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RÉSUMÉ 
La traduction est au centre de différents domaines cognitifs, telle la pédagogique, la 
linguistique, la pragmatique, les neurosciences et la cognition sociale. Les modèles 
actuels de la traduction reflètent ce caractère interdisciplinaire. Récemment, les 
neurosciences ont découvert des mécanismes cérébraux en relation avec le bilinguisme, et 
il serait logique de transférer ce savoir à la traductologie et à l’apprentissage de la 
traduction. Un champ de recherche intéressant s’ouvre sur les processus communicatifs et 
non linguistiques qui sont particulièrement important en traduction. L’interprétation des 
intentions de l’auteur, même si elles ne sont pas explicitement mentionnées dans le texte, 
sont au centre de l’activité du traducteur, tout comme l’anticipation du public cible, ses 
attentions et attitudes envers le texte. Le traducteur doit toujours les prendre en 
considération pendant son travail. En neurosciences, la capacité d’interpréter et 
d’anticiper le comportement d’autrui est connu sous le terme de Théorie de l’Esprit 
(Theory of Mind, ToM). Cette capacité semble être dissociée du groupe des fonctions 
exécutives, bien qu’elle dépende d’elles, et semble être organisée en forme de large 
réseau individuel. Tandis que la recherche en traductologie porte largement sur le niveau 
micro stratégique, des études qui portent sur l’aspect des macrostratégies font souvent 
défaut. Les résultats préliminaires des expériences neuroscientifiques sur le paradigme de 
la traduction montrent que la recherche interdisciplinaire n’apporte pas seulement des 
données sur les mécanismes linguistiques, mais également sur les mécanismes cognitifs
et sociaux des stratégies de traduction.  

ABSTRACT 
Translation is at the centre of many cognitive domains such as pedagogy, linguistic, 
pragmatic, neurosciences, and social cognition. This multi-domain aspect is reflected in 
the current models of translations. Recently cognitive neurosciences have unraveled some 
brain mechanisms in the bilingualism domains, and it is quite logical to transfer such 
knowledge to the field of translation, and the learning of translation. One interesting 
question is which non-linguistic cognitive and communicative processes are particularly 
involved in translation. Particularly, in translation, the author’s intentions have to be 
interpreted although they may not be explicitly stated in the text. These intentions have to 
be considered while rendering the text for the target public, a process for which it is also 
important to anticipate the target public’s prior knowledge of the subject and the extent to 
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which the author’s aims and intentions have to be adapted in order to be correctly 
communicated in the other language. In neuroscience, being able to imagine another 
person’s mental state is known as having a Theory of Mind (ToM). This skill seems 
dissociated from the group of executive functions – though very dependent on them- and 
seems to rely on a large but individualized brain network. While translation is a widely 
investigated phenomenon at the micro-level, there is scarcely any research about the 
process of interpretation going on at the macro-level of text interpretation and rendering. 
Preliminary neuroscience experiments on the translations paradigm suggest that 
neurosciences can bring interesting data not only to linguistic but also to cognitive and 
social mechanisms of translation strategies. 

MOTS-CLÉS/KEYWORDS 
Théorie de l’Esprit, recherchée interdisciplinaire, neurolinguistique, fMRI 
Theory of Mind, interdisciplinary research, bilingualism, neurolinguistics, fMRI 

1. Neurosciences, bilingualism research and their applications on translation 

Linguistics and clinical research have essentially considered the brain as a monolingual 
organ. In the 20th century, most of the fundamental clinical experiments have focused on 
only one language. The reason is probably that clinical research considered patients as 
proficient speakers in no more than one language, and that psycholinguistic as well as 
purely linguistic research both followed a rigorous monolingual approach in order to test 
their cognitive models. However, given the current interest in the implications and 
consequences of globalization and the multiple conceptual and methodological 
innovations in neurosciences, an increasing number of researches in different fields are 
dedicated to bilingualism. 

In neurosciences and psycholinguistics, bilingualism is defined as the regular use of 
two languages in everyday life (Grosjean 1992: 51-62). This definition has allowed for 
testing different factors that have an influence on the cerebral organization of 2 two or 
more languages. We only want to mention a few, such as age of acquisition (i.e., at which 
age a speaker has started to learn and use the language), immersion (the percentage of 
time in a week that the subject is actually communicating in this language) and 
proficiency (his or her actual mastery in using the language). 

In fact, research on bilingualism has a long history. For example, hypotheses on 
bilingual aphasics were already discussed in the 19th century (Pearce 2005: 127-131). 
But during the last decade the neuroscientific approach to the bilingual brain has mainly 
focused on two questions. The first one is: How does the brain handle two or more 
languages in terms of neural organization? And secondly: How do the mechanisms of 
language selection and language inhibition work? 

Addressing the first question, behavioral, clinical and neuroimaging studies suggest 
that the first and the second language (L1 and L2) share, at least partly, a common 
network in the bilingual brain (Perani and Abutalebi 2005: 202-206). However, this 
network seems to depend to some extent on the level of proficiency (van Heuven and 
Dijkstra 2010: 104-122). Less proficient L2 speakers tend to rely on larger neural 
networks, at least in production, and require stronger cognitive control. This appears to be 
particularly true for the lexico-semantic aspects of language-processing. On the opposite, 
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grammatical aspects seem less dependent on the level of proficiency, but rather on the 
age of acquisition (Wartenburger, Heekeren et al. 2003: 159-170; Abutalebi 2008: 466-
478). Besides these biographical factors (proficiency, immersion and age of acquisition), 
the structural differences between L1 and L2 also play a role in their cerebral 
representation. 

Concerning the second question, the fact that the bilingual brain does not rely on 
two completely separate systems for the different languages implies that there must be a 
control mechanism that allows for discriminating between them and to correctly select 
the language needed in a given context. Part of this mechanism also has to account for the 
capacity of language switching that is typical for bilingual subjects.  Clinical observations 
have revealed the specific role of the anterior basal ganglia in language selection. Some 
functional imaging studies on interpreters suggest the involvement of the left inferior 
frontal areas. Interestingly, these structures are also part of cerebral networks involved in 
control of cognitive processes, such as preventing unwanted motor reaction (not pressing 
on a button…).

In the context of language selection translating from one language into another has 
a particular power to allow for understanding the mechanisms, since it requires high 
proficiency in L1 activation and simultaneous L2 inhibition. For example, translation, but 
no general non-verbal switching tasks, led to increased activation in the anterior cingulate 
cortex and subcortical structures (implicated in selection, inhibition and cognitive control 
of language),  while activation in temporal and parietal areas associated with the 
understanding of word meaning decreased (Price, Green et al. 1999 : 2229). This classic 
experiment was a first demonstration of the vast brain network implied in such a complex 
and yet highly controlled task as translation. 

The collaboration between neurosciences, translation and interpreting research 
being very useful for the basic understanding of bilingualism, it was until now little 
helpful to disentangle the different mechanisms of translation itself. Translators were 
considered as proficient and skilled bilinguals, and tested as such on simple word level. 
In neurosciences there are no studies about written translations. The main reasons for this 
lack of “true” translation experiments are twofold: In the first place, there was a need to 
understand translation and switching on the world level. And secondly, most researchers 
working on bilingualism have either a linguistic or neurological background, but they are 
not familiar with translation theory. 

Translation research differs fundamentally from the research on bilingualism in its 
not focusing on linguistic principles but on communication principles. The aim of 
translation is not only to provide the content of a message in another language into which 
it has been correctly transferred in purely linguistic terms, but to adapt this message to the 
other culture. Therefore, translators have to acquire linguistic, technical, cultural and 
communicative competences, as discussed in Göpferich (2008). 

2. Interdisciplinary research in translation: A brief outline 

2.1. Past: defining and understanding process-oriented translation 

The study and importance of neurocognitive aspects of translation and in particular 
process-oriented research (Königs 1996) with a solid empirical basis, has to be viewed 
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through a historic looking glass in order to better understand the current endeavor of 
research within the neurocognitive approach in translation.  We are talking here on the 
one hand about a timeframe of some thirty years in which different studies (Gile 2005; 
Kalina 2005; Krings 1986, 2005; Mizuno 2005; Rydning 2005; Séguinot 1989; Asadi and 
Séguinot 2005; Tirkkonen-Condit 1989, 2005; Jääskeläinen 1987; Lee-Jahnke 1998, 
2005; Lörscher 2005; Zhong 2005) have been conducted, all offering some insight into 
what goes on in the translator’s mind during the translation process. Qui bono? The great 
benefit goes definitely to translation and interpreting training. Since this type of research 
shows the trainer whether his didactical method enhances translation capacity through 
better inferring abilities and the development of automatisms which can be observed in 
professionals. 

As a matter of fact we do believe that this approach has to take into consideration 
the early studies made by Fillmore (1977: 55) which have clearly shown the need of “an 
integrated view of language structure, language behavior, language comprehension, 
language change and language acquisition”, as he puts it. These studies, which have 
marked the cognitive turn in translation (Lee-Jahnke 2007: 367), identified three major 
problems: 

- Is it possible to formulate the description of “meaning” in a checklist?
- How to interpret the increasing interest in scene and frame not only in linguistics but also in 

cognitive sciences and cognitive psychology? 
- How to describe in a satisfactory way the processof the understanding of a text? 

Fillmore’s model of Scenes-and-frames semantics tempted at responding to the 
need of a relevant theory which so far did not exist. In his own words, his research was: 
“a tentative first step in seeking a solution to certain problems in semantic theory within 
the framework of concepts that seem to be emerging in a number of disciplines touching 
on human thought and behavior” (1977:79).

Fillmore was not the only one to identify the importance of a Gestalt1 principle in 
language matters: Lakoff (1977) also published an article in the same year on “Linguistic 
Gestalts” and Attila (1977) on “Dynamic fields and linguistic structure: A proposal for a 
Gestalt linguistics”. In our training situations we greatly benefited from this knowledge in 
combining it with the enhancing of “mental representations” (see also Lee-Jahnke 2011) 
prior to the translation process. 

2.2. Present: comprehending and developing competences and skills 

On the other hand, we have to take into account the interdisciplinary research so far 
completed and still ongoing within the fields of neurocognition, bilingualism2, research in 
expertise and intelligence, just to name a few, in order to have a more solid basis for a yet 
new approach, that of ToM and translation (Sturm 2010). 

In the field of bilingualism experimental approaches resulted in many interesting 
data, showing particularly that different languages have fundamentally a common 
representation in the brain. A representation which can be modulated by different 
variables, such as the age of acquisition, immersion and proficiency (van Heuven 2010: 
104-122). Thus, particularly the semantic processing seems rather to be function of the 
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level of proficiency of L2 and syntactic processing seems to depend especially on the age 
of the second language acquisition (Abutalebi 2008, Annoni et al.).

2.3. Future: exploring yet new research combinations for higher proficiency 

With the upcoming of the interdisciplinary research in translation processes, further 
studies have shown that consciousness has a general tendency to give more importance to 
personal concepts, interpretations, memories, etc, than to an objective perception 
(Schneiders 2007:106). This aspect is of major concern in translation didactics since it 
indicates clearly the importance of certain aspects of expertise and, very specifically, that 
we have to handle very carefully the training of inferences with our students. 

Why interdisciplinary research in cognitive sciences is of such a great importance 
for translation, is certainly the fact that this type of research touches upon memory, the 
capacity of making an abstract reasoning and to differentiate between an analytical and 
an holistic outlook on a texts. 

On the other hand, research in cognitive sciences allows us to better understand and 
hence guide the cognitive learning strategies and more specifically the so called 
organization strategies, which enable the learner to group information in a form which is 
easier for him to understand. Thus we know of five different memory systems: (i) the
procedural memory, which functions through repetition of an action and is situated in the 
cerebellum and grey nucleus; (ii) the semantic memory, which allows us to memorize 
concepts, the meaning of words independent of their context, and is situated in the 
neocortex; (iii) the representational memory, which helps to memorize an image or a face 
and allows us to recognize a piece of information more easily, if we have seen it before. 

Another aspect which certainly is of importance within the research of 
neurocognitive aspects in translation are the results obtained within the research in 
expertise and, especially, the research of the knowledge of specific domains. Within this 
framework, the works of major interest to translation studies are the one’s by Kolodner 
(1991) who examined the so-called episodic definitions, i.e., the experience of how to 
best use and reorganize knowledge in specific structures (Reimann and Chi 1989; Schank 
1982). He Kolodner based his reflections on Episodic Memory Organization Packets (E-
MOPs)3 of experts who are able to build up their experience-based knowledge in form of 
so-called E-MOPs. (iv) The episodic memory, also called autobiographic memory, is 
located in the prefrontal cortex, the hippocampus and the thalamus. 

According to these findings, applicable knowledge is being recorded in form of E-
MOPs within the so-called episodic memory. But thanks to flexible mental 
representations also (v) declarative knowledge4, procedural knowledge and conditional 
knowledge5 can be likewise registered. Procedural knowledge has certainly become one 
of the major domains of research in translation studies in the past decades. It is 
characterized by its dynamic feature and concentrates on how, with a certain procedure, 
or a certain process a clearly defined and desired result can be achieved. 

Within the framework of neurocognitive aspects of translation, the importance of 
intelligence cannot be neglected, especially since, according to Mack (1996:) a theory of 
intelligence can only be formulated in relation with a global theory of cognition 
(Richardson 1993); cognition being defined here as the processes which handle 
information and which are basic to perception, thinking and acting. Sternberg (1984, 
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1985) was of course in the forefront trying to define a theory of intelligence with his 
triarcic theory of intelligence (1985). In this theory he describes three types of 
components which process information and which should be taken into consideration in 
any didactical approach: 

a) Metacomponents, which are controlling processes such as planning, monitoring, evaluation; 
b) Performance components, which are considered as lower processes with the following 

functions: stimulus encoding, inferring relations, selective attention, elaboración; 
c) Components of knowledge acquisition, which involve processes which are linked to learning 

and memorizing of new information such as selective encoding, selective comparison, 
restructuring. 

Within this context an interdisciplinary research led by Lehr (2010) has clearly 
shown, that experts, translators with a high proficiency and important percentage of 
automatisms, do not only have an easier access to more knowledge because of their 
highly developed automated processes, but that they are also able to restructure the 
relevant knowledge much faster, according to the need of the moment (see also Englund-
Dimitrova 2005; Lee-Jahnke 2005). Since experts are able to apply more effectively –
and efficiently - their knowledge, they are able to diminish the cognitive effort necessary 
to access to this knowledge. 

Theories concerning the accumulation of knowledge such as the one defined by 
Staszewski (1990), the Skilled Memory – Theory, explain the excellent capacity of 
memorizing by experts according to the following three principles: 

a) Encoding of information, taking into account the existing knowledge. 
b) Developing cognitive structures from which the experts takes his information and which is 

closely linked to the long-term memory; Staszewski (1990) describes the existence of domain 
specific slots which enable a quick encoding of information. 

c) Repeating and exercising to help diminish the time necessary in order to access information and 
to operate the encoding6. 

This short overview should not omit to mention the research in mirror neurons let 
by Rizzolatti (2003, 2005), in which is clearly defined the importance of interpersonal 
communication as a neuronal imitation process, and were speech recognition and 
empathy develop the so-called hypothesis of  Shared Manifold inter-subjectivity and 
direct matching mechanism explained through motor representations in the brain. 

3. The role of Theory of Mind in Translation: One example of 
interdisciplinary research 

The two previous chapters showed the development, evolution and future prospects not 
only of neurocognitive research but most importantly of interdisciplinary research in 
translation studies. This chapter aims to give one example of this hybrid research that 
uses neurocognitive concepts and methods such as fMRI to investigate translation, and 
more precisely the smallest translation processing unit: The translator. 

3.1. Theory of Mind and Translation 
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To be able to interpret others’ behavior and to predict it is known as having a Theory of 
Mind (ToM). In translation, the author’s attentions have to be interpreted although they 
may not be explicitly stated in the text. And those intentions have to be considered while 
rendering the text for the target public, a process for which it is also important to 
anticipate the target public’s prior knowledge of the subject and the extent to which the 
author’s aims and intentions have to be adapted in order to be correctly communicated in 
the other language. While translation is a widely investigated phenomenon on the micro-
level, there is scarcely any research about the process of interpretation going on the 
macro-level of text interpretation and rendering. However, as work by Sturm (2009) 
suggests, macrostrategies seem to play a far more important role than has been assumed 
up to now. Wilss (1992) did already outline the importance of strategies of perception of 
oneself and the other. This capacity again is found in the comparative study by Sturm 
(2009), suggesting that these features of social cognition that can be resumed under the 
name of ToM are of key importance in the translation process. We therefore assume that 
translators acquire throughout their educational training special ToM strategies. 

In order to verify this hypothesis, we tested a group of translators in an fMRI bloc 
design. During the whole task, a fMRI brain scan was made and students’ answers or 
comments to the answers were recorded via a headphone. Subjects were presented two 
sets of German sentences in a randomized order. The task was to reformulate them so that 
they could be better understood. 

We opted for an intralingual translation setting because in this way we could 
exclude any cerebral activation linked to the respective other language (cf. Korning 
Zethsen 2009). The first set consisted of 20 sentences requiring a ToM analysis (ToM 
condition) whereas the second set consisted of 20 purely logical sentences (non-ToM 
condition), e.g., sentences representing causality. One sentence of each group resembled 
always another sentence of the other group in spite of the last words that made the 
difference. In this way we could largely exclude effects of lexical processing on the 
results. In order to understand a ToM condition sentence, you would have to take the 
narrator’s perspective in order to understand the message (e.g., When I stood on the stage 
for the very first time, my palms became wet). For the non ToM condition sentences, the 
simple understanding of the sentence’s logic was required (When touching that used 
towel, my hands became wet). The resemblance of the sentences should also make sure 
that there was no effect linked to any text-statistics factor that would influence the results. 

We used a reading aloud task  as a baseline condition for the verbal task, to control 
the sense of words in form of cerebral activation, but also the motor activation caused by 
uttering the target sentence. 

In order to make sure that any ToM activation would be due to the verbal task, we 
used a nonverbal control condition that consisted of the “Read the Mind in the Eyes” task
developed by Baron-Cohen, Wheelwright et al. (1997). In this task, the subject is shown 
pictures of human faces where any part except the eyes is spared out. Four adjectives are 
noted around the frame of the picture, each one associated with one of four buttons on a 
button board the subject had in the fMRI tomography. 

The subject was asked to choose the adjective most appropriate to describe the view 
depicted by pressing the corresponding button. Originally, this task was designed for 
Autism and Asperger patients since it requires a profound analysis of the eyes and 
attribution of certain emotions or attitudes to the way they are looking and therefore 
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expressing the state of mind of the depicted person. Our non verbal non ToM condition 
consisted in attributing an age to the depicted person. Four age spans were placed around 
the picture as the adjectives had been before, and the subject had to choose one age span 
by pressing the corresponding button. This task requires again some analyzing of certain 
traits of human faces, but in a more logical manner: Looking for wrinkles, tear sacs or 
make-up would be the most important factors influencing the subject’s decision. As a 
pure baseline condition that required no analysis of the human face as such, we prepared 
another set of the same pictures, this time with a red dot in each of them. Subjects were 
asked to press the button that reflected best the situation of the dot in the face (up, down, 
left, right). In this case, the human face in the picture is treated as a surface only, so that 
the task should only make sure that the subjects are capable of picture interpretation 
without having to apply any analysis of any features. 

The materials were presented in the fMRI via a screen and mirror system. Subjects
were asked to utter any of their responses for the verbal tasks (translation and reading 
only) into the microphone, so that we could record it for further analysis of the 
translation. For the non-verbal tasks, they used a set of four buttons for responding. 

For our pilot study, we tested 3 French-German bilinguals working as translators. 
Any picture used in this chapter refers to this study. Participants were informed about the 
study’s aims and methods and were asked to give their written consent prior to their 
participation. 

3.2. Preliminary results 

By analyzing the data obtained from our first pilot study, we can see (Figure 1) that the 
translation task is valid in the sense that it is associated to a dense left superior temporal, 
inferior and dorsolateral prefrontal activation, all areas known to play a role in language 
and language control. However, some differences emerge in activation according to the 
condition. In case of the ToM condition (left), we can see an important activation of the 
left lateral temporal sulcus, one area supposed to be important for ToM processing. This 
part shows less activation in the non-ToM condition which could be explained by the 
nature of interpreting the task elicited. However, we can see a strong activation in the left 
frontal lobe, the evolutionarily most recent part of the brain that is mostly associated to 
logical thinking and abstraction. Again, the large activation of an area responsible for 
logic processing could be explained by the purely logical settings reflected in the non-
ToM condition sentences. 

FIGURE 1 

Verbal ToM-control vs. verbal non-ToM-control activation 

<insert figure1.1.jpeg> <insert figure1.2.jpeg> 

FIGURE 2 

Non Verbal ToM-control vs. Non Verbal Non-ToM-control 

<insert figure2.1.jpeg> <insert figure2.2.jpeg 
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The pictures obtained from the non-verbal tests show that, again, the left lateral 
temporal sulcus is largely implicated in the processing of the ToM condition, although 
the task was held in a non-verbal setting. The non-ToM condition does not parallel the 
verbal non ToM condition (Fig. 2) regarding the huge activation in the frontal lobe, 
showing only slight activation on the upper frontal level. 

4. Discussion 

The field of translation, being at the centre of different domains such as language, 
learning, cognitive neurosciences and social cognition, has always been enriched by 
interdisciplinary research. Our proposal is that neurosciences and social cognition can 
bring interesting theoretical and experimental input in the field of translation and vice-
versa. The aim of this paper is i) to provide some information about current neuroscience 
research in bilingualism; ii) to discuss some domains of translation in which interaction 
with neuroscience could be constructive for both fields and iii) to demonstrate the 
feasibility of such a paradigm. In the first pilot experiment presented above preliminary 
results support that some hypotheses dealing with translating competencies and 
translating model may be tested. In order to verify that brain mechanisms may differ 
depending on the macro-context, we tested three French/German translators in an fMRI 
bloc design where they were confronted with faces and with sentences requiring either a 
ToM analysis or a purely logical approach. The data suggests that, even on this very 
small number of subjects, translators can be tested in such paradigms. In the first control 
task (recognition of social emotions on faces), the subjects seemed to activate their 
superior temporal sulcus (here on the left side) more when they have to recognize the 
social emotional attributes of human faces. In contrast, the same three translators, when 
tasked with reformulating sentences, , processing of sentences with emotional component 
associated with an activation of the right medial frontal gyrus (BA6).  Both of these 
activated areas are known to be part of ToM brain networks. It would be unethical and 
unscientific to draw conclusions on three subjects. However these data suggest that the 
paradigms work and that this line of research can be continued. We plan in the next year 
to present solid data on this topic and to test the hypothesis that translators do use their 
ToM structures more intensely in empathic reformulations. Such an approach has two 
important consequences; it can validate cognitive models of translation, and it can point 
to specific skill necessary for translation, both of which can be applied in the learning 
programs. 

NOTES 

1. The concept of Gestalt describes something which is more active than “perception” and more passive 
than “consciousness”; in German another expression is often used: “Gewahrsein” which indicates that a 
perception is accompanied by a certain kind of self-conscious knowledge of perception (Blankertz and 
Doubrawa 2005). 
2. Some scientific findings have shown that, for instance, dyslexia varies with language, a fact which also 
should interest translation studies. For further reading see O’Connor (2004) and Marwinski (1998). 
3. Schank (1982) defines an E-MOP as a generalized episode which contains the general information of 
individual episodes, which are differentiated from the general episode. 
4. In didactics this indicates factual knowledge. 
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5. Indicates, according to Ruf (2006) under which conditions which steps to solve a problem have to be
made. 
6. For further reading see also Pavlenko (2005: 192-224) especially chapter 7 : Social cognition; Lee-
Jahnke (2007): Kognition und Qualität. Überlegungen zu kognitiven Prozessen in der Translationsdidaktik.  
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