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Abstract 

This thesis investigates the cognitive language processing of South African Sign Language (SASL) 

interpreters using positron emission tomography (PET). The study is pertinent concerning 

cognitive language processing during simultaneous interpreting and grapples with a specific 

question: ñWhat happens in the plurilingual black box during interpreting from SASL to spoken 

language/s?ò The concept of translanguaging is fundamental to this study as it elucidates the 

intersection of ubuntu translanguaging and interpreting praxis in plurilingual interpreting settings. 

Interpreting in a plurilingual context is discussed concerning cognition, drawing on the theoretical 

framework of Motor Resonance and Adaptive Control theories. This investigation aims to 

understand cognitive language processing by plurilingual interpreters using neurological 

examination and accessing the idiosyncrasy of interpreting from sign language (visual-gestural 

mode) into a spoken language/s (vocal-auditory mode). The research questions cover prominent 

cognitive areas of activation during simultaneous interpreting and its relevance to language and 

simultaneous interpreting. Twenty subjects took part in the study. They interpreted an SASL text 

into various South African spoken languages while PET brain imaging, as well as baseline and 

activation imaging were recorded. Data were collected using a questionnaire, interpreted voice 

notes, and PET brain imaging. A triangulation approach was used to analyse the data by thematic 

analysis of the questionnaire, ELAN transcription and annotations of the recorded interpretation 

and NeuroQTM analysis of the PET brain imaging. The findings present evidence of ubuntu 

translanguaging strategies during interpreting, mainly by code-blending and lexical borrowing. 

For the cognitive part of the experiment, significant differences were seen in brain metabolism in 

the right Primary Visual Cortex (rPVC), left Primary Visual Cortex (lPVC), right inferior lateral 

anterior Temporal Cortex (riLAT), left anterior Medial Temporal Cortex (lMAT) and the right 

inferior lateral posterior Temporal Cortex (riLPT) across all respondents. Significant changes in 

the primary visual cortices, left and right anterior medial temporal cortex and right inferior lateral 

posterior temporal cortex of experienced interpreters were recorded. These changes highlight the 

role of visual cortices for visual inputs and processing and the temporal regions in language 

processing during interpreting. This study pinpoints the defined anatomical part of the temporal 

lobe that demonstrates changes during activation. The inferior or superior and lateral or medial 

and anterior or posterior region of the temporal lobe is involved when respondents interpret in the 

directionality SASL to spoken languages. 
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CHAPTER 1 

 

Overview of the Study 

 

1.1 Introduction  

 

Interpreting is a remarkably high-level task, although the immediacy of interpreting makes it a 

fleeting activity. The implausible characteristics of interpreting compared to translation result in 

interpreting being viewed as a step-sibling to translation. This view is rapidly evolving, given the 

cross-disciplinary research in translation and interpreting studies. Current narratives in interpreting 

circles, both in academia and among practitioners, aim to subvert the general, familiar descriptions 

of the fragmented view of a separatist language practice stream. There has, therefore, been a rapid 

increase in the number of publications in translation and interpreting journals, specifically those 

linked to interpreting sign language. These publications reflect collaboration between sign and 

spoken language and translation scholars.   

 

A common thread, and a prominent scholarly discussion in sign language interpreting studies, is 

the quality of interpreting from sign to spoken language/s, also known as voicing1 (Napier 2003). 

A discrepancy in quality is evident as documented by studies investigating the perspectives of 

users on interpreting quality by Napier and Barker (2004), De Wit and Sluis (2014), and De 

Meulder and Haualand (2019). These studies were conducted in a European context, but in the 

African context, specifically in South Africa, the quality of interpreting from a usersô perpective 

is only shared anecdotally. Deaf users are not entirely confident of the interpretersô voicing in 

various settings ranging from liaison to conference interpreting including high-level meetings. In 

addition, most South African Deaf users do not have insight into the directionality requirements 

of voicing, such as the metalinguistic and cultural navigation skills required of the interpreter. 

Given this situation, it is beneficial for various role players in South African Sign Language 

(SASL) interpreting, such as educators, researchers and practitioners, to gain insight into a 

                                                           
1 Voicing refers to retour interpreting where the sign language interpreter works from a sign language as the input 

language and expresses the interpreting product in spoken language, also referred to as the target language (Napier, 

2003). 
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particular aspect that contributes to effective interpreting namely cognitive processes during 

interpreting. Understanding cognition can aid in understanding the perceived challenges with 

voicing, at least from the view of language processing in the cognitive domain. It is particulary 

beneficial to understand the cognition of plurilingual interpreters during simultaneous interpreting, 

where more than two languages operate simultaneously in the brain. Based on cognition, this 

window could provide insight into the decision of word choice or communication choice, when 

working from sign to voice. This window could further guide our understanding of the challenges 

experienced, albeit regarding a singular variable, the brain, and its intricate operations of language. 

This study is relevant to cognitive language processing during simultaneous interpreting in a 

plurulingual context. It grapples with a specific question: ñWhat happens in the multilanguaging 

black box during interpreting from SASL to spoken language/s?ò This question has its origins in 

the work of Moser-Mercer, a conference interpreter-researcher who stated the following in an 

interview: ñI got very intrigued with what was going on in my brain while I was interpreting, I 

thought there has to be a way to find outò (Watts, 2016). Makalela (2018) refers to the borderless 

complexity of language overlap, where the production of one language does not per se imply that 

other language/s are cognitively óswitched offô. 

 

My interest in cognition and simultaneous interpreting was fuelled by a statement made by 

Tymoczko (2012:8) concerning cognition and interpreting: ñThe neurological mechanisms 

involved in translating and interpreting are one of the chief known unknowns in translation 

studiesò. Tymoczko (2012:11) also points to the unknown exploration of cognition and 

translation/interpreting by stating: 

  

Much of this terra incognita will be explored and illuminated by neuroscience 

in the coming quarter-century, and significant discoveries about language 

processing in translation will be made during the coming decade, linking 

observable behaviours at the macro-level, with knowledge of what happens in 

the production and reception of translation at the micro-level of the neuron and 

the neuronal pathways of the brain. 
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Linking to discoveries in neuroscience and interpreting, Moser-Mercer (2010) unequivocally state 

that, for interpreting to develop as a science, the third stage of a scientific discipline must be 

pursued by cognitive neuroscience this study seeks to contribute. She also states that cognitive 

analysis enables analysis on a granular level so as to assist in the scientific validation of interpreting 

theory and models (Moser-Mercer, 2010).  

 

Thus far, understanding the intense cognitive conceptual and physical blending processes of 

interpreting has been based on theory and stimulus experiments, rather than on rigorous empirical 

testing using cognitive imaging scans, fMRI or PET, specifically in the Global South.The analysis 

is based on modelling processed and imaging data to develop cognitive models of interpreting. 

The exception is premier investigations conducted in Geneva by Moser-Mercer (2000), Hervais-

Adelman, Moser-mercer and Golestani (2011), Hervais-Adelman et al. (2015), Hervais-Adelman 

and Babcock (2019). These studies have extended our knowledge of the neural pathways that link 

cognition with action for bilingual, simultaneous spoken language interpreters. However, no 

similar research has been conducted on plurilingual, simultaneous sign language interpreters with 

a view towards translanguaging in plurilingual settings. This study seeks to fill this gap. 

 

Cognition studies have been pursued mainly in the medical and neuropsychology fields without 

the contributing, collaborative view of language practisearchers,2 such as interpreters. The added 

value of practisearchers brings with it the ontological knowledge of interpreting practice. The 

study is rooted in cross-disciplinary scholarship between the Humanities and Neuroscience. It 

proceeds from a critical perspective, which is an approach to the past that produces disturbances 

to the interpreting studies field to invert familiar narratives of stasis. The project advances rival 

perspectives for surveying developments. It proposes alternative trajectories in traditional 

interpreting models related to language processing in plurilingual interpreting settings, as seen in 

the ubuntu translanguaging contexts in the Global South.  

 

                                                           
2 Practisearcher refers to a language practitioner (interpreter) who also wears the hat of a researcher, and thus inhabits 

a dual role (Gile, 1995 and Pöchhacker, 1995). Napier (2009: 129), defines a practisearcher as: ñA [interpreting] 

practitioner [who] can work with a practisearcher or academic who is more experienced in research, whereby the 

practitioner become a practisearcher and embark on his own journey of research and publication.ò  
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1.2 Definition of Key Concepts 

Although these critical concepts are discussed in more detail in the appropriate sections of this 

thesis, definitions are included here to benefit the reader. The definitions below are provided to 

ensure uniformity and understanding of these terms throughout the study, both for the researcher 

and reader. In each of the following chapters, footnotes are provided for the technical terms 

applicable to the specific chapter. 

 

 Plurilingualism 

In this study, I make reference to plurilingualism and not multilingualism. Canagarajah & 

Liyanage (2012) distinguish the two concepts as: ñThe difference between multilingualism and 

plurilingualism is largely theoretical. These are not different practices. The terms connote different 

ways of perceiving the relationship between languages in society and individual repertoireò 

(Canagarajah and Liyanage, 2012:49). Beacco (2005) defines plurilingualism as ñThis set of skills 

constitutes the complex but unique competence, in social communication, to use different 

languages for different purposes with different levels of commandò (Beacco, 2005:19). 

 

 Translanguaging 

Makalela (2018: 34) defines translanguaging as: ñInstead of language use, speakers are languaging 

and between many names languages, they are translanguaging. Translanguaging is meaning 

oriented and speaker oriented. What people do with languages (they are languaging) rather than 

what languages look like (language codes).ò According to Kusters et al. (2017:225), within the 

Deaf community, ñTranslanguaging is the way we view language as processes of meaning-making 

rather than as enclosed systemsò. Code-switching and translanguaging have different 

epistemological orientations. According to Garcia and Wei (2014:6): ñTranslanguaging shares 

some components of code-switching but, in addition, presents the use of additional language 

resources and meta-linguistic awareness based on the context and communicative eventò. It is in 

this distinction between the two concepts that translanguaging is used in this study.   
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 Plurilinguistic repertoires 

The linguistic repertoire refers to the sum of the linguistic resources available to a plurilingual 

individual (Busch, 2012). Backus (2000:25) explains the linguistic repertoire thus, ñA repertoire 

is composed of a myriad of different communicative tools, with different degrees of functional 

specialization [sic]. No single resource is a communicative panacea; none is useless.ò Makalela 

(2018) refers to the blend of language features used strategically and simultaneously by a 

multilingual speaker in the context of language repertoire. 

 

 Cognitive language processing 

Cognitive language processing refers to an interpreterôs holistic mental operations to access the 

source language (SASL) and render it in a functionally equivalent coherent message in the target 

language (spoken language/s). The cognitive areas are defined according to the Brodmann 

classification presented in Chapter 2: Section I. Cognitive language processing is considered a 

central part of interpreting operations because failure at this level has a significant adverse effect 

on the interpreterôs language production. The inability to understand cognitively, decode a 

message and render output in a different mode, for example, from SASL (visual-gestural mode) to 

spoken languages such as isiZulu, Sesotho and so on (vocal-auditory mode), presents a situation 

where the interpreter cannot fulfil his or her role and communicative purpose. 

 

 Sankofa Interpreting Model 

Various interpreting models reflect the interpreting professionôs historical evolution and 

understanding of the interpreterôs role in the communication event. Of relevance to this study are 

the cognitive processing models that describe what occurs in the interpreterôs brain when decoding 

the source language into the target language/s. Notable interpreting models posited are the 

following: Seleskovitchôs triangular model (Seleskovitch and Lederer, (1984), Colonomos 

processing model (Wilcox and Shaffer, 2005), Gileôs effort model (File, 1995, 2018b), Cokelyôs 
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model (Cokely, 1992), Mizunoôs processing model (Mizuno, 2005), Kohn and Kalinaôs 

comprehension and production model (Kohn and Kalina, 1996), Settonôs cognitive pragmatic 

model (Setton, 1995), and Wilcox and Shafferôs cognitive model (Wilcox and Shaffer, 2005). 

This study proposes a novel interpreting model based on ubuntu translanguaging strategies. The 

model is named the Sankofa Interpreting Model. Sankofa (Se wo were fi na wosankofa a yenkyiis), 

is an African word from the Akan tribe of Ghana, which means: ñit is not taboo to fetch what is at 

risk of being left behindò (Talpade & Talpade, 2014 and Felder, 2019). The sankofa symbolises 

the Akan peopleôs quest for knowledge, based on critical examination, as well as intelligent and 

patient investigation. This model is embedded in the reflective, ethical multilanguaging practice 

of interpreters in plurilingual, translanguaging speech and sign communities. In this model, the 

communicative exchange between the interlocutors is located in real-life ubuntu translanguaging 

phenomena where the interpreter is considered a part of the communicative exchange. In bridging 

the gap between the speech and sign communities, the model reflects the interpreter mediating 

between L1, L2 and L3 and employing their holistic linguistic repertoire to ensure the 

communicative aim is achieved. This model is proposed in Chapter 6 as part of the 

recommendations forwarded by this study. 

 

1.3 Background to the Study 

 

By the 1950s, the cognitive revolution, brought new disciplinary perspectives in linguistics, 

neuroscience, and computer science (Miller, 2003). Psycholinguistics flourished thanks to the 

cognitive revolution in the 1950s, when the first studies on interpreters were carried out by Paneth, 

Kurz, Oléron and Nanpon and Barik and Gerver. The migration from behaviorism to cognitivism 

is not best represented in terms of a Kuhnian ñparadigm shiftò according to Greenwood (1999).  In 

this regard, Greenwood (1999: 7) states:  

theoretical definitions of the sensory register, attention, long- and short-term memory, 

depth grammar, cognitive heuristics, visual perception, propositional and imagery coding, 

episodic and semantic memory, template-matching, procedural networks, inference, 

induction and the like have abounded in the cognitive psychological literature, operational 
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definitions as opposed to specified operational measures of these phenomena have been 

non-exisitent. Cognitive psychological theories from the 1950s onward generally did. 

 

Focusing specifically on interpreting studies and cognition, cognitive science became a significant 

reference for psycholinguistic research concepts and theories, according to Moser-Mercer (2000). 

Fabbro et al. (1990) produced scrientific results on cerebral lateralisation, which found right-hand 

interference in simultaneous interpretation from Ll to L2, where L2 showed weak left-hemisphere 

lateralisation.This finding confirmed the overall activation of the left and right hemispheres in 

simultaneous interpretation.  

Interpreting scholars developed initial theory-based explanations of interpreting that have not yet 

been tested to a sufficient extent to either corroborate or falsify them with evidence from cognition 

experiments. Martin (2020: 173) states: ñTranslatology should include cognitive approaches to 

account for translation and interpretingò. Of significance in this context of translatology is the 

interdisciplinary collaboration between cognitive neuro-science and interpreting studies, where 

Moser-Mercer (2010) under the auspices of the University of Geneva, embarked on conducting 

cognition studies on human information processing aspects linked to interpreting. Researchers at 

the University of Geneva Neuroscience Laboratory, Hervais-Adelman et al. (2011), Hervais-

Adelman et al. (2015) and Hervais-Adelman and Babcock (2019), proposed fMRI imaging 

evidence of two regions significantly active in executive management tasks namely, the caudate 

nucleus and putamen. fMRI brain imaging has revealed that the caudate is prominent in networks 

that regulate cognition and action. Given the advances and findings of cognitive investigations in 

simultaneous spoken language interpreters using fMRI, researchers focused on understanding how 

the various cognitive areas identified interact. The current project replicates the University of 

Geneva experiments by refocusing the cognition experiment on plurilingual SASL interpreters 

during simultaneous interpreting, from SASL to spoken languages. The replicated experiment 

focuses on cognitive areas prominent in modality differences, which are visual-gestural versus 

vocal-auditory.  

 

In creating new knowledge and alternative lenses, it is critical for Global South scholars to posit 

empirical evidence that contributes to academic progress, something this thesis seeks to address.  
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Makalela (2018), states that the Global South presents unique disruptions to the orthodoxy of a 

monolingual/bilingual frame of thinking found in the Global North. Makalela (2018) refers to 

ñubuntu translanguagingò, which explitcitly conveys multilingualism in the light of co-existence 

of language and their interdependencies. Dated European monolingual dogmas are now confronted 

with transformation, focusing on synthesising local epistemologies, ontologies, and indigenous 

knowledge systems, such as Sankofa. Such is the case and current reality of SASL interpreting. 

Formally and informally trained SASL interpreters are products of an education system that was, 

and still is, partially epistemologically embedded in the European content, theory, and models. 

This disjuncture presents a scenario where theory and practice are disconnected in plurilingual, 

ubuntu translanguaging communities, where South African sign language interpreters practice.  

 

In addition, the interpreters are neither native English speakers (Heap and Morgans, 2006) nor 

native SASL signers, except Children of Deaf Adults (CODA).3 Furthermore, most interpreters 

were educated in the South African primary and secondary education system, which is not English-

medium based. However, the tertiary education system follows an English medium of instruction 

and requires written academic English ability. However, the language policy of progressive tertiary 

institutions is changing, where policy is being amended to reflect language use in the province in 

which the university is situated. The change in language policy has come about mainly to rid the 

institutions of implicit systemic exclusion based on language. Inclusive language policy is 

achieved by first creating a multilingual environment for developing all languages. Second, to 

create increased access to learning by ensuring that the language of learning and teaching (LOLT) 

does not exclude the advancement of students in the education system. The academic space as 

Makalela (2018: 9) states should be a platform for translanguaging: ñBecause intellectualisation is 

essentially about use, that is, a language becomes intellectualised at the moment of use in an 

academic environment, translanguaging is a pedagogical strategy that offers this natural use of 

languages fluidly and presents opportunities for both intellectualisation and decolonisation of 

academic discourses that have to date favoured english monolingual tendencies.ò This context 

corroborates the dynamic of a colonised linguistic repertoire of most SASL interpreters. Due to 

                                                           
3 Children of Deaf Adults (CODA) are referred to as L1 sign language users according to Heap and Morgans (2006.) 

A distinction is made in this study between CODA and heritage interpreter practitioner (HIP), where the latter refers 

to a CODA who is professionally trained as an interpreter with L1 sign language. 
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the changing landscape of language practice and its operational relevance in the language practice 

framework, there is a pressing need for research. The South African market dictates a need for 

market-ready interpreters, who can render professional interpreting sevices for a plurilingual 

community. However, the current education and training practices and praxis do not feed into to 

the market reality. 

 

In the language practice field, it becomes even more beneficial in understanding the acts of 

language practice (specifically sign language interpreting) when research is presented from the 

óother endô. This other end has its beginning rooted in the language practitioners themselves. By 

acknowledging the aspect of self-representation and diverse linguistic repertoires of the 

practisearcher and respondents, it reflects an approach rooted in respect for the fundamental human 

and linguistic rights of minority groups, such as the Deaf community. In the African context, this 

approach in the research is rooted in the principles of ubuntu.4 As a researcher, it is imperative to 

contextualise a community project by constant reference to the aporia ñumntu ngumntu ngabantuò 

(a person is a person through other people). 5 As stated by Eze (2010:12): ñóA person is a person 

through other peopleô strikes an affirmation of oneôs humanity through recognition of an óotherô 

in his or her uniqueness and difference. The óI amô is not a rigid subject, but a dynamic self-

constitution dependent on this otherness creation of relation and distance.ò 

 

Underpinning the background of this research project is Martinôs view of a translatology in that 

research must provide a theoretical framework for a systematic and coherent description of old 

and well-grounded intuitions. He states: ñTheories can only be improved or disproved through 

experimental research, so it is high time to agree on sorne common, basic procedures to re-establish 

the normal relationship between themò (Martin, 2020: 183). 

 

 

 

 

 

                                                           
4 ñUbuntuò is a Nguni Bantu term that defines humanness as contingent on respect for humanity (Lundin, 2012). 
5 ñUmntu ngumntu ngabantuò is an isiXhosa phrase that translates ñI am because we areò (Lundin, 2012). 



10 
 

1.4 Rationale 

 

Cross-disciplinary research presents a unique opportunity for scholars from different study fields 

to present integrative, novel perspectives that contribute to the transformation of disciplines. This 

study explores cognitive language processing and draws on scholarly works primarily in 

translation and interpreting studies and neuroscience. This study adds to the scholarly works in 

translation and interpreting studies and neuroscience and is, therefore, timely.  

 

Perspectives on translanguaging theory are incorporated from a critical analysis perspective to 

produce disturbances to the pedagogy of interpreting studies and interpreting practices in 

plurilingual speech and sign communities. The effects of translanguaging in a plurilingual 

environment such as South Africa and cognitive language processing are central to this study to 

provide insight into the mental operations of simultaneous interpreters using PET brain imaging. 

According to my knowledge, previous research in interpreting studies, specifically sign language 

interpreting studies, has not introduced the concept of translanguaging related to the process of 

interpreting. In addition, to my knowledge, none of the interpreting models project the idea of 

translanguaging and its function in the communicative event. Furthermore, the literature on 

interpreting models is silent on interpretersô and interlocutorsô pluralistic repertoires in the 

interpreted event. Another aspect related to the studies enumerated above is the geographical reach 

and context. Studies conducted in the Global North contribute to the operational definitions of 

interpreting and its associated dynamics, but lack investigation in cognition with specific reference 

to language processing as it appears in plurilingual SASL interpreting. It can be surmised that 

aspects of plurilingualism, translanguaging, and cognition during simultaneous interpreting from 

a visual-gestural to a vocal-auditory mode remain an under-researched aspect. Sign language 

interpreting studies present a perplexing reticence regarding aspects of cognitive investigation 

during simultaneous interpreting. 

 

In the context of plurilingualism, this project seeks to understand cognitive functioning and the 

interface with linguistics when interpreting from SASL to spoken language/s, and how 

translanguaging unfolds in the final interpreting product in the target language. This study is timely 

in proposing an alternative lens by means of which to interpreting practice in plurilingual 
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communities. This study is progressive in recognising the holistic professional, linguistic, and 

social profile of SASL interpreters. This study acknowledges the interpretersô idiolect and their 

role as communication agents. Most importantly, this study acknowledges the interpretersô role in 

restorative justice for minority language/s and linguistic minority communities by working in 

multimodal and multisensory modes (audio- and visual-gestural mode) to construct 

communicative meaning in plurilingual settings. It is central and pertinent to the statement by 

Mazzafero (2018:4): ñInteractional communicative practices are sensitive to how linguistic and 

semiotic materials are creatively and critically processed by speakers to construct and organise 

their everyday life, by acquiring knowledge about the context and the participants involved in the 

interaction.ò 

 

The concept of translanguaging is fundamental to this study. It clarifies the intersection of 

translanguaging and interpreting praxis in plurilingual interpreting settings. Translanguaging in 

the interpreting context is understood in this study as the application of interpreting strategies and 

decision-making in everyday interpreted communicative events in order to satisfy communicative 

intent. Interpreting communicative intent presents a nexus of negotiated and constructed strategies, 

resulting in a meaningful social interaction that recognises and affirms the linguistic repertoires of 

plurilingual persons, as defined by Mazzaferro (2018) and Garcia and Li Wei (2014). The 

statement by Mazzaferro (2018:3) is significant in redefining interpreting in a plurilingual, 

translanguaging environment as follows: ñLanguages are not fixed entities, but are continuously 

shaped and reconstructed because language is not an abstract system of fixed rules and norms, but 

practice and action performed by individuals in reflexive, relational and dialogical waysò. Further 

to the understanding of translanguaging strategies is the evidence presented by Kusters et al. (2017) 

of translanguaging in Deaf communities, where sign language interpreters are expected to function 

and render coherent interpreting products in the target language/s based on translanguaged input 

language, in this context a sign language input language that has elements of translanguaging. 

 

 

 

 

 



12 
 

 

1.5 Aim and Objectives of the Study 

 

The motivation for this inquiry is two-fold:   

 

 First, to understand plurilingual interpretersô cognitive language processing using 

neurological investigation.  

 Second, to access the idiosyncrasy of simultaneous interpreting from sign language (visual-

gestural mode) into spoken language/s (audio-mode). 

 

1.5.1 Aim 

 

The study aims to provide evidence of cognitive language processing during simultaneous 

interpreting in SASL interpreters.  

 

1.5.2 Objectives 

The primary objective of the study is to document the cognitive areas activated under PET-brain 

imaging during simultaneous interpreting. The secondary objective is to develop an interpreting 

model informed by translanguaging strategies during simultaneous interpreting. 

 

1.6 Statement of the Research Problem 

 

Interpreting studies research mainly investigates the technicalities and models of interpreting 

processes as seen in the scholarly works of Harrington and Turner (2001), Pöchhacker and 

Shlesinger (2002), Janzen and Korpinski (2005) and Locker McKee and Davis (2010). Previous 

research by Kahane (2000), Kellett (2002), Shlesinger (1997), De Wit and Sluis (2014) and De 

Wit (2011; 2016) documented the quality of interpretation in both spoken and sign languages. 

Studies that demonstrate the quality of interpreting are mainly discussed by Pöchhacker (2002). 

The quality of sign language interpreters and interpreting has been covered by Cokely & Winston 

(2008; 2009), Napier (2003), Napier and Barker (2004) and Napier and Rohan (2000). The quality 
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of spoken language interpreters has been documented by Edwards, Temple and Alexander (2005) 

and Locker McKee (2008). Aspects of conference interpreting quality have been discussed by Gile 

(1990; 2001), Kurz (1993), Vuorikoski (1995), Moser (1995; 1996), Kalina (2002) and Diriker 

(2011). The studies mentioned focus on various aspects of interpreting and drawing conclusions 

based on the overt interpreting product. However, it will aid our understanding of interpreting by 

researching cognitive functioning during simultaneous interpreting to corroborate and present 

evidence on the cognitive processes of interpreting using imaging studies. Contributions from 

researchers focusing on models of interpreting present a unidimensional lens, since they exclude 

the implicit, covert, cognitive processes demonstrated by neurological experiments.  

 

1.7 Statement of Research Questions 

 

1.7.1 Primary research question 

Which brain clusters are activated neuroanatomically while interpreting SASL to spoken language 

under PET-brain imaging? 

1.7.2 Secondary research question 

a) Which specific brain areas show significant activation during simultaneous interpreting? 

b) How does the optic chiasm present when processing SASL into spoken language/s, 

simultaneously under PET brain imaging? 

c) What does the perisylvian region present during interpreting simultaneously from a visual-

gestural modality to audio-speech modality? 

 

In an attempt to answer the research questions, the illustrations below are incorporated to clarify 

the biology of the brain and the link to the research questions. The figure below illustrates the brain 

and highlights the 14 brain cluster areas of interest in this study concerning the primary research 

question. 
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Figure 1: Anatomy of the brain (Zhang, 2019). 

 

Figure 2 below illustrates brain areas relevant to the secondary research questions of the study, 

questions a and c. 

 

Figure 2: Perisylvian language areas (Brocaôs and Wernickeôs areas) and other language-

associated brain regions (Pinel, 2000). 
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Figure 3 below illustrates the optic chiasma. The optic chiasm links to the visual cortex to make 

sense of visual information. This aspect of visual information is relevant to the study because of 

the visual language input by SASL. This information will assist in responding to the secondary 

research question (b). 

 

Figure 3: Integrated neurological functional visual-processing model (LaPres, 2009). 

 

1.8 Statement of the Predictive Hypothesis 

 

From sign to spoken language/s, the simultaneous interpreting product is directly linked to the 

nexus of cognitive language processing and the linguistic repertoire of a plurilingual interpreter. 

 

1.9 Theoretical Framework  

 

This study is underpinned by the motor cognition theory (MCT) and the adaptive control theory 

(ACT) to allow for application on a theoretical level contextualised to the act of interpreting in a 

plurilingual setting using PET brain imaging. It anticipates sketching contours of the extended 

application of the MCT and ACT in interpreting studies.  
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data collection tools namely a questionnaire, voice recording of the interpretation, and PET brain 

imaging. The data analysis tools include AmberScript Audio Transcription Software, EUDICO 

Linguistic Annotator (ELAN) and PET brain analysis software NeuroQTM. 

1.10 Methodology 

The research design is a mixed method study that employs both qualitative and quantitative 

methods. Cresswell (1998:457) defines the mixed method approach as: ñOne in which at least one 

quantitative method and one qualitative method is used to collect, analyse and report findings in a 

single studyò. 

 

1.10.1 Participants in the study 

The study subjects are plurilingual sign language interpreters. The study used purposive sampling, 

a non-probability sampling method based on the characteristics of a population and included 

plurilingual interpreters with a minimum of three languages inclusive of SASL. The sampling 

target was twenty interpreters. 

 

1.10.2Medical protocol 

Developing protocols for PET brain imaging provide valid dosimetry procedures with preparation 

and acquisition times according to standard clinical practice (Vaquero and Kinahan, 2015). This 

projectôs protocol follows standard clinical procedures for PET brain imaging as, posited by Harris 

et al. (2005), Jeong et al. (2006), Alessandrini et al. (2014), Verger and Guedj (2018) and 

Chiaravalloti et al. (2019). The detailed medical protocol developed for this specific study is 

discussed in Chapter 4, Methodology. Reference is made to relevant PET brain imaging protocols 

in the data analysis, Chapter 5, section C. 
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1.10.3    Data collection and analysis 

More than one method is used to obtain converging evidence, that is, a triangulation of data. Data 

were collected using three tools, questionnaires, voice recordings (interpretation) and PET brain 

imaging.   

The specific focus of the data analysis in this study was the analysis of the interpreting processes 

of reception (SASL input) and production (spoken language(s) output) to map the linguistic-

interpreting strategies presented during the experiment. No prior research could be found that 

focuses specifically on translanguaging during simultaneous interpreting between two language 

modalities. 

 

The following approach was used for data analysis: 

A) Questionnaires: analysis follows the themes according to the questionnaire. 

B) Voice notes: the interpreted recordings of the respondents (voice notes) were transcribed 

and analysed using AmberScript and ELAN. 

C) PET brain imaging: NeuroQTM software was used to analyse cognitive activity and areas 

of significance under activation. 

 

1.10.4  Ethics 

 

Medical ethics clearance applies to this study since it employs medical technology (PET brain 

imaging). In addition, video and audio recordings were made, which impacted anonymity and 

confidentiality. The respondents were informed of the aims and processes of the research before 

they agreed to take part. Informed consent was obtained using the participant information sheet 

(PIS) and the consent form for both the interpreter respondents and the SASL source text 

contributors (Appendixes A (I), A(1) (a), A (II) . A briefing and orientation document was prepared 

that outlined the process, which orientated the respondents when they presented for the scan 

(Appendix A (iv) ï Briefing and orientation document).Ethical clearance for this study was 

obtained from the University of the Witwatersrand Human Research Ethics Committee (Medical), 

Clearance Certificate M 1811100 (Appendixes A, A (V), A (VI ).  
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1.11 Organization of chapters   

Chapter 1: introduces the study and provides context by locating it in the emerging field of cross-

disciplinary scholarship between Humanities (Interpreting Studies/Language Practice) and 

Cognitive Neuro-Science (PET brain imaging).  This chapter provides a background to the study, 

the definition of critical concepts, rationale, aims and objectives, a statement of the research 

problem and research questions. It provides the reader with a map of the thesis by briefly outlining 

the theoretical framework and methodology. In addition, it introduces the reader to the data 

collection tools and processes followed in the study. Finally, the limitations of the study are 

presented. 

 

Chapter 2: focuses on the literature review and comprises three sections: Section I: Cognitive 

language processing, Section II: Interpreting and Section III: Translanguaging.  

 

Chapter 3: provides the theoretical framework. 

 

Chapter 4: guides the reader on the methodology followed in the study. 

 

Chapter 5: documents the data collection tools and collection processes. It presents and illustrates 

the data analysis of the study and discusses the findings and extension of the application of the 

MCT and ACT to interpreting contexts. 

 

Chapter 6: is the concluding chapter of the study and presents limitations, conclusions and 

recommendations for future research. This chapter presents the novel praxeological model of 

interpreting, the Sankofa Interpreting Model. 
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CHAPTER 2 

Literature Review 

 

Section I 

 

Cognitive Language Processing 

 

ñThere is no greater impediment to a unified cognitive neuroscience than our inveterate 

Aristotelian tendency to consider cognitive functions as separate entitiesò 

(Fuster, 2008:11). 

  

 

2.1 Introduction 

 

According to Meir et al. (2012), language and its origins inspire a natural curiosity to understand 

where it started, and how its evolution progressed across time. Kent (2012) frames language 

development as a natural process that reaches maturity. Despite the continued curiosity, Hauser et 

al. (2014) suggest that various investigations into the origin of language remain unverifiable and, 

therefore, the origins and evolution of humansô linguistic capacity remain inconclusive. 

 

One view of language and its origin is that of Chomsky (1968:11), who is an established scholar 

in the philosophical study of mind and language. He stated the following: ñHuman language is a 

biological objectò. Entrenched in this statement is the view that language is an inner mental 

function. The view of language as an innately specified mental object is linked to language 

acquisition, and the acquisition processes directly implicate a higher-order function according to 

Chomsky (2000), Cowie (2017) and Kedar (2019). In extending our understanding of human 

language, perceived to be domain-specific, Hauser, Chomsky, and Fitch (2002) bring to the fore 

cognitive and perceptual systems as part of human language hubs. The current magnification and 

brain imaging techniques enable the analysis of tissues and molecules, which is believed to aid in 

the functional mapping of the cerebral cortex and the physical map. According to Ackerman 

(1992:65): ñMapping reveals the differential distribution of certain molecules along the lines of 
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function [in the various regions]ò. Kaas (1997) suggested that studies done on mammal cortices 

through electrophysiology6 and cytoarchitecture7 presented topographical maps, which illustrated 

the innate connectedness of neurological components and functions. In addition, the most recent 

analysis of brain networks is done by new imaging acquisition methods, graph theory, and dynamic 

systems (Sporns, 2013).  

 

In this section of the literature review, the focus is on the biology of the brain and cognition 

experiments that conform to language and brain functioning.  

 

2.2 Neuroanatomy of the Brain  

 

This section of the literature review provides a holistic orientation to the brain and cognitive 

functions. This study is equally interested in both hemispheres, due to the analytic language 

processing (in the left hemisphere) and the visual-gestural nature of SASL (in the right 

hemisphere). 

 

2.2.1 The cerebrum 

 

According to Anderson and Lightfoot (2002), the cerebrum compromises four lobes: the frontal, 

temporal, parietal, and occipital. The cerebrum is the most substantial part of the brain that 

regulates cognitive functions. Contralateral brain function means that the left hemisphere governs 

the right side of the body, and vice versa according to Corina et al. (2003), Concha, Bianco and 

Wilson (2012), Groen et al. (2012), Turner et al. (2015), Karolis, Corbetta, and Thiebaut de 

Schotten (2019), and Neubauer et al. (2020). Kroll and Sunderman (2003), Leisman, Moustafa and 

Shafir (2016) and Olulade et al. (2020) argue that language, rhythmic perception, temporal-order 

judgments, and mathematical thinking skills are found in the left hemisphere. The right hemisphere 

is the hub for pattern-matching tasks, recognising faces, and spatial orientation according to Kroll 

and Sunderman (2003), Thompson-Schill, Bedny and Goldberg (2005) and Leisman et al. (2020).  

                                                           
6 Electrophysiology according to Carter & Shieh (2010) is defined as: ñthe branch of neuroscience that explores the 

electrical activity of living neurons and investigates the molecular and cellular processes that govern their signallingò 

(Carter & Shieh, 2010: 91).   
7 Cytoarchitecture, see Bludau et al. 2014. 
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Studies conducted by Murray, Bussey and Wise (2000) and Nystrom et al. (2000) produced 

evidence that the left frontal lobe is activated when language is produced and the anterior right 

lobe is activated in visuospatial processing. This evidence is supported by Friederici (2004), 

Friederici, Meyer and Von Cramon |(2000) and Friederici and Gazzaniga (2004), who name the 

specific brain areas activated during semantic processing as the Pars Triangularis (BA 45), and the 

Pars Opercularis (BA 45/47). 

 

According to Gow (2012) and Chee et al. (2004), the temporal lobe presents activation during 

lexical tasks. According to Hesse et al. (2006), Kemeny et al. (2006) and Stephan, Fink and 

Marshall (2007), activation of lexical tasks is not restricted to the temporal lobe. Hashimoto and 

Sakai (2003), San Jose-Robertson et al. (2004) and Jacquemot and Scott (2006) present evidence 

that phonological word forms and phonetic processing is found in the mid- to posterior superior 

temporal cortex. In addition, these scholars propose that phonological processing in speech/sign 

production presents in the left hemisphere.  

 

Conceptual-semantic knowledge and non-phonological lexical information present in the cortical 

areas. Note that this cortical region is different from the superior temporal region that contains 

word forms and phonology. Worsley et al. (1992), Block (1995), Beeman and Chiarello (1998), 

Wolpert, Goodbody and Husain (1998), Hashimoto and Sakai (2003) and Boden (2006), conducted 

hemodynamic neuroimaging studies. They presented evidence that the left cortical side of the brain 

is activated during processing of lexicon. Neuroimaging studies conducted by Horwitz et al. 

(2003a, b) and Kemeny et al. (2006) suggest that both the temporal lobe and the mid-posterior 

superior temporal cortex in the supramarginal gyrus are activated in lexical processing. The 

authors further refer to the exact Brodmann areas activated when the brain processes lexicon 

namely, BA 40, BA 6 and BA 44 (Horwitz et al. 2003 (b) and Kemeny et al. 2006).  

 

Of relevance to this study are the findings from an experiment developed by the Max Planck 

Institute for Human Cognitive and Brain Sciences by Friederici et al. (2000) and Frederici and 

Gazzaniga (2004). Evidence from the studies suggests that cognitive syntactic processing occurs 

when the brain performs phonological processing on a word that is heard in a sentence (Frederici 

et al, 2000 and Frederici and Gazzaniga, 2004). In addition to these findings, evidence suggests 



22 
 

that BA 44 is implicated in morpho-syntactic integration that further activates BA 45 and BA 47 

(Frederici et al. 2000 and Frederici and Gazzaniga, 2004). However, the study did not present 

conclusive evidence of correcting an error or omission under the experiment, also referred to as 

repair and revision as part of the monitoring phase in interpreting. Repair and revisions are 

interpreting strategies whereby the interpreter corrects the error in the target language output (Gile, 

2005). Mahendra et al. (2003) present evidence of the basal ganglia in repair and revision 

incidences.  

 

When comparing studies of the brain in sign language to clinical neuropsychology studies, there 

is an inconsistency with the imaging data, according to Pettito and Marentette (1991), Pettito et al. 

(2000; 2001; 2016) and Pettito (2005; 2009). Clinical neuropsychology and imaging present 

activation of the left hemisphere for sign language processing, but the imaging data do not provide 

conclusive evidence regarding activation because the images also highlight the activation of the 

right hemisphere (Kroll and Sunderman 2003; Kovelman et al. 2008). The activation of the right 

hemisphere is supported by Pettito and Kovelman (2003) and Pettito & Dunbar (2004), who 

presented evidence showing that left cognitive areas are responsible for multimodal language 

processing. In this context of multimodality and that of sign languages as visual-gestural languages 

McGuire et al. (1997) and Neville et al. (1997) suggest that processing of abstract linguistic 

properties is evident in the temporal areas. 

 

2.2.2 Brocaôs and Wernickeôs Area 

 

The Broca and Wernicke areas apply to this study since they show how language is processed on 

a syntactic and lexical level, and how it integrates by interpreting. Both the upper part of the lateral 

temporal lobe (Wernickeôs area) and the lower lateral part of the frontal lobe (Broca's area) fall 

within perisylvian regions according to Hagoort (2006). The Broca area is concerned with 

language production and comprehension and is the brain area where syntactic processing, language 

comprehension and motor-related activities occur (Hagoort, 2006 and Stinnett, Reddy and Zabel, 

2021). 
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The Broca area is connected to Wernickeôs area by a neuronal tract named the arcuate fasciculus 

(Gannon et al. 1998). These areas are situated in the parietal/temporal region in the left hemisphere 

and show evidence of lexical errors and incidences of comprehension impairment. Wernickeôs 

area focused on semantics (Pandya, 1995; Dronkers, 1996; Aboitiz and García, 1997; 2009 and 

Nasios, Dardiotis, and Messinis, 2019). Brocaôs area is made up of the pars triangularis (BA 45) 

and the pars opercularis (BA 44) and extends down to BA 47 and back to the frontal operculum 

(Caplan et al. 2000 and Hagoort, 2006). The anterior portion is implicated with semantics and the 

posterior is associated with phonology (Nasios et al. 2019). Brocaôs area is also necessary for 

language repetition, gesture production, sentence grammar, and fluidity and is involved in 

interpreting the actions of others (Pettito, 2005; 2009). 

 

Emmorey (2002) states that syntactic processing presented in the left perisylvian regions is the 

same in both sign and spoken languages. This finding is confirmed in a study by Horwitz et al. 

(2003) on spoken and sign languages with evidence of activation in the Broca area. Murray et al. 

(2000) suggest that higher word order recognition is processed in the anterior and ventral auditory 

regions in the left hemisphere. 

 

2.2.3 The optic chiasm 

 

According to Kent (2012), the optic chiasm links visual information and processes it. However, he 

states there is a fragmented view on cognitive language processing and its link to the optic chiasm. 

Recent studies present some basic findings related to optic chiasm functioning. Partial crossing of 

optic nerve fibers at the optic chiasm allows the visual cortex to receive the same hemispheric 

visual field from both eyes (Herrera and García Frigola, 2008 and Mehra and Moshirfar, 2020). 

The optic tract plays a central role in visual processing and is composed of nerve fibres that convey 

visual input (Mehra and Moshirfar, 2020). The lateral geniculate nucleus of the thalamus plays an 

essential role in visual processing. The lateral geniculate nucleus receives input from the cranial 

nerve nuclei, tectum, tegmentum, colliculi, medulla, and pons.  
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2.2.4 The cerebral cortex 

 

To understand how nerve impulses that eventually give effect to an action originate, I refer to the 

studies conducted by Horwitz et al. (2003) and Kemeny et al. (2006), where they explain the 

processes that aid in cognition. These scholars posit that electrochemical nerve impulses emanate 

in dendrites and cell bodies, and are conducted along the axon of the axon terminal. When the 

impulse reaches the axon terminal, it must release neurotransmitters. The neurotransmitters attach 

to receptor molecules that generate their own nerve impulses. These nerve impulses, contextual to 

this study, are understood to give effect to a spoken language interpretation. If this interpretation 

is delivered, we can deduce that cognition was successful. This part of cognition is linked to the 

theoretical framework of this study, which refers to the motor cognition theory (MCT) discussed 

in Chapter 3, Theoretical Framework and Methodology). 

 

2.2.5 The cerebellum 

 

The cerebellum, specifically the lateral neocortical region, provides a base for higher cognitive 

functions and shows involvement during language, memory, and emotion (Fuster, 2004). The 

cerebellum is made up of the basal ganglia and the hippocampus (Kemeny et al., 2006). The right 

cerebellum is involved in searching for lexical knowledge (Caplan et al., 2000 & Caplan, 2001). 

Retrieving lexical items depends on the basal ganglia and the inferior frontal gyrus, specifically 

Brocaôs area and BA 47 (Caplan, 2001 & Kotz et al., 2003). 

 

2.3 The Network Paradigm 

 

By fleshing out the neurological areas linked to interpreting processes and functions, Fusterôs 

network paradigm8 assists with understanding the intricacies of cognitive processes (Fuster, 2009). 

This paradigm states that across various regions of the brain, higher cortical functions decussate 

voluminously. What this implies, with reference to the neurological network, is that a single neuron 

                                                           
8 The network paradigm is posited by Fuster who states the following: ñmemory or an item of knowledge defined by 

a pattern of connections between neuron populations associated by experienceò (Fuster, 2009:2047). (See Fuster: 

2003; 2004; 2008; 2009). 
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forms part of various network channels, to present a whole integrated function. According to 

Brodmannôs classification, each faculty, illustrates lexical, morphological, syntactic, grammatical 

and computational functions that operate holistically. According to Fuster (2009), linguistic and 

cognitive processes are synchronised by executive control.  

 

 

Figure 4: Representational map of the human lateral cortex (Fuster, 2009:2062). 

  

The complexities of language processing are often regarded as an automatic process. However, as 

presented by cognition and language processing studies and the Network Paradigm, the process is 

much more complex than this.  

 

2.4 Executive Operationalisation Processes 

 

The understanding of a message involves cognitive processing ability. According to Dabrowska 

(2012), various linguistic features such as grammatical, morphological, semantic and syntactic 

items must be processed simultaneously to arrive at either the expression or reception of a coherent 

message.  
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This section of the literature review focuses on functional organisations of the sensory and 

perception systems of the brain and their relation to speech and visual recognition. Behavioural, 

cognitive and linguistic action can be seen in the cortex of the frontal lobe (Fuster, 2001). In an 

fMRI study, Koechlin, Ody and Kouneiher (2003), presented premier evidence of the cascading 

neuro dynamics of the executive frontal hierarchy in motor action. It is by this data that they 

inferred that the rostral prefrontal cortex controls behaviour. Botvinick (2008) presents models of 

prefrontal functions. The significant finding relevant to Koechlin et al. (2003:1181) is that: ñThe 

lateral prefrontal cortex is organized [sic] as a cascade of executive processes from premotor to 

anterior prefrontal cortex regions that control behaviour according to stimuli, the present 

perceptual context, and the temporal episode in which stimuli occurò. 

This implies the circular flow of information from the environment to sensory structures, to motor 

structures and back again to the environment during the processing of goal-directed behaviour. 

The study explains the pattern of prefrontal activation of the caudal and rostral left prefrontal 

cortex areas related to learning, episodic memory, working memory, and task-switching 

paradigms. Of further significance is that Koechlin et al. (2003) presented evidence that activation 

of the prefrontal regions and the posterior-anterior axis is not based on relational complexity or 

memory load. Instead, it is based on the temporal structure of representations underlying executive 

control. 

Cutsuridis (2013) presents cognitive models of the perception action cycle (PAC) on artificial 

intelligence (AI) models. For this study, there is a focus on perception and action (interpreting). 

Koechlin et al. (2003) present the PAC based on imaging studies on humans. Negrón-Oyarzo, 

Aboitiz & Fuentealba (2015) propose a cognitive mapping of the PAC. According to these authors, 

the PAC refers to an appropriate behavioural response based on perceptual information integration 

in the prefrontal cortex. The activation of the PAC is explained by Negrón-Oyarzo et al. (2015:2) 

as follows:  

For the execution of the perception-action cycle, the PFC projects to neural systems 

involved in generating behavioral responses and executing actions. The PFC projects to 

several outputs, such as the premotor cortex, the hypothalamus, the striatum , and the 

ascending arousal system. Thus, the PFC projects to motor, neuro-modulatory, and visceral 
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brain systems to generate an appropriate response according to internal and external 

demand in a goal-directed manner.  

Negrón-Oyarzo et al. (2015:2) state that internal and external environmental information is 

transmitted from the orbitofrontal cortex (OFC) and the insula to the prefrontal cortex. In addition 

to this transmitted information, the specific areas involved in the learning of new information, 

transmission of information and memory: 

The thalamus (mediodorsal and reuniens nuclei), which is involved in learning new 

information, from the hippocampus (HPC), which is involved in spatial and episodic 

memory and in memory consolidation [44, 45], and from the amygdala, which carries 

information about the motivational significance of sensory stimuli. 

 

Figure 5:  Cognitive map of the perception-action cycle in the PFC (Negrón-Oyarzo et al. 2015:3).  
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2.5 Language and Cognition Studies 

 

The literature on cognitive functioning has two distinct schools of thought; one is a separatist view, 

where brain areas separate. The other understands brain areas as functionally inseparable (Fuster, 

2004 and Pessoa, 2014). With interpreting, the current view supports the second view, in that 

during the act of interpreting, various linguistic mechanisms and cognitive control mechanisms are 

coordinated with each other (Hervais-Adelman amd Babcock, 2019). 

 

According to Wagner, Malisz and Kopp (2014), human communication is made possible by 

speech, gesture, and signs. Wagner et al. (2014:219), propose that ñcommunication is the product 

of multimodal strategiesò. Sign language as a communication mode is a full-fledged linguistic 

system, independent of a spoken language (Emmorey, 2002; Sandler and Lillo - Martin, 2006 and 

Pfau, Steinbach and Woll, 2012). According to Emmorey (2002), neuro-cognition studies of sign 

language present similar cognition activation linked to cognitive faculties of human language, with 

the only difference being the sensory modality. We can deduce from this statement that language 

processing is not solely determined by the auditory input modality (hearing). The conclusion is 

that spoken and sign languages present similar activation of specific brain areas. Thus, these 

languages are similar in relation to cognitive functioning (Braun at al. 2001;  Emmorey, 2002 & 

Campbell, MacSweeney and Waters, 2008).  

 

Language in various implicated areas of the brain makes reciprocal and recursive in formation 

possible. According to Perry and Lupyan (2013), language and thought are central to the linguistic 

activity.  

 

2.6 PET Brain Imaging Studies 

 

Numerous PET brain and fMRI studies have found activation in the temporal lobe regions when 

word forms or meanings are used under intervention (Buckner et al., 2000). 
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2.6.1 Imaging methods 

 

The two brain imaging methods applicable to this project are Positron Emission Tomography 

(PET) and Functional Magnetic Resonance Imaging (fMRI). These imaging methods provide a 

noninvasive method where brain activity, can be investigated under controlled conditions. These 

methods provide increasingly accurate brain scans that inform our understanding of localised 

cognitive functions. Fowler and Ido (2002:6) define FDG, used in this study as follows: 

ñFluorodeoxyglucose (18F) (INN), or fluorodeoxyglucose F 18 (USAN and USP), also commonly 

called fluorodeoxyglucose and abbreviated [18F] FDG, 18F-FDG or FDG, is a 

radiopharmaceutical used in the medical imaging modality positron emission tomography (PET)ò. 

In this project, FDG will provide insight into language functions, locations of language areas, and 

its interaction during intervention. Frackowiak and Friston (1994:8) endorse cutting edge brain 

imaging techniques by stating the following: ñThe advent of brain imaging is opening new vistas 

and provides new data, thus improving our understanding of the biological basis of language.ò 

Peperkamp and Mehler (1999) present evidence of sign language being partially inconsistent with 

imaging data due to neuropsychology and imagery presenting activation of the left hemisphere. In 

contrast, only a few studies present evidence of activation of the right hemisphere. The main 

findings of the 1999, Peperkamp and Mehler study are that  

 

Sign languages rely more than spoken languages on bilateral cortical representation. This 

would mean that the involvement of the RH inn sign language processing has been 

neglected in clinical neuropsychology studies. Second, sign and spoken language 

processing might share the same basic network of areas in the left hemisphere. This would 

leave unexplained why some imaging studies have found such massive involvement of the 

RH in sign language perception (Peperkamp and Mehler, 999: 343). 

 

This study on SASL interpreters utilises PET brain imaging for the reasons stated in Chapter 1 

(Overview of the study). PET is a form of hemodynamic neuroimaging which maps changes in the 

blood flow and metabolism in the brain (Fiez et al. 1996 & De´monet and Cardebat, 2000).  

According to Binder et al. (1997) and Buckner et al. (2000), PET is used for identifying 

neurotransmitters and other molecules that underlie language and neurotransmitter-associated 
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language processes.  PET brain imaging, using oxygen consumption for blood flow measurement 

or 18F-Fluorodeoxyglucose (FDG) for metabolism in activation, has been used in previous studies 

(Raichle, 2015; Wataba amd Hatazawa, 2019 and Jamadar et al. 2020). Verger and Guedj (2018) 

wrote an editorial on the renaissance of functional brain activation imaging using 18F-FDG. 

Therefore, in this study 18F-FDG was used to investigate which brain areas are activated when 

interpreting diamesic texts. 

 

The method of PET brain imaging is non-invasive. The scan of the spatial resolution limits its 

accuracy in localising activation to a particular brain region (Binder et al. 1997; Buckner et al. 

2000; Moser-Mercer, 2010 and Kosslyn et al. 1999). It must be stated here that, according to 

Moser-Mercer (2010), fMRI scans provide better spatial resolution, which is also mentioned under 

challenging PET scan interpretations in the writings of Fiez et al. (1996) and Grabowski et al. 

(1995). These limitations are mentioned in Chapter 1, together with the reasons why PET is an 

adequate imaging scan for this type of study, specifically in the interpreting direction SASL to 

spoken language(s), and not the alternative direction of spoken languages to SASL. A PET study 

by Mazoyer et al. (1993) was the first to explore the brain activation, while respondents listened 

to spoken sentences. Of all the PET studies that were conducted, none were imaged under the 

intervention of simultaneous interpreting where the respondents are plurilingual sign language 

interpreters.  

 

2.6.2 Imaging studies 

 

The cognitive complexities in the language faculties and their coordination during the act of 

interpreting necessitate this inquiry, specifically for multilingual interpreters to gain insight into 

the evolving process of the brain. Of interest is the biological basis of language and its relationship 

to processing and representation in events of high cognitive demand, such as interpreting. The 

literature refers to spatio-temporal dynamics of language processing, which also considers the real-

time temporal interplay of various regions. In addition, focus is placed on the cortical regions of 

the cerebrum because interpreting is a form of higher cognitive function.  
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Abutalebi et al. (2008), conducted a fMRI study on German-French bilingual subjects through a 

picture naming experiment comparing mono-and bilingual contexts. The main finding in this 

experiment was significant in the left caudate and anterior cingulate cortex when naming in 

bilingual contexts compared to mono-lingual contexts (Abutalebi et al., 2008). The authors state 

the following:  

 

These findings show that language control processes engaged in contexts during which 

both languages must remain active recruit the left caudate and the anterior cingulate cortex 

(ACC) in a manner that can be distinguished from areas engaged in interlanguage task 

switching. (Abutalebi et al., 2008:1496.) 

 

In Geneva, as in many other neuroscience laboratories, functional magnetic resonance imaging 

(fMRI) is used to conduct imaging studies. By using fMRI, researchers can penetrate the functions 

of the brain by reading the imaging scans.  Concerning the Geneva experiment, where 50 

multilingual students were recruited to perform language exercises, in the 3rd phase of the 

experiment, respondents listened to a text and interpreted it simultaneously. The results showed 

no neural fireworks, which is of interest given the MCT of this study. According to Hervais-

Adelman et al. (2015), no significant differences in comprehension or articulation was seen in the 

3rd phase than the 1st and 2nd phases. From this experiment Hervais-Adelman et al. (2015) 

concluded that the premotor cortex and caudate are significant brain areas activated during 

simultaneous interpreting. Other imaging studies on language processing were conducted by 

Peterson et al. (1990) and Posner and Raichle (1994), where respondents read words or short 

sentences. 

 

Brain imaging studies have provided substantial empirical evidence that different brain regions 

process syntax, phonology and sentence comprehension (Fodor, 1983). Courtney et al. (1998); 

Caplan (2001) and Narain et al. (2003), presented evidence that the left lateral premotor cortex and 

the triangular parts of the left inferior frontal gyrus are activated on a syntactical level. Evidence 

from studies conducted by Neville (1991); Bavelier et al. (2001); Gutierrez et al. (2012 a, b); San 

Jose-Robertson et al. (2004) and Scott et al. (2000), suggest that understanding words from 

different conceptual categories depends on different networks of brain structures, and in addition 
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word meanings depend on the cortex alongside the areas that underlie motor and sensory functions 

linked to these meanings. According to these authors, there is agreement that the same cortical 

regions are activated by nonlinguistic tasks such as mental imagery related to the same concepts. 

Wojciulik and Kanwisher (1999) present evidence that the temporal-occipital ventral area in front 

of the visual cortex activates based on the input of colour or form. This finding is supported by 

experiments conducted by Eimer (2011); Emmorey and Özyürek (2014); Bavelier, Dye and Hauser 

(2006) and MacSweeney et al. (2006), that indeed the temporal-occipital ventral area is activated 

based on visual stimulation. Nishimura et al. (1999) presented evidence that the posterior lateral 

temporal region processes motion perception.  

 

Language switching in bilinguals proves an activation of the languages, with switches into the 

weaker language being more costly than switches into the stronger language (Petitto, 2005). 

Further to this, Petitto (2005:44) states the following: ñHigh activation of a few items of a weaker 

language can activate the inhibition of the entire weaker lexicon.ò In other experiments prior to 

Petittoôs (2005) work, Martin, Miller and Vu (2004), presented results that showed difficulty in 

inhibiting irrelevant verbal information, which implies that cognitive functioning has specific 

language processing areas and regions. Söderfeldt et al. (1997) investigated sign and spoken 

language perception on bilingual respondents using Swedish Sign Language (SSL) and audio-

visual spoken Swedish. Noted here is that the study was conducted on hearing native signers or 

children of deaf adults (CODAs), and not necessarily interpreter respondents. Specific findings of 

the study were that the perisylvian cortex BA 22 and BA43, are activated by spoken language and 

the visual association areas BA 37 and BA 19 are triggered by sign language (Söderfeldt et al. 

1997). This study also reported no significant activation of the parietal regions. This work, implies 

that sign and spoken language seems to be localised in the same brain areas that the current study 

seeks to verify by PET brain imaging analysis of the cognitive activity of plurilingual interpreter 

respondents, because as Sonderfelt et al. (1997:11) state: ñA reciprocal relationship was observed 

between the level of activation in visual language perception areas and that in auditory perception 

areas.ò 

 

Another imaging study by Emmorey & McCullough (2009) found that the bilateral parietal cortex 

is activated despite a difference in modality. Furthermore, this study presents evidence of increased 
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activation of the right-hemispheric parietal cortex when using American Sign Language (ASL) 

compared with English (Emmorey and McCullough, 2009). In studies conducted by Neville et al. 

(1997) and MacSweeney et al. (2008), evidence suggests that sign language perception is 

lateralized to the left hemisphere and the right hemisphere. The difference in the evidence 

presented by Sonderfeldt et al. (1997), Neville et al. (1997) and MacSweeney et al. (2008) can be 

attributed to the experiment (task differences) which affected the brain localisation. A PET study 

by McGuire et al. (1997), presents evidence of activation of Brocaôs area for British Sign Language 

(BSL) respondents, similar to an English speaking task experiment. PET investigation conducted 

by Pettito et al. (2000) confirms the activation of the left Brocaôs area during sign language 

production.  

 

2.7 Conclusion 

 

To synthesise the findings of various cognitive studies referred to in this literature review, I infer 

that studies conducted based on sign and spoken language present evidence of activation in the left 

inferior frontal regions for sign language production and planning. Brocaôs area is always involved, 

and left hemispheric dominance is always observed. The studies concluded that production uses 

Brocaôs area exclusively, whereas the sign perception only activates Wernickeôs area. The superior 

temporal regions are intensively active in perceiving sign language, in planning and production. 

In summation,, this chapter does not take a position on or provide any evidence for or against the 

brain faculties activated during language processing as presented by various scholars. This study 

focuses specifically on plurilingual brains, and how languages are processed during the act of 

simultaneous interpreting. The literature review covered here does not provide sufficient facts 

regarding language processing in the plurilingual brain, hence the need for an empirical 

investigation to contribute to the scholarship on interpreting studies as a focus of this systematic 

enquiry. However, the literature on cognitive language processing does confirm the following 

statement made by Fuster (2008:11): ñThere is no greater impediment to a unified cognitive 

neuroscience than our inveterate Aristotelian tendency to consider cognitive functions as separate 

entitiesò. This statement is supported by Hervais-Adelman, who has noted in an interview: 

ñNeuroscientists already know that these structures [premotor cortex and the caudate] play a role 

in other complex tasks, including learning and the planning and execution of movement. This 
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means that there is no single brain centre devoted exclusively to the control of interpretationò 

(Watts, 2016). 
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CHAPTER 2 

Literature Review 

Section II 

Interpreting  

 

ñInterpreting has a bright future, despite the adversities that have emerged and will continue to 

emerge in a world that is both shrinking to the size of a village and at the same time rebuilding 

the Tower of Babelò (Mikkelson and Jourdenais, 2018: 449). 

 

2.1. Introduction 

Since early human life, if not since the story of the Tower of Babel, communication across borders, 

cultures and languages has been part of communication exchange through informal interpretation, 

language brokering and much later formalised professional interpretation services. The period 

between the introduction of formal simultaneous interpretation at the Nuremberg Trials (1945); 

the United Nations (UN) (1940) and the International Labor Organization (ILO) (1982) was 

characterised by rapidly increasing numbers of interpreters due to market demand for interpreters 

with various language combinations (Baigorri-Jalón, 2005; 2014). Since the 1940s and ô50s, 

interpreting has undergone several adaptations and gained advanced insight by scholarly works in 

interpreting studies. Sign language interpreting is considered a mode of interpreting (Gile, 2018b). 

Historically, according to Napier (2018), sign language interpreting has been viewed as an isolated, 

different study and practice field. This differentiation is evident in ñétheoretical discussions, 

research, education and professional practiceò (Napier, 2018: 29). This polarity had to effect a 

separatist development in the field of sign language interpreting studies. The evolving perception 

of interpreting modes, including simultaneous sign language interpreting, presents evidence of a 

progressing academic study and practice field. According to Napier, Rohan and Slatyer 

(2005:186): ñThe last three decades have seen the emergence of a growing body of research 
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defining the field [interpreting studies] as a discipline in its own right rather than an off-shoot of 

translation studies'ò (Napier et al., 2005:186). An alternative view by Bontempo (2018:112), who 

is situated in the interpreting studies field, states that: ñThe discipline of signed language 

interpreting can no longer be regarded as being in its infancyò, who goes on to suggest that sign 

language-interpreting is facing rapid evolution and growth (Bontempo, 2018). De Wit, Crasborn 

and Napier (2021:2) posit the view of International Sign (IS) interpreting, concerning the 

development status compared to conference interpreting by stating the following: ñCompared to 

spoken language conference interpreting, professional sign language conference interpreting is in 

its infancy, specifically IS interpreting at conferences.ò The growth, however, is applicable to sign 

language-interpreting studies and practice in the Global North. Scholarly contributions unique to 

sign language interpreting studies in the Global South remain sparse and are still in an embryonic 

phase. Similarly, interpreting practice in developing contexts such as Africa has not yet developed 

to a professional status.  

Napier (2018:129) makes a progressive statement regarding interpreting studies: ñThere is a shift 

through increasing cross-linguistic and cross-modality collaboration in interpreter education, 

interpreting research and various publications that feature the discussion of spoken and sign 

language across genres of international practice.ò She states that the slow collaboration between 

sign and spoken language interpreters will have to effect increased opportunities for collaboration 

and replication across modalities. This study on cognition and interpreting presents a unique 

opportunity for cross-disciplinary exchange pertaining to cognitive language processing in 

plurilingual, SASL interpreters.  

Researchers studying language and cognition are astonished by the cognitive processing ability of 

language tasks considered strenuous (Grosjean, 2001). Concerning cognitive processing ability 

during simultaneous interpreting, Seeber (2018:83) notes that: ñThe intrinsic complexity of 

simultaneous interpreting cannot be credited to increased memory capacity but is possible because 

of the automated information processing abilities of the brain where the various cognitive 

structures are activated as per language activation tasks.ò  

According to Kohn and Kalina (1996), interpreting should first be understood from a monolingual 

receptive and productive process perspective in the context of language acquisition and language 

processing. Earlier scholarly contributions such as Seleskovitch (1976; 1978) contribute to our 
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understanding of information processing in an interpreting context. Linked to both mono- and 

bilingualism, Seeber (2018) raises pertinent issues related to interpreting such as bilingualism, 

directionality, language-specific factors, environmental stimuli and physical proximity that 

necessitate further empirical investigation. The gap identified in the mono-, bilingual view in 

interpreting is the view of multi- or plurilingualism. In plurilingual communication settings, the 

interlocutors engage with various language proficiencies that make up their holistic linguistic 

repertoires. Based on this gap, it can be inferred that the aim to understand cognitive information 

during interpreting from a plurilingual stance contributes to the mono-, bilingual understanding 

proposed by Kohn and Kalina (1996). In engaging with various lenses on cognitive processing of 

information during interpreting, there is a continuous adaptation of interpreting theory and 

practice. A plurilingual perspective on cognitive language processing in plurilingual sign language 

interpreters presents an alternative lens to be considered in traditional interpreting models. 

Interpreting, as a communicative act does not exist independently of language speakers and users. 

Thus, as language and communication norms evolve in speech/sign communities, interpreting 

transubstantiates in tandem. In an attempt to address the evolving state of interpreting, in a non-

polarised way, this literature review uses definitions of an interpreter and interpreting as these 

apply to this study. Of relevance to this study is the ABC classification of the interpretersô working 

language. Furthermore, the literature review focuses on various cognitive models of interpreting.  

 

2.2. Definitions of Interpreter and Interpreting  

In reviewing various definitions of an interpreter and interpreting in the literature, a homogenous 

trend identified is the function of an interpreter being a linguistic, cultural and social mediating 

agent in communicative events. The definitions highlight the evolving classification of an 

interpreter and interpreting. 
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2.2.1 Definitions of an interpreter  

An interpreter is defined as: ñA person who translates speech orally into sign language for parties 

who speak different languagesò (Baigorri-Jalon, 2018:11). Moser-Mercer (2018: 302) delineates 

the interpreter as:  

One that is accurate, faithful to the original, impartial with a high degree of professional 

integrity, accurate in terms of rendering all the information that has been provided in the 

original, faithful in terms of rendering the meaning intended by the original speaker, 

impartial in terms of not siding with any parties engaged in an interpreted scenario and 

clear in terms of the level of professional skill.  

 

2.2.2 Definitions of interpreting 

Jing (2013:1232) defines interpreting in terms of international status by stating the following: 

ñInterpreting as a modern profession has established its status in the international communities.ò 

Kohn & Kalina (1996:118) defines interpreting from a linguistic-cultural lens: ñInterpreting is a 

special type of communicative interaction which takes place when members of different language 

communities engage in cross-cultural/language communication, using interpreters as inter-lingual 

mediators.ò Pöchhacker (2004:9) meanwhile defines interpreting as the: ñésocial context of 

interaction or setting.ò He recognises sign language interpreting as a different modality of 

interpreting. Bancroft (2018:217) defines interpreting in terms of basic access, stating: 

ñCommunity interpreting is founded on a simple concept: giving a voice to those who seek access 

to basic services but who do not speak the societal language.ò Baigorri-Jalón (2018:11) defines 

interpreting in terms of a profession and remuneration: ñéprofessional interpreting is a paid 

occupation based on expert knowledge and often academic training.ò 

 

2.3. Working Language Classification 

Conference interpreters work according to their language classification portfolio as assigned 

(according to their accreditation) by the International Association of Conference Interpreters 
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(AIIC, 2019). AIIC is a prestigious global professional organisation of conference interpreters. 

The ABC language classification system for accredited conference interpreters prescribes an 

interpreter works from and into A, B and C languages. Some conference interpreters have an 

excellent command (near-native proficiency) in another language (C) that allows them to work 

into that language.  

 

2.3.1 ABC language classification 

Interpreting only into an A-language is the mainstream practice in international organisations, such 

as the United Nations agencies (UN), the European Commission (EU), the European Parliament, 

and the African Union (AU). Interpreters employed by the above-mentioned organisations, 

interpret from their B and C languages into their A language. The classification system is based 

on the understanding that an A-language is the native or near-native proficient language of an 

interpreter. The interpreters thus have full professional proficiency in their A language. The B 

language is a language in which the interpreter has professional proficiency sufficient for 

understanding but is not the native language of the interpreter. It is an acquired language that can 

be understood as the L2 of the bilingual interpreter. The C language is a language that the 

interpreter completely understands but has limited working proficiency. The language 

classification system does not clearly define and differentiate among the ABC language categories. 

This provides an open interpretation that implies that the ABC combinations might fluctuate 

because there are no standard criteria. According to Seeber (2018), the descriptions and definitions 

of language classifications: ñéreflect limitations of the approachò and lead to inconsistent 

interpretation. Gile proposes a cognitive view on the language classification system by stating the 

following: 

The assumption that speech comprehension and speech production take up less processing 

capacity in one's native ("A") language than in one's non-native active ("B") language may 

lead to opposite conclusions regarding total PC requirements when working into one's A 

or B language, depending on whether production is assumed to require more or less 

processing capacity, than comprehension (Gile, 2005:25). 
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Gile (2005) has further stated that there is no evidence of an interpreterôs official A or B mastery 

of their working languages since many variables contribute to working language classification 

such as proximity to consistent language use, intrinsic variability of cognitive performance, 

emotional state at the time of the interpreting assignment, the density of the text and so on.  

 

2.4. Interpreting Models 

Interpreting is a punctilious and rigorous cognitive language processing task. Pöchhacker (2002) 

highlights the need to consider cognition as part of the interpreting process. Wilcox and Shaffer 

(2005:39) guide interpreters to understand interpreting in terms of cognition by stating the 

following: ñFor interpreters who are attempting to throw off the veil of the conduit metaphor and 

better understand what they do when working across languages and cultures, we believe that 

cognitive linguistics offers a far better framework.ò 

A premier cognitive model for both consecutive and simultaneous interpreting that focused on 

ñsenseò was suggested by Seleskovitch (1978). This and subsequent cognitive models posited by 

various scholars are discussed and illustrated in this section of the literature review.  

The central theme of cognitive models is that in a communicative event, all interlocutors, including 

interpreters, actively construct meaning based on implicit and explicit communication exchange. 

Napier (2002) framed this ñmeaning-makingò regarding the adaptability to sociolinguistic and 

sociocultural factors that impact the context in which the situation and message are interpreted. 

According to Russell and Takeda (2018:98): ñThe value of models to interpreting is that they offer 

guidance in understanding the nature of how communicators structure messages and how 

interpreters try to access and construct meaning to recreate it in a second language.ò The authorsô 

further state that models provide insight to the cognitive sub-tasks of interpreting.  

 

2.4.1 Seleskovitchôs model 

Seleskovitch (1962) posited the interpretive theory of translation (ITT) to explain interpreting and 

translating as textual analysis and not simply changing words to suit the communicative exchange 
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and intent (Seleskovitch, 1962 and Seleskovitch and Lederer, 1986). The ITT holds that 

comprehension, deverbalisation and expression is a triangular process of textual analysis to render 

a sensible interpretation product. The adapted figure below illustrates Seleskovitchôs triangular 

model. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Adapted triangular interpreting model (Seleskovitch and Lederer, 1984:185). 

 

 

2.4.2 Colonomosô Processing Model 

Colonomosô model focuses on the message that the interpreter must extract from the speaker's 

communicative intent (Wilcox and Schaffer, 2005). This extraction is part of the analysis of the 

source textôs message. To extract the messageôs intent, the interpreter must have solid 

metalinguistic skills to render a faithful and functional equivalent expression of the message in the 

Sense 

 

Transcoding 

L1 L2 
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target language. The activation and use of metalinguistic knowledge and the act of extracting 

meaning during the interpreting process depend on optimal cognitive function.   

 

 

Figure 7: Colonomosô processing model (Wilcox and Schaffer, 2005:31). 

 

2.4.3 Gileôs Effort Model 

Gileôs (1995) contribution to cognition and interpreting concerning interpreting models is his 

Effort Model and the Tightrope Hypothesis. Gile's model assists in understanding of the 

interpreting process. His model proposes two main ideas namely: ñéinterpretation requires some 

sort of mental óenergyô that is only available in limited supplyò and ñéinterpretation takes up 

almost all of this mental energy, and sometimes requires more than is available, at which times 

performance deterioratesò (Gile, 1995:161). In the Effort models, mainly three efforts are 

proposed: ñListening and analysis (L), production of the source speech (P), and short term memory 

effort (M)ò (Gile, 2005:3). In the mathematical model of simultaneous interpreting, LA represents 

listening and analysis of source text.  
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                 =                +                +                 ˽                       

 

Figure 8: Gileôs effort model illustrated as a mathematical notation (Gile, 2018b) 

In the above mathematical model of simultaneous interpreting, LA represents listening and 

analysis of source text. In the revised updated edition of the models, LA is renamed as R, reception 

to account for the visual perception effort in sign languages (Gile, 2018b). In this mathematical 

equation, the additive (+) sign is understood as an additive effect and not in the mathematical 

context of addition. M represents short term memory. P represents production in the target 

language and includes self-monitoring, A refers to the available processing capacity that could also 

mean the attentional resources. 

 

 

SIM = L + M + P + C R(SIM) = R(L) + R(M) + R(P) + R(C) Ÿ TOTAL R 

Figure 9: Gileôs updated effort model illustrated as a mathematical notation (Gile, 2018b). 

 

In sign language interpreting, Giles updated effort model presents a modality difference in 

simultaneous interpreting. Gile (2018b) expresses the model as:  

éself-management in space OID, online interaction with the Deaf SMS, spatial 

positioning, distance to the speaker, angles to optimize [sic] the comprehension of the 

source speech and transmission to Deaf users of the target speech OID, attending to the 

Sim LA M P A 



44 
 

signing by Deaf users of the Target speech, some of which is óinternalô and some of which 

is addressed to the interpreter.  

 

Sim = L + M + P + SMS + OID + C SMS 

 

Figure 10: Gileôs effort model for sign Language Interpreting (Gile, 2018b). 

Gileôs tightrope hypothesis extends the understanding of cognition in interpreting by pointing to 

the interpreterôs dwindling concentration and declining cognitive processing capacity. The 

tightrope hypothesis points strongly to the aspect of cognition in interpreting. In the event of the 

interpreter running on nearly depleted cognitive ability to optimise efforts of L, M, P, C the effect 

is a skewed or inaccurate interpretation. The hypothesis was confirmed by the evidence of 

processing capacity deficits displayed by errors and omissions in the interpretation product (Gile, 

1999). Gile (2005) defines the tightrope hypothesis as:  

A situation where interpreters tend to work at levels of cognitive load close to saturation, which 

explains the numerous errors they sometimes make even when no clear problem triggers, such 

as fast delivery, strong accents, particularly complex syntactic structures, non-standard or rare 

lexical units, disturbing noises etc. can be identified in the source speech (Gile, 2005: 3). 

 

2.4.4 Cokelyôs model 

Cokelyôs model is a sociolinguistic model, focusing on American Sign Language (ASL) and 

English. His experiment suggested a taxonomy of interpreter miscues, where he refers to the origin 

of the miscues as that of cognition and language processing (Roy and Metzger, 2014). Cokelyôs 

study is distinct in that he used: ñéconversation analysis, discourse analysis which pointed to 

frames and schemas and to code-switching and code-mixingò according to Roy and Metzger 

(2014:160). This model presents premier scholarly work on cognitive models for interpreting. 

However, an angle unexplored in this model is the internal cognitive operation of language 

processing during the act of interpreting where code-switching and mixing are seen in text analysis.  
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Figure 11: Cokelyôs Sociolinguistic Model of Interpretation (Cokely, 1992:100). 

 

2.4.5 Mizunoôs process model  

Mizuno (2005) proposes a process model for simultaneous interpreting and working memory. This 

model highlights the tasks mentioned in Giles effort model (Gile, 1995). Mizuno (2005:741) states 

that optimal functioning of interpreting processes involves synchronous managing of tasks such as 

ñlistening and comprehension, information retention, retrieval, production, and monitoringò. 

These tasks have their roots within the brain. Thus, the process model fits well with cognition and 

interpreting models. Mizuno (2005:740) presents an alternative way of seeing cognitive load: ñThe 

domain-specific skills for interpreters may be translation strategies that would reduce the 

processing and memory load rather than or in addition to the skills of allocating resources 

efficiently and switch attention properlyò.  Reference is made to interpreting strategies to produce 

an improved simultaneous interpreting product (Mizuno, 2005). The process model points to 
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language processing, comprehension, and production, supported by the interpreterôs central 

executive system and working memory, as seen in the figure below. 

 

Figure 12: Mizunoôs process model (Mizuno, 2005:744). 

2.4.6 Kohn and Kalinaôs model of comprehension and production 

The mental model of comprehension and production by Kohn and Kalina (1996) provides some 

basis and evidence by mentioning discourse-based mental modelling. These processes are captured 

by theoretical components and do not provide empirical evidence of cognition. On the other hand, 

it is argued that ñComprehension and production of interpreted communication rely on a 

diversified knowledge baseò (Kohn and Kalina, 1996: 121). In cognition and interpreting, the 

constructs of comprehension and production are tied to memory access to render interpreting. 

Further to this, Kohn and Kalina (1996) present insight into the requirement of having linguistic 

and nonlinguistic knowledge of the working languages of the interpreter. Concerning mental 

modelling the interpreter is not at liberty to infiltrate the cognitive space of the speaker to 

comprehend and anticipate the message and its meaning; hence the interpreter relies on accessing 
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his own linguistic cognitive spaces to render an equivalent functional interpretation in the target 

language. Kohn & Kalina (1996:121), explicitly state the reliance on cognition to enable the 

functioning of an interpreter:  

In comprehension and production of interpreted communication the interpreter relies on a 

diversified knowledge base including knowledge about linguistic means of expression and 

discourse conventions, general world and/or specialized [sic] subject knowledge, 

knowledge about the communicative situation in which the discourse is embedded, mental 

modelling on the basis of previous discourse and procedural knowledge relating to strategic 

principles such as the cooperative principle, the given/new contract or the principles of 

local interpretation and analogy. 

Furthermore, Kohn and Kalina (1996:132) hold that, if comprehension strategies fail there will be 

a complete breakdown of the interpreting event stating: ñThere can be no strategically controlled 

production unless comprehension strategies have been successfulò. The complete breakdown 

referred to above points to the ultimate reliance on cognitive processes and the additional 

interpreting strategies to operate as an interpreter. 
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Figure 13: Comprehension and production in interpreting (Kohn and Kalina, 1996:125). 

 

2.4.7 Settonôs cognitive pragmatic model 

In an attempt to explain interpreting data concerning mental operations, Setton (1999) details the 

processes that involve linguistics in interpreting. She highlights the ability to deduce intent from 

the source message. The model highlights the construct of centralisation in comprehension. 

Cognitive processing of multi-modal input is framed as communication by highlighting synergies 

of perception, cognition, and action in speech (Pöchhacker, 2005). According to Setton (1999:22): 

Working memory and concentration are prerequisites for aspiring interpreters. But these 

abilities serve understanding and formulation, not the reverse. It is not memory and 

attention which are specific to interpreting expertise, but enhanced understanding and 

speaking. If there is any pedagogical advantage in decomposing processes, we should be 

focusing on these rather than on the universal processes which subserve them. 
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Setton (1999) refers to relevance theory in the context of pragmatics in communication and 

interpretation.  Reference is made to the sensorimotor system to handle interpreting as indicated 

by Gile (1995). Setton (1999) refers to these processes as input, processing, recognition (decoding) 

and articulation (output). She describes the impact of linguistic and extra-linguistic features of 

communication on the context. These features are explored by the interpreter accessing their 

paradigm in the situations where they interpret. In addition, they can tap into their memory to 

recall, anticipate and infer, rendering a functional interpretation (Setton, 1999 and Maalej, 2001). 

Maalejôs (2001) review of Settonôs cognitive pragmatic model calls for further experiments to 

validate the model.  

Figure 2.11: Settonôs cognitive pragmatic model (Setton, 1999:17). 
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2.4.8 Wilcox and Shafferôs cognitive model 

Wilcox and Schaffer (2005), focus on meaning and grammar in their contribution to cognitive 

interpreting models. The model points strongly to the evidence of language processing and the 

imperative of understanding linguistic structures of languages. The authors emphasise the 

cognitive processes tied with linguistic analysis, specifically, choice of lexicon and how it plays 

out in semantics: 

The implication for interpreters is that what we are here describing is an essential fact about 

linguistic communication. It is rare to find in any human language cases where knowledge 

of a constructional schema and the meaning of its component structures tells us everything 

we need in order to understand the conventional, fully contextualized meaning of an 

expression. (Wilcox and Shaffer, 2005:42). 

Interpreting the meaning of an expression in the communicative event is imperative to reach the 

audience. However, if the interpreter cannot function optimally on a cognitive level by processing 

the incoming language and linguistic intent, the value of interpreting is lost. Wilcox and Shaffer 

(2015) refer to language creativity in the act of interpreting as: ñéthe meanings made are the 

interpreterôs own, not the product of an extractive process but of a creative, constructive meaning 

making processò (Wilcox amd Shaffer, 2005:42). 

 

 

 

 

 

 

 

Figure 14: Illustration of Wilcox & Shafferôs cognitive model 
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2.5. Conclusion 

 

Models covered in this section focus specifically on cognition that lays the foundation for the 

cognitive angle of the project. Part of the contribution of this study is to present a model that does 

justice to the act of communicating by stating explicitly the cognitive areas activated during 

plurilingual interpreting. As Wilcox & Schaffer (2015:44) note: ñThe problem is that our models 

of interpreting simply do not do justice to the act of communicatingò. The contribution of the 

current study to interpreting is in laying a brick in rebuilding the Tower of Babel with a novel 

understanding of how cognition works in plurilingual, translanguaging sign language interpreting. 

Mikkelson & Jordenais (2018:499) state: ñInterpreting has a bright future, despite the adversities 

that have emerged and will continue to emerge in a world that is both shrinking to the size of a 

village and at the same time rebuilding the Tower of Babel.ò  
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CHAPTER 2 

Literature Review 

 

Section III  

Translanguaging 

ñTranslanguaging óis the communicative norm of multilingual societiesò. 

Garcia and Sylvan (2011:389). 

 

2.1 Introduction  

 

This chapter provides context to plurilingualism and translanguaging related to interpreting in, 

sign and spoken languages. This chapter is grounded in the works of a leading African scholar, 

Makalela, whoôs seminal works related to translanguaging inspired interest in this phenomenon as 

it relates to interpreting practice, Makalela (2018), applies an African lens to the Western definition 

of translanguaging. ñUbuntu translanguagingò, as coined by Makalela (2018:4), is tied to cultural 

competence, where multiple African languages are used simultaneously in linguistically complex 

communication exchanges.  

 

Drawing translanguaging as a phenomenon applied in Deaf communication exchanges Kusters et 

al. (2017:220) states the following: ñLanguage in use, whether spoken, signed or text, is always 

and inevitably constructed across multiple modes of communication and through ócontextualô 

phenomena such as the use of the surrounding physical spaces.ò Literature in this chapter portrays 

translanguaging as a phenomenon intrinsically tied to plurilingual speech and sign communities. 

Plurilingualism is depicted not as an impediment but as a thriving landscape that provides 

opportunities for advancing the African continent, and the Global South. Alternatively, 

plurilingualism is a concept that is not always framed in a positive light: 

 



53 
 

The linguistic incorporation of the African educated elite [African language practitioners] 

into the European bourgeois memory is an active contributor to Africaôs backwardness. In 

that sense every educated African [African language practitioners and interpreting studies 

researchers] who remains doggedly locked within the linguistic walls [interpreting settings] 

of European languages, irrespective of his avowed social vision of the right or left, is part 

of the problem (Wa Thiongôo, 2004:30). 

 

This quote frames this chapter that aims to unlock the various scholarly contributions that 

acknowledge linguistic and cultural diversity. In this chapter, I refer to synchronous 

translanguaging as it relates to language practice. 

 

2.2 Definition of Concepts linked to Translanguaging 

 

Various scholars have devised concepts to explain and expand our understanding of language 

exchange as it unfolds in speech and sign communities. Some terms applicable to this study are 

defined here: 

 

2.2.1 Translanguaging 

 

Translanguaging is a term that was coined by Whittal, meaning trawsieithu, that translates into 

English as ótranslinguifyingô (Cenoz and Gorter, 2017). The term originates from bilingual 

pedagogical practice, where the aim is to reach understanding through the synchronous use of two 

languages (Cenoz and Gorter, 2017). The concept refers to various situated spaces where 

multilinguals exchange ideas to understand communication exchange by using their linguistic 

repertoires that consist of shared and non-shared languages and cultures. Translanguaging in the 

Deaf community is defined as the ñéway we view language as processes of meaning-making 

rather than as enclosed systemsò (Kusters et al. 2017:225). For the purpose of this study the 

definition of Makalela (2018:4) is applied: ñclassifying languages as first, second, additional and 

mother tongue are all constructs based on linear view of language acquisition ï an acquisition 

context different from most of the sub-saharan African language acquisition contexts. In order to 

take a more complex account of language use and to match multilingual spaces in this century, 
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language practices of multilingual students should be characterised by a discursive practice of 

ólanguagingôò. 

 

 

2.2.2 Crossing 

 

Crossing is defined by Rampton (1995) as a form of ñcode alternationò. This alteration occurs in 

the form of navigating linguistic, social and ethnic boundaries when L2 language speakers are not 

accepted by most of the speech community (L1 speakers).  The definition of crossing is further 

explained by Rampton (1995:502) by pointing to interactional competence.  

 

Crossing emerges as a practice closely tied to the shared norms, values and activities of a 

particular cultural collectivity. It requires a specific kind of interactional competence to situate 

the use of outgroup codes in liminal moments and events. Crossing showed sensitivity to a 

complex set of situational contingencies, the stage and state of talk, the activity type, the 

institutional setting, the relationship between interlocutors and so forth - and as a skillful, 

group-specific practice, effective and accepted crossing generally only came with substantial 

experience of local multiracial peer group life. 

 

2.2.3 Polylanguaging 

 

Polylanguaging, according to Jørgensen et al. (2011), presents when speakers integrate various 

linguistic features on a sociocultural level across the languages that they do not know completely.  

 

2.2.4 Metrolingualism 

  

Metrolingualism, as defined by Pennycook and Otsuji (2015), presents the language as a fluid, 

sense-making process that finds meaning using various languages, registers, styles, and modes. 

Communication sense is based on the interactions and activities that occur in particular spaces.  
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2.2.5 Plurilingualism  

 

Plurilingualism is reflected in desegregated language proficiency. Holistic language proficiency 

across the various languages that the speaker knows is acknowledged as part of the homogenised 

linguistic repertoire of the speaker (Canagarajah, 2009). Marshall (2020) describes plurilingualism 

as a sociolinguistic phenomenon, an alternative lens in understanding language use in context and 

an innovative pedagogy aiming to embrace equality of languages and cultures. 

Regarding plurilingualism and lived experience Marshall and Moore (2018:12), state: ñéa 

personôs languages and cultures interrelate and change over time, depending on individual 

biographies, social trajectories, and life pathsò. Makalela (2018:2) captures the story of 

Mapungubwe in directing our understanding by stating that: ñprecolonial southern Africa did not 

have discrete language systems but an amorphous repertoire that stretched beyond the current 

linguistic codesò. 

Plurilingualism is a daily occurrence, whereby a situated actor (Coste and Simon, 2009; Gumperz, 

1982) finds expression through communicative events and functions to reach the communicative 

aim through bridging intercultural understanding and competence. The Council of Europe 

(2001:168) considers linguistic competence by defining plurilingualism as ñA single competence 

that encompasses all the languages in the speakerôs linguistic repertoire.ò 

 

2.2.6 Linguistic Repertoire 

 

A linguistic repertoire refers to the entirety of linguistic resources of an individual by taking a 

holistic approach to language use that renders communication effective (Busch, 2012). Backus 

(2000) explains that a repertoire is composed of many different communicative tools, with varying 

degrees of functional specialisation. He says: ñNo single resource is a communicative panacea; 

none is uselessò (Backus, 2000:25).  Semiotic repertoires (Kusters et al. 2017) are also embraced 

in this research, which implies gesture and body orientation. Recent investigations into sign 

bilingualism added dimensions of multilingualism, which acknowledge the plurilingual aspect of 

Deaf peoplesô linguistic repertoires (Kusters et al. 2017). 
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2.2.7 Code-switching & code mixing 

 

There is language convergence, borrowing and replacement in multilingual societies that effect 

hybrid languages, for example, pidgins, creoles, and so on. This phenomenon presents two 

sociolinguistic terms namely code-switching and code mixing. (Abu-Krooz, Al -Azzawi and 

Saadoon, 2019). Macswan (1999:37) states that: ñécode switching is a speech style in which 

fluent bilinguals move in and out of two (or conceivably more) languages.ò Barnali (2017) 

similarly describes code switching as: ñéthe alternate use of two or more languages in an extended 

stretch of discourse, where the switch takes place at sentence or clauseò. According to Müller et 

al. (2015), code-switching can be identified when language use is modified. MacSwan (2000:38) 

refers to code-switching as a ñspeech styleò. 

Zhou and Wei (2007:3) share the view that: ñResearch on the acceptability of mixed code in the 

social and cultural context across the linguistic and cultural boundaries suggests that code-

switching is neither random nor meaninglessò. These researchers present code-mixing of spoken 

languages by stating the following: 

One of the most important results of the sociolinguistic research of recent decades on code-

switching demonstrates that a speakerôs vocal movement from one language to another, 

both over prolonged stretches of discourse and in single words or phrases, constitutes a 

continuous unitary communicative performance. (Zhou & Wei, 2007:3). 

However, code mixing is also evident in sign languages, as suggested by Berent (2008) and Zeshan 

and Panda (2015). 

 

 

2.2.8 The distinction between translanguaging and code-switching 

 

The difference between code-switching and translanguaging is that firstly, they have different 

epistemological orientations and translanguaging bears some components of code-switching, but 

in addition, present the use of additional language resources and meta-linguistic awareness based 
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on the context and communicative event (Garcia and Wei, 2014). Wei (2018b) defines code 

switching and translanguaging as: ñCode-switching refers to the alternation between languages in 

a specific communicative episode, like a conversation or an email exchange and translanguaging 

is a process of meaning- and sense-making.ò 

  

It is in the distinction between the two concepts that this study focuses its lens on translanguaging.   

 

2.2.9 Translanguaging and interpreting 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

The phenomenon of translanguaging as is seen in plurilingualism in multilingual settings is applied 

to the context of interpreting in this section. Here, reference is made to Muysken (1997:362), who 

suggests three processes linked to translanguaging, namely, ñinsertion, alternation and congruent 

lexicalisationò. According to Muysken (1997:362): ñécongruent lexicalisation is characterised by 

a shared grammatical structure of elements from different languages.ò Insertion is characterised 

by the immersion of various language structures across the language spectrum of the repertoire 

(Müller et al., 2015:18). Alternation refers to the complete change in language structure, grammar 

and vocabulary, therefore, intra-sentential mixing contains fragmented language components 

(insertion) or integrated language components (alternation). The paradox remains as to whether, if 

translanguaging is a natural occurrence in language communities, it could be considered an 

accepted interpreting practice.  

 

 

2.3 Theory and Applicat ion of Translanguaging 

 

The Research Centre for Plurilingual Teaching and Interaction (GREIP2) studied various 

stakeholders, who suggested reconsidering the theoretical view of language use, language research 

and education based on plurilingualism (Vallejo and Dooly, 2020). Blommaert (2013:621) urges 

the activation of an alternative that reconsiders: ñéspeakersô fluent and hybrid communicative 

practices into one-language-only (OLON) parametersò. OLON poses a regressive view and 

conforms to traditional models and theories of interpreting studies concerning the ABC language 

classification system in the preceding chapter on interpreting. In reconsidering plurilingualism and 
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the ABC language classification of interpreting, there is an alignment to trends in the field of 

translanguaging. In this regard, McNamara (2011:493) advocates that we: ñétake a more complex 

and more critical stance toward issues in multilingual and monolingual practices in educationò. 

The discursive practice of fluctuating between languages confirms the use of the holistic linguistic 

repertoire as a discursive construct (Rampton 1995). In advancing alternative perspectives and 

debates of interpreting practice, translanguaging in plurilingual speech and sign communities are 

highlighted further in this chapter. 

 

2.4 Evolving Language Communities 

 

The application of plurilingualism to linguistic repertoires is critical in comprehending of 

translanguaging as is seen in daily societal communication. There are 7106 languages globally, of 

which 10% in Sub-Saharan Africa are extinct or nearly extinct (Lewis, Simons and Fenning, 2013 

and Lewis and Simons, 2013). According to Teixeira (2021),  English is the most spoken language 

with 1132 million speakers, followed by Mandarin Chinese with 1117 million speakers, in third 

place is Hindi with 615 million speakers, Spanish with 534 million speakers and last in the top five 

languages spoken is French with 280 million speakers. Globalisation is a significant  determinant 

of multilingualism and how it is experienced by native language speakers and in interaction with 

the linguistic repertoires of various speakers and signers. In an attempt to understand the locality 

and proximity of language communities, it is apt to provide the background of how the Global 

North and the South are experiencing evolving linguistic and language borders due to increased 

immigration.  

 

The globe is geographically fissured by the Brandt Line (BL) into affluent and impoverished 

countries (Lees, 2021). According to Lees (2021), the BL can be described thus: ñ[it]  is a 

visualisation created to illustrate international inequalities and the socioeconomic gulf that 

separates regions of the world, popularised in North-South: A Programme for Survival ï also 

known as the Brandt reportò (Lees 2021:85). Lees questions the relevance of the 1980s Brandt 

report by positing the changing political and economic conditions by South-South collaboration 

and the formation of BRICS (Brazil, Russia, India, China and South Africa). The finding by Lees 

confirms the following: ñThe Brandt Line is still a useful way to visualise important economic 
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inequalities and political divisions in world politics. It remains meaningful to speak of the North 

and the Global South in international relation'ò (Lees, 2021:104). This statement provides a way 

to contextualise the BL with migration by linking immigration and mobile language communities 

to resources. It gives insight into translanguaging and its natural occurrence in plurilingual and 

pluricultural communities. Below is an illustration depicting the Brandt Line and emigration 

patterns from less and more economically developed countries (LEDCs and MEDCs) (Lees, 2021). 

 

 

 

 

Figure 16: Adapted illustration of the Brandt Line (Lees, 2021). 

 

 

2.4.1 Global North and South language communities  

 

In the 21st Century, the world is increasingly diverse. Unlike the BL depicted above, some low-

income countries experience significant political, economic, and social development (for example 

BRICS) (Lees, 2021). Hence, there is frequent mobility of refugees to developed nations and 

across countries to a country perceived to have a more viable economic sector. Based on migration 

and refugee influx, we can deduce that immigrants, refugees and asylum seekers bring their native 

language/s and culture/s to communities where they find residence and to other spheres of their 

aƛƎǊŀǘƛƻƴ ŦǊƻƳ [95/Ωǎ 
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lives. According to the United Nations Department of Economic and Social Affairs (UNDESA) 

(2020), there are 281 million international migrants. Based on the number of international migrants 

it can be understood that migrants live in a language community to which they bring their 

languages. In light of the migrant situation, Chiswick and Miller (2014) subscribe to the school of 

thought that there is no monolingual state in the world (Chiswick & Miller, 2014). However, this 

is still challenged. Monolingualism is practised in Bulgarian, Czech, Hungarian and Polish/Slovak 

regions. However, these countries have monolingual practices, despite having language policies 

that point to plurilingualism and language diversity. This masked situation of language policy 

versus reality of language use is suggested by Blackledge (2000), who provides insight regarding 

monolingual ideologies in multilingual states. Four countries are highlighted as having plurilingual 

language policies, but are English-dominant, namely, the United States, Canada, Australia, and 

New Zealand (Blackledge, 2000). Also noted in the literature are countries with an increasing 

influx of immigrants, yet the language policy seems unresponsive. Blackledge (2000:30) states: 

ñCountries with a considerable number of minority communities, and especially those with major 

immigration inflows, represent the most interesting sites for language policy analyses.ò There is 

no current data that empirically confirms absolute monolingualism. Based on the high immigration 

figures reported by United Nations departments such as the UNDESA, UN High Commissioner 

for Refugees (UNHCR) and the UN International Organization for Migration (UNIOM), it is 

evident language communities are increasingly diversified. Turning to Europe, the Eurobarometer 

Report (2012) on Europeans and their languages mentions 23 official languages, 60+ indigenous 

regional and minority languages, and non-indigenous languages introduced by immigrants. This 

surveyôs main objective is to understand European citizensô experiences and perceptions of 

multilingualism.  

 

Language communities in the Global South have consistently presented a plurilingual context. 

According to Kohli (2012), countries with  native, plurilingual communities are Africa, Latin 

America and Asia, including the Middle East. Garcia and Sylvan (2011:389) state: 

ñétranslanguaging is the communicative norm of multilingual societies.ò The Harare Conference 

hosted in 1997 concluded that there are between 1250 and 2100 languages in Africa (Chimhundu, 

2002). Ndhlovu (2008) claims that there are about 2500 African languages. According to Becker 

(2019), South America has Spanish and Portuguese as official languages spoken by 11 million 
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people and 70 unclassified languages assigned to indigenous groups. The multilingual nature of 

societies inevitably leads to a situation in which many individuals from the Global South are 

plurilingual, and where translanguaging occurs as seen from the figures indicated above. 

Regarding BRICS countries, aside from Russia, there is a counter-cyclical exchange with 

deepened interactions beyond state-to-state engagements covering several areas of economic and 

socio-cultural action (De Kock, 2018). The exclusion of Russia is explained by Li and Marsh 

(2016:2976): 

Despite efforts to unite these nations, the BRICS countries differ greatly in terms of their 

diverse languages, political systems, cultures, media systems, and financial regulations. In 

terms of politics, China is ruled by one party, whereas India, Brazil and South Africa are 

democratic countries. Although China, India and Russia have a shared history of socialism 

or socialist legacy, South Africa and Brazil have historically been more involved with 

capitalism. 

The Beijing Declaration (2017) is relevant in the BRICS context as it relates to Agenda 2030 and 

the Sustainable Development Goal (SDG) 4, which speaks to the creation of inclusive and 

equitable education and promotion of lifelong learning opportunities for all (Boren, 2019 and 

Elfert, 2019). Boren provides insight from micro, meso and macro perspective while Elfert 

engages with SDG from a lifelong learning perspective.  

 

 

2.4.2 Language communities in Africa 

 

Considerating geographical and social mobility in the African context where refugees and asylum 

seekers regionally are exposed to communication barriers, the focus on the training of plurilingual 

language practitioners becomes imperative. The migration presents a nexus between 

communication access and interpreting. Transnational and international mobility is increasing, 

affecting diverse language and communication diasporas (UNDESA, 2020). Given the migration 

context, the translanguaging phenomenon ought to be considered where it applies to language 
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practitioner professions. A translanguaging lens applied to interpreting practice can aid our 

understanding of novel language and communication diasporas that inform alternative theories and 

models in interpreting studies (Mbembe, 2016). Africa is a continent with dense linguistic diversity 

(Chimhundu, 2002 and Ndhlovu, 2008). African languages are grouped in four main categories 

namely, the Afro-Asiatic (approximately 200) the Nilo-Saharian (approximately 140) Niger-

Saharian (approximately 1000), and Bantu (Mbembe, 2016). According to Whitely, Xue and 

Wheeler (2019), the Bantu language with the largest number of speakers is KiSwahili. The most 

spoken languages on the African continent include Arabic, French and English, with KiSwahili 

having the most speakers (100 million) followed by Amharic (more than 21 million) (Chimhundu, 

2002). 

 

In considering agency and lived experiences expressing individual linguistic repertoires, Benor 

(2010:8) states: ñéto be ignorant of oneôs mother tongue is to be uprooted from oneôs 

background.ò This uprooting manifests itself in how plurilingualism is viewed by African 

decision-making bodies, such as government structures on regional, national and local levels. 

Ndhlovu (2008: 80) states that ñtwo diametrically opposed perspectives have emerged in relation 

to the presence of many languages in Africaò. The first view is that plurilingualism is placed 

negatively by linking language diversity to ethnic wars, divided political camps and poor 

resources.  The second holds that multilingualism is an impediment and burden that is in 

competition to the already scarce resources in Africa. In this view, equating multilingualism to an 

albatross for development in a multilingual Africa, this research project focuses on a  

postmodernist perspective on democracy and human rights. This view promotes human rights and 

equality, rooted in the concepts of ñright of languageò and ñright to language.ò People bereft of 

language rights that impact access to resources are the locus of ableism, particularly in the context 

of minority languages such as sign language. The meta-discourse located in ableism9 is that 

fundamental access to services is optimised for the most official language users, and increases 

gradual infringement on linguistic human rights.  

 

                                                           
9 Ableism is a term from critical disability studies that draws on normative societal views of being able in comparison 

to persons with disabilities lacking ability to be functional. This view is rooted in the medical model of disability. In 

the context of sign languages and the deaf community, ableism is located in ableist communication norms (Bitman & 

John, 2019).  



63 
 

2.4.3 The South African linguistic landscape 

 

In South Africa, the linguistic landscape is diversified on many levels and parallels the linguistic 

diversity across the rest of the African continent. This diversification is framed from the historical 

context of colonisation. Dichotomies of primitive vs. civilised, mythopoeic vs. logico-empirical, 

concrete vs. scientific prevailed during English/Afrikaans dominance over the South African local 

people (Prah, 2012). During apartheid, English experienced two sources of support, first as a 

language of political power, and second as a language of the struggle in resistance to Afrikaans 

(Prah, 2005: 2012). Insight to the South African Deaf community and sign language is presented 

by Aarons (1999), who states the deaf people are a linguistic and cultural minority group. Signed 

languages are not universal and neither related to a spoken language of the geographical area in 

which they occur. SASL dialects are tied to deaf education, where the then apartheid government 

had schools for the deaf in each province that gave effect to provincial dialects. According to 

Aarons (1999), sign languages flourished in residential schools for the Deaf, irrespective of their 

official policies on signing. Penn and Reagan (1994) presented linguistic diversity of SASL and 

attributed this diversity or dialects to the status and past educational policies of Deaf South 

Africans. 

 

One of the most pressing issues in South African society is promoting and integrating diverse 

linguistic and cultural communities to realise the dream of a socially inclusive society. The 

language debate in South Africa is geared toward using oneôs native language as a basic human 

right.  

 

In South Africa, language has now become a terrain of struggle, a struggle over the basic 

human right to express oneself in oneôs mother tongue. It is all about self-worth and 

belonging and is underpinned by power: economic interests, political muscle and cultural 

concerns (De Klerk, 2002:8). 

 

It is evident in South African Government departments, institutions and services, that English is 

the language most often used by politicians and government officials. However, attempts by the 

South African Government to promote multilingualism are seen in dialogues in parliament and 
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national addresses by various public service departments. A more recent incidence that exposed 

the need for attention to multilingualism in language practice is the COVID-19 pandemic.  In South 

Africa, inconsistent enforcement of the use of official languages were identified when COVID-19 

information had to be translated and interpreted into the official South African languages ï 

including sign language. The need for plurilingual interpreters and translators in times of national 

emergencies is encapsulated by the statement from PANSALB (2021):  

 

Never has the importance of the use of language been more pertinent than it is right now 

during the pandemic. We have witnessed the government constantly attempt to stave off 

conspiracy theories and misinformation on the COVID-19 vaccine. Therefore, it is 

particularly critical that information on the vaccine be made available in all our official 

languages so as to ensure that our people are equipped to make informed decisions. This can 

be achieved by ensuring that such information is available in languages that people 

understand. (PANSALB, 2021). 

 

2.4 Translanguaging in Deaf Interactions 

 

Communication between Deaf people who sign is natural and effortless, because of their shared 

language/s and culture/s extending transnationally by Deaf-Deaf-SAME10 (Friedner and Kusters, 

2015). Jørgensen et al. (2011:35) state: ñResources which are available to speakers in the sense 

that the features are used around them every day may not be at the service of all of them.ò This 

statement is certainly true for deaf people due to language deprivation and a systemic orientation 

of the world towards an oral communication mode. Kusters et al. (2017) aptly summarise the 

approach of translanguaging across sign languages by stating that meaning-making is achieved by 

drawing on onesô semiotic resources.   

 

Of significance in this section of the chapter are the language and educational exchanges of Deaf 

scholars and advocates who cross borders and use translanguaging strategies to communicate 

effectively. Translanguaging international sign transpires by advancement in communication 

technologies and increasing affordable travel across borders (Friedner and Kusters, 2015) and 

                                                           
10 International conventions in capitalising phrases that are transliterations of the signed phrase. 
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Kelly, Tapio and Dufva, 2015). Quinto-Pozos and Adam (2013:1) encapsulate translanguaging in 

Deaf communities by stating:  

 

Language contact is the norm in Deaf communities, and that Deaf people are typically 

multilingual. They use sign, written, and, in some cases, spoken languages for daily 

communication, which means that aspects of the spoken and/or written languages of the 

larger communities are in constant interaction with the sign languages. 

 

According to Murray (2015), Deaf people who use sign language as a primary means of 

communication are part of a linguistic minority. Deaf people are native language models and 

expressionists of a grammatical sound, visual-gestural language. According to Kusters, De 

Meulder and OôBrien  (2013:431) people are: ñéoverpowered by societal structures that are not 

produced by them or for them, and produce their own, different spaces, authoring their own 

ontologies and epistemologies, which leads to a form of Deaf essentialism defined by the Deaf 

experience.ò The lived experience of Deaf people and identity is expressed by Ladd (2003). This 

Deaf identity, referred to here, has its place deeply rooted in language expression and language 

use. Identity is further formed by life experiences by engaging with others primarily using sign 

language.  

 

According to Sutton-Spence and Woll (1999), sign language lacks vocal-auditory language 

components, and is thus unrelated to the majority speech community. This statement leans toward 

acquiring sign language via monolingualism, where it is framed as being independent of spoken 

languages. It is essential to recognise sign languages as grammatically sound, but it is a narrow 

interpretation of language use, as it unfolds in real-life language communities where deaf people 

navigate the hearing world by making sense of spoken languages and using translanguaging. In 

the same vein, phonocentrism is flagged in socio-structural contexts where sign languages are not 

recognised. Anglin-Jaffe (2011) and Bauman (2008) present the term óontological normalcyô, 

which is realised by equating the ability to talk and to hear as a human condition. Wa Thiongôo 

(1981) highlights phonocentrism as a dated view on language, democracy and human rights and  

makes the statement of the right of and to language. In presenting an ideal plurilingual, 

translanguaging model, deaf and hearing people ought to be acknowledged as equivalent, but 
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alternative language users. This paradigm shift is vital in support of a proposed human rights-based 

equality discourse that is to replace a disability incapacity discourse (Young et al., 2019). 

 

Evidence of plurilingual repertoires of Deaf people and evidence of translanguaging in the Deaf 

community lead to the question, if Deaf people themselves are translanguaging, do plurilingual 

sign language interpreters also harness their linguistic repertoires during the act of interpreting? 

This question remains unanswered, since no empirical investigation has been conducted but part 

of the answer to the question can be taken from Dewaele and Li (2013), who suggest the term, 

cultural frame switching (CFS), which refers to adapted behaviour to conform to local socio-

pragmatic norms. The CFS presented in bilingual-bicultural respondents, who reported themselves 

differently when they had L1 or L2 input (Dewaele and Li. 2013).  

 

Inasfar as mobility and diverse language exchange present in the Global North regarding the Deaf 

community, it is evident that the plurilingual and translanguaging exchanges are deeply entrenched 

in communication across sign languages. When looking specifically at sign languages, Kusters et 

al. (2017) investigated shifts presented by translanguaging strategies based on bilingualism and 

multilingualism, aiming to present an evolved understanding of language repertoires. Garcia and 

Wei (2014) and Jørgensen et al. (2011) emphasised that translanguaging is multimodal, but there 

has been no evidence of further empirical enquiry to broaden the understanding of the concept. 

Where translanguaging is investigated concerning multimodality, the enquiry is focused on social 

media or cell phone texting. Quer and Steinbach (2019) suggest that varying socio-linguistic 

statuses in the Deaf community and signers (from the same linguistic community) demonstrate 

increasing variability within the same community. These aspects have not been analysed further 

and are not applied within the frame of plurilingualism and translanguaging and sign language 

interpreting. Based on this context and concerning this project, mobility is understood and 

interpreted as the geographical, social and education movement of Deaf persons between African 

countries, South African provinces, schools and social groupings. The fluid social-communication 

typology of structure in the Deaf community is taken into account and is based on how interpreters 

navigate the murkiness of communication across these structures.  
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In South Africa, Deaf people translanguage using SASL dialects, ASL, BSL, ISL, International 

Sign and spoken/written languages to which they are exposed. Tapio (2013; 2014) writes: ñDeaf 

signers deal with many linguistic varieties and an exceptional number of modes in which and with 

which those languages are situatedò. There are several dialects of SASL linked to provincial 

dialects and spoken language geographical locations and influence in the South African situation. 

The dialects of overseas sign languages, such as ISL, BSL and ASL, date back to the missionary 

schools established for the Deaf, where Deaf learners were educated in these sign languages 

(Akach, 2010). In South Africa, it can be deduced that Deaf people translanguage using dialects, 

ASL, BSL, ISL and International Sign, which is based on an observation that Tapio (2013; 2014) 

makes concerning multiple modes and linguistic varieties presented in communicative spaces. The 

impact of educational institutions using various dialects of SASL is seen in the provincial schools 

for the Deaf.  The dialects linked to educational institutions are a global phenomenon, for example 

in the Netherlands, where regional dialects were identified in five schools for the Deaf (Schermer, 

2012). The dialects identified are linked to lexicon, phonology, and grammar (Schermer, 2012). 

 

Given that South Africa is a multilingual country with 11 official languages, other sign languages 

influence SASL and exposure to Deaf signers. who translanguage due to the transnational 

connections that use a mixture of signs, mouthing and gestures, SASL interpreters are increasingly 

exposed to translanguaging. According to Friedner and Kusters (2015) and Kelly, Tapio and Dufva 

(2015) translanguaging (in international sign) internationally (between overseas Deaf people) is 

realised through the advancement in communication technologies and increasingly affordable 

travel across borders. Young et al. (2019) support the elements of translanguaging when Deaf 

people from around the globe meet. These physical and online meetings make transnational 

communication possible: ñédrawing on their existing knowledge of a signed language and fluidly 

find a commonality of expression and understanding within a similar visual grammatical structure 

across different signed languagesò (Young et al., 2019:90). Tapio (2013; 2014) presented evidence 

of translanguaging by highlighting linguistic varieties in sign languages. Code-switching between 

sign and spoken languages is highlighted by De Quadros, Lillo-Martin and Chen (2014), and 

between two sign languages by Zeshan (2015) and Zeshan and Panda (2015). According to Zeshan 

and Panda (2015), reiterative code-switching and code crossing presents by decreasing phrases 

and increasing lexical items.  
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The European Community for Research (ERC) project on sign multilingualism focused on cross-

signing, sign-switching, and sign-speaking (Zeshan, 2015 and Zeshan and Panda, 2015). These 

works are instrumental in leading to a better understanding of multilingual and multimodal 

repertoires. In communicative exchange, Deaf people navigate between modalities, of which a 

relevant example will be that of chaining. An example of chaining is when the Deaf person signs 

a concept/object and then follows it up by fingerspelling (Bagga-Gupta, 2000; Humphries and 

MacDougall, 1999; Tapio, 2013). The formation of diverse multilingual and multimodal 

repertoires is acquired by exposure and interaction with various social, cultural and communication 

platforms (Busch, 2012; 2015; Canagarajah, 2013; Creese and Blackledge, 2010 and  Jørgensen et 

al. 2011). In contrast, Vermeerbergen, Leeson, and Crasborn (2007) and Tapio (2013) presents 

inconclusive evidence of meaning making gesture and speech. Recent gesture studies (Goldin-

Meadow and Brentari, 2017) have, however, provided evidence that gestures are indeed associated 

with spoken language components. In the same vein, Liddell (2003) posits the incorporation of 

gestures in sign languages.  

 

2.5 The Sign Language Interpreterôs Linguistic Repertoire 

 

Extending Gumperzôs (1960) sociolinguistic concept of óverbal repertoireô, the approach 

supported in this study is poststructuralist, where the empirical approach is based on the ownership 

of representivity. In this approach, language speakersô perception and representation of their 

heteroglossic repertoires is the starting point, which centralises the linguistic community and the 

respondents. Gumperz (1964:10) adequately captures a holistic view on plurilingualism in that: 

ñélanguage and dialects form a behavioural whole, regardless of grammatical distinctness, and 

must be considered constituent varieties of the same verbal repertoireò. When interrogating the 

óbehavioural wholeô in the interpreting context, it can be deduced that as a linguistic whole an 

interpreter has more than one language and dialect at play at any time during the act of interpreting. 

The rendition of a translanguaged interpreting product reflects how multilingual interpreters 

employ their holistic communicative resources to create meaning during communication 

exchange. Linking to the practice of SASL interpreters to the nine provincial sign languages 
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dialects and the 11 official spoken languages it presents a fluid environment for ubuntu 

translanguaging. 

 

The notion of tolerance ambiguity (TA) serves in better understanding the holistic linguistic 

repertoire. Budner (1962:92) mentions ñoriginality, complexity, and dispersibilityò as features of 

ambiguous situations. Further to this, an ambiguous situation presents where the context is 

complicated by varying behavioural and communication cues (Budner, 1962: 92). For interpreters, 

a TA situation could present itself when interpreting a speaker with a foreign accent (Seravalle, 

2011).  

 

Turning the focus now to situated language practice, these are defined as: ñéare the bundled 

activities that one type of social order performsò (Schatzki, 2010:71). To clarify the reference to 

practices, Pennycook (2010:12) states:  

 

Language is an integral part of such bundles of activities that are the central organisation 

of social lifeô.  Language practices move the focus from language as an autonomous system 

that pre-exists its use, and competence as an internal capacity that accounts for language 

production towards an understanding of language as a product of the embodied social 

practices that bring it about. 

 

Alimi and Matika (2017) suggest that the language practices of people in multilingual societies are 

expressed by translanguaging. Garcia and Sylvan (2011:389) hold a similar view, and state: 

ñétranslanguaging is the communicative norm of multilingual societiesò. Wei (2011:122) 

provides a linguistic view on translanguaging by defining it as: ñégoing between different 

linguistic structures and systems and going beyond themò and notes that ñTranslanguaging 

includes the full range of linguistic performances of multilingual language users for purposes that 

transcend the combination of structures, alternation between systems, transmission of information 

and representation of values, identities and relationships.ò 

 

In addition, concerning translanguaging, Wei notes that ñéfostering intermingling to produce new 

identities, values and practicesò (2011:122). These practices are observed in plurilingual pendulum 
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language practitioners navigating their various languages to reach equilibrium in deciding which 

concept can be interpreted successfully while translanguaging. Wei (2011) references creativity 

framed as adhering to linguistic and communicative norms, and posits criticality that is framed as 

responding effectively to a non-normative situation. 

 

Translanguaging repertoires of plurilingual sign language interpreters stem from the evolving 

concept of an interpreter operating not purely in an L1 and L2, but crossing cognitively, culturally, 

and linguistically so as to provide communication access by a shared understanding of the 

interlocutorsô communication system, as is seen in a melting pot language community. 

Complementing this understanding is the critical role that language practitioners ought to embrace 

in order to apply strategy and context to code-switching into varieties of the language communities 

they serve. As Rampton (1995:485) states: ñswitching across social or ethnic boundaries raises 

issues of legitimacyò, in which the traditional lens of interpreting questions the authenticity in 

terms of accuracy of L1/L2 interpreting products.  

 

Reflective practice is vital in advancing language practice in its development towards changing 

linguistic environments. Referring to reflective practice, Wei (2011) acknowledges the 

translanguaged product by framing it as criticality, where the interlocutor can think through the 

non-normative context and respond effectively. This reasoned response can be enhanced by adding 

the cognitive functions of analysing and processing the message to ensure the communicative 

functions during an exchange are managed accurately and adequately by the interpreter. Wei 

(2011) states that these reasoned responses are decisive moments where a decision is made to 

either follow or flout the rules and norms of language use. The decision is grounded in local 

practices, making it a regular communicative exchange domesticated and welcomed in a local 

setting. Hence, the natural communicative act of translanguaging ought to be encouraged as a 

strategy during interpreting to allow for natural communication exchange between interlocutors.  

 

The concept of translanguaging in interpreting practice marks a shift away from structure, system, 

and regularity, to approaches that acknowledge fluidity and creativity in linguistic practices. For 

this reason, language practice ought to evolve and complement the understanding of a 

translanguaging environment.  
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2.6.1 Dominant language constellation (DLC) 

 

In this section on sign language practice, the concept of dominant language constellation (DLC) is 

investigated. An attempt is made to locate its relevance to the concept of the interpreting function 

as it relates to plurilingual societies.  

 

DLC refers to an individualôs group of languages, that operates as a whole and allows optimal 

functioning in plurilingual environment (Aronin and Singleton, 2012). The authors describe DLC 

as made up of various languages used by a community to achieve communicative aims. Given this 

context from a practice perspective, the extent to which a community shares linguistic norms 

across its multilingual language repertoires makes criteria referencing important. Criteria 

referencing in sign language interpreting, as an example, is the broadcast of a presidential address, 

where the interpreter uses SASL with mouth morphemes in English and isiZulu. This interpreting 

product requires specific criteria to which the consumer and other language practitioners can refer. 

At present, such criteria do not exist. The use of English mouthing and SASL signs is accepted as 

the norm, and serve as criteria against which the interpreter is rated. From this situation, one can 

conclude that a DLC includes languages with various status levels as they are used in society by 

the government and regarding their official, legal status. Aronin and Oô Laoirie (2012:62) states: 

ñéit is the community DLC which furnishes the essential tools for communication and which is 

indeed the basis of community identity''. 

 

Language repertoire encompasses the communitiesô linguistic heterogeneity and an individualôs 

unique proficiency, which enables optimal functioning within and across various registers of a 

mosaic of languages in the speech/sign community (Gumperz, 1964; Rampton, 1995; 2011, 

Schiffman, 1996; Garcia, 2009 and Busch, 2012). It is appropriate to focus on sign language 

interpreter practitionersô linguistic repertoires and DLC and how these factors feed into each other. 

Three languages are recommended as a minimum criterion for working in plurilingual interpreting 

settings. Aronin and Laoire (2012:63) argue that ñéout of the whole repertoire of languages 

known and is used by a multilingual only a sub-set is used intensively and bear the load of the 

functions necessary to meet the individualôs routine needs.ò Limiting the use of three languages 

only restricts the use or partial use of the languages that make up the individualsô plurilinguistic 
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repertoire. The three language usage debate links back to the language classification of AIIC as 

discussed in the literature review Chapter 2, Section II. 

 

In a plurilingual country such as South Africa, where some language practitioners are equally 

competent in more than three languages, there should exist a platform to acknowledge the use of 

these languages. A DLC is fluid, and relevant to an individualôs lived experience, such as personal 

or socio-historical events. This fluidity in DLC requires the community of practice to be 

responsive. This responsiveness can create enabling platforms for constructing vibrant 

sociolinguistic interpreter profiles, which advance a dynamic ambit for 21st Century careers in the 

language practice. Furthermore, it embraces plurilingual interpreters coached in a comfortable 

spectrum to produce the vernacular target and source languages on equal footing to English. 

 

2.6.2 Metalinguistic awareness of the translanguaging practitioner  

 

Kubota (2014:33) poses the question: ñCan all English users regardless of their racial, gender, 

socioeconomic, and other background equally transgress linguistic boundaries and engage in 

hybrid and þuid linguistic practices?ò In an attempt to respond to such a question, I link to the 

concept of translanguaging, where language users in a communicative event employ all their 

linguistic resources to enable communication. If an interpreter is required where all interlocutors 

are speakers of different types Englishes, there is an obvious lack of commitment of the 

interlocutors to navigate their linguistic repertoires. Kubota (2014:23) frames the plurilingual 

advantage of metalinguistic awareness by stating:  ñthe awareness of language itself is independent 

of the message it is conveying.ò  

 

2.7 Conclusion 

 

This chapter highlights various scholarly references to plurilingualism and translanguaging. It 

presents a topic for debate that plurilingual individuals have heightened language awareness. The 

awareness of the interpreterôs plurilinguistic repertoire ought to prompt empirical investigation of 

the phenomenon in interpreting. Investigations into the application and use of translanguaging 

strategies in interpreting can make way for novel and complex theories and models. The study is 
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timely in that South African sign language interpreters are increasingly exposed to Deaf signers 

who translanguage due to transnational interactions that use a mixture of signs (geographic 

dialects), different hand forms, mouthing and gestures. In addition, SASL interpreters are exposed 

to plurilingual communities where translanguaging is typical. This chapter concludes with a 

statement by Kusters et al. (2017:220): ñLanguage in use, whether spoken, sign or text, is always 

and inevitably constructed across multiple modes of communication and through ócontextualô 

phenomena such as the use of the surrounding physical spacesò. The next chapter focuses on the 

theoretical framework and methodology. 
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CHAPTER 3 

 

Theoretical Framework  

 

3.1 Introduction  

 

Adom, Hussein and Adu-Agyem (2018:438) agree that  the theoretical and conceptual framework 

ñassist in stimulating research while ensuring the extension of knowledge by providing both 

direction and impetus to the research inquiry. They also enhance the empiricism and rigor [sic] of 

a research.ò 

 

The theoretical approach in this study draws on motor cognition theory (MCT) and adaptive 

control theory (ACT). It guides on how data is perceived, making sense of and interpreting it. The 

value of a theoretical framework exists to: ñéexplain the meaning, nature, and challenges 

associated with a phenomenon, often experienced but unexplained in the world in which we live, 

so that we may use that knowledge and understanding to act in more informed and effective waysò 

(Ravitch and Matthew, 2017:45). The theoretical framework is taken óon loanô from the original 

theorist to shape and apply its constructs to the investigation to contribute to the applicability of 

the theory. ñIt is a blueprint that is often óborrowedô by the researcher to build his/her own house 

or research inquiryò (Adom et al. 2018: 438).  

 

The framework facilitates the contribution of new knowledge by testing the theory in a specific 

context to confirm, reject or extend it. Merriam (2009:49) notes that qualitative research informs 

existing theory:  

 

Data are analyzed [sic] and interpreted in light of the concepts of a particular theoretical 

orientation and findings are usually discussed in relation to existing knowledge with the 

aim of demonstrating how the present study has contributed to expanding the knowledge 

base. 
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A theory can be defined not only in academic terms but also concerning the applicability to real 

life issues hence the term ópublishing research with impactô is used in academic circles (Saldana 

and Omasta, 2018). Saldana and Omasta (2018:257) state: ñSocial life holds transferable 

applications to other settings, context, populations, and possibly time periods.ò The University of 

York notes that research with impact is ñWhen the knowledge generated by our research 

contributes to, benefits and influences society, culture, our environment and the economyò (What 

is research impact, 2021). The University of the Witwatersrand (Wits) states its vision for 

producing research with impact:  

 

Wits aims to produce increasing amounts of research with impact, which includes research 

that changes disciplinary thinking, discovery research, research that influences policy and 

practice, translational research, and research that can be taken to the market to generate 

economic activity, innovative research (Impact on Society, 2020).  

 

In this project, the focus is on the cognitive aspects of language processing in relation to 

interpreting in a plurilingual setting. The study is conducted on plurilingual SASL interpreter 

respondents, who render a diamesic interpretation under PET brain imaging. Other variables noted, 

but not part of the investigation include environmental, social, physical, and emotional factors that 

could impact interpreting or the interpreter. 

 

Concerning methodology and research bias, Guba and Lincoln (1994:110) state: ñécritical theory 

adopts a more transactional and subjectivist epistemology where the investigator and the 

investigated object are assumed to be interactively linked, with the values of the investigator, 

inevitably influencing the inquiry.ò Entrenched in this statement is my proximity as a researcher 

and language practitioner (SASL interpreter), and the way in which my paradigm regarding 

interpreting influences the approach to the study and interaction with the respondents. This 

proximity and status are labelled as ñpractitioner-researcherò by Jarvis (1999). I therefore 

acknowledge biases that could present as blind spots in this study, as informed by my years of 

practice in the interpreting field. 
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3.2 Theoretical Framework 

 

3.2.1 Motor cognition theory (MCT) 

 

Motor cognition theory (MCT) holds action and perception are activated by sensori-motor 

mechanisms (Pulvermüller et al., 2014).  During the act of visual perception, motor and sensory 

information is integrated by the activation of mirror neurons (Rizzolatti and Sinigaglia, 2010). 

Yeung and Werker (2013) clarify the formation of linguistic-articulatory action schemas by 

presenting evidence of how action-perception is linked to manual, mouth actions and visual and 

acoustic perceptio00ns. According to Hubel (1995:9): ñModality specific sensory modules route 

information to the central systems for attention, memory, language, concepts, decisions which 

propel motor output.ò The right frontal areas of the brain are activated during sign language 

comprehension according to Corina and Knapp (2006:24): ñélanguage-born resonance is more 

diffuse than motor resonance evoked during action observation or imitation.ò This statement 

agrees with Jeannerod (2006:65), who states: ñécognition is built from action and perception, 

upon sensory and motor brain mechanisms.ò  

 

This study focuses on the cognitive areas activated in plurilingual sign language interpreters. There 

is no clear evidence of MCT being accepted as a basis for how perception is translated into action 

as a result of findings of cognition-action covariation based on cognition studies that focus on how 

perception, cognition, and action interrelate in the brain (Freeman et al., 2011). The mediating of 

the processes is expressed by Freeman et al. (2011) thus: ñFor instance, neurophysiological studies 

often observe cortical areas traditionally thought as perceptual or motor in nature to contain signals 

appropriate for higher-order cognitive decision makingò (Freeman et al., 2011: 2).  

 

This study uses SASL as perception input and the action required is the interpretation product. 

When a person hears a language utterance, cognitive mechanisms are stimulated to effect an action 

(Pulvermüller et al., 2014). Rizzolatti and Craighero (2004) state that there is an entwined process 

for language, perception and production. Sommerville and Decety (2006) state:  
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Motor resonance is a function of making a sensible judgement, rather than comprehending 

the sentence, which implies that motor resonance arises during comprehension and not 

merely during lexical access, before the associated linguistic constituent has been fully 

processed; thus aspects of visio- spatial cognition are explored within this theory.  

 

Pulvermüller (1996; 1999) and Pulvermüller et al. (2014) state that the mechanism for an action 

schema is noticeable in the language domain where articulatory-motor and acoustic-perceptual 

schemas are stored. The comprehension of sign language as input involves visiospatial processes 

described by Emmorey (2002:67) as follows: ñComprehension of sign language consists of hand 

configuration, motion discrimination, identification of facial expressions and recognition of 

linguistically relevant spatial contrasts.ò  The comprehension that Emmorey (2002) refers to can 

be applied to this study and stated as the understanding and sense-making of the input language to 

deliver an accurate, functional interpretation in the target language, which is a spoken language(s).   

 

3.2.1.1 The action perception circuit 

 

Of relevance to this study is the action perception circuit (APC) as it relates to MCT. APC is an 

associative learning mechanism that synchronises motor, sensory, and intermediary connecting 

neurons, which has to effect a specific action (Braitenberg and Schüz, 1998). In Chapter 2 (II) of 

the literature review, cognitive models of the perception action cycle (PAC) were presented by the 

studies of Koechlin et al. (2003); Cutsuridis (2013) and Negrón-Oyarzo et al. (2015) (Figure 3.1). 

The APC plays a critical role in the language domain. According to Pulvermüller (1996:73): 

ñéarticulatory-motor and acoustic-perceptual schemas are entrenched in the cortico-cortical long-

distance neuroanatomical links between relevant areas, for language in inferior-frontal and 

superior-temporal cortex and correlated activation of both motor and sensory neuron setsò.  The 

APC thus provides a foundation for social-communicative function (Keyser and Perret, 2004). The 

applicability of the APC in this study is linked to the lexical-semantic processing to contribute to 

sense-making in the delivery of a syntactically appropriate format. The appropriate format is the 

interpretation product linguistically, culturally, and socially fitting and understood in situ. When 

focusing on semantic-conceptual processing the perisylvian areas in the frontal and temporal 
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cortex are vital to understanding language mechanisms. Figure 17 highlights the cognitive areas 

and language mechanisms. 

 

 

Figure 17: APC illustrated with cognitive areas inferior motor (M1: BA 4), premotor (PM: BA 6 

and 44), and prefrontal cortex (PF: BA 45 and adjacent sites) in the frontal lobe, and auditory core 

(A1), adjacent auditory belt (AB), and parabelt (PB) cortex in superior temporal lobe, gyrus, and 

sulcus (Pulvermüller, 2018:6). 

 

Motor resonance according can be defined as, ñéthe internal activation of an observerôs motor 

system specifically attuned to the perceived movementò (Hamilton, 2013:14). According to 

Jeannerod (2006) and Sommerville and Decety (2006), communicative motor resonance is the 

reaction of the APC where the motor system responds to communicative input. In this study, visual 

input by SASL as a source language and the óreferential motor resonanceô, is the reaction of the 

motor system that creates meaning and which leads to sense-making in understanding the input. 

Here, the interpreter respondent understands the source language (SASL) and the presenterôs 

communicative intent: thus, the interpreter can articulate the message in the target language/s. The 

MCT and APC will be applied to understand motor-cognition in interpreting, specifically pointing 

to cognitive processes of interpreting in this experiment. 

 



79 
 

This project explores cortico-cortical long-distance neuroanatomical using NeuroQTM, discussed 

in the methodology section of this chapter (See 3.3. Research Design and Methodology). 

 

3.2.2 Adaptive control t heory (ACT) 

 

Adaptive control is used mainly in the engineering sciences for designing control systems, where 

the direct and indirect controls deal with uncertainties (Cao, Ma and Xu, 2012). ACT thus points 

to an adaptive function that allows for adjustment to effect a desired stability state. In the context 

of applying ACT to languages and interpreting, Green and Abutalebi (2013:515) conducted a study 

on bilinguals, suggesting the following hypothesis:  

 

Language control processes themselves adapt to the recurrent demands placed on them by 

the interactional context. Adapting a control process means changing a parameter or 

parameters about the way it works (its neural capacity or efficiency), or the way it works 

in concert, or in cascade, with other control processes (e.g., its connectedness).  

 

Kheder & Khaan (2018:67) refer to cognitive control processes thus: ñSpeech perception and 

interpretation is steered by cognitive and physical control processes.ò 

 

Green and Abutalebi (2013:515), applied ACT as it relates to cognitive, perceptual and brain 

sciences, by stating: ñéspeech comprehension and production are governed by control processes.ò 

These authors confirmed the hypothesis that: ñélanguage control processes themselves adapt to 

the recurrent demands placed on them by the interactional contextò (Green and Abutalebi, 

2013:516). The control processes are ñégoal maintenance, conflict monitoring, interference 

suppression, salient cue detection, selective response inhibition, task disengagement, task 

engagement and lastly opportunistic planningò (Green and Abutalebi, 2013:518). These control 

processes were identified in three interactional communication contexts: ñésingle-language, dual-

language and dense code-switchingò (Lai and OôBrien, (2020: 2). Single-language context refers 

to a monolingual exchange in distinctly separate environments, for example, when different 

languages are spoken or signed in the communicative exchange. A dual-language context refers to 

two languages used with different interlocutors, for example, when a spoken language is used with 
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a hearing person and a sign language is used with a signing-Deaf person. In a dense code-switching 

context, code-switching is framed as a translanguaging strategy on lexical, semantic, and syntactic 

levels. It is within the scope of translanguaging in the interpretation that the ACT applies to this 

study. 

 

 

Figure 18: Adaptive control process (Green and Abutalebi, 2013:517). 

 

The application of the ACT to the interpreting experiment will provide a platform to engage and 

expand the applicability of the theory not only in bilingualism as proposed by Green and Abutalebi 

(2013; 2018), but in plurilingual contexts as well. Abutalebi and Green (2016:690) describe the 

cognitive processes involved in bilinguals: 

 

The cognitive processes underlying language control cover the intention to speak in a given 

language, selection of the target response (the word in the intended language), inhibition 

of words from the nontarget language, and monitoring speech for potential intrusions 

(viable candidate words in the other language as well as language disengagement and 

engagement (i.e., ceasing to speak in one language and switching to another. Abutalebi and 

Green (2016) conducted the experiment on bilingual interlocutors based on conversational 

turn-taking and not in the context of interpreting. They specify multilingual code-switching 

and the brain areas implicated in the illustration below. 
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Figure 19: ñBrain Regions related to language control in multiple language interactional context 

and dense code-switching contextsò (Abutalebi and Green, 2016:691). 

 

A study conducted by Lai and OôBrien (2020) tested the ACT hypothesis on bilingual respondents 

in communicative interactions and the cognitive control processes associated with the verbal 

Stroop task and the non-verbal GlobalïLocal task (Lai and OôBrien, 2020). They concluded: 

 

The findings of this study points to inter-sentential and intra-sentential switching also 

named code-switching. Through the use of multiple language switching measures that 

include objective, rigorous, and naturalistic tasks, results from the current study showcase 

the multi-dimensionality of language switching and its complex interaction with cognitive 

control processes (Lai and OôBrien, 2020:19). 

 

In this study, the conditions of plurilingual language use, as it pertains to diamesic interpreting, is 

examined in a clinical setting to test cognitive language processing. The uncertainty of the control 

in this plurilingual interpreting experiment is two-fold. The first relates to the environmental 

conditions of the study. The respondents had not previously participated in a PET brain experiment 

to interpret under clinical conditions while lying down. The second concerns the fact that the 

interpreters had not previously been exposed to the source text as it is an organic text recorded by 

signing Deaf people. The known control in the experiment is the interpretersô brief that allows for 
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a frame of reference to develop during preparation for the assignment. Not providing the 

respondents with the actual SASL source text before the experiment mirrors a real situation in 

interpreting, where interpreters generally do not receive the preparation material before the 

assignment. This situation creates probabilities and uncertainties, which are framed to allow the 

testing of the ACT.  

 

In principle, the ACT is grounded in the understanding that a system (in this project, the cognitive 

system) can modify its operation to achieve its best functionality. The relevance of adaptive control 

as a theory for this study is its correlation with the mental processes that occur during interpreting, 

specifically observation, processing, output and monitoring. The adaptive control system in this 

experiment consists of the cognitive functions activated during interpreting. Cognitive functions 

ought to provide continuous information about the state of the process, while comparing incoming 

stimuli (SASL source language) with the desired performance (target language/s), and 

simultaneously making decisions around modification (in this context, monitoring).  

 

The three principles of the ACT are identification, decision, and modification. It is of interest to 

the study how ACT presents in a decision-making act in a plurilingual context, where the 

communicative aims are at stake and where the interpreter respondent is faced with a decision to 

modify the interpreting product to allow for communication flow, without jeopardising the 

faithfulness of the interpretation. In this context the adaptive control process as posited by Green 

and Abutalebi (2013:33) is upheld: ñAdapting a control process means changing a parameter or 

parameters about the way it works (its neural capacity or efficiency) or the way it works in concert, 

or in cascade, with other control processes.ò 

 

In the current study, the experiment aimed to identify which areas are activated during code-

switching using NeuroQTM software.11 In the context of dual language use and dense code-

switching, Green and Abutalebi (2018) argue that speakers adopt conversational practices that 

match the communicative situation. In this study, the adaptability of the plurilingual interpreters 

                                                           
11 NeuroQTM is a leading software package that measures brain activity by regions and clusters through analysis of a 

PET/CT brain imaging scan (Jafari and Silverman, 2015). 
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interpreting capability was explored regarding the language production strategies linked to 

translanguaging and cognitive areas activated. 

 

3.3 Conclusion  

 

The theoretical framework provides a solid base for this study. Its application and contextialisation 

to a diamesic interpretation is discussed in Chapter 5, where the results of the study is integrated 

to modify the ACT as it this relates to plurilingual SASL interpreters, or sign language interpreters 

in general. 
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Chapter 4 

Research Design and Methodology 

 

 

4.1 Introduction 

Research is based on three essential components namely, epistemology, ontology, and 

methodology (TerreBlanche and Durrheim, 1999). Working through these three components 

contributes to the meticulous and coherent qualities of the study (Collins and Stockton, 2018). This 

chapter presents the interrelated approach of theory and methodology to conduct an empirical 

investigation of cross-disciplinary research in interpreting studies and neuroscience. 

 

 

4.2  Research Design and Methodology 

 

This section highlights the research design and methodology for the experiment that investigates 

cognitive language processing using PET brain imaging, drawing data from plurilingual SASL 

interpreters by simultaneous, diamesic interpretation. This study is a mixed method study, that uses 

both qualitative and quatitative methods. 

 

According to Mohajan (2018:1): ñEvery research must involve an explicit, disciplined, systematic 

(planned, ordered, and public) approach to find out most appropriate results.ò Achieving this lies 

in solid and clear research design and method. This project considered the validity and reliability 

aspects of data collection and analysis to ensure a sound research method was followed. In this 

study, reliability is supported by the consistent application of the data collection tools. In addition, 

the SASL source text remains the same input text in the experiment. The validity of the study is 

assured by utilising NeuroQTM software to ensure the measurements of cognitive activity, both in 

baseline and activation imaging, remains consistent. 

 

Reeves and Hedberg (2003:32) note the following comcerning contextual analysis: ñThe 

interpretivist paradigm stresses the need to put analysis in contextò. The interpretive paradigm 
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frames an understanding of the context from subjective individual experiences (Reeves and 

Hedberg, 2003).  

 

Qualitative data analysis is the formal interpretation of collected data to create order, elicit meaning 

and communicate findings (Noble and Smith, 2014). Noble and Smith state: ñHigh quality 

qualitative data analysis requires a researcher with expertise, vision and veracityò. Embedded in 

this quote is the need for the analysis to be contextually considered, and systematic, while 

simultaneously processing the data on an abstract and conceptual level. According to Morse 

(2011), the research context could present the need to triangulate data. This project adopted a 

reflexive style of analysis that allowed a ómix-and-matchô approach to both data collection and 

analysis to triangulate the data. Ibrahim (2015:99) offers a definition of data analysis: ñThe word 

analysis refers to a closely related operation with the purpose of summarizing the collected data 

and organizing in such a manner yielding answers to the questionsò [all sic]. Noble and Hale 

(2019:67) capture the essence of triangulation succinctly by stating: 

 

Triangulation is a method used to increase the credibility and validity of research findings. 

Credibility refers to trustworthiness and how believable a study is; validity is concerned 

with the extent to which a study accurately reflects or evaluates the concept or ideas being 

investigated. Triangulation, by combining theories, methods or observers in a research 

study, can help ensure that fundamental biases arising from the use of a single method or a 

single observer are overcome. Triangulation is also an effort to help explore and explain 

complex human behaviour using a variety of methods to offer a more balanced explanation 

to readers. It is a procedure that enables validation of data and can be used in both 

quantitative and qualitative studies. 

 

This project used data triangulation with data analysis tools that included speech-to-text 

transcription software AmberScript, ELAN transcription software and NeuroQTM PET brain 

analysis software. In addition, manual transcription methods were used to transcribe the vernacular 

spoken languages into English to compare the interpreted text against the source text. The manual 

analysis of the questionnaire was done by analysing across themes in the questionnaire. The three 

data analysis methods described aimed to identifying patterns, themes and meanings across the 
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three data sets. Diversifying data analysis supports the credibility of the study and reduces the bias 

that could arise from a single data analysis method (Noble and Hale, 2019). Furthermore, the 

authors refer to triangulation as a complex and time-consuming approach to data analysis. The 

timeline of the study was intended to allow for data collection and the analysis of the data. 

 

4.2.1  Respondents and sampling method 

 

Turner (2019: 8) defines sampling as: ñéthe selection of a subset of the population of interest in 

a research studyò. The respondents in this study are plurilingual SASL interpreters, based in the 

Gauteng Province of South Africa. This study used non-probability sampling (Turner, 2019). The 

recruitment criteria clearly stated the respondent characteristics to be a practising SASL 

interpreter, aged 18-50, multilingual with three and more languages, one of which must be SASL, 

a minimum three-year experience in interpreting, in good health, and should not be pregnant or 

breastfeeding. The sampling target was 20. At inception of the study, 20 respondents were 

recruited, but three respondents had to withdraw for health and operational reasons. This meant 

that three additional respondents had to be recruited to make up the target of 20 respondents. Thus, 

the total number of respondents recruited for this study was 23, but data were collected from 20 

respondents only. There were 15 female and 5 male respondents in this study. This sample is 

unrepresentative of the population of plurilingual SASL interpreters. A sample size of 20 was 

decided on due to the financial implications associated with the high cost of procuring the FDG 

molecules (Appendix B- Pharmaceutical Quote on FDG single dose). This study used two doses 

of FDG for baseline and activation PET brain imaging. Given these financial implications, it was 

not viable to increase the sample size. SASL interpreter contacts on the databases of the Deaf 

Federation of South Africa (DeafSA), South African Sign Language Interpreting National Centre 

(SASLinc) and the South African Translators Institute (SATI) were accessed in order to invite sign 

language interpreters to participate in the study (see Appendix C-Email request to access contact 

details of sign language interpreters). 
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4.2.2. Medical protocol 

 

The development of novel protocols for PET brain imaging provides valid dosimetry procedures 

with preparation and acquisition times according to standard clinical practice (Vaquero & and 

Kinahan, 2015). The protocol for this project thus follows standard clinical procedures.  

 

i) Patient preparation  

Respondents were requested to fast for at least four hours before the study. The blood glucose level 

of each respondent was measured in the morning of the study before injecting Fluorodeoxyglucose 

(18F) (18F-FDG). Routinely, FDG activity given to individuals attending nuclear medicine 

department at Charlotte Maxeke Johannesburg Academic Hospital for PET brain imaging, is 

between 150 and 185 Megabecquerel (MBq). Generally, the activity injected during PET brain 

imaging depends on the clinical application (Buck et al., 2002). The authors stated that the amount 

of the activity (FDG) for brain imaging has been evolving so as to allow the injected dose to be 

reduced and in their institution, a standard dose of 100 MBq is administered (Buck et al., 2002). 

In the Alzheimerôs Disease Neuroimaging Initiative (ADNI3) PET Technical Procedures Manual 

for brain research imaging, it is recommended to administer 185 MBq (+- 10%) for FDG brain 

imaging and imaging should not occur if the dose is below the minimum of 93 MBq (Buck et al. 

2002). 

 

ii)  FDG acquisition 

Respondents had two PET- brain images performed, baseline and activation, at two different timed 

intervals. On the day of the baseline study the nuclear medicine radiographer administered 18F-

FDG using a pre-inserted intravenous catheter into a cubital vein in the arm. Respondents were 

advised to remain lying down in a relaxed resting position. The PET scan was started after 30 

minutes after the administration of FDG. The respondents were placed comfortably on the bed of 

the PET scanner, with a fixed head position, using the orbitomeatal line from the laser beams as a 

reference. The respondentsô head position was secured with Velcro strips to minimise motion and 

enhance imaging quality. On the day of the activation study, the same medical procedure was 

applied for the baseline scan. In addition, 30 minutes were dedicated for the second scan viewing 

the source text (SASL video) interpreting into spoken language/s while imaging is performed. The 
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video was played via an iPad screen placed at the gantry of the PET scanner directly facing the 

respondent. An audio recorder was placed next to the respondent in the machine to record their 

voice (the interpretation). A camera was set up adjacent to the gantry to record the respondent 

(Appendix D- PET-brain procedure). For both baseline and activation, a 3D mode acquisition was 

done and attenuation correction was used with the CT of the PET/CT scanner. 

 

Numerous studies have used 18F-FDG-PET imaging to evaluate glucose metabolic changes as a 

response to stimuli of different types (Table 4.12) below. 
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Table 1: Summery of the most relevent studiea on PET imaging with FDG in different types of tasks

Task Number of Type of PET imaging modality outcome Reference

subjects

Visual task 5 subjects Visual stimilation was started 5 Hypermetabolism in the primary and 

minutes before injection of FDG associative visual cortex, as the [35]

and continued throughout the complexity of visual scenes increased

study

Motor task 1 subject The valunteer underwent 20 min Hypermetabolism in the contralateral

periods of rest and motor primary motor cortex, the supplementary [14]

avtivation ( motor task, which motor area, and the ipsilateral (right)

involved repetitively grasping cerebellum.

and releasing the right hand,

performed during the initial 5

min of the activation period)

Force and FDG injection has been Greater metabolism in the occipital and

position 2 subjects performed during both a force temporal cortices of the brain during the [15]

motor task and posotion task (sepatated by 7 posotion task comared the force task.

days, with the elbow flexor

muscles at 15% maximal

valuntary contraction force)

Volitional PET-FDG at rest and while During swallowing hypermetabolism in

swallowing 8 male swallowing (20- second intervals left sensorimotor cortex, cerebellum,

task subjects for 30 minutes) in the erect s thalamus, precuneus, anterior insula, left

seated position and right lateral  postcentral gyrus, and [16]

left and right occipital cortex; decreased

metabolism in the right premotor cortex,

right and left sensory and motor

association cortice, left posterior insula

and left cerebellum.

Complex Subjects underwent PET-FDG After practicing glucose metabolism in

visuospa- 8 male perfoming a complex cortical surface regions decreased despite

tial/motor subjects visuospatial/ motor task (the an increased performance: subjects who [17]

task computer game Tetris), before improved their Tetris performance the 

and after 4-8 weeks of daily most after practice showed the largest

practice on Tetris glocose metabolic decreases in several 

areas. These results suggest that learning

may result in decreased use of antraneous

or inefficient brain areas.

Osmic task 11 subjects; Injection of FDG in bolus during At rest mainly increased glocose

26 subjects neutral (rest) and during a pure metabolism in left superior, inferior,

(stimulation) olfactory condition middle, medial frontal, orbital gyri and [22,23]

in both papers. anterior cingulate cortex, while during

olfactory stimulation hyperactive in

the cuneus, lingual, and 

parahippocampal gyri, mainly in the left

hemisphere in both papers.

Passive PET-FDG have been perfomed Hyperactivation in specific posterior

problem 22 subjects while the subjects viewed videos brain areas in high RAPM scores. R.J. Haier, N.S. White and M.T.

solving rask on two occasions, task with no Subsequent analyses revealed a high/low Alkire,''Individual differences

inherent reasoning or problem RAPM group difference in functional in general intelligence correlate

solving, and date have been connectivity between left activity and the with brain function during 

compared to Raven's Advanced left anterior cingulate/medial frontal nonreasoning tasks,''

Progressive Matrices test gyrus. These data provide evidence that Intelligence, vol.31, no5,pp

(RAPM) scores. individual differences in intelligence 429-441,2003.

correlate to brain function even when the 

brain is engaged in nonreasoning tasks.
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Table 1: Continued.

Task Number of Type of PET imaging modality outcome Reference

Subjects

Visual lexical 11 Subjects underwent PET-FDG Comparisons of the task with the restingV.I. Nevon,E. Halgren,M.

decision right - handedduring rest and two versions of a condition revealed significant relative Mandelkern and M.E. Smith,

task male subjectsvisual lexical decision task ( activations of visual and motor areas. 'Human brain metabolic

novel or repeated stimuli Novel words evoked significantly greaterresponses to familiarity during

performed during the 30 min activation in the left and right anterior lexical decision.'' Hum Brain

FDG uptake period). cingulate gyri and right hippocamoal Mapp, vol.1 pp.249-268,.

formation than did repeated words in the 1994

same task. Relative glucose metabolism in

the left angular gyrus was significantly

greater to novel words than to resting.

Thus, two tasks equated in sensory,

motor, and decision process, but 

differing in the familiarity of the stimuli,

evoke sugnificantly different patterns of

brain activation.

Car driving 30 subjects Subjects have  been divided into In active driving: hyperaction in the M.Jeong, M. Tashiro, L.N.

task (active three subgroups for examination primary and secondary visual cortices Singh, K. Yamaguchi, E. Horikawa, 

and passive by PET-FDG: active driving (10 primary sensorimotor areas, premotor M. Mayike, S, Watanuki, R. Iwata, 

driving) subjects that drove for 30 area, parietal association area, cingulateH. Fukuda,Y. Takahashi and M. Itoh,

minutes), passive driving (10 gyrus, the parahippocampal gyrus, 'Functional brain mappig of actual 

subjects that participated as  thalamus and cerellum. car-driving using [18F]FDG-PET,''

passengers on the front seat) andIn passive driving: manifested a Ann Nucl Med, vol.20,no. 9, pp. 623-628,

control (10 subjects remained similar-looking activation pattern, 2006

seated in a lit room) groups. lacking activations in the premotor area,

cingulate and parahippocampal gyri and

thalamus. Direct comparison of the active

and passive driving conditions revealed

activation in the cerebellum.

Horizontal Spatial orientation was tested During horizontal navigation metabolism A. Zwergal, F. Schoberl, G. Xiong,

and vertical 24 during a horizontal and vertical increased in the right hippocampus, C. Pradhan, A Covic, P. Werner, C. Trapp,

navigation right-handed real navigation task. Video bilateral retrosplenial cortex, and pontineP. Bartenstein,C.la Fougere, K. Jahn, 

task in real male subjects tracking of eye movements was tegmentum; during vertical navigation in M. Dieterich and T.Brandt,

space used to analyse the behavioral bilateral hippocampus and insula. 'Anisotropy of Human Horizontal and

strategy and combined with Direct comparison revealed a relative Vertical Navigation in Real Space:

simultaneous measurements of activation in the pontine tegmentum and Behavioral and PET Correlates,''

brain activation and metabolism. visual cortical area during horizontal Cereb Cortex,vol.26, no.11, pp. 4392-4404,

navigation and in the flocculus, insula, 2016

vertical navigation.

Word Two different tasks were Word association was associated with M. Schreckenberger, E. Gouzoulis-Mayfrank,

repetition 8 subjects performed in randomized order Activation in the left prefrontal cortex, O.Sabri, C. Arning, G.Schulz, T. Tuttass,

and word during PET-FDG scanning: word the left frontal operculum (Broca's area)G. Wagenknecht, H.J. Kaiser, H. Sass, and 

cognitive repetition (after the auditory and the left insula, indicating the U. Buell, ''Cerebral interregional correlations

association presentation of nouns) as a involvement of these areas in associative of associative language processing:

tasks control condition, and word language processing. Decreased a positron emission tomography activation

association (after the auditory metabolism was found in the left study using fluorine- 18 fluorodeoxyglucose''

presentation of nouns) as a posterior cingulum during word Eur J Nucl Med, vol.25, no.11, pp.1511-1519,

specific semantic activation. association; during word repetition, 1998

highly significant niegative correlations

were found between the left prefrontal

cortex, the contralateral cortex areas, and

the ipsilateral posterior cingulum.

Continuous 10 subjects PET FDG performed during Activation the left amygdala and E. Fernandez-Egea, E. Parellada,

emotion task facial emotion recognition activation of the emotional F. Lomena, C. Falcon, J. Pavia, A. Mane,

studies and neutral on a different recognition-related areas G. Sugranyes, M. Valdes, M. Bernardo,

day ' A continuous emotional task activates the 

left amygdala in healthy volunteers:

(18) FDG-PET study,'' Psychiatry

Res. 2009 Mar 31;171(3):199-206
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Table 1: Most relevant studies on PET imaging with FDG in different types of task adapted from 

Chiaravalloti et al (2019). 

 

During the pre-scan the respondents were not presented with any intervention. This was necessary 

in order to obtain a baseline reading of cognitive activity under normal circumstances without any 

experiment being performed. 

 

At the second scan, on a median of six days, the respondents were presented with a thirty minute 

SASL source text (Appendix E- SASL Source Text ñWorld of Work ï Interviewò) and an 

interpretersô brief  (Appendix F ï Interpreters Brief). The source text was created by six SASL 

presenters, who made presentations around questions related to their employment (Appendix G- 

PIS SASL source text presenters).  

 

The interpreting brief for this experiment was shared with the respondents a day before their 

second scan appointment. This was necessary to allow the interpreter respondent to prepare 

vocabulary related to employment settings and prepare simulations similar to employment 

environments. The preparation before an interpreting assignment is a standard requirement and 

was provided to all respondents to ensure the experiment mirrored a real-world situation, even 

though experiment was conducted in a clinical setting. The interpretersô brief did not explicitly 

state that the interpreter must interpret into English. The brief oriented the interpreter respondent 

to a plurilingual setting and he or she was given the instruction to interpret into their spoken 

language/s. When I shared the interpreting brief before the second scan and on the day the 

6 BioMed Research International

Table 1: Continued

Task Number of Type of PET imaging modality Outcome Reference 

subjects

Long-term 8 Subjects viewed two videos Glucose metabolism rate of the right L.Cahill, R.J. Haier, J. Fallon,

free recall of right-handed during PET scanning, separated amygdaloid complex while viewing the M.T. Alkire, C. Tang, D. Keator,

emotional male subjects  by 3-7 days, consisting either of emotional films was highly correlated J. Wu, and J.L. McGaugh,

information emotiona7lly arousing film clips with the number of emotional films 'Amygdala activity at encoding

or of neutral film clips. Three recalled and was not correlated with thecorrelated with long-term, free

weeks after the second session, number of neutral films recalled. recall of emotional

memory for the videos was information.''Proceeding of

assessed in a free recall test. the National Academy of

Sciences of the United States of 

America, vol.93, no.15, pp.

8016-8021,1996.
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respondents presented for the scan, the respondents were not coerced into interpreting into English. 

They were told that they could interpret into any language they felt comfortable in to ensure 

continuity. The respondents were also advised that if they got stuck on a lexical or syntactic item 

and could produce the word/phrase or concept in one of the other languages they know they could 

do it, to ensure continuity. This was to allow for the interpretation to flow freely and not create a 

situation where the interpreter stops the experiment. Here I did not overtly raise the issue of 

translanguaging since this is a variable under investigation. I wanted to obtain the most organic 

interpreting product the respondent could provide under the experimental conditions by giving the 

interpreter respondents a brief to allow them to feel comfortable using the language in a simulated 

plurilingual setting, which was an interview panel consisting of plurilingual individuals. 

 

The process for the second scan was both video and audio-recorded to complement the recordings 

of neural activity for analysis and interpretation. The total scanning time took about 40 to 50 

minutes including setup and actual procedures. PET brain imaging was done using a 40 slice 

PET/CT scanner (Biograph TruePoint PET/CT, 2019). At this point of the second scan, the 

researcher, monitored the recording process with the nuclear medicine technician. At every ten 

minutes interval (four times), the researcher accessed the scanning room to ensure sound recording 

(respondent voice into spoken language/s) proceeded without any technical glitches and that the 

camera was recording the process. When the scanning procedure was completed, the respondent 

proceeded to the waiting room to allow the nurse to remove the line.  

 

4.2.3 Data collection 

 

It was proposed that more than one method be used to obtain converging evidence, triangulation 

of data (Noble and Hale, 2019). Data were collected using questionnaires, voice notes 

(interpretation) and PET brain imaging. 

 

4.2.3 a) Questionnaire 

 

Qualitative data in this study were collected through a questionnaire (Appendix A (III ) - 

Questionnaire). The questionnaire was divided into themes that covered aspects of sign language 
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interpreting, education training standards, language comprehension, processing and 

plurilingualism. The information was collated to form an interpreting profile of the respondents. 

 

4.2.3 b) Voice recording (interpretation)  

 

While under activation, the respondentsô interpretation (voice notes) were recorded and analysed 

using the EUDICO Linguistic Annotator (ELAN). ELAN is an open source software that can 

manually and semi-automatically annotate and transcribe audio or video recordings (ELAN, 2020). 

ELAN is programmed on a tier-based data model that provides a qualitative and quantitative 

analysis. In this investigation, the respondentsô interpreting product (voice notes) were uploaded 

as a source file. The data (interpreting product) were analysed against the target text (Appendix H 

ï Interpretation transcript of SASL source text into English). The analysis proceeded as a 

comparison between the source text (ST) and target text (TT) to highlight incidents of 

translanguaging. 

 

The following tiers were created on ELAN: 

1. Interpretation ïhighlights the interpretation sections from SASL to spoken languages. 

2. Code-Switching ïhighlights incidents of code-switching as a strategy of translanguaging. 

3. Code-Mixing ïthe parent tier of code-switching. 

4. Lexical Borrowing ï highlights the use of lexical borrowing as a translanguaging 

interpreting strategy. 

5. Semantic Equivalence ïhighlights the respondent rendition of the target text against 

equivalences of style and rhythm of the signs used in the SASL source text  

6. Semantic Shift ïfocused on incidents of word form and meaning changes.  

7. Colloquial Expression ïhighlights incidents where interpreters make use of general 

expressions in spoken language(s). 

8. Socio-Cultural Intervention ïhighlights references to culturally appropriate terms in this 

experiment.  
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4.2.3 c) PET brain imaging 

 

The medical interview conducted before PET brain imaging covered questions in accordance with 

the standard medical information and consent form and was administered by a nurse (Appendix I 

ï Medical information record). Before this, the respondent was briefed by the researcher about 

how the experiment would unfold, including the ethical implications and provided with a 

questionnaire, only if they had not returned it electronically before their first scan. At the time of 

receipt of the respondentôs consent to participate in the study a document detailing the medical 

experiment was shared so as to allow the respondent complete information regarding the study 

(Appendix A (I) PIS & Appendix A (I) (a) PET procedure before scanning). This was also done 

to ensure that each respondent was fully aware of the ethical implications of the study in so far as 

the presentation of the data is concerned. Respondents were briefed before their scanning dates 

and in person when they presented for their brain imaging, regarding what the PET-brain imaging 

process entailed, and how they should prepare for it, such as the requirement to fast and not to 

drink any fluids for at least four hours before the administration of 18F-FDG. 

 

For this project, two imaging methods were considered: Positron Emission Tomography (PET) 

and Functional Magnetic Resonance Imaging (fMRI). It was decided that PET is the best 

applicable imaging technique for this study. The reasons are discussed below. 

 

fMRI has many superior points compared to PET, but the decision to use either depends on the 

data quality that needs to be collected. Studies that used fMRI range from language (Ardila  and 

Bernal, 2016), language learning (Plante et al., 2017), and second-language acquisition (Andrews 

et al. 2013 and Yang et al., 2015). Applicable to this study are fMRI studies conducted concerning 

interpreting such as cognition and simultaneous interpretation (Moser-Mercer, 2000), the 

neurobiology of simultaneous interpreting (Hervais-Adelman et al., 2015; Hervais-Adelman et al., 

2011 and Hervais-Adelman and Babcock, 2019), translation and language-switching (Price, Green 

and von Studnitz, 1999), bilingual cognitive control in language switching (Crinion et al., 2006; 

Abutalebi et al., 2008 and Ma et al., 2014), language structure in the brain (Henderson et al., 2016) 

and cortical organisation of semantic processing (Bookheimer, 2002).  
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The current study used PET brain imaging, since no fMRI machine is available at the Charlotte 

Maxeke Johannesburg Academic Hospital, where the scanned data were collected. The fMRI scan 

would not have been appropriate for this project because the respondents were required to interpret 

while under intervention and activation (voicing the source text). The fMRI machine does not 

allow for movement while under the scan since this can distort the signal and give an incorrect 

reading.  In addition, the recording of the interpreted product (voice notes) was imperative to 

analysing the production. Ravicz, Melche and Kiang (2000) measured the comparative noise levels 

for two fMRI machines with different static magnetic field strengths. They found that the noise 

levels are high, which impacts adversely on research-dependent audio recordings, thus, that the 

fMRI machine would not have been suitable for this study. 

  

Positron Emission Tomography (PET) is described as a type of imaging by Brownell (1999).FDG-

PET can be a useful imaging tool in evaluation of task-related brain activity. The brain tissue can 

be considered as a three-compartment model. The deoxyglucose-6-phosphate (DG-6-P), once 

formed, is trapped in the tissue for a reasonable time after injection and for the duration of the 

experimental procedure allowing to obtain images of the brain after the injection; 40% of the 

radiolabelled compound is extracted in the brain in the first minutes after the injection allowing 

the detection of the cortical brain areas that are activated in the first timings of the task. 

 

There is a variety of software packages, each with its unique features, to analyse  fMRI data. The 

table below is provides a summary of the various software: 

 

Software Name  Reference to original 

paper 

SPM: Statistical parametric maps in functional imaging: A 

general linear approach 

 

Frinston, K.1995 

AFNI: Software for analysis and Visualization of 

Functional Magnetic Resonance Neuroimages 

 

Cox, R. 1996 
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AIR: Automated Image Registration: I. General Methods 

and Instrasubject, Intramodality Validation  

  

Woods, R. 1998 

DPTools: Whole Brain quantitative CBF and CBV 

measurement using MRI blus tracking: comparison of 

methodologies. 

 

Smith, A. 2000 

MRICRO: Stereotaxi display of brain lesions. 

 

Rorden, C. 2000 

BrainVISA: software platform for visualization and 

analysis of multi-modality brain data 

 

Cointeps, Y. 2001 

FreeSurfer: Whole brain segmentation: automated 

labelling of neuroanatomical structures in the human 

brain. 

 

Fischel, B. 2002 

fMRLAB: An ICA toolbox for fMRI data analysis  

 

Duann, J. 2002 

FSL: Advance in functional and structural MR image 

analysis and implementation as FSL 

 

Smith, S. 2004 

PLS: Partial least squares analysis of neuroimaging data 

applications and advances. 

 

McIntosh, A. 2004 

Neurolens: NeuroLens: an integrated visualization and 

analysis platform for functional and structural 

neuroimaging. 

 

Hoge,R. 2004 

VOXBO: Viewing facial expressions of pain engages 

cortical areas involved in the direct experience of pain. 

 

Botvinick, M. 2005 
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BrainVoyager: Analysis of FIAC data with BrainVoyager 

QX: From single-subject to cortically aligned group GLM 

analysis and self-organizing group ICA. 

 

Geobel, R. 2006 

NeuroQTM: Uses an algorithm for measuring, after 

correction for tissue-based attenuation, radioactive 

events/second emanating from pixel locations falling within 

standardized regions of interest, it automatically measures 

metabolic activity in 240 regions of brain in a few seconds 

and is widely used as a quantitative tool to assist with 

differential diagnosis of neurological conditions. 

 

Jafari &Silverman. 2015 

The MatLab-based software (BRAPH-BRain Analysis 

using graPH theory) 

 

Mijalkov, M. 2017 

 

Table 2: Software packages for analysis of brain images (Behroozi & Daliri, 2012). 

 

fMRI and PET scans both measure brain activity, the PET scan provides a lower resolution and 

the fMRI scan provides clearer temporal and spatial resolution. This disadvantage was 

compensated for by using improved software, NeuroQTM, to allow for enhanced interpretation of 

the data during analysis. Precise definition of functional brain areas in the individual research 

subject is crucial for accurate quantitative analysis of PET brain images, and their meaningful 

interpretation. Raw data of all PET brain imaging were entered into NeuroQTM for analysis. 

According to Jafari and Silverman (2015): 

 

NeuroQTM is a software package that uses an algorithm for measuring, after correction for 

tissue-based attenuation, radioactive events/second emanating from pixel locations falling 

within standardized regions of interest, it automatically measures metabolic activity in 240 

regions of brain in a few seconds and is widely used as a quantitative tool to assist with 

differential diagnosis of neurological conditions. Radiologists, nuclear physicians, and 
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other professional Brain PET interpreters use NeuroQÊ to gain a higher level of decision 

support and confidence from NeuroQÊ for PET-FDG brain imaging studies. 

 

 

The following 49 brain areas are listed on the NeuroQTM: 

 

 Abbreviation  Name of brain area 

1 lAVC left Associate Visual Cortex 

2 rAVC right Associate Visual Cortex 

3 lCbm left Cerebellum  

4 rCbm right Cerebellum 

5 lCN left Caudate Nucleus 

6 rCN right Caudate Nucleus 

7 liLAT  left inferior lateral anterior Temporal Cortex 

8 riLPT right inferior lateral posterior Temporal Cortex 

9 riLAT  right inferior lateral anterior Temporal Cortex 

10 liLPT left inferior lateral posterior Temporal Cortex 

11 liPL left inferior Parietal Cortex 

12 riPL right inferior Parietal Cortex 

13 lLN left Lentiform Nucleus 

14 rLN right Lentiform Nucleus 

15 lMPT left posterior Medial Temporal Cortex 
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16 rMAT right anterior Medial Temporal Cortex 

17 rMPT right posterior Medial Temporal Cortex 

18 lMAT  left anterior Medial Temporal Cortex 

19 lPCC left posterior Cingulate Cortex 

20 rPCC right posterior Cingulate Cortex 

21 lPVC left Primary Visual Cortex 

22 rPVC right Primary Visual Cortex 

23 lsLT left superior lateral Temporal Cortex 

24 rsLT right superior lateral Temporal Cortex 

25 lsPL left superior Parietal Cortex 

26 rsPL right superior Parietal Cortex 

27 lTh left Thalamus 

28 rTH right Thalamus 

29 lPTC left Parietotemporal Cortex 

30 rPTC right Parietotemporal Cortex 

31 MB Midbrain 

32 lGFs left superior Frontal Cortex 

33 rGFs right superior Frontal Cortex 

34 lGFm left mid Frontal Cortex 

35 rGFm right mid Frontal Cortex 
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36 lGFi left inferior Frontal Cortex 

37 rGFi right inferior Frontal Cortex 

38 lGFd left Medial Frontal Cortex 

39 rGFd right Medial Frontal Cortex 

40 lSM left Sensorimotor Cortex 

41 rSM right Sensorimotor Cortex 

42 lBROCA left Brocaôs Region 

43 rBROCA right Brocaôs Region 

44 lGCa left anterior Cingulate Cortex 

45 rGCa right anterior Cingulate Cortex 

46 Pons Pons 

47 V Vermis 

Table 3: NeuroQTM 47 brain regions (Jafari and Silverman, 2015)   

 

Silverman created the NeuroQTM software, stating in an interview (Brain Wellness Center, 2012), 

that NeuroQTM provides the added value of the visual interpretation of a PET brain imaging scan 

and provides measurements of changes in the brain regions. The automated calculations of changes 

in brain regions are done in a short time, providing a reliable method because the physical 

calculation of the changes is not possible in a clinical setting. The software provides readings 

against normal brain activity in a specific region which is then compared with the imaging of the 

patient and can indicate the range of normality or deviations from the norm. The software allows 

the regions with increased or decreased metabolism in the reconstructed brain image to be 

highlighted by a simple click on the metabolism icon tab in the displayed summarised data tab of 

the screen. This will allow the areas either with most hyper- or hypometabolism to displayed in 

the upper left of Figure 4.5 below.  
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Figure 30: Showing the areas of hypometabolism in A and hypermetabolism in B. Note the change 

from purple to blue in the 12 superimposed brain images from A to B.          
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Figure 31: Participant RR02 baseline   
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Figure 32: Activation in the same participant (RR02) 

Silverman mentions the exposure to radioactivity to be insignificant, not posing a threat to patients. 

PET brain imaging could expose respondents to radioactivity (which they were informed about 

before taking part in the study through the PIS and consent form), whereas fMRI does not use 

radioactivity. The table below provides insight into the differences between PET and fMRI, 

applicable to this project. 

Positron Emission Tomography 

(PET) 

Functional Magnetic Resonance Imaging 

(fMRI)  

Signals are generated by the use of 

radioactive traces. 

Signals depend on deoxyhemoglobin and 

there is no radioactive exposure. 

Imaging occurs only once. Imaging can occur more than once. 
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The temporal resolution is 30 seconds, 

which is relatively slow since cognitive 

processes should be recorded at 1s. 

The temporal resolution between 1 to 4 

seconds means improved accuracy and 

detailed imaging. 

Increased sensitivity for brain images. Decreased imaging accuracy in some brain 

areas such as the sinus. 

PET provides increased accuracy for audio 

recordings. 

(The primary reason why PET was used for 

this project is that the interpreting product 

(voice notes) must be recorded while under 

activation at the same time that the brain 

scan is performed in the PET machine) 

fMRI has upper-level noise levels which 

makes audio recordings problematic. 

Head movements during the scanning time 

do not alter the signals and hence do not 

affect the scan. 

Signals are easily altered due to head 

movements and affect the accuracy of the 

scan. 

Table 4: Difference between PET and fMRI (Kameyama, Murakami and Jinzaki, 2016; Crosson 

et al. 2010 and Varvatsoulias, 2013). 

 

PET is a form of hemodynamic neuroimaging (Fiez et al. 1996) and has been in existence since 

the 1970s. It is a type of imaging method which maps changes in blood flow in the brain (Démonet 

and Cardebat, 2000). According to Australia's Nuclear Science and Technology Organisation 

(ANSTO) (2019):  

 

Neutron deficient radioisotopes decay by three different modes, but the one of interest in 

this study is positron emission. In a PET scan, the patient is given a dose of medicine 

containing a positron-emitting neutron deficient isotope. The resultant coincident pairs of 

gammas from the annihilation are detected by PET cameras. The cameras are arranged in 

a ring through which the patient is moved. From this process a series of ósliceô images are 

obtained and these can then be combined to give a three-dimensional picture.  
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According to Binder et al. (1997) and Buckner et al. (2000), this technique is used for identifying 

neurotransmitters and other molecules that underlie language and associated language processes.  

The method of PET is a non-invasive medical experiment and its accuracy in localising activation 

to a particular brain region is limited by the scan of the spatial resolution (Binder et al. 1997; 

Kosslyn et al. 1999 and Buckner et al. 2000). According to DBpedia (2020): 

 

 Positron emission tomography-computed tomography (better known as PET-CT or 

PET/CT) is a nuclear medicine technique which combines, in a single gantry, a positron 

emission tomography (PET) scanner and an x-ray computed tomography (CT) scanner, to 

acquire sequential images from both devices in the same session, which are combined into 

a single superposed (co-registered) image. 

 

Delso et al. (2011:77) state: ñThe standard approach used by the dual-mode PETïCT scanners is 

to convert the CT image to attenuation coefficients for 511 keV photons using a bilinear 

transformation with different scale factors for soft tissue and bone.ò According to Vaquero & 

Kinahan (2015:2): ñPositron emission tomography (PET) imaging is based on detecting two time-

coincident high-energy photons from the emission of a positron-emitting radioisotopeò. PET 

imaging produces additional translational possibilities compared to any other modality due to its 

combination of sensitivity and quantitative accuracy (Vaquero and Kinahan, 2015). Further to this, 

Delso et al. (2011) hold that: ñPET is a noninvasive imaging modality that provides physiological 

information through the injection of radioactive compounds (radiotracers), detection of radiation, 

and reconstruction of the distribution of the radiotracerò Delso et al. (2011:78). Vaquero & 

Kinahan (2015:2) suggest that, ñThe physics that enable PET imaging are based on the emission 

of a positron by a neutron-deficient radioisotopeò. The most commonly used radioisotope in PET 

studies is fluorine-18 (18F). According to Vaquero and Kinahan (2015:2):  

 

As the radioisotope decays to a stable state the emitted positron travels a short distance 

(typically 1ï2 mm) and interacts with an electron; this interaction annihilates both the 

electron and the positron, thus producing two high-energy photons. The photons travel in 

opposite directions along an approximately straight line, and can be detected outside the 

body by the PET scanner.  
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The process of fluorine-18 (18F) is illustrated in the figure below. 

 

Figure 20: Process of FDG uptake illustrated (Vaquero and Kinahan, 2015) 

 

4.3 Ethics 

 

Thakur and Lahiry (2019:354) comment as follows on the complex nature of medical research: 

 

The distinctive issues raised in this review, testify that the ethics around medical research 

are becoming increasingly complex. As research questions become more sophisticated, the 

research context as a whole grows to an increasing level of the interplay among diverse 

actors. The ethical discourse has to keep abreast of these changes to provide adequate 

guidance for medical research in the future. 

 

An issue related to ethics is that of cultural sensitivity, according to Ryen (2004). Miller (2004:94) 

makes a point of the applicability of cultural awareness in framing the research study by stating 

the following|: 

 

In sum, taking cultural considerations into account in social psychological research is 

needed not only for the methodological reasons of ensuring the validity of assessment 
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techniques, but also for the theoretical reasons of testing the universality of psychological 

theories and of formulating new conceptual models. Extending beyond merely an 

understanding of diversity in psychological functioning, such attention can provide new 

process understandings of the psychological functioning of widely studied Western 

populations.  

 

Medical ethics clearance was obtained in this study because medical technology by PET brain 

imaging was used. In addition, video and audio recordings were made during the intervention, 

which impacted confidentiality and privacy. Before participation in this study, The respondents 

were informed that their anonymity could not be guaranteed given that sign language is a visual-

gestural language and because the visuals (screenshots of images) would be used in data analysis. 

They were also informed that their images would be blocked out to prevent identification but it 

was reiterated that their anonymity cannot be guaranteed. The major implication for confidentiality 

and anonymity here is that video and audio-recorded data clearly identify the respondent and thus 

the respondent cannot remain anonymous. Interpreting respondents were aware of all the ethical 

aspects mentioned above in the invitation letter and during the interview before PET-brain imaging 

to allow for a transparent process and informed voluntary consent. Access to the raw data of this 

study is primarily available to the researcher and supervisors. In addition, in the post-publication 

phase of the thesis, synthesised datasets and data illustrations will be accessible to the public.  

 

4.4 Conclusion 

 

This chapter explained the blueprint of the project by detailing the theories to be applied to the 

study. Furthermore, the chapter clearly describes the process of research in the methodology 

section. The next chapter provides insight into the three data sets collected, analysis and findings.  

 

 

 

 

 

 



108 
 

CHAPTER 5 

 

Presentation, Analysis and Discussion of Data 

 

5.1 Introduction 

 

This chapter engages with raw data and analytical processes to elicit new meaning or knowledge 

in the vein of cognitive language processing during interpreting. The chapter discusses the data 

analysis from cognitive language processing of 20 plurilingual SASL interpreters using 

questionnaires, interpreted voice recordings and PET brain scans. To recapitulate, the primary 

objective of the study is to document the cognitive areas activated under PET brain imaging during 

simultaneous interpreting. The secondary aim is to develop an interpreting model informed by 

translanguaging strategies during simultaneous interpreting. A hypothesis is an assertion, 

conjecture or premise, subject to verification via research. The predictive hypothesis of the study 

was: 

From sign to spoken language/s, the simultaneous interpreting product is directly linked to the 

nexus of cognitive language processing and the linguistic repertoire of a plurilingual interpreter 

The hypothesis is discussed in Chapter 5 based on findings of the data collected. The expected 

answers to the hypothesis grow out of the research questions, which are: 

Primary research question: 

1. Which brain clusters are activated neuroanatomically while interpreting SASL to spoken 

language under PET brain imaging? 

 

Secondary research questions: 

1. Which specific brain areas show significant activation during simultaneous interpreting? 



109 
 

2. How does the optic chiasm present when processing SASL into spoken language/s, 

simultaneously under PET brain imaging? 

3. What does the perisylvian region present during interpreting simultaneously from a visual-

gestural modality to an audio-speech modality? 

 

5.2 Data Presentation, Analysis and Discussion 

Data analysis begins with categorising and organising data in search of patterns, critical themes 

and meanings. The qualitative section, questionnaires are discussed, under section A. The SASL 

contributorôs linguistic profiles are presented and that of the SASL interpreter that provided a guide 

target text interpretation. The questionnaires of the interpreter respondent were analysed according 

to the following themes: a) Biographical information; b) Interpreter experience; and c) Cognition.  

Section B focuses on the qualitative analysis of the interpretation recordings. For analysis of 

Section B (i), the interpreting recordings of the respondents (voice notes) were transcribed 

manually for parts where African languages were used and using AmberScript software, when 

English was used. Manually transcribed voice notes were needed because the Amberscript 

software can only recognise and transcribe English. In this experiment, respondents used 

languages other than English. Therefore, two professional plurilingual translator practitioners 

competent in Sesotho, Setswana and isiZulu assisted with the transcription of voice notes.  

Analysis of Section B (ii) provides for both qualitative and quantitative analysis of the voice 

recordings of the respondents. For analysis of Section B (ii), the voice notes and video file were 

loaded onto ELAN as an overlay file merged for analysis of the interpretation, grammatical 

categories, and interpreting themes. The ELAN tiers are then discussed from a qualitative 

perspective. The overall ELAN analysis was exported into a merged file to provide a holistic view 

of all translanguaging incidents across the sample. A quantitative perspective on the frequency of 

translanguaging was produced, highlighting specific phrases or words that demonstrate 

translanguaging across the nine respondents who used translanguaging strategies. 
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Section C focuses on the quantitative analysis of the brain imaging scans that were collected by 

the  PET imaging technique. These are presented and discussed in Section C of this chapter. PET 

brain images were analysed using the NeuroQTM software.  

The structure the analysis will follow is: 

5.2.1 Section A (i): Presentation of the linguistic portfolios of the source text and target text 

contributors   

Section A (ii): Presentation of data from the questionnaire according to seven (7) themes,  

Section B (i): Presentation of selected sampled transcripts of translanguaging, 

Section B (ii): ELAN presentation of translanguaging incidences and 

Section C: Presentation of PET brain imaging presenting significant areas of activation. 

 

 

SECTION A 

 

5.2.1 Section A (i): Linguistic profiles of source-and target text contributors  

Questionnaires were administered electronically for the Deaf contributors of the source text. 

Source text contributors completed the questionnaire online and returned it via email (Appendix 

A III) . The languages across the linguistic repertoires of the Deaf contributors include SASL, 

Homesigns, Malawian Sign Language, English, isiZulu, isiXhosa and Afrikaans (Appendix J-

Linguistic progiles of source text contributors). The profiling of the contributors confirm that they 

are all signing Deaf people, but their linguistic repertoire expands by the spoken and written 

languages used in their families, communities and at school. This profiling is in line with Quinto-

Pozos and Adam (2013) and Kusters (2017), where Deaf people do not engage in communication 

by using only sign language but sign, spoken and written languages are drawn on to achieve 

communication within and across these modes. Thus, it is evident in the production of the SASL 

source text video, that the contributors do not use one dialect of SASL, but fluctuate between SASL 

dialects, including International Sign. Evidence of translanguaging is present in the SASL source 

text. Interpreters are expected to keep abreast of language use in communities: as language and 

communication norms evolve in sign communities, interpreting should transubstantiate in tandem 
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as seen in the literature on interpreting Chapter 2 II. Given the incidents of natural translanguaging 

in the source text, it is anticipated that interpreters too will translanguage given the interpreters 

brief (Appendix F) that the interview panel is made up of plurilingual persons.  

Target text contributors completed the questionnaire online and returned it via email The SASL 

interpreter who contributed to the target text also completed a questionnaire. The linguistic profile 

of the target text contributor was needed firstly to model the interpreter profile and secondly to 

record a guide interpretation of the SASL source text in English. The interpreter profile provides 

a picture of an óidealô interpreter for an interpreting assignment such as an interview, which 

requires a mature, trained interpreter, with solid experience to navigate the linguistic and cultural 

nuances of bridging hearing and Deaf cultures and communication norms (Appendix K- Linguistic 

profile of the target text contributor). These are important criteria to assess interpreter 

compatibility for the assignment. The recording of the guide interpretation is needed to see how 

interpreters express their interpretation product differently, but still within the same sensemaking 

continuum of how each interpretation differs in terms of output. Furthermore, the interpretation 

was used as a guide to draw tables of difference to show incidents of translanguaging in 

Amberscript (Section B (i): Amberscript Analysis of Interpretation).  

 

5.2.1 Section A (ii): Questionnaire analysis 

Questionnaires were administered electronically, or in hard copy, to all interpreting respondents. 

The respondents had time to consider their responses since the consent form and questionnaire 

were emailed to them on confirmation of their willingness to participate in the research. 

Respondents returned the completed questionnaire on the day of the 1st or 2nd PET brain imaging 

date. Those who opted to make an electronic submission emailed the completed questionnaire. A 

timeline of between two to four weeks was provided to return the questionnaire or alternatively on 

the date of the 1st or 2nd PET brain imaging appointment. The questionnaire took about 30-45 

minutes to complete, as observed by respondents who completed the hard copy questionnaire on-

site on the day of their first scan. 
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The data extracted from the questionnaires are presented across the three sections (A, B & C) 

through seven categories, namely: 

ǒ Category 1: Native language 

ǒ Category 2: Age, years of interpreting experience and language proficiency 

ǒ Category 3: Gender 

ǒ Category 4: Qualifications and training 

ǒ Category 5: Cognitive processes 

ǒ Category 6: Translanguaging 

ǒ Category 7: Self-perception of the ability to interpret from sign to spoken language/s 

 

Category 1: Native language 

The majority of respondents are isiZulu native language speakers, representing 40% of the total 

sample. The outliers are presented by three respondents, two native Portuguese speakers and one 

Lingala speaker. These are non-South African languages. These respondents are South African 

citizens with first-generation immigrant parents from Portugal, Angola and the Democratic 

Republic of Congo (DRC). The rest of the sample comprises of L1 speakers of English, Afrikaans, 

Sepedi sa Leboa, Setswana and Sesotho. 

It is evident from the sample that SASL interpreters are not native English speakers, since only 

three indicated English as their L1. The language practice teaching and training practices were 

reportedly delivered in English, which poses a disjuncture between the Language of Learning and 

Teaching (LoLT) and the native language. A majority of respondents are not native English 

speakers, yet received training in English. It is evident that SASL interpreters are mostly trained 

in English and not in the other official languages of South Africa. This evidence corroborates the 

finding in the ELAN annotation sample that nine out of the twenty respondents interpreted some 

sections of the target text into African languages other than English, namely: isiZulu, Sesotho, 

Setswana and Afrikaans, by using translanguaging strategies and eight non-native English 

speakers continued to deliver an interpretation in English, despite reporting that their L1 is not 

English. It must however be noted that the English interpretation was influenced mostly by source 

text interference. An example of such is: [So mina I feel wow, I love this job, why? Because, 
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lentoé.]. In this example the interpreter respondent produces an interpretation which is directly 

influenced by SASL sentence structure where [WHY ïRhetorical question] is signed to emphasise 

the statement. An accepted linguistically and culturally functional interpretation, taking code-

mixing in consideration in the example above, would have been: [I really love my job because 

lentoé]. 

The evidence points to the disjuncture between education and training practices, where the LoLT 

is English and interpreters deliver interpretation in the language in which they were trained. 

Furthermore, the nine interpreters who translanguaged are interpreters with more than five years 

experience in interpreting. Years of experience in interpreting could be a variable that adds to the 

comfortability to express the interpretation product through using other spoken langauges through 

translanguaging strategies. 

 

Graph 1: Native languages of the sample group 
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Category 2: Age, years of interpreting experience and language proficiency  

Thirty-five percent of respondents fall into age range III, 31-35 years. Given the age range 

presented in this study, it is evident that all respondents in this sample have developed their 

linguistic range in their language combinations and are all stable, well-developed language models 

in their various sign and spoken languages. The advanced level of language aptitude is self-

reported, according to the language proficiency ratings. Official language ability tests have not 

been administered to the respondents to verify their aptitude. The number of years of experience 

in interpreting reported ranged between two and twenty-nine years. From the reported years of 

experience the respondents range between entry and professional level.  

The confidence level of the respondents to use their native languages (spoken languages other than 

English) confidently during interpreting presents a divergent picture. All SASL interpreters in this 

sample were plurilingual and rated themselves proficient at interpreting into spoken language/s 

other than English. However, only 45% of them did, in fact, interpret into various spoken 

languages. This evidence again points to the LoLT, which is a variable that can be considered to 

contribute to the low levels of confidence when interpreting into a native language. In addition, 

language aptitude testing could aid in gauging the level of aptitude in the reported languages.  

The correlation was drawn between Section A: Question 1 and Question 4 to infer that SASL 

interpreters are not native English speakers, and are equally uncomfortable with their proficiency 

in interpreting into the languages (other than English) that make up their linguistic repertoire. 

There is thus doubt and low confidence in the use of languages other than English when 

interpreting. Equally, the evidence shows that interpreters are uncomfortable translanguaging 

during interpreting because the environment calls for the use of the ónormô, which is interpreting 

into English from SASL. This is a norm upheld in both formal education of SASL interpreters and 

practice, where interpreters reported their LoLT to be English, as seen in the literature. 
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Graph 2: Respondentsô Age range 

 

Graph 3: Years of Interpreting experience 

 

Language Proficiency  
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A Likert scale to rate language proficiency in all official South African languages and SASL was 

provided. See below:  

0 - Very bad  

1 - Bad  

2 - Ok  

3 - Good  

4 - Very good  

5 - Excellent 

 

Self-reported language proficiency borders on the higher scales, between 3 to 5, indicating that the 

respondents believe their language proficiency across their linguistic repertoire ranges from good 

to excellent. Again, as stated previously, these are self-reported proficiency ratings since a 

language aptitude or proficiency test was not administered. Provided that language proficiency is 

rated óGood to Excellentô in the languages presented, it is expected that the respondents will 

interpret well into the languages as indicated. However, 55% of the respondents interpreted into 

English only and did not use any other languages in their linguistic repertoire, specifically those 

that rated themselves on the higher level of proficiency in their native language. It appears from 

this evidence that ease to expressing oneôs complete linguistic repertoire depends first on the 

language of training in interpreting (how interpreter trainees were taught to voice (from sign 

language to spoken language, which is done in English) and second, the number of years of 

experience, where the interpreter is comfortable using translanguaging strategies confidently, by 

incorporating the languages across their linguistic repertoires. The more experienced interpreterôs 

can also read into the brief as provided and understand that the setting requires various languages 

to be expressed in the experiment of a plurilingual interview panel. Analysis of the PET brain data, 

Section C, Tables 4.8 and 4.9, investigates this claim regarding years of experience in more detail. 
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Research 

Number 

Native Language 

Rating 

Comparison between SASL and Spoken 

language/s Proficiency Rating (Self reported) 

RR 01 SASL (4) SASL (4)         

isiZulu (5)        

RR 02 isiZulu (3) SASL (4)           

English (4)        

isiZulu (3)         

RR 03 SASL (4) SASL (4)            

English (4)          

Afrikaans (5)      

RR 04 Portuguese (2) SASL (3)         

English (3)         

RR 05 English (5) SASL (4)           

English (5)         

RR 07 isiZulu (4) SASL |(4)           

isiZulu (4)         

English (4)         

RR 08 Lingala (5) SASL (5) 

English (5) 

RR 09 isiXhosa (5) SASL (4) 

isiXhosa (5) 
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isiZulu (5) 

RR 10 Portuguese (5) SASL (4) 

English (5) 

RR 11 Sesotho sa Leboa 

(5) 

SASL (4) 

Sesotho (5) 

English (5) 

isiZulu (5) 

RR 12 SASL (4) SASL (4) 

isiXhosa(4) 

RR 13 isiZulu (1) SASL (4) 

English (4) 

RR 14 isiZulu (3) SASL (3) 

isiZulu (3) 

English (3) 

RR 15 isiXhosa (2) SASL (3) 

English (3) 

RR 16 Setswana (4) SASL (4) 

Setswana (4) 

English (4) 

RR 18 Sesotho sa Leboa 

(4) 

SASL (3) 
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Sesotho (4) 

RR 19 Setswana (5) SASL (4) 

Setswana (5) 

RR 21 isiZulu (4) SASL (4) 

isiZulu (4) 

English (4) 

RR 22 Sesotho sa Leboa 

(3) 

SASL (3) 

English (4) 

RR 23 isiXhosa (4) SASL (4) 

English (5) 

Table 5: Self-reported language proficiencies 

0= Very Bad 1= Bad 2 = OK 3 = Good 4 = Very Good 5 = Excellent 

 

Category 3: Gender 

The sample showed that most SASL interpreters are female, as is consistent with gender 

represention reflected globally for the profession of sign language interpreters. Historically, the 

profession of sign language interpreters has been dominated by women (Burch, 2000; 

MacDougall, 2012). This demographic is further supported by the RID annual report 2018, which 

states that out of a combined membership of 10 000 certified interpreters, 87% are female (RID, 

2018).  In the immediate past WASLI 2019 conference, on the issue of gender diversity, Napier, 

presented that women dominate the field of sign language interpreting at a national level, but the 

same demographic appears to be underrepresented on an international level, where the WFD-

WASLI list of accredited International Sign (IS) interpreters reflects 63% male candidates, but 

more women  (CODA+, 2019). Haualand (2019) tweeted: ñThe field of sign language interpreting 
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is totally dominated by women at the national level, but women are hugely under-represented at 

the international level. Also, Deaf education is dominated by females, but at international level an 

abundance of menò (Haualand, 2019). The female majority also reflects in a study on profiling 

international sign interpreters, where out of a sample of 108, 45.4% were male and 52.8% were 

female (De Wit et al., 2021). This study did not explore the reporting of other genders that fall in 

the lesbian, gay, bisexual, transgender, intersex, queer/questioning, asexual LGBTIQA+ range of 

identities. 

 

Category 4: Qualifications and Training 

Seven of the respondents have a qualification that is not linked to interpreting. Six out of the seven 

reported college-level training (NQF level 5) in fashion design, computer science, creative writing 

and public administration. One respondent has a BA degree (NQF level 7) in Public 

Administration. Seven respondents had qualifications ranging from diploma to postgraduate 

degrees, linked to language practice (SASL and English language combination) SASL linguistics 

or both. Of interest were the six respondents, who reported education at NQF level 4 (Grade 12). 

These respondents hold no tertiary degree qualification based on the requirement as stated in the 

South African Language Practitionerôs Council Act (SALPCA), a degree qualification to practise 

as an interpreter in SA, specifically a degree in any language practice field as stated in the 

literature.   

The training indicated differed from workshops, entry-level short courses to postgraduate training 

at Honours degree level. This situation of various levels of training and practice norms in SASL 

interpreting impacts directly on the professional status of SASL interpreters, in that there is no 

consistent standard maintained for training and practice requirements. 

Eighty percent of respondents indicated that the training they received was delivered in English, 

and twenty percent indicated that training was received both in English and SASL. Fifty percent 

respondents stated that they did not have an opportunity to engage with their learning (materials 

and facilitators/lecturers) in their native language. This sample presents that SASL interpreters 

receive training in English. Hence, they are not confident to interpret into their native language or 

other spoken languages (see the correlation between Section A: Question 3 & 5 of the 
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questionnaire). This finding is tested in the PET brain analysis, linking native language to number 

of cognitive areas activated (Section C - Tables 4.5 and 4.6). The data in this section, with reference 

to the LoLT support the self-reported language proficiency ratings for SASL and spoken 

languages, where there is an inconsistency in the self-reported data, versus the data collected in 

the experiment. The inconsistency is presented, where the interpreters report high ratings for 

spoken language/s and SASL, they only interpret into English which is not their L1, but the LoLT 

in interpreter training. As stated previously, only nine of 20 respondents interpreted into English 

only, despite having listed other languages in the higher ranges.   

 

Graph 4: Qualification categories 

 

6

7

2

5

0 1 2 3 4 5 6 7 8

HIGH SCHOOL

COLLEGE

B-DEGREE

PG DEGREE

Qualifications

Qualifications



122 
 

Graph 5: Qualifications linked to interpreting 

 

 

Graph 6: Interpreter training language of instruction 
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Category 5 ï Understanding of Cognitive Processes during Interpreting 

In response to Question 2, 25% of respondents reported that they did not know what transpires in 

their brain during interpreting, and are thus not aware of the cognitive processes actively engaged 

or required for interpreting. Practising as a professional interpreter requires an understanding of 

the trade of interpreting. One of these aspects is the cognitive functions and how possibly to 

manipulate strategies to enhance the proficiency of the interpreter. Cognitive functions are detailed 

in, for example, the effort model and tightrope hypothesis (Gile), which are inherent to basic 

interpreter training modules, both formal and ad hoc. There are, therefore, a gap in interpreter 

training programmes (inclusive of workshops and entry-level short courses), because they do not 

cover the processe of cognition and its importance in the effective delivery of an interpreting 

product as it relates to plurilingual settings. Therefore, interpreters are not trained or coached into 

understanding cognition, where the linguistic repertoire and interpreting strategy as an equilateral 

system. The understanding of cognition as it relates to neuroscience and its implication on 

cognitive functions during interpreting is critical. Coaching interpreter trainees on neuro functions 

and its link to interpretation functions could enable an understanding of interpreter cognitive 

function concerning language regions in the brain. Furthermore, this understanding can sharpen 

the employment of linguistic and interpretation coping strategies in the functioning of an 

interpreter in plurilingual assignments. 
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Graph 7: Understanding of Cognition during Interpreting 

 

5.1 A) Thinking in Native language vs not thinking in native language 

Of the respondents, 30% reported that the language they first think in, meaning the language they 

use to decode cognitively, is their native language. In contrast, it is evident that, when comparing 
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facilitate communication. There is no conclusive evidence of the languages respondents think in 

and in what language/s they produce the interpretation when the source language is SASL. What 

the evidence does point to are incidences of óinterferenceô, where translanguaging is evident. In 

this project I do not refer to translanguaging as interference, but rather point to it as  an interpreting 

strategy based on praxis. In a situation where the interpreter employs translanguaging strategies 

the holistic linguistic, semiotic repertoire is activated to ensure the communicative intent is 

achieved. The graph below indicates respondents who reported that they think in their native 

language and those who do not. 

 

 

Graph 8: Language of thinking in native language versus not thinking in native language  
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Category 6: Translanguaging  

The majority of respondents, 60%, confirmed that they sometimes do translanguage while 

interpreting, as reported in the questionnaire responses. However, evidence from the ELAN 

analysis shows that only 45% of respondents used translanguaging strategies in the experiment. 

Respondents reported on the absolutes of Yes (five out of 20) and No (three out of 20) to the 

question of translanguaging. When deciphering this information, it can be seen from the sample 

that interpreters do translanguage (45% from the sample), although not the majority. It is also 

evident that respondents who have an English home language foundation (L1), are generally 

conversant in English, and are educated mainly in English do not translanguage.  

 

Illustrated below are the respondents who reported that they do and those who do not 

translanguage, and those who indicated that they occasionally translanguage. 

 

 

Graph 9: Translanguaging  



127 
 

Category 7: Self-perception of ability to interpret from sign to spoken language/s 

This category presents evidence of the interpreter respondents self-reported ability to interpret 

from sign to spoken language/s when responding to Questions 1, 2 and 4. It is evident from the 

data that the respondents can interpret from SASL to spoken languages (see Likert scale for this 

Question: 3 - Good). From this response, it can be assumed that SASL interpreter respondents are 

competent to interpret in the direction from sign to spoken language/s as self-reported. The 

confidence level when interpreting from sign to spoken language is reported in the upper level of 

the Likert scale as 4 - Good. This contrast with observations in the literature review (Nicodemus 

and Emmorey, 2015 and Haug and Audeoud, 2013), where interpreter respondents reported more 

confidence in the direction spoken to sign language, while the respondents in this study reported 

the opposite that they had more confidence in interpreting in the direction from sign to spoken 

language. 

The data points to the fact that decoding the source text is often not a challenge for interpreting 

respondents (3 - Often). Although respondents reported that decoding is not a problem for them, 

the response on their knowledge of what cognition (decoding) entails gives a disjointed picture. 

When examining responses to Category 7, it is evident that 75% of the respondents do not know 

what occurs in their brain during interpreting. Understanding the term decoding could be attributed 

to training and knowing the models of, for example, the effort model (Gile, 1995) as a process. 

The intrinsic operations of cognition and its effect on decoding is not known by the interpreter 

respondents as self-reported in the questionnaire when asked if they know what happens 

cognitively during interpreting. It is expected that an interpreter must be aware of the various 

processes required when interpreting, specifically cognitive processes, to render a faithful and 

accurate interpretation (Seleskovitch and Lederer, 1984; Wilcox and Schaffer, 2005; Gile, 2018; 

Cokely, 1992; Mizuno, 2005; Kohn and Kalina, 1996 and Setton, 1999). Understanding the 

cognitive operation of SASL interpreting by rendering a diamesic interpretation and appreciating 

the mode of input and output can enhance the functionality of the interpreter.  
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Graph 10: Self-rating on ability to interpret from SASL to spoken language (Question 1) 

 

 

Graph 11: Confidence level to interpret into a spoken language (Question 2) 

 

35%

55%

10%

Interpreting Abilty

Very Good

Good

Acceptable

49%

44%

7%

Confidence Level 

Very Often

Often

Sometimes



129 
 

 

 

Graph 12: Ability to decode SASL (Question 4) 
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SECTION B 

 

5.2.1 Section B (i): Amberscript Analysis of Interpretation (Voice Recordings) 

In this section, the interpreting product related to lexicon and semantic decisions on how to 

structure and present the source text is analysed. This section also examines how the respondentôs 

interpretation differs against the guide interpreting text that served as a benchmark to highlight 

where translanguaging occurs. The tables below present samples of translanguaging across isiZulu, 

Afrikaans, Sesotho and Setswana. 

Transcript1 - isiZulu  

Source Language (Video 01:10-01:18) 

I WORK LONG TIME FOUR YEARS START 

2016 

Iôve been working there for the past 4 years. I 

started in 2016. 

 

SASL Source Language 

 

English guide interpretation 

Respondent rendition  

So ngisebenze iminyaka emine 12since 2015.  

So, I have worked for four years since 2015 

 

Translanguaging interpretation 

English back translation 

Table 6: Transcription sample translanguaging isiZulu/English (RR01) 

Transcript 2- isiZulu  

Source Language (Video 03:28-03:55) 

ME ENJOY A LOT LIKE WHY ME KNOW DO 

WHY FINISH PAST EXPERIENCE KNOW 

HOW ME CHALLENGE WHAT EDUCATION 

 

SASL Source Language 

 

                                                           
12 Italics indicates translanguaging lexicon during interpretation. 
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PRODUCTION LINK WORK IMPLEMENT 

EDUCATION DEVELOP ENJOY ME LEARN 

EXPERIENCE A LOT 

I really enjoy my job, mainly because I have quite 

a bit of experience in what I do, so I know how to 

do it what I must do. I have some challenges, 

education and production are two different 

worlds, do need to work together so it can 

develop. And Iôve been learning a lot, I have 

gained a lot of experience through this process. 

 

 

 

English standard interpretation 

Respondent rendition  

So ngiyawuthanda umsebenzi wami kakhulu 

ngoba ngiyazi ukuthi emuva i-experience yami 

empilweni iyangisiza ukuthi ngiyenze umsebenzi 

wami ngikhululekile. So ieducation ne production 

ziyasebenzisana and I try to incorporate two to 

improve the education they have right now. 

So, I love my job a lot because I know that my 

past experience helps me perform my job with 

ease. Education and production complement each 

other, and I try to incorporate the two in order to 

improve the education they have now. 

 

Translanguaging interpretation 

 

 

 

 

English back translation 

Table 7: Transcription sample translanguaging isiZulu/English (RR02) 
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Transcript 3- Setswana  

Source Language (Video 06:00-06:05) 

THERE ME WORK LONG YEARS HOW 

MANY FOURTEEN YEARS 

Iôve been working there a long time, a total of 

fourteen years. 

 

SASL Source Language 

 

English standard interpretation 

Respondent rendition  

Ke nale ngwaha ke bereka ko teng, I think its 

fourteen years ntse ke bereka ko teng. 

I have been working there for a year, I think it's 

fourteen years since I started working there. 

 

Translanguaging interpretation 

 

English back translation 

Table 8: Transcription sample translanguaging Setswana/English (RR18) 

 

Transcript 4- Setswana  

Source Language (Video 06:49-06:58) 

PAPER HAVE SAY TEN BOX OPEN LOOK 

FIVE MISSING FIVE ME FIX SO 

Sometimes the order says that ten items were 

delivered, but upon opening they only find five 

items, which means five items are now missing. 

 

SASL Source Language 

 

English standard interpretation 

Respondent rendition 

Okay kodi shopong ba re fonela ba re kgopela 

hore re kgopela hore le direng jana, re tlhoka di 

pampiri tse ding jana, so ha re checker re bone 

 

Translanguaging interpretation 
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hore okay sharp, hora hore honale mistake tse 

ditswang kosi shopong. Ha re kreya di pampire re 

tshwantse re kreye milato ebe ten so hora hore mo 

boxing mo ra checker, and if ele hore five yoyotle 

ayi teng then re tswella pele ra checker ra di 

confirmer hore azang ra kreya tse five, then radi 

busetsa moraho. 

Okay so we get calls from the shops requesting us 

to assist them with certain paperwork and so we 

check and realise any kind of mistake from the 

shop.  When we find the papers we search for 

cases and there needs to be 10 items of which if 

an entire five items is not there, we continue to 

check and to confirm that we never received the 

other 5 and then we return them. 

 

 

 

 

 

English back translation 

Table 9: Transcription sample translanguaging Setswana/English (RR 19) 

 

Transcript 5- Sesotho  

Source Language (Video 01:10-01:18) 

SECOND PRODUCTION PRODUCTION 

WHAT YES SET UP RESOURCES 

RESOURCES THIS SCHOOL SUPPLY ME 

BUSINESS DO WHAT EDIT SUBTITLING 

FILMING ETC. 

Secondly, I also do production work. I develop 

resources. These resources are then given to 

 

SASL Source Language 

 

 

 

English standard interpretation 
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schools. With production I do editing, subtitling, 

filming, etc 

Respondent rendition  

And the second one e ke i dirang ke hore I do 

production of resources, ke yetsa business eo ya 

ho editor, filming and editing.  

And the second job I do is production of 

resources. I am in the business of editing, filming 

and editing. 

 

Translanguaging interpretation 

 

 

English back translation 

Table 10: Transcription sample translanguaging Sesotho/English (RR18) 

 

Transcript 6- Afrikaans  

Source Language (Video 17:26-17:42) 

STAFF ROUNDTABLE SIT DISCUSS 

BUDGET TABLED ALL TOGETHER YES 

YES OPPOSE DEBATE ARGUE AFTER 

WORK TOGETHER THIS ME ENJOY. 

We would around the table, we debate, we 

discuss. You know have ideas and the relationship 

we built. Some say no, letôs debate this, letôs 

discuss this and after a possible conflict even we 

then resolve it and the relationship we built 

through that is amazing and working together like 

that was absolutely amazing. 

 

 

SASL Source Language 

 

 

English standard interpretation 
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Respondent rendition  

As ek onderhandelinge doen met my span is dit vir 

my lekker as almal saamwerk en dis ook] even 

[lekker vir my as mense nie saamstem op n sekere 

punt nie. 

When I am in negotiation with my team it is a 

pleasure when everyone works in harmony but it 

is also even enjoyable for me when people donôt 

agree on specific point. 

 

Translanguaging interpretation 

 

 

English back translation 

Table 11: Transcription sample translanguaging Afrikaans/English (RR03) 

 

Transcript 7- Afrikaans  

Source Language (Video 17:43-17:54) 

END DAY ALWAYS GOOD TOGETHER 

WORK ALL TOGETHER RESPECT RESPECT 

THIS I ENJOY. 

We had mutual respect for each other, through the 

whole process and thatôs what I really enjoyed 

about the personal relations. 

 

SASL Source Language 

 

 

English standard interpretation 

Respondent rendition  

En om te kyk dat almal wanneer ons saamwerk 

dat daar is]mutual respect for everyone in the 

office. 

 

Translanguaging interpretation 
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And to see to it that when everyone works 

together that there is mutual respect for everyone 

in the office. 

English back translation 

Table 12: Transcription sample translanguaging Afrikaans/English (RR03) 

 

The presentation of translanguaging incidents comparing the respondentôs interpretation to that of 

the guide interpretation in the tables above confirms the observation that language involves 

processes of meaning-making by situational consideration of the linguistic environment and its 

unique variables such as translanguaging (Kusters et al., 2017). In this specific experiment, the 

presentation of translanguaging on a syntactic level is seen by code-blending and code-switching 

and conforms to definitions provided in chapter 2 (III) on  Translanguaging (Backus, 2000; Garcia 

and Wei, 2014;  Wei, 2018 a, b). Wei (2011) mentions a pivotal moment, where a decision is made 

to either follow or flout the norms of language use. The incidents of translanguaging were not 

followed up in order to source the reasons why the interpreter respondents used translanguaging 

strategies. Given the interpreting brief as a variable, it could influence the decision to interpret in 

various languages. On the other hand, if the interpreter is not trained to handle their linguistic 

repertoire in an interpreting task cognitively and linguistically, they will revert to the default of 

interpreting in the language in which they were trained, which in this experiment was English. 

 

5.2.1 Section B (ii): ELAN Analysis of Translanguaging 

In this section, the ELAN annotator, a time-aligned video transcription tool was used to 

specifically analyse translanguaging incidents specifically across the sample. The interpreting 

product related to lexicon and semantic decisions on how to structure and present the target text 

was analysed, as well as where the respondentôs interpretation indicated translanguaging strategies 

by linguistic categories. 
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The source text SASL video file and the interpretation voice note file were uploaded as EAF files 

and aligned to create a single synchronised file. The following tiers were created: 

 The 1st tier indicates the Interpretation where the interpreter translanguages. The 

annotations reflect all incidences of translanguaging across the complete interpretation. 

 A 2nd parent tier, Code Switching, was created. This tier presents annotations across an 

individual respondentôs interpretation. Code-switching is evident, where respondents 

present random changes in the interpretation, where there is a natural fluctuation of spoken 

languages from one language to another. In the example of the Afrikaans/English 

interpretation: [En om te kyk dat almal wanneer ons saamwerk dat daar is mutual respect 

for everyone in the office.] (English - and to see to it that when everyone works together 

that there is mutual respect for everyone in the office). 

 

 A 3rd child tier, Code Mixing, was created, which refers to the parent tier of code-switching. 

The linguistic type created in the 3rd tier denotes the linguistic data of incidents where the 

interpreter specifically uses another spoken languagesô lexical rule, specifically lexical 

borrowing by substitution. The lexical borrowing can be seen in changes from the source 

text to the spoken language(s) used. It presents itself on morphological, syntactic and 

phonetic levels. An example is evident in the Sesotho interpretation: [And the second one 

e ke i dirang ke hore I do production of resources, ke yetsa business eo ya ho edita, filming 

and editing.] (English-and the second job I do is production of resources. I am in the 

business of editing, filming and editing). In this example, there is a syntactic change, where 

English and Sesotho morphological structures are presented. Phonological changes are 

evident in the audio rendition of the interpretation where accents differ for the English and 

Sesotho sections. 

 

 The 4th tier, Lexical Borrowing was analysed to highlight incidences of the adoption of 

individual words from English. Here, the interpreter used lexical borrowing as a 

translanguaging interpreting strategy. An example of lexical borrowing in the annotations 

is: University (English) *e-university (isiZulu) and Dorp (Afrikaans) *edoropo (isiZulu). 
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 The 5th tier, Semantic Equivalence, was analysed to highlight the respondents rendition of 

the target text. In this tier, interpretations were analysed against equivalences of style and 

rhythm of the signs used in the SASL source text. An example of semantic equivalence is 

in the interpretation of facial expressions and mouth morphemes, where the interpreter 

presents uncountable nouns (for example- a lot) as: hengse lot (Afrikaans), kakhulu 

(isiZulu), haholo (Sesotho), thata (Setswana) for the phrase in SASL [WORK-MINE-

ENJOY-FULL]. 

 

 The 6th tier, Semantic Shift, was analysed for incidences of word form and meaning changes 

specifically where the interpreter employs the strategy of chunking down. Incidences of a 

semantic shift is evident in the use of the isiZulu word (i-budget). In the SASL source text 

the term is signed as finances and the interpreter changes the word to budget by using the 

interpreting strategy of chunking down. There is a change of form in the word budget to i-

budget and a change in meaning contextually. 

 

 The 7th tier, Colloquial Expression, was analysed for incidences where the interpreters use 

general expressions associated with African Bantu-languages that do not consistently occur 

in the source language, SASL. Examples of expressions such as [hayi], [eeh], [yoh] in 

isiZulu and [nou] in Afrikaans are evident in the annotations. 

 

 The 8th tier, Socio-Cultural correction, is highlighted where the interpreter effectively uses 

a translanguaging strategy by making reference to a culturally correct term in the target 

language, even though the term is not politically correct according to the human-rights 

framework on disability. This is evident in the use of [Deaf TALK CANNOT] in the source 

text, SASL, and subsequent rendition in isiZulu by interpreting [Deaf TALK CANNOT] 

as, ñe E-Deaf baningi khona abantu abangakhulumiò (English: E-Deaf has a lot of people 

who cannot speak). In isiZulu, the term used to refer to Deaf people is ñisithuluò, however, 

the interpreter understands the cultural dynamics between the Deaf and hearing 
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communities, thus aiming to create a culturally and politically accepted rendition, by 

stating (those who cannot talk) [abantu abangakhulumi]. 

 

Below is an example of tiers created. 

 

 

 

Figure 21: ELAN tiers  

 

Subsequently, individual ELAN files for all 20 respondents were created following the same 

analysis and tiers as described above. It was found that only nine respondents interpreted into 

languages other than English (see examples of translanguaging interpretation frequency in 

isiZulu/English and English/Afrikaans below).  

Source Text SASL 

Audio Voice note 

Tiers 

Annotations 
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Figure 22: Statistics on the frequency of translanguaging according to ELAN tier described -

isiZulu/English 
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Figure 23: Statistics on the frequency of translanguaging according to ELAN tier described ï 

English/Afrikaans 

 

The results of ELAN analysis confirm that for a coherent message to be produced, several 

cognitive, linguistic and interpreting operations must complement each other. In the analysis, 

interpreter respondents can arrive at an understanding of the SASL text by grammatical 

identification, morphological identification, semantic representation, syntactical structure, and 

processing of prosodic features to construct a coherent interpretation. This finding confirms 

Dabrowskaôs (2012) work, which found that linguistic features must be operationalised effectively 

in order to produce a coherent message. In addition, the analysis presents evidence of extensive 

translanguaging strategies. The translanguaging interpreting strategies, as seen in the above 

comparative plot are in line with observations by Garcia and Wei (2014): ñétranslanguaging 

shares some components of code-switching, but in addition, presents the use of additional language 

resources and meta-linguistic awareness based on the context and communicative eventò. The 
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translanguaging strategies observed in the study is insertion, alternation and congruent 

lexicalisation conform to the three processes of translanguaging highlighted by Muysken (1997).  

Below tables indicate the isiZulu words mostly used across the isiZulu respondents as per the 

ELAN analysis.  

Interpretation  English word Translanguaging strategy 

Ama budget budget Lexical borrwing 

i-budget budgte Lexical borrwing 

aba-deaf deaf Lexical borrwing 

e-University university Lexical borrwing 

i-supervisor supervisor Lexical borrwing 

i-meeting meeting Lexical borrwing 

i-culture culture Lexical borrwing 

i-company company Lexical borrwing 

Krya (Afrikaans Kry) To get Lexical borrwing 

Tronkong (Afrikaans Tronk) jail Lexical borrwing 

ngespeed Quickly (speedily) Lexical borrwing 

Table 13: Lexical borrowing in isiZulu 
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English word Grammatical Function 

So Subordinating conjunction 

Then adverb used in the contect of 

óin additionô and ónextô: 

Table 14: Subordinating conjunctions  

 

Interpretation  English Equivalent Grammatical function 

Hayi oh no Colloquial Expression 

He-eh no Colloquial Expression 

Hu-uh no Colloquial Expression 

Gori haai man Like really? (sarcasm) Colloquial Expression 

Ho so, so Not good, not bad  Colloquial Expression 

Oraait ok Colloquial Expression 

Haai gaekitsi man Iôm at a loss for words! Colloquial Expression 

Table 15: Colloquial expressions in isiZulu, Afrikaans, Setswana and Sesotho 

 

In terpretation Socially Correct term  

Setholo (*Deaf and Dumb) Semumu 

Abakhulamayo (*who cannot talk) Deaf  

Ha ba utlwi/ ga ke utlwi (*those/he/she who cannot hear) Deaf 

Table 16: Cultural Correction 
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Interpretation  Semantic Shift 

Hobaning ï Sesotho / Seswana(*why) Used in the context of changing the expression to a 

rhetorical question instead of a conjunction because. 

ñfinished to experienceò Already experienced or from my experience, semantic 

shift from SASL (I EXPERIENCE FINISH) 

Table 17: Semantic shifts 

 

With reference to monitoring output during interpreting, a component not analysed in this study, 

only one (1) respondent made reference to an interpreting error and corrected the mistake (see 

ELAN annotation 00:28:07). 

 

 

 

Figure 24: Interpreter Mistake 

 

Interpreter mistake 
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This singular incident in the data aligns with fMRI evidence that growing up with two or more 

languages and the cognitive demands of attentively ómonitoringô the specific features of the 

various languages and language control (Abutalebi and Green, 2016) presented in the left lower 

parietal cortex (Mechelli et al., 2004). Mahendra et al. (2003) present evidence of the basal ganglia 

in repair and revision incidences. The incidence of monitoring and self-correction links to the 

phonological loop which according to implicated the left posterior inferior frontal gyrus (pIFG) 

and anterior supramarginal gyri (aSMG) (Deschamps et al., 2020). In this study, looking at the 

participant in isolation, there was a change in the left inferior frontal cortex but not exclusively. 

Other sites in the temporal cortex were seen.   

 

 

Figure 25: Areas of activation during monitoring and self-correction (RR 18). 
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SECTION C 

 

5.2.1 Section C: PET brain imaging analysis  

NeuroQTM software was used to analyse the cognitive activity of the respondents under PET 

baseline and activation imaging. NeuroQTM software analyses 47 regions of the brain (See table 

3). 

After running raw data into this specialised brain imaging analysis software (NeuroQTM), 

numerous results of automated analysis and quantification of relative brain activity in the above-

mentioned regions are generated. An example of summarised brain region analysis in an individual 

respondent at baseline is displayed below. 
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Figure 26: RR 12 Baseline imaging showing brains regions 37 - 47. Summary of brain regions 1 - 

36 in different result pages similar to the above is not displayed here. 

All raw data were analysed both for baseline as described above and in post activation as described 

below.  
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Figure 27: RR 12 activation imaging showing brain regions 37 - 47. A summary of brain regions 

1-36 in different result pages similar to the above is not displayed here. 

 

In addition, the software allows for direct comparison of all automated data that are generated from 

baseline and activation analysis. Due to the myriad of data created in NeuroQTM  for all 20 

respondents for both baseline and activation imaging, only those areas showing the most 

significant metabolism are analysed and discussed. 

 

An example of a comparison between baseline-and activation imaging is seen below for some 

brain regions.  
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Figure 28: RR 12 comparison imaging baseline and activation in few brain regions.  

A summary of brain comparison of other regions is not displayed here. 

 

Rattle (R) statistical software package was used for further analysis of the data generated from 

NeuroQTM. Due to the large number of data produced from the software in the different brain 

regions, the principal component analysis (PCA)13 was first applied to summarise the content of 

                                                           
13 Jolliffe and Cadima (2016) defines principal component analysis as ñPrincipal component analysis is a technique 

for reducing the dimensionality of such datasets, increasing interpretability but at the same time minimizing 

information lossò (Jolliffe and Cadima, 2016: 1). 
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the large dataset and identify the most significant findings. PCA identified brain activation in 17 

regions with the expected scree plot 14 shown below.  

The scree plot was generated BY factor analysis of the principal components. While the PCA 

captures the essence of data in a few principal components that show the most variation in the 

entire dataset, the scree plot is used to check if PCA works well in given data. In this study, the 

ideal curve is obtained as seen in the scree plot. The number of principal components is provided 

in the X-axis and the amount of variation on the Y-axis. As noted already, 17 principal components 

show the most variation during brain activation.   

  

Graph 1: Scree plot shows the eigenvalues after factor analysis from the 17 brain regions. 

 

                                                           
14 A scree plot according to Irribarr (2018) is ñA screenplot is a graphical tool used in the selection of the number of 

relevant components or factors to be considered in a principal components analysis or a factor analysisò (Irribarr, 

2018:2). 
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The horizontal line in the scree plot after PCA (Graph 2) represents the cut-off of variation at 

value=1. Therefore, it separates the most representative components from the rest of the data. In 

this scree plot, the horizontal line separates the 17 components mentioned above (within the shaded 

part of the curve). In 10 above the value of 1 and 7 below the value of 1. In other words, of the 47 

brain regions analysed, only 10 show the most variation that was seen during brain activation. 

 

Graph 2: Scree plot of eigenvalues with 95% confidence interval. 

Below are the most significant outcomes from the statistical analysis are discussed. 

 

5.2.1.1 Baseline and Activation Comparisons 

A paired T-test was performed to compare the baseline to activation studies. Each of the brain 

regions as seen in Table 3 were analysed on two occasions of imaging namely baseline and 

activation.  The paired T-test was thus used for the comparison of the two images. After correction, 

the areas remained significant. The Benjamini-Hochberg correction was applied with the outcome 
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in a new table. The changes are made in Table 18 that shows the brain regions names in full with 

more statistics.  

 

Brain region Mean (95% 

Confidence Interval) 

P value 

Right Primary Visual Cortex   

(rPVC)  

 

0.44 (-0.041 to 0.97) 

 

0.98 (0.541 to 1.409) 

 

0.0308 

Left Primary Visual Cortex   

(lPVC) 

 

0.39 (0.007 to 0.755) 

 

0.92 (0.479 to 1.368) 

 

0.0140 

Right inferior Lateral anterior Temporal 

Cortex  

(riLAT)  

 

-0.380 (-0.359 to 0.283) 

 

-0.410 (-0.041 to -

0.779) 

 

0.0126 

Left anterior Medial Temporal cortex  

(lMAT)  

 

0.081 (-0.508 to 0.345) 

 

-0.512 (-0.944 to -

0.080) 

 

0.0009 

Right inferior Lateral Posterior Temporal 

Cortex  

(riLPT)  

 

-0.383 (-0.585 to -

0.180) 

 

-0.760 (-1.106 to -

0.414) 

0.0211 

Table 18: Brain regions with significant change from baseline to activation comparison. 

 

After correction with the use of Benjamini-Hochberg for multiple comparison, all these regions 

still show significant difference from baseline to activation studies, except for one that just shows 

only a marginal significant difference in Table 19 below: 
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Brain region (after Benjamini-Hochberg correction) 

 

P value 

Right Primary Visual Cortex  (rPVC)  

 

0.0468 

Left Primary Visual Cortex   (lPVC)  

 

0.0145 

Right inferior Lateral A nterior T emporal Cortex (riLAT)  

 

0.0395 

Left anterior Medial Temporal cortex  (lMAT)  

 

0.0533*  

Right inferior Lateral Posterior Temporal Cortex (riLPT)  

 

0.0288 

Table 19: Benjamini-Hochberg multiple comparison of brain regions. 

 

*Marginal difference 

 

Considering the count measured in each brain region as a numerical value, the deviation plots were 

used to represent changes before and after activation. In the deviationplots, each graph represents 

a deviation of the count in the described brain region such as rGFs, from baseline (vertical spikes 

in the left of the graph) to activation (vertical spikes to the right of the graph) for the most 

significant regions. Since only a limited number of brain regions showed differences from baseline 

to activation, deviation plots for visual perception of the differences between the two events.  

 

The plots show the measure of dispersion of the means of brain metabolism at baseline and during 

activation with their ranges. Each vertical spike with a small circle at the end represents the scale 

of deviation from 1 to 99 percentiles range, from means across participants at baseline and during 

activation. In Graph 15 below for example, at baseline, the mean and range =-0.106 (-0.745 to 

0.974) and during activation, mean and range= -0.107 (-1.889 to 0.715) for the rGFs area. 
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Graph 15: Baseline and activation comparison of rGFs. 

 

The deviation plots were generated for each brain region at baseline and during activation and can 

be found in Appendix L. Below are deviation plots for the most significant areas only:  

 

 

Graph 16: Baseline and activation comparison of rPVC. 

-2

-1

0

1

rG
F

s

Baseline Activation
Time

Comparison of Sup Frontal cortex at baseline and after activation



155 
 

 

Graph 17: Baseline and activation comparison of lPVC. 

Graph 18: Baseline and activation comparison of riLAT. 
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Graph 19: Baseline and activation comparison of lMAT. 

Graph 20: Baseline and activation comparison of riLPT. 
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5.2.1.2 Correlation of all brain regions post activation 

All brain regions were correlated with each other in post-activation using Pearson to get the R-

value. A dendrogram of hierarchical clustering of the brain regions was generated to show the 

brain regions that are more closely linked. The specific brain regions that were more linked than 

others are reflected below. In addition, the significance of association between brain regions in 

activation brain imaging, was measured using Pearson correlation. Below are the generated 

correlation plots for all brain regions in Graph 21: 

i) Overall brain activation 

Graph 21: Correlation plots showing the association of brain regions during activation. 
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In this study, every time high metabolism occurred in a particular region, there was also high 

metabolism in another region. This means that there is a correlation between the two regions. 

Correlation in this regard does not mean causality it simply shows a relationship. Causation is the 

relationship between cause and effect (Rohrer, 2018). Brain cluster region activation is illustrated 

below in Graph 22: 

 

Graph 22: Correlation plot showing the association of brain cluster regions during activation. 
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Although each brain region and each brain cluster region showed the expected very high 

correlation to itself (black dots), only a few clusters demonstrated meaningful correlation to one 

another. There was a reasonable correlation between the right parietal cluster and the right frontal 

cluster (r=0.51) and between the right parietal cluster and the left frontal cluster (r=0.56). The left 

parietal cluster showed a high correlation with the left visual cortex (r=0.65) whereas its correlation 

with the contralateral right visual cortex was reasonable (r=0.59).  

 

5.2.1.3 Correlation of brain regions with biographical data (Section A ï Questionnaire) 

Data from the brain reflects the metabolism in each region. All generated brain analysis data in 

post-activation were correlated with biographical and professional data of the questionnaire 

(section A). The significance of the correlations are seen in the tables below: 

 

a) Significant changes when correlated with Category 1- Language of  thinking in native 

language were seen in: 

b)  

Brain Region P-Value 

left Parietotemporal Cortex (lPTC) (p=0.0352) 

right inferior lateral anterior Temporal Cortex (riLPT)  (p=0.0352) 

left superior Parietal Cortex (rsPL) (p=0.0193) 

Table 20: Brain regions and p-values when thinking in native language. 

The biographical data regarding language proficiency in native and other languages were 

independently reported at the time of recruitment and completing the questionnaire. As previously 

stated, the language proficiency is self-reported by the respondents and not formally tested with a 

language aptitude instrument. The task of interpreting from SASL into spoken language/s was 

administered to see which language the respondents interpret as reported that they think in their 

native language. As seen from the analysis in Section A, the language in which respondents said 
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they think in (native language) is not the language in which they produced the interpretation (see 

Graph 8). 

c) Significant changes when correlated with thinking in English were seen in: 

Brain Region P-Value 

left Primary Visual Cortex (lPVC)  (p=0.0107) 

right inferior lateral anterior Temporal Cortex (riLAT)  (p=0.0195) 

left anterior Medial Temporal Cortex (lMAT)  (p=0.0010) 

Table 21: Brain regions and p-values when thinking in native language. 

This table presents regions of significant activation when respondents self-reported that they think 

in English.  

d) Significant changes when correlated with qualifications for interpretation and no 

qualifications were seen in: 

 

i) Qualifications 

Brain Region P-Value 

 left mid Frontal Cortex (lGFm)  (p=0.0156) 

 right superior lateral Temporal Cortex (rsLT)  (p=0.0313) 

Table 22: Brain regions and p-values linked to interpreters with qualifications. 
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ii)  No Qualifications 

Brain Region P-Value 

right Primary Visual Cortex (rPVC)  (p=0.0143) 

left Primary Visual Cortex (lPVC)  (p=0.0386) 

left anterior Medial Temporal Cortex  (lMAT)  (p=0.0063) 

right inferior lateral anterior Temporal Cortex (riLPT)  (p=0.0386) 

Table 23: Brain regions and p-values linked to interpreters without any interpreting qualifications. 

 

The brain regions for trained versus untrained interpreters differ in that those with training have to 

use less cognitive areas thus less cognitive strain during the process of interpreting. 

c). Significant changes when correlated with thenumber of years of experience in interpretation 

were seen in 

i) More than five years experience 

riLAT  (p=0.0107) 

ii)  Less than five years experience 

Brain Region P-Value 

right Primary Visual Cortex (rPVC)  p=0.0352 

left Primary Visual Cortex (lPVC) p=0.0359 

left anterior Medial Temporal Cortex  (lMAT)  p=0.0078 

right anterior Medial Temporal Cortex (rMAT) p=0.0352 

right inferior lateral anterior Temporal Cortex (riLPT)  p=0.0352 

Table 24: Brain regions and p-values linked to interpreters with less than five years of interpreting 

experience.  
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The evidence presented points to increased cognitive activity in more regions for respondents with 

less than five years of experience than in those with more than five years of experience. Interpreters 

with more experience have less cognitive strain when compared to those with less experience. 

d). Significant changes when correlating understanding of cognitive processes during interpreting 

were seen in: 

i) Understanding of cognition during interpreting 

None. 

 

ii)  Not understanding of cognition during interpreting  

Brain Region P-Value 

right Primary Visual Cortex (rPVC) p=0.0287 

 left anterior Medial Temporal Cortex (lMAT) p=0.0065 

right inferior lateral anterior Temporal Cortex (riLPT) p=0.0287 

Table 25: Brain regions and p-values linked to interpreters' understanding of cognition during the 

interpreting process. 

 

e).Significant changes were seen in English versus plurilingual respondents at baseline and 

activation imaging: 

i) Plurilingual (SASL, English plus other spoken language/s) 

Brain Region P-Value 

right inferior lateral anterior Temporal Cortex (riLAT) p=0.0264 

left anterior Medial Temporal Cortex (lMAT) p=0.0073 

right inferior lateral anterior Temporal Cortex (riLPT) p=0.0202 

Table 26: Brain regions and p-values linked to plurilingual interpreters with less than five years of 

interpreting experience.  
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ii)  English only (bilingual SASL and English) 

None 

 

In this section of the PET brain study, functional brain activation analysis based on 18F-FDG PET 

data was performed. Glucose is known to be fundamental for brain metabolism, and 18F-FDG as 

explained in previous chapters, is an analogue of glucose. Its metabolism reflects local brain 

activity in a way that it can be used for analysis of functional brain connectivity (Watabe and 

Hatazawa, 2019). Passow et al. (2015) showed how close local metabolic activity of the brain was 

with its functional connectivity in a study that compared FDG-uptake and blood oxygen level-

dependent (BOLD) signals. They concluded that 18F-FDG- PET was a reliable tool for analysing 

functional connectivity in the brain. In a different study, Yu et al. (2018) reported on the usefulness 

of 18F-FDG- PET brain imaging in predicting response to vagus nerve stimulation or activation 

brain study. 

Most activation PET brain imaging studies are aimed at evaluating changes in glucose metabolism 

during tasks. Therefore, they usually require a separate imaging session for both rest and task 

activation conditions (Chiaravalloti et al., 2019). In clinical practice, the two brain PET imaging 

studies are performed 20-40 minutes after a bolus 18F-FDG injection. The bolus method may 

provide a quantitative, qualitative or both, measurement of glucose metabolism after stimuli. PET 

studies use a bolus injection of 18F-FDG for mapping the functional cortical metabolic responses 

to several different stimulations that may include visual, auditory, cognitive tasks, and even drug 

administration to assess brain activation (Chiaravalloti et al., 2019). In this study, a two-day 

protocol for ease of feasibility and confidence in comparing them was used. As described in the 

methodology section of the study, on the first day, 18F-FDG PET brain imaging was performed to 

assess resting brain metabolism (baseline) and, on the second day (almost a week a part), imaging 

was acquired during completion of a task described in previous chapters to stimulate the brain 

(activation).  

It is generally advised that the activation PET imaging studies be analysed quantitatively over a 

qualitative visual analysis of images (Chiaravalloti et al., 2019). In this study, a well-known 

software programme, NeuroQTM, was used to analyse the potential changes in brain metabolism. 
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Numerous studies have used 18F-FDG-PET imaging to evaluate glucose metabolic changes to 

respond to stimuli of different types. Most relevant studies on PET imaging with FDG in different 

types of tasks are available in Chiaravalloti et al. (2019). There are studies looking at task-related 

procedures, such as word repetition and word association, during lexical decision or after learning 

a complex visuospatial/motor task that also used FDG-PET (Nenov et al., 1994; Schreckenberger 

et al., 1998). In word association studies, FDG increased metabolism was noted in the left 

prefrontal cortex, the left frontal operculum (Broca's area), and the left insula, indicating the 

involvement of these areas in associative language processing. However, in the course of word 

repetition, highly significant negative correlations were noted between the left prefrontal cortex, 

the contralateral cortex areas and the ipsilateral posterior cingulum (Schreckenberger et al., 1998).  

In the current study, significant changes were noted in the following areas when comparing 

baseline (resting brain PET imaging) to activation studies: 

1. Both primary visual cortex (p=0.0308) 

2. Left anterior medial temporal cortex (p=0.0009) 

3. Right inferior lateral anterior temporal cortex (p=0.0126)  

 4. Right inferior lateral posterior temporal cortex (p=0.0211).  

Activation in both the rPVC and lPVC points to the primary cortical region of the brain, visual 

area 1 (V1), Brodmann area 17, or the striate cortex. The visual cortex is the first cortical area of 

the visual system that receives external information visually. Neurons with receptive properties in 

the primary visual cortex respond by receiving, integrating, and processing information in the 

visual scene. This finding agrees with Hubel (1995), who suggested that the right frontal areas of 

the brain are activated during sign language comprehension (Corina and Knapp, 2006 and 

Jeannerod, 2006). The activation ties in with the motor-cognition theoretical framework that says 

cognition is constructed from action and perception informed by sensory and motor brain 

mechanisms (Pulvermüller et al., 2014). The activation of the parietal cortices is by mirror neurons 

to integrate visual information that gives way to the action, which in this study is the interpreting 

function (Rizzolatti and Sinigaglia, 2010). This finding corroborates Yeung and Werker (2013) 

that action-perception links for manual, mouth actions and visual and acoustic perceptions confirm 
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linguistic-articulatory action schemas. The linguistic-articulatory schema is this seen in interpreter 

respondents in this study by the reception of the SASL visual text, which is processed cognitively 

giving effect to activation of the mouth and acoustic perceptions to produce the interpreting 

product in the target language(s) and monitoring the acoustic feedback of the interpretation. 

Activation of the riLAT, lMAT and riLPT is associated with processing auditory information and 

encoding memory. The medial temporal lobe consists of the amygdala and hippocampus  

entorhinal, perirhinal, and parahippocampal cortices (Strange and Dolan, 2006). Based on detailed 

studies of cortical connectivity, the neocortex processes information from all sensory modalities. 

Processing of information to the multimodal association cognitive areas becomes more elaborate 

or complex, as seen in the output of the interpreting product, whereby the interpreter respondents 

produce semantically intelligible interpretations in all languages in their linguistic repertoire. 

The interpreter respondents in this study had to activate an interpreting process called monitoring, 

which means listening to their output. This process implies that the interpreter had to 

simultaneously ólistenô to the source text (visual input, seeing the SASL text), and listen to the 

interpreting output, the target text. All of the 20 interpreter respondents scored their SASL skill at 

the higher end of the Likert scale, 3-5. This rating represents language proficiency in SASL rated 

as good [3], very good [4] and excellent [5]. Self-reported language proficiency borders on the 

higher scales, between 3 and 5, indicating that the respondents believe their language proficiency 

across their linguistic repertoire ranges from good to excellent. This confirms that SASL is 

established in the respondentsô linguistic profile and thus part of their long-term memory linked to 

language learning.  

Given the conditions of the experiment, this study utilised a Siemens MRI machine with noise 

levels affecting the signal-to-noise ratio (SNR). Despite the SNR affected by the noise of the 

Siemens machine and the air conditioning system, the respondents could process lexical and 

syntactic input from the source text. The results from this study provide evidence in support of 

noisy-channel models of sentence comprehension. Turning to the findings of sentence processing 

in noisy environments, Gibson et al. (2013) confirm that language processing mechanics in 

cognitive systems are aptly designed to recover intended meaning from noisy utterances. 

Activation of the riLAT and lMAT regions are implicated in processing semantic information and 
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confirms the findings of Binder et al. (1997); Lambon Ralph and Patterson (2008); Visser, Jefferies 

and Ralph, (2009); Chen et al. (2017), Binney et al. (2010) and Mion et al. (2010). 

These findings of the five most significant cognitive areas activated in this study indicate the role 

of the primary visual cortex in the perception of sight and processing visual inputs. The findings 

support the Action Perception Circuit (APC) as part of the motor cognition theory in that lexical 

and semantic processing is critical to rendering a linguistically socio-culturally fitting 

interpretation. Furthermore, the activation of the five areas is supported by the Action Control 

Theory (ACT) linked to cognitive, perceptual and brain sciences. The theory states: ñéspeech 

comprehension and production are governed by control processesò (Green and Abutalebi, 

2013:515), which this study confirmed by analysing the cognitive areas activated, while 

interpreting language from source to target text. The hypothesis confirmed in the ACT presents 

different interactional contexts of bilingual conversational exchanges and the demand placed on 

language control, which adaptively alter cognitive-control capacities. The interpreter respondents 

in this study present incidences of translanguaging pointing to adaptive control mechanisms in that 

the cognitive areas activated are implicated in language processing and the interpreting product is 

altered for the communication situation. 

Several PET imaging studies have been performed on healthy subjects during tasks to assess brain 

metabolic response to several kinds of stimuli in physiological conditions. In activation PET 

imaging done to evaluate task-related changes in the visual cortex, increased glucose metabolism 

was noted during a visual task in the human primary and associative visual cortex, as one increased 

the complexity of visual scenes (Chiaravalloti et al., 2019). Therefore, stimulation of the primary 

visual cortex in the current study agrees with the published literature. Changes noted in temporal 

areas indicate the role of this brain region in language perception and processing. The significant 

change noted in the left anterior medial temporal cortex may be explained by the hypothesis that 

this specific area of the brain is associated with the processing of new information (Kagan, 2005). 

This finding is supported, as participants were watching the source text SASL video for the first 

time as part of the study. Thus, an element of learning new information was involved. If this finding 

can be reproduced in studies with a larger number of participants or a well-designed multicenter 

study, it may become an interesting starting point to explore improving cognition of individuals 

with difficulty in processing and learning new information such as those with Alzheimerôs 
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dementia. For interpreter training, the finding points to improving cognition in applying of 

translanguaging strategies as part of the usefulness of the holistic linguistic repertoire of a 

plurilingual interpreter to produce a linguistically and culturally relevant interpretation from source 

to target text. Consequently, studies that may focus on better understanding of this cerebral area 

have the potential to offer a breakthrough niche for clinically relevant brain research. Cross-

disciplinary collaboration between language practice studies and neuroscience could provide 

insight into the cognitive processing of languages simultaneously. 

Changes in the right inferior lateral anterior and posterior temporal regions, both being in the non-

dominant cerebral hemisphere, may indicate the role of these regions in the process of learning 

and remembering non-verbal information (Queensô University, 2017). In this study, it points to 

SASL probably being perceived in a similar way as art, such as drawing or conducting music. 

These findings in my research concur with an early day brain functional study by Schreckenberger 

et al. (1998) that used activation PET imaging in healthy subjects with word repetition compared 

with the word cognitive association to assess hyperactivated cortical areas associated with an 

intracerebral functional network of language and cognitive processes. Both studies demonstrate 

the role of the temporal brain regions involved in language processing. 

The figures 29 A and B illustrate images before and after with differences and the compared set 

with an explanation. 
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Figure 29: A 
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Figure 29: B 
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Figure 29: C      
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Figure 29 ï D 

 

Figure 29 A shows the typical summarised data from a baseline study in participant RR16. The 

NeuroQTM looks at brain metabolism region by region based on the analysis of 240 separate brain 

regions and cluster analysis of 47 volume brain regions. There is a color scale, where blue is 

considered normal and hypometabolism is defined on changes of the color from blue to red, red 

representing 30% below the normal mean or 1.65 standard deviation of the cutoff between normal 

and abnormal metabolism, based on the validation of the NeuroQTM application. In Figure 30, the 

47 cluster regions are displayed in 12 superimposed brain slices (in the right of this figure). The 

shaded colour from purple to red represents a decrease in metabolism and hypermetabolism is 
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represented by blue as the starting point of normal. The table in the left of the cluster regions in 

the figure shows the uptake count in each cluster. When the count is not highlighted, it is normal. 

If abnormal, then the count is highlighted such as in Figure 29 B, where cluster number 40 

representing the left inferior lateral posterior temporal cortex shows a decrease in metabolism 

during activation. In Figure 29 C and Figure 29 D, when a comparison of baseline and activation 

studies is made by NeuroQTM, all the differences in metabolism (brain count) are highlighted in 

the last column of displayed counts within the cluster regions (bottom right of Figures 29 C and 

D).  

Figure 30: Showing the areas of hypometabolism in A and hypermetabolism in B. Note the 

change from purple to blue in the 12 superimposed brain images from A to B.          
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Figure 31 A: Participant RR02 baseline. 
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Figure 31 B: Activation in the same participant. 
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Figure 31 C: Comparison of A and B above. 
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Figure 31 D: Comparison of A and B above for different brain regions. 

 

Figures 31 A, B, C and D above show the brain metabolism in participant RR02 in a similar way, 

as described for RR16 above. Note the increased metabolism and the hypometabolism in the 12 

superimposed brain slices from A to B expressed by colour changes. In the table of brain count 

within cluster regions in B, the areas of hypometabolism are highlighted in purple. Below the 12 

superimposed brain slices is a summary that describes the most affected region/s of the brain from 

the cluster volumes. Figures 31 C and D again display the differences between baseline and 

activation studies in participant RR02.   



177 
 

Analysis of caudate metabolism changes of a specific participant as automatically derived from 

the NeuroQTM software is shown below in Figure 32 

 

Figure 32: This figure provides analysis of caudate metabolism changes of a specific participant 

as automatically derived from the NeuroQTM software 

 

5.2.1.4 Discussion of PET-brain imaging results 

The findings of this study emphasise the role of 18F-FDG PET functional imaging in stimulating 

brain studies. The evaluation of task-related brain activation using 18F-FDG- PET has been 
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recognised as a promising diagnostic tool evaluating of cortical and subcortical activity in healthy 

subjects during tasks (Chiaravalloti et al., 2019). Similarly, Verger
 
and Guedj (2018) have stated 

in an editorial paper that the use of 18F-FDG PET brain activation studies contributes to the current 

renaissance of functional imaging and that is currently the most accurate in vivo method for 

investigating regional human brain metabolism. The researchers stressed that it should be noted 

that functional 18F-FDG PET brain activation imaging studies is based on the identification of 

relative increased metabolism. In addition, the sensitivity of this imaging modality is enhanced by 

the use of novel techniques in the analysis of data derived from PET functional imaging 

(Chiaravalloti et al., 2019). 

An innovative brain imaging processor for analysis, the NeuroQTM, was used in the current study. 

The latter facilitated gathering of data in each of the brain regions examined at rest and during 

activation, with a bonus, comparing the two studies with its dedicated software.  

The changes concerning different biographical entities were analysed and are described below: 

1. When experience as a plurilingual SASL interpreter was considered the changes in 

activation studies were significant in primary visual cortices (p=0.0352), left anterior 

medial temporal cortex (p=0.0078), right anterior medial temporal cortex (p=0.0352) and 

right inferior lateral posterior temporal cortex (p=0.03), in those with less than five  years 

of experience, while in those with more than five years of experience, the single change 

was seen in the right inferior lateral anterior temporal cortex.  

 

2. For respondents with interpreting qualifications, changes were noted in the left mid frontal 

cortex (p=0.0156) and the right superior lateral temporal cortex (p=0.0313). The 

respondents with no interpretation qualification showed changes in the primary visual 

cortex (p=0.0193; in left) and (p=0.0386; in right), left anterior medial temporal cortex 

(p=0.0063) and right inferior lateral posterior temporal cortex. 

 

These changes, once more, highlight the role of visual cortices for visual inputs and processing 

and of the temporal regions in language processing. While the temporal areas are linked to 

language and some visual input processing in general, this study pinpoints the defined anatomical 
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part of the temporal lobe that demonstrates changes during activation. Either the inferior or 

superior as well as lateral or medial and anterior or posterior region of the temporal lobe, have 

been involved when respondents interpret the directionality SASL to spoken languages. This 

finding is significant for future studies in targeting the area involved in different aspects of 

language and its activation during simultaneous interpreting processing of a sign and spoken 

language/s with some degree of precision. It is also interesting to note that the changes or 

activations are seen in both left and right sub-areas of the temporal regions. It was indicated in the 

text above that the use of the right temporal hemisphere for processing of non-verbal information 

may be involved as respondents watched an organic SASL video (source text) that was considered 

to be like óbeing similar to gestures while drawing or conducting musicô. This finding points to the 

basic requirement of formal training in interpreting to process language cognitively with less strain 

on the brain (cognitive load). Less activation of cognitive areas allows the trained interpreter to 

focus on deeper metalinguistic issues to render a linguistically cultural appropriate interpretation 

instead of grappling with source text basic understanding, such as in the case of untrained 

interpreters. 

As for the left medial temporal region, the hypothesis that links this particular brain region to 

processing of new information was mentioned. In these two instances, years of experience and 

qualification as sign language interpreters, present a pattern from those with less experience or no 

qualification for interpreting from sign language to spoken language. The activation was noted in 

the visual and temporal cortices in both of these participants. This finding conforms the 

observation by Dr. Green in response to the experiments conducted at the University of Geneva, 

where he states the following:  

It could be that as people become more experienced in simultaneous interpretation thereôs less 

need for the kind of controlled response provided by the caudate. The caudate plays a role in the 

control of all sorts of skilled actions. And thereôs other work showing that as people get more 

skilled at a task it is not activated as much (Watts, 2016). 

In the study, respondents watched the video in the supine position (lying down on the PET machine 

bed) and voiced what they saw (interpreting from sign to spoken language/s). Since SASL is a 

complex form of visual-gestural communication that integrates visual information with 
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proprioceptive input that will allow the respondent to perceive that the individuals conducting sign 

language in the video were standing upright, although the participants were lying down. The 

activation of these visual and temporal regions may be part of the activation of the brain's higher 

function, such as the óparietal-temporal-occipital associated cortexô required for such cerebral 

interconnectivity. This clarifies the initial limitation that presented during the inception of the 

study, where the real world interpreting setting and the simulated experiment in the MRI machine 

differs and the impact it could have on the interpreting ability of the respondents. In a real-world 

setting, during interpreting assignments, interpreters face Deaf (signing) individuals directly. 

In respondents with qualifications, the change is noted in the left mid frontal cortex. This seems to 

imply some degree of planning and an element of coordination of participantsô behaviour. In other 

words, these skilled sign language interpreters seem not to require the use of higher brain functions 

but seemed to use their brain for planning what to say and how to structure their interpreting 

product. The activation of this brain region may indicate the focus or concentration of these 

respondents on the ability to elaborate thought from the input source language (SASL) to structure 

the interpreting effort to a linguistic, culturally accurate interpreting product in spoken language/s. 

This finding is in line with Caplan (2001) and Kotz et al. (2003), who point to the inferior frontal 

gyrus, specifically Brocaôs area for lexical retrieval. In addition, the change during this task may 

support the finding in the study by Haier et al. (2005), where glucose metabolism was used to 

assess brain changes after learning a complex visuospatial task. The authors described changes in 

the left medial frontal area that indicated that presence of brain function even when the brain was 

engaged in tasks that did not require reasoning. Summarising these findings, one may be tempted 

to think that the ability of the brain to engage in thinking to produce a thought that will be spoken 

dominate in individuals who are qualified for SASL interpreting when they are exposed to a visual 

stimulus of a kind of watching a SASL source text. In contrast, those with qualification may higher 

brain function, particularly the parietal-temporal-occipital associative area, tend to be able to 

integrate the complexity of language that incorporate both the visual and proprioceptive inputs.  

Although very limited in their number, brain activation studies in healthy participants often look 

at the association between all brain regions (Alessandrini et al., 2014). In this study, there was a 

significant correlation between visual cortices and the left parietal region as is seen in the R-values: 

r=0.65 for the left VC, r=0.59 for the right VC, p<0.0001. The right parietal region also showed 
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an association with both frontal regions (r=0.51 with the right, r=0.59 with the left, p<0.001). This 

finding agrees with Emmorey (2002) and Horwitz et al. (2003), where left perisylvian regions were 

activated in sign and spoken languages. This finding further supports the finding in the fMRI study 

that presented evidence of the lateral prefrontal cortex activated with perceptual context stimuli 

(Koechlin et al., 2003).  

No causality of regional brain association has been described in the literature, but usually, when 

there is a change in the visual cortex during activation, change is also noted in the left parietal 

region. The same applies to the change between the left parietal and frontal regions. However, 

knowing the interconnectivity between most brain areas processing language, the implication of 

the parietal-temporal-occipital associative cortex, discussed earlier, may be considered as the 

change in the parietal region was not enhanced as a significant change during activation.  This 

could explain the role of visual chiasma in stimulating other anterior areas of the brain during 

SASL interpreting by the visual cortex. However, there is no evidence to support this statement, 

and the secondary research question remains unanswered. Kent (2012) stated the localisation of 

cognitive functions as they relate to the optic chiasm and its links to visual information and its 

processing during communication is fragmented. Thus, inconclusive evidence is presented in this 

study related to the processing of visual stimuli (SASL). I stipulated that the visual chiasma may 

somehow be involved in processing of information from visual input to the left cerebral area 

involved with language processing during simultaneous interpreting. This evidence tells me that 

the region is metabolically altered. The neurological relation of the optic chiasm therefore requires 

further study. 

No significant changes were seen in the analysis of the caudate metabolism. However, mild 

changes in the metabolism of <5% were seen in the left caudate of half of the participants. Of them 

participant (RR18) showed a severe change (>20%) in the right caudate and three showed mild 

change (5%-10%) in the right caudate. This significance of the change in the caudate cannot  be 

explained in the current study, however in other studies it seem to play a role. In a study by Hervais-

Adelman et al. (2015), the caudate is prominent in networks that regulate cognition and action. 

The caudate nuclei is engaged during simultaneous interpreting, according to Hervais-Adelan et 

al. (2015). In other related studies, the left caudate nucleus is activated in multilingual respondents 

(Crinion et al., 2006; Abutalebi and Green, 2008 and Garbin et al., 2010). Multilingual language 
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control by direct electrical stimulation and has been shown to be implicated in Wang et al. (2012). 

The study conducted by Hervais-Adelman et al. (2015), was done on spoken language interpreters, 

whereas this study focused on sign language interpreters working in a dual modality, spoken and 

sign language. Furthermore, the Hervais-Adelman et al. (2015) study was done using MRI, and 

the current study used PET.  

The PET brain imaging part of this project could answer the hypothetical questions (primary and 

secondary research questions) of this thesis. The brain regions that are activated during SASL 

interpreting from baseline were identified. It was demonstrated that the visual chiasma is somehow 

indirectly involved in passing information from visual input into the left cerebral area involved 

with language processing during simultaneous interpreting.  The hypothesis of this study can be 

confirmed based on the predictive statement regarding plurilingual interpreters and incidences of 

translanguaging during interpreting. Based on the analysis of the results, simultaneous interpreting 

from SASL into English, Afrikaans, isiZulu, Sesotho and Setswana is directly linked to the 

cognitive language processing ability and the nexus of translanguaging and linguistic ability of the 

plurilingual interpreter. The findings confirm that there is no single brain area devoted exclusively 

to the control of interpretation as stated by Hervais-Adelman et al. (2015). 

5.3 Situating the Theoretical Framework in the Findings 

The introductory chapter of the thesis set out the theories that underpin the study. The MCT and 

ACT were discussed in detail in Chapter 3 as part of the theoretical framework of this study. Both 

theories are restricted to experiments that involve bilingual and multilingual respondents. 

Experiments were conducted with language tasks involving single language, dual language and 

dense code-switching. Based on the data analysis, the MCT and ACT can be extended to an 

interpreting context. 

The application of the ACT has been expanded to the context of language use in a communicative 

situation and not only to language tasks such as the verbal Stroop task and non-verbal Global-

Local task. This experiment with plurilingual interpreters highlights that the ACT can be applied 

to the context of interpreting experiments. The language control mentioned in the ACT hypothesis 

is confirmed in the application of the ACT to the interpreting experiment in that interpreters 

adapted their language output and the interpretation product according to the interpreting brief of 
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a plurilingual interview panel at which the interpretation was targeted. Furthermore, the interpreter 

respondents changed parameters according to their linguistic repertoire by using the three 

principles of the ACT, namely, identification, decision, and modification in the interpreting 

process, by identifying the message of the presenter in the SASL text, deciding to interpret in a 

specific language by using specific lexicon in the spoken language, and modification by various 

translanguaging strategies, as seen in the ELAN analysis. 

The cognition areas identified by the NeuroQTM software supports the findings of the ACT of 

specific areas of activation of the parietal cortex in multilingual language interactional contexts 

and dense code-switching contexts. This study highlights the significant activation of the rPVC, 

lPVC, riLAT, lMAT and the riLPT.  

The adaptive control processes are modified based on the dual-modality interpreting in a 

plurilingual context of this study by applying the ACT to a diamesic interpretation.  

 

 

 

 

 

 

 

 

Figure 33: Adapted illustration of the adaptive control process as proposed by Green and Abutalebi 

(2013). 

The adapted illustration of the adaptive control processes in a plurilingual interpreting context are 

shown above. The illustration expands on that of Green and Abutalebi (2013) in the context of 

Metalinguistic-controls 

process 

Sign pipeline Cognitive Controls 

Monitoring 

of Controls Communicative Context 

Interactional Context 

Diamesic 

Interpretation 

 

Speech pipeline 



184 
 

ACT by adding the modality of a sign pipeline. In addition, this illustration adds the cognitive 

controls as seen in the cognitive areas activated in the experiment for understanding of the source 

language, SASL. Furthermore, the illustration extends the context to a communicative context 

since the goal of the experiment was to render an interpretation into the target languages that 

formed part of the interpreterôs linguistic repertoire. Finally, the addition of the final product is 

added, a diamesic interpretation. Highlighted in this illustration is the monitoring of controls, 

which is needed during interpreting because the interpreter must consistently evaluate the controls 

and the adaptation thereof. Here the interpreter navigates between the modality of audio and visual 

languages by applying controls as is deemed relevant for the communicative intent in the 

interactional context. 

The MCT is expanded to the context of an interpreting action schema. The MCT describes action 

stimulated by cognitive mechanisms, because of hearing a language utterance. In this study, the 

dual modality of the experiment, sign and spoken language(s) extend the MCT to dual-modality 

context. The action stimulated by cognitive activation is caused by sign language as an input 

language and action as interpreting into spoken language. This study thus confirms the view that 

the formation of linguistic-articulatory action schemas is linked to manual, mouth actions and 

visual and acoustic perceptions. By extension of the comprehension component of motor 

resonance, this study confirms the visuospatial variable as impacting sense-making during lexical 

access and processing. In the experiment, interpreter respondents rely on the visual-gestural 

lexicon of SASL and the vocal-auditory lexicon in their linguistic repertoire to deliver an effective 

interpreting product. 

 

5.4 Summary of Findings 

In many ways, several of the findings in the study agree with previous research. However, there 

are some remarkable findings in this particular study. This was the first known study to explicitly 

state the specific cognitive areas prominent in cognitive language processing in plurilingual 

simultaneous interpreters in a dual-modality. Furthermore, to my knowledge, this is the first study 

in healthy participants that compares resting brain metabolism to activation brain studies for 

specifically plurilingual SASL interpreters, working in the direction of sign-to-spoken languages. 
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While the number of respondents was limited to 20, no published research on brain activation has 

included more than 30 subjects and usually enrolled fewer than ten respondents. Furthermore, 

similar to previous studies conducted on spoken language simultaneous interpreters, this study has 

revealed and confirmed that the caudate plays a prominent role in cognition. As one element of a 

broader research project, this study sought to explore a phenomenon termed ótranslanguaging 

repertoireô in plurilingual interpreting settings. It focused on the cognitive language processing of 

plurilingual SASL interpreters. The incidence of translanguaging in South African interpreters is 

not entirely unexpected in this plurilingual context. However, it is still somewhat surprising that 

there is no formal training offered on translanguaging strategies in interpreting. 

In the brain functional imaging section of this thesis, the areas influenced by sign language 

interpreting during activation were idetified. The brain areas that were more activated during 

plurilingual interpreting among experienced SASL interpreters and those with less experience 

were differentiated. In the same way, interpreters who are qualified from those who are not could 

be separated by looking at the brain areas activated during simultaneous interpreting from SASL 

to spoken language/s. Future studies with a large number of participants may confirm these 

findings, with increased power of accuracy to make recommendations. For example, qualification 

as sign language interpreters would be preferable, because perhaps the task only requires less brain 

cognitive demand that is linked solely to the pathway of thoughts. In contrast, those with with 

fewer qualifications require complex cerebral connectivity involved with the complexity of 

language processing.  

The following chapter provides conclusions and recommendations for future studies in the fields 

of language practice and neuroscience. 
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CHAPTER 6 

 

Limitati ons, Conclusions and Recommendations 

 

6.1 Introduction  

In the previous chapter, the results of this study were presented and discussed as a basis of 

empirical evidence to support the answers to the research questions posed in Chapter 1. Here, I 

present the limitations of the study. Conclusions are drawn from cognitive language processing 

linked to sign language interpreting. The conclusions are the golden thread ensuring that the aim, 

objectives, research questions and results of the study are adequately captured. Lastly, this study 

offers specific recommendations on further research with concerning interpreting and the variables 

of plurilingualism and translanguaging. A critical juncture is reached at this point, where the 

pertinent question is: ñWhat do we make of this disquisition about ways in which cognitive 

language processing during interpreting unfolds in plurilingual sign language interpreters?ò 

 

6.2 Limitations  

 

The limitations of this study are as follows: 

1. The focus of this study was solely on the direction of SASL to spoken language/s. This 

interpretation direction does not require the interpreter to use their hands. This decision 

was made due to the specifications of PET brain scans requiring a subject to lie completely 

still with no movement while under the scan. If there is movement, it affects the quality of 

the recording and subsequently the scanning image cannot be used for analysis. 

2. The participantsô placement in a supine position in an experimental medical environment 

could have affect their interpreting output. 
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3. The timing of the stimulus application presented a limitation because the protocol was 

developed in such a way that uptake of FDG were first to take place, and the intervention 

of the SASL video was presented after 15-20min, which in hindsight could have been 

administered in real time. 

 

4. The projectôs geographical scope was concentrated in Gauteng Province, South Africa and 

excluded interpreters in the other eight provinces of the country. The project required the 

use of PET brain scanning equipment, located on the University of the Witwatersrand 

medical campus in Johannesburg. It was therefore not possible to conduct the same tests in 

other provinces.  

5. The costs associated with this study meant that the number of participants was restricted 

(Appendix B). Although the sample size of 20 is not representative of the number of SASL 

interpreters in the country, no published study on brain activation has included more than 

30 subjects and usually enrolled fewer than 10 participants. 

6. The option of using an fMRI scanner was not available; therefore, the available PET brain 

imaging scanner was used (Refer to Table 1 for the justification of the use of PET brain 

scans in Chapter 3, Theoretical Framework and Methodology.) 

7. Transcription software for African languages is not available, so the translanguaging 

segments were manually transcribed, and linguistic annotation was done using the ELAN 

annotator. 

 

6.3 Conclusions related to the Study Aim, Objectives and Research Questions 

Overall, this study achieved its aims by successfully conducting an empirical investigation of 

specific neurological areas activated during interpreting from SASL to spoken language, using 

PET brain imaging. As a culmination of the evidence gathered in this study, the aim of positing a 

praxeological interpreting model based on translanguaging was achieved. 

This study achieved its objective by highlighting the cognitive functions concerning sign language 

interpreting and, in particular, how they relate to plurilingual, translanguaging sign language 
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interpreters during simultaneous interpreting.  The research questions posed were satisfactorily 

answered by empirical evidence from the data collected. The evidence points to specific brain 

clusters activated neurologically for lexical and semantic processing from SASL to spoken 

languages. The findings indicate specific language faculties in the perisylvian region activated 

neurologically while delivering a simultaneous, diamesic interpreting product. The evidence 

further suggests the possibility of applying interpreting strategies underpinned by translanguaging 

in plurilingual settings. Significant areas activated during simultaneous interpreting in plurilingual 

SASL interpreters are the rPVC, lPVC, riLAT, lMAT and the riLPT. The investigation of the optic 

chiasm, its activation and role in processing visual stimuli, specifically linguistically structured 

stimuli such as sign language, have not provided conclusive evidence. Suffice to state that the 

implication of the parietal-temporal-occipital associative cortex points to the role of visual chiasma 

in stimulating anterior areas of the brain during sign language interpreting. 

This study enriches concepts of plurilingualism and translanguaging in interpreting studies. The 

concepts are explored by providing a praxis lens to the semiotic resources and translanguaging 

strategies used by plurilingual sign language interpreters to allow for meaning making towards 

communicative success. The study provides an entrance into the cognitive processes and 

sociolinguistic dynamics of co-constructed interpreted meaning, offering a novel understanding of 

translanguaging and its linkages in the plurilingual interpreter brain. The findings in the 

experiment open up a new avenue for interpreting study research that draws upon recent 

developments in translanguaging theory and the variable patterns of language communitiesô 

communication functions, specifically translanguaging in Deaf signing communities. 

It must be pointed out that, even if some of the evidence presented in this thesis that is deemed 

inconclusive, this highlights the fact that the vital question of what happens in the interpretersô 

black box during translanguaging remains a formidable challenge to interpreting scholars and 

neuro-science scholars alike. Therefore, future studies are encouraged to either double or triple the 

number of respondents in a single study or multi-centre studies of smaller numbers according to 

their practicalities. This may confirm the findings of this study or add new insights to what was 

described in terms of cognitive language processing during simultaneous interpreting. Cognitive 

functions are interrelated and do not operate in isolation; hence, the interdisciplinary project I 
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undertook between neuroscience and language practice studies (interpreting) is timely in making 

a scholarly contribution to understanding the holistic neurological operations during interpreting. 

In this study, the concept of plurilingualism and how it transpires in interpreting was explored. As 

stated previously, a praxis model that cocoons plurilingualism in the expression of translanguaging 

strategies in interpreting is proposed. This model conforms to the views of Moser-Mercer (2010) 

that cognitive analysis by advanced brain imaging software enables analysis on a granular level, 

which can assist in the scientific validation of interpreting theory and models. 

 

6.4 The Sankofa Interpreting Model (SIM)  

The Sankofa Interpreting Model is a praxeological model embedded in the reflective practice of 

interpreters in plurilingual, ubuntu translanguaging speech and sign communities. In this model, 

the communicative exchange between interlocutors is located in the real-life translanguaging 

phenomena where the interpreter is considered a part of this exchange. In bridging the gap between 

the speech and sign communities the model reflects the interpreter not only mediating between L1 

and L2 to interpret between the source language and the target language, but employing their 

holistic linguistic repertoire to ensure the communicative aim is achieved by navigating the holistic 

language use in context. The intent of this model is to synchronise the communication and 

interpreting values with culturally relevant interpreting practices through understanding of 

cognition. This interpreting praxis model (IPM) has four facets: linguistic, semiotic repertoire, 

interpreting theory epistemology, translanguaging situated action, critical reflection and a core 

construct, identity. Identity, in the Sankofa Interpreting Model, is considered the core of 

multilanguaging interpreting praxis. 

 

Component A- Linguistic, semiotic repertoire  

Taking stock of the unique individual cultural, linguistic, and semiotic repertoire enables the sign 

language interpreter to be aware of the intersectionality of the meta-linguistics of languages, 

communicative intent, semiotics of speech and sign communities, and the interpreting dynamics. 

This awareness gives rise to a profile where there is conscious engagement with aspects of identity 
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as a core construct. Understanding the linguistic, semiotic repertoire provides a positive vector, 

where the interpreter engages with translanguaging strategies.  

 

Component B - Interpreting Epistemology and Ontology 

Interpreting theories remain important in the teaching and learning of interpreting as a profession. 

Teaching interpreting theory to advance understanding of interpreting processes and models must 

follow teaching and learning design principles relevant to various interpreting contexts. This is 

aimed at effectively grooming and guiding market-ready and market-relevant interpreters once 

they graduate. Incorporating aspects of intersectionality regarding the identity of African sign 

language interpreters creates a lucrative cross-disciplinary project. By positing an alternative lens, 

ubuntu translanguaging in interpreting as part of the African plurilingual identity, aims  to engage 

with Sankofa norms in interpreting. Whereas traditional interpreting models view translanguaging 

as an interpreting error, the Sankofa Interpreting Model (SIM) holds translanguaging as a positive 

interpreting strategy based on neurological activation evidence in this project. Ubuntu 

translangugaging is thus a strategy that is part of the identity and linguistic engagement of the 

African sign language interpreter during multilanguaging communicative exchanges. Therefore, 

interpreting norms are enhanced by offering an adjusted lens to plurilingual interpreted 

communicative events. By incorporating ubuntu translanguaging, professional, relational, 

communication and accountability norms are inclusive of the interpreting practice realities of the 

African sign language interpreter. 

 

Component C ïUbuntu Translanguaging  

Navigating the interpreting setting, specifically decisions made during interpreting, forms part of 

situated action. Action that is informed by taking into account the organic state of the 

communicative exchange to produce the message (both source and target language) linguistically, 

culturally, and socially acceptable, by fetching knowledge from the past, as is embedded in 

Sankofa. Situated action propels the interpreterôs decision-making to a progressive praxis by 

reading the audience and the communicative intent of the interlocutors the plurilingual sign 

language interpreter, if and when comfortable with his plurilingual repertoire and identity, engages 
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with ubuntu translanguaging strategies aimed at bridging the gap between speech and sign 

communities. Activation of the active languages as demonstrated in this experiment is embedded 

in cognnitve activation of all languages in the linguistic repertoire, without ñswitching offò any 

one language. 

 

Component D - Critical reflection, cognition 

Critical reflection is posited as part of the SIM to create scope for ontological knowledge in 

translanguaging interpreting practice. Pausing to reflect on an interpreting situation where the 

communicative exchange was marked by translanguaging provides the interpreter with a point of 

reference beyond the traditional view of failing to produce the target language equivalent. The 

integral view of interpreting as multifarious and organic presents a unique opportunity for 

translanguaging strategies to be incorporated as part of the ontological knowledge of interpreting. 

Critical reflection in the praxis model allows the interpreter to consider, plan and adjust the 

interpreting approach and translanguaging strategies by creating a professional environment where 

the interpreter can experiment with various translanguaging strategies. These strategies ought to 

be documented so as to inform future considerations of interpreting models informed by ubuntu 

translanguaging practices in interpreting. The ability for critical reflection is rooted in cognition of 

the past, present and future. By understanding cognitive processes linked to interpreting allows for 

reflection and deep thought processes on the praxis and application of interpreting strategies. 
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Figure 34: The Sankofa Interpreting Model (SIM) 

By applying the theoretical framework of MCT and ACT, this investigation furthers our 

understanding of the nature of translanguaging in the operative reality of interpreting in 

plurilingual settings. Evidence presented following the methodological framework supports the 

predictive hypothesis of the study that states the following: ñFrom sign to spoken language/s, the 

simultaneous interpreting product is directly linked to the nexus of cognitive language processing 

and the linguistic repertoire of a plurilingual interpreter.ò Indeed, the evidence presents specific 

cognitive areas activated during simultaneous interpreting. It further highlights incidents of 

linguistic ability and the use of translanguaging strategies by plurilingual interpreters. 

The aim of this study has been realised by conceptualising a praxeological interpreting model, 

named the Sankofa Interpreting Model (SIM), based on incidences of plurilingualism and 

translanguaging strategies in the experiment. As stated previously, this model aims to lay the 

foundation for alternative trajectories in interpreting praxis and pedagogy through the lenses of 

plurilingualism and translanguaging. The links between societal linguistic repertoires, the 

education and training of sign language interpreters and their professional lived experience leads 

me to propose this novel praxeological model in interpreting, where translanguaging becomes a 

concerted practice in establishing an inclusive model of interpreting practice. The SIM, aims to 
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expand ways of understanding interpreting through an epistemic and ontological lens by 

interrogating education systems and contexts that have ignored the cultural communicative aspects 

of multilanguaging. The model proposed is merely based on an interpretive hypothesis and should 

thus be refined based on testing Ubuntu translanguaging strategies in interpreting.  

 

6.5 Recommendations for Further Research 

The following recommendations can be made for future research: 

6.5.1  Recommendations specific to the evidence of this study, 

Ẇ The extension of this study, based on fMRI brain analysis. 

Ẇ A replica of this study on a larger sample. 

Ẇ An investigation of the optic chiasm, its activation and role in processing of visual stimuli, 

specifically linguistically structured stimuli such as sign language. 

Ẇ A comparative study that focuses on comparing activation in both interpreting directions, 

sign to spoken language and spoken language to sign language. 

Ẇ A comparative study of cognitive language processing between spoken and sign language 

interpretersô translanguaging strategies. 

Ẇ A replica of this study comparing various levels of translanguaging by having a control 

and experimental group of trained versus untrained interpreters. 

Ẇ A follow-up on the translanguaging incidences in interpreting to probe why and at what 

point interpreters decide to follow or flout the norms of language use prescribed by the 

ABC language classification. 

Ẇ A language aptitude test to verify language aptitude and ability to measure against self-

reported proficiency in interpreters to gauge the classification of ABC language 

classification by fMRI imaging. 
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6.5.2 Recommendations for other future studies 

Ẇ Use of a corpus where an analysis can be drawn from natural translanguaging interpreting 

practice to evaluate the practice and not focus on the clinical aspect of the experiment using 

PET or fMRI. 

Ẇ Development of a curriculum for education and training of plurilingual language 

practitioners in which a symbiotic relationship is forged between curriculum, theory and 

translanguaging practices that incorporates the market demand for a plurilingual language 

practitioner. 

Ẇ Linked to this project, it is imperative for an interpreter to understand the operations of the 

brain and how the various language faculties operate holistically. This will provide insight 

into how the various languages in their linguistic repertoire come into operation during 

translanguaging interpreting strategies. It can further provide room for investigating 

translanguaging strategies as proposed by the praxeological model. 

Ẇ Development of assessment tools for plurilingual interpreters as modelled by the 

assessment tools for the training of interpreters (ASSESSTI) project, by empirical 

investigation of cognitive language processing (PET/fMRI brain analysis) 

Ẇ Translanguaging interpreting strategies in multilingual interpreting contexts. 

Ẇ A review of the ABC working languages classification system for multilingual settings 

where the interpreter has a functional working knowledge of more than three languages.  

Ẇ Empirical identification of essential performance features across language groupings from 

analysis of interpretation performance. 

Ẇ Development of clear, observable scaling descriptors for language proficiency scales where 

the plurilingual interpreter has professional working knowledge of more than three 

languages in or across groupings such as Nguni, Sotho and Tsonga language groupings. 

Ẇ The classification of working language descriptors taxonomy informed by applicable 

interpreting models. 
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Ẇ Recruitment criteria for SASL interpreters to be defined clearly according to language 

classification, for example, the use of languages in a meeting. Such criteria will inform the 

employability of interpreters based on their confirmed language aptitude linked to 

interpreting skill level and interpretation qualification. 

 

6.6 Conclusion 

This chapter provided the conclusions for this study. From the conclusion related to the aim, 

objectives and research questions, it was clear that the predictive hypothesis of the study was 

confirmed. Recommendations for future research have also been made to conclude this study. 
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