 

Which 
research aids 
do you use? 
[Encyclopedias 
or similar] 

Which 
research 
aids do you 
use? 
[Search 
Engines] 

Yes Words 
target 
language No No Yes No No Yes 

Yes 
Background 
information both No Yes Yes Yes Yes Yes 

Yes 
Background 
information both No Yes Yes Yes Yes Yes 

Yes 
Background 
information 

target 
language No Yes Yes Yes Yes Yes 

Yes 
Background 
information both 

Not applicable to 
me. No Yes No Yes Yes 

Yes Idiomatic expressions 
target 
language No Yes Yes Yes Yes Yes 

Yes Phrases both No Yes Yes No Yes Yes 
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Yes Idiomatic expressions both No No Yes No No Yes 

 

 

 

 

 

 

 

Which 
research 
aids do you 
use? 
[Terminolog
y 
Databases] 

Which 
research aids 
do you use? 
[Concordance
s Search 
Functions] 

Which 
research 
aids do you 
use? [Not 
applicable 
to me] 

Module C3.3: 
Simultaneous 
interpreting        Ho
w important is 
professional 
equipment (e.g., 
interpreting 
booth)?from 0 (not 
important) - 100 
(very important)  
[Not applicable to 
me.] 

Module C3.3: 
Simultaneous 
interpreting        Ho
w important is 
professional 
equipment (e.g., 
interpreting 
booth)?from 0 (not 
important) - 100 
(very important)  
[Other] 

How often 
do you 
work 
together 
with a 
partner? (in 
%) [Not 
applicable 
to me.] 

How often 
do you 
work 
together 
with a 
partner? (in 
%) [Other] 

If yes, does 
your 
interpreting 
partner help 
you while 
interpreting
? 

If you work 
with a 
partner, 
after which 
interpreting 
duration do 
you usually 
switch over 
to your 
partner (in 
minutes)? 

What is your 
maximum 
simultaneou
s interpreting 
capacity per 
day? (in 
hours) 

No No No No 90 No 5 Yes 15 4 

No Yes No No 90 No 100 Yes 30 2 

No No No No 80 No 5 Yes 20 4 

Yes Yes No No 100 Yes   N/A   3 

No No No No 100 Yes   N/A   1 

No No No No 100 No 10 Yes 20 2 
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No No No Yes   Yes   N/A   3 

No No No Yes   Yes   N/A   0,5 

 

 

 

 

 

 

 

What is 
your 
estimated 
decalage? 
(in 
seconds) 
[Not 
applicable 
to me] 

What is 
your 
estimated 
decalage? 
(in 
seconds) 
[Other] 

How 
important is 
visual 
contact to 
the speaker 
during 
simultaneous 
interpreting? 
from 0 (not 
important) - 
100 (very 
important) 
[Not 
applicable to 
me.] 

How 
important is 
visual 
contact to 
the speaker 
during 
simultaneous 
interpreting? 
from 0 (not 
important) - 
100 (very 
important) 
[Other] 

Do you pay 
attention to 
any other 
visual 
information 
distributed by 
the speaker 
(e.g., 
presentations, 
slides, 
handouts)? 

What strategy do you 
use when you don’t 
understand the 
speaker acoustically? 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Ask my 
partner] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Omission 
of the 
passage] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Guessing 
the content] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Invent new 
contents] 

No 4 No 50 Yes 
Omission of the 
passage Yes No Yes No 
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No 5 No 60 Yes 
Omission of the 
passage Yes Yes Yes No 

No 3 No 10 Yes Ask my partner Yes Yes No No 

No 3 No 100 Yes Not applicable to me No Yes No No 

No 3 No 90 Yes 
Omission of the 
passage Yes Yes No No 

No 2 No 80 Yes 
Omission of the 
passage No No No No 

No 9 No 70 Yes Not applicable to me Yes Yes Yes No 

No 10 Yes   Yes Guessing the content No No Yes No 

 

 

 

 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Interrupt 
the 
speaker] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Look up in 
resource] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Stalling] 

What 
strategy do 
you use 
when you 
don’t 
understand 
the 
meaning of 
a term or 
sentence? 
[Not 
applicable 
to me] 

What strategy do 
you use when you 
can't think of a term 
in the target 
language? 

How do you deal 
with spontaneous 
changes in the 
manuscript, if you 
get one? 

Do you correct 
obvious mistakes 
of the speaker in 
the target 
language? 

Do you use 
any 
resources 
in the 
booth? 
[Online 
resources] 

Do you use 
any 
resources 
in the 
booth? 
[Term 
database] 

No Yes Yes No Look up in resource 
Interpret the 
changes Yes Yes No 
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No No Yes No Stalling 
Interpret the 
changes Yes Yes No 

No Yes Yes No Stalling 
Interpret the 
changes 

Not applicable to 
me Yes No 

No Yes Yes No Look up in resource 
Interpret the 
changes Yes Yes No 

No No Yes No Stalling 
Interpret the 
changes Yes Yes No 

No Yes Yes No Look up in resource 
Interpret the 
changes Yes Yes No 

No No Yes No Stalling 
Interpret the 
changes Yes No No 

No No No No 
Guessing the 
content 

Not applicable to 
me 

Not applicable to 
me No No 

 

 

 

Do you use 
any 
resources 
in the 
booth? 
[TM] 

Do you use 
any 
resources 
in the 
booth? 
[Google] 

Do you use 
any 
resources 
in the 
booth? 
[Print 
glossaries] 

Do you use 
any 
resources 
in the 
booth? 
[Digital 
word lists] 

Do you use 
any 
resources in 
the booth? 
[Interpreter-
specific tools, 
e.g. Interplex 
or 
Interpretbank] 

Do you use 
any 
resources 
in the 
booth? [No] 

Do you use 
any 
resources 
in the 
booth? [Not 
applicable 
to me] 

Module C3.4: 
Consecutive 
interpreting        How 
often do you use 
note taking 
strategies? (in %)  
[Not applicable to 
me] 

Module C3.4: 
Consecutive 
interpreting        How 
often do you use 
note taking 
strategies? (in %)  
[Other] 

No Yes No Yes No No No No 100 

No Yes No Yes No No No No 95 

No Yes No Yes No No No No 5 

No Yes Yes Yes No No No No 100 

No Yes No Yes No No No No 100 
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No Yes Yes Yes No No No No 100 

No No Yes Yes No No No No 100 

No No No No No No Yes No 30 

 

 

 

 

 

 

 

 

Do you 
have your 
own 
notation 
system? 

Do you omit 
articles, 
exclamations, 
unimportant 
prepositions, 
adjectives 
and adverbs 
while taking 
notes? 

Do you 
separate 
your notes 
by ideas? 

What is the 
speaker’s 
maximum 
speaking 
time before 
you have to 
start the 
interpreting 
task? (in 
minutes) 
[Not 
applicable 
to me] 

What is the 
speaker’s 
maximum 
speaking 
time before 
you have to 
start the 
interpreting 
task? (in 
minutes) 
[Other] 

What is 
your 
maximum 
interpreting 
capacity 
per day? (in 
hours) [Not 
applicable 
to me] 

What is 
your 
maximum 
interpreting 
capacity 
per day? (in 
hours) 
[Other] 

What strategy do you 
use when you don’t 
understand the speaker 
acoustically? 

What strategy do you 
use when you don’t 
understand the meaning 
of a term or sentence? 

What strategy do 
you use when you 
can't think of a term 
in the target 
language? 

Yes Yes Yes No 15 No 1 
Omission of the 
passage Guessing the content I use synonyms 
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Yes Yes Yes No 7 No 2 
Ask the speaker to 
repeat Omission of the passage I use synonyms 

No Yes No No 10 No 4 
Ask the speaker to 
repeat 

Ask the speaker to 
explain I use synonyms 

No Yes Yes No 10 Yes   
Ask the speaker to 
repeat Omission of the passage I use synonyms 

Yes Yes Yes No 8 No 1 
Ask the speaker to 
repeat 

Ask the speaker to 
explain I use synonyms 

Yes Yes Yes No 2 No 2 Guessing the content Omission of the passage I use synonyms 

Yes Yes No No 5 No 3 Guessing the content Guessing the content I use synonyms 

No No No No 5 No 0,25 Guessing the content Guessing the content 
Guessing the 
content 

 

 

 

 

Do you pay 
attention to 
any other 
visual 
information 
distributed by 
the speaker 
(e.g., 
presentations, 
slides, 
handouts)? 

Do you correct 
obvious mistakes 
of the speaker 
during consecutive 
interpreting? 

How do you deal with 
inappropriate or 
offensive statements? 

Module C3.5: Quality 
management        How 
do you assess the 
quality of your 
interpreting? 

How often 
do you get 
feedback 
from your 
client? (in 
%) [Not 
applicable 
to me] 

Yes Yes Literal translation Recordings Yes 

Yes Yes 
Manipulated 
translation 

Feedback by 
colleague Yes 
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Yes 
Not applicable to 
me Not applicable to me Recordings Yes 

Yes Yes Not applicable to me Feedback by client Yes 

Yes Yes 
Manipulated 
translation 

Feedback by 
colleague Yes 

Yes Yes 
Manipulated 
translation 

Feedback by 
colleague Yes 

Yes Yes Not applicable to me Recordings Yes 

Yes No Not applicable to me I don´t Yes 

 

 

 

 

 

 

Baseline TICQ Control Group6 

Please 
enter the 
participant 
ID. 

Please enter 
the name of 
your study: 
EEGHa2021 

Module A1: 
Personal 
data        Age: Gender: 

What is your 
highest degree? 

What is 
your 
highest 
degree? 
[Other] 

Which 
languages 
do you 
speak? 
[Mother 
tongue (L1)] 

Which 
languages 
do you 
speak? 
[Language 
2 (L2)] 

Which 
languages 
do you 
speak? 
[Language 
3 (L3)] 

Which 
languages 
do you 
speak? 
[Language 
4 (L4)] 

Which 
languages 
do you 
speak? 
[Language 
5 (L5)] 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 

                                                           
6 Only the aspects that are relevant to the between group-analysis at baseline are included 
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each of the 
languages.) 
[L2] 

P12 EEGHa2021 23 Female Bachelor   Deutsch Englisch Französisch Italienisch   No 

P13 EEGHa2021 23 Female Bachelor   Deutsch Englisch Französisch Italienisch   No 

P14 EEGHa2021 35 Female Bachelor   Französisch Englisch Deutsch Spanisch   No 

P16 EEGHa2021 21 Female Bachelor   Deutsch Englisch Französisch     No 

P17 EEGHa2021 22 Female Bachelor   polish Englisch german french   No 

P18 EEGHa2021 22 Female Bachelor   Deutsch Arabisch Englisch Spanisch   Yes 

P20 EEGHa2021 25 Female Bachelor   Greek Albanian English German   Yes 

P21 EEGHa2021 23 Female 
Secondary 
school   Deutsch Englisch Französisch     No 

P22 EEGHa2021 23 Female Bachelor   Chinesisch Englisch Deutsch     No 

P23 EEGHa2021 23 Female Bachelor   Polish German English French   Yes 

P24 EEGHa2021 24 Male Bachelor   German English Spanish Italian   No 

P25 EEGHa2021 23 Male Bachelor   Russian English German Spanish   No 

 

 

 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 
each of the 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 
each of the 

In which of 
these 
languages 
were you 
fluent 
before age 
7? (An 
answer is 
required for 
each of the 

In which 
country/countries 
did you grow up? 

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, 
biology, etc.) 
during your 
primary and / 
or secondary 
education? (A

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, 
biology, etc.) 
during your 
primary and / 
or secondary 
education? (A

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, 
biology, etc.) 
during your 
primary and / 
or secondary 
education? (A

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, 
biology, etc.) 
during your 
primary and / 
or secondary 
education? (A

Which was the 
language of 
instruction for 
general 
classes (e.g., 
maths, 
biology, etc.) 
during your 
primary and / 
or secondary 
education? (A

Module A2: 
Language 
acquisition 
(L2)         A
t what age 
did you 
start 
learning 
L2? 
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languages.
) [L3] 

languages.
) [L4] 

languages.
) [L5] 

n answer is 
required for 
each of the 
languages.) 
[mother 
tongue] 

n answer is 
required for 
each of the 
languages.) 
[L2] 

n answer is 
required for 
each of the 
languages.) 
[L3] 

n answer is 
required for 
each of the 
languages.) 
[L4] 

n answer is 
required for 
each of the 
languages.) 
[L5] 

No No No Deutschland Yes No No No No 7 

No No No Deutschland Yes No No No No 6 

No No No Kamerun Yes No No No No 6 

No No No Deutschland Yes No No No No 10 

No No No Poland Yes No No No No 6 

Yes No No 
Deutschland- 
Ägypten No Yes Yes No No 0 

No No No Greece Yes No No No No 0 

No No No Deutschland Yes No No No No 7 

No No No China Yes No No No No 16 

No No No Germany No Yes No No No 3 

No No No Germany Yes No No No No 9 

No No No Russian Federation Yes No No No No 8 

 

 

How did you primarily 
learn L2? 

How did 
you 
primarily 
learn L2? 
[Other] 

For how 
many years 
have you 
been 
learning 
your L2? 

Do you 
hold a 
language 
certificate 
for your L2 
(e.g. 
TOEFL)? 

If yes, which 
certificate? 

If yes, at 
what age 
did you 
earn it? 

Have you 
ever been 
to an L2 
country for 
more than 
three 
months? 

If yes, how 
long was 
your 
longest 
stay (in 
months)? 

Formal education   16 No     No   

Formal education   13 Yes TOEFL ITP 17 Yes 5 
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In an L2 speaking 
country   18 No     Yes 6 

Formal education   11 No     Yes 6 

Formal education   16 No     No   

In an L2 speaking 
country   10 No     Yes 120 

Parents   25 No     No   

Formal education   16 No     Yes 5 

Formal education   12 No     No   

Formal education   20 No     Yes 23 

Formal education   16 Yes 
Cambridge 
Certificate 16 No   

Formal education   15 No     No   

 

 

 

 

 

 

If yes, when did you stay in that country and 
why? 

With whom 
do you 
speak in 
your 
L2?  (An 
answer is 
required for 
each of the 

With whom 
do you 
speak in 
your 
L2?  (An 
answer is 
required for 
each of the 

With whom 
do you 
speak in 
your 
L2?  (An 
answer is 
required for 
each of the 

With whom do you 
speak in your L2?  (An 
answer is required for 
each of the options.) 
[Colleagues/workplace] 

How often do you speak in 
L2? Choose the option 
closest to your situation. 

How many 
hours per 
week do 
you read 
texts in 
your 
mother 
tongue? 

How many 
hours per 
week do 
you read L2 
texts? 
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options.) 
[Family] 

options.) 
[Relatives] 

options.) 
[Friends] 

  No No No Yes 
From 1 to 15 hours a 
week 2 4 

2019 als Au-Pair und 2021 im 
Auslandssemester No No Yes Yes 

From 1 to 15 hours a 
week 5 3 

Es ist mein Heimatland Yes Yes Yes No 
From 1 to 15 hours a 
month 4 3 

Erasmus+, August 2022 bis Januar 2023 No No Yes Yes From 1 to 15 hours a day 20 10 

  No No Yes No 
From 1 to 15 hours a 
week 7 6 

Umzug der Eltern Yes Yes Yes No From 1 to 15 hours a day 7 4 

  Yes Yes No No 
From 1 to 15 hours a 
month 8 1 

Erasmus; 09/2022-01/2023 No No Yes Yes 
From 1 to 15 hours a 
week 21 21 

  No No No Yes 
From 1 to 15 hours a 
month 3 1 

i was born in Germany Yes No Yes Yes From 1 to 15 hours a day 5 30 

  No No Yes No 
From 1 to 15 hours a 
month 3 2 

  No No Yes Yes 
From 1 to 15 hours a 
month 18 9 

 

 

How many 
hours per 
week do 
you listen 
to audio 
content in 
your 

How many 
hours per week 
do you watch 
TV/movies/serie
s in your mother 
tongue? 

How many 
hours per 
week do 
you listen 
to audio 
content in 
L2? 

How many hours per 
week do you 
watch  TV/movies/serie
s in L2? 

Module 
A3 (Language 
acquisition): 
third 
language        D
o you speak a 
third language? 

Which is 
your third 
language? 

At what 
age did you 
start 
learning 
your third 
language? 

How did you primarily learn this 
language? 
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mother 
tongue? 

0 3 0 5 Yes 
Französisc
h 12 Formal education 

4 4 8 3 Yes 
Französisc
h 10 Formal education 

2 4 2 4 Yes Deutsch 13 Formal education 

50 10 40 20 Yes 
Französisc
h 11 Formal education 

10 1 10 2 Yes german 13 Formal education 

1 12 0 5 Yes Englisch 8 Formal education 

2 1 0 0 Yes English 7 Formal education 

5 10 5 15 Yes 
Französisc
h 12 Formal education 

1 10 0 3 Yes Deutsch 16 Formal education 

0 5 2 0 Yes English 7 Formal education 

2 0 4 8 Yes Spanish 16 
In a country where this language is 
spoken 

8 16 8 12 Yes German 14 Formal education 

 

 

 

 

For how 
many 
years 
have you 
been 
learning 

Do you 
hold a 
language 
certificate 
for your 
third 
language 

If yes, which 
certificate was it? 

If 
yes, at 
what 
age did 
you 
earn it? 

Have 
you ever 
been to 
a country 
for more 
than 
three 

If yes, 
how long 
was your 
longest 
stay (in 
months)? 

If yes, when did you stay in that 
country and why? 
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this 
language? 

(e.g. 
TOEFL)? 

months 
where 
this 
language 
is 
spoken? 

11 No     No     

9 No     No     

13 Yes TestDaf 23 Yes 150 zum Zweck des Studiums 

10 Yes 
diplôme du 
baccalauréat général 17 No     

9 Yes DSD B1 15 No     

10 No     No     

9 Yes Cambridge 16 No     

11 No     No     

7 Yes TestDAF 22 Yes 23 07.2021-06.2023 

15 No     No     

9 No     Yes 12 
Mexico, I did a gap year there 
working as a volunteer 

9 Yes Goethe Zertifikat C2 22 No     

 

 

 

How do 
you rate 
your 
knowledge 
of your 
mother 
tongue?  

How do 
you rate 
your 
knowledge 
of your 
L2?  From 
1 (very 

How do 
you rate 
your 
active 
knowledge 
of your 
third 

How do 
you rate 
your 
passive 
knowledge 
of your 
third 

Module C1: Professional 
experience           What is 
your current status? 

If student, how is your course 
of studies called? 

Do you 
already 
have a 
university 
degree? 
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From 1 
(very 
poor) to 
100 (very 
good) 

poor) to 
100 (very 
good) 

language?  
From 1 
(very 
poor) to 
100 (very 
good) 

language?  
From 1 
(very 
poor) to 
100 (very 
good) 

95 80 40 60 
Bilingual without any 
interpreting training   N/A 

98 90 75 85 student Translation Yes 

100 80 90 100 student Translation, Master of Arts Yes 

90 60 40 50 student Master Translation Yes 

85 70 50 65 student 
Translations-, Sprach- und 
Kulturwissenschaft Yes 

85 80 65 65 student Fachübersetzen No 

100 70 90 95 
Bilingual without any 
interpreting training   N/A 

95 80 40 60 
Bilingual without any 
interpreting training   N/A 

95 60 75 75 student Übersetzen Yes 

85 90 70 80 
Bilingual without any 
interpreting training   N/A 

90 85 80 85 student MA Translation Yes 

88 80 80 76 
Bilingual without any 
interpreting training   N/A 

 

 

If yes, please specify? 

If 
student, 
in which 
year of 
study What is your language combination? 

Did you 
engage in 
any 
professional 
training 
before you 
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are you 
now? 

started your 
degree 
program at 
the 
university? 

      N/A 

B.A. Sprach-, Kultur- und 
Translationswissenschaften (EN, FR, IT) 8 Deutsch (G), Englisch, Französisch No 

Translation, Bachelor of Arts 1 
Grundsprache Französisch, F1 
Deutsch, F2 Englisch No 

Bachelor 7 
Grundsprache Deutsch, F1 
Französisch, F2 Englisch No 

BA Applied linguistics 1 polish, german, english No 

  1 Deutsch, Arabisch, Spanisch No 

      N/A 

      N/A 

Uni Bonn Volkswirtschaftslehre 1 Chinesisch und Deutsch No 

      N/A 

BA Sprache, Kultur, Translation 5 Spanisch and Englisch No 

      N/A 

 

 

 

 

Did you gather any other interpreting 
experience? Please discribe.(For example 
interpreting classes, interpreting seminars, 
jobs etc.) 

Have you 
ever 
interpreted 
for a friend If so, where or in which context? 

If so, how often or 
how regularly? 

Are you 
interpreting 
beyond the 
context of 
your 
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or family 
member?  

university 
studies? 

no         

no         

no         

no         

no yes 
to enable conversations between 
my mum and my friends 

every couple of 
months no 

no         

no         

no         

no Ja 

In China. Ich habe meinem Vater 
geholfen, mit Ausländer zu 
kommunizieren. nur einmal Nein 

interpreting classes in my bachelor degree 
and unprofessional interpreting experience for 
friends and family yes 

doctors appointments, school 
gatherings, friends vistings, 
administrative affairs 

in my 
childhood/teenage 
years more often no 

I took one interpreting class from German to 
Spanish, but I didn’t like it as interpreting 
made me feel very overwhelmed and 
stressed. 

For my 
boyfriend. 

When my boyfriend came to 
Germany, I had to be the interpreter 
between him and my parents 
because he doesn't speak German 
or English. 

Just for a couple 
of days. No 

I take interpreting classes as an elective 
discipline (Wahlpflichtmodul) at the moment 
but I have never taken such classes before. 
Also, I don't have any interpreting work 
experience. No     No 

 

Module C2: 
Interpreting 
competence        How 
do you rate your 
ability to 

How do you 
rate your 
ability to 
interpret from 
L2 into your 
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interpret from mother 
tongue into L2? From 
1 (very poor) to 100 
(very good) 

mother 
tongue? 
From 1 (very 
poor) to 100 
(very good) 

1 1 

10 25 

80 100 

1 1 

70 75 

60 70 

80 90 

20 50 

0 0 

60 50 

15 25 

50 50 
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