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Voor mijn ouders 



Once upon a time, there was no snake, there was no scorpion, 

There was no hyena, there was no lion, 

There was no wild dog, no wolf, 

There was no fear, no terror, 

Man had no rival. 

In those days, the land Shubur-Hamazi, 

Harmony-tongued Sumer, the great land of the 'me' of prince ship, 

Uri, the land having all that is appropriate, 

The land Martu, resting in security, 

The whole universe, the people well cared for, 

To En HI in one tongue gave speech. 

Then the lord defiant, the prince defiant, the king defiant, 

Enki, the lord of abundance, whose commands are trustworthy, 

The lord of wisdom, who scans the land. 

The leader of the gods, 

The lord ofEridu, endowed with wisdom. 

Changed the speech in their mouths, put contention into it, 

Into the speech of man that had been one. 

This poem, found on Sumerian clay tablets of 2500 B.C, indicates why interpreters are needed in the first place. 
The translation is by S.N. Kramer (e.g., 1972, Sumerian Mythology: A study of the spiritual and literary 

achievement in the third millennium B.C.. p. xiv. Philadelphia: University of Pennsylvania Press). This version 
of the poem can be found in the novel Snow Crash by Neal Stephenson. This novel incorporates the Babel 
legend in an interesting view on the future. 
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1 
Introduction 

According to Sumerian legend, once all people spoke a single language, but divine 
intervention of Enki caused 'confusion of tongues'. The legend of the tower of Babel tells a 
similar story. Whatever the cause, fact is that there are an estimated 6000 languages 
worldwide (Crystal, 1997). Speakers of different languages clearly have to find a way to talk 
to each other. People who master more than one language are indispensable in mediating 
communication between people facing a foreign language barrier. When these people 
verbally rephrase a message from one language, the source language, into another, the target 
language, they are involved in the act of interpreting. 

Until relatively recent most interpreting concerned some form of consecutive 
interpreting in which the interpreter alternates between listening and speaking and only starts 
to translate after the speaker has finished. In contrast, simultaneous interpreting (SI), or 
conference interpreting, concerns the immediate, online interpretation of discourse, with a 
lag of only a few seconds between source and target speech. SI is a relatively recent 
phenomenon that emerged once audio equipment became available and that only became a 
real profession after World War II (Crystal, 1997; Darö, 1994). Nowadays, SI is widely 
known from its importance in international politics. For example, in the European parliament 
all communication is mediated by simultaneous interpreters. This is quite an endeavor since 
the European Union now has eleven official languages (Danish, Dutch, English, Finnish, 
French, German, Greek, Italian, Portuguese, Spanish and Swedish), a number that may well 
double with future enlargements of the European Union. Also in daily life we may have 
encountered simultaneous interpretations of live broadcasted statements or interviews on 
television news channels, such as CNN. and may have been intrigued by this capacity to 
verbally transform a message from one language into another. 

From a cognitive or psycholinguistic perspective, SI is remarkable precisely because it 
involves speaking and listening in different languages at the same time. It is cognitively a 
very demanding activity because many processes take place simultaneously. Input in the 
source language has to be processed and stored in memory until its message is recoded and 
produced in the target language. Meanwhile, new input continues to arrive. Therefore, in 
interpreting one has to cope with time pressure since the rate of processing is determined by 
the source speaker. One has to retain new input and partial processing results, which places 
enormous demands on working memory. And finally, by definition, one has to use two 
languages simultaneously; a situation that normally bilinguals will try to avoid (Grosjean. 
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1997a). SI can therefore be considered to be one of the most complex language processing 
activities imaginable (see e.g., De Groot, 2000; Gerver, 1976; Padilla, Bajo, Canas, & 
Padilla, 1995; Rinne et al., 2000) the study of which can provide important insights in 
psycholinguistics and cognitive science (e.g., De Groot, 2000; Frauenfelder & Schriefers, 
1997; Lonsdale, 1997; MacWhinney, 1997; Setton, 1999). 

The goal of this dissertation is to shed some light on the skills and processes involved 
in simultaneous interpreting. SI has not yet received widespread attention in cognitive 
psychology. Nevertheless, during the last thirty years, some progress has been made in 
revealing some of its intricacies. These will be discussed in a general review of the research 
literature in the second chapter of this dissertation. The remaining chapters concern 
experimental studies of simultaneous interpreting. As the chapters are based on separate 
papers they may be read independently of each other. For this reason, there is inevitably 
some overlap between the chapters. 

1.1 Overview of this dissertation 

In the Chapter 2 issues and studies concerning SI are reviewed. Briefly, SI is contrasted to 
written translation. The unique characteristics of this task and comparisons with other 
similar tasks illustrate the demanding nature of SI. Several factors influence SI performance, 
including the listening conditions and the language combination involved. Some processing 
aspects, such as the control of languages and language recoding, are discussed. The question 
is being posed whether experience in interpreting is related to some special capabilities and 
possible cognitive subskills of SI, such as exceptional memory skills, are discussed. Finally, 
the more general implications of language user's ability to perform SI for theories of 
language production are considered. Since this review aimed at being comprehensive it 
should not be regarded as a specific introduction to the subsequent chapters. 

In Chapter 3 two components of SI are investigated, which are often considered to be 
the major sources of complexity in SI: the simultaneity of comprehension and production, 
and the transformation of the input. Moreover, the distinction that can be made within the 
transformation component between the reformulation of input and the switch of language is 
explored. A set of tasks is administered that presumably differ in the involvement of the 
different components: Repetition of sentences (shadowing), reformulation of sentences in the 
same language (paraphrasing), and translation of sentences (interpreting). The sentences are 
presented auditorily in a simultaneous and a delayed condition. Performance in these tasks is 
assessed in a number of ways: both the quality and the amount of output are examined but 
also temporal data and retention of stimulus material is taken into account. 

In Chapters 4 and 5 the question is whether cognitive subskills can be identified that 
are important for successful SI. Both chapters focus on basic language skills and working 
memory. 
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Chapter 4 considers the relation between individual differences in lexical retrieval, 
working memory and simultaneous interpreting in bilinguals without any previous SI 
experience. A reading span task in two languages and a verbal digit span in the native 
language are administered to assess memory capacity. Picture naming and word translation 
tasks are administered to tap the retrieval time of lexical items in two languages. The chapter 
consists of two parts. A correlational analysis is presented first to examine the association 
between lexical retrieval and working memory on the one hand, and SI on the other hand. In 
the second part, a graphical models analysis is performed. The obtained model decribes the 
relations between performance on the lexical retrieval and memory tasks and SI. 

Chapter 5 examines whether professional interpreters possess certain unique cognitive 
skills. Again, lexical retrieval tasks are administered. Memory tests now include, in addition 
to the reading span task, a speech span, and a word span task in two languages. Furthermore, 
two control tasks are included measuring vocabulary and basic reaction time. In the first 
experiment, professional interpreters are compared to bilinguals without experience in 
simultaneous interpreting. In the second experiment the role of language proficiency is 
assessed by including English teachers and comparing them to the professional interpreters. 

In the final two experimental chapters memory for input is examined, starting from the 
finding that retention of texts tends to be better when listening to the text than when 
simultaneously interpreting it (Daro & Fabbro, 1994; Gerver, 1974b; Isham, 1994; Lambert, 
1988). In both chapters the results are discussed in terms of the working memory account of 
Baddeley and colleagues (e.g., Baddeley & Logie, 1999) taking a newly introduced 
component of this model into account: the episodic store (Baddeley, 2000). According to 
this model concurrent articulation prevents rehearsal in the articulatory loop component of 
working memory, which, in turn, has a disruptive effect on recall. This is relevant for 
interpreting since in SI people routinely comprehend and maintain speech while articulating 
at the same time. 

In Chapter 6 it is investigated whether articulatory suppression also affects retention 
when, as in interpreting, coherent text is to be remembered or meaningful material is 
articulated. In Experiment 1, three conditions are presented in which participants just 
listened to a set of stories, or listened while articulating the same sound or different words 
continuously. In each condition, one story was coherent while another was made incoherent 
by randomizing the sentences. In Experiment 2, individual differences in retention under 
conditions of AS are related to simultaneous interpreting performance. 

In Chapter 7 retention in listening, shadowing, and interpreting are compared. Previous 
studies comparing the latter two tasks have obtained inconsistent results. The goal of this 
study is to compare shadowing and SI in a study that focuses on measuring recall and to gain 
more insight into which factors contribute to the differential results in previous research. 
Therefore, two languages are tested and different recall measures are used, concerning recall 
of gist and exact wording of the input. Moreover, two additional conditions are included, 
articulatory suppression and random letter generation, which both involve concurrent 
articulation but are known to differ in the amount of central resources they consume. 
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Finally, in Chapter 8, the last chapter of this dissertation a short summary is presented, 
discussing the most important findings. 



2 
Simultaneous Interpreting: A cognitive 
Perspective1 

2.1 Introduction 

When people are faced with a foreign-language barrier, the usual way around it is to find 
someone who speaks both languages to translate for them. Translation involves rephrasing a 
message expressed in one language - the source language - into another language - the 
target language. The term translation is often used in a broad sense, to refer to any way in 
which a fragment of source language can be turned into the analogous target language 
fragment, irrespective of input and output modality. To distinguish explicitly between 
different types of translation, in this chapter the term is generally used in its narrow sense. It 
then refers to text-to-text translation and contrasts with interpreting, which typically 
involves the verbal rephrasing of a source language utterance into a target language 
utterance. From a cognitive perspective it is important to distinguish between translation and 
interpreting because they are likely to engage different cognitive processes (De Groot, 1997, 
2000; Gile, 1997). 

Simultaneous interpreting (SI), sometimes called conference interpreting, can be 
argued to be one of the most complex language tasks imaginable because many processes 
take place at the same time. New input is continuously presented while the interpreter is 
involved simultaneously in comprehending that input and storing segments of it in memory. 
At the same time, an earlier segment has to be reformulated mentally into the target language 
and an even earlier segment has to be articulated (e.g., Gerver, 1976; Lambert, 1992; Padilla 
et al., 1995). The complexity of SI is illustrated by the fact that even professional interpreters 
sometimes make several mistakes per minute (Gile, 1997). This complexity makes the study 
of simultaneous interpreting a challenging enterprise. If we are to understand fully how this 
task is performed, the separate research areas of language comprehension and language 
production, bilingualism, discourse processing, memory, attention, expertise, and complex 
skill performance may all provide relevant insights and should therefore, ideally, all be taken 
into account (De Groot, 2000). On the other hand, the process of SI itself may inform 

This chapter is a slightly adapted version of Christoffels, I. K., & De Groot, A. M. B. (in press). 
Simultaneous interpreting: A cognitive perspective. In J. F. Kroll & A. M. B. De Groot (Eds.), 
Handbook of Bilingualism: Psycholinguistic Approaches. New York: Oxford University Press. 
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theories and models within all these separate research fields (De Groot. 2000: Frauenfelder 
& Schriefers, 1997; Lonsdale, 1997; MacWhinney, 1997, and see MacWhinney. in press). 
Models of bilingualism, for example, need to accommodate the fact that in interpreting two 
languages must be activated and controlled simultaneously (Grosjean, 1997a), and theories 
of speech perception that assign articulation a crucial role in comprehension (e.g., Liberman 
& Mattingly, 1985) should be reconciled with the fact that in SI production and 
comprehension are performed simultaneously. 

2.2 The experimental study of simultaneous interpreting 

In trying to understand SI, researchers have, in general, taken three different approaches. The 
first approach concerns the detailed study of the output of the interpreting process under 
varying circumstances. The second approach is to regard SI as a complex task and as such to 
compare it with other tasks to gain more insight about the relevant processing components. 
For example, interpreting is often compared with shadowing, which involves the immediate 
verbatim repetition of what is heard. Interpreting and shadowing are similar in that both 
tasks involve simultaneous listening and speaking, but they are different in that shadowing 
does not require the input to be transformed. The third approach regards SI as a complex 
skill and compares experienced professional interpreters with students learning SI or with 
untrained but proficient bilinguals. The hypothesis underlying this approach is that 
interpreters may possess specific task-relevant subskills. Superior processing in particular 
cognitive subskills would suggest that the interpreting experience itself may boost these 
skills or that interpreters are self-selected on the specific abilities required for performing the 
task adequately. 

Research on interpreting has its own methodological problems (e.g., Massaro & 
Shlesinger, 1997). A critical issue is that professional interpreters do not abound and 
obtaining an adequate sample for any given study can be difficult, especially if a specific 
language combination is required. Many studies are therefore prone to a lack of statistical 
power, making it hard to draw general conclusions from the data. Other methodological 
problems concern a lack of ecological validity of the experimental setting and the stimulus 
materials (e.g., see Gile, 2000; but also Frauenfelder & Schriefers, 1997). 

In the remainder of this chapter we first discuss a number of essential characteristics 
and processing aspects of SI that together illustrate its cognitive complexity. We then 
examine a set of factors that are known to influence interpreting performance. Next, we 
review research that compares SI with similar tasks. Finally, we consider SI as a 
manifestation of expertise and address some issues that need to be resolved if we were to 
model SI. But before beginning our review of SI research, we describe briefly the different 
forms of interpreting and compare interpreting with translating, to show that cognitively they 
should be regarded as distinct tasks. 
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2.2.1 Forms of interpreting 

In professional practice two kinds of interpreting are common: simultaneous interpreting and 
consecutive interpreting. The main difference between these two forms of interpreting is the 
timing between input and output. In consecutive interpreting, an interpreter starts to interpret 
when the speaker stops speaking, either in breaks in the source speech (discontinuous 
interpreting) or after the entire speech is finished (continuous interpreting) (see also, Gerver, 
1976). The consecutive interpreter usually takes notes while the source speech is being 
delivered. SI contrasts with consecutive interpreting in that the interpreter is required to 
listen and speak at the same time, instead of alternating between listening and speaking. As a 
consequence, the cognitive demands of SI and consecutive interpreting are likely to be 
different. Consecutive interpreting puts large demands on long-term memory because it 
requires reciting a message into another language on the basis of memory and a few notes, 
whereas in SI constraints in online information processing are likely to constitute the main 
challenge to acceptable performance. 

Mixtures of text-to-text translation and interpreting also exist. For example, in so-
called 'sight interpreting', the interpreter produces a verbal translation of a written text 
(Moser-Mercer, 1995). SI from or into a sign language is especially interesting because one 
of the languages involved is in a different modality. 

2.2.2 Interpreting versus translating 

In many respects translating and interpreting are very similar tasks. Both are modes of 
bilingually mediated communication for a third party (see also Neubert, 1997). These forms 
of language use are unique in the sense that interpreters and translators are not supposed to 
contribute to the content of the message that they have to transfer. In addition to monitoring 
what they say or write, as normal speakers or writers would do, interpreters and translators 
have to match the content of what they say or write to the content of a source text. 

The typical differences between translating and interpreting concern the modes of 
input and output. These are the visual and written mode in the case of translating and the 
auditory and verbal mode in the case of interpreting. There are other obvious differences 
between the two (see Gile, 1995; Padilla & Martin, 1992), some of which are likely to 
influence the comprehension process. In SI, the input rate is determined by the speaker of the 
source text. The rate will usually be comparable to that in normal speech, that is, about 100 
to 200 words per minute. Speech is transient; any information missed is irretrievable. The 
clarity of input in interpreting can vary widely due to the variability of the speakers, or due 
to variability of the quality in technical equipment and environmental circumstances. In 
translating, the source text is static and permanently available. It can be consulted and reread 
at a rate that suits the translator. 

With regard to language production, there is a noticeable difference in the amount of 
output produced by interpreters and translators within a given time span. Interpreters usually 
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work in pairs, taking turns approximately every 30 minutes. The speed of delivery is 
speaking rate. This amounts to up to approximately 4000 words on average in a 30-minute 
turn. Translators usually produce that amount of translated text in an entire day. More 
importantly, there is only one 'go' to produce a good interpretation, whereas iterative 
improvement of the target text is an essential component of the translation process (Gile, 
1995; Moser-Mercer, Kiinzli, & Korac, 1998). When translating, there is also an opportunity 
to use dictionaries and to consult experts and colleagues. In contrast, interpreters have to 
acquire the relevant knowledge in advance. Moreover, interpreting always takes place 'in 
front' of an audience. Interpreting output is immediately evaluated by clients and colleagues, 
whereas translations are often reviewed by an editor before the final version is presented. 

Interpreters usually do have the advantage of sharing the communicative context with 
the source speaker and the listeners. Also, both the interpreter and the audience have access 
to extralinguistic information to aid comprehension (e.g., nonverbal communication, slides). 
In translation, the translated text is typically the only source of information available to its 

readers. 
A translated text is generally of a higher quality than an interpreted text, a fact that 

relates, in addition to cognitive demand differences between the tasks, to differences in the 
goals that need to be achieved in the two tasks. The readers of a translation expect a well-
written text and, therefore, the linguistic acceptability requirements are very high in 
translating. For interpreters it is especially important to deliver clear target language but the 
stylistic demands are those of ordinary speech. Linguistically less well-formed utterances 
and a less precise rendering of the source text are acceptable. A final noteworthy difference 
is that an interpreted text is usually shorter than the original source text, whereas a translated 
text is usually longer (Chernov, 1994; Padilla & Martin, 1992). The latter difference implies 
that interpreting involves a loss of information. 

2.3 Characteristics of simultaneous interpreting 

2.3.1 The simultaneity of comprehension and production 

One of the most salient features of SI is that two streams of speech have to be processed 
simultaneously: The input has to be understood and the output has to be produced. Note that 
this implies that interpreters have a split conceptual attention (MacWhinney, 1997, in press). 
One conceptual focus is directed to understanding the input, the other focus is on 
conceptualizing and producing an earlier part of the message. Past research suggests that 
interpreters exploit natural pauses and hesitations in the source speech to reduce 
simultaneous processing to a minimum (Barik, 1973; Goldman-Eisler, 1972, 1980). In an 
analysis of the temporal characteristics of source and target delivery patterns, Barik (1973) 
confirmed that interpreters proportionally speak more during pauses in the input than would 
be expected if the input and output patterns were independent (but see Gerver, 1976). When 
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taking this into account, about 70% of the time that interpreters are speaking, they are 
simultaneously listening to input (Chernov, 1994). In other words, most of the time 
interpreters have to cope with simultaneous comprehension and production of language (see 
also Goldman-Eisler, 1972). 

2.3.2 The lag between source and target message 

The production of the target message usually lags behind that of the source message by a 
few seconds. Before being able to interprete, enough input has to be available to deliver an 
adequate interpretation. This lag, the so-called ear-voice span, is measured as the number of 
words or seconds between the input and the corresponding output. 

Average lags reported for interpreting are longer than for shadowing. For interpreting, 
the average lag varies between 4 to 5.7 words (Gerver, 1976; Goldman-Eisler, 1972; 
Treisman, 1965) whereas for shadowing it varies between 2 to 3 words (Treisman, 1965; 
Gerver, 1976). Consistent with Barik (1973), who reported lags of 2 to 3 s for interpreting, in 
our laboratory we observed average lags of about 2 s for interpreting and 1 s for shadowing. 
We estimated this to be equivalent to about 5 words for interpreting and between 2 to 3 
words for shadowing (Christoffels & De Groot, 2003, Chapter 3). 

The ear-voice span is likely to be influenced by a number of factors, such as the 
language of input (Goldman-Eisler, 1972). Even so, the reported average span across the 
various studies seems consistent. In fact, as we will discuss in a later section, some input 
manipulations do not influence the ear-voice span at all. The span appears to result from an 
interplay between two contrasting factors. The first is that there is an advantage in waiting as 
long as possible before starting to produce the translation. The longer the actual production 
is delayed, the more information about the intended meaning of the input is available (see 
also Barik, 1975; Kade & Claus, 1971), and the lower the chance of misinterpretation 
because ambiguities may be resolved. In support of this, in a study on sign language 
interpreting Cokely (1986) observed that the number of errors was negatively correlated with 
time lag. Furthermore, Barik (1975) suggested that specific difficulties observed in SI with 
function words (e.g., to, for, as) are caused by misinterpretation due to too short an ear-voice 
span. Since these words are highly ambiguous without sufficient context, they may be 
misinterpreted when translated before the intended meaning is fully resolved. In contrast, 
there is also an advantage of keeping the lag as short as possible because a short lag taxes 
memory less than a long lag. With a long lag the interpreter runs the risk of loss of 
information from working memory, with the effect of losing the thread of the input speech. 
Barik (1975) reported that the longer the interpreter lagged behind, the greater the likelihood 
that source text content was omitted. 

To conclude, there appears to be an optimal ear-voice span, which is a compromise 
between the length of the stretches of input required for full understanding and the limits of 
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working memory. The result of these opposing demands settles on an average lag of four to 
five words (see also Anderson, 1994; Goldman-Eisler, 1980). 

2.3.3 The unit of interpreting 

Closely related to the issue of an optimal ear-voice span is the question of what constitutes 
the unit ('chunk') from which SI output is built. The interpreting unit is probably larger than 
a single word, because the span consists of several words on average. Moreover, literal 
word-by-word translation would render an unintelligible interpretation, if only because 
languages often differ in word order and single words do not always have an exact 
translation equivalent. So, rather than translating each incoming word separately. 
interpreting usually involves rephrasing at a higher level (Goldman-Eisler, 1980; Schweda-
Nicholson, 1987). 

In an analysis of a large number of translation chunks, Goldman-Eisler (1972) found 
that for about 92% of these chunks the ear-voice span consisted of at least a complete noun 
phrase + verb phrase, from which she concluded that the verb phrase is an especially crucial 
part of the input chunk. Apparently, grammatical information is needed before interpretation 
is possible and the clause may be the favored unit in interpreting. This is also indicated by 
the tendency of interpreters to postpone the translation when the verb is uttered late in the 
input clause. Furthermore, Goldman-Eisler found that in 90% of the cases interpreters started 
to translate before a natural pause in the source speech occurred, which suggested that 
interpreters do not merely mirror the input chunking of the speaker but impose their own 
segmentation of the text. Nevertheless, Barik (1975) found that the more the speaker of the 
source text paused at grammatical junctions, the better the performance. The usefulness of 
such input parsing again converges with the idea of the clause as the unit of processing in 
inteipreting. In an eye-tracking study involving sight interpreting of ambiguous phrases 
presented in context, McDonald and Carpenter (1981) reported that during the first 'pass' 
parsing was very similar to parsing in ordinary reading. The interpretation was typically 
produced during a time consuming second 'pass' of a chunk, when phrases were reread. 
They concluded that parsing or chunking in (sight) translation is initially very similar to the 
analogous processes in reading comprehension. 

It seems that a good candidate for the preferred unit of interpreting is the clause. 
Interpreting strategies, which may also influence the size of the chunking unit, are discussed 
in a later section. 
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2.4 Processing aspects of simultaneous interpreting 

2.4.1 Control of languages 

It is a basic requirement of SI to produce "pure" target language, that is, language that does 
not contain any language switches. Yet, the nature of the task demands that both languages 
are simultaneously activated while performing the task. Therefore, control of languages is 
crucial to SI. To explain how languages are kept separate and interference of the nontarget 
language is prevented in common speech of bilinguals, a number of recent theories propose a 
mechanism of external global inhibition or deactivation of activity in the nontarget language 
system and/or global activation of the target language (De Bot & Schreuder, 1993; Dijkstra 
& Van Heuven, 1998; Green, 1986, 1998, in press; Grosjean, 1997a; Paradis, 1994). 
Experiments on language switching provide evidence for a general inhibitory control 
mechanism (e.g., Meuter, in press; Meuter & Allport, 1999). That the control of languages 
may be especially important in SI is suggested by the results of a positron emission 
tomography (PET) study by Price, Green, and von Studnitz (1999). These authors reported 
that word translation in comparison to reading in LI and L2 increased the activity of the 
areas in the brain believed to control action. 

The issue of language control is most directly addressed by the inhibitory control 
model proposed by Green (1986, 1998). In this model the bilingual avoids speaking in the 
unintended language by suppressing activity in the nontarget language system. So called 
'language task schema's' compete to determine the output. Top-down control is achieved by 
an executive system that boosts the activation of the target task schema (and suppresses 
activation of the competing task schemas). Translation is given as an example task where an 
alternative schema must be suppressed. According to Green (1998, in press), presentation of 
a word in the first language (LI) that has to be translated in the second language (L2) will, in 
addition to a translation schema, also trigger the 'naming-in-Ll' task. In order to translate 
from LI to L2, an LI production schema must be inhibited and the schema for L2 must be 
activated; that schema, in turn, inhibits lemmas that are tagged to belong to LI. If word 
translation is a task that already involves high levels of control, then the control demands 
imposed by SI on the cognitive system must be very high indeed. 

SI may be problematic for any activation-inhibition account because, unlike common 
language production by bilinguals, SI requires activation of both languages simultaneously. 
A number of authors have considered ways in which SI might be integrated into existing 
theoretical frameworks and the implications for language selection and control. 

In a 'framework towards a neurolinguistic theory of SI', Paradis (1994, 2000) 
proposed the subset- and the activation threshold hypothesis (see also Paradis, 1997). The 
subset hypothesis states that all the elements of one language are strongly associated into a 
subset that behaves like a separate network, and that can be separately activated or inhibited. 
The activation threshold hypothesis holds that an item is selected when its activation exceeds 
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that of its competitors, which are simultaneously inhibited (their activation thresholds are 

raised). More impulses are required to voluntarily self-activate a trace (in production) than to 

activate it by external stimuli (in comprehension). When a bilingual speaks in one language 

only, the activation threshold of the nonselected language is raised sufficiently to prevent 

interference during production (cf. the notion of global inhibition). Paradis (1994, 2000) 

suggested that in SI the threshold of the source language is higher than the threshold of the 

target language because production requires more activation than comprehension. It is not 

clear whether such an activation pattern will allow for the production of target language 

only, without interference from the source language, or what the consequences are of higher 

activation of the target language for comprehension of the source language. 

De Bot (2000) discussed a bilingual version of Levelt's model for language production 

in relation to interpreting (see De Bot & Schreuder, 1993)2. Like Paradis, De Bot assumed 

that language-specific subsets develop, that spreading activation is the main mechanism of 

selection of elements and rules, and that languages can be separately activated as a whole. In 

the bilingual counterpart of Levelt's model all linguistic elements are labeled for language. 

At the conceptual level (the preverbal message) it is specified what the language of a 

particular output chunk should be. To prevent the selection of source language elements, De 

Bot (2000) suggested that in SI the target language cue has a high value, so that only 

elements from that particular language are selected. 

Finally, Grosjean (1997a) attempted to integrate SI within the theoretical concept of 

the language mode continuum, which entails that bilinguals may find themselves on a 

continuum with the extreme points of being in a completely monolingual mode (complete 

deactivation of the other language) or in a completely bilingual mode (both languages are 

activated and language switches can occur). To allow for SI, Grosjean added input and 

output components to the continuum and suggested that the activation of these two 

components, rather than the level of activation of each language, varies. At the input side 

both languages are activated, to allow for comprehension of input and monitoring of output. 

At the output side the source language output mechanism is inhibited (in the monolingual 

mode). Grosjean aknowledged that even with the addition of these two components to his 

model unanswered questions remain, such as how the interpreter is able to occasionally 

switch from target to source language while for production the source language should be 

strongly inhibited. 

To our knowledge no past studies, have examined language control in SI. 

Nevertheless, the control of languages is an important aspect of processing in SI. In the final 

2 In Levelt's model three sub-components are proposed. The first component, the conceptualizer, 
formulates the intended message in a preverbal, non linguistic form. This preverbal message contains 
all the information required for the second component, the formulator, to convert the message in a 
speech plan by applying grammatical and phonological rules and selecting the appropriate lexical 
items. Lexical items consist of two parts, the lemma (representing meaning and syntax) and the 
lexeme (representing morpho-phonological form). The third component, the articulator, subsequently 
converts the speech plan into sounds. 
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part of this chapter this issue, and specifically the issue of selectively producing target 
language in SI, will be discussed further. 

2.4.2 Language recoding 

What exactly happens when the source language is recoded in the target language? 
Theoretically, two interpreting strategies have been distinguished: a meaning-based strategy 
and a transcoding strategy (e.g., Anderson, 1994; Fabbro & Gran, 1994; Fabbro, Gran, 
Basso, & Bava, 1990; Isham, 1994; Isham & Lane, 1994; Massaro & Shlesinger, 1997). 
These strategies have also been referred to as 'vertical' and 'horizontal' translation (De 
Groot, 1997, 2000), or 'strategy I' and 'strategy II', respectively (Paradis, 1994). 

Meaning-based interpreting is conceptually mediated interpretation. The interpreter is 
thought to retain the meaning of chunks of information and to recode the meaning of these 
chunks in the target language (Fabbro & Gran, 1994). In other words, according to this 
strategy, interpreting involves full comprehension of the source language in a way similar to 
common comprehension of speech. From the representation of the inferred meaning, 
production takes place in the target language. 

The transcoding strategy involves the literal transposition of words or multi-word 
units. The interpreter supposedly translates the smallest possible meaningful units of the 
source language that have an equivalent in the target language. Transcoding is often called a 
word-based or word-for-word strategy (e.g., Fabbro et al., 1990), but if this strategy strictly 
involved replacing single words by their translation equivalents, its role has to be limited, 
since the resulting interpretation would be unintelligible. Paradis (1994) proposes that 
transcoding can take place at different levels of the language system (phonology, 
morphology, syntax, and semantics) by automatic application of rules. One linguistic 
element is directly replaced by its structural equivalent in the target language. Figure 1 
depicts the two alternative strategies. They are usually not considered to be mutually 
exclusive; both strategies can be available to the experienced interpreter. 

The important difference between these two strategies is that in transcoding small 
translation units are transformed into the other language without necessarily first being fully 
comprehended and integrated into the discourse representation, whereas the meaning-based 
strategy clearly involves full comprehension, including grasping the pragmatic intention of 
the input, after which the constructed meaning is produced in the target language. 

According to Paradis (1994), translation-specific systems subserve the transcoding 
strategy. Connections between equivalent items in the two languages may function 
independently of those that subserve each of the separate languages: Patients showing 
'paradoxical translation' after brain damage were able to translate into a language that was 
not available for spontaneous production, but comprehension of both languages was normal 
at all times (Paradis, Goldblum, & Abidi, 1984, in Paradis 1994; see also, Green, in press). 
According to Paradis this shows that there are four neurofunctionally independent systems: 



14 Chapter 2 

one underlying LI, one underlying L2. and two translation specific systems involving 

connections between the two languages, both from LI to L2 and vice versa. The meaning-

based strategy does not appeal to these systems. Meaning-based interpreting depends on 

implicit linguistic competence, acquired incidentally and used automatically, whereas 

transcoding depends on metalinguistic knowledge that is learned consciously and available 

to conscious recollection. 

SL utterance TL utterance 

Figure 1. Two alternative interpreting strategies, based on Paradis (1994). The light arrows 
depict the meaning-based strategy. The source language utterance is fully comprehended and 
represented at a nonverbal conceptual level before its meaning is produced as an utterance in 
the target language. The dark arrows depict the transcoding strategy, according to which 
particular parts of the utterance, for example a certain word or grammatical construction, are 
directly transcoded into their equivalent in the target language. 
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Transcoding, or more specifically, word based interpreting, is often regarded as an 
inferior interpreting procedure and is associated with unacceptable output (e.g., Shreve & 
Diamond, 1997). It is supposedly used relatively often by inexperienced interpreters, in the 
case of difficult source text (e.g., highly technical text), or under stress (Fabbro & Gran, 
1994). In contrast, Paradis (1994) argues that beginning interpreters often employ the 
meaning-based strategy, whereas skilled interpreters may use transcoding because the rules 
underlying transcoding presumably have to be learned. 

Transcoding at the lexical level does not necessarily imply that words are translated 
via direct lexical links between the form representations of the corresponding source 
language and target language words, as in the word association model for word translation 
(Potter, So, Von Eckardt, & Feldman, 1984). Translation of individual words can be 
semantically mediated and there is evidence that even for an early stage of learning an L2 
this is indeed what happens (De Groot, 2002; but see Kroll & Stewart, 1994). If the semantic 
level is distinguished from a conceptual level of representation, with the former storing the 
lexical meaning of words and the latter containing multi-modal, non linguistic 
representational structures (Pavlenko, 1999; see also Francis, in press), transcoding at the 
word level can be regarded as implicating the semantic level of representation whereas in 
meaning-based interpreting the nonlinguistic conceptual level is involved. 

Theoretical accounts of recoding 

Theoretical accounts of the processes in SI from input to output seem to assume, albeit 
implicitly, that all interpreting is meaning-based interpreting. In the bilingual language 
production model discussed by de Bot (2000) all incoming speech is parsed, delexicalized 
and turned into a nonverbal conceptual code that serves as input to the production 
mechanism. Therefore, input and output speech are not connected and consequently all 
interpreting is conceptually mediated. The two earlier models of Gerver (1976) and Moser 
(1978) were developed as extensions of the information processing models common in the 
1970s (see De Bot, 2000, and Moser-Mercer et al., 1997). Gerver's model focuses on how 
chunks of information are stored temporarily to achieve a continuous stream of input and 
output. Decoding and storage of source language are represented by one component, which 
is connected to a component representing encoding and storage of target language. This 
arrangement suggests that interpretation is considered to be exclusively conceptually 
mediated. Similarly, in Moser's (1978) model, the input is fully comprehended before 
production of the target language is set in motion. Finally, although Paradis (1994) 
postulated the existence of transcoding (see above), in the flowchart of the events in SI that 
he presents again only meaning-based interpreting seems to be represented: After a phrase 
has been decoded, the words' forms are discarded from short term memory and only their 
meaning is retained in long term memory. Subsequently, the chunk is encoded in the target 
language and produced. The idea that the form of the input is discarded during SI, which is 
referred to as deverbalization, is discussed next. 
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Deverbalization 

It is often assumed that in meaning-based SI the source language is completely deverbalized: 
The linguistic forms are lost and only the meaning of the message remains. In other words, 
the message is encoded non-verbally before it is produced in the target language. In fact. 
Seleskovitch (1976) claims that skilled interpreting has nothing to do with finding linguistic 
equivalents of the source language in the target language at all, but only with understanding 
the meaning of the input. According to this strong view of deverbalization, interpreting is 
only possible when the interpreter completely understands what is being said and once a 
fragment of the source language is understood the form is lost and only the meaning remains 
('theorie du sens'). 

Both these aspects of the deverbalization view have been questioned. According to 
Darö (1994) the idea that a good interpretation necessarily implies complete understanding 
of the input is a 'consolidated professional ideology' (p. 265). An interpreter may often not 
understand the content of a message completely but nevertheless succeed in translating the 
'surface structure' of the input (Darö, 1994). Gile (1991) states that there is not much 
evidence in favor of the idea that the source message form is lost. 

Looking at memory for sentence form, Isham (1994) provided evidence against the 
idea that the form of the input is lost in SI. Isham (1993; in 1994) found similar recall of 
sentence form by sign language interpreters who interpreted passages from English to 
American Sign Language and by a control group of non-interpreters who just listened to 
these passages. In a similar study, Isham (1994) found that spoken language interpreters 
recalled less of the sentence form than bilingual listeners. However, the interpreters showed 
two different patterns of recall: One group of interpreters showed form recall similar to that 
of the listeners and the other group showed almost no such recall. Nevertheless, systematic 
deverbalization does not seem to occur; in both of Isham's experiments most of the 
interpreters still had some information on the sentence form available. Isham's (1994) results 
also suggest that the spoken language interpreters' relatively low form recall performance 
may not be caused by SI as such but by working in two spoken languages. This possibility 
will be discussed further in the next section. 

To conclude this section, we are not aware of any experimental evidence on the use of 
qualitatively different interpreting strategies and none of the accounts discussed above have 
incorporated the transcoding strategy. Nevertheless, it seems plausible that both transcoding 
and meaning-based interpreting occur, but complete deverbalization seems unlikely. In fact, 
the two strategies may be difficult to disentangle experimentally, because they may result in 
similar output. On one hand, it is possible that in meaning-based interpreting the exact form 
of the input still resides in an input buffer. This form may therefore still influence the target 
language output, although no transcoding occurs. On the other hand, while transcoding the 
input into matched output, it is likely that this input is also simultaneously processed up to 
full comprehension, resulting in a level of comprehension that may be similar to 
comprehension as a result of pure meaning-based interpreting. 
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2.4.3 Self-monitoring 

Speakers are assumed to monitor their own speech and the self-monitoring system involved 
is thought to employ the comprehension system (Levelt, 1989). However, in SI the 
comprehension system is already occupied with understanding the source text (Frauenfelder 
& Schriefers, 1997). This raises the question how monitoring in SI comes about. That 
interpreters indeed monitor whether the produced translation is correct, has been suggested 
by several authors (Gerver, 1976; Isham, 2000; Lonsdale, 1997), and is evident from the 
self-corrections that we have observed in our own data and that were reported by others 
(e.g., Gerver, 1976). 

Most of the theoretical accounts of SI discussed earlier have incorporated some form 
of output monitoring. In both Gerver's (1976) and Moser's (1978) model, the monitoring of 
output is performed by comparing the meanings of the source message (retained in the input 
buffer) and the target message before production takes place. In Paradis' account (1994) it 
occurs after production has taken place. Paradis himself noted that the comparison between 
the meaning of the source and target messages is not specified, nor is there consideration to 
what happens when the output is not satisfactory. 

What makes the issue of output monitoring in SI really interesting is that apparently 
three speech streams in two languages reside simultaneously in the language system, 
namely, the comprehension of input, the production of output, and the monitoring of output. 
Especially for the comprehension system, the situation is complicated since it needs to 
handle source language input and target language output simultaneously. How these speech 
streams can all co-occur at the same time, and how they are kept separate from one another, 
are questions that still have to be resolved. 

2.4.4 Memory processes 

SI poses a great burden on working memory, as interpreters simultaneously have to store 
information and perform all sorts of mental operations in order to comprehend, translate, and 
produce speech. Additionally, since interpreters monitor their output, it may be necessary to 
keep some sort of representation of the input phrase available until after production in the 
target language. 

One of the best-known models of working memory is that of Baddeley and colleagues 
(see e.g., Baddeley & Logie, 1999; Gathercole & Baddeley, 1993). This multiple component 
model consists of a 'central executive' and two 'slave' systems, specialized for the 
temporary storage of phonologically based material and of visuospatial material. These 
subsidiary systems are called the 'phonological loop' and the 'visuospatial sketchpad', 
respectively. A fourth component has been recently proposed, the 'episodic buffer', which is 
a limited-capacity store capable of integrating information from different sources in a multi
dimensional code (Baddeley, 2000). The central executive is seen as a mechanism 
controlling processes in working memory, including the coordination of the subsidiary 
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systems, the control of encoding and retrieval strategies, and the manipulation of material 
held in these systems. The phonological loop is specialized in maintaining verbally coded 
information and is therefore the most relevant slave system for SI. It consists of two parts: 
the phonological store and the subvocal rehearsal process. The phonological store retains 
material in a phonological code, which decays over time. The subvocal rehearsal process 
serves to refresh the decaying representations in the store. 

Short-term recall for lists of words is disrupted when participants continuously 
articulate irrelevant syllables during the presentation of these words, a technique called 
articulatory suppression (e.g., Baddeley, Lewis, & Vallar, 1984). Articulatory suppression 
also leads to reduced recall of auditorily presented short discourse (Christoffels, 2003b, 
Chapter 6). The requirement to maintain information during speech production may be an 
important aspect of the task difficulty of SI, since producing speech during SI resembles 
articulatory suppression. In fact, one may expect reduced recall due to the disruption of the 
rehearsal process in all tasks where comprehension and verbal production are involved 
simultaneously (see also Darö & Fabbro, 1994; Isham, 2000). 

Recall following SI. Text recall is indeed better after listening to a text than after 
interpreting it (e.g., Darö & Fabbro, 1994; Isham, 1994; Gerver, 1974b). Comparing recall 
following SI with recall following other tasks produced, however, mixed results. Gerver 
(1974b) found that recall was best following listening and worst after shadowing, with 
performance following interpreting somewhere between the other two conditions. Likewise, 
Lambert (1988) found that recall was best following listening and simultaneous or 
consecutive interpreting, and worst following shadowing. Gerver and Lambert attributed the 
better performance after interpreting rather than shadowing to the more elaborate processing 
during interpreting. The fact that recall was best after listening was attributed to the negative 
effect of divided attention in SI where, unlike in listening, concurrent interfering vocal 
activity takes place. 

Darö and Fabbro (1994) measured digit span following four conditions: Participants 
silently listened to the digits, performed articulatory suppression while listening to the digits, 
shadowed, and interpreted the digits. In contrast to the results mentioned above, the main 
finding was that digit span was smaller in the interpreting condition than in any of the 
remaining conditions, including shadowing. Moreover, in the shadowing condition the digit 
span was not lower than in the listening condition or any other condition. However, 
shadowing involved verbal repetition of digits that were presented one second apart; these 
circumstances may actually support recall. The different conclusions on whether shadowing 
or interpreting leads to better recall may also have resulted from differences in the relative 
importance of short- and long-term memory in recall performance in the above-mentioned 
studies. Darö and Fabbro measured relatively immediate and verbatim recall in comparison 
to recall measured after presenting a complete discourse (e.g., Gerver, 1974b). 

In a recent study, we compared recall of sentences after shadowing, paraphrasing, and 
interpreting in twenty-four unbalanced bilinguals with no previous experience in SI 
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(Christoffels & De Groot, 2003, Chapter 3). Paraphrasing in this context involved rephrasing 
the meaning of a sentence in the same language but in different words or using alternative 
grammatical constructions (see Moser, 1978). In contrast to the aforementioned studies, we 
found no significant differences in recall between these tasks (see also, Christoffels, 2003a, 
Chapter 7). We also presented a delayed version of the three tasks, in which there was no 
simultaneous comprehension and production of speech. Recall was significantly worse in the 
simultaneous than in the delayed condition, which can be explained by the prevention of 
sub vocal rehearsal in the simultaneous condition, but also by the higher cognitive demands 
of simultaneous comprehension and production. To summarize, memory performance after 
interpreting is worse than after just listening to a text, but the relevant studies disagree on 
whether interpreting leads to better memory performance than shadowing. 

Two possible causes for the reduced recall after SI in comparison to listening can be 
deduced from the articulatory loop model. First, production of the target speech may lead to 
prevention of subvocal rehearsal. Second, apart from the incoming source language, the 
interpreter's own voice enters the phonological store, possibly causing interference. Isham 
(2000) found that verbatim recall after articulatory suppression was worse than both recall 
after common listening and after dichotomously listening (listening to two speech streams 
presented each in one ear). He therefore concluded that reduced recall in SI is mainly caused 
by the actual production of speech and not by the fact that two speech streams enter the store 
simultaneously. 

In conclusion, interference from articulatory activity forms at least a partial 
explanation of the better recall following listening than following interpreting a text. This is 
also indicated by the better sentence recall of sign language interpreters in comparison to 
spoken-language interpreters (Isham, 1994). The exact role of working memory in SI is as 
yet unclear. It remains to be seen whether there is a role of working memory in interpreting 
beyond its role in ordinary language comprehension and production (see Gathercole & 
Baddeley, 1993). That such is the case is suggested by some studies that indicate that 
professional interpreters possess outstanding memory skills (see the section on cognitive 
skills). Apart from the phonological loop, the central executive and the episodic store are 
bound to be important. They are presumably involved in the activation of relevant 
information in long-term memory, the suppression of irrelevant information, the integration 
of information, and the coordination of the different processes during SI (see also Bajo, 
2002). 
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2.5 Determinants of interpreting output 

2.5.1 Listening conditions: input rate, information density, and sound quality of 
input 

Input rate influences the rate at which information has to be processed. Consequently, it also 
influences interpreting performance. It is not always the case, however, that the faster the 
input rate the harder interpreting becomes. Slow, monotonous delivery of the source 
message can be as stressful as a speeded presentation (Gerver, 1976). According to Gerver, 
rates between 100 and 120 words per minute are comfortable for the interpreter. When 
comparing the effect of increasing the input rate in shadowing and interpreting (from 95 up 
to 164 words per minute) he found that the proportion of correctly shadowed text decreased 
only at the two highest rates whereas in SI performance decreased further with each increase 
in input rate. Moreover, shadowers maintained a steady ear-voice span of two to three words 
at all input rates and increased their articulation rates as input rate increased. In contrast, the 
interpreters' span increased from 5 to 8.5 words and their output rate remained the same, 
indicating that they paused more and spoke less the higher the input rate (Gerver, 1969, in 
Gerver, 1976). 

Shadowing performance is more accurate than SI performance, both for untrained 
bilinguals (Treisman, 1965) and for professionals (Gerver, 1974a). Treisman investigated the 
effect of information density rather than input rate. Interpreting suffered more than 
shadowing from increasing information density. No effect of information density on the ear-
voice span was found. The latter result was, however, based on six participants only, so this 
null-effect can be caused by lack of statistical power. Similarly, Gerver found that the 
manipulation of the amount of noise in the input had a larger effect on the number or errors 
in interpreting than in shadowing. The ear-voice span, again, remained constant irrespective 
of the amount of noise. This finding suggests that interpreters sacrifice accuracy in order to 
keep a constant ear-voice span (Gerver, 1976). Alternatively, the participants may already 
have performed at their maximum lag in the relatively easy conditions and were therefore 
unable to increase their ear-voice span any further when the amount of noise or the 
information density increased (see the previous discussion on the lag between source and 
target language). 

To summarize, these findings indicate that interpreting is more difficult and more 
sensitive to factors influencing task difficulty than shadowing. Furthermore, they show that 
not all factors that increase task difficulty also affect ear-voice span. 

2.5.2 Translation direction and language combination 

A recurring question concerns the role of the direction of translation in interpreting. It is 
often claimed that interpreting is easier into than from one's native language, which is 
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typically the interpreters' dominant language (see Barik, 1975: Gerver. 1976; Gile. 1997; 
Treisman, 1965). In word translation studies such a directional effect has been observed by 
some authors, who have shown that translating from LI into the second language L2 is 
slower and more prone to errors than translating from L2 into LI (e.g., Kroll, Michael, 
Tokowicz, & Dufour, 2002; Kroll & Stewart, 1994), but others have reported null-effects or 
even the opposite effect (Christoffels, De Groot, & Waldorp, in press, Chapter 4; De Groot 
& Poot, 1997; La Heij, Hooglander, Kerling, & van der Velden, 1996, see for discussion, 
Kroll & De Groot, 1997). 

In interpreting studies there is little experimental evidence in support of any directional 
effect. Rinne et al. (2000) compared, among other things, interpreting from and into the 
native language, using PET. They found more extensive activation during translation into 
L2, possibly reflecting differences in difficulty between the two translation directions. 
Treisman (1965) found that both French dominant and English dominant bilinguals (without 
interpreting experience) were better when interpreting from English into French than when 
interpreting in the reverse direction. In a study on allocation of attention and text type, Darö, 
Lambert, and Fabbro (1996) found no effect of translation direction whatsoever. Finally, 
Barik, (1973; 1994) provided a detailed analysis of translation-direction data of three 
professional interpreters and three inexperienced participants. For the professionals, the 
number of errors and omissions were the same for the two directions. Interestingly, the 
participants without experience in SI performed better when interpreting from LI into L2 
than vice versa. These participants remarked that they could remember the source text better 
if it was presented in LI. Although highly speculative, this suggests that memory processes 
may be a factor causing translation direction effects in interpreting. To conclude, so far the 
effect of translation direction has not been consistent. 

It is possible that the particular language combination involved influences the 
difficulty of interpreting: The more the two languages involved deviate from one another on 
the lexical, morphological, syntactic, semantic and pragmatic levels, the more difficult SI is 
likely to be. For example, Barik (1975) observed that syntactic differences between source 
and target language might cause problems. If, for instance, certain grammatical constructions 
specific to a (source) language are transferred into the target language, awkward or 
ungrammatical target language may result. Note that such an influence of the source 
language on the target language may indicate a role for the transcoding strategy in SI 
discussed earlier. 

Goldman-Eisler (1972) found a longer ear-voice span for interpreting from German to 
English than from English to French or French to English. The author attributed this finding 
to the fact that in German the verb frequently follows the object (SOV order). Since the 
minimal translation unit is likely to be a clause (as discussed earlier), when interpreting from 
German into English the interpreter may have to wait for the verb in the input, causing a 
lengthening of the ear-voice span. Similar problems may arise when interpreting from 
languages with occasional Verb-Subject-Object (VSO) order such as Arabic (Gile, 1997; 
MacWhinney, 1997, in press). It seems then that for some language combinations the 
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demands on working memory are larger than for other language combinations. As a 
consequence, it may be easier to interpret into or from some languages relative to others, 
depending on the particular language combination involved. 

The effort model of SI (Gile, 1995, 1997) provides a capacity account of why effects 
of language combinations may arise. This model discusses SI in terms of a limited capacity 
system. Three basic concurrent, conscious, and deliberate 'efforts' are presented: the 
listening and analysis effort, the production effort, and the memory effort. Each effort 
represents all the different processes involved in comprehension, production, and memory, 
respectively. Moreover, a separate coordination effort is postulated. At any point in time the 
three basic efforts are processing different speech segments. The total capacity requirement 
is the sum of all four efforts. It varies depending on the specific information segments that 
are being processed and therefore fluctuates in accordance with the incoming speech flow. 
As a consequence, errors may even occur with relatively easy source segments because of a 
sequential failure originating from an upstream difficulty in the source message. For 
example, when capacity needed to produce a difficult chunk is not immediately available, 
this causes an increased memory load because incoming input has to be stored until 
production is possible. The additional capacity required for memory may diminish capacity 
for comprehension, which, in turn, may lead to problems in the comprehension of the next 
speech segment. Specific difficulties with certain language combinations can be expected for 
similar reasons. For example, syntactic differences between source and target language that 
force an interpreter to wait before formulating the target utterance tends to increase the load 
on the memory effort. 

To summarize, the sparse experimental data suggest that of the two variables discussed 
in this section, that is, translation direction and language combination, the latter may be the 
more important determinant of interpreting performance. 

2.5.3 Source text characteristics 

Redundancy and the possibility of anticipation 

The characteristics of the source text, especially the degree to which it is redundant, are 
likely to have an effect on interpreting performance. Chernov (1994) states that given the 
large processing load involved, simultaneous interpreting of nonredundant speech (e.g., 
poetry or legal papers) should be impossible. He assumed that speech redundancy normally 
enables the anticipation of subsequent input. Other authors have acknowledged the 
importance of anticipation in SI as well (e.g., De Bot, 2000; Moser-Mercer, 1997). In 
Moser's model of SI (1978) a decision point is included that allows for anticipation. Upon a 
decision that prediction of input is possible, current input is discarded. That interpreters 
indeed anticipate subsequent input is evidenced by the fact that they sometimes produce a 
part of the source text that has not been produced by the speaker yet (e.g., Besien, 1999; 
Gernsbacher & Shlesinger, 1997). In fact, a certain amount of anticipation is always 
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involved in interpreting because the interpreter usually does not await the entire sentence 
before starting to interpret (Moser-Mercer, Frauenfelder, Casado, & Kiinzli, 2000). 

If at discourse level, a text is highly structured according to a familiar schema, this 
may help to predict what comes next. In a pilot study, Adamowicz (1989) presented SI 
students with a prepared, structured text and a spontaneous text. Adamowicz argued that the 
prepared text was more predictable than a spontaneous text and that the difference in 
predictability between the two text types should influence the ear-voice span because 
anticipation allows for a shorter lag between speaker and interpreter in the case of prepared 
text. This prediction was substantiated by the data. Note, however, that Adamowicz' line of 
argument and her data are contrary to the commonly held belief that interpreting is only 
possible in the case of spontaneous speech, because it is more redundant, has a lower 
information density, and contains more hesitations than a prepared text (e.g., Anderson, 
1994; Chernov, 1994; Gile, 1997). 

Finally, the context of a source text and prior knowledge of the topic may make it 
more predictable, help to activate relevant 'registers' in memory, and select the most salient 
units of meaning from memory (see De Bot, 2000). Anderson (1994) tested two factors that 
interpreters traditionally believed to be sources of contextual information that are important 
for interpreting: The amount of text-relevant knowledge the interpreter has prior to the 
interpreting event, and the presence of visual information while interpreting (e.g., the 
speaker). She found no difference in quality of SI when professional interpreters either 
received a complete text of the speech beforehand, a summary of the speech, or no 
information other than its title. Anderson also obtained no difference between conditions 
with and without visual information of the speaker on video. Clearly, further research is 
needed to establish what role these types of contextual information play in SI. 

Manipulation of texts. Daro, Lambert, and Fabbro (1996) studied, among other 
things, the role of text difficulty in SI. They found that number of errors was larger for the 
difficult texts, which were more syntactically complex and contained more low frequency 
words than the easy texts. 

Barik (1975) observed difficulties for function words and grammatical structures that 
differ between source and target language, but also for some relatively common, notably 
abstract words. He suggested these words might be problematic because they may have 
different translation equivalents depending on the context. It would be interesting to 
determine whether these observations hold up experimentally and whether factors known to 
influence single word translation, e.g., word frequency and word concreteness, affect SI 
performance as well. Van Hell (1998) found that for single word translation in a highly 
constrained sentence context, the effects of word concreteness and cognate status were 
attenuated as compared to these effects on word translation in isolation (the variable cognate 
status is a measure of the orthographic and phonological overlap between the words in a 
translation equivalent; compare the noncognate word pair bike and its Dutch equivalent fiets, 
with the cognate word pair cat and its equivalent kat). An effect of word manipulations such 
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as cognate status would point at the use of the transcoding strategy in SI, because according 
to the meaning-based interpreting strategy, the interpreted message is produced from 
relatively large chunks of input coded in a nonverbal conceptual form. It should therefore not 
matter whether or not word equivalents in source and target language are cognates. 

In a recent thesis, Shlesinger (2000b) examined the effect of some of these word-type 
manipulations on interpreting. She embedded different types of strings containing adjective 
modifiers (e.g., delicate, immature, fractured, vulnerable ego) in six text segments and 
looked, among other things, at the effect of the length of the input strings and whether they 
contained true or false cognates. False cognates, or interlingual homographs, are 
orthographically and/or phonologically similar words that do not overlap in meaning 
between the two languages or do so only partly (for example, the English word slim means 
clever in Dutch). Suppressing a false cognate requires effort; the interpreter must assess 
whether a cognate is true or false and must then access the appropriate target-language 
replacement (Gernsbacher & Shlesinger, 1997). Therefore, the presence of false cognates 
was expected to influence performance. Shlesinger found better performance for short than 
for long words in the input strings (i.e., a word length effect), but no effect of false cognates 
was found. This null effect was, however, qualified by another finding: Only a surprisingly 
small part of the manipulated strings was actually interpreted (only one out of four 
modifiers). The most likely explanation that Shlesinger offers for the small number of 
modifiers retained in the output is that the modifiers may have been regarded as redundant 
information that can be easily skipped, whether automatically or deliberately. 

To summarize, text type and difficulty are likely to influence SI and there is some 
evidence that corroborates this suggestion. Although it is not clear what characteristics of 
texts play the largest role in SI, an important variable may be whether or not parts of the 
input can be easily anticipated. Specific word properties, like word length, may influence 
interpreting output as well. 

2.6 Simultaneous interpretation versus similar tasks 

2.6.1 Mental load and stress 

Several studies have considered the role of the mental load and stress in interpreting in 
comparison to other, similar, tasks. A number of these studies used the finger-tapping 
version of a verbal-manual interference paradigm. Finger tapping is interrupted by the 
processing demands of another (cognitive) task and this interference is larger the more 
demanding this other task is, thus indicating the cognitive load that is involved. Green, 
Sweda-Nicholson, Vaid, White, and Steiner (1990) found that interference on tapping was 
larger for interpreting (and paraphrasing) than for shadowing, indicating that the former is a 
cognitively more demanding task. The finger-tapping paradigm has also been used to infer 
lateralization of language. In relation to SI, the question posed in this type of research was 
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whether interpreters, bilinguals, and monolinguals show different lateralization patterns in 
LI and L2 (see e.g.. Corina & Vaid, 1994; Fabbro et al. 1990; Green et al., 1990). Results 
have not been consistent across different studies, but recent analysis of the differences in 
lateralization data have been taken to indicate larger involvement of pragmatic strategies to 
compensate for low L2 proficiency rather than differential brain representation of language 
processes (Fabbro, 2001; Fabbro & Gran, 1997; Paradis, 2000). 

Hyöna, Tommolo. and Alaja (1995) took pupil dilation as a measure of processing 
load. Students of interpreting listened to, shadowed, and interpreted an auditorily presented 
text. In shadowing the pupil diameter was larger than in listening, but interpreting yielded an 
even larger average pupil diameter than shadowing, again suggesting that processing load is 
largest in interpreting. 

Studies using other physiological measures also indicate that mental load during SI is 
high and that coping with the difficulties of SI induces stress in interpreters. Klonowicz 
(1990) found an elevated heart rate for both shadowing and interpreting, in comparison to 
listening, suggesting an equally large mental effort on these tasks. In a second study, 
Klonowicz (1994) studied the development of systolic blood pressure, diastolic blood 
pressure, and heart rate during four successive turns in interpreting. At the beginning of each 
turn, systolic and diastolic blood pressure increased immediately. During the turn systolic 
blood pressure dropped to normal levels whereas diastolic blood pressure remained elevated. 
Heart rate only normalized in the first two turns, after which it also remained elevated. 
According to Klonowicz (1994) these results point to systematically increased arousal in SI 
that mimics the arousal leading to the development of essential hypertension. 

Moser-Mercer et al. (1998) investigated the effect of prolonged interpreting turns (i.e., 
longer than 30 minutes) on both the quality of output and psychological and physiological 
stress experienced by the interpreters (as indicated by a questionnaire and the stress-
hormones Cortisol and immunoglobulin A in saliva). Interpreters were asked to continue 
until they felt that they could no longer maintain a high output quality. Unfortunately only 
five interpreters participated, resulting in lack of statistical power. Still, rather interesting 
trends occurred, similar to findings for air traffic control, which is known to be an extremely 
demanding task (Zeier, 1997). Secretion of Cortisol and immunoglobulin A tends to rise 
between initial measurements and the measurements taken at 30 minutes and then decrease 
with further time on task. The decrease may be due to decreased motivation to perform well. 
Mental overload caused by increased time on task appears to change the interpreter's attitude 
to the job: Less effort is expended and carelessness may set in. This interpretation 
corresponds to the finding that the number of serious meaning errors increases during the 
second 30 minutes on task, even though the interpreters were apparently not aware of this 
performance drop (see also, Zeier, 1997). To summarize, the above studies indicate that SI 
involves a high mental load and can induce physiological stress. 
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2.6.2 Sources of difficulty in SI 

In the studies described thusfar SI and shadowing are often contrasted. Performance is worse 
in SI, pupil-dilation larger, the ear-voice span longer, and relatively large effects of 
information density and noise on SI indicate that interpreting is more sensitive than 
shadowing to factors that increase task difficulty. The combined results of these studies 
suggest that interpreting is a more demanding and more complex task than shadowing is. In 
a recent brain imaging (PET) study, Rinne et al. (2000) also contrasted SI and shadowing. 
The brain areas that were selectively activated in SI (i.e., after subtraction of the areas that 
were activated in shadowing) were those that are typically associated with lexical retrieval, 
working memory, and semantic processing. This suggests that these cognitive processes play 
a larger role in interpreting than in shadowing. 

Shadowing and interpreting share one source of task difficulty in SI, namely, the 
simultaneity of comprehension and production. The tasks differ in that interpreting, not 
shadowing, involves the recoding of source into target language, which may account for the 
observed differences between the two tasks. Recoding may consist of two subcomponents: 
First, in SI the message has to be reformulated. Second, SI involves the simultaneous 
activation of two languages (e.g., Anderson, 1994; De Groot, 1997). It is possible that not all 
of these task (sub) components contribute equally to task difficulty. 

Anderson (1994) compared performance on shadowing, interpreting, and paraphrasing. 
In contrast to shadowing, in both paraphrasing and interpreting reformulation is required, but 
only in the case of interpreting two languages are involved. It may thus be possible to 
disentangle the subcomponent of reformulating a message from doing so in another 
language. Twelve professional interpreters performed better at shadowing than at either 
inteipreting or paraphrasing. Performance was poorer in interpreting than in shadowing, but 
differed from paraphrasing only according to one of two quality measures. The ear-voice 
span was smaller in shadowing than in interpreting and paraphrasing, but it did not differ 
between the latter two tasks. In other words, Anderson replicated the difference between 
shadowing and interpreting described before, but the results did not clearly indicate that the 
involvement of two languages is an important additional subcomponent in SI on top of those 
of reformulation. 

In a study mentioned earlier, we attempted to disentangle all three proposed sources of 
cognitive complexity in SI by comparing the shadowing of sentences with paraphrasing and 
interpreting them (Christoffels & De Groot, 2003, Chapter 3). Bilinguals without 
interpreting experience performed these tasks simultaneously and in a delayed condition, 
that is, immediately after presentation of each sentence. By including this condition, the 
effect of simultaneity of comprehension and production as a source of difficulty in SI could 
be tested. The quality of the shadowing output was better in the delayed than in the 
simultaneous condition, but the difference was small, suggesting that simultaneity of input 
and output on its own adds somewhat to the complexity of SI but is not a major source of 
complexity. Also, the difference in output quality between the three tasks in the delayed 
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condition was small, suggesting that having to rephrase a sentence per se - even into a 
different language - may also not be a major source of difficulty. However, in the 
simultaneous condition, interpreting and paraphrasing performance was notably poorer than 
in the delayed condition, whereas for shadowing performance was much more similar, 
showing that especially the combined requirements of simultaneity and rephrasing have a 
detrimental effect on the quality of performance in SI. 

There was no difference between paraphrasing and interpreting in the quality of 
performance, which may suggest that the additional demand of activating two languages on 
top of reformulation is not very large. However, the finding that the ear-voice span was 
significantly longer in paraphrasing than in interpreting sheds a different light on this null-
effect. The ear-voice span results suggest that the paraphrasing task may in fact be more 
demanding than the interpreting task, at least for the untrained participants in our study, and 
that it is not suitable for comparison with interpreting, even though paraphrasing has been 
referred to as 'unilingual interpreting' or 'intralanguage translating' (Anderson, 1994; 
Malakoff & Hakuta, 1991). Indeed, paraphrasing is often used as exercise or assessment task 
in the training of interpreters (Moser-Mercer, 1994), interpreters sometimes accidentally 
'translate' into the same language (Anderson, 1994; De Bot, 2000), and interpreting in 
bilinguals is directly compared to paraphrasing by monolinguals (Green et al., 1990). 
However, the vocabulary demands in paraphrasing may be larger than in interpreting 
because the latter only requires a basic vocabulary in both languages, whereas paraphrasing 
requires a large vocabulary in the one language concerned (Malakoff & Hakuta, 1991). 
Moreover, changing the grammatical structure, as is typically required in paraphrasing, may 
be more demanding than finding a grammatical equivalent in the output language, as 
required in interpreting. A final, perhaps critical difficulty in paraphrasing may be that, 
despite the fact that the input message is already properly formulated, an alternative wording 
has to be found. In paraphrasing it therefore be necessary to inhibit the original sentence 
form and to monitor output rigidly to avoid literal repetition. All in all, there is reason to 
belief that paraphrasing may involve different demands than interpreting. 

In conclusion, it seems that the requirements of both simultaneity of input and output 
and of reformulation contribute to the complexity of SI but that especially the combination 
of these two components taxes the limited mental resources. 

2.7 Novices versus experts 

2.7.1 Are interpreters special? 

Is there anything that distinguishes experienced interpreters from novices? If so, are the 
differences qualitative or quantitative, and are they due to a difference in talent or training? 
Neubert (1997) claimed that untrained or 'natural' translation is distinctly different from 
professional translation and interpreting. Harris and Sherwood (1978). however, argued that 
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translation in general is an innate skill. According to them, translation is coextensive with 
bilingualism and, therefore, all bilinguals are able to translate (see also Malakoff, 1992; 
Malakoff&Hakuta, 1991). 

Dillinger (1994) compared professional interpreters and balanced bilinguals on 
comprehension during interpreting, as measured by a wealth of different variables. He found 
only small quantitative differences and no qualitative differences between the two groups 
and argued that interpreting is not a special, acquired skill but the application of an existing 
skill that accompanies bilingualism naturally. Of course, it is still an open question whether 
any differences may be found for language production. 

Studies in which only nonprofessional interpreters participate are sometimes criticized 
for being not informative about professional interpreting (e.g., Setton, 1999; see also Gile, 
1991, 1994). But research with professionals can have potential drawbacks too. As 
Shlesinger (2000a) points out, it may be difficult to distinguish between idiosyncratic 
strategies applied by the experienced interpreter and other, more general cognitive processes 
involved in the process. When novices perform the SI task, presumably no such strategies 
have developed yet. It is therefore both theoretically and methodologically important to learn 
whether interpreting in trained professionals and untrained bilinguals involves similar 
processes or is fundamentally different. 

2.7.2 Cognitive subskills 

By comparing novices and professionals on tasks that are supposed to tap into possibly 
relevant subskills we can gain more insight into what cognitive subskills are important for 
SI. In the next section we will discuss memory skills, verbal fluency, basic language 
processes, and other sub-skills in relation to SI. 

Memory skills 

A number of studies indicate that interpreting is associated with efficient working memory 
skills. Padilla, Bajo, Canas, and Padilla (1995) compared experienced interpreters with 
student interpreters and non-interpreters on a standard digit span test and on a reading span 
test, which is thought to tap into both the processing and storage aspects of working memory 
(Daneman & Carpenter, 1980). They found that the average performance of the interpreters 
was higher than of the other two participant groups (see also Bajo, Padilla, & Padilla, 2000). 
In our laboratory we found that for unbalanced bilinguals both the digit span and the reading 
span in the two languages concerned were significantly correlated with interpreting 
performance, although only marginally so for LI (Christoffels et al, in press, Chapter 4), 
indicating a relation between SI performance and working memory capacity in this group. 
Moreover, memory performance in LI and L2 of professional interpreters was superior to 
that of bilinguals who had no SI experience but were similar in L2 proficiency in L2 
(Christoffels, De Groot, & Kroll, 2003, Chapter 5). 
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Padilla et al. (1995) compared recall of words in conditions with and without 
articulatory suppression during presentation. For the articulatory suppression condition a 
significant group effect was obtained. This was due to a decrement in the recall scores of all 
groups except the experienced interpreters, who apparently were resistant to the effect of 
articulatory suppression (see also Bajo et al., 2000). The relevance of being able to cope with 
concurrent articulation was also indicated by the association we found between retention 
under conditions of articulatory suppression and SI performance in bilinguals without SI 
experience (Christoffels, 2003b, Chapter 6). In contrast, Chincotta and Underwood (1998b) 
did not find a difference in digit span between English-Finish interpreters and Finish 
students majoring in English, both in conditions with and without articulatory suppression. 
However, consistent with earlier findings, differences in memory processes between the two 
groups were suggested by the finding that the standard language effect in the digit span task 
(a larger digit span in the language in which one can articulate faster) disappeared for the 
students in an articulatory suppression condition, whereas for the interpreters it persisted. 

Finally, Bajo (2002) reported that interpreters, participants with a similarly large 
reading span, and non-interpreters alike were disrupted in recalling words by divided 
attention manipulations that tap into the visual spatial sketchpad and the central executive 
components of working memory. The finding that the interpreters did not outperform other 
groups on these working memory tasks suggests that the ability to cope with simultaneity of 
verbalization and recall in SI may not reflect a general ability of the executive to coordinate 
multiple tasks and processes, but, instead, involves a specific skill to coordinate the verbal 
processes implicated in SI. 

To summarize, findings of superior or qualitatively different performance on several 
verbal memory tasks for professional interpreters than for other groups of participants 
suggest that efficient working memory skills are important for SI. 

Verbal fluency 

Fabbro and Daro (1995) observed greater resistance to the detrimental effects of delayed 
auditory feedback in students of SI than in monolingual controls. In a delayed auditory 
feedback condition, the speakers' own voice is amplified and delayed for a few hundred 
milliseconds, a situation that in general causes speech disruption. The Si-students showed 
less speech disruption than the controls. Fabbro and Dare suggested that the students were 
more resistant to the interfering effects of delayed auditory feedback because they had 
developed a high general verbal fluency as well as an ability to pay less attention to their 
own verbal output. 

Moser-Mercer et al. (2000) reported a number of pilot studies comparing five students 
of interpreting with five experienced interpreters, all native speakers of French. In line with 
the results of Fabbro and Dare (1995), they obtained a smaller detrimental effect of delayed 
auditory feedback for the professionals than for the students on reading a French text but not 
an English text. No differences were found between professionals and students on tasks 
involving semantics, free association, spelling, morphology, and phonology. Finally, in a 
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shadowing task the interpreters' ear-voice span was similar to that of the students in their 
native language French, whereas the students were faster in shadowing in English. 
Moreover, in both languages, the interpreters made more errors than the students did. Moser-
Mercer et al. (2000) explained these remarkable results by suggesting that professionals are 
used to processing larger chunks of input than those required in shadowing, which might 
make it harder for them to respect the instruction of immediate repetition imposed by the 
shadowing task. If this explanation holds, then we should be cautious in using the shadowing 
task in studies testing interpreters (see also, Frauenfelder & Schriefers, 1997). 

To summarize, none of the differences between professionals and students that Moser-
Mercer et al. (2000) reported clearly supports the idea that professionals have special verbal 
fluency skills. Perhaps the two groups compared in this study perform similarly because the 
students were already enrolled in a SI training program and were, therefore, possibly (self-) 
selected on verbal fluency skills. The additional experience that professionals had over SI-
students may not exert a visible effect on some of the subskills involved in SI. However, 
given the small sample size, we cannot draw any firm conclusions from the results of this 
study. 

Basic language processes 

Efficient, fluent language processing may be especially important for SI. The more the 
language processes that are involved in SI are automated, the more processing capacity will 
be available for other relevant processes and the faster the outcome of these processes will 
be available for further processing. For example, the ability to quickly access and retrieve 
words may be an important subskill. Bajo et al. (2000) presented a categorization task to four 
groups of participants: interpreters, interpreting students, bilinguals, and monolinguals. The 
participants had to decide whether a word was a member of the category to which another 
word referred. Especially for atypical exemplars of categories, the interpreters were faster 
than all other groups, indicating faster semantic access. In a lexical decision task, no 
difference was found between groups on the words, but on nonwords the interpreters were 
faster than the bilingual participants. The relevance of quick lexical access was also 
indicated by the positive correlation between interpreting performance on the one hand, and 
word naming and word translation in the two languages involved (English and Dutch) on the 
other hand, a result that we obtained for unbalanced bilinguals untrained in SI (Christoffels 
et al, 2003, Chapter 4). However, when comparing the performance of interpreters and with 
another group of highly proficient bilinguals (teachers of L2) on the same tasks we obtained 
no differences (Christoffels et al., 2003, Chapter 5). This finding suggests that efficient 
lexical retrieval may not be uniquely related to SI, but to high second language proficiency 
instead. 

Finally, in a dichotic listening task, Fabbro, Gran, and Gran (1991) compared students 
of interpreting with professionals in how well they detected errors in translations of 
sentences. The participants simultaneously received the source sentence to one ear and the 
target translation to the other ear. Professional and student interpreters did not differ from 
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one another in recognizing correct translations. An interesting difference between the two 
groups was, however, that the students recognized more syntactic errors than the 
professionals whereas the professionals recognized more semantic errors. This suggests that 
the groups differed in the level at which they processed the input. To summarize, although it 
is not altogether clear which language subprocesses are most critical for skilled SI 
performance, interpreters appear to be relatively efficient in processing meaning. Although 
these skills are important for SI, interpreters may not be unique in possessing (some of) these 
skills. 

Other subskills 

A number of other potentially relevant subskills of SI are worth mentioning. Gernsbacher 
and Shlesinger (1997) point out that people differ in how efficiently they can suppress 
interfering information, such as the inappropriate meanings of homonyms, recently 
processed (but currently inappropriate) syntactic form, and the literal interpretation of 
metaphors. They suggest that in SI resources required for suppression are diminished 
because the system is already involved in simultaneous comprehension and production. 
Because nevertheless interfering information will have to be suppressed, the ability to 
suppress irrelevant information effectively is likely to be another important sub skill of 
interpreting. Similarly, Tijus (1997) argued that the most important subskill of SI is to be 
able to detect inconsistencies resulting from incorrect assignment of meaning to polysemous 
phrases and resolve them immediately. Detecting and quickly resolving such inconsistencies 
requires a large memory capacity for input processing (Tijus, 1997), which again points to 
the relevance of efficient memory processes for interpreting. 

2.7.3 Training or selection? 

It is not clear whether the differences found between interpreters and other groups of 
participants concern qualitative or quantitative differences in underlying processes. Another 
relevant question that needs to be answered is whether the skills required for SI have 
developed as a consequence of training and experience in SI or whether successful 
interpreters chose a career in SI because they possess certain talents that make them well 
suited to the task. Bajo et al. (2000) presented evidence suggesting that training in 
interpreting can improve performance on basic language skills. They compared students of 
interpreting who had received a year of training with an untrained control group on three 
tasks: comprehension, categorization, and lexical decision. Both groups were tested twice, 
once at the beginning and once at the end. The student interpreters, but not the controls, 
showed improved performance on the second test. 

The most likely answer to the question of what causes differences between novices and 
experienced interpreters is that both certain abilities are required for a high performance 
level and that certain skills develop with practice. It is, therefore, of great practical interest to 
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find out how much of SI can be learned and what exactly should be learned, on the one hand, 
and what determines aptitude and which tests can predict aptitude, on the other hand (Moser-
Mercer, 1994). 

Gerver, Longley, Long, and Lambert, (1984) addressed the latter question. They 
developed a set of psychometric tests to select trainees for a course in simultaneous and 
consecutive interpreting. At the beginning of this course they administered tests based on 
text materials (recall, 'cloze', and error detection), linguistic subskills (synonym generation, 
sentence paraphrasing, and comprehension), and a nonlinguistic speed stress test. The tests 
correlated with final examination ratings and students passing the course had a higher score 
on all tests than the students who failed, albeit the difference was not significant for each of 
the tests. The text-based tests were more predictive for passing the course than the subskills -
and speed tests, suggesting that especially relatively general verbal abilities and the 
processing of text are predictive for SI and consecutive interpreting. Prediction of pass/fail 
rates was better on the basis of these tests than on the existing selection procedures, showing 
that aptitude testing can be useful in practice (See Hoffman, 1997, for a discussion of 
interpreting regarded as a skill from the perspective of the psychology of expertise, and see 
Moser-Mercer, 1994, Lambert, 1991, and Arjona-Tseng, 1994, for discussions of aptitude 
tests used in training programs). 

2.8 Issues and concluding remarks 

In this chapter we presented an overview of experimental research into SI from a cognitive 
perspective. In the final part of this chapter we will briefly review a number of the most 
important issues that need to be addressed in developing a complete model of SI. 

2.8.1 The locus of recording 

An important issue to resolve is where and how in the system actual recoding of language 
(translation) takes place. Two alternative theoretical views of how language recoding may 
take place were discussed: meaning-based interpreting and transcoding. Although little direct 
experimental data supports either of these two recoding strategies, there is some evidence to 
suggest that, in addition to meaning-based translation, transcoding takes place too. This issue 
of how translation takes place has to be taken into account by models of bilingual 
processing. For example, if transcoding occurs, it may take place at a number of different 
levels in the bilingual system, namely at the level of the word, semantics, syntax, 
morphology, or phonology (Paradis, 1994). This implies the existence of direct links 
between representations of the linguistic elements of one language and the corresponding 
representations in the other language. The existence of such links constrain current models 
of bilingual memory. 
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2.8.2 Resource-consuming subcomponents of SI 

A further question is which subcomponents of the full interpreting task appeal to the limited 
mental resources of the interpreter and how these are allocated. In fact, it is not yet clear 
which subcomponents should be distinguished in SI in the first place and whether or not they 
share resources or not. Both Gerver (1967) and Gile (1997) assumed that resources are 
limited and shared between the various components in their models. As a consequence, the 
monitoring of output might suffer, for instance, if the listening conditions are suboptimal. It 
is also unclear whether language recoding, the switch of language itself, should be regarded 
as an additional resource consuming processing step in SI on top of the steps required for 
comprehending and producing language, or whether instead the nonverbal meaning is 
derived from the source language (as in normal comprehension) and the target message is 
subsequently simply produced from the representation of this meaning (as in normal 
language production) (Anderson, 1994; De Groot, 1997; Isham & Lane, 1994). This issue 
relates to the question of how language recoding comes about. If only meaning-based 
translation holds, it may not be necessary to assume an additional translation stage. 

2.8.3 Representation, selection, access, and control 

An issue that has received little attention so far is how the language system(s) are 
represented, and whether language comprehension and production are subserved by one and 
the same system or by two independent systems instead. Yet, to model SI it is necessary to 
make choices regarding the basic architecture of the language system(s). Considering 
monolingual language processing, we may ask what parts, representations, and/or processes 
are shared between the language comprehension and production systems. Kempen (1999), 
for example, assumed that grammatical encoding and decoding are performed by the same 
system, an assumption that may be difficult to reconcile with the simultaneity of 
comprehension and production in SI, and both Frauenfelder and Schriefers (1997) and De 
Bot (2000) suggested that comprehension and production processes may share the lexical 
and grammatical knowledge systems (but see Harley, 2001). 

With respect to bilingual language processing, common questions are how the two 
languages are represented in the bilingual mind and how lexical access to bilingual memory 
comes about. Most of the relevant research on bilingual memory representation focuses on 
the lexicon and converges on the conclusion that word forms are represented in language-
specific memory stores whereas word meanings are stored in memory representations that 
are shared between the two languages (for reviews see De Groot, 2002; Kroll & Dijkstra, 
2002). The research on access to bilingual memory mainly supports the idea that lexical 
access is nonselective, that is, that during comprehension and during production, words from 
both languages are initially activated (e.g., Colomé, 2001; Dijkstra, Van Jaarsveld, & Ten 
Brinke, 1998; Hermans, Bongaerts, De Bot, & Schreuder, 1998: lared & Kroll. 2001; Van 
Heuven, Dijkstra. & Grainger, 1998, but see Costa, in press). 
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As mentioned earlier (see the section on the control of languages) in a framework in 
which control of languages is exercised by global inhibition of the nontarget language, 
presumably two languages must be active simultaneously in SI. The question that 
immediately follows is how it is possible that during SI only the target language is produced. 

Figure 2 illustrates two alternative proposals that allow target language production in 
SI within a framework of global inhibition of the nontarget language; in addition, it 
illustrates a third proposal that does not assume global inhibition of a language. To simplify 
matters, only lexical activation is considered. According to all three solutions lexical items 
belonging to the source language must be separated from those of the target language. The 
items of different languages may form independent subsets, or they are somehow labeled for 
language (e.g., using language tags, or by connections to language nodes, De Bot, 2000; 
Dijkstra & Van Heuven, 1998; Green, 1986, 1998; Poulisse, 1997). 

The important difference between the first two alternatives (Figures 2a and 2b) is 
whether or not separate input and output lexicons exist. If the parsimonious solution is 
chosen, with just one lexicon for both comprehension and production (Figure 2a), the 
problem is to explain why source language elements are not being selected for production 
even though both languages are activated. One possibility is that, irrespective of activation in 
the lexicon, the source target elements are not considered for selection at all (e.g., Costa, 
Miozzo, & Caramazza, 1999) (see Figure 2a). In other words, this alternative assumes 
language specific access. Indeed, Costa (in press) argues that in highly proficient bilinguals 
(such as interpreters) lexical selection may be language specific. The mechanism for such 
'filtering' of language is as yet unclear. Perhaps only items with a target language label can 
be selected. 

SI performance may also be explained in terms of an inhibition account by assuming 
separate input and output lexicons that can be separately activated or inhibited (see Figure 
2b). According to this scheme, the output lexicon for the source language is strongly 
inhibited in SI, so that usually only target language elements will be selected. On the input 
side both languages are active, but not to the same degree, to allow for comprehension of the 
input and monitoring of the produced output (see also Grosjean, 1997). 

Finally, a third option is not to assume that global activation or inhibition of language 
systems controls language output, but that only specific activation of the relevant elements in 
the lexicon occurs. Language is just one of the properties embedded in the conceptual 
message, that selectively activates a number of relevant semantically related lexical elements 
in both languages. However, because of this language cue, the appropriate element in the 
target language will receive the most activation and will therefore be selected. Such a 
proposal, based on a model by Poulisse and Bongaerts (1994, in Poulisse, 1997), is discussed 
in detail by La Heij (in press). This option is presented in Figure 2c in a model that assumes 
separate input and output lexicons. If integrated input and output lexicons were assumed 
instead, the elements of the source language that received a lot of activation by the input 
might be inadvertently selected for production. Whatever the solution to be chosen, any 
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model of SI, but also models on bilingual language processing, should ultimately be able to 

explain the language control that is exercised during SI. 
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(a). The lexicon is integrated for input and output. Both source language and target language 
lexicons are highly activated (colored gray in the figure) but selection of source lexicon items 
for production is not possible. 

(b). The input- and output lexicons are separated. The input lexicons for both languages are 
activated (colored gray) to allow for comprehension of the source language and monitoring of the 
produced output. There is (almost) no activation of the source language in the output system, so 
that production only takes place in the target language. Selection of lexical items may therefore 
be language-nonspecific and based solely on the level of activation. 
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(c). The input- and output lexicons are separated. There is no global activation/inhibition of 
languages but a subset of appropriate items is activated instead (colored gray). Language is one of 
the elements contained by the conceptual message that determines which lexical items are 
activated. Selection is language-nonspecific and based on the level of activation; the intended item 
in the target language is selected because it was activated more than semantical ly related items in 
both languages. 

Figure 2. In Figures 2a, 2b and 2c, the conceptual and semantic levels of representation are 
separated. Meaning based translation is illustrated by the route from the language comprehension 
system via the conceptual level of representation to the language production system. Transcoding 
at the lexical level takes the short-cut from the source language lexicon via the semantic level to 
the target language lexicon. 

The selection of topics that we addressed in this chapter has been dictated primarily by 

the available research. It is clear that SI is an extremely complex task and that many of its 

intricacies are yet to be resolved. The fact that SI, despite its complexity, is at all possible 

may help to constrain models of (bilingual) language processing because it requires these 

models to account for simultaneous language comprehension and production, for the 

simultaneous use and control of two languages, for translation processes, and for monitoring 

in SI. Although SI is complex, we hope to have demonstrated that there are ways to study it 

successfully. This fact, combined with the recognition that no account of the bilingual mind 

and bilingual language processing can be complete without the inclusion of a satisfactory 

explanation of SI performance, may challenge researchers to take up the study of SI. 



3 
Components of Simultaneous Interpreting: 
Comparing Interpreting with Shadowing and 
Paraphrasing1 

3.1 Introduction 

In international political or corporate meetings simultaneous interpreting plays an important 
role in mediating communication. In daily life, we may have encountered simultaneous 
interpretations of live broadcasted statements or interviews on television and may have been 
intrigued by this capacity to verbally transform online a message from one language, the 
source language, into another language, the target language. In simultaneous interpreting 
(SI) it is required that interpreters both listen and speak at the same time. In this regard it 
contrasts with so called consecutive interpreting, where the interpreter alternates between 
listening and speaking and only starts to translate after the speaker has finished speaking. 

SI is a cognitively demanding task because many processes take place at one and the 
same moment in time. The interpreter has to comprehend and store input segments in the 
source language, transform an earlier segment from source to target language, produce an 
even earlier segment in the target language, and cope with time pressure since SI is 
externally paced; the speaker, not the interpreter, determines the speaking rate (e.g., Gerver, 
1976; Lambert, 1992; Padilla et al., 1995). The fact that SI is intrinsically demanding is 
illustrated by the fact that even experienced professional interpreters sometimes make up to 
several mistakes per minute, and that they usually take shifts of only 20 minutes maximum 
to prevent fatigue (Gile, 1997). 

It seems that interpreters are able to do simultaneously what ordinary language users 
do serially: They comprehend other's speech and produce language at the same time. 
Although interpreters appear to take advantage of pauses in the input (Bank, 1973; 
Goldman-Eisler, 1972, 1980), a comparison of the input to their spoken output suggests that 
almost 70% of the time they are actually talking while processing the input (Chernov, 1994). 
The simultaneity of comprehension and production is perhaps the most salient characteristic 

A revised version of this chapter is accepted for publication: Christoffels. I. K., & De Groot. A. M. 
B. (in press). Components of simultaneous interpreting: Comparing interpreting with shadowing and 
paraphrasing. Bilingualism: Language and Cognition. 
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of simultaneous interpreting, and it is likely to be one of the main reasons why it is such a 

cognitively demanding task. 
Many people would agree that SI is one of the most complex language processing 

skills, and hence, characterizing this ability may be regarded as an important objective of 
psycholinguistic research. It is therefore surprising that experimental research on SI is sparse 
(see Christoffels and de Groot, in press, Chapter 2, for a review). On the one hand, we may 
want to understand the processes involved in SI to extend our understanding of bilingual 
language performance in general. On the other hand, studying SI may refine our models on 
language comprehension and production, and on bilingualism in particular. For example, 
when Grosjean (1997a) integrated SI with his general notion of the language mode 
(Grosjean, 1997b, 1998), referring to variability in the state of activation of a bilingual's two 
languages, he added new input and output components to the model to allow for the fact that 
in SI two languages are involved simultaneously. 

SI may also provide insight in the relation between language comprehension and 
production (see Frauenfelder & Schriefers, 1997). For instance, Levert's influential model of 
speech production assumes that speech monitoring, the correction of production errors, takes 
place through the speech comprehension system (Levelt, 1989; Levelt, Roelofs, & Meyer, 
1999). The implication of SI is that either the comprehension system has to handle two 
speech streams at the same time, the comprehension of input and the monitoring of one's 
own production, or that no monitoring takes place during interpreting, since the speech 
comprehension system is already busy. However, interpreters do correct themselves, which 
indicates that at least some monitoring takes place (Gerver, 1974a, 1976; Lonsdale, 1997). 

In the present study, we tried to gain more insight in SI by investigating what 
components of SI are responsible for the demanding nature of the task. In the literature two 
task components are mentioned that could be the main sources of difficulty or complexity of 
SI (e.g., Anderson, 1994; De Groot, 1997; Frauenfelder & Schriefers, 1997; MacWhinney, 
1997; Moser-Mercer, 1997). First, during SI one has to understand and produce speech 
simultaneously. Secondly, there is the act of the actual transformation of the message into 
another language. The first component, the simultaneity of comprehension and production, is 
especially salient in SI. It entails that two streams of speech have to be processed 
simultaneously and that attention has to be divided: one focus is on understanding new input, 
the other is on conceptualizing and producing an earlier part of the message (MacWhinney, 
1997, in press). Regarding the second component, that is, transforming the message into 
another language, the act of reformulating the message may be distinguished from the fact 
that two different languages are simultaneously involved (Anderson, 1994; De Groot, 1997). 
Rather than translating each incoming word separately, interpreting presumably involves 
reformulation at a higher level (Goldman-Eisler, 1980; Schweda-Nicholson, 1987). Literal 
word-by-word translation alone would render an unintelligible interpretation, if only because 
languages often differ in word order. On top of reformulation, a switch has to be made from 
one language into another. The two language systems concerned have to be activated 
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simultaneously, albeit presumably to different degrees. These two 'sub-components', the 
requirement of reformulation and the necessity of a switch of language, may separately 
contribute to the processing and memory demands of SI. 

Is one of the above task (sub) components perhaps the 'bottleneck', the main source of 
complexity, in SI? Or, is it the case that two or maybe all three components combined are 
responsible for the demanding nature of the task? We studied this question by comparing 
interpreting with tasks that differ from it on one or more of the three potential sources of 
difficulty in SI (De Groot, 1997, 2000). One task that may be especially suitable for the 
comparison with interpreting is the shadowing task. Shadowing involves the immediate 
verbatim repetition of what is heard. A less known task, the paraphrasing task, forms another 
interesting candidate for comparison with SI. In the context of the present study, this task 
involves that the basic meaning of a message is restated in the same language but into 
different words and/or in a different sentence construction (see Moser, 1978). Likewise, in 
interpreting the message is restated, but in this task it is done into a language different from 
the source language. 

Shadowing, paraphrasing, and interpreting have in common that they require the 
simultaneous comprehension and production of speech. However, for shadowing there is no 
additional complexity of having to reformulate a message and only one language is involved. 
It could even be argued that shadowing is not comparable to interpreting at all because 
shadowing could conceivably be done by just repeating the phonetic form of the input. 
However, this concern seems to be unwarranted because it has been shown that shadowers 
do analyze the input up to the semantic level (Marslen-Wilson, 1973). 

In contrast to shadowing, in both the paraphrasing and interpreting tasks reformulation 
is necessary, since in both tasks the meaning of the message has to be extracted and restated 
into different words, but only in interpreting do two languages have to be activated 
simultaneously. Hence, by comparing performance on these three tasks it may be possible to 
assess the role of the transformation component and to disentangle the two sub-components 
of transformation: reformulating a message and doing so in another language. 

The paraphrasing task seems ideal to assess the possible differences in demands 
between the latter two sub-components since the task seems indeed very similar to 
interpreting. In both cases, one has to comprehend an input message and produce an output 
message with the same meaning but in a different wording. In the literature, paraphrasing is 
often assumed to be similar to interpreting and, indeed, it is referred to as 'unilingual 
interpreting' or 'intralanguage translating' (Anderson, 1994; Malakoff & Hakuta, 1991). The 
task is often used as exercise or assessment in the training of interpreters (Moser-Mercer, 
1994). Also, interpreters may find themselves accidentally 'translating' into the same 
language (Anderson, 1994; De Bot, 2000), suggesting that paraphrasing is not an unnatural 
task. Moreover, in a study into relative hemispheric lateralization Green, Sweda-Nicholson, 
Vaid, White, and Steiner (1990) compared bilingual interpreting with monolingual 
paraphrasing on the assumption that both tasks are similar enough to warrant such a 
comparison. 



40 Chapter 3 

However, when we subject the paraphrase task to closer scrutiny, it becomes clear that 
there may also be differences between interpreting and paraphrasing other than output 
language. For example, the vocabulary demands in paraphrasing may be larger than in 
interpreting (Malakoff & Hakuta. 1991). Although the vocabulary demands ultimately 
depend on the type of source text, in general interpreting may only require a basic 
vocabulary in each language, whereas paraphrasing may require the use of synonyms and, 
therefore, a larger vocabulary. Furthermore, having to change the grammatical structure in 
paraphrasing may be more demanding than finding the most dominant grammatical 
equivalent in the output language in interpreting, even though interpreting often involves 
changing the word order of a sentence as well. A final difference in demands is perhaps most 
critical. The paraphrasing task forbids the participant to repeat the original stimulus sentence 
verbatim. At the same time, the stimulus sentence expresses the message that must be 
restated adequately. Therefore, the paraphraser is at risk of delivering the message in exactly 
the same form as it was phrased in the input. Not only is the given sentence form a legitimate 
way of conveying the intended message, the participant may even be primed to this 
particular sentence form and the exact words used to express the message (cf., Hartsuiker 
and Westenberg, 2000, who found priming for word order in sentence production). It seems 
plausible that, in order to comply with the task requirements, the paraphraser is actively 
involved in suppressing the original stimulus form and must rigorously monitor her output to 
avoid literal repetition. These two aspects may be less important in interpreting, because due 
to the required switch of language in the output, there is less risk of literal repetition in that 
task. Possibly, because of these differences, the cognitive demands of paraphrasing may in 
some respects be higher than those of interpreting. 

Even though the paraphrasing task may not be a completely satisfactory comparison to 
interpreting, we decided nevertheless to include this task in the present experiment, the 
reason being that the task has been described and used before as a monolingual counterpart 
of interpreting. It was an objective of this study to learn whether or not the paraphrasing is 
justifiably regarded as a monolingual version of simultaneous interpreting. Moreover, if the 
unique task characteristics of paraphrasing, discussed above, are not so important in 
determining task performance, the task makes an interesting comparison to interpreting and 
shadowing. As argued earlier, we can then distinguish the separate demands of reformulation 
and of the involvement of two languages. 

3.1.1 Previous task comparisons 

Previous studies have compared interpreting and shadowing using various measures. Not 
surprisingly, shadowing performance was better than interpreting performance and the ear-
voice span (EVS), the time lag between input and corresponding output, was shorter in 
shadowing than in interpreting (Gerver, 1974a, 1974b; Treisman, 1965). Furthermore, the 
deteriorating effect of increased information density of the input (Treisman, 1965) and the 
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effect of white noise in the input (Gerver, 1974a) was larger in interpreting than in 
shadowing. Also pupil dilation, taken as a measure of processing load, was smaller in 
shadowing than interpreting (Hyöna et al., 1995). Finally, shadowing and interpreting were 
contrasted using positron emission tomography (PET). It was shown that some brain areas 
were selectively activated in interpreting. The brain areas concerned are associated with 
lexical retrieval, verbal working memory, and semantic processing (Rinne et al., 2000). In 
all, these studies suggest that interpreting is a more demanding and more complex task than 
shadowing and that it is more sensitive to factors that increase task difficulty than 
shadowing. 

A few studies assessed memory performance across various tasks and found that text 
recall was systematically better when participants listened to text than when they interpreted 
text (e.g., Daro & Fabbro, 1994; Gerver, 1974b; Isham, 1994). This suggests that task 
complexity interferes with memory. However, the patterns of results were less consistent 
when SI was compared with shadowing. Gerver (1974b) found that both comprehension and 
recall were best following listening and worst after shadowing, whereas interpreting 
performance was in between. Likewise, Lambert (1988) obtained best recall following 
listening and simultaneous or consecutive interpreting, and worst following shadowing. 

Daro and Fabbro (1994) measured digit span while participants just listened to the 
digits, performed articulatory suppression (continuous articulation of irrelevant syllables) 
during listening, shadowed, and interpreted the digits. Their main finding was that digit span 
was smaller in the interpreting condition than in any of the remaining conditions. 
Furthermore, the digit span was not smaller when shadowing than when listening. The 
results of Daro and Fabbro (1994) versus those of Gerver (1974b) and Lambert (1988) 
therefore differ on whether interpreting or shadowing leads to better memory performance. 
These studies are, however, difficult to compare because Daro and Fabbro did not measure 
recall of interpreted text but of digits. Shadowing of digits involved verbal repetition of these 
digits, presented one second apart, a procedure that may actually support recall. Moreover, 
they measured immediate verbatim recall instead of recall after presenting the complete text. 

To our knowledge Anderson (1994) reported the only study that compared all three 
tasks mentioned before (paraphrasing was referred to as English-English translation). 
According to two measures of output quality, shadowing performance was significantly 
better than both interpreting and paraphrasing performance. Performance in interpreting was 
poorer than in paraphrasing, but only according to one of the quality measures. Furthermore, 
the ear-voice span (EVS) was smaller in shadowing than in interpreting and paraphrasing, 
but there was no difference in EVS between the latter two tasks. In other words, although 
Anderson replicated the difference between shadowing and interpreting described before, the 
results are not conclusive with respect to the demands involved in using two language 
systems instead of just one. 
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3.2 The present study 

In the present study we compared all three tasks discussed before. To simulate the 
simultaneous interpreting situation, participants were to translate sentences on-line, one 
sentence immediately following the other. The participants were also asked to paraphrase 
and shadow sentences. When simply comparing these three tasks, it is not possible to assess 
the effect of simultaneity of comprehension and production. Yet, the simultaneity of 
comprehension and production is probably the most salient feature of simultaneous 
interpreting and is considered to be one of its main sources of difficulty. But the effect of 
this feature has yet to be established experimentally. Unlike earlier studies, we manipulated 
the simultaneity of input and output by administering, in addition to the simultaneous 
condition, a delayed condition in which the participants only responded - by translating, 
paraphrasing or shadowing - after each sentence was completely presented. Interpreting in 
this condition is similar to consecutive interpreting in actual professional practice. The main 
reason for using sentences rather than larger units of discourse, was to control the relatively 
large memory load that would be involved in interpreting, shadowing, and paraphrasing 
larger text units in a delayed condition. 

Task performance was measured by a measure indicating quality of task performance, 
by the amount of output, by response latency, and by recall of the stimulus material. In 
measuring the quality of task performance, we used a rating system that indicated how 
accurately participants performed the translating, paraphrasing, and shadowing tasks. We 
also included a complementary analysis of the amount of output. The response latency in the 
simultaneous condition was measured by calculating the lag between input and output 
(EVS). Since it is not possible in the delayed condition to calculate an EVS, the time lag 
between the end of a stimulus sentence and the onset of the response was calculated to serve 
as a measure of response latency. Finally, recall performance was assessed by a cued recall 
task. 

We expect performance - both output quality and latency - to be better in the delayed 
condition than in the simultaneous condition since the simultaneity of comprehension and 
production is likely to be a major source of difficulty in all tasks. Since we expect the 
transformation component also to be an important factor, shadowing performance is 
expected to be generally better than performance in the two other tasks. Differential results 
in the paraphrasing and interpreting tasks may not only depend on whether or not two 
languages are involved but also on the other differences between the two tasks mentioned 
earlier. If paraphrasing performance turns out to be better than interpreting performance we 
may conclude that the distinction between reformulation (present in both paraphrasing and 
interpreting) and the involvement of two languages (only present in interpreting) is valid. In 
other words, it would indicate that indeed the involvement of two languages is an important 
additional source of difficulty in SI. However, if paraphrasing performance turns out to be 
similar to interpreting performance, this can be either because there are no added demands of 
the language switch on top of the demands for reformulation, or because the effect of the 
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added demands of a language switch in interpreting and the effect of task demands that are 
specific to paraphrasing cancel out. Since these two possible reasons for similar paraphrasing 
and interpreting performance cannot be distinguished, we would then not be able to separate 
the reformulation and language switch subcomponents of the transformation component. If 
paraphrasing performance will turn out to be even worse than interpreting performance, we 
may suspect that paraphrasing differs fundamentally from interpreting in aspects other than 
the number of languages involved. In that case, the assumed similarity of paraphrasing and 
interpreting should be questioned. 

Concerning recall, depending on the theoretical point of view one takes, either one of 
two contrary patterns of recall may be expected. On the one hand one could argue that 
interpreting is a task that consumes a relatively large amount of limited available working 
memory resources, so that in comparison to less complex tasks such as shadowing, less 
resources are available for remembering the stimuli. This view predicts poorer recall in the 
interpreting condition than in the remaining two task conditions. In contrast, from a levels-
of-processing perspective (Craik & Lockhart, 1972; Craik & Kester, 2000; Lockhart & 
Craik, 1990) one would expect that the more complex tasks would involve more elaborate 
processing of the stimulus material, which, in turn, would lead to better recall. According to 
this view, interpreting and paraphrasing should lead to better recall than shadowing (see also 
Lambert, 1988). The simultaneity of speech production and comprehension may be an 
additional source of differences in recall performance between conditions, since 
phonological interference may cause reduced recall in all simultaneous conditions (see also 
Daro & Fabbro, 1994; Isham, 2000). It has been found that short-term memory for lists of 
words is disrupted when participants engage in articulatory suppression (e.g., Baddeley et 
al., 1984). Consequently, any situation where the participant is involved simultaneously in 
listening to and articulation of speech may mimic an articulatory suppression condition. In 
the simultaneous condition, we would therefore expect decreased recall due to articulatory 
suppression of the subvocal rehearsal process. 

To summarize, in this study shadowing, paraphrasing, and interpreting are compared in 
both a simultaneous and a delayed presentation condition. Different performance measures 
should give an indication of the relative importance of the simultaneity and translation 
components in SI performance and of the suitability of paraphrasing as a monolingual 
analogue of SI. From previous studies and the different theoretical stances that may be taken, 
it does not seem warranted to predict how recall in the interpreting condition will compare to 
that in the remaining conditions. However, the alleged decremental effects of phonological 
interference on recall make it likely that recall will be better in the delayed than in the 
simultaneous condition. 
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3.3 Method 

Two factors were manipulated within-subjects, type of task (shadowing, paraphrasing, 
interpreting) and simultaneity (simultaneous, delayed). During shadowing the participants 
literally repeated the input sentence. In paraphrasing the participants were asked to 
reformulate the sentence in the language of input while retaining its meaning, by changing 
the word order and/or using synonyms. Both shadowing and paraphrasing were performed in 
Dutch. Finally, in the interpreting condition participants were to give a translation of an 
English sentence into Dutch, again without changing its meaning. In the simultaneous 
condition, participants were instructed to start their response during the presentation of the 
stimulus sentences, whereas in the delayed condition participants responded after completion 
of the presentation of each sentence. 

3.3.1 Participants 

Twenty-four native speakers of Dutch (13 females and 11 males, age 18-27) participated in 
this study, either voluntarily or in return for payment. All participants were unbalanced 
bilinguals, with Dutch as their native language and English as their strongest foreign 
language. Despite being dominant in Dutch they were fluent in English. Since the age of 
twelve, they had been instructed in English for three to four hours a week. They were 
university students, who either studied English at University level, used English on a daily 
basis for their doctoral study in other fields, or who had spent a few months abroad speaking 
English. In a language questionnaire no participants reported any (former) language 
problems (e.g., stuttering). On a scale from 0 to 10, participants rated their active knowledge 
of English at 8.2 on average and their passive knowledge at 8.5. All participants signed an 
informed-consent form before participating in the experiment. 

Materials 

Sentences. Forty English and 80 Dutch sentences were used in this study. Their 
length varied between 11 and 17 syllables. Of the complete sentence set, six different sets of 
20 sentences each were constructed. Two of these sets consisted of English sentences and 
four consisted of Dutch sentences. The sets were matched on sentence length. Average 
sentence length per set varied between 12.7 and 13.3 syllables. The sentences were 
unambiguous, and the English sentences were relatively easy to comprehend and translate to 
make sure that difficulties would not be due to misunderstanding of the English input. 
Twelve participants with a similar proficiency level participated in a control study that 
showed that the sentences were indeed easy to comprehend and translate. All sentences were 
read out loud by a fluent Dutch-English female bilingual, and recorded on computer. In the 
simultaneous condition, the sentences were presented in succession, with a 2 second pause in 
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between sentences. Including this pause, the presentation rate was on average 119 words per 
minute. In the delayed condition, the next sentence was only presented after the participants 
had finished their response to the current sentence. The length of the recorded sentences was 
2.7 s. on average. Six sets of five practice sentences were recorded in the same way. The first 
and the last sentence of each set were regarded as fillers and were not included in subsequent 
analyses. For the first sentence, participants still had to start their response so comprehension 
and production were, for a large part, not simultaneous, and, similarly, for the last sentence 
the input stopped before production was finished, (see Appendix 1 for a sample of the 
sentences). 

Cued-recall test. Of each sentence set, 10 sentences were selected from evenly 
distributed positions across the set. The first half of each of these sentences served as a cue 
in a recall test where the participant had to complete the sentence fragments as accurately as 
possible. The sentence fragments were presented on paper and participants were instructed to 
write down the remainder of the sentence. On average 4.5 words were required to complete 
the fragments. The presentation order of the fragments differed from the original 
presentation order of the sentences. 

Procedure 

Participants were tested individually. The sentences were played to the participant over 
headphones. On an Apple Macintosh Power PC 4400, using the software package Deck II, 
the stimulus material and the response of the participant were recorded synchronously on 
different tracks. The experimenter monitored the experiment by listening to the material over 
another headphone. Task instructions were presented before the start of each task and 
included a few example sentences (all different from the experimental sentences) and 
suggestions of correct responses. For the paraphrasing condition these examples showed to 
the subjects that both a simple word order change and the use of synonyms would be 
considered correct responses. Each condition started with the presentation of five practice 
sentences, allowing the participants to familiarize themselves with the condition. In the 
simultaneous condition the sentences in each set were presented in one go. In the delayed 
condition, the presentation of the next sentence was controlled by the experimenter. A new 
sentence was presented only after the participant had finished the previous sentence. 

After administering a complete set of 20 sentences, in each condition the 
corresponding recall test was administered. The participants were notified beforehand that 
recall tests would be administered after each task. It was stressed, however, that they should 
concentrate on the primary task. All conditions were administered in a single session, which 
took about 60 minutes in all, including short breaks between tasks and a short informal exit 
interview. In each sentence set the sentences were always presented in the same order. The 
presentation order of the tasks, simultaneity conditions and stimulus sets were 
counterbalanced. For example, each of the stimulus sets used for the paraphrasing condition 
was presented to half of the participants in the simultaneous condition and to the other half 
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in the delayed condition. Furthermore, half of the participants always received the 

simultaneous version of each task first (either set A or B); the other half started with the 

delayed version. Finally, the order of the shadowing, paraphrasing, and interpreting 

conditions was counterbalanced. This resulted in a unique presentation order of the stimulus 

sets and conditions for each participant. 

Data analysis 

Output performance. By transcribing the verbal output of the participants two 

analyses were performed on this output. One analysis was performed on the quality of the 

task performance and one on the amount of output. Quality of task performance was 

measured by scoring for each sentence how well the participant performed the task. The 

system emphasized how well the meaning of the input was preserved in the output. To 

warrant the objectivity of this output measure, two independent judges rated the performance 

quality". Other ways of measuring specifically the quality of SI, such as counting the number 

of different types of errors (Barik, 1994), have been criticized for focusing too much on 

specific words or the exact form of the output rather than on the meaning of the input and the 

output, and for counting errors that professional interpreters may not regard as errors (see 

Gile, 1991). 

Output was highly variable across sentences and across participants, for example, 

some sentences were not translated at all by some participants. The quality of each output 

sentence was rated on a scale between 0 and 5. With 18 critical sentences per condition, the 

maximum quality score that could be assigned per participant, per condition was therefore 

90. Zero points were given when the participant failed to say anything; 5 were given for 

excellent performance, taking task instruction into account. For interpreting and 

paraphrasing this meant that the response sentence completely conveyed the meaning of the 

stimulus sentence3. For shadowing the sentence should be reproduced literally. Intermediate 

scores were obtained for intermediate performance. The value 1 was assigned when only a 

few words of the stimulus sentence were reproduced; 2 was assigned when a more or less 

complete sentence was produced of which the meaning deviated strongly from the meaning 

of the stimulus sentence; 3 was assigned when the meaning of the response was related to 

that of the stimulus sentence but incorrect; this value was typically assigned when the 

opposite causal relation was produced in the output, or when subject and object had changed 

places; 4 was assigned when the meaning of the response was similar to that of the stimulus 

" This method of rating translation performance may not be suitable for output of professional 
interpreters. Between our participants the difference in quality of output was very large. For 
professionals, individual differences in performance are likely to be far smaller. They are likely to 
perform at the high end of the scale only and consistent rating would in general be more difficult. 
' In the paraphrasing task participants could unintentionally have reproduced the exact input sentence 
and receive, according to our rating system, the maximum score. We had planned to exclude such 
responses before analysis but it turned out that they did not occur in our data. 
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sentence and also approximately correct. The two judges were highly consistent in their 
rating of quality of performance; the inter-rater reliability was p = 0.95. This indicates that 
this measure was objective, in the sense that the judges in general agreed in their ratings. The 
average of their ratings was used in the statistical analyses to be reported below. 

The second output-performance analysis involved counting the number of words in the 
transcribed responses in each condition. Only complete words, irrespective of their content, 
were counted and speech disruptions and comments on the task were excluded. The 
percentage was calculated of the number of output words produced in a particular condition 
relative to the number of input words that were presented in that condition. This measure did 
not involve any assessment of the quality of the output. It was hypothesized that in difficult 
conditions participants would be less able than in easy conditions to produce output at all, so 
the pattern of results of this analysis should be similar to the pattern of results of the quality 
of performance analysis. 

Response latency. The latencies between stimulus and response were analyzed 
separately for the simultaneous and delayed conditions. For the simultaneous condition, we 
calculated the ear-voice span (EVS) for half of the sentences (the second sentence, the 
fourth, the sixth etc.). For each of the selected nine input sentences per condition, three 
content words were selected that were distributed evenly across the sentence, that is, the 
selected words were from the beginning, the middle, and the end of the sentence. For the 
three words per sentence in the input signal the onset times was determined. Subsequently, 
the onset time for the corresponding word in the output signal was determined. In the 
interpreting condition the corresponding word was the translation equivalent of the critical 
input word; in the paraphrasing condition it could be a synonym of the critical input word. 
The word-EVS was the difference between the onset time in the input and the onset time in 
the output. This word-EVS was averaged across the three selected words per sentence, to 
control for differences in word order changes across conditions. In other words, when a 
target word changed position in the output sentence with respect to the input sentence, other 
parts of the sentence changed positions too, which averages out by calculating the mean of 
three words from different positions within the sentence. Our results indicated that no 
negative EVS occurred. This could have happened if the participants had engaged in 
anticipating the output sentence and had readily produced it. The EVS per condition was 
calculated by averaging the mean EVS per sentence. 

It was not possible to calculate an EVS for the delayed condition. To obtain a measure 
of latency for this condition we calculated the time lag between the completion of the 
stimulus sentence and the onset of the response sentence for the same nine sentences as used 
for calculating the EVS in the simultaneous condition. 

Recall. Recall was measured by assigning each of the ten sentences in the test a score 
between 0 and 3 on how similar the recalled sentence was to the original stimulus sentence 
(0: no recall or error; 1: half finished; 2: similar in meaning; 3: completely correct recall). 
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The highest possible assigned score was 30. We decided to use a rating system to measure 
recall because we focused on recall of meaning. Verbatim recall measures, such as the 
amount of overlap between words in the input and the recall, would focus more on recall of 
the exact form of the input. Recall performance was rated by two judges; inter-rater 
reliability was p = 0.99. The average rating was entered in the statistical analyses. 

3.4 Results and discussion 

Twenty-three participants were included in the analysis. One participant was excluded as an 
outlier because of extremely poor performance in the simultaneous shadowing condition 
(more than 4 standard deviations below the average). There was no significant effect of 
presentation order of the simultaneous and delayed conditions, nor of presentation order of 
sentence set in any of the analyses reported below. Therefore, presentation order was no 
longer included as a separate factor in further analyses. Omnibus repeated-measures analyses 
of variance (ANOVA) are reported for all dependent variables. Because our main interest 
was to assess the effect of simultaneity on each of the tasks and to compare performance 
across different tasks, we also conducted simple effect analyses. 

3.4.1 Output performance 

A two-way ANOVA was conducted with task (shadowing, interpreting, and paraphrasing) 
and simultaneity condition (simultaneous and delayed) as within-subject factors on quality of 
performance. The means and standard deviations of performance quality are presented in 
Table 1. The main effect of task was significant, F(2, 21) = 64.88, p < .001. as well as the 
main effect of simultaneity condition, F(l, 22) = 36.91, p < .001. These main effects were 
qualified by an interaction between task and simultaneity condition, F(2, 21) = 17.81, p < 
.001. As expected, the quality of performance was lower in the simultaneous condition than 
in the delayed condition in all tasks. Simple effects showed that these differences were 
significant for shadowing, F(l, 21) = 6.71, p = .017, interpreting, F(l, 21) = 40.00, p < .001, 
and paraphrasing, F(l, 21) = 24.37, p < .001. In the simultaneous condition, shadowing 
performance was significantly better than interpreting performance, F(l, 21) = 76.64, p < 
.001, as well as paraphrasing performance, F(l, 21) = 44.88, p < .001. Interpreting did not 
differ significantly from paraphrasing, F(l, 21) = 1.93, p = .179. In the delayed condition, 
the results show a similar pattern as in the simultaneous condition. Shadowing performance 
was significantly better than interpreting, F(l, 21) = 84.15, p < .001, and paraphrasing, F(l, 
21) = 23.53, p < .001, whereas the comparison of interpreting and paraphrasing did not yield 
a significant effect, F(l, 21) = 2.45, p = .132. In other words, for both the simultaneous and 
the delayed condition, interpreting and paraphrasing performance appear equally good, 
whereas performance for shadowing is better than for both these tasks. 
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Table 1. Average rated output quality (standard deviation) per task, per condition (maximum 
score 90) and average percentage (standard deviation) of the number of output words relative 
to the number of input words. 

Task 

Shadowing 

Interpreting 

Paraphrasing 

Quality of 

Simultaneous 

88.63 
(1.80) 

69.35 
(10.67) 

65.26 
(16.94) 

output 

Delayed 

89.65 
(.65) 

84.44 
(3.05) 

81.72 
(7.79) 

Amount of output* 

Simultaneous 

100.24 
(2.57) 

83.42 
(10.67) 

89.71 
(9.90) 

Delayed 

100.08 
(.41) 

103.60 
(3.05) 

102.25 
(3.47) 

isote. "wnen more words are | 
may be more than 100 percent. 

An ANOVA on the amount of output showed that the main effects of task and 
simultaneity condition were significant, F(2, 21) = 8.07, p = .003, and F(l, 22) = 32.36, p < 
.001, respectively. Also the interaction between these two factors was significant, F(2, 21) = 
18.75, p < .001. Table 1 shows the mean percentage of output relative to the input for each 
condition and the corresponding standard deviations. Simple effects showed that the 
difference between the delayed and the simultaneous conditions was significant for 
interpreting, F(l, 21) = 29.91,p < .001, and paraphrasing, F(l, 21) = 26.25, p < .001, but not 
for shadowing, F(l, 21) < \,p = .77. In the simultaneous condition, the amount of output for 
shadowing was higher than for both interpreting. F(l, 21) = 25.49, p < .001, and 
paraphrasing, F(l, 21) = 13.49, p = .001. Output was greater in paraphrasing compared to 
interpreting but this difference was not statistically significant, F(l, 21) = 3.87, p = .062. In 
the delayed condition, only the difference between interpreting and shadowing reached 
significance, F(l, 21) = 9.14, p = .006; paraphrasing output did not differ significantly from 
shadowing output, F(l, 21) = 1.42, p = .247, nor from interpreting output, F(l, 21) < l,p = 
.672. 

Table 1 shows that for the quality of performance the absolute difference between the 
simultaneous and delayed conditions for shadowing is, albeit significant, small in 
comparison with this difference for interpreting and paraphrasing. This may explain the 
significant interaction between the factors task and simultaneity condition in the omnibus 
ANOVA. Moreover, for the amount of output, there was no difference between the 
simultaneous and the delayed condition for the shadowing task. These results suggest that 
coping with simultaneity does affect performance negatively to some extent but the effect of 
simultaneity is rather small. It appears that especially the combination of simultaneity and 
transformation had a detrimental effect on performance. Furthermore, as expected, output 
performance was better for shadowing than for the other two tasks, suggesting that the 
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transformation component is a source of difficulty in SI, but this difference is especially 
large in the simultaneous condition, again indicating that it is the combination of these two 
components that is particularly problematic. 

Finally, performance in the interpreting condition was not poorer than in the 
paraphrasing condition. This finding actually converges with the participants' perception of 
the relative difficulty of the tasks. Of the 21 participants who answered the question which 
task they found the most difficult to perform, 10 reported that they regarded simultaneous 
interpreting to be the most difficult task, whereas 11 felt that simultaneous paraphrasing was 
more difficult. The response latency analyses will shed some further light on this matter. 

3.4.2 Response latency 

Separate analyses were performed for the simultaneous and the delayed conditions. The 
mean EVS for the simultaneous condition and the mean response latency for the delayed 
condition as well as the corresponding standard deviations are reported in Table 2. In the 
simultaneous condition, a one-way repeated-measures ANOVA showed a significant effect 
of task, F(2, 21) = 67.25, p < .001. Simple main-effect analysis confirmed what the means in 
Table 2 suggest: the EVS was significantly smaller for shadowing than for both interpreting 
and paraphrasing, F(l, 21) = 105.41, p < .001, and F(l, 21) = 94.43, p < .001, respectively, 
and, interestingly, the EVS was significantly larger for paraphrasing than for interpreting, 
F(l, 21) = 13.47, p = .001. In the simultaneous condition some words were not reproduced; 
there was about 13.8 % of missing values4. 

In the delayed condition a similar pattern emerged as in the simultaneous condition, 
even though a different measure for latency was used. Again, a main effect of task was 
found, F(2, 21) = 39.62, p < .001, and simple effect analyses showed that the latency was 
shorter for shadowing than for interpreting, F(l, 21) = 77.85, p < .001, and paraphrasing, 
F(l, 21) = 31.35, p < .001. Again the latency for paraphrasing was larger than for 
interpreting, F(l, 21) = 15.34, p = .001. In sum, as expected, for both the simultaneous and 
the delayed condition the response latency was shortest for shadowing. The latency was 
intermediate for interpreting and largest for paraphrasing. This result, in combination with 
output performance, suggests that the paraphrasing task is harder to perform than the 
interpreting task. We can therefore conclude, contrary to what has been suggested in the 
literature, that the paraphrasing task should not be regarded as the monolingual equivalent of 
SI. Unfortunately, in this study it is therefore not possible to disentangle the reformulation 
and language-switch aspects in the transformation component. Apparently, the specific task 
demands of paraphrasing, in so far as they differ from interpreting, play a more important 
role in determining the relative performance level in paraphrasing and interpreting than do 
the added demands of a language switch, that is only present in interpreting. 

4 Analysis of errors in the simultaneous conditions showed exactly the same pattern as the RT data, 
including a significant main effect forTask (F(2,21) = 19.86, p < .001). 
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Table 2. Average ear-voice span (standard deviation) in milliseconds per task in the 
simultaneous condition, and average latency (standard deviation) in milliseconds per task in 
the delayed condition. 

Task EVS Latency 
(simultaneous condition) (delayed condition) 

Shadowing 1010 543 
(399) (160) 

Interpreting 2085 1070 
(557) (316) 

Paraphrasing 2626 2070 
(748) (1347) 

3.4.3 Recall 

Overall recall was better in the delayed condition than in the simultaneous condition. A 
repeated-measures ANOVA showed that this main effect of simultaneity condition was 
significant, F(l, 22) = 40.06, p < .001. Also, the effect of task was significant, F(2, 21) = 
13.47, /? < .001, and the interaction between task and simultaneity condition was marginally 
significant, F(2, 21) = 2.72, p = .089. The average recall scores and standard deviations are 
presented in Table 3. 

For the recall data, simple effects analysis showed significantly lower recall in the 
simultaneous than in the delayed conditions for two of the three tasks: interpreting, F(l, 21) 
= 20.13, p < .001, and paraphrasing, F(l. 21) = 16.35, p = .001. For shadowing, the 
simultaneous and delayed conditions differed marginally, F(l, 21) = 4.18, p = .053. In the 
simultaneous condition, none of the differences between tasks reached significance (all Fs < 
1), whereas in the delayed condition all differences between tasks reached significance. 
Recall for interpreting was higher than for shadowing, F(l, 21) = 9.92, p = .005, and 
paraphrasing, F(l, 21) = 17.41, p < .001, and recall for paraphrasing was higher than for 
shadowing, F(l, 21) = 7.68,p = .011. 

These results indicate that the main effect of task is mainly due to differences in the 
delayed condition. Interestingly, the recall results are different from those of the online 
performance measures reported earlier. Recall performance was similarly lower in the 
simultaneous condition, but there were no differences between tasks. For the delayed 
condition, there were task differences in both the analyses of the online data and of the recall 
data, but for recall, interpreting, not shadowing, showed the best performance. It is therefore 
not to be recommended to base conclusions on the use of recall measures when the actual 
interest lies, for example, in the comprehension of the input. 
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Table 3. Average recall (standard deviation) per task in the simultaneous and delayed 
conditions. 

Task Simultaneous condition Delayed condition 

Shadowing 15.35 17.41 
(4.62) (4.65) 

Interpreting 16.35 22.54 
(4.65) (3.24) 

Paraphrasing 15.26 19.70 
(5.47) (3.30) 

3.5 General discussion 

The present experiment showed that a supposedly important source of difficulty in SI, 
simultaneity of speech comprehension and production, indeed leads to a small decrement in 
performance. However, it may only be a major problem for the language system if it is 
combined with the requirement to reformulate a message. In other words, although it seems 
that coping with simultaneity is demanding, it only appears to exhaust limited mental 
resources when it is combined with yet another demanding task component. These 
conclusions are based on, first, our findings of an interaction between task and simultaneity 
condition, which we obtained in the analyses on the quality and the amount of output. 
Second, for shadowing the quality of performance in the simultaneous condition was lower 
than in the delayed condition but still close to excellent and there was no difference in the 
amount of output for these conditions, suggesting that simultaneity per se did not have a 
large impact on shadowing performance. Third, both interpreting performance and 
paraphrasing performance were poorer in the simultaneous condition than in the delayed 
condition. This result indicates that for the latter two tasks the concurrence of 
comprehension and production adds to task difficulty. 

Having to transform a sentence per se - even into a different language - seems to be a 
source of difficulty, but again not a major one because in the delayed condition the 
difference in quality of performance between the three tasks was, albeit significant, rather 
small. Apparently, our participants were very capable of translating and paraphrasing 
sentences, almost as good as they were at repeating them. Although transformation on its 
own is possibly more demanding than is the simultaneity of comprehension and production 
on its own, again, it is mainly the combination of both these task components that caused 
performance to drop substantially. 

In line with the finding of Treisman (1965) and Gerver (1974b) we found that 
shadowing performance was better than interpreting performance. Also, as expected, the 
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average EVS was longer for interpreting than for shadowing. Interestingly, the EVS reported 
in different studies, including this one, is quite similar, even though different languages, 
materials, methodologies, and participant populations were used across studies (Barik, 1973; 
Gerver, 1976; Goldman-Eisler, 1972; Treisman, 1965). We observed averages of about 2 
seconds for interpreting, and of 1 second for shadowing, which we estimated to be 
equivalent to about 5 words for interpreting and between 2 to 3 words for shadowing. This 
consistency between studies is likely to be caused by an upper boundary to the EVS due to 
limits of memory capacity and by a lower boundary, due the fact that a minimal amount of 
information is needed before an input fragment is disambiguated and can safely be produced 
(Christoffels & De Groot, in press, Chapter 2). 

We found very similar output performance for interpreting and paraphrasing5. This 
finding is similar to the corresponding result by Anderson (1994), who found a difference on 
only one of two performance measures. We may take this to indicate that the language 
switch component per se does not add substantially to task difficulty in SI, that it is not 
important whether one or two languages are involved, and that it is the requirement of 
reformulating the input that taxes the processing resources most. An important result is that 
the latency was longer for paraphrasing than for interpreting, because this finding indicates 
that in the present study paraphrasing was the more difficult task. From the joint results of 
the output and latency analyses we can conclude that, contrary to what has been assumed 
before (Anderson, 1994; Green, Vaid, Schweda-Nicholson, White, & Steiner, 1994), 
paraphrasing should not be regarded as a monolingual version of SI. This conclusion has 
implications for teaching SI since paraphrasing may have been wrongly perceived as an 
exercise preparing for interlanguage processing (see also Fabbro & Gran, 1997). 

An interesting question is what aspects of the paraphrasing task are particularly 
demanding. As mentioned before, having to change the grammatical structure in 
paraphrasing may be more demanding than finding the appropriate grammatical equivalent 
in the output language in interpreting, even though also interpreting often involves changing 
the word order of a sentence. Interestingly, this line of argument implies that manipulating 
the input in the same (native) language is at least as demanding as the requirement to switch 
to another language system in interpreting. Furthermore, in paraphrasing literal repetition of 
the input, that is, reproducing the original output form, must be avoided. This may be 
demanding because the original form of the input is an adequate way to express the intended 
message and likely to be highly activated. This activation must be suppressed. However, 
avoiding production in the source language instead of in the target language in interpreting 
may involve processing resources as well. Indeed, an influential account of language control, 

Note that with certain manipulations of stimulus material, it may be possible to reverse the relative 
performance in the interpreting and paraphrasing tasks. Some types of material may be easier to 
interpret whereas others may be easier to paraphrase. For example, sentences with low frequency 
words that have high frequency synonyms may be relatively easy to paraphrase. These same 
sentences may be relatively difficult to translate because low frequency target words must be found. 
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the inhibitory control model of Green (1986; 1998), suggests that even single word 
translation may involve high levels of control to prevent naming the word. 

It is not only interesting to try to understand interpreting and how it is supported by 
our language system, but also to learn what the SI task can teach us about the language 
system proper. In this respect it is striking that most participants produced interpretations at 
all and that they did not perform at floor level even though none of them had any previous 
experience in SI. Obviously, there are large individual differences between participants and 
their performance is not even close to the level of professional interpreters. Still, it appears 
from the present data that interpreting is within reach of every reasonably proficient 
bilingual, which suggest that it is supported by normal bilingual language processing. It also 
suggests that bilinguals may suffer less interference from the nontarget language when they 
are engaged in a translation task than is assumed by the inhibitory control account (Green, 
1986, 1998). The results of a recent study on Stroop-effects in word translation (Miller & 
Kroll, 2002) converge with this suggestion in showing that language selection occurs 
relatively early in the production of a translation. In other words, there may exist no 
competition from the nontarget language in translation. The input language may give 
information about what language is not to be produced. Possibly, bilinguals can use this 
language cue somehow to prevent interference from the nontarget language (Miller & Kroll, 
2002). 

The pattern of results revealed by the recall tests was quite different from that revealed 
by the direct performance measures. In the delayed condition recall was best for interpreting, 
then for paraphrasing, and, finally, for shadowing. Recall in the simultaneous condition was 
about equal across tasks. The results for the simultaneous condition differ from earlier 
research in that we found no task differences in this condition. Gerver (1974b) and Lambert 
(1988) found better performance for interpreting than for shadowing, whereas Daro and 
Fabbro (1994) obtained the reverse pattern, that is, a higher recall of digits after shadowing 
than after interpreting. Perhaps the different results can be explained by the fact that the 
tasks' measures and procedures were different in the various studies or by the fact that the 
participants in the other studies were professional interpreters (Gerver, 1974b; Lambert, 
1988) or advanced students of interpreting (Daro & Fabbro, 1994), whereas our participants 
were untrained in SI. Professionals may have learned to cope with the simultaneity of speech 
comprehension and production and may, therefore, show differences in recall between tasks 
in a simultaneity condition. This idea is supported by the finding that interpreters have a 
large memory span in comparison to other groups of subjects (Bajo et al., 2000; Christoffels 
& De Groot, in press, Chapter 2; Padilla et al., 1995). 

Interestingly, in the delayed condition recall after interpreting was better than after 
shadowing, even though quality of performance was far better in shadowing. The superior 
recall after interpreting was also reported by Gerver (1974b) and Lambert (1988) and may 
best be explained by the levels-of-processing theory (Craik & Lockhart, 1972; Lockhart & 
Craik, 1990). This theory predicts better recall following a relatively complex task that 
requires a deep level of processing than following a task that can be performed at a more 
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shallow level. Even though in shadowing the input is analyzed up to a semantic level 
(Marslen-Wilson, 1973), it seems reasonable to assume that the more complex task requires 
deeper semantic analysis of the input and should thus lead to better recall. This is indeed 
what we found. However, in a levels-of-processing account it is not clear why recall after 
paraphrasing is not equally good as recall after interpreting, because there is no obvious 
difference between these tasks in the depth of analysis of the input. One possibility is that in 
interpreting language could serve as a cue to recall, whereas in paraphrasing the participants' 
paraphrase may have interfered with recall of the stimulus sentence. 

In the introduction we argued that the production of speech in SI may negatively affect 
recall as in any other task involving the production of speech while processing input. We 
found that across tasks recall in the simultaneous condition was clearly poorer than in the 
delayed condition. It thus seems that having to comprehend and produce speech at the same 
time may indeed have reduced recall in the simultaneous conditions. The fact that there were 
no significant differences between tasks in the simultaneous condition suggests that this 
disruptive effect on recall may have overshadowed effects caused by differences in task 
difficulty. Alternatively, the reduced recall in the simultaneous condition can be explained as 
an effect of divided attention: The simultaneous condition can be regarded as a dual task 
situation, where both comprehension and production consume attentional resources. 

In conclusion, our study suggests that the paraphrasing task cannot be considered the 
monolingual equivalent of SI that some researchers have considered it to be. Probably due to 
a number of unique characteristics of the paraphrasing task, a comparison between the 
paraphrasing and the interpreting tasks does clearly not constitute a suitable way to provide 
the answer to the question whether, within the transformation component, reformulating or 
language switching is the more important sub-component. Importantly, we established that 
both the simultaneity of comprehension and production and the transformation component 
are sources of cognitive complexity in SI. However, our results also indicate that the role of 
each of these components separately is limited, and that of the two, transformation is the 
more demanding component. Especially the combined demands of simultaneity and 
transformation make simultaneous interpreting the complex task that it is. 





4 
Basic Skills in a Complex Task: A Graphical 
Model Relating Memory and Lexical Retrieval 
to Simultaneous Interpreting1 

4.1 Introduction 

Simultaneous interpreting (SI) is a complex skill that involves speaking and listening in 
different languages at the same time. It requires comprehension of input, which involves the 
temporary storage and extraction of meaning of this input, while the interpreter is involved 
in formulating the meaning of an earlier part of the speaker's speech in the output language 
and producing yet another part (e.g., De Groot, 2000; Gerver, 1976; Padilla et al, 1995; 
Rinne et al., 2000). Meanwhile, the interpreter is working under severe time constraints 
because the flow of input is continuous; the interpreter has no control over the input rate of 
the source speech. SI is, therefore, a very demanding cognitive skill. Not surprisingly, it is 
prone to error even under normal listening conditions and very sensitive to unfavorable 
conditions such as noise, faster than normal delivery of speech, poor pronunciation, and 
technical complexity of the speech (Gerver, 1976; Gile, 1997). Yet, high quality output is 
important if one considers that far reaching decisions may depend on the accuracy of 
interpreting in, for instance, international politics. 

SI is probably one of the most complex language processing tasks imaginable 
(Frauenfelder & Schriefers, 1997). No other language task combines the need to comprehend 
and produce speech simultaneously, and to simultaneously command and control two 
languages. Understanding SI may be of great interest to cognitive psychologists and 
psycholinguists because of the demanding nature of SI in terms of online processing and 
control. Despite these intriguing characteristics of the task, experimental data on SI is scarce 
(see Christoffels & De Groot, in press, Chapter 2, for a review). Since SI is an extremely 
complex cognitive skill, our approach in this study was to break SI down into its processing 
components to explore what basic cognitive subskills are important to SI. Of a larger set of 
possible subskills, we focused on the roles of basic language skills and of memory. 

This chapter is nearly identical to Christoffels, I. K., Waldorp, L. J., & De Groot, A. M. B. (in 
press). Basic skills in a complex task: A graphical model relating lexical retrieval, working memory, 
and simultaneous interpreting. Bilingualism, Language and Cognition. 
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4.1.1 Language skills 

In SI efficient language processing may be very important; when little attentional processing 
is required for certain aspects of language processing, more processing capacity will be 
available for other task components and the results of those processing steps are more 
quickly available for further processing. There is some evidence of a relationship between SI 
experience and efficient language processing. For example, Fabbro and Darö (1995) reported 
greater resistance to the detrimental effects of delayed auditory feedback in students of SI 
than in monolingual participants. Fabbro and Daro concluded these students of SI were more 
resistant to the interfering effects of delayed auditory feedback because they had developed 
high general verbal fluency and because they had learned to pay less attention to their own 
verbal output. Furthermore, Bajo, Padilla and Padilla (2000) compared the performance of 
interpreters, students of interpretation, bilinguals, and professionals from other fields on a 
categorization task. They showed that interpreters categorized nontypical exemplars of the 
categories faster than the students and the bilinguals. This finding indicates faster semantic 
access in interpreters than in other participant groups. 

A specific aspect of language processing is the ability to quickly access and retrieve 
words. Although the word processing level may be considered too basic a level to be 
important in interpreting, which usually involves comprehension and production of complete 
discourse, there are reasons to believe that basic lexical retrieval efficiency may be relevant 
after all. For instance, if finding an appropriate word for a concept during SI takes a long 
time, it is likely that the interpreting process may break down due to the loss of valuable 
processing capacity and time. In other words, the time required to retrieve the word that 
corresponds to a given concept should be as short as possible. Even more important may be 
the time required to retrieve the translation of an input word. Although the interpreter usually 
does not attempt to literally translate each word from the source language into the target 
language, some literal word-to-word translation is likely to play a role in SI. In fact, although 
the details of the actual translation process during interpreting are unknown, several authors 
theoretically distinguish two presumably coexisting translation routes (or strategies) in SI: A 
transcoding route and a meaning-based route (e.g., Anderson, 1994; Bajo et al., 2000; De 
Groot, 1997, 2000; Fabbro & Gran, 1994; Isham & Lane, 1994; Massaro & Shlesinger, 
1997; Paradis, 1994). The transcoding route involves literal transposition of words or multi
word units, whereas in meaning-based interpreting the meaning of the input is initially fully 
comprehended and conceptually represented. From this nonverbal conceptual representation 
of the input's meaning, production takes place in the target language (see, Christoffels & De 
Groot, in press, Chapter 2). Especially if interpreting proceeds by means of transcoding, 
efficiency in the retrieval of translation equivalents may be crucial. Among other things, this 
study attempts to explore the relevance of these two specific aspects of basic language 
processing in SI: The retrieval of a word for a given concept and the retrieval of a translation 
equivalent for a given word. 
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4.1.2 Memory skills 

Working memory is also likely to play a substantial role in SI. The working memory system 
is conceived of as a short-duration memory system that is capable of simultaneously storing 
and processing information. Working memory is known to play a significant role in normal 
language processing (e.g., Gathercole & Baddeley, 1993), but in SI we may expect it to be 
especially important. The delay between input and output in SI is on average about two to 
three seconds or four to five words (Anderson, 1994; Barik, 1973; Christoffels & De Groot, 
2003, Chapter 3; Gerver, 1976; Goldman-Eisler, 1972; Treisman, 1965). This factor alone is 
reason to assume that interpreting is demanding in terms of storage capacity in memory. 
Moreover, in SI many processes have to take place simultaneously, placing heavy demands 
on the executive control function of working memory. It is generally assumed that working 
memory capacity is limited and that the processing and storage functions compete for this 
limited capacity (e.g., Gathercole & Baddeley, 1993; Just & Carpenter, 1992; Shah & 
Miyake, 1999). This trade-off between storage and processing may be a bottleneck in SI, 
where both functions are important (Gile, 1997). 

Engle, Tuholski, Laughlin and Conway (1999) concluded from a factor analysis that 
short-term memory and working memory reflect separate but highly related constructs that 
are differentially related to higher order cognitive abilities. It seems sensible to at least 
distinguish between short-term memory and working memory in the sense that different 
tasks appear to primarily test either the storage capacity or the online processing resources of 
the memory system. For example, the digit span task assesses passive recall abilities and 
may be regarded as an indication of the participant's short-term memory capacity. Measures 
that tax both processing and recall may be regarded as measures of the participant's working 
memory capacity, where the focus is more on online processing. For example, the reading 
span task, introduced by Daneman and Carpenter (1980), combines temporary processing 
and storage demands. This type of task correlates higher with measures of language 
comprehension and other language processing tasks than measures that tap only storage 
capacity (see Daneman & Merikle, 1996, for a meta analysis). 

Padilla et al. (1995) and Bajo, Padilla and Padilla (2000) provided evidence that 
interpreting is indeed associated with efficient (working) memory skills. Padilla et al. 
compared experienced interpreters with two groups of student interpreters in the second and 
third year of their study and with non-interpreters. They administered a simple digit span 
task and a reading span task. According to both tasks, the interpreters had a higher average 
memory capacity than all other participant groups. In a similar experiment, Bajo et al. (2000) 
reported comparable results across interpreters, student interpreters, and non-interpreters. 

A relevant question regarding interpreting is whether there are functional capacity 
differences in memory between the first and second language: when memory tasks are 
administered in a second language (L2) the results are often found to differ from 
performance in the first, native language (LI). For passive recall tasks, like the digit span 
task, part of the between-language difference in recall is due to differences in articulation 
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rate between the LI and L2. It seems, however, that short-term memory capacity may not be 
the same in the native and a second language, even when the differences in articulation rate 
are taken into account (Chincotta & Underwood, 1997, 1998a). 

A few studies have also investigated tasks that assess working memory, such as the 
reading span, in different languages. Harrington and Sawyer (1992) found differences in 
word span and digit span in two languages, but no difference in reading span. Service, 
Simola, Metsaenheimo and Maury (2002) reported data that suggest that working memory 
capacity may interact with language proficiency. LI (Finnish) reading span was higher than 
L2 (English) reading span for a participant group that was relatively less proficient in the L2 
(psychology students), but there were no differences for more advanced speakers of the L2 
(students majoring in English). Service et al. concluded that sentence processing in a 
language that is not completely automated consumes extra working memory resources so 
that the reduction in overall capacity can be detected by working memory span tasks. 

4.1.3 The present study 

In the present study we focused on the role of two possible subskills of SI that are likely to 
be important: lexical retrieval and working memory. Unlike previous studies, we explored 
the relation of lexical retrieval and working memory with SI for participants without any 
prior experience in interpreting. In doing so, we capitalized on naturally occurring individual 
differences in interpreting 'talent'. If these basic skills are indeed important in SI, individual 
differences in lexical retrieval efficiency and working memory capacity should correlate 
with individual differences in SI performance. 

To assess SI performance an SI task was administered in which the participants were 
instructed to translate an auditorily presented text into the target language online. In addition, 
two common psycholinguistic tasks were used that tap into language processing at the word 
level and give an indication of the efficiency of word retrieval: word translation and picture 
naming. In a word translation task, a word is presented in one language and the participant is 
asked to give its translation equivalent as quickly as possible in the target language. This 
task provides a measure of how quickly a word in the source language activates its 
counterpart in the target language and is subsequently produced. In a picture naming task a 
picture is presented for which the participant is to name the concept that it represents. This 
task gives an indication of the time needed to retrieve the word that names a concept and to 
produce it. 

We assessed memory skills by administering a simple verbal digit span and a reading 
span task. As mentioned earlier, the digit span task is not as predictive for higher order 
language processing such as reading comprehension skills as, for example, the reading span 
task is (Daneman & Merikle, 1996). Similarly, Harrington and Sawyer (1992) obtained 
lower correlations between a simple word or digit span in L2 and L2 reading ability than 
between L2 reading span and L2 reading ability. In this study, we nevertheless included the 
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digit span task to find out whether short-term memory capacity, as assessed by the digit span 
task, captures part of the memory requirements in interpreting. Finally, in contrast to Padilla 
et al. (1995), and Bajo et al. (2000), who only administered the reading span in LI, we 
administered two matched versions of the reading span task in two languages because 
working memory capacity in L2 may be more important in restraining processing in SI than 
capacity in LI. 

Performance on the picture naming, translation, reading span, and possibly also the 
digit span tasks was expected to correlate with interpreting performance. We also performed 
a graphical models analysis. Such an analysis indicates by means of partial correlations 
what, if any, the interrelations between the variables are. 

4.2 Method 

4.2.1 Participants 

Twenty-four students of the University of Amsterdam participated in return for either course 
credit or payment. All participants were native speakers of Dutch. Their mean age was 21 
years. They received at least six years of formal training in English as a second language, for 
about 3 to 4 hours a week, at secondary school. Subsequently, at university they are required 
to read English since most textbooks are in English. The participants have also been exposed 
informally to English from early childhood, via film, television and music. We administered 
a language questionnaire designed to evaluate the language history of our participants. On a 
7-point scale (1 = no knowledge of English and 7 = native level) the mean self-rating of their 
passive knowledge of English was 6.2; their mean rating of active knowledge was 5.7. None 
of the participants rated themselves lower than 5 on these scales. 

4.2.2 Tasks and stimuli 

Lexical retrieval. The word translation task was administered in both language 
directions separately, from English (L2) into Dutch (LI) and from Dutch into English. On 
each trial, a word was presented on the screen and the participant was asked to give its 
translation as quickly as possible. The stimuli were 72 English and 72 Dutch words. Two 
word characteristics were manipulated: word frequency and cognate status. Cognates are 
similar to their translation equivalents in the other language in both meaning and form (e.g., 
English 'cat' - Dutch 'kat'). The items from the four conditions (high frequency cognates, 
low frequency cognates, high frequency noncognates, and low frequency noncognates) were 
matched on both word length and word concreteness. Further information on these stimuli 
can be found in Appendix 2. These four kinds of words were included to ensure the 
generalizability of our findings to different types of words. 
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The picture naming task was administered in both English and Dutch. Pictures were 
presented on a screen and participants had to respond verbally as quickly as possible by 
giving the name of the depicted object. Seventy-two pictures were selected from the 
Snodgrass and Vanderwart (1980) set, which consists of black line drawings on a white 
background. As for the word translation task, both frequency and cognate status were 
manipulated. The name agreement percentages for the pictures of the four subsets of words 
were equally large, and word length was matched across subsets. Further information on the 
properties of the stimuli is given in Appendix 3. 

Both the word translation task and the picture naming task started with four practice 
stimuli that differed from the experimental stimuli. For each participant the stimuli were 
presented in a different random order. On each trial a fixation cross was presented for 500 
ms, accompanied by a beep. A stimulus appeared 100 ms later and stayed on screen until the 
participant responded, but not longer than 7 s. The reaction time was measured by means of 
a sound-activated switch (voice-key). The experimenter typed the participant's response and 
triggered the next trial. 

Memory. The reading span task was administered in both English and Dutch. The 
participant read aloud sentences that were shown centered on the monitor while trying to 
remember the last word of each sentence. As soon as the participant read out the last word of 
a sentence, the experimenter triggered the next trial, a white screen appeared for 500 ms, a 
beep sounded, and then the next sentence appeared. The sentences were presented in 
increasing set sizes that consisted of two to five sentences. There were three series of each 
set size, which added up to 42 recall words per task. After presentation of the last sentence in 
each set the participants were signaled on screen to write down all final words of the set they 
recalled. They were instructed not to start with writing down the last word presented to them. 
No other restrictions on recall order were given. The sentences of the English task were 
partly derived from Harrington and Sawyer (1992). The final words of the English and 
Dutch versions of the task were matched across the two languages on length and frequency 
(See Appendix 4 for the properties of the final words and a sample of sentences). Sentence 
length was between 11 and 13 words for both the Dutch and English version of the task (on 
average 11.8 words for English and 11.7 for Dutch). For each participant the total number of 
correctly recalled words was calculated. 

The digit span task was administered in Dutch". The participants were asked to repeat 
verbally presented sequences of an increasing number of (pseudo) random digits (i.e., no 
immediate repetitions of the same digit and no obviously meaningful order) in the exact 
order of presentation and to start recalling them immediately after the last digit was read to 
them. The digits were read aloud at a rate of one per second, starting with a sequence of four 
digits. There were three series of each number of digits: after presentation of three series of 
four digits, the next sequence contained five digits. The task continued until the participant 

: Practical constraints prevented presentation of the digit span in English. 
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was no longer able to correctly recall one out of the three series. The largest number of digits 
recalled before an error made was taken as the participants' digit span. 

Simultaneous interpreting. In the simultaneous interpreting task stimulus material 
was presented auditorily to the participant over headphones. The participants were asked to 
translate the English text as well as possible into Dutch and to start translating while 
listening. They were told that they should try to translate the meaning of what was being said 
rather than translate literally. Recordings that had been used as part of a medium level 
English listening high school exam in the Netherlands, were adapted and used in two 
practice sessions of one and four minutes, respectively. The experimental SI task-recording 
was about 4.2 minutes long. It concerned a text on the science of face perception that we 
assessed to be easy to understand (see Appendix 6). After participation the participants 
reported no problems in understanding the text. The recorded text was spoken by a native 
speaker of British English at a rate of 116 words per minute on average. The interpreting 
output of the participants was recorded on the computer. From these recordings, two 
different measures of quality of SI performance were derived. The first measure was based 
on transcriptions of the recordings (SI-T). Ten sentences, approximately equally distributed 
in the text, were selected from the English text. Two judges rated the sentences on how well 
the content was translated in Dutch, on a scale from 0 to 3. A score of zero meant that the 
sentence was not translated at all; a score of 3 meant that almost all of the original text was 
translated into a proper grammatically correct Dutch sentence. For each participant a 
performance measure was calculated by adding the scores on the 10 sentences. The second 
measure (SI-A) was a rating of the translations' complete audio recording by two judges, 
both teachers at the school for translation and interpreting of Maastricht, the Netherlands, 
and experienced simultaneous interpreters themselves. They rated each participant's 
performance on a scale from 0 to 5 on how well the text was interpreted. The inter-rater 
reliability p on both performance measures was reasonably high. For SI-T (transcription of 
the recordings) p was 0.91. For SI-A (audio records) p was 0.80. 

4.2.3 Design and procedure 

The participants were tested individually in a dimly illuminated room. All the instructions 

were in Dutch and provided on paper and administered verbally to the participants. After 

receiving a general instruction, for each separate task a detailed instruction was provided. 

The experiment was run on two different computers using three software packages. The 

naming and translation tasks were programmed to run on a Macintosh PPC 4400 with a 15-

inch monitor, using the in-house developed software Flexi 4.0.5. All other tasks were run on 

a Macintosh G3 PowerBook. The memory span tasks were programmed using Psyscope 1.2 

and the interpreting task was administered and recorded using DeckIFM2.6.1, an audio-
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record program enabling us to simultaneously play the stimulus sound file while recording 

the participants' response on another track. 

The session started with a brief voice-key practice in which participants read aloud 

English words. The complete session took about 1.5 hours. Apart from brief breaks between 

tasks a break of five minutes was held halfway through the session. The tasks were 

administered in two different orders that both started with a voice-key practice and ended 

with a short language questionnaire on the language background of the participants. Half of 

the participants performed the tasks according to the following task sequence: picture 

naming English; translation Dutch-English; reading span English; interpreting practice 1; 

interpreting practice 2; short break; digit span; reading span Dutch; translation English-

Dutch; picture naming Dutch; interpreting task. The remaining half of the participants 

performed the tasks according to the same task sequence but they started with the Dutch 

version of the tasks instead of the English version. 

4.3 Results and discussion 

No main effect for order of presentation approached significance, so we collapsed across 

presentation orders. For the translation task and the picture naming task, the mean reaction 

time and percentage of errors for each of the conditions was calculated for each of the 

participants. All reaction times (RTs) longer than 5000 ms were treated as outliers and were 

excluded from the analysis. With this procedure less than 0.5 % of the RTs was excluded 

from the data of both tasks. Furthermore, all RTs of incorrect responses and voice key errors 

were excluded. All together, less than 11% of the data in both tasks was excluded, of which 

about 7% were incorrect responses. Means and standard deviations on all tasks are presented 

in Table 1. 

The correlational and graphical models analyses, described next, are of main interest. 
However, for completeness we briefly report the repeated-measures analyses of variance 
(ANOVA) that were conducted on the translation and picture naming latencies. Because the 
number of errors is relatively small, no separate analyses for the errors are presented. There 
was no speed-accuracy trade-off in either task, since the largest number of errors was found 
in the condition in which the participants reacted most slowly. 

For the translation task, within-subject factors were translation direction (English-
Dutch, Dutch-English), cognate status (cognate, noncognate), and frequency (high, low). 
The ANOVA yielded significant main effects for both cognate status (F(l, 23) = 118.97, p < 
.0001) and frequency (F(l, 23) = 97.42, p < .0001), which were qualified by an interaction 
between cognate status and frequency (F(l, 23) = 11.25, p < .005). There was no significant 
main effect for translation direction (F(l, 23) = 2.81,/? > .10). Participants responded faster 



Memory and language skills in simultaneous interpreters 65 

to cognates than noncognates, faster to high frequency words than to low frequency words 

and the latter difference was larger for the noncognate words. 

The repeated-measures ANOVA on the picture naming task with the factors language, 

cognate status, and frequency yielded a significant main effect for language (F(l, 23) = 

158.49, p < .0001), cognate status (F(l, 23) = 48.40, p < .0001), and frequency (F(l, 23) = 

57.34, p < .0001). Furthermore, there was an interaction between language and frequency 

(F(\, 23) = 30.52, p < .0001). No other interactions approached significance. Participants 

were slower to name in English than in Dutch and the difference between high and low 

frequency words was larger when participants named in English than in Dutch. 

Table 1. Means and standard deviations (SD) for all tasks. 

Tasks 

Word retrieval 

Translation English-Dutch 

Translation Dutch-English 

Picture naming English 

Picture naming Dutch 

Memory 

Reading span English 

Reading span Dutch 

Digit span 

SI performance 

Sl-T (transcription) 

Sl-A (audio-recording) 

Mean 

990 

951 

1151 

815 

32.9 

33.0 

6.4 

18.2 

2.3 

SD 

159 

170 

171 

97 

3.73 

4.01 

1.21 

3.91 

0.86 

Note. For translation and picture naming the reported averages are the reaction time for correct 
responses in milliseconds, for reading span the number of correctly recalled words (maximum 
score = 42), for digit span the number of correctly recalled series of digits, and for SI 
performance (SI-T and SI-A) the mean rating of the two raters (maximum score = 30, and 5 
respectively). 

Note that the effect of translation direction was not significant. It is often reported that 

forward translation, i.e., translation into the second language, is slower and more prone to 

errors than backward translation, into the LI (e.g., Kroll et al., 2002; Kroll & Stewart, 1994). 

The absolute difference in RT between forward and backward translation actually suggests 

the opposite pattern: translation into English was, if anything, faster. Both null results and 

this opposite effect have been reported before (Christoffels et al., 2003, Chapter 5; De Groot, 

Dannenburg, & Van Hell, 1994; De Groot & Poot, 1997; La Heij et al.. 1996; Van Hell & 

De Groot, 1998b). De Groot and Poot (1997) tested three proficiency groups. Two groups 

were secondary school pupils; the highest proficiency group consisted of university students. 
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The former two groups were faster at forward translation; for the students the effect of 

translation direction was not significant. The equivalent RTs in both translation directions 

therefore suggest that our participants were relatively proficient in L2. Nevertheless, they 

were faster to name pictures in LI (Dutch) than in L2 (English). 

For the reading span task, a paired f-test showed there were no differences in 

performance between the Dutch and the English version (r(l, 23) < 1, p > .10). In other 

words, functional working memory capacity of our participants appears to be equally large 

in LI and L2, although the absolute difference was in favor of Dutch reading span. 

Harrington and Sawyer (1992) similarly reported no differences between languages on a 

reading span task. Furthermore, this pattern matches the advanced group in the Service et al. 

(2002) data, even though our participants were psychology students, like their less advanced 

group. This may, again, be taken to indicate that these participants were quite proficient in 

their L23. 

4.3.1 Correlational analyses 

The correlations between performance on the language and memory tasks on the one hand, 

and the measures of simultaneous interpreting, SI-T and SI-A, on the other hand, are 

presented in Table 2. SI-T and SI-A correlated significantly with each other (r = 0.86, p < 

.0001), indicating that they were similar measures of SI performance. Nevertheless, the 

pattern of correlations between the two SI performance measures and the other tasks were 

somewhat different for the two measures. 

Inspection of Table 2 shows that the translation task in each translation direction 

correlated quite highly with both interpreting measures. Also picture naming latencies 

correlated with interpreting performance although the correlations are somewhat stronger for 

picture naming in English. These results indicate that fast word retrieval is associated with 

better interpreting performance. In other words, some basic language skills may indeed be 

important for SI and fast word retrieval might be one of them. 

Reading span English correlated significantly with interpreting performance as 

assessed by SI-T, but not as assessed by SI-A. The correlation of reading span Dutch and SI-

1 To support the idea that the lack of a difference between translation directions and between Dutch 
and English reading span was due to the relatively high L2 proficiency of our participants, we 
performed an additional analysis. The difference between forward and backward translation and the 
difference between English and Dutch reading span (i.e., the language effect) was calculated and 
correlated to the mean (passive and active) self-assessed proficiency in English. The correlation with 
the language effect in translation was significant (r = -.51, p < .05). indicating that a higher English 
proficiency was indeed associated with a smaller language effect. Similarly, the correlation of 
proficiency with the language effect in working memory was in the expected direction, albeit not 
significantly (r = -.29, p > .10). Higher proficiency is associated to a smaller difference between 
English and Dutch reading span, albeit not significantly so. Note that there was an extremely small 
range of proficiency scores (between 5 and 7 on a 7-point scale). The homogeneity of the participant 
group in this respect limited the power of this analysis. 
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T showed a trend towards significance, but again, no significant relation is found with SI-A. 

For the digit span task the correlation with both interpreting performance measures was 

significant. These data give some indication that a larger or more efficient working memory 

is associated with better interpreting performance, and that also passive recall is associated 

with SI performance. 

Table 2. Correlation between the performance on all tasks and two measures of performance 
on the interpreting task, Sl-T and SI-A. 

Task 

Translation English-Dutch 

Translation Dutch-English 

Picture naming English 

Picture naming Dutch 

Reading span English 

Reading span Dutch 

Digit span 

Sl-T 

-.62*** 

-.66*** 

-.62*** 

-.41* 

.44* 

.300 

.35* 

SI-A 

-.37* 

-.54** 

- .57" 

-.44* 

.03 

.24 

.38* 

Note. * p < .05, ** p < .01. *** p < .001, 0 0.1 < p < .05. one-tailed Z-test. Note that negative 
correlations are expected for the translation and picture naming tasks because better 
performance is associated with shorter reaction times, and higher scores on the SI measures. 

It thus seems that it is indeed possible to identify basic subskills that are relevant for SI 

performance. Better SI performance is associated with faster reaction times on word retrieval 

tasks. There is also some evidence that working memory is relevant, especially when 

considering SI-T. It is not clear why there are differences between the two measures of SI 

performance. The correlations were in general lower for SI-A. This might be because of the 

lower inter-rater reliability for SI-A (p = 0.80) than for SI-T (p = 0.91). Another difference 

between these measures is that they are based on different aspects of the output. SI-T is 

based on the transcription of the output, whereas SI-A is based on the audio-records. The 

latter measure may be influenced more by aspects unrelated to how well the meaning of the 

input is preserved in the interpretations, such as interruptions in speech and type and clarity 

of voice. Further analysis is performed on SI performance according to SI-T because for this 

measure the inter-rater reliability was highest. 

4.3.2 Graphical models analysis 

In order to gain more understanding of the relation between the different variables in this 

study, we performed a graphical models analysis. This is a multivariate analysis that uses 
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graphs to represent models and enables a representation of associations between variables 
(Edwards. 2000). The analysis is similar to path analysis. Graphical modeling is based on the 
partial correlations between the variables. The procedure considers each of the individual 
edges (links between the variables) and subsequently removes those edges that are not 
required, i.e., for which the partial correlation does not differ significantly from zero. It is 
possible that variables become completely isolated, indicating that there is no association 
with any of the other variables. Graphical modeling is aimed at obtaining a model of 
associations that is as simple as possible and still describes the data well. With this analysis 
the relative importance of the associations between each of the tasks and SI can be assessed. 

The analysis was performed with the MIM software package (Edwards, 2000). Using 
F-tests for stepwise backward testing on individual edges (starts from the full model with all 
edges present, by deleting edges) we obtained the model graphically presented in Figure 1. 
This model fits the data well, yjil 1) = 14.117, p = 0.86. Note that a model fits the data if the 
Chi-square test is not significant. The model was stable in the sense that two other model 
selection procedures yielded the same model: stepwise forward testing (starts from a model 
without any edges, by including necessary edges) and the Edwards-Havranek-search 
algorithm (Edwards, 2000). An analysis of the residuals indicated that the assumption of 
conditional multivariate normality was satisfied. It is important to emphasize that the model 
selection was in no way restricted by any a priori assumptions on the relations between the 
variables in this study. 

yO O 
RS English RS Dutch 

-O O 
TL E-D Digit span 

TL D - E ^ \ ^ 

XD O 
PN English PN Dutch 

Figure 1. Graphical model of associations between SI performance and other tasks (RS= 
reading span; TL = translation task; PN = picture naming task). 

SI performance 
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From the graphical model we can make the following observations. First of all, there 
are only direct edges to SI performance from reading span English and translation Dutch-
English. In other words, these two variables are the most relevant to SI because they have a 
direct effect on SI performance. Any influence of the remaining variables is mediated by 
reading span English or translation Dutch-English. Note that the absence of, for example, an 
edge between picture naming English or Dutch and SI performance means that picture 
naming in both languages is not directly associated to SI performance. In other words, 
although the ordinary correlation between picture naming and SI is significant (see Table 2), 
picture naming does not uniquely explain part of the variance in SI performance. 

In the introduction, transcoding and meaning-based interpretation were discussed. The 
model emerging from the data indicates that transcoding may be a relatively important 
strategy for untrained SI. This is suggested by the fact that an edge between translation and 
SI exists, but not between picture naming and SI. 

Second, a highly interesting result is that the model consists of two separate paths of 
tasks that are connected directly only to SI performance: On the one hand, the two working 
memory tasks are associated, on the other hand, translation, picture naming, and digit span 
are associated. This means that we obtained evidence that different, (conditionally) 
independent subskills in SI exist, in the sense that working memory and translation each 
have an independent relation to SI performance. 

Furthermore, in the model the Dutch and English versions of each task are linked 
directly to each other. Thus, only one version of each task (i.e., reading span English, 
translation Dutch-English, picture naming English) is associated to other tasks, whereas the 
other language version (i.e., reading span Dutch, translation English-Dutch, picture naming 
Dutch) is connected in the model only through their counterpart. This was to be expected 
because the task may be assumed to capture the same underlying processes in the two 
languages. Therefore, one would not expect separate association between, for example, both 
English-Dutch and Dutch-English translation with SI, because these tasks mainly explain the 
same variance. It is not completely clear why it is translation into English and not translation 
into Dutch that is directly linked to SI (which took place into Dutch). Although speculative, 
possibly the requirement to generate responses in L2 captures more of the restraints of 
processing in L2 that are relevant to SI than production in LI. However, one should take into 
account that the correlation between Dutch-English and English-Dutch translation is high (r 
= .77, p < .05), suggesting that, to a large extent, both tasks measure the same underlying 
skill. Moreover, Dutch-English translation is more easily selected in the model as the 
translation direction with a direct edge to SI, because this task's correlation with SI is 
slightly higher than the correlation of English-Dutch translation with SI (i.e., -.66 and -.62, 
see Table 1). 

Finally, it is noteworthy that in the model digit span has no direct relation to SI 
performance. Apparently short-term memory capacity, at least in the native language, is not 
as relevant to SI as working memory is. Although this latter conclusion may not be 
surprising, perhaps it can be considered unexpected that digit span is associated with 
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translation rather than with the working memory tasks. It this context it is worth mentioning 
that the correlations between digit span and word translation into Dutch (r - -.59) and into 
English (;• = -.50) were higher than the correlation between digit span and reading span 
Dutch (r = .41) and English (r = .22), and that all correlations, except for the correlation with 
reading span English reached significance. One suggestion concerning short-term memory 
may shed some light on why this pattern emerged. The digit span gives an indication of the 
capacity of the individual's phonological loop component. This slave-system of the working 
memory system is specialized for the retention of verbal material over short periods of time 
(e.g., Baddeley, 1986; Gathercole & Baddeley, 1993). Baddeley, Gathercole and Papagno 
(1998) argued that the primary function of the phonological loop is that of a language 
learning device (see also e.g., Ellis & Sinclair, 1996). It is found that vocabulary knowledge 
is strongly associated with digit span performance in children and with the learning of novel 
words in adults (e.g., Baddeley, Gathercole et al, 1998). Of the tasks in the present study, 
conceivably especially word translation skill is related to individual differences in foreign 
vocabulary acquisition ability. The relevance of the phonological loop in the acquisition of 
vocabulary may thus hint to why in our model the digit span task is associated with the 
translation task rather than the reading span task. 

4.4 General discussion 

Using correlational analysis and graphical modeling we were able to show that it is possible 
to identify subskills in the complex task of SI. We found evidence that lexical retrieval and 
working memory are associated to SI performance. 

The graphical model showed direct links from SI performance to reading span English 
and to translation into English. This indicates that of the subskills we studied, the efficiency 
of working memory and retrieval of translation equivalents are the most relevant subskills in 
SI. Interestingly, there are two (conditionally) independent paths, namely working memory 
and word translation skills, to SI performance. This means that these subskills separately 
contribute to SI performance. 

The relation between picture naming and SI was mediated by translation; there is no 
direct effect of picture naming on SI. It seems that, given knowledge about translation 
performance, individual differences in the efficiency of the processes underlying picture 
naming performance are not relevant to SI performance. Regarding memory skills, the 
English version of the reading span task had a direct effect on SI performance, which 
suggests that working memory capacity in L2 may be more important in constraining 
processing in SI than capacity in LI, even though average performance on the reading span 
did not differ for LI and L2. Secondly, LI digit span does not seem to capture any short-
term memory requirements in SI on top of reading span. The implication of our model is that 
if we want to predict (L2 into LI) SI performance on the basis of the set of tasks included in 
this study, we would only need L2 working memory capacity and translation (into L2). The 



Memory and language skills in simultaneous interpreters 71 

other tasks do not give any additional information on SI performance. This conclusion is 
important if we want to use these tasks in a practical setting, for example, to select or train SI 
students (note that we cannot be sure that our results generalize to L1-L2 interpreting since 
we only assessed interpretation into LI). 

Given the complexity of the SI task, it is noteworthy that all our participants were able 
to produce at least some output when performing the task. It is likely that on a professional 
level SI requires particular skills or talents that not everyone possesses to the same degree. 
However, at a more modest level SI seems to be within reach of reasonably proficient 
bilinguals untrained in SI, a fact that should be taken into account by current theories on 
(multilingual) language processing and memory. 

Since the participants in this study were untrained in SI we cannot be certain that our 
findings generalize to professional interpreters. In fact, Neubert (1997) even claimed that 
untrained, or 'natural', translation is distinctly different from professional translation and 
interpreting. On the other hand, Harris and Sherwood (1978) stated that translation in general 
is an innate skill and that all bilinguals are able to translate within limits set by their 
proficiency (see also Malakoff & Hakuta, 1991; Malakoff, 1992). That interpreting skills 
may come about naturally is suggested by the fact that immigrant children often serve as 
interpreters for older members of their family (Harris & Sherwood, 1978). Although the 
literature does not provide a solid base on which to decide whether or not processing by 
professional interpreters is unique and differs from that of novices in this task, one study, 
reported by Dillinger (1994), suggests that at least comprehension processes in SI may be 
qualitatively the same for professionals and novices. The advantage of using, as we did, 
novices as participants is that this way the role of subskills is assessed without 
'contamination' of the idiosyncratic strategies that interpreters may have developed (e.g., 
Shlesinger, 1994). 

A final consideration is that our results might be explained by an underlying factor of 
general language proficiency in English. In other words, one might ask whether differences 
in general language proficiency generate the individual differences on both SI and the other 
tasks. The fact that in the model LI tasks are not directly associated to SI but mediated by L2 
may indicate that this is the case. Note, however, that language proficiency is a very general, 
multi-dimensional concept that involves pronunciation, grammar, vocabulary knowledge, 
and pragmatics, which can all be mastered at different levels by the L2 user. If one argues 
that word translation efficiency and English working memory capacity are different aspects 
of English language proficiency, we have at least still shown that these specific subskills are 
relevant. 

However, there are in fact two findings that argue against the idea that global 
proficiency differences induce individual differences in performance on all tasks used in this 
study, including SI. First, the correlational analysis showed that LI tasks also correlate 
significantly with SI performance, suggesting that the subskills are also relevant to SI if they 
are measured in the LI. Moreover, in the graphical model two independent paths are 
associated with SI performance. That the working memory tasks were separated from the 
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other tasks means that functional memory capacity in English and translation retrieval skills 
independently contributed to SI performance. This is a strong indication that not (only) 
individual differences in general English proficiency fuel the differences in performance on 
SI. 

In future research it will be interesting to assess the role of different aspects of 
language proficiency and to include bilinguals of different proficiency levels to disentangle 
the relation between language proficiency and SI performance. It is also important to try to 
generalize our findings by including professional interpreters as participants. We have 
shown that efficient word translation and memory skills are important for SI by untrained 
bilinguals. Of course, other subskills may be relevant too. For example, interpreters have to 
speak in the target language only, while they are listening source language, which means that 
both languages have to be activated. It would, therefore, be interesting to assess whether 
individuals differ in the ability to control multiple languages without apparent interference 
from one language to another, and whether this ability is indeed related to SI. Also, in SI it 
would be useful if spoken language comprehension proceeds exceptionally fast. The ability 
to quickly comprehend discourse and to resolve lexical and other types of input ambiguities 
may be another relevant subskill in SI (e.g., Christoffels & De Groot, in press. Chapter 2; 
Gernsbacher & Shlesinger, 1997). 



5 
Memory and Language Skills in Simultaneous 
Interpreters: The Role of Expertise and 
Language Proficiency1 

5.1 Introduction 

Since the 1950's it has become common practice at large international meetings, such as 
those of the United Nations, to have interpreters simultaneously interpret into and from the 
different languages spoken by the members present. To an outside observer, simultaneous 
interpreting (SI) is a remarkable skill in that it places impressive demands on both language 
processing and memory. A question that immediately springs to mind is whether 
experienced interpreters possess special cognitive abilities that allow them to interpret 
successfully. Does acquiring skill in interpreting alter basic language processes in 
interpreters? Is their cognitive capacity to process language enhanced by virtue of their 
interpreting experience? Although answers to these questions may provide critical 
information about the manner in which cognitive resources constrain language processing, 
there has been little experimental research on interpreting (see Christoffels & De Groot, in 
press. Chapter 2, for a review). The present study is one of the first steps towards 
understanding the way in which skills in SI may be related to language processing and 
cognitive capacity. 

From a cognitive perspective SI is a striking task because of its sheer complexity. 
Interpreters must do simultaneously what ordinary language users typically do serially, that 
is, comprehend and produce language at the same time. This means that many processes take 
place simultaneously. New speech input is presented continuously and the interpreter must 
comprehend this input and store it in memory. At the same time, earlier segments must be 
reformulated mentally into the target language and even earlier segments must be articulated 
(e.g., Gerver, 1976; Lambert, 1992; Padilla et al., 1995). The complexity of the task is 
illustrated by the fact that even professional interpreters sometimes make several mistakes 
per minute (Gile, 1997). The simultaneity of comprehension and production is perhaps the 

Christoffels, I. K., De Groot, A. M. B., & Kroll, J. F. (2003). Memory and language skills in 
simultaneous interpreters: The role of expertise and language proficiency. Manuscript in preparation. 
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most salient characteristic of interpreting, and likely to be one of the main reasons why 
interpreting is such a cognitively demanding task. 

Another interesting characteristic of SI concerns the lag that necessarily occurs 
between the input and the corresponding output. Many language combinations differ in word 
order. Therefore, the interpreter may have to wait for the verb that concludes a sentence in 
one language (e.g., German) but that needs to be produced early in the translation in another 
language (e.g., English). On one hand, it is advantageous to wait as long as possible before 
starting to produce the translation of a given input utterance. The longer the lag, the more 
likely it is that potentially occurring ambiguities have been resolved by the context. On the 
other hand, when the lag is long there is more information to hold in memory than when the 
lag is short. According to Barik (1975), misinterpretations of the source message are often 
caused by too a short lag. Cokely (1986) indeed observed, in a study of sign language 
interpreting, that the number of errors correlated negatively with time lag. Although, the lag 
between input and output is also influenced by factors such as the language of input 
(Goldman-Eisler, 1972), it is generally around 2 seconds or 4 to 5 words (Barik, 1973; 
Christoffels & De Groot, 2003, Chapter 2; Gerver, 1976; Goldman-Eisler, 1972; Treisman, 
1965). 

A final critical aspect of SI is that interpreters not only have to deal with the 
simultaneity of input and output, but also have to comprehend an utterance in one language 
but produce it in another. Thus, both languages must be active simultaneously, although no 
language switches are allowed. This requires that interpreters ceaselessly control the use of 
the two languages concerned. 

The problem of control in bilingual processing becomes particularly critical when one 
considers the question how bilinguals manage to keep their languages separated. Although 
initial research on bilingual language representation suggested that word forms are 
represented separately for each language but that word meaning is shared between languages 
(Kroll & De Groot, 1997; Kroll & Stewart, 1994; Potter et al„ 1984; Smith, 1997), more 
recent studies have shown that information about word forms in both of the bilingual's 
languages is activated even when processing occurs in one language. This recent evidence 
suggests that it is not possible to 'shut off a language, even when it might be beneficial for 
task performance (e.g., De Groot, Delmaar, & Lupker, 2000; Dijkstra et al., 1998; Jared & 
Kroll, 2001; Van Heuven et al., 1998). It might not seem surprising to observe nonselectivity 
in comprehension tasks in which language input is presented, but the finding of 
nonselectivity has been shown to extend to production tasks as well, even when speakers 
intend to produce words in only one of their two languages (e.g., Colomé, 2001; Costa et al„ 
1999; Hermans et al., 1998). If words from both languages are active during both 
comprehension and production, then how is interference and switching into the nontarget 
language prevented? 

One proposal to account for the control that bilinguals appear to exert in their speech is 
provided by in the Inhibitory Control model (Green, 1986, 1998). According to this model, 
language selection requires inhibition of the candidates in the nontarget language. Achieving 
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such control requires the allocation of attentional resources. Green (1998) argues that even a 
relatively simple task as single word translation requires such control. Complex tasks such as 
online translation and interpretation may be assumed to require substantially higher levels of 
control. 

There is compelling evidence that early bilingualism enhances children's cognitive 
abilities, in particular, executive control functions that enable selective attention to relevant 
information (Bialystok, in press). We may ask whether experience in the complex bilingual 
task of interpreting that is hypothesized to impose high demands on cognitive control, 
enhances abilities that may be of particular importance to perform this task. A number of 
studies suggest that interpreters outperform other groups of participants on some language 
and memory tasks. Bajo, Padilla, and Padilla (2000) found that interpreters responded faster 
on atypical exemplars of categories in a semantic categorization task and that they were 
faster on nonwords in lexical decision, as compared to trainees learning to interpret, 
bilinguals without interpreting experience, and monolinguals. Furthermore, Fabbro and Darö 
(1995) observed that trainees learning to interpret were more resistant to the detrimental 
effects of delayed auditory feedback than participants with no SI experience. Delayed 
feedback of a speaker's own voice typically causes speech disruptions. Padilla, Bajo, Canas, 
and Padilla (1995) also demonstrated that interpreters demonstrated superior performance 
relative to other trainees and non-interpreters on digit and reading span tasks in the native 
language. Similar results were reported by Bajo et al. (2000). Although the advantages 
observed for interpreters in each of these studies could be due to the consequences of SI 
training or to self-selection factors that influence the choice to pursue SI as a career, the fact 
that they are observed even in the native language suggests that they are more general 
characteristics of interpreters' cognitive abilities. 

The goal of the present study is to begin to understand how basic components of 
language processing may be different in skilled interpreters and how SI is related to 
individual differences in memory capacity. The approach we took was to compare the 
performance of different groups of bilinguals, all of whom were native speakers of Dutch 
(LI) and relatively proficient in English as a second language (L2), but who nevertheless 
differed in their proficiency in English and their professional training in SI. If interpreting is 
a specific skill that does not affect the more basic components of language processing, then 
all of the participants should perform similarly on simple language processing tasks in their 
first and second languages. However, interpreters may differ from ordinary bilinguals in 
more than one way. Interpreters are necessarily highly proficient in L2 but, as suggested 
above, they appear to possess superior memory resources relative to other bilinguals. As 
noted, the latter may be a prerequisite for becoming an interpreter or a cognitive 
consequence of achieving skill in the SI task2. 

~ With the present set of data, we cannot determine the direction of causality. Whether individuals 
that possess these abilities are self-selected to pursue a career in interpreting or whether the training 
and experience in interpreting brings about changes in their cognitive abilities remains an open 
question for future research. 
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In Experiment 1 we used a battery of individual difference tasks to assess the memory 
capacity of a group of simultaneous interpreters and a group of Dutch university students, all 
of whom were reasonably proficient in English. We then compared their performance on 
simple word translation and picture naming tasks. To anticipate the results, we show that the 
two groups differ on both the measures of working memory capacity and on their 
performance in the language processing tasks, with generally better performance for the 
interpreters than the bilingual university students. In Experiment 2, we tested a third group 
of participants who, like the interpreters, were highly proficient in English by virtue of being 
English teachers, but like the students, had no formal experience in interpreting. Here, the 
results show that language proficiency appears to be the main determinant of speed and 
accuracy on the language processing tasks; interpreters and highly skilled teachers showed 
similar performance on these tasks. However, on the working memory tasks, the teachers 
were no better than the university students, whereas the interpreters were superior to both 
groups. This finding suggests that there is a crucial relation between memory capacity and SI 
skill. 

5.2 Experiment 1: Interpreters and Bilinguals 

In Experiment 1 we focused on the role of working memory capacity and basic language 
processes. We compared experienced professional interpreters with Dutch university 
students who are relatively proficient in English as their L2. Note that this latter population 
has been extensively studied in past research and consists of unbalanced but proficient 
bilinguals (e.g., Dijkstra et al., 1998; Kroll & Stewart, 1994; La Heij et al., 1996; Van Hell & 
De Groot, 1998b; Zeelenberg & Pecher, 2003). The relevant difference between these two 
groups of participants was that they were either experienced in professional simultaneous 
interpreting, or had never attempted to interpret before. 

To assess whether SI experience is associated with high cognitive capacity we 
included several measures of (working) memory capacity in our study. Apart from 
measuring passive recall with a word span task, we included a reading span measure 
(Daneman & Carpenter, 1980). This is a concurrent memory task that is designed to tap both 
the demands of storage and the processing of information. According to Daneman and Green 
(1986), functional capacity varies with the processing characteristics of the task being 
performed. They proposed the speaking span task as a measure that taxes the processing and 
storage functions of working memory during sentence production. Since interpreting 
involves spoken language production, we also measured memory capacity with a speaking 
span task. Finally, we assessed capacity in two languages because functional memory 
capacity may not be the same in the native and a second language (Chincotta & Underwood, 
1998a; Serviceetal., 2002). 

In assessing basic language processing components, we specifically examined lexical 
retrieval. One might argue that lexical retrieval may be too basic a level to be relevant, since 
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SI usually involves the translation of larger units of discourse. However, it is likely that word 
retrieval skills are nevertheless relevant when performing the interpreting tasks successfully. 
Vocabulary retrieval problems may take up much time and processing resources, which may 
eventually cause a breakdown in the SI process. We presented two lexical retrieval tasks that 
have been used extensively in the past to study bilingual language representation (e.g., Chen 
& Leung, 1989; De Groot, 1992; Kroll & Stewart, 1994; Potter et al., 1984): picture naming 
and word translation. These tasks share a number of components, but differ in that in word 
translation lexical access precedes conceptual processing, whereas in picture naming this 
process is reversed (Miller & Kroll, 2002). In both the word translation and the picture 
naming tasks we orthogonally manipulated two word type variables: word frequency and 
cognate status (cognates are words that share aspects of both form and meaning across 
languages). These variables have shown robust effects in several studies that focused on the 
organization of bilingual memory (e.g., De Groot & Nas, 1991; De Groot, 1992; Sanchez 
Casas, Davis, & Garcia Albea, 1992; Van Hell & De Groot, 1998a). We seek to replicate 
these effects and extend them to our tasks and specific groups of bilinguals. 

To summarize, participants completed a battery of individual difference measures to 
assess memory capacity, including a word span task, a reading span task, and a speaking 
span task. Furthermore, they performed two on-line processing tasks, picture naming and 
single word translation. Both groups of participants performed all tasks in two languages, 
Dutch and English. Finally, we included two control tasks: a basic nonlinguistic reaction 
time (RT) test and an English vocabulary test. The RT test was included to control for 
differences between participant groups in basic reaction speed that are not related to 
language processing. The English vocabulary task was included to indicate English 
proficiency in addition to self-ratings of the participants' proficiency level. 

If the subskills we measured are indeed important to SI, we predict that the interpreters 
will outperform the bilinguals on both measures of language processing and memory 
capacity. On the control measures, we expect that the interpreters will have better vocabulary 
knowledge than the bilinguals, but that performance on the basic RT test should be unrelated 
to SI skill. 

5.2.1 Method 

Participants 

One group of 40 participants consisted of university students who were unbalanced Dutch-
English bilinguals. They spoke Dutch as their native language and were relatively proficient 
in English. They were undergraduate students of the University of Amsterdam and received 
course credit or a small monetary reward for participation. Of the 40 participants, 39 
participants were included in the analysis, because the language questionnaire (see below) 
showed that one participant had some experience in (non-professional) interpreting. The 
participants had received at least six years of formal education in English as a second 
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language, for about 3 to 4 hours a week, starting at age 12 at secondary school (often English 
lessons began at primary school). The participants use English textbooks in their university 
studies and had been exposed informally to English, via film, television, and music, in their 
daily lives. 

The second group of participants consisted of 13 professional interpreters, all native 
speakers of Dutch. English was one of the languages they worked in professionally. They 
had on average 16 years of professional interpreting experience. All had attended university 
or other higher education, often specializing in language studies. Most of the interpreters had 
either attended a specialized interpreter course, or finished an internship, for example, at the 
European Union. We administered a language questionnaire designed to obtain more 
information about the language history of our participants. Participant characteristics and 
language questionnaire data are reported in Appendix 5. 

Materials and tasks 

Word retrieval. For the picture naming task seventy-two pictures were selected from 
the Snodgrass and Vanderwart (1980) norms, which consist of black line drawings on a 
white background. Two word-type variables, word frequency and cognate status, were 
manipulated orthogonally, forming four groups of words. Across the four subsets of words, 
word length was matched, and the name agreement percentages' of the pictures across the 
subsets were equally large and at least 90 percent. 

The stimuli and information on properties of the stimuli are given in Appendix 3. The 
picture naming task was administered separately in English and Dutch. Pictures were 
presented on a screen and participants had to respond verbally as quickly as possible by 
giving the name of the depicted entity. The task started with four practice pictures. On each 
trial, a picture was presented on the screen and the participant had to respond with its name 
as quickly as possible. The participants were instructed not to say anything else but the 
response. At the beginning of each trial a fixation cross was presented in the middle of the 
screen for 500 ms, accompanied by a beep. A picture appeared 100 ms later and stayed on 
screen until the participant responded, but not longer than 7 s. The RT was measured by 
means of a sound-activated switch (voice-key). The experimenter typed the participant's 
response (what was being typed was not visible to the participant) and triggered the next 
trial. 

For word translation, 72 English and 72 Dutch words were selected. As in the picture 
naming task, frequency and cognate status were manipulated orthogonally. The four groups 
of words were matched on word length and word concreteness. The words' values on these 
variables were derived from a set of 440 words that had been rated on, among others, the 
variables relevant in this study (De Groot et al., 1994). The words and their lexical properties 

" The percentage of participants using the same word to name a particular picture (Snodgrass & 
Vanderwart, 1980). 
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are given in Appendix 2. The word translation task was administered in both language 
directions separately, from English into Dutch and from Dutch into English. The task was 
administered in the same way as the picture naming task. It started with four practice words 
and RT was measured by means of a voice-key. 

Memory tasks. All memory tasks were administered in both English and Dutch. The 
stimulus properties of the recall words are given in Appendix 4. For the reading span task 
two matched sets of 42 English and 42 Dutch sentences were developed. The sentences of 
the English test were partly derived from Harrington and Sawyer (1992). The final words of 
the sentences were matched on length and frequency across the two languages. Sentence 
length varied from 11 to 13 words for both the Dutch and English versions of the task (on 
average 11.8 words for English and 11.7 for Dutch). The sentences were randomly divided 
into three different series of sets of two, three, four, and five sentences, with the restriction 
that no rhyming final words were allowed within one set. The participant read aloud 
sentences that were shown centered on the monitor while trying to remember the last word 
of each sentence. The sentences were presented one by one on the computer screen in 
increasing set sizes. As soon as the participant finished reading the sentence, the 
experimenter triggered the next sentence. An alert sounded and a white screen appeared for 
500 ms, after which the next sentence appeared. After presentation of the last sentence in 
each set the participants were signaled by another alert beep and on screen to verbally recall 
the final words of each sentence in that set. The experimenter triggered the appearance of the 
next set of sentences when the participant finished recalling the current set. For each 
participant the total number of correctly recalled words was calculated (maximum score: 42). 

For the speaking span task 42 words were selected for both the English and the Dutch 
version of this task. The English and Dutch words were matched on word frequency and 
length. The words were presented in three series of sets of two, three, four, and five words. 
No rhyming words were allowed within one and the same set. Participants were asked to 
(silently) read and remember the words. After presentation of a complete set the participant 
was asked to verbally produce a grammatically correct sentence for each of the words in the 
set that they recalled. The word appeared at the center of the screen for 1000 ms after a short 
alert. After 500 ms the next word was presented; the end of the set was signaled visually on 
the computer screen and by another sound. The experimenter triggered the appearance of the 
next set of words when the participant finished recalling the current set. The total number of 
complete sentences containing the correctly recalled words was calculated (maximum score: 
42). 

For both the reading span and the speaking span task the participants were instructed 
not to recall the last words presented to them first. No other restrictions on recall order were 
given. Both tasks started with two sets of two practice items. 

For the word span task 147 words per language were selected. The words were 
matched on word frequency and length across languages. The participants were asked to 
remember the words presented to them on screen and to recall them in exactly the same 



80 Chapter 5 

order. A 50 ms alert sounded, after which a word was presented for 1000 ms. Five hundred 
ms after its offset the next word was presented. The words were presented in three series of 
four, five, six, up to ten words. The end of a series was signaled visually on screen and by 
another alert sound, at which point the participant started to recall the series of words. The 
task was stopped when the subject failed to correctly recall one out of the three series of a 
given number of words. The number of correctly recalled series was calculated (maximum 
score: 21). 

Control tasks. The vocabulary test was based on the English Vocabulary Test 10 K 
(Meara, 1996). This test involves lexical decision for English words and nonwords without a 
speed instruction. The test does not include high frequency words and is meant to assess 
vocabulary knowledge at a relatively high level of proficiency (Cambridge proficiency level 
and above). 

For the vocabulary test we used two subtests of the English Vocabulary Test 10 K, 
which were administered digitally. Participants were asked to decide whether they knew the 
meaning of the words that were presented to them on screen and to indicate their decision by 
pressing one of two possible keys that indicated 'yes' or 'no' responses. The test consisted of 
80 words and 40 nonwords. Each trial consisted of the presentation of a 500 ms fixation 
cross, a 250 ms empty screen, and a stimulus that appeared for a maximum of 6000 ms. The 
trial ended on response; the inter-trial time was 100 ms. The dependent variable was an 
index of number of 'hits' corrected for number of 'false alarms' (Huibregtse & Admiraals, 
1999). 

Finally, the arrow test was a basic reaction time test. In this task 40 leftwards and 40 
rightwards pointing arrows were presented on the computer screen. Participants were asked 
to press a left hand key as quickly and as accurately as possible when an arrow was pointing 
to the left and a right hand key when an arrow was pointing to the right. First, a fixation 
cross was presented for 750, 1000, 1250, or 1500 ms, after which the arrow was presented 
(10 leftward and 10 rightwards pointing arrows for each duration). The arrow stayed on 
screen until a response was made but no longer than 5000 ms. The trials were presented in a 
different random order for each participant. The task started with 20 practice trials. 

5.2.2 General procedure 

All participants were tested individually in a dimly illuminated room, except for five 
interpreters who were tested individually in their own homes, because their schedules did not 
allow them to visit the laboratory. At the start of the session participants received both 
written and verbally presented general information on the plan for the experimental session. 
For each task a detailed instruction was provided. The experimental session began with 
voice-key practice. The complete session took about two hours. Apart from brief breaks 
between tasks, a five minute break occurred midway through the session. In and across tasks 
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none of the stimulus words or picture names was repeated. The tasks were presented to the 

participants in two different orders, one that started with the Dutch version and another that 

started with the English version of the tasks: Voice-key practice; picture naming 

(English/Dutch), word span (English/Dutch), word translation (into English/into Dutch), 

reading span (English/Dutch), vocabulary task, speaking span (English/Dutch), short break 

plus interpreting task (not reported in this paper), word span (English/Dutch), basic reaction 

time test, speaking span (English/Dutch), word translation (into English/into Dutch), reading 

span (English/Dutch), picture naming (English/Dutch), language questionnaire. 

5.2.3 Results 

A MANOVA showed that no effects of presentation order approached significance, so 

this factor was not taken into account in further analyses of the data. First, omnibus repeated-

measures ANOVA's are presented on all tasks to establish the overall pattern of results. We 

then present specific analyses targeted at two questions. First, we asked whether there was a 

differential effect of language of the task on performance of each participant group, i.e., 

whether both bilinguals and interpreters reveal more skilled performance in their LI than in 

their L2. Second, we examined group differences on each of the language versions of the 

tasks. We therefore present separate analyses for each language version. 

All reported effects were tested against an alpha of 0.05. Because the sample of 

interpreters is not very large and, therefore, statistical power may be a concern, all p-values 

under 0.10 were also reported4. Except for the comparison between groups, which was the 

main focus this study, effects are only reported when significant. 

Word retrieval 

Latency analyses are based on correct responses only. Data on trials in which RTs were 

below 100 ms and above 5000 ms were considered outliers and removed from the analysis. 

This affected less than 0.5 percent of the data in all tasks in both languages (Dutch picture 

naming: 0.1%; English picture naming: 0.4%; Dutch-English translation: 0.4%; English-

Dutch translation: 0.2%). Voice-key errors comprised 4.2% of the data for Dutch picture 

naming, 8.8% for English picture naming, 2.3% for Dutch-English translation, and 3.3% for 

English-Dutch translation5. In the overall ANOVA, presented first, the main focus was to 

establish whether the participant groups differed in lexical retrieval latency. In these analyses 

Notice that p-values under .10 were associated with effect-sizes (rf) of at least 0.06, which is 
considered a medium effect size (Stevens, 1992). 

On the basis of a stimulus analysis, additional analyses were performed on a subset of the stimuli. 
Stimuli were excluded when there were less than 50% correct responses across the students, the 
interpreters (Experiment 1), and the teachers (Experiment 2). This resulted in exclusion of 1 picture 
for Dutch picture naming. 6 pictures for English picture naming. I word for Dutch-English 
translation, and 3 words for English-Dutch translation (out of 72 stimuli per task). Removal of these 
items did not affect the outcome patterns of the statistical analysis. 
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the word type manipulations are, therefore, not taken into account. In subsequent analyses by 
task, the word type manipulations are taken into consideration. No detailed analyses of the 
errors are presented because in some conditions the percentage of errors is rather small. 
Main effects of group and language on the percentage of errors are reported to detect 
whether there are any speed-accuracy trade-offs. 

Picture naming. The average picture naming RT on the correct responses and 
percentage of errors for the different groups of words are reported in Table 1 for both 
languages. The omnibus repeated-measures analyses of variance (ANOVA) for the picture 
naming test with group (bilinguals vs. interpreters) as between-subjects factor and language 
(Dutch vs. English) as within-subjects factor showed that the groups differed marginally 
significantly from each other, F( 1, 50) = 3.48 , p - .068, n2 = .07; the interpreters were faster 
than the bilinguals. Furthermore, a main effect of language, F(l, 50) = 88.95, /; < .001, r\~ -
.64, was qualified by an interaction between language and group, F(l, 50) = 6.67, p = .013, 
rp = .12. Separate analyses for the bilinguals and the interpreters showed that not only the 
students, F(l, 38) = 139.11, p < .001, but also the interpreters, F(l, 12) = 17.75, p < .001, 
were faster in Dutch than in English picture naming. Inspection of the data in Table 1 
suggests that the disadvantage of naming pictures in the L2 was larger for the students than 
for the interpreters. 

Table 1. Picture naming. Mean reaction time (RT) in ms and percent errors (%error) for high 
frequency (HF) and low frequency (LF) cognate and noncognate words per language and per 
group, and the difference in RT between the two languages (language effect). 

Group 

Bilinguals (n=39) 
Cognates 

Noncognates 

Average 

Interpreters (n=13) 

Cognates 

Noncognates 

Average 

HF 

LF 

HF 
LF 

HF 

LF 

HF 

LF 

RT 

707 

808 
800 
879 

799 

679 
782 

818 
843 

781 

Language 

Dutch 

°oerror 

1.0 

3.8 
4.0 
5.4 

3.6 

0.4 

3.4 

5.1 

8.1 

4.3 

English 

RT 

925 

1183 
1117 

1381 
1152 

842 
917 

961 

1206 

982 

%error 

2.3 
9.8 

15.5 

39.0 
16.7 

0.9 
4.7 

8.5 
11.1 

6.3 

Language 
effect 

RT 

-353 

-201 
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Separate ANOVA's were conducted for the Dutch and the English version of the task, 
with group as a between factor and cognate status (cognates vs. noncognates) and frequency 
(high frequency words vs. low frequency words) as within factors. For Dutch picture naming 
there was no difference in latencies between groups, F(l, 50) < 1, p > .05. Significant main 
effects of cognate status, F( 1, 50) = 39.50, p < .001. rp = .44, of frequency, F( 1, 50) = 50.90, 
p < .001, t\ - .50, and a significant interaction between them, F(l, 50) = 6.62,/? < .013, rp = 
.12, indicate that cognates are responded to faster than noncognates, and that high frequency 
words are responded to faster than low frequency words. Inspection of Table 1 suggests that 
the cognate effect is larger for high frequency words than low frequency words. Noteworthy 
is that we obtained no significant interactions of these factors with group, indicating that 
there were no differences in performance between the bilinguals and the interpreters in 
Dutch picture naming. 

For English picture naming the pattern of results is quite different. The same effects of 
the word manipulations emerged in English as in Dutch: main effects of cognate status, F(l, 
50) = 63.05, p < .001, if = .56, and frequency, F(l, 50) = 55.10, p < .001, rp = .52, and a 
marginally significant interaction, F(l, 50) = 3.59, p = .064, rp = .07. However, in English 
we did find a significant group effect, F(l, 50) = 5.22, p - .027, r|2 = .10. The interpreters 
were faster in naming the pictures in English than the bilinguals. The interactions between 
group and frequency, F(l, 50) = 3.15, p = .082, rp = .06, and between group, frequency, and 
cognate status, F(l, 50) = 3.18, p = .081, rp = .06, approached significance. The effect of 
these factors is likely to be stronger when overall reaction times are longer; therefore, the 
effects of frequency and cognate status presumably interact with group in English picture 
naming. 

The error analyses showed that the percentage of errors was overall higher for the 
bilinguals than for the interpreters, F(l, 38) = 11.18, p = .002, rp = .18, that more errors 
were made in the L2, F(l, 50) = 34.16, p < .001, rp = .41, and that this was especially the 
case for the bilinguals, F(l, 50) = 34.16, p < .001, rp = .27. This pattern of results 
corresponds to the latency data. 

Word translation. The mean correct translation RTs and percentage of errors for each 
group of words in the two translation directions are reported in Table 2. The omnibus 
repeated-measures ANOVA, with group (bilinguals vs. interpreters) as a between-subjects 
factor and language (Dutch-English translation vs. English-Dutch translation) as a within-
subjects factor showed that the groups differed significantly from each other, F(l, 50) = 
6.77, p = .012, rp = .12. Furthermore, both the main effect of translation direction, F(l, 50) = 
3.22, p < .079, rp = .06, and the interaction between language and group, F(l, 50) = 3.20, p 
= .080, .012, rp = .06, were marginally significant. Simple effects analyses indicated that 
only the bilinguals showed an effect of language; they translated faster from Dutch into 
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English, than from English into Dutch6, F ( l , 38) = 11.91, p = .001. rp = .24. For the 

interpreters, translation was equally fast in both directions of translation, F( l , 12) < 1, p > 

.10. 

Table 2. Word translation. Mean reaction time in ms (RT) and percent errors (%error) for 
high frequency (HF) and low frequency (LF), cognate and noncognate words per translation 
direction, and per group, and the difference between the two languages in RT (language 
effect). 

Group 

Bilinguals (n=39) 

Cognates 

Noncognates 

Average 

Interpreters (n=13) 

Cognates 

Noncognates 

Average 

HF 
LF 

HF 

LF 

HF 

LF 
HF 

LF 

English-

RT 

784 
944 

959 

1225 
978 

656 

753 

803 
1055 
817 

Langt 

Dutch 

%error 

1.3 
8.7 

5.0 

29.1 
11.0 

1.3 

0.9 

2.1 
5.1 

2.35 

lage 
Dutch-English 

RT 

712 
904 

883 

1149 
912 

656 

745 
782 

1083 
817 

%error 

1.1 
3.7 

3.8 

29.9 
9.6 

.43 

.43 

1.3 
12.8 
3.74 

Language 
effect 

RT 

66 

0 

Separate repeated-measures ANOVA's were conducted for both translation directions 

with group as a between subjects-factor and cognate status (cognates vs. noncognates) and 

word frequency (high frequency vs. low frequency) as within-subjects factors. These 

analyses revealed that for both translation directions, the interpreters were faster than the 

bilinguals, F( l , 50) = 16.28, p = .003, iy = .16, and F( l , 50) = 3.21, p = .079, r|2 = .06, 

respectively, although for English-Dutch translation this difference is marginally significant 

and qualified by a significant three-way interaction of group, cognate status, and frequency, 

F ( l , 50) = 3.21, p = .022, rj2 = .10. Both translation directions showed significant main 

effects of cognate status and frequency and a significant interaction between these two 

factors (for English-Dutch translation respectively: F( l , 50) - 147.74, p < .001, i f = .75, 

F( l , 50) = 94.55, p < .001, X\2 = .65, and F(l , 50) = 24.05, p < .001, iy = .34; for Dutch-

English translation: F( l , 50) = 126.04, p < .001, r\2 = .72, F(l , 50) = 95.75. p < .001. i f = 

6 Note that this effect of translation direction was opposite of what is predicted by the revised 
hierarchical model (Kroll & Stewart. 1994). Frequently an advantage is observed for translation into 
the LI (e.g., Kroll et al.. 2002). However, null-effects, or faster translation into L2 are not isolated 
findings (Christoffels et al., in press; De Groot et al„ 1994; De Groot & Poot, 1997; La Heij et al.. 
1996; Van Heil & De Groot, 1998b). 
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.66, and F(l, 50) = 25.86, p< .001, rp = .33). Inspection of Table 2 suggests that the effect 
of frequency is smaller for cognates than for noncognates. 

The percentage of errors was significantly higher for the bilinguals than for the 
interpreters, F(l, 50) = 21.26, p < .001, rp = .30, indicating that the group differences were 
not due to speed-accuracy trade-offs. There was no difference in errors between translation 
directions F(l, 50) < 1. p > .10, but this factor interacted with group, F(l, 50) = 21.26, p = 
.047, rp = .08. Inspection of Table 2 indicates that the bilinguals made slightly fewer errors 
and the interpreters made slightly more errors in Dutch-English translation than in the 
reverse translation direction. 

Memory 

Repeated-measures ANOVA's were conducted for the three memory tests with group 
(bilinguals vs. interpreters) as between-subjects factor and language (Dutch vs. English) as 
within-subjects factor. Simple effects analyses were performed to assess whether there was 
an effect of language for each participant group separately, followed by tests assessing the 
effect of group when tests were administered in the LI and in the L2. 

Reading span. The average performance of the interpreters and the bilinguals on the 
reading span task is given in the upper part of Table 3. A repeated-measures ANOVA 
revealed a significant main effect of group, F(l, 50) = 4.78, p - .034, rp = .09, and a 
significant main effect of language, F(l, 50) = 7.15, p = .010, rp = .13, indicating that 
performance was better for the interpreters than for the bilinguals, and better for the Dutch 
than the English version of the task. The interaction between group and language was not 
significant, F(l, 50) = 2.12, p > .10. 

Simple effects analyses showed that for the interpreters there was no significant 
difference between the Dutch version and the English version of the reading span task, F(l, 
12) < 1, p > .05. In contrast, the bilinguals performed better on the Dutch version than on the 
English version, F(l, 38) = 16.78, p < .001. Furthermore, the difference between interpreters 
and bilinguals was significant for the English version, F(l, 50) = 7.50, p = .009, but not for 
the Dutch version, F( 1, 50) = 1.05, p > . 10. 

Speaking span. The average performance on the speaking span task is given in the 
middle part of Table 3 for both participant groups. For this task we obtained significant main 
effects of group, F(l, 50) = 16.23, p < .001. rp = .25, and language, F(l, 50) = 19.78, /; < 
.001, rp - .28, and an interaction between group and language, F(l, 50) = 6.46, p - .014, rp 
= .11. 

Simple effects tests showed that for the interpreters there was no significant difference 
between the Dutch version and the English version of the task, F(l, 12) < I, p > .10. The 
bilinguals performed better on the Dutch version than on the English version, F(l, 38) = 
41.01, p < .001. The difference between groups persisted in each language separately, with 
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the interpreters performing better than the students: Dutch, F( l , 50) = 5.60, p = .022, and 

English, F( 1, 50) = 22.74, p < .001. 

Word span. The average performance on the word span task is given in the lower part 

of Table 3 for both participant groups. We obtained a significant main effect of group, F( l , 

50) = 14.66, p < .001, and an interaction between group and language, F(l , 50) = 5.24, p -

.026. 

Simple effects tests indicated that for the interpreters there was no significant 

difference between the Dutch version and the English version of the task, F( l , 12) = 2.05, p 

> .05. For the bilinguals this difference was marginally significant, F( l , 38) = 3.21, p - .081. 

On both the Dutch and the English version, the interpreters performed better than the 

bilinguals, F( 1, 50) = 5.07, p = .029, and F( l , 50) = 18.89, p < .001, respectively. 

Table 3. Reading span, speaking span, and word span. Mean number of correctly recalled 
words on the reading span and the speaking span task (maximum score = 42), and mean 
number of correctly recalled series of words in the word span task per language and per group. 

Task 

Reading span 

Bilinguals 

Interpreters 
Speaking span 

Bilinguals 
Interpreters 

Word span 

Bilinguals 
Interpreters 

Language 

Dutch (L1) 

34.00 

35.39 

29.00 

32.08 

3.59 

5.00 

English (L2) 

31.13 
34.54 

24.77 
30.92 

3.05 
5.92 

Language 
effect 

2.87 

.85 

4.23 

1.16 

0.54 
-0.92 

Control tasks 

Average scores on the vocabulary test and RTs on the arrow test are reported in Table 4. For 

both tests independent samples t-tests were conducted. These analyses showed that 

interpreters performed better on the vocabulary test, f(50) = 8.45, p < .001, but that the 

bilinguals outperformed the interpreters on the arrow RT test, r(50) = 6.39, p < .001. The 

arrow test is therefore the only test in our experiment on which the bilinguals were better 

rather than worse than the interpreters. This difference may be due to the fact that the 

interpreters were approximately 20 years older than the bilinguals, who were university 

students (see Appendix 5). 

Given that the interpreters were slower on the basic reaction time task it is especially 

noteworthy that they were overall faster overall in word retrieval. The only linguistic task in 

which the bilinguals did not differ significantly from the interpreters was Dutch (LI) picture 
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naming. We can take the basic reaction time differences between groups in the nonlinguistic 
reaction time test into account by subtracting the average reaction time in the basic arrow 
task from the reaction times in the linguistic tasks. When we use this difference score in the 
analyses for the picture naming Dutch (i.e., the only task where the students did not differ 
significantly from the interpreters), the interpreters are significantly faster even on this task, 
F( 1,38) = 7.53,/? = .008, 

Table 4. Vocabulary test and basic RT Arrow test. Mean score on the vocabulary task and 
average RT for the bilinguals and the interpreters (Experiment 1) and the teachers (Experiment 
2). 

Task 
group Vocabulary Arrow RT 

Bilinguals .60 347 

Interpreters .86 418 

Teachers .82 407 

5.2.4 Summary and Discussion 

The main results for the word retrieval tasks can be summarized as follows. On both the 
translation and picture naming tasks the interpreters were faster than the bilinguals. In 
picture naming this group effect was present only in English, suggesting that lexical retrieval 
in LI Dutch picture naming is not more efficient for participants with interpreting 
experience. Possibly, LI picture naming is at ceiling already for the bilinguals, and does not 
get any faster with interpreting experience. Note that although the nonlinguistic RT of the 
interpreters is longer than that of the bilinguals, they are as fast as the bilinguals on Dutch 
picture naming and faster on the other lexical retrieval tasks. In short, fast lexical retrieval 
seems to be a relevant subskill of SI. 

As expected, picture naming in the L2 was in general slower than picture naming in 
the LI. Perhaps surprising, this is also the case for the professional interpreters, who are 
presumably highly proficient in their L2. The difference between LI and L2 picture naming 
was larger for the bilinguals. These results suggest that in the picture naming task an effect 
of language dominance occurs even in highly proficient bilinguals (the results also clearly 
indicate that the interpreters were dominant in Dutch). At the same time there was no effect 
of translation direction in the word translation task in this group. For the bilinguals on the 
other hand, it did matter what direction they translated in. They translated faster from Dutch 
into English than from English into Dutch. 

Comparisons between bilinguals and interpreters on the (working) memory span tasks 
showed a clear pattern: the interpreters outperformed the bilinguals on all three memory 
tasks. Interestingly, the advantage of the interpreters over the bilinguals also held in Dutch, 
although this difference was not significant for the reading span task. Finally, the bilinguals' 
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performance was affected negatively by being tested in their L2, whereas for the interpreters 
the language they were tested in had no effect on their performance. This result suggests that 
memory skills appear to be relevant for SI. 

In all, this study showed clear differences between the bilinguals and the interpreters 
on all of the measured subskills that we assumed to underlie successful interpreting. 
However, the two groups we tested differ in more than one way from each other. Most 
importantly, they do not only differ in the amount of interpreting experience they have, they 
also differ in their L2 language proficiency. Therefore, the differences between the 
bilinguals and the interpreters may be due to general differences in English (L2) proficiency, 
rather than to differences in interpreting experience. However, the fact that, at least for the 
memory tests, we found an advantage of the interpreters over the bilinguals when they were 
tested in their LI speaks against such an interpretation of our findings. It suggests that the 
differences between groups cannot be explained by language proficiency alone. 

The exact role of language proficiency in performance in our tasks remains unclear. 
This is because it is difficult to tease apart the roles of language processes and capacity. The 
reason is that, on the one hand, the capacity measures are language based as well, whereas 
on the other hand, there is plenty of evidence that cognitive resources affect language 
processing (e.g., Daneman & Green, 1986; Daneman & Merikle, 1996; Gathercole & 
Baddeley, 1993; Just & Carpenter, 1992). Moreover, Kroll, Michael, Tokowicz, and Dufour 
(2002) reported an effect of reading span on word translation performance in learners of L2. 

In the next experiment, we again assessed bilingual performance on lexical retrieval 
and memory tasks but using a new group of bilinguals who were more proficient in their L2 
than the bilingual university students but who had no previous experience or training in 
simultaneous translation. 

5.3 Experiment 2: Dutch Teachers of English 

In this experiment, we tested native Dutch speakers who were teachers of English. We used 
the same battery of tasks on which interpreters and bilinguals were compared in Experiment 
1. We chose to include teachers of English because they are similar to the professional 
interpreters in several important ways. Most critically, they are likely to have obtained an 
equally high level of proficiency in English as a second language. Furthermore, they are 
more similar in age to the interpreters and share a more similar educational background -
participants in both groups often held a degree in English. They share an interest in language 
in general, and in English in particular, and are professionally involved in English on a daily 
basis. The crucial difference between the two groups is the amount of simultaneous 
interpreting experience they have had: none for the teachers and many years for the 
interpreters. 

With the inclusion of the teachers, we may start to tease apart the relation between 
individual differences in first and second language processes and cognitive capacity. If the 
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differences between the bilinguals and the interpreters in the first experiment were solely 
based on differences in second language proficiency rather than interpreting experience, the 
teachers should perform very similarly to the interpreters. However, if the better 
performance of the interpreters is specifically related to their extensive interpreting 
experience, they should outperform the teachers. 

5.3.1 Method 

Participants 

Fifteen teachers of English participated in this experiment, all of whom where native 
speakers of Dutch. They were all teaching at the higher levels of secondary education in the 
Netherlands. They had on average 19 years of experience in teaching English. The teachers 
were comparable to the interpreters in educational background (most participants held a 
Bachelors or Masters degree in English). They were also comparable in age. Participant 
characteristics and language questionnaire data are reported in Appendix 5. 

Materials and procedure 

The materials used in this experiment were the same as in Experiment 1. All tests were 
conducted using the same apparatus and procedures as in Experiment 1. Nine teachers were 
tested in the laboratory, six were tested at their homes. The experiment was otherwise 
identical to Experiment 1. 

5.3.2 Results 

The same statistical analyses were conducted as in the previous experiment except that the 
data for the teachers was compared to the data from the interpreters reported in Experiment 
I. 

Word retrieval 

Picture naming. The mean correct picture naming RTs for each group in the two 
languages are reported in Table 5. The omnibus repeated-measures ANOVA with group 
(interpreters vs. teachers) as a between-subjects factor and language (Dutch vs. English) as 
within-subjects factor showed that there were no differences between groups, F( 1, 26) < 1, p 
> .10. Like the results of Experiment 1, we obtained an effect of language, F(l, 26) = 34.47, 
p < .001, t\ = .57. Simple main effects showed that, like the interpreters and bilinguals in 
Experiment 1, the teachers were faster in Dutch than in English picture naming, F(l, 14) = 
16.09,/? = .001, r)2 = .54. 
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For Dutch picture naming, the repeated-measures ANOVA with group (interpreters vs. 

teachers) as a between-subjects factor and cognate status (cognates vs. noncognates) and 

frequency (high frequency words vs. low frequency words) as within-subject factors 

revealed main effects of cognate status and frequency, F( 1, 26) = 28.53, p < .001, r\~ = .52, 

and F(l , 26) = 29.27, p < .001, r\2 = .53, respectively. Furthermore, we obtained an 

interaction between group, cognate status, and frequency, F( l , 26) = 7.08,/? = .013, TJ = .21. 

Inspection of the RTs in Table 5 suggests that the pattern of the effects of the word 

manipulations in the native language is slightly different for the two groups. 

It is noteworthy that for English picture naming we obtained no significant main effect 

of group, F( l , 26) < \,p > .10, nor any interactions with this factor. As expected, we did 

obtain a significant main effect of cognate status and frequency, and these factors also 

interacted with each other, F( l , 26) = 91.04, p < .001, r|2 = .78, F( l , 26) = 56.12, p < .001. 

i f = .68, and F( 1, 26) = 6.19. p = .020, i f = . 19, respectively. 

Table 5. Picture naming. Mean reaction time (RT) in ms and percent errors (%error) for high 
frequency (HF) and low frequency (LF), cognate and noncognate words per language and per 
group, and the difference in RT between the two languages (language effect). 

Group 

Teachers (n=15) 
Cognates 

Noncognates 

Average 

Interpreters (n=13) 

Cognates 

Noncognates 

Average 

HF 
LF 
HF 

LF 

HF 

LF 

HF 

LF 

Dutcr 

RT 

710 
812 

789 
966 

819 

679 
782 

818 

843 
781 

Language 

i 

%error 

1.1 
4.4 
4.4 

3.0 

3.2 

0.4 
3.4 

5.1 

8.1 

4.3 

English 

RT 

762 
951 

943 

1181 

959 

842 

917 
961 

1206 
982 

%error 

1.9 
5.6 
4.1 

11.5 
5.8 

0.9 
4.7 

8.5 
11.1 

6.3 

Language 
effect 

RT 

-140 

-201 

Note. The data for the interpreters is replicated from Table 1. 

Analyses of the percentage of errors showed that these did not significantly differ 

between the teachers and the interpreters, F( l , 26) < 1, p > .10, nor between the LI and the 

L2, F ( l , 26) < 1, p > .10. In general, in the picture naming task we obtained a very similar 

pattern of results for the teachers and the interpreters. 

Word translation. The mean correct word translation RTs for each direction of 

translation are reported in Table 6. These data suggest that there were no differences in 
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performance between the teachers and interpreters in word translation. A repeated measures 

ANOVA revealed no significant effect of group and no effect of translation direction, both 

F( l , 26) < l,p> .10. As was the case for the interpreters, for the teachers it did not matter 

whether they translated into or from the LI, F(l , 12) < 1,/; > .10. 

Separate analyses per language showed exactly the same pattern. Neither in Dutch-

English translation nor in English-Dutch translation there was a significant effect of group, 

but significant main effects were obtained of cognate status, F( l , 26) < 85.37, p = .001, rf = 

.77, and F(l , 26) = 165.64,/? < .001, rf = .86, respectively, and frequency, F( l , 26) < 80.81, 

/; = .001, r\2 = .76, and F( l , 26) = 203.54, p < .001, r\2 = .89, respectively. Furthermore, a 

significant interaction between the latter two variables was obtained, F( l , 26) < 29.91, p = 

.001, rf = .54, and F( l , 26) = 49.67, p < .001, r\2 = .66, respectively. 

For the percentage of errors there was no effect of group either, F ( l , 26) < 1, p > .10, 

but more errors were made when translating into English than into Dutch, F( l , 26) = 19.82, 

p < .001, r|2 = .43. 

Table 6. Word translation. Mean reaction times in ms (RT) and percentage of errors (%error) 
for high frequency (HF) and low frequency (LF), cognate and noncognate words per 
translation direction per group, and the difference between the two languages in RT (language 
effect). 

Group 

Teachers (n=15) 
Cognates 

Noncognates 

Average 

Interpreters (n=13) 

Cognates 

Noncognates 

Average 

HF 

LF 
HF 

LF 

HF 
LF 

HF 

LF 

English-

RT 

657 

738 
763 
922 

770 

656 
753 

803 

1055 
817 

Language 
Dutch 

%error 

0.4 

1,5 
0.7 
4.1 

1.7 

1.3 
0.9 
2.1 

5.1 

2.35 

Dutch 

RT 

663 
721 

769 

986 
785 

656 
745 
782 

1083 
817 

•English 

%error 

0.0 
1.1 

0.0 
12.6 
3.4 

.43 

.43 

1.3 

12.8 
3.74 

Language 
effect 

RT 

-15 

0 

Note. The data for the interpreters is replicated from Table 2. 

Memory 

Reading span . The average performance on the reading span task is given in the 

upper part of Table 7. Performance was better for the interpreters than for the teachers. A 

repeated-measures ANOVA revealed a significant main effect of group, F( l , 26) = 10.92, p 

= .003, X\ - .30. The main effect of language was not significant, F ( l , 26) = 2.22, p>. 10. 



92 Chapter 5 

Simple effects analyses showed that, similar to the results for the interpreters, for the 

teachers the difference between Dutch and English reading span was not significant, F(l , 14) 

= 2.15, p >.10. Furthermore, the interpreters performed significantly better than the teachers 

on both the Dutch and the English reading span task, F( l , 26) = 4.84, p = .037, and F(l , 26) 

= 12.91,p = 0.001, respectively. 

Speaking span. The average performance on the speaking span task is given in the 

middle part of Table 7. For this task, analysis revealed a significant main effect of group, 

F( l , 26) = 13.81, p = .001, i f = .35, of language, F( l , 26) = 22.76, p < .001, i f = .46, and an 

interaction between group and language, F( l , 26) = 14.58, p = .035, r\ = .16. 

Simple effects tests showed that, in contrast to the interpreters, the teachers differed in 

performance on the Dutch and English versions of the task: the teachers performed 

significantly better on the Dutch version, F( l , 14) = 24.89, p < .001. Furthermore, the 

interpreters performed better than the teachers on both the Dutch and the English version, 

F( 1, 26) = 5.76, p = .024, and F( 1, 26) = 22.85, p < .001, respectively. 

Word span. The average performance of the teachers on the word span task is given 

in the lower part of Table 7. Analysis revealed a significant main effect of group, F( l , 26) = 

13.31, p= .001, i f = .34, and an interaction between group and language, F( l , 26) = 8.53, p 

= .007, i f = .25. 

Again, in contrast to the interpreters, simple effects analysis revealed that the teachers 

performed significantly better on the Dutch than on the English word span task, F( l , 14) = 

8.30, p = .012. Furthermore, the difference between interpreters and teachers was marginally 

significant on the Dutch version, F( l , 26) = 3.027, p = .094, but the interpreters performed 

significantly better than the teachers on the English version of the task, F( l , 26) = 18.34, p < 

.001. 

Table 7. Reading span, speaking span, and word span. Mean number of correctly recalled 
words on the reading span task and the speaking span task (maximum score = 42), and mean 
number of correctly recalled series of words in the word span task per language and per group. 

Language Language effect 

Task 

Reading span 

Teachers 
Interpreters 

Speaking span 

Teachers 
Interpreters 

Word span 

Teachers 
Interpreters 

Dutch (L1) 

32.06 
35.39 

28.80 

32.08 

3.80 

5.00 

English (L2) 

30.73 
34.54 

25.60 
30.92 

2.40 

5.92 

1.33 
.85 

3.2 

1.16 

1.4 
-0.92 

Note. The data for the interpreters is replicated from Table 2. 
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Control tasks 

On the vocabulary test and the arrow RT test independent samples t-test were conducted. 
These analyses showed that interpreters and the teachers performed similarly on both the 
vocabulary test, t(26) < 1, p > .10, and on the arrow RT test t(26) = 1, 49. p > .10. The 
average performance of the teachers is presented in Table 4. 

5.3.3 Summary of Results 

The teachers appeared to perform exactly the same as the interpreters on the word retrieval 
tasks. Moreover, on the two control tasks there was no difference between the teachers and 
the interpreters. This latter result suggests that our assumption was warranted that these two 
groups of participants were comparable to each other. The main conclusion we can draw 
from these results is that the interpreters were not more efficient in the retrieval of words 
than the teachers. Performance on the two processing tasks was similar for both groups. 

The critical finding in Experiment 2 was that the two groups performed differently on 
the memory tasks. Comparisons on the working memory span tasks showed that the 
interpreters outperformed the teachers on all three tasks. The interpreters' performance was 
better regardless of the language of testing. In contrast to the interpreters, although the 
teachers were clearly very proficient in their L2, their performance on the working memory 
tests was significantly poorer when they were tested in English (although not significantly so 
for the reading span test). 

5.4 General Discussion 

The three participant groups in this study provided a unique opportunity to separate the 
effects of interpreting experience and language proficiency. The results of Experiments 1 
and 2 may best be compared when the three participant groups are observed together. For 
this purpose we plotted the data of the three groups for each of the tasks. Figure 1 shows the 
results of the picture naming task, collapsed over all types of words. In Figure 2 the results 
of the word translation task are presented in a similar manner. 

These graphs clearly show that the interpreters and the teachers performed very 
similarly whereas the bilinguals were much slower (except in the only task that involves 
processing in the LI exclusively, i.e., Dutch picture naming). We may conclude from this 
that efficient lexical retrieval is not uniquely relevant for interpreting and may be mediated 
by general language proficiency. This does not necessarily mean that fluent word retrieval is 
not important at all. In fact, we recently observed a high correlation between word retrieval 
skill and interpreting performance in participants without any previous experience in SI 
(Christoffels et al., in press. Chapter 4). The present finding that the teachers performed 
similarly to the interpreters merely indicates that word retrieval is not uniquely related to SI. 
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Lexical retrieval is not 'boosted' any further by professional interpreting than by another 
profession that demands high proficiency in the L2 (i.e., the teaching of English). Note that 
the latencies in English picture naming and translation for both the interpreters and the 
teachers were shorter than those of the students even though the arrow test indicated that the 
basic, nonlinguistic reaction time of the teachers and interpreters was slower. 

1200 -1 

1150 -

1100 

1050 

1000 

950 

900 

850 

800 

750 

700 

— Dutch 
•-English 

bilinguals teachers interpreters bilinguals teachers interpreters 

Figure 1. Reaction times on the picture 
naming task. 

Figure 2. Reaction times on the word 
translation task. 

In the working memory tasks, the pattern of results was clearly different. The data for 
the reading span, the speaking span, and the word span tasks are presented in Figures 3, 4 
and 5, respectively. 

These figures show that the interpreters not only had a higher memory capacity than 
the students and the teachers, but also that they performed similarly in LI and L2. In contrast 
to the lexical retrieval tasks, on this set of tasks the teachers' performance was similar to that 
of the bilinguals, not to that of the interpreters, and just like the bilinguals the teachers show 
an effect of language: their memory capacity was larger when they were tested in LI. We 
will discuss this language effect later. 
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Figure 3. Number of correctly recalled words on 
the reading span task. 

Figure 4. Number of correctly recalled words on the 
speaking span task. 
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Figure 5. Number of correctly recalled words on the 
word span. 

In sum, the combined results of Experiments 1 and 2 showed that the teachers 

performed like the interpreters on the word retrieval tasks and on the control tasks, but like 

the students on the working memory tasks. To further examine this conclusion, we 

conducted an additional set of analyses to compare the students directly to the teachers. The 

analyses on the lexical retrieval tasks produced the same pattern of results as did the analyses 

of the interpreters' and bilinguals' data. The analyses on the memory span tasks showed that 

the teachers and the bilinguals did not differ from each other7. Thus it seems that 

Repeated-measures ANOVA's on the picture naming task involving the students and the teachers as 
levels of the factor group revealed marginal significant main effects of group, indicating that the 
teachers were faster than the students, F( 1, 50) = 3.32. p = .074, r|2 = .06. and a significant interaction 
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professional interpreting experience is associated with elevated verbal memory capacity. The 
relation of skilled interpreting to superior memory skills is perhaps even more compelling if 
we consider that the teachers and the bilinguals either have been, or are currently, enrolled in 
university-level education, which also involves frequent use of English. The teachers and 
bilinguals can therefore be thought to represent the high-end of the scale, suggesting that the 
interpreters' performance on the memory tasks is truly exceptional. 

Recent research provides evidence that memory capacity and word translation 
performance may be related, in the sense that higher cognitive capacity is associated with 
better performance on a word translation task (Kroll et al., 2002). Nevertheless, a graphical 
models analysis indicated that working memory tasks and translation each had an 
independent effect on Si-performance (Christoffels et al., in press, Chapter 4). Furthermore, 
the present study showed a dissociation between the two subsets of tasks, working memory 
and lexical retrieval. The fact that on the one hand, the teachers may be distinguished from 
the students by their performance on the lexical retrieval tasks, and on the other hand, from 
the interpreters by their performance on the working memory tasks suggests that they may 
be regarded as involving different independent dimensions of participants' skills. 

5.4.1 Bilingual working memory 

Memory capacity was assessed in both the LI and the L2, because functional memory 
capacity may differ in two languages. Indeed, for two of our participant groups, the teachers 
and the students, it did. In general, a straightforward interpretation of the differences 
between native and nonnative span is that they are caused by the fact that processing in the 
L2 is less efficient and therefore takes up more resources, leaving less capacity available for 
storage (e.g., Just and Carpenter, 1992, but see e.g., Bayliss, Jarrold, Gunn and Baddeley, 
2003). Although this is bound to be an important factor, we also found recall differences in 
the two languages on the word span task, a task that does not require both the storage and 
processing of information. Clearly, there is some difference between our groups even in the 
ability to passively store verbal information in the second language. 

We used two different types of working memory tasks. Daneman and Green (1986) 
argue that resources may be domain specific, and that therefore different processing tasks 
should be used when investigating the role of capacity in different domains (i.e., language 
comprehension versus production). On the other hand, Daneman and Merikle (1996) 
compared verbal processing tasks with mathematical processing tasks, and concluded that it 
is not important how exactly verbal working memory is measured to be predictive of 

between group and language. F(l, 50)= 16.13,/) < .001, ry = .24. For the word translation task the 
effect of was group also significant, F(\, 50)= 16.28, p < .001, rp = .24. In contrast, similar analyses 
on the working memory tasks revealed no effects of groups, reading span F= 1.34; speaking span 
and word span, Fs <1, but the main effects of language were significant, indicating better 
performance on the Dutch version of the tasks, reading span F(l,52)= 1 \.05,p = .001; rf = .18; 
speaking span, F( 1, 52) = 42.42. p < .001. X\2 = .45; word span, F{\, 52) = 11.55. p = .001. n2 = . 18. 
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language comprehension. The question whether or not resources are domain specific is 
beyond the scope of this paper. Nevertheless, since we assessed capacity in two languages, 
the question presents itself whether the particular task we used or the language we tested in 
was the more important determinant of performance. To explore this issue, the correlations 
between the different versions of the memory test may be informative. They showed that 
nearly all versions of all memory tasks correlated significantly with each other, suggesting 
that they tap into a common factor. The correlations were not systematically higher between 
the Dutch and the English version of the same task than those between the same language 
versions of different tasks (Dutch vs. English reading span, r = .45; Dutch vs. English 
speaking span, r = .63; reading span vs. speaking span Dutch, r = .55; reading span vs. 
speaking span English, r = .51, all p's < .001), but the latter correlations tend to be higher 
than when both task and language differ. This suggests that task type and language of testing 
are equally important in determining performance. 

A rather intriguing finding is the fact the teachers, unlike the interpreters, showed a 
language effect in the memory tasks even though they performed very similar to the 
interpreters on all language related tasks (i.e., the two lexical retrieval tasks and the English 
vocabulary test). Especially in the L2, the teachers' functional capacity was smaller than the 
interpreters' capacity. It seems that although the knowledge of English of the two groups is 
very similar, the interpreters' processing in English is more efficient. In other words, there 
still may be a proficiency difference between the two groups that manifests itself in 
processing capacity rather than in the speed of lexical retrieval. 

5.4.2 Frequency and cognate effects 

Pictures with high-frequency names were named faster than pictures with low frequency 
names, and similarly, high frequency words were translated faster than low frequency words, 
replicating previously reported effects of word frequency (e.g., De Groot, 1992; Jescheniak 
& Levelt, 1994). We also found strong effects of cognate status, in both word translation and 
picture naming. Cognates have been found to facilitate translation (e.g., De Groot et al, 
1994; Kroll et al., 2002; Kroll & Stewart, 1994; Sanchez Casas et al, 1992) and picture 
naming (Costa et al., 2000). Thus, we replicated these effects for the bilinguals and extended 
them to teachers and interpreters, groups that, to our knowledge, have not been tested before 
on these tasks. 

In translation, the size of the cognate effect has been shown to depend on proficiency 
in the L2 and also memory span for second language learners at early stages of acquisition 
(Kroll et al., 2002). Therefore, differences in L2 proficiency and interpreting experience in 
our participants may result in differences in how cognate status influences latency on these 
tasks. The interpreters especially may be hypothesized to exercise strong control on the 
relative activation of information in each of their languages. If the interpreters are better able 
to modulate the influence of the nontarget language, the cognate effect may be attenuated. 
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To see whether this was the case, we performed a separate analysis with the factor group as 
between-subject factor (with all three participant groups), and language and cognate status as 
within-subject-factors (i.e., we collapsed on frequency). The interaction between group and 
cognate status did not reach significance, for either picture naming or for translation (F < 1. 
and F = 1.01, respectively). This strongly suggests that there are no qualitative differences 
between groups with respect to the cognate effect. It seems then that the magnitude of this 
effect is not influenced by the amount of processing resources available or by language 
proficiency. 

Interestingly, for each of the groups we obtained a cognate effect in the Dutch picture 
naming task (see results sections). In other words, even though no words were actually 
presented, the fact that the name of the picture in LI has a translation equivalent in the L2 
that is spelled and pronounced in a similar way influenced latencies in this LI only task. As 
mentioned earlier, there is a great deal of support for language nonselectivity in word 
recognition. Many past word recognition studies have shown an effect of the LI on L2 
performance (e.g., Bijeljac Babic, Biardeau, & Grainger, 1997; De Groot et al, 2000; 
Dijkstra et al., 1998; Van Heuven et al., 1998) and some studies have shown an effect of L2 
on LI (e.g., Jared & Kroll, 2001; Van Wijnendaele & Brysbaert, 2002). Van Heil and 
Dijkstra (2002) recently showed that participants from the same population as our bilinguals 
that are tested in a strict monolingual setting responded faster to LI words that were 
cognates than to noncognates in lexical decision and word-association tasks. 

Our findings also extends those of Costa, Caramazza, and Sebastian Galles (2000) who 
observed a facilitating effect for cognates in picture naming for Spanish-Catalan bilinguals. 
They found that the effect of cognate status was larger when naming in the nondominant 
language than when naming in the dominant language (LI). We similarly obtained an 
interaction between language and cognate status, F(l, 64) = 21.01, p < .001, r\~ = .25. The 
cognate effect is larger for picture naming in the L2 than in the LI. The cognate facilitation 
effect suggests that LI language production is nonselective with respect to language. 

To conclude, our main result is that the memory performance of the interpreters was 
better than that of both the bilinguals and the teachers and was not influenced by language of 
the task. Furthermore, lexical retrieval, as measured by on-line processing tasks, was not 
more efficient for the interpreters than for the teachers, who are also highly proficient in 
their L2. The data strongly suggest that working memory is an important subskill for SI 
specifically whereas the role of lexical retrieval in SI may be mediated by general language 
proficiency. This latter finding illustrates that, when searching for specific subskills involved 
in interpreting, one has to be careful in choosing an appropriate comparison group. In all, we 
showed that a particular kind of bilingual experience, that is, simultaneous interpreting, is 
selectively associated with enhanced memory capacity in both the native and the second 
language. 



6 
Listening while Talking: The Retention of 
Prose under Articulatory Suppression in 
relation to Simultaneous Interpreting1 

6.1 Introduction 

It is well established that short-term memory for words is disrupted when participants 
continuously articulate irrelevant material, such as "the, the, the, ..." during the presentation 
of the to be remembered words (e.g., Baddeley et al., 1984; Murray, 1968). This so-called 
articulatory suppression effect can be readily explained in the working memory model of 
Baddeley and colleagues (Baddeley, 1986, 2000; Baddeley & Logie, 1999; Gathercole & 
Baddeley, 1993). According to this model, working memory is a general purpose short-term 
memory system, which is involved in the temporary processing and storage of information. 
The model consists of three components, the central executive and its two slave systems, the 
visuospatial sketchpad and the phonological loop. The central executive is a supervisory 
system involved in the control and regulation of the working memory system. Its functions 
comprise coordination of the two slave systems, focusing and switching attention, and 
activating representations in long-term memory. The visuospatial sketchpad is assumed to 
hold information about objects and locations. The phonological loop is specialized in the 
storage of verbal material. 

The phonological loop is hypothesized to comprise two dissociable subcomponents, a 
passive phonological store and an active subvocal rehearsal system. The phonological store 
maintains representations of speech-based coding which are assumed to decay over a period 
of about two seconds. A process of articulatory rehearsal serves to refresh the decaying 
representations. This process is also required to transform non-phonological inputs, such as 
visually presented words or pictures, into their phonological form. Speech material, in 
contrast, does not need any recoding but is believed to gain obligatory access to the 
phonological store. 

Evidence on the nature of the loop comes in particular from four phenomena (see 
Baddeley, 2000; Baddeley et al.. 1984; Baddeley & Logie. 1999; Gathercole, 1994; 

' This chapter is an adapted version of Christoffels, I. K. (2003). Listening while talking: The 
retention of prose under articulatory suppression in relation to simultaneous interpreting. 
Manuscript in revision. 
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Gathercole & Baddeley, 1993). The first is the finding that similar sounding items are harder 
to remember than dissimilar items. This phonological similarity effect is assumed to occur 
because items are stored in a speech-based code. Similar items have fewer distinguishing 
features and hence are more subject to error (e.g.. cat, rat, man, versus man, egg, boat). 
Second, the effect of irrelevant speech entails that when participants hear continuous 
irrelevant speech during presentation of words to be memorized, their recall is disrupted. 
Spoken material gains automatic access to the store and therefore interferes with the 
phonological representations of the items to be remembered. These two effects are attributed 
to the phonological store, whereas the locus of next two phenomena is believed to be the 
articulatory rehearsal process. The word length effect concerns the finding that fewer words 
are remembered when words are long than when they are short in articulatory duration (e.g., 
opportunity versus wit). Because subvocal rehearsal in the phonological loop is supposed to 
take place in real time and long words take longer to articulate than short words, the 
refreshment rate of these items is the store is lower, and hence fewer items can be recalled. 
Finally, the fourth finding concerns the effect of articulatory suppression (AS). As 
mentioned earlier, memory performance drops substantially during AS. The disruptive effect 
of articulation is assumed to arise because it prevents participants from subvocal rehearsing. 
AS abolishes any effects of phonological similarity or of irrelevant speech when memory 
items are visually presented. Moreover, it removes the word length effect in both visual and 
auditory presentation, presumably because this effect relies on rehearsal (e.g., Baddeley et 
al., 1984; Longoni, Richardson, & Aiello, 1993). In other words, AS, or the articulation of 
speech, disrupts recall of simultaneously presented material. 

A task that naturally involves language production during processing of language input 
is simultaneous interpreting (SI). In SI spoken input is immediately translated from the input 
or source language to the output or target language. It is found that retention of a spoken text 
after simultaneous interpreting is worse than after just listening to it (Christoffels, 2003a, 
Chapter 7; Darö & Fabbro, 1994; Gerver, 1974b; Isham, 1994; Lambert, 1988). A possible 
reason for the reduced recall in interpreting is that the production of speech interferes with 
retention of input (see also Christoffels & De Groot, in press, Chapter 2; Isham, 2000). In 
other words, reduced recall in simultaneous interpreting can possibly be explained by the 
notion that in SI a situation arises that resembles articulatory suppression. 

Obviously, there are a number of differences between producing meaningless sounds 
and producing an interpretation of a text. A crucial difference between simultaneous 
interpreting and a typical articulatory suppression condition is the type of material that has to 
be retained. Interpreting typically involves larger text units, rather than single words. The 
effect of articulatory suppression has typically been reported for recall of lists of words (e.g, 
Baddeley et al., 1984). However, due to chunking more words tend to be remembered when 
they form a sentence than when they are unrelated. Also more sentences are remembered 
when the sentences form a narrative (Baddeley, 2000). 

The goal of the first experiment was to establish whether the detrimental effect of AS 
on recall generalizes to auditorily presented stories rather than single words. Although an 
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effect of phonological interference in simultaneous interpreting appears to be a very 
straightforward explanation of the relatively low retention after interpreting, it seems that the 
existence of an effect of AS on narratives is a prerequisite to such an explanation. 

In the second experiment we explored the relation between recall under AS conditions 
and SI performance. The ability to maintain information during speech production (i.e., the 
ability to resists the detrimental effects of phonological interference) may be one of the skills 
underlying successful SI. This is suggested by findings of Padilla, Bajo, Canas, and Padilla 
(1995), and Bajo, Padilla, and Padilla (2000). They observed that, although interpreters, non 
interpreters, and students of interpreting performed alike on a word span task, unlike the 
other groups, the interpreters did not suffer a decrement in recall under conditions of AS. 

We assessed the relevance of AS to SI by investigating the relation between individual 
differences in how well participants are able to retain information under AS conditions on 
the one hand (i.e., to resist the detrimental effect of AS on recall) and their SI performance 
on the other hand. The results are discussed within the working memory framework, and 
focus on the recently proposed addition to this model, the episodic store (e.g., Baddeley, 
2000). 

6.2 Experiment 1 

The goal of Experiment 1 was to establish whether there is any effect of AS on retention of 
short stories. An important difference between lists of words and retention of short stories is 
that a story has an internal structure, which may improve recall. To assess the effect of story 
structure we presented both normal and scrambled versions of the stories. By simply 
changing the order of the sentences we destroyed the coherence of the story. 

Other than the type of the material to be remembered, standard articulatory 
suppression on the one hand, and simultaneous interpreting on the other hand, differ in the 
meaningfulness of what is being uttered. AS is purposefully meaningless, whereas evidently 
the output in SI carries semantic content. We manipulated the meaningfulness of the 
articulatory suppression condition by presenting both a standard articulatory suppression 
condition, in which participants uttered irrelevant sounds, and a meaningful articulatory 
suppression condition in which participants uttered a sequence of three words. Obviously, 
the role of meaning in the latter condition is still rather minimal and the meaning of the 
words uttered is unrelated to the stories the participants listened to. So, if this manipulation 
has an effect then, clearly, the content of the articulation that the participants engage in is 
important. 

We hypothesized that the articulatory suppression effect normally found in recall of 
words generalizes to stories. In other words, we expect that articulatory suppression will 
negatively affect retention in comparison to a control condition in which no articulatory 
suppression takes place. Moreover, meaningful AS may have an even larger effect on recall, 
because the utterance of lexical items would activate these irrelevant items and their 
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meaning. Furthermore, we expect that recall in the coherent conditions will be larger than in 
the incoherent condition and we will explore the interaction between this factor and AS. 

6.2.1 Method 

Participants 

Thirty Dutch university students participated in this study. Their average age was 21.2 years. 
The data of one participant was excluded from analysis because of extremely poor 
performance in the easiest condition, and replaced with another participant to complete 
counterbalancing. All participants received course credit for participation. 

Material 

Nine different Dutch stories were written for this study. Three of these were used for 
practice only. The stories were read aloud by a female speaker and digitally recorded by 
computer. The stories were between seven and nine sentences long and consisted on average 
of 85 words. The recordings were on average 30.8 seconds. From the audio recordings of the 
six experimental stories, six incoherent stories were constructed by randomly changing the 
order of the sentences in each story (e.g., Thorndyke, 1977). The incoherent story never 
started with the first sentence of the coherent story and the order of two sentences was never 
the same as in the coherent stories (e.g., sentence 5 never followed sentence 4). In Appendix 
7 a coherent and an incoherent version of one of the stories is presented. Each story was 
constructed such that it consisted of 50 items, i.e., minimal information units mainly 
corresponding to single words, except for articles and prepositions that formed an item 
together with their related element. 

Design and procedure 

Two factors were manipulated within subjects, AS condition (No-AS, AS, M-AS) and 
coherence of the story (coherent and incoherent). No-AS was the control condition in which 
the participants just listened to the recordings of the stories. During AS, participants uttered 
'de, de, de' continuously while listening, and during the meaningful AS condition (M-AS) 
the participants uttered 'hond, kat, muis' (dog, cat, mouse) continuously while listening. 

The order of stimuli and conditions was counterbalanced across participants. Every 
story was presented in both the coherent and the incoherent condition and equally often in 
each AS condition. Furthermore, AS conditions were equally often presented first, second or 
third. The coherent and incoherent conditions were presented in blocks in counterbalanced 
order: Half of the participants started with the coherent condition, the other half started with 
the incoherent condition. 

Before the start of an AS condition, the participants received instructions and practiced 
the condition with one of the (coherent) practice stories. In the practice session, the 
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experimenter checked whether the tempo of articulation was reasonable fast and encouraged 
faster articulation if necessary. 

The stories were presented auditorily over headphones. First, an alert sounded, then 3 
s. later the story was presented. A second alert indicated that the story was finished. After 20 
s. the third and last alert sounded, indicating that the participants should stop articulating and 
start recalling the story. In other words, the participants carried on articulating until 20 s. 
after the story was finished. The participants were instructed to write down as much as they 
could remember of the stories and try to recall the stories in exact wording. After 3 minutes a 
final alert sounded to indicate that the maximum recall time was reached. Almost all 
participants needed less time than the three minutes allowed. Each session took about 40 
minutes. 

6.2.2 Results and discussion 

For each participant the percentage of recalled items was calculated. Each of the 50 items 
had to be reproduced exactly in the written free recall to be considered correct. 

A repeated-measures ANOVA was performed with AS condition (No-AS, AS, M-AS) 
and coherence (coherent, not coherent) as within-subject factors. Significant main effects for 
AS condition, F (2,28)= 12.37, p< .001,r|2 = .47, and for coherence, F(l, 29) = 40.55, p< 
.001, T| = .58, were obtained. Consistent with our expectations, recall performance was 
much better for coherent stories than for incoherent stories. The main effects were qualified 
by a significant interaction between AS condition and coherence, F(2, 28) = 3.59, p = .041, 
r) = .20. In Table 1, the average recall percentages per condition are presented. 

Table 1. Mean percentage recall (% recall) and standard deviation (SD) per condition. 

Coherent 

Incoherent 

% recall 

SD 

% recall 

SD 

No-AS 

64 

12 

49 

12 

AS condition 

AS 

57 

13 

46 

14 

M-AS 

49 

17 

44 

16 
Note. No-AS: control condition; AS: articulatory suppression; M-AS; meaningful articulatory 
suppression. 

The average percentage recall per condition is also graphically presented in Figure 1. It 
shows that the effect of AS condition is much larger for the coherent stories than for the 
incoherent stories. 
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No-AS AS M-AS 

Figure 1. Mean percentage of recall per AS condition and per coherence condition (No-AS: 
control condition; AS: articulator;/ suppression; M-AS: meaningful articulatory suppression). 

Effects of AS 

Inspection of Figure 1 indicates that the AS conditions influenced performance, but that this 

task manipulation was far less effective in the incoherent condition. Simple main effects 

analyses showed that in the coherent condition recall was reduced in both the AS condition, 

F( l , 29) = 7.27, p = .012, i f = .20, and the meaningful-AS condition, F( l , 29) = 26.27, p < 

.001, r)2 = .48, as compared to the no-AS control condition. In other words, conditions of AS 

reduced recall of the stories. The difference between the AS and the meaningful-AS 

condition was also significant, F( l , 29) = 4.49, p = .043, r)2 = .13, indicating that the latter 

type of articulatory suppression even reduced recall further. 

In contrast, in the incoherent condition, none of the AS-conditions differed from each 

other significantly, no-AS vs. AS: F( l , 29) = 1.30, p > .10, i f = .04, and AS vs. M-AS: F(l , 

29) < 1, p > .10, i f = .03, although the difference between no-AS and meaningful-AS was 

marginally significant: F( l , 29) = 3.44, p = .074, i f = .11. 

Effects of Coherence 

Figure 1 shows that the effect of coherence depended on AS condition. Simple effects 

analyses revealed that the effect of coherence was significant in the No-AS and AS 

conditions, F( l , 29) = 39.66, p < .001, i f = .58, and F(l , 29) = 14.33, p < .001, i f = .33, 

respectively, but not in the meaningful-AS condition, F( l , 29) = 2.37, p > .10, r\~ = .08. 
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As expected, articulatory suppression negatively affected retention of short stories. 
Interestingly, the effect of AS is modulated by the coherence of the stories. From Figure 1 it 
is clear that the AS manipulation was far less effective in the incoherent condition. 
Evidently, in the control condition, without any concurrent articulation, the participants are 
able to use the story structure to help retaining the story. Under AS the advantage of a story 
structure decreases, especially when meaningful AS is required, where the difference 
between the coherent and incoherent condition does no longer reaches significance. When 
the coherence of the story is removed by changing the sentence order, the additional negative 
effect of AS on recall is very small. Nevertheless, note that even under the most difficult 
recall condition recall is not at floor level. 

We also obtained a difference between standard and meaningful AS in the coherent 
condition. Although it is not completely clear how this difference should be explained, it 
clearly suggests that the type of articulation that a participant engages in affects recall. It has 
long been known that phonological loop performance is influenced by long-term knowledge 
about language. This is indicated, for example, by the lexicality effect, which involves better 
recall for real words over nonwords (e.g., Gathercole, Pickering, Hall, & Peaker, 2001), and 
the finding that nonwords that are high degree of rated wordlikeness result in better 
immediate recall than nonwords that are not (Gathercole, 1995; Gathercole, Willis, Emslie, 
& Baddeley, 1991). Articulation of different real words (i.e., in the meaningful-AS 
condition) rather than repetitive sounds (i.e., in the AS condition) will activate the lexical 
and conceptual representations of these words in long-term memory. Possibly, this activation 
interferes when retaining information, in addition to blocking the rehearsal process, as does 
the repetition of meaningless sounds. Alternatively, the difference between the AS and 
meaningful-AS conditions lies not in the meaning of the words but is due to the fact that it is 
more effortful to repeat different words than is repetition of one and the same sound. So, 
possibly, articulation in the meaningful-AS condition takes up more central resources, which 
may interfere with recall. 

6.3 Experiment 2 

In Experiment 2 we explored the relation between how well participants retain stories under 
conditions of AS on the one hand, and how well they perform on an interpreting task on the 
other hand. As mentioned earlier, there is some evidence that professional interpreters may 
be differentiated from other groups of participants in their ability to negotiate the disrupting 
effects of AS (Bajo et al., 2000; Padilla et al., 1995). Possibly, the ability to retain 
information under conditions of AS is important for successful SI. We therefore assessed SI 
performance by asking participants, who never had attempted to simultaneously interpret 
before, to interpret an English text (the second language; L2) into Dutch (the native 
language, LI). We correlated SI performance with the data on retention under the different 
AS conditions from Experiment 1. Especially in the meaningful-AS condition a positive 
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correlation between recall and SI may be expected because in this condition recall is 

measured under an AS condition that resembles SI most. 

6.3.1 Method 

Participants 

The participants of Experiment 1 also participated in this study. All participants were native 
speakers of Dutch and spoke English as a second language. On a scale from 1 (no 
knowledge) to 10 (native-like knowledge), the participants rated their active knowledge of 
English on average 7.4 and their passive knowledge on average 7.8. 

Material 
One English text was used for a practice session and one for the experimental session. The 
practice session text consisted of a one minute recording taken from a medium level English 
listening high school exam in the Netherlands. The experimental SI task-recording was 4.2 
minutes long. It concerned a text on the science of face perception (see Appendix 6). The 
recorded text was spoken by a native speaker of English at a rate of 116 words per minute. 

Design and procedure 

After participating in Experiment 1, the participants were asked to translate the English text 
as well as possible into Dutch and to start translating while listening. The practice and 
experimental texts were presented auditorily to the participant over headphones. They were 
told that they should try to translate the meaning of what they heard rather than translate 
literally. The interpreting output of the participants was recorded on computer. The practice 
session preceded the experimental session. Each session took about 10 minutes. 

6.3.2 Results and discussion 

The interpreting performance of the participants was scored using the audio recordings of 
their interpretation. In all, 17 sentences, taken from the middle of the text, were rated 
between zero and three on how much of the source text sentence was correctly translated 
into Dutch (maximum score 51). The correlation was calculated between SI performance on 
the one hand, and recall in the No-AS, the AS, and the meaningful AS (M-AS) conditions on 
the other hand. Recall scores were taken from Experiment 1, but collapsed on the two levels 
of the factor coherence because this factor was not of interest in the current analysis. The 
correlations are presented in Table 2. As expected, recall under AS correlates positively with 
SI performance. However, only the correlation between SI and meaningful AS reaches 
significance. This is, however, the condition in which the strongest relation was expected. 
Although this correlation is only moderate, it provides some indication that even in 
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bilinguals untrained in SI the ability to retain information while producing speech may be a 

relevant subskill of SI. 

Table 2. Correlations (r) between SI performance and recall in each of the AS conditions, and 
their associated p-values. 

SI performance r 

P 

No AS 

.23 

.12 

AS condition 

AS 

.26 

.07 

M-AS 

.38 

.02 

Note. No-AS: control condition; AS: articulatory suppression; M-AS; meaningful articulatory 
suppression. 

6.4 General discussion 

The main conclusion from Experiment 1 is that articulatory suppression negatively affects 

retention of short stories. This finding provides indirect support for the notion that relatively 

poor recall in interpreting in comparison to listening can be (partly) explained by the 

interference of speech production on retaining information. 

The relevance of recall during AS for interpreting was indicated in the second 

experiment by a positive correlation between recall under conditions of meaningful AS and 

SI performance. The latter result suggests that individual differences in the ability to retain 

information under conditions of AS are associated with individual differences in performing 

an SI task without any previous experience in SI. 

A recent revision of the working memory model discussed in the introduction 

(Baddeley, 2000; see also Baddeley, 2003) seems particularly relevant for our study, since 

we considered recall of short stories. One of the main reasons for revising the model was the 

difficulty the original model had in accounting for the temporal storage of material that 

clearly exceeds the capacity of the phonological loop. In particular the finding that recall of 

words is superior when they can be meaningfully chunked in a sentence and the large 

amount of information that is usually retained in immediate recall of prose passages needed 

to be accounted for. Therefore, a new component was added to the model: the episodic 

buffer. This buffer is assumed to be a limited capacity system that is capable of integrating 

information from a range of sources into a single complex coherent structure or episode. It 

heavily depends on executive processing but differs from the central executive in that it is 

principally concerned with storage of information rather than with attentional control. 

Evidence for the episodic buffer comes from densely amnesic patients who show normal 

immediate prose recall but poor delayed prose recall, suggesting that immediate recall of 

prose cannot completely be attributed to long term memory (Baddeley & Wilson, 2002). 

Figure 2 depicts the revised working memory model. 
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Figure 2. The revised model of working memory, including the episodic store 
(Baddeley, 2000). Shaded areas represent crystallized systems (capable of 
accumulating long-term knowledge), unshaded areas are fluid systems (attention and 
storage). 

According to recent theory then, for recall of prose especially the episodic store is 

important rather than the phonological loop. However, theoretically, AS specifically affects 

the articulatory rehearsal process in the phonological loop. Nevertheless, we found an effect 

of AS on story recall, which was attenuated when story structure was removed. Do our 

results therefore indicate that the loop plays a significant role, by activating long-term 

memory, in using global story structure for story retention after all? Or do they indicate that 

the suppression technique influences this new component of the working memory system as 

well as the phonological loop? Neither possibility is very satisfactory and seems to 

contradict recent theoretical proposals. 

Our results can, however, be explained in a way that quite naturally fits in the revised 

working memory model. As yet, the exact relation between the phonological loop and the 

episodic buffer remains unclear and no detailed account of transfer of information from the 

store to the new buffer is given. It is a reasonable assumption that building an episodic 

structure takes some time and that input is represented first in the phonological loop. AS can 

be assumed to only block the rehearsal process in the loop and is not supposed to require 

much attentional processing. If AS interferes with retaining information in the loop even 

before a structure can be fully built and maintained in the episodic store, an effect of AS on 

story recall would be expected. In other words, when an input trace in the phonological loop 

is more stable because it can be rehearsed, as is the case in the no-AS control condition, then 

structure building in the episodic store is more likely to be successful than under conditions 

of AS. If there is no structure to start with, as in the incoherent condition, this structure does 

not assist in building an episodic structure, making it more difficult to maintain information 
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in the episodic buffer. Hence, when the trace of the input is not refreshed this has less 
consequences for recall and therefore recall is likely to be more similar across the three AS 
conditions. 

This account of our data has an interesting implication. If AS indeed partly prevents 
information from transferring from the loop to the buffer than we can predict that even 
comprehension, not only retention, should be reduced. The reason is that articulatory 
suppression interferes with building the episodic structure of prose. But, perhaps some 
(groups of) individuals are faster than others in transferring information from the 
phonological loop to the episodic buffer by building an episodic structure. Remember that it 
is not the phonological store that AS tampers with, it is the rehearsal process that is blocked. 
Professional interpreters, for example, may excel in how quickly they are able to complete 
transfer. This would emerge in the data as a resistance to the effects of AS (as is found by 
Bajo et al., 2000; Padilla et al., 1995). Also, individuals who are relatively fast in 
transferring information to the buffer, may have an advantage when trying to simultaneous 
interpret, resulting in a correlation between the two, as we found in Experiment 2. 

The episodic buffer as a component of the working memory model may help in 
understanding memory processes in SI. The processing of new input and reformulation of 
the input into another language proceed simultaneously and both seem to need some sort of 
verbal buffer. This appears to exceed the capacity of the phonological loop. With the 
episodic buffer in place, we can assume that new input is temporarily stored at the loop, after 
which further processing of this input leads to a representation in the episodic store, freeing 
space for new input to be temporarily maintained in the phonological loop. 





7 
Comparing Retention following Simultaneous 
Interpreting and other Tasks involving 
Concurrent Articulation 

7.1 Introduction 

Text recall is consistently better when listening to a text than when simultaneously 
interpreting it (Darö & Fabbro, 1994; Gerver, 1974b; Isham, 1994; Lambert. 1988). Since 
simultaneous interpreting (SI) involves concurrent comprehension and production, a likely 
reason for poorer recall of interpreted material is that in SI speech production interferes with 
retention of the input (Christoffels & De Groot, in press, Chapter 2; Darö & Fabbro, 1994; 
Isham, 2000). SI is in some respects not unlike the situation created during articulatory 
suppression (AS) in memory research. In AS subvocal rehearsal is blocked by having 
participants utter irrelevant sounds continuously, such as 'the, the, the. ..." during the 
presentation of words or digits with the effect of poorer recall in comparison to listening to 
these items without concurrent articulation (Baddeley, Lewis, & Vallar, 1984). 

According to the working memory framework of Baddeley and colleagues (Baddeley, 
1986, 2000, 2003; Baddeley & Logie, 1999; Gathercole & Baddeley, 1993) the effect of AS 
is located in the phonological loop component. This component is specialized in holding 
speech-based information. It is one of the two subsidiary systems that are controlled by the 
central executive, which is a limited capacity attentional system. The executive controls 
processes in working memory, including encoding and retrieval strategies, and the 
manipulation of material held in these systems. The phonological loop consists of a 
phonological store, which retains verbal traces for a few seconds, and an articulatory 
rehearsal system, which serves to refresh the verbal material hold in the store. AS is assumed 
to block this rehearsal system, thus leading to poorer recall. A fourth component was 
recently introduced to the model: The episodic buffer. This is a limited-capacity store 
capable of integrating information from different sources, including long-term memory, in a 
multi-dimensional episodic structure (Baddeley, 2000, 2003). The buffer can maintain 
integrated information for periods and in amounts that exceed the phonological loop 
capacity, and is therefore important for the retention of prose. 

By systematically comparing recall following SI to recall following other tasks that 
involve concurrent articulation we may gain some insight in the amount of central 
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processing involved in SI. An example of such a task is shadowing, in which spoken 
material is immediately literally repeated. Like SI it involves simultaneous comprehension 
and production (e.g., Marslen-Wilson, 1973) but in contrast to SI only one language is 
involved. Recall following interpreting has been compared to recall following other tasks 
previously, but these comparisons have produced equivocal results. Gerver (1974b) 
compared recall following interpreting, shadowing and listening of French texts in 
interpreter trainees. Recall was best following listening, intermediate following interpreting, 
and worst following shadowing. Similarly, Lambert (1988) tested a group consisting of 
trainees and professional interpreters. She found that free recall of the texts was similar 
following listening, simultaneous interpreting, and consecutive interpreting; again recall was 
poorest following shadowing. Also semantic recognition recall was poorer following 
shadowing, and for recognition recall also a difference between listening and simultaneous 
interpreting was obtained, with better recall following listening. Both authors suggested that 
the difference in recall between shadowing and interpreting can be explained by the fact that 
the latter task involves compulsory 'deep' or complex processing of the input (see also 
Christoffels & De Groot, 2003, Chapter 3). interpreting requires a transformation from one 
language to another, whereas the input-output transformation in shadowing is far less 
complex. 

Darö and Fabbro (1994) used a different approach and obtained different results. They 
measured digit span in the dominant (LI) and the second language (L2) in four conditions: 
Advanced interpreting students silently listened to the digits, performed AS while listening 
to the digits, shadowed, and interpreted the digits. Noteworthy is that they did not obtain any 
effect of what language the digits were presented in. Their main finding was that digit span 
was smaller in the interpreting condition than in any of the remaining conditions. 
Furthermore, digit span was smaller in the AS condition than in the silently listening 
conditions. Surprisingly, in the shadowing condition the digit span was not smaller than in 
the listening condition or any other condition. However, since recall of separate digits was 
measured rather than recall of ongoing text, and since shadowing digits seems to involve the 
verbal repetition of digits that are presented one second apart, recall under these 
circumstances may actually not have suffered much from concurrent articulation. 

In a study conducted recently we compared sentence recall following SI and 
shadowing. The results were not consistent with any of the above mentioned studies, in the 
sense that we did not obtain any differences in recall across tasks (Christoffels & De Groot, 
2003, Chapter 3). In contrast, in another study (Christoffels, 2003b, Chapter 6) we did not 
compare shadowing and interpreting directly but showed that type of articulatory 
suppression, i.e., uttering meaningless sounds or repeating three words, affected the amount 
of recall of short stories. This suggested that the type of articulation that is required from the 
participant influences recall. 

One reason for the mixed results of the above-mentioned studies may be that different 
types of recall were measured. As a consequence, the relative importance of short- and long-
term memory may have differed, implicating differences in the roles of the phonological 
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loop and the episodic store. For example, Darö and Fabbro (1994) measured relatively 
immediate and verbatim recall, whereas Gerver (1974b) measured recall by questions 
following the presentation of a complete discourse. 

It is clear that there is some discrepancy in the results described above. The first goal 
of the present study was to compare recall following listening, shadowing, and interpreting 
in a study that is specifically targeted at measuring recall. The question was whether any 
differences between shadowing and interpreting would emerge, or whether we would 
replicate the null-effect observed in Chapter 3 (Christoffels & De Groot, 2003). The second 
goal was to obtain an indication of the impact of the type of recall that is measured. We used 
two different ways of measuring story recall, either focusing on the semantic content 
(semantic recall) or on the exact wording of the stories (form recall). 

In addition, we examined recall in two additional conditions that involve concurrent 
articulation. We included a traditional articulatory suppression condition and a random letter 
generation condition. Random letter generation is considered to be a task that involves high 
demands on the limited capacity of central executive processing, and has been highly 
successful in disrupting executive behavior across a range of different tasks (Baddeley, 
Emslie, Kolodny, & Duncan, 1998). Recall in the random letter generation condition is 
therefore expected to be lower than in all other conditions. In contrast, AS may be regarded 
as a condition that specifically disrupts the articulatory rehearsal process but imposes 
minimal demands on executive processing (Baddeley, Gathercole et al., 1998). AS and 
random letter generation may be regarded as benchmarks against which to compare recall in 
the shadowing and interpreting conditions. In shadowing and interpreting, the demands on 
working memory are likely to by higher than in AS because of the complexity of the 
processing involved. Note, however, that what is being uttered in shadowing and interpreting 
is not irrelevant but directly related to the input instead. 

Finally, we assessed the role of language. Previous studies looking at bilingual digit 
span, word span, or complex spans often found that bilinguals' performance is better when 
participants are tested in the first language (LI) rather than in the second (L2) (e.g., 
Chincotta & Underwood, 1998a; Christoffels et al., 2003, Chapter 5; Thorn & Gathercole, 
2001), although this may depend on type of memory test (Harrington & Sawyer, 1992), and 
language proficiency (Service et al., 2002). The question was whether the effect of language 
extends to retaining short stories as well. Since the participants in this study are fluent in the 
L2 but certainly not balanced bilinguals we may expect recall to be better when they are 
tested in the native language than in the L2. Especially in form recall differences may be 
obtained between the LI and L2 since recall of the exact wording is likely to depend more 
on the language that the story was delivered in than semantic recall does. 

Summarizing, we compared immediate recall following listening to short stories in two 
languages under five different conditions: Participants just listened to the stories, uttered 
irrelevant syllables while listening, shadowed the stories, interpreted them simultaneously, or 
generated random letters while listening. 
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7.2 Method 

7.2.1 Participants 

Thirty native Dutch (LI) university students who spoke English as a second language (L2) 
participated in this study. The age of the participants varied between 18 and 33 and was on 
average 21.2 years. The participants rated their passive and active knowledge of English on a 
scale from 1 to 10, on which 1 indicated no knowledge of the language and 10 indicated 
native knowledge. The average rating for active knowledge of English was 7.3 and the 
average rating for passive knowledge of English was 7.5. Participants were either paid or 
received course credit for participation. 

7.2.2 Stimuli 

Stories 

Fifteen stories were constructed especially for this experiment. All stories had a simple 
structure and described a single event that happened to one or two main characters at a 
certain location. The stories were first written in Dutch, and then all translated into English. 
A native English speaker checked the English translations. The stories consisted of 15 to 16 
sentences each (mean 15.8). The number of words in each story varied between 130 and 155 
words, and averaged 140 words. The stories were recorded by a fluent Dutch-English 
bilingual. The duration of the recordings was about 50 seconds. Ten stories were used for the 
experimental conditions; the remaining five stories were used for practice purposes. In 
Appendix 8 an example of the stories is presented in Dutch and English. 

7.2.3 Recall 

Immediate recall of the stories was measured in two ways. The semantic recall measure was 
designed to reflect how well the gist of the story was retained, whereas the form recall 
measure was designed to give an indication of how well the exact wording was retained. All 
recall was measured from the middle 12 sentences of each story. The first and last sentences 
were excluded from scoring because in both the shadowing and interpreting condition there 
is a short delay before participants start to articulate their output, so no concurrent 
articulation takes place during these moments and effects of recency and primacy on recall 
were avoided. 

In semantic recall each of the experimental stories consisted on average of 24 'idea 
units' (between 22 and 29). Idea units consisted of propositions, determinants of place and 
time (e.g., 'always' and 'on the market'), and causal relationships (e.g., 'because'). For each 
idea unit it was determined whether it was present in the written free recall data of the 
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participants and the percentage of correct recall was calculated. The semantic content of the 
unit was considered important; there was no exact written reproduction necessary for a unit 
to be considered correct. 

In form recall 50 items, consisting of single words, were selected from each story. 
Selection took place by systematically excluding words from each story along the following 
guidelines, until 50 items were left. Articles and very common verbs were completely 
excluded from the list, since they are likely to be produced by chance. Most items that were 
repeated in the story were only counted once. For each of the selected items it was 
determined whether it was correctly recalled and the percentage of correct recall was 
calculated. Items were only considered correct if they were reproduced literally. 

7.2.4 Design and procedure 

Two factors were manipulated in this study: listening condition (5 levels), and language (2 
levels). In the control condition participants were instructed to just listen to the stories. In the 
articulatory suppression condition (AS) participants were required to utter 'de, de, de' 
continuously. In the shadowing condition participants were asked to literally repeat what 
they heard. In the simultaneous interpreting condition (SI) participants were instructed to 
immediately translate the meaning of the story they heard into the other language. Finally, in 
the random letter generation condition (RLG) the participants were required to generate a 
random sequence of the letters A, B, C, D, E, and F. 

Listening conditions were presented blocked by language, in Dutch (LI) and English 
(L2). Half of the participants started with the Dutch condition, the other half with the English 
condition. The English and the Dutch version of each story were used equally often across 
the different listening conditions. Furthermore, each listening condition was presented first, 
second, third, fourth, and fifth equally often. 

Before the start of each condition, the participants received instructions and practiced 
the condition with one of the practice stories. Stories were presented by computer over 
headphones at a volume that was comfortable to the participants. Each condition started with 
an alert sound. Three seconds later the story was presented. In the AS and RLG conditions 
this alert signaled the participants to start articulating. Immediately after the story was 
finished, an alert sounded to indicate the end of the story. Five seconds later the last alert 
sounded to indicate that the participants could stop articulating in the AS and RLG 
conditions and start recalling the story in all conditions. They were instructed to write down 
as much as they could remember from the stories and to try to use exact wording if possible. 
Time for recall was no longer than four minutes per condition, but this provided usually 
enough time for the participants to finish written recall. After a short break the next 
condition was presented. At the end of the session the participants filled in a short 
questionnaire concerning their language knowledge. Each session took about 90 minutes. 
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7.3 Results 

7.3.1 Semantic recall 

A repeated-measures ANOVA with listening condition (control, AS, shadowing, SI, RLG) 
and language (Dutch, English) as within-subject factors, revealed a main effect of listening 
condition, F(4, 26) = 47.21, p < .001, r]2 = .88. The main effect of language was not 
significant, nor was the interaction between listening condition and language, p 's > .10. The 
percentages semantic recall are presented in Table 1 and graphically in Figure 1. 

Table 1. Mean semantic recall (% recall) and standard deviations (SD) per listening condition 
per language. 

Dutch 

% recall 

SD 

English 

% recall 

SD 
Mean 

CL 

60 

12 

60 

17 

60 

AS 

52 

18 

44 

19 

48 

Listening condition 

SH 

51 

19 

50 

15 

51 

SI 

51 

16 

56 

16 
54 

RLG 

29 

17 

26 

17 

28 

Note. CL = control; AS = articulatory suppression; SH = shadowing; SI = simultaneous 
interpreting; RLG = random letter generation. 

For subsequent analyses, the data were collapsed across the two levels of the factor 
language. Simple effects analyses confirmed, as expected, that recall in the control condition 
was better than in the concurrent articulation conditions, all p's < 0.01. We therefore 
replicated the finding of previous studies of poorer recall following interpreting a text than 
following listening to it. 

We obtained no significant difference between SI and shadowing. Unlike Gerver 
(1974b), who found worse performance in shadowing, and Darö and Fabbro (1994), who 
found better performance, but in accordance with our own previous results (Christoffels & 
De Groot, 2003, Chapter 3), we could not differentiate SI from shadowing on the basis of 
recall performance, F( 1, 29) = 1.54, p > .10. 

Interestingly, recall in the AS condition was not better than in the shadowing 
condition, F(l, 29) < \,p > .10, and poorer rather than better following SI, F(l, 29) = 5.34, p 
= .028, if = -16, even though the shadowing and interpreting conditions may be considered 
to involve more complex processing. 

Poorest recall was obtained in the RLG condition. In this condition, recall was 
significantly poorer than in all other conditions, ally's < .001. 
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Figure 1. Semantic recall. CL = control; 
AS = articulatory suppression; SH = 
shadowing; SI = simultaneous interpreting; 
RLG = random letter generation. 

Figure 2. Form recall. CL = control; AS = 
articulatory suppression; SH = shadowing; SI = 
simultaneous interpreting: RLG = random letter 
generation. 

7.3.2 Form recall 

A repeated-measures ANOVA with listening condition (control, AS, shadowing, SI, RLG) 

and language (Dutch, English) as within-subject factors was performed. This analysis 

showed a main effect of listening condition, F(4, 26) = 44.71, p < .001, rp = .87. The main 

effect of language was not significant, F( l , 29) < L, p > .10, but the interaction between 

listening condition and language was, F(4, 26) = 4.02, p = .011, T|2 = .38. The percentages 

form recall are presented in Table 2 and graphically in Figure 2. 

Interestingly, when comparing the simple effects of language per listening condition 

only in SI the language effect reached significance, with better performance for SI in the 

English condition (i.e., translation into Dutch, the LI), F( 1, 29) = 9.31, p = .005, r|2 = .24. 

However, simple main effects analyses revealed that some of the differences between 

listening conditions were language-dependent. As expected, recall was generally better in the 

control condition than in the other conditions, but this pattern did not hold for both 

languages in all conditions. Recall in the control condition was significantly better than in 

the AS condition for both Dutch and English, F( l , 29) = 9.45, p = .005, i f = .25, and F(l , 

29) = 21.08, p < .001, X\ = .42, respectively. Likewise, recall was better in the control 

condition than in the RLG condition, for Dutch F(l , 29) = 86.18, p < .001, rp = .75, and 

English, F( l , 29) = 112.79, p < .001, rp = .80. Although recall in the control condition was 

also significantly better than recall in the shadowing condition for English, F( 1, 29) = 4.37, p 
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= .045, r|2 = .13, this was not the case for Dutch, F( l , 29) < 1, p > .010. SI showed the 

opposite pattern from shadowing: Recall in the control condition was better than in the SI 

condition for Dutch, F( l , 29) = 7.48, p = .011, i f = .21, but not for English, F( l , 29) < \,p > 

.10. In other words, recall performance for the shadowing condition was more like the 

control condition when stimulus and recall were in Dutch, whereas for SI this was the case 

when stimulus and recall were in English (i.e., when SI took place from English into Dutch). 

Also the difference between shadowing and interpreting depended on language. For 

English no significant difference was obtained, F( l , 29) = 2.33, p > .10, i f = .07, but for 

Dutch it was significant: Recall was better in shadowing than in SI, F( l , 29) = 4.82, p = 

.036, i f = .14. In other words, recall following SI was never better than following 

shadowing, and poorer than shadowing when the stimuli were presented in Dutch. 

Table 2. Mean form recall (% recall) and standard deviations (SD) per listening condition per 
language. 

Dutch 

% recall 

SD 

English 

% recall 

SD 

Mean 

CL 

39 

14 

39 

13 

39 

AS 

32 

14 

29 

14 

31 

Listening condition 

SH 

38 

17 

33 

11 

36 

SI 

31 

13 

38 

12 

34 

RLG 

17 

11 

16 

12 

17 

Note. CL = control; AS = articulator)» suppression; SH = shadowing; SI = simultaneous 
interpreting; RLG = random letter generation. 

In comparison to AS, once more, the differences were language-dependent. In Dutch, 

recall in the shadowing condition was better than recall in the AS condition, F( l , 29) = 

26.48, p < .001, r)2 = .48, and for English this difference was marginally significant in the 

same direction, F( l , 29) = 3.37, p = .077, r|2 = . 10. Recall in the SI condition was also better 

than in the AS condition for English, F( l , 29) = 10.83, p = .003, i f = .27, but there was no 

significant difference for Dutch, F( l , 29) < \,p> .10. 

Finally, again poorest recall was obtained in the RLG condition for both Dutch and 

English, p < .001, in comparison to all other conditions. 

7.4 Discussion 

Across five listening conditions, as expected, recall was in general best in the control 

condition. Notable exceptions of this pattern were obtained for form recall in the English 

interpreting and Dutch shadowing conditions, which did not differ significantly from recall 
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in the control condition. In general, we replicated previous findings of poorer recall 
following SI and shadowing in comparison to ordinary listening, but this difference 
depended on the type of recall and language. 

Of specific interest for the present study is the comparison between SI and shadowing. 
Replicating previous results (Christoffels & De Groot, 2003, Chapter 3), for semantic recall 
no differences between these two conditions were obtained. However, for form recall we 
found better recall in the shadowing condition than in the SI condition, but only when the 
stories were presented in Dutch, not when they were presented in English. The latter result 
contrasts with the results of Gerver (1974b), and Lambert (1988), who found poorest 
retention in shadowing. 

The comparison of shadowing and SI to articulatory suppression showed that, against 
expectations, results were not better in the AS conditions. In semantic recall no difference 
between articulatory suppression and shadowing was obtained and recall following 
interpreting was even better than following articulatory suppression. In form recall, recall in 
the shadowing condition was (marginally) better than in the articulatory suppression 
condition in both languages, and recall in the SI condition was better for English. 

The expectations concerning the random letter generation condition were confirmed. 
Poorest recall was obtained in this condition in comparison to all other conditions for both 
types of recall. The impact that this concurrent task has on memory was especially clear in 
form recall, for which the percentages of recall were extremely small. 

7.4.1 Semantic versus form recall 

Inspection of Figures 1 and 2 indicates that for semantic and form recall similar patterns of 
results were obtained, especially in English. Nevertheless, there are also some clear 
differences in results between the two types of recall. So, even when the recall scores were 
obtained using the same immediate free recall data, on the same stimuli, and at the same 
moment in time, results differ when the focus of the measurement is recall of gist or recall of 
exact wording. This complicates the comparability of recall across different studies, but can 
also explain why different patterns of results have been obtained in the past (Christoffels & 
De Groot, 2003, Chapter 3; Darö & Fabbro, 1994; Gerver, 1974b; Lambert, 1988). 

On the other hand, it is important not to overemphasize the differences between the 
semantic and form recall results. They are mainly due to the fact that in form recall language 
interacts with listening condition. In fact, the results of semantic recall and form recall tend 
to be the same in at least one of the two languages. The similarity between the two measures 
is also indicated by the correlation between semantic recall and form recall in each condition 
(collapsed on the two languages). These correlations are significant and in general quite high 
(r varied between .59 and .90). The impact of the different recall measures may become 
larger when the time lapse between stimulus and recall is larger, because in general when 
time passes less of the exact form of the input tends to be recalled. 
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7.4.2 Language 

We obtained no effect of language in semantic recall, suggesting that retention of the gist of 
the story is relatively independent of language. Because in form recall exact wording is 
required, it was expected that in particular for this measure an effect of language would be 
obtained. Nevertheless, form recall in the control condition was the same in the two 
languages, suggesting that ordinary listening and retention of stories is not affected by 
language dominance in our group of participants. However, form recall tended to be better 
for LI in the concurrent articulation conditions. As mentioned before, the only exception 
was retention in the SI condition, which was significantly better for L2 (i.e., when stories 
where presented in the L2 and SI took place from L2 into LI). When stories were presented 
in the L2, in the SI condition the actual articulation involved production the translation of the 
input in the LI, and vice versa when the stories are presented in the LI. Possibly, the 
language of output was more important in determining the amount of recall than the 
language of input. If production in the L2 consumes a relatively large amount of resources 
(in comparison to comprehension in the L2), this explains why in interpreting recall was 
better for English stories. 

In conclusion, language did not show to be a very important factor in story recall, 
especially when recall of gist was concerned. In form recall it was a factor that mediates the 
effects of concurrent articulation on recall, i.e., when resources are stretched already. 

To understand the differences between the articulatory suppression, shadowing, SI, and 
random letter generation conditions, we may take the working memory model into account 
(e.g., Baddeley & Logie, 1999). The components of interest are the phonological loop, since 
it maintains verbal information, the episodic buffer, since it maintains episodic structures 
that are important for the retention of stories, and finally, the central executive, because it is 
involved in the actual processing of information and in the transfer of information from the 
loop to the episodic buffer (Baddeley, 2000, 2003). 

Articulatory suppression supposedly only prevents articulatory rehearsal in the 
phonological loop and should not consume many central resources (Baddeley, Gathercole et 
al., 1998). In the articulatory suppression condition less information is retained in the 
phonological loop since it cannot be rehearsed. Although the model is not very detailed on 
the transfer of information from the phonological loop to the episodic buffer as yet, we may 
assume that as a consequence of articulatory suppression the episodic structure must be built 
on the basis of less information than when no concurrent articulation takes place. 
Furthermore, we may assume that in this respect shadowing, SI, and random letter 
generation are the same. 

Random letter generation not only prevents articulatory rehearsal because of 
concurrent articulation, but it also taxes the central executive. Therefore, few resources are 
available for creating an episodic structure of the content of the story (the episodic buffer 
heavily depends on central executive processing; Baddeley, 2000, 2003). This must result in 
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a relatively poor representation of the stories in the episodic buffer. The effects of the 
demands posed by these conditions on recall were very clear in our data: recall following 
articulatory suppression was worse than following listening, but after random letter 
generation it was extremely poor. 

The fact that we did not obtain better recall following articulatory suppression than 
following shadowing and interpreting may be considered surprising. After all, unlike 
articulatory suppression, that supposedly does not demand executive processing, interpreting 
and shadowing do involve the executive since the produced output in these two conditions is 
far more complex than in articulatory suppression. So why is recall in these conditions not 
more like recall in the random letter generation condition? There is a crucial difference 
between articulatory suppression and random letter generation on the one hand, and SI and 
shadowing on the other: Articulation in the former two conditions is irrelevant, whereas 
articulation in the latter two concerns the processing of information that is to be recalled. 
Possibly, the type of input processing involved in shadowing and interpreting facilitates 
episodic structure building, even though retention must be hampered by concurrent 
articulation and even though these conditions are likely to tax the executive. It seems that in 
interpreting and shadowing there is a trade-off of factors that either support or frustrate 
recall. The effects of concurrent articulation and resource consuming executive processing 
may obstruct recall, but the complex, or 'deep', level of processing that is involved in 
shadowing and SI probably facilitates recall. In fact, the input processing necessary for 
performing shadowing and SI may be precisely the type of processing that is necessary for 
building an episodic structure in the first place. This may result in a null effect (semantic 
recall) or even an advantage (form recall) for shadowing and interpreting as compared to 
articulatory suppression. 

In line with the argument above we may expect that the amount of experience 
participants have in performing the task in a particular condition is likely to influence recall 
as well. It would be interesting to learn whether the pattern of recall would be different for 
professional interpreters since it is likely that for professionals SI is less demanding and 
therefore consumes less central resources. Then, more executive processing could be 
dedicated to the retention of information, leading to an advantage of SI over shadowing (as 
indeed Gerver, 1974b, found). 

In conclusion, this study reveals some of the factors that may have caused the mixed 
results concerning recall following interpreting versus shadowing reported before 
(Christoffels & De Groot. 2003; Darè & Fabbro, 1994; Gerver, 1974b; Lambert, 1988, 
Chapter 3). The pattern of recall is influenced by the way recall is measured. For form recall 
but not for semantic recall also language influences the amount of input that is retained. 
Because recall following SI and shadowing tends to be similar or even better than recall 
following articulatory suppression, we may conclude that, rather than only interfering with 
recall, the processing necessary in shadowing and interpreting also assist recall. 





8 
Summary and Discussion 

8.1 Introduction 

In this dissertation three main issues concerning simultaneous interpretation were addressed 
experimentally: Which task components are important in determining task complexity, 
which skills are relevant for successful SI, and how does retention differ in SI from retention 
in other tasks. In this final chapter, some conclusions drawn in Chapter 2 will be mentioned 
first. Then, the main findings of this dissertation will be discussed, organized around the 
above three issues: components, skills, and retention in SI. Finally, some general remarks 
concerning the merits and difficulties of SI research will be made. 

The review in Chapter 2 makes clear that although more research is needed in order to 
have confidence in the conclusions on some of the topics discussed, a number of interesting 
findings and issues emerged, some of which will be highlighted next. 

First of all, SI is characterized by simultaneous comprehension and production. Real 
simultaneity of listening and speaking, taking pauses in speech into account, occurs about 
70% of the time (Chernov, 1994). Another characteristic concerns the time lag, or ear-voice 
span, between input and output. The average time lag appears to be 4 to 5 words, which is 
similar to what we found in Chapter 3 (Gerver, 1976; Goldman-Eisler, 1972; Treisman, 
1965). Finally, there is some evidence to indicate that the processing unit in SI is the clause. 

An important aspect of SI processing is how the process of recoding a message from 
the source to the target language may be best described. No strong conclusion is warranted 
but two possible translation strategies, or 'routes' through the language system(s), are 
discussed: meaning-based interpreting and transcoding (e.g., Anderson, 1994; De Groot, 
1997; Massaro & Shlesinger, 1997; Paradis, 1994). It is often assumed that these strategies 
coexist. According to the notion of meaning-based interpreting, source input is first fully 
comprehended and represented in a non-verbal manner before reformulation and production 
in the target language takes place. In the more extreme version of this account the wording 
of the input is assumed to be completely discarded even before the output is produced (i.e., 
deverbalization). According to the notion of transcoding, interpreting proceeds through the 
transposition of words or multi-word units. In Chapter 2 we argued that these strategies may 
be difficult to separate experimentally, but there is some evidence that transcoding takes 
place, and little evidence to suggest that the input is completely deverbalized (Daro & 
Fabbro. 1994;Isham, 1994). 
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One factor that clearly influences SI performance is the listening condition. 
Interpreting output is influenced by the speaking rate, the information density, and the sound 
quality of the input (Gerver, 1974a, 1976; Treisman, 1965). Direction of translation, whether 
to interpret from or into the LI, is often considered an important determinant of SI 
performance. The sparse experimental data suggest, however, that the specific language 
combination involved may be more relevant for SI performance than whether those 
languages are the interpreter's LI or L2. Finally, characteristics of the source text are likely 
to influence SI performance as well, but as yet, it is not clear which characteristics are most 
important. Next, the main findings of the subsequent chapters will be discussed; some 
relevant conclusions of Chapter 2 will be mentioned where appropriate. 

8.2 Components 

The question in Chapter 3 was which components of the SI task are mainly responsible for 
its cognitively demanding nature. In particular, we assessed the relative importance of the 
simultaneity of comprehension and production, on the one hand, and of transformation, on 
the other. The latter component entails the reformulation of discourse from the source into 
the target language. At least theoretically, this component consists of two distinguishable 
aspects: reformulation, and switching language. We tried to distinguish the effects of each of 
these components on performance by comparing shadowing, interpreting, and paraphrasing 
in a simultaneous condition and in a delayed condition. Shadowing involves simultaneity of 
input and output, but no transformation of the input is involved. In contrast, in both 
paraphrasing and interpreting reformulation of the input required, but only the latter also 
involves a language switch. The latter comparison was therefore included to address the 
question whether the demands of reformulation and of language-switching can be 
distinguished. 

Using different measures of online performance (i.e., the quality and amount of output, 
and the ear-voice span) we drew the following conclusions. First, the paraphrasing task 
failed to live up to expectations: Paraphrasing performance was as least as difficult as SI, 
and could therefore not be used to distinguish reformulation from language-switching in the 
transformation component. 

More importantly, we did establish that both the simultaneity of comprehension and 
production and the transformation component are sources of cognitive complexity in SI, but 
we also found that the role of each of these components separately is limited. Excellent 
simultaneous shadowing performance suggested that the participants handle simultaneous 
comprehension and production of language quite well. Offline interpreting performance 
suggested that transformation is the more demanding component of the two. However, it is 
especially the combined demands of simultaneity and transformation that make simultaneous 
interpreting the complex task that it is. 
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As mentioned earlier, the paraphrasing task was not suitable for comparison as 
originally intended in the design. One may wonder why we reported on this task at all. The 
reason was that paraphrasing makes an interesting comparison to SI, if not for the intended 
reason. After all, the task is referred to as within-language interpreting, has previously been 
used in research, and is used in the training of SI (Anderson, 1994; Green et al.. 1994; 
Malakoff & Hakuta, 1991; Moser-Mercer, 1994). However, we had some concerns on its 
comparability with SI and we therefore wanted to test it in an experimental setting. The 
conclusion is clear: The paraphrasing task is interesting in its own right but should not be 
considered the monolingual equivalent of SI. 

To conclude, in Chapter 2 we established that interpreting is a more complex and 
demanding task than shadowing is. The results of Chapter 3 supported this conclusion. 
However, they also suggest that this complexity is not due solely to the transformation 
component that is present in SI but not in shadowing. Again, only the combination of 
simultaneity and transformation seems to exhaust the limited resources. 

8.3 Skills 

In Chapter 2 a number of cognitive skills are reviewed that appear to be relevant for 
professional interpreting. There is some evidence to suggest that interpreters excel in verbal 
fluency and other basic language skills (e.g., Bajo et al., 2000; Fabbro & Daro, 1995). The 
studies reported on in Chapters 4 and 5 and summarized below suggest that memory skills 
are very important for SI. In these chapters we focused on the roles of memory and lexical 
retrieval. One straightforward conclusion that follows from both chapters is that it is indeed 
possible to identify cognitive subskills in SI, and that, therefore, this line of research 
deserves further attention. 

In Chapter 4, we assessed individual differences in lexical retrieval, memory, and SI in 
participants who had no previous experience in SI. We administered a reading span task in 
two languages and a verbal digit span in the native language to assess memory capacity. 
Furthermore, picture naming and word translation tasks were administered to determine the 
retrieval time of lexical items in two languages. The results showed that word translation and 
picture naming latencies correlate with interpreting performance. Also digit span and reading 
span were associated with SI performance, only less strongly so. In other words, we found 
evidence that better lexical retrieval and working memory performance are related to better 
SI performance, which suggests that the former are relevant cognitive skills for SI in 
inexperienced bilinguals. 

Furthermore, a graphical model was derived from the data to describe the relations 
between the different variables. From the model two main observations were made. First, in 
the model only reading span English and translation Dutch-English had a direct effect on SI 
performance. The effects of all other variables were mediated by those two. In other words, 
of the subskills we studied, the efficiency of working memory and the retrieval of translation 
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equivalents were the most relevant. Second, there were two (conditionally) independent 
paths to SI performance, involving working memory and word translation skills. These 
subskills therefore contributed to SI performance separately, which means that word 
translation efficiency and working memory each form independent subskills of SI in 
untrained bilinguals. 

In Chapter 5 we examined differences between groups of participants with different 
backgrounds and experience in SI and second language use. As in Chapter 4, the picture 
naming task and word translation task were administered in two languages. Furthermore, 
word span, reading span, and speech span tasks were administered in two languages to 
indicate memory skill. Finally, two control tasks measuring vocabulary and basic reaction 
time were presented. 

Two experiments were conducted in which different groups of participants were tested. 
In the first experiment, we compared performance of professional interpreters and bilingual 
university students. It was found that on all tasks professional interpreters showed better 
performance than the bilinguals. In accordance with the findings of Chapter 4, we concluded 
that lexical retrieval and working memory are relevant subskills of SI. 

Although the superior performance of the interpreters holds as well for a number of LI 
tasks (except for picture naming) it was deemed possible that different L2 language 
proficiency in interpreters and bilinguals, rather than SI experience, accounted for (some of) 
the differences in performance between groups. 

To assess the role of language proficiency on task performance we compared in the 
second experiment professional interpreters with English teachers. The latter group is more 
similar to the interpreters in language background and proficiency than the university 
students are. The comparability of the two groups was supported by their similar 
performance on the control tasks. We found that the teachers and the interpreters could not 
be distinguished from each other on the lexical retrieval tasks. This qualified the conclusions 
on the role of lexical retrieval in SI, as based on Experiment 1 and the results of Chapter 4. 
We concluded therefore that lexical retrieval skill is not uniquely related to SI experience. 
Although it probably is a prerequisite for successful SI, it appears that this subskill is not 
'boosted' beyond the level obtained by the teachers, who professionally also need a high 
proficiency in the L2. This finding illustrates that, when searching for specific subskills 
possessed by professional interpreters, it is important to consider whom they should be 
compared to. 

The results for the memory tasks were quite different. We found not only that 
interpreters in general had a higher (working) memory capacity than the other two groups, 
but also that their capacity was the same for the LI and the L2. In contrast, the bilinguals and 
the teachers performed similarly to each other, and were better at the LI version than at the 
L2 version of these tasks. We concluded that professional interpreting experience is 
associated with elevated verbal memory capacity, and this is therefore a relevant subskill of 
SI. 
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In sum, the main findings of Chapter 5 are that working memory is an important 
subskill for SI whereas the role of lexical retrieval in SI appears to be mediated by general 
language proficiency. 

Finally, in Chapter 6 (for details see the next section), some evidence was obtained for 
another relevant subskill of SI. In Experiment 2 of this chapter, we related individual 
differences in recall under conditions of (meaningful) articulatory suppression to SI 
performance. We found that retention under these conditions is associated to SI 
performance, suggesting that the ability to retain information while being engaged in 
articulation during listening might be a relevant subskill of SI. The results are discussed in 
terms of the working memory account including the recently added episodic buffer 
component (Baddeley, 2000, 2003). It is suggested that individuals may differ with respect 
to how efficient they are in building an episodic structure of the input. If this happens 
quickly the lack of articulatory rehearsal in the phonological loop is less problematic. This 
seems to be advantageous in SI. 

8.4 Recall 

In Chapters 3, 6, and 7, the issue of how retention of input is affected by the concurrent 
articulation task at hand is explored. According to the working memory account of Baddeley 
and colleagues (e.g., Baddeley & Logie, 1999) articulatory suppression (AS), the concurrent 
articulation of irrelevant sounds, prevents rehearsal in the articulatory loop, which, in turn, 
has a disruptive effect on recall. Usually in this paradigm recall of lists of unrelated words is 
measured. Still, the effect of concurrent articulation on recall may be one reason why recall 
following simultaneous interpreting of a text tends to be poorer than following listening to 
the same text (Daro & Fabbro, 1994; Gerver, 1974a; Isham, 2000; Lambert, 1988) because 
SI is a task where people routinely comprehend and maintain speech while articulating at the 
same time. 

In Chapter 3 (for details see earlier section), we reported on recall following 
shadowing, paraphrasing, and interpreting. In contrast to some previous studies (Daro & 
Fabbro, 1994; Gerver, 1974b; Lambert, 1988), we found no effect of task on recall in the 
simultaneous condition. General lower recall in the simultaneous condition than in the 
delayed condition suggested that articulation of speech indeed interfered with memory in SI. 

In Chapter 6, the question was asked whether AS also affects retention when, as in 
interpreting, coherent text is to be remembered or meaningful material is articulated 
(Experiment 1). In three conditions, subjects just listened to a set of stories (no suppression), 
articulated 'de, de, de' ('traditional' AS), or articulated 'hond, kat, muis' (dog, cat, mouse; 
meaningful AS) continuously. In each condition, one story was coherent while another was 
made incoherent by randomizing the sentences. We found that AS affected retention of 
stories, that incoherence influenced recall negatively, and that AS and coherence interacted. 
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We concluded that the effect of AS generalizes to stories and that its effect is stronger for 
coherent stories. 

In Chapter 7, we asked again how recall following interpreting compares to recall 
following shadowing. A reason to conduct this study was that previous studies provided a 
mixed answer to this question (Darö & Fabbro, 1994; Gerver, 1974b; Lambert, 1988). 
Moreover, no differences in recall between tasks were obtained in the simultaneous 
conditions in Chapter 3, whereas in Chapter 6 the type of articulator^ suppression clearly did 
affect recall. The goal of this study was to replicate the findings on recall of Chapter 3 and to 
include articulatory suppression as well, in a study that focused on measuring retention of 
input. Furthermore, to gain more insight in the factors that contribute to the different results 
in previous research we assessed the role of language of testing (native and second language) 
and used two different recall measures, concerning recall of gist (semantic recall) and exact 
wording of the input (form recall). Moreover, apart from AS, we included a random letter 
generation condition. These two conditions both involve concurrent articulation, but are 
known to differ in the amount of central resources they consume. In general, the results for 
shadowing and interpreting were similar, replicating the results reported in Chapter 3, 
although type of recall did influence the pattern of results. There was no main effect of 
language of testing in recall in both semantic and form recall but in form recall language did 
interact with listening condition. Interestingly, recall following AS was not better than 
following shadowing and interpreting. A likely explanation for the latter finding is that the 
articulation in the SI and shadowing conditions involves processing of the input rather than 
generating irrelevant output, as in AS and random letter generation. This processing is likely 
to support the building of an episodic structure in the episodic buffer of working memory 
and compensates for the detrimental effects of AS. 

8.5 Final comments 

In this final section, we will comment upon a few issues concerning the choice of 
participants, the ability of novices to perform SI, the need to make theories on language 
processing and memory compatible with SI, and modeling of the SI process itself. 

As discussed in Chapter 2, one of the problems frustrating research in SI is that 
professional interpreters are not readily available for participation in research. For this 
reason, in this dissertation in most experiments bilinguals were tested who had no previous 
experience in simultaneous interpreting. The question (also raised in Chapter 4) is whether 
conclusions based on studies that do not involve professionals provide valid information on 
professional interpreting. Since little research is available on this matter, we cannot be sure 
that findings with novices in SI can always be generalized to professional interpreters. 
However, there is actually an advantage in using, as we did, novices: SI can be investigated 
without 'contamination' of the idiosyncratic strategies that interpreters may have developed 
(e.g., Shlesinger, 1994). The question whether and to what extent the interpreting process is 
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qualitatively different in professionals and novices is a matter of empirical research. The 
difference in memory performance between interpreters and other groups of participants that 
we obtained in Chapter 5 suggests that the interpreters themselves are special in at least one 
respect: they possess exceptional memory skills. 

Although the majority of participants tested in this dissertation (the students and the 
teachers) were novices in SI we asked them to interpret simultaneously (in Chapter 3, 4 and 
7). It is noteworthy that all of them, even the participants who were least proficient in the L2 
(i.e., the students), produced at least some output and that some of them produced quite 
intelligible translations. Of course, their performance was not comparable to any 
professional standard. The point is, however, that at a more modest level SI seems to be 
within reach of reasonably proficient bilinguals without ever having been trained in this 
skill. 

Consequently, SI can not simply be (dis)regarded as a very specific phenomenon tied 
to a small group of professionals who may be idiosyncratic in many respects; who may 
process language differently from other bilinguals and whose language processing abilities 
therefore have nothing to do with the normal language system. Instead, it must be concluded 
that models of bilingualism, memory, attention, and of components of language processing 
such as language comprehension, language production, and discourse processing, should be 
compatible with the fact that people are capable of SI. 

Nevertheless, existing models do not always easily accommodate SI. This is illustrated 
in the section on language monitoring in Chapter 2. Examples of self-correction in speech 
production by interpreters warrant the conclusion that they monitor their speech output in 
addition to comprehending the input and producing the output (Gerver, 1976). Monitoring in 
SI is not easy to reconcile with the idea that language monitoring proceeds by engaging the 
language comprehension system (Levelt, 1989), because this entails that in SI the 
comprehension system needs to process two speech streams simultaneously: the input in the 
source language and the output in the target language. Another example is the theoretical 
explanation of control of languages. It is often assumed that the relative activation of the two 
languages in general (i.e., by inhibition of the nontarget language or activation of the target 
language) supports processing in the target language rather than the nontarget language. 
Such a global activation/inhibition account of language control is not easily reconciled with 
the fact that in SI two languages are in use simultaneously. This issue is discussed in Chapter 
2, where three alternative proposals are discussed that allow correct lexical selection even 
though both source and target language are simultaneously activated. In conclusion, the fact 
that most reasonably proficient bilinguals do possess the ability to perform SI can constrain 
models in psycholinguistics. 

The study of SI is not only interesting because it may inform theories of ordinary 
language processing, we may also want to understand the processing involved in SI itself. To 
model SI, an integrated account is necessary of the relation between language 
comprehension and production, the relation between and the control of different languages in 
a multi-lingual person and the relation between language and working memory. However, 
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language comprehension and language production, for example, concern separate research 
fields (Frauenfelder & Schriefers, 1997). Questions concerning the relation between 
processing in language comprehension and production are unanswered as yet (Schiller & 
Meyer, 2003), making the integration of models within those fields problematic. In fact, the 
proposals on lexical selection presented in Chapter 2 mentioned earlier, differ even on the 
basic question of whether the mental lexicon used for comprehension and production is 
separated for each function or not. Also, within each research field competing models exist 
that differ in their basic assumptions on architecture and processing. For example, accounts 
of working memory differ in whether resources are shared or separate between storage and 
processing functions, whether working memory is a unitary construct or consists of multiple 
components that have specialized functions, and whether memory capacity is domain 
general or specific (e.g., see Bayliss et al, 2003; Duff & Logie, 2001; Just & Carpenter, 
1992; Miyake, 2001; Miyake & Shah, 1999b for discussion). In Chapter 2 the issue of 
mental resources is briefly touched upon in the context of SI, raising the question which 
subcomponents of the full SI task need to be distinguished and whether or not resources are 
shared between components. 

These examples illustrate that the answers to fundamental questions concerning 
bilingual language processing still need to be asked or are a matter of debate. These 
questions have to be addressed in any model of the full SI process. On the positive side, 
more comprehensive models within and between research domains are being developed 
(e.g., Miyake & Shah, 1999a; Schiller & Meyer, 2003). For example, the bilingual 
interactive activation (BIA) model (Dijkstra & Van Heuven, 1998) of bilingual word 
recognition is recently extended to the BIA+ model (Dijkstra & Van Heuven, 2002). It now 
includes, in addition to orthographic representations, phonological as well as semantic 
representations, and a task/decision system analogous to the inhibitory control model for 
language control (Green, 1986; 1998, see Chapter 2). In the domain of working memory, the 
additional component of the episodic buffer, makes this account more similar to the long-
term working memory account of Ericsson and colleagues (Ericsson & Delaney, 1999; 
Ericsson & Kintsch, 1995) and extends the range of data that can be accounted for. 

To conclude, in this dissertation a number of studies are reported that together reveal 
some of the intricacies of simultaneous interpreting. It is hoped that future research will 
provide enough consensus on the basic architecture and processing in the bilingual mind that 
an integrated account of the SI process can be developed. 



Nederlandse samenvatting 

Mensen die verschillende talen spreken, kunnen normaal gesproken alleen met elkaar 
communiceren als een derde persoon, die beide talen beheerst, voor hen kan vertalen. Een 
bijzondere vorm van vertalen is simultaan tolken. Hierbij wordt een boodschap in de 
brontaal binnen enkele seconden vertaald in de doeltaal. Simultaan tolken is ontstaan in de 
jaren '50 en is inmiddels zeer belangrijk voor internationale communicatie. Zo vertalen 
simultaan tolken bijvoorbeeld tijdens vergaderingen van de Verenigde Naties of de 
Europese Unie van en naar de verschillende talen die door de aanwezigen worden 
gesproken. 

Bij het simultaan tolken (ST) wordt gelijktijdig geluisterd en gesproken in 
verschillende talen. Ieder brontaalfragment moet worden begrepen, onthouden, omgezet 
naar de doeltaal en vervolgens worden uitgesproken terwijl ondertussen de productie van de 
boodschap in de doeltaal continu doorgaat. Vanuit een cognitief perspectief is ST een zeer 
complexe vaardigheid doordat al deze processen tegelijkertijd plaatsvinden. 

In dit proefschrift zijn met name drie kwesties onderzocht met betrekking tot 
simultaan tolken. Welke taakcomponenten zijn belangrijk bij het bepalen van 
taakcomplexiteit? Welke cognitieve (deel)vaardigheden zijn van belang? En hoe verschilt 
het onthouden van informatie bij simultaan tolken van het onthouden in andere taken? 

Componenten 

Simultaan tolken is een taak die veeleisend is voor het cognitieve systeem. In Hoofdstuk 3 
werd de rol onderzocht van twee componenten van ST in de cognitieve complexiteit van 
ST, namelijk de simultaneïteit van taaibegrip en taaiproductie aan de ene kant, en de 
transformatie van de boodschap aan de andere kant. Theoretisch kunnen twee aspecten aan 
de laatstgenoemde component worden onderscheiden: het herformuleren van de boodschap 
en het 'switchen' van de bron- naar de doeltaal. Door verschillende taken in een simultane 
en een niet-simultane conditie te vergelijken, namelijk schaduwen (letterlijk nazeggen), 
parafraseren (met andere woorden maar in dezelfde taal herformuleren) en tolken, 
probeerden we bovengenoemde componenten van elkaar te onderscheiden. 

Uit het onderzoek bleek dat tolken een meer complexe en cognitief veeleisender taak 
is dan schaduwen. De belangrijkste bevinding was dat zowel de simultaneïteit van begrip en 
productie als de transformatie component bijdragen aan de cognitieve complexiteit van ST. 
Echter, de rol van deze twee componenten afzonderlijk bleek niet buitengewoon groot. 
Vooral de combinatie van gelijktijdigheid van taaibegrip en taaiproductie enerzijds en de 
transformatie-component anderzijds bleek de beperkte capaciteit van het cognitieve systeem 
onder druk te zetten. Ten slotte waren er sterke aanwijzingen dat de parafraseertaak niet kan 
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worden gezien als een monolinguale variant van tolken, maar dat deze twee taken cognitief 
gezien op belangrijke punten verschillen. 

Vaardigheden 

De studies gerapporteerd in de hoofdstukken 4 en 5 gaan over de vraag of cognitieve 
deelvaardigheden kunnen worden geïdentificeerd die van belang zijn voor simultaan tolken. 
In beide hoofdstukken wordt de rol van het geheugen en die van lexicale toegang en selectie 
bestudeerd. Op basis van deze studies kan in het algemeen geconcludeerd worden dat het 
inderdaad mogelijk is cognitieve deelvaardigheden te onderscheiden bij ST. Met name 
geheugenvaardigheden lijken van groot belang te zijn voor tolken. 

In Hoofdstuk 4 werden individuele verschillen in lexicale selectie, geheugencapaciteit 
en ST onderzocht bij proefpersonen zonder eerdere ervaring in ST. De geheugencapaciteit 
werd getest met behulp van verschillende (werk)geheugentaken in twee talen. Bovendien 
werden in twee talen een plaatjesbenoemtaak en een woordvertaaltaak afgenomen. Deze 
taken geven een indicatie van de tijd die het kost om woordinformatie die ligt opgeslagen in 
het mentale lexicon daaruit te kunnen ophalen (lexicale 'retrieval'). Uit een correlationele 
analyse bleek de efficiëntie van lexicale retrieval en werkgheugencapaciteit te zijn 
gerelateerd aan de tolkprestatie. Dit suggereert dat beide cognitieve deelvaardigheden 
relevant zijn voor simultaan tolken. Verder bleek uit een grafisch model-analyse dat met 
name de werkgeheugentaak in het Engels en het woordvertalen van het Nederlands naar het 
Engels een rechtstreeks en onafhankelijk effect hadden op de tolkprestatie. Met andere 
woorden, een efficiënt werkgeheugen en efficiënt ophalen van vertaalequivalenten uit het 
geheugen vormen elk een onafhankelijke deelvaardigheid van het simultaan tolken, in ieder 
geval bij proefpersonen zonder eerdere tolkervaring. 

In Hoofdstuk 5 werd bekeken of deze vaardigheden ook van belang zijn voor 
professioneel tolken. Als dat zo is dan valt te verwachten dat deze deelvaardigheden beter 
ontwikkeld zou moeten zijn bij tolken dan bij mensen zonder tolkervaring. In dit hoofdstuk 
werden verschillen tussen mensen met verschillende achtergronden en ST-ervaring onder de 
loep genomen. In twee experimenten werden dezelfde soort taken als in Hoofdstuk 4 
gebruikt. In Experiment 1 werden meertalige studenten vergeleken met professionele 
tolken. We vonden dat de professionele tolken beter presteerden op alle taken. Dit was in 
overeenstemming met de bevinding uit Hoofdstuk 4 dat snelheid van lexicale retrieval en 
werkgeheugencapaciteit relevante deelvaardigheden van ST zijn. De tolken presteerden niet 
alleen beter dan de studenten op de taken die in het Engels werden afgenomen maar ook op 
een aantal taken afgenomen in het Nederlands, de moedertaal van beide groepen 
proefpersonen. Dit doet vermoeden dat de betere prestaties van de tolken het gevolg zijn 
van hun eerdere ervaring met ST. Desondanks is het mogelijk dat verschillen in Engelse 
taalvaardigheid, en niet verschillen in opgedane ST-ervaring, ten grondslag liggen aan de 
verschillen tussen de groepen. Om hier duidelijkheid over te krijgen is de groep tolken in 
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Experiment 2 vergeleken met docenten Engels. Wat betreft de beheersing van het Engels is 
deze groep vergelijkbaar met de groep tolken. Inderdaad bleek er op basis van de lexicale 
taken geen onderscheid gemaakt te kunnen worden tussen de tolken en de docenten. Deze 
resultaten nuanceren de conclusies van Experiment 1 en Hoofdstuk 4. omdat blijkt dat 
efficiëntie in lexicale retrieval niet uniek gerelateerd is aan ST-ervaring. Met andere 
woorden, ook al is het efficiënt opdiepen van informatie uit het mentale lexicon 
waarschijnlijk een noodzakelijke voorwaarde voor succesvol ST, dit proces lijkt niet 
efficiënter te verlopen bij tolken dan bij docenten Engels. 

De bevindingen met betrekking tot de werkgeheugentaken waren totaal anders. Niet 
alleen hadden de tolken over het algemeen een grotere werkgeheugencapaciteit dan de 
andere twee groepen proefpersonen, ook bleek de werkgeheugencapaciteit van de tolken 
hetzelfde voor het Nederlands, hun moedertaal, als voor het Engels. We concludeerden dat 
ST is geassocieerd met een verhoogde verbale geheugencapaciteit. Samengevat, de 
belangrijkste bevindingen van Hoofdstuk 5 zijn dat een efficiënt werkgeheugen een 
belangrijke cognitieve deelvaardigheid is van ST, terwijl de rol die snelle lexicale 
ophaalprocessen bij ST spelen, wordt gemediëerd door algemene taalvaardigheid. 

Tenslotte werd in Hoofdstuk 6 enige evidentie verkregen voor een andere mogelijke 
deelvaardigheid van ST. In Experiment 2 van dit hoofdstuk werden individuele verschillen 
in retentie in zogenoemde "articulatorische-suppressie"-condities gerelateerd aan de ST-
prestatie (zie volgende paragraaf voor details). We vonden dat retentie onder deze condities 
is geassocieerd met ST-prestatie. Dit suggereert dat de vaardigheid om informatie te 
onthouden terwijl gelijktijdig wordt gearticuleerd (zoals tijdens ST) een relevante 
deelvaardigheid is van simultaan tolken. 

Geheugen 

Een relevant paradigma uit de geheugenliteratuur is articulatorische suppressie. Hierbij 
moeten proefpersonen tijdens het aanbieden van de te onthouden informatie voortdurend 
irrelevante geluiden articuleren. Volgens het werkgeheugenmodel van Baddeley en 
collega's (e.g., Baddeley & Logie, 1999) verhindert articulatorische suppressie de herhaling 
van materiaal in de zogenoemde 'articulatory loop' (een werkgeheugen component die 
gespecialiseerd is in de tijdelijke opslag van verbaal materiaal), hetgeen een negatief effect 
heeft op retentie van dit materiaal. Normaal gesproken wordt bij deze articulatorische 
suppressietaak geheugen voor lijsten ongerelateerde woorden gemeten. Toch zou het effect 
van gelijktijdige articulatie op het onthouden en reproduceren van informatie een reden 
kunnen zijn waarom retentie na het simultaan tolken van een tekst over algemeen minder is 
dan na het beluisteren van dezelfde tekst (Darö & Fabbro, 1994; Gerver, 1974a; Isham, 
2000; Lambert, 1988). Immers, ST is een taak waarbij mensen voortdurend spraak moeten 
begrijpen en onthouden terwijl ze tegelijkertijd spraak articuleren. In de hoofdstukken 3. 6. 
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en 7 werd onderzocht op welke wijze het onthouden van informatie wordt beïnvloed door 
articulatorische suppressie. 

In Hoofdstuk 3 werd de geheugenprestatie na schaduwen, parafraseren, en tolken 
onderzocht. In tegenstelling tot sommige andere onderzoekers (Daro & Fabbro, 1994; 
Gerver, 1974a; Lambert, 1988) vonden wij in een simultane conditie geen effect van taak 
op retentie. Algemeen lagere retentie in de simultane conditie dan in een niet-simultane 
conditie suggereert echter dat articulatie van spraak inderdaad interfereert met geheugen in 
ST. 

In Hoofdstuk 6 werd de vraag gesteld of articulatorische suppressie retentie ook 
beïnvloedt wanneer, zoals bij simultaan tolken, coherente tekst moet worden onthouden of 
wanneer betekenisvol materiaal moet worden gearticuleerd. Articulatorische suppressie had 
een negatief effect op retentie van verhaaltjes en dit effect was groter bij articulatie van 
betekenisvol dan van betekenisloos materiaal. Ook bleek dat een incoherente tekst minder 
goed werd onthouden dan een coherente tekst. Tenslotte bleken type articulatie en 
tekstcoherentie te interacteren in die zin dat het effect van type articulatie groter was voor 
coherente verhaaltjes. We concludeerden dat het effect van articulatorische suppressie 
generaliseert naar verhaaltjes en dat dit effect sterker is voor coherente verhaaltjes dan voor 
incoherente verhaaltjes. 

In Hoofdstuk 7 werd opnieuw retentie na ST vergeleken met retentie na schaduwen. 
De resultaten van eerdere studies verschilden in welke van deze twee taken de betere 
retentie gaf. Ook werd in Hoofdstuk 3 geen verschil in retentie gevonden tussen schaduwen 
en tolken in de simultane conditie, terwijl in Hoofdstuk 6 het type articulatie wel een effect 
had op de mate van retentie. Het doel van de studie gerapporteerd in Hoofdstuk 7 was de 
retentie in een aantal condities, waaronder tolken, schaduwen en articulatorische suppressie, 
met elkaar te vergelijken. Tevens werd de rol van taal op retentie onderzocht en werd een 
conditie toegevoegd waarbij random letters gegenereerd moesten worden. Net zoals bij 
articulatorische suppressie moet hierbij gelijktijdig gearticuleerd worden tijdens de 
aanbieding van de te onthouden informatie. Deze taken verschillen echter in de benodigde 
hoeveelheid centrale cognitieve capaciteit. In het algemeen waren de resultaten voor het 
schaduwen en tolken vergelijkbaar, waarmee de bevindingen van Hoofdstuk 3 werden 
gerepliceerd. Opvallend was dat taal geen invloed had op retentie; met andere woorden, 
mensen presteerden even goed in hun tweede taal als in hun moedertaal. Verder was 
retentie na articulatorische suppressie niet beter dan na schaduwen en tolken, ondanks het 
feit dat de laatste twee taken complexer zijn. Dit zou verklaard kunnen worden binnen het 
model van Baddeley en collega's door aan te nemen dat de inhoudelijke verwerking van de 
input, waarvan sprake is bij tolken en schaduwen, meer helpt bij het ontwikkelen van een 
geheugenrepresentatie dan het genereren van irrelevante output, zoals gebeurt bij 
articulatorische suppressie of bij random letter generatie. Dit zou dan kunnen compenseren 
voor de negatieve invloed van articulatie op retentie. 



Appendices 

Appendix 1. Sample of the stimuli sentences for the interpreting, paraphrasing and 
shadowing task (Chapter 2). 

Interpreting When my brother saw the woman, he went after her. 
She didn't notice that it had been raining all the time. 
When Ann walked into the hall, she ran into John. 
Mary, always in for a joke, laughed loudly. 
The waiter was amazed that the nun kept looking at him. 

Paraphrasing Hij vergeet altijd direct wat hij je beloofd heeft. 
Voor wie het niet begrijpt, zal ik het nog eens uitleggen. 
De oplichter was bang voor wat hem te wachten stond. 
Sporten kan erg leuk zijn, maar is ook zeer vermoeiend. 
Kees ging het gras maaien en Eva verzorgde de planten. 

Shadowing De bus, die naar Bloemendaal gaat, stopt niet onderweg. 
De kans dat Rob zou winnen, leek haar erg klein. 
De soep die mijn vriend graag maakt, vind ik lekker. 
Wie als eerste klaar is krijgt een kopje koffie. 
Ben, altijd al de snelste, won de hardloopwedstrijd. 

Appendix 2a. Properties of stimuli used in the translation task. 

Cognates Noncognates 

Measure High frequency Low frequency High frequency Low frequency 

Dutch stimuli 

10Log Frequency 

Cognate rating 

Length (# of letters) 

Concreteness 

English stimuli 

10Log Frequency 

Cognate rating 

Length (# of letters) 

Concreteness 

3.94 

5.46 

5.3 

5.6 

3.89 

5.49 

5.3 

5.5 

2.82 

5.39 

5.3 

5.6 

2.89 

5.48 

5.3 

5.5 

3.91 

1.39 

5.3 

5.5 

3.91 

1.44 

5.3 

5.5 

2.86 

1.39 

5.3 

5.5 

2.87 

1.41 

5.3 

5.5 
Note. Dutch and English word frequency was taken from the CELEX-database (Baayen. Piepenbroek, 
& van Rijn, 1993). The English frequency is multiplied by a factor of 2.26 to correct for the size 
difference between the Dutch and the English corpora. Cognate rating and concreteness were taken 
from (De Groot et al., 1994). Analyses showed that statistically there were no differences between 
cognate score, frequency, word length, and word concreteness in the four word subsets other than the 
intended differences. 
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Appendix 2b. Stimuli used in the translation task and their translation equivalents. 

Cognates Noncognates 

High frequency Low frequency High frequency Low frequency 

Stim. Transl. Stim. Transl. Stim. Transl. Stim. Transl. 

English - Dutch 

ear 
culture 
ground 
task 
coffee 
quality 
chance 
mother 
mouth 
police 
finger 
foot 
hair 
word 
method 
name 
world 
figure 

oor 
cultuur 
grond 
taak 
koffie 
kwaliteit 
kans 
moeder 
mond 
politie 
vinger 
voet 
haar 
woord 
methode 
naam 
wereld 
figuur 

insect 
murderer 
scandal 
calf 
slave 
heathen 
heat 
pirate 
domain 
sheep 
rice 
fox 
flame 
panic 
warmth 
sauce 
thief 
pipe 

in sekt 
moordenaar 
schandaal 
kalf 
slaaf 
heiden 
hitte 
piraat 
domein 
schaap 
rijst 
vos 
vlam 
paniek 
warmte 
saus 
dief 

PW 

woman 
question 
science 
garden 
care 
dog 
town 
newspapei 
tree 
danger 
village 
room 
money 
law 
wall 
feeling 
lady 
story 

vrouw 
vraag 
wetenschap 
tuin 
zorg 
hond 
stad 
krant 
boom 
gevaar 
dorp 
kamer 
geld 
wet 
muur 
gevoel 
dame 
verhaal 

shark 
peach 
garlic 
stomach 
juice 
scar 
rope 
sleeve 
ant 
quarrel 
pencil 
treaty 
pigeon 
coward 
tenant 
curse 

Pig 
glove 

haai 
perzik 
knoflook 
maag 
sap 
litteken 
touw 
mouw 
mier 
ruzie 
potlood 
verdrag 
duif 
lafaard 
huurder 
vloek 
varken 
handschoen 

Dutch - English 

prijs 
dochter 
schouder 
natuur 
muziek 
straat 
nacht 
publiek 
hand 
zoon 
vriend 
vader 
zee 
zomer 
steen 
einde 
jaar 
huis 

price 
daughter 
shoulder 
nature 
music 
street 
night 
public 
hand 
son 
friend 
father 
sea 
summer 
stone 
end 
year 
house 

naald 
bakker 
bijbel 
bruid 
muis 
parel 
honing 
zilver 
katoen 
klimaat 
kroon 
lam 
motief 
peper 
ritme 
tijger 
zeep 
zweet 

needie 
baker 
bible 
bride 
mouse 
pearl 
honey 
silver 
cotton 
climate 
crown 
lamb 
motive 
pepper 
rhythm 
tiger 
soap 
sweat 

onderwijs 
oorlog 
gezicht 
ervaring 
teken 
kunst 
volk 
raam 
boer 
meisje 
auto 
taal 
oog 
jongen 
been 
lichaam 
huid 
vogel 

education 
war 
face 
experience 
sign 
art 
people 
window 
farmer 
girl 
car 
language 
eye 
boy 
leg 
body 
skin 
bird 

kraan 
speld 
erwt 
wrok 
stier 
geduld 
lawaai 
deken 
plafond 
staart 
koorts 
offer 
vlinder 
snor 
duim 
verf 
herfst 
slager 

tap 
pin 
pea 
grudge 
bull 
patience 
noise 
blanket 
ceiling 
tail 
fever 
sacrifice 
butterfly 
moustache 
thumb 
paint 
autumn 
butcher 
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Appendix 3a. Properties of stimuli used in the picture naming task. 

Cognates Noncognates 

High frequency Low frequency High frequency Low frequency 

Log Frequency 3.12 

Cognate rating 5.8 

Length (# of letters) 5.2 

Agreement (%) 96 

1.97 

5.8 

5.5 

95 

3.01 

1.6 

5.3 

95 

2.01 

1.7 

5.4 

96 

Note. English word frequency was taken from the CELEX-database (Baayen et al., 1993). Cognate 
ratings were obtained using a 7-point scale where 1 represented least and 7 indicated most similarity in 
meaning and lexical form (n=12). Agreement scores were taken from Snodgrass and Vanderwart 
(1980). Analyses showed that statistically there were no differences between cognate score, frequency, 
word length and agreement score in the four groups other than the intended differences. 

Appendix 3b. Stimuli used in the picture naming task. 

Cognates 

High frequency 

English 

apple 
ball 
bell 
book 
cigarette 
clock 
elephant 
fish 
flag 
glass 
heart 
lamp 
nose 
star 
table 
telephone 
train 
wheel 

Dutch 

appel 
bal 
bel 
boek 
sigaret 
klok 
olifant 
vis 
vlag 
glas 
hart 
lamp 
neus 
ster 
tafel 
telefoon 
trein 
wiel 

Low 

English 

anchor 
balloon 
banana 
cannon 
clown 
giraffe 
suitar 
hammer 
harp 
kangaroo 
owl 
pear 
spider 
swan 
tomato 
vase 
violin 
zebra 

requency 

Dutch 

anker 
ballon 
banaan 
kanon 
clown 
giraffe 
gitaar 
hamer 
harp 
kangaroe 
uil 
peer 
spin 
zwaan 
tomaat 
vaas 
viool 
zebra 

Noncognates 

High frequency 

English 

barrel 
basket 
belt 
boot 
bottle 
button 
chain 
chair 
church 
desk 
dress 
flower 
horse 
knife 
leaf 
mountain 
shirt 
snake 

Dutch 

ton 
mand 
riem 
laars 
fles 
knoop 
ketting 
stoel 
kerk 
bureau 
jurk 
bloem 
paard 
mes 
blad 
berg 
overhemd 
slang 

Low 

English 

arrow 
axe 
broom 
carrot 
duck 
frog 
kite 
lemon 
lobster 
lock 
ostrich 
snail 

frequency 

Dutch 

pijl 
bijl 
bezem 
wortel 
eend 
kikker 
vlieger 
citroen 
kreeft 
slot 
struisvogel 
slak 

snowman sneeuwpop 
spoon 
stool 
toaster 
turtle 
whistle 

lepel 
kruk 
broodrooster 
schildpad 
fluitje 
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Appendix 4a. Properties of the words used in the reading span, the speaking span, and the 
word span tasks. 

Task 

Reading span 

English 

Dutch 

Speaking span 

English 

Dutch 

Word span 

English 

Dutch 

10Log Frequency 

3.38 

3.37 

3.36 

3.37 

3.29 

3.37 

Length (# of letters) 

4.07 

4.07 

4.14 

4.10 

4.09 

4.22 

Note. The English frequency as given in the corpus was multiplied by a factor of 2.26 to 
correct for the size difference between the Dutch and the English corpora. Analysis showed 
that statistically there were no differences in cognate score, frequency, word length and word 
concreteness between the four word groups other than the intended differences 

Appendix 4b. Sample of reading span sentences. 

Reading span Dutch 

Reading span English 

De poes nam een voor een haar jongen in haar bek. 
Sinds de operatie heeft hij geen last meer heeft van zijn heup. 
Iedereen moest hard lachten maar hij vond het een slechte grap. 
Volgens mijn zus kun je goed vliegeren bij deze harde wind. 
Toen de melk op was rende hij naar de supermarkt om de hoek. 
Mijn vriend gaat zowel naar het theater als het ballet deze week. 
Het is vaak moeilijk het onderscheid te maken tussen fictie en feit. 
Na eindeloos proberen kreeg hij de kromme spaak weer helemaal recht. 
Als ik echt honger heb eet ik het liefst een snee bruin brood. 
Ik vertrouw het voedsel niet want het heeft een vreemde kleur. 
Op de kinderboerderij zorgt hij voor de kippen en de geit. 

She took a deep breath and reached into the rusty box. 
There were so many people that I couldn't find a seat. 
The boy was surprised to learn that milk came from a cow. 
The drinks were all gone and all that remained was the food. 
He looked across the room and saw a person holding a gun. 
They decided to take an afternoon break by a large rock. 
During the biology class the teacher showed a picture of the brain. 
Getting up was difficult this morning because I had a nice dream. 
I had a wonderful holiday but I came back with a nasty cough. 
Recently, we went to see the newly born animals on the farm. 
At night the prisoners escaped through a hole in the floor. 
The only thing she wanted was a nice cup of tea. 
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Appendix 5. Characteristics of participants in Experiments l and 2, including mean self-
assessed proficiency in comprehension and production (rated between 1-10) in English. 

Students 

Group 

Interpreters Teachers 

Rating of English production 

Rating of English comprehension 

Mean age (in yrs) 

Professional experience (in yrs) 

7.3 

7.9 

21.1 

-

8.3 

8.7 

48.5 

15.7 

8.1 

8.6 

43.5 

18.8 

Appendix 6. Interpreting task. Text on faces, 506 words, audio record: 4.21 minutes, 
approximately 116 words per minute. 

The human face provides a bewildering variety of important social signals. These signals 
can be detected and interpreted by another human being. A face can tell us if its bearer is old or 
young, male or female, sad or happy. It can tell us whether they are attracted by us or repulsed 
by us. It can tell whether they are interested in what we say or bored and anxious to depart. 

Perhaps because we watch faces so closely for all these signs and messages, we are able to 
perceive the often tiny variations between individual faces which can be used to identify them. 
So, personal identity is another important message conveyed by the human face. Our own 
individual identities are bound up with our faces in a way that makes facial injury particularly 
traumatic to deal with. 

The science of face perception deals with all the aspects of human face perception, 
including some of the following aspects. We can readily categorize individual faces into 
different types of social group on the basis of their appearance. Indeed, we are very good at 
deciding whether faces are male or female. We can decide on their race, and approximate age. 
For example, we decide correctly on gender about 95% of the time, even when cues like 
hairstyle, facial hair and cosmetics are avoided. So, what is the difference between the male 
and the female face? 

The categorizations we make are not only interesting in their own right. Our 
categorizations have consequences for other attributes we make to people. For example, there 
are subtle variations in the apparent maturity of people's faces within a particular age group. 
Compared with adults, faces of baby's have high foreheads, relatively large eyes, and small 
chins. As a consequence, a person with a babyish face may be judged as immature or 
dependent. 

Another basic question is: how are individual faces recognized? Recognizing the identities 
of the people we know is a basic and important social act. Recognition from the face is an 
ability at which we become very skilled as we grow up. None the less, it is puzzling how we 
achieve this. Faces are essentially similar. One way of describing faces to each other, telling 
about hairstyle for example, suggest that some features of faces are very important for 
recognition. However, there is a good deal of evidence that the whole is more than the sum of 
its parts. We seem to be very sensitive to the configuration of a face. 

The human face is not only used to recognize and categorize people. The face also forms a 
source of many useful social signals. Perhaps the most important signals are emotional 
expressions. By reading emotional expressions, we are provided with information about 
another person's feelings. Interest in the cause and function of emotional expressions date back 
to Darwin. He attempted to explain emotional expression from an evolutionary viewpoint. 

Recent years have seen huge advances in our understanding of psychological processes 
involved in face perception. So, perhaps we can start answering these questions. 
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Appendix 7. Example of a stimulus story used in Chapter 6. 

Coherent De school de Windvanger bestond 50 jaar. Om dit te vieren was een 
grote reünie georganiseerd. Honderden oud-leerlingen zagen elkaar 
weer. Na een korte toespraak van de rector ging iedereen de dansvloer 
op. Gepensioneerden van 65 feestten met pubers van 18. Pas om vier 
uur verliet de laatste gast het schoolgebouw. Het was zo leuk geweest 
dat de rector voorstelde elke vijf jaar een reünie te organiseren. 
Iedereen was het hier mee eens, behalve de conciërge. Hij moest 
immers de volgende ochtend de troep opruimen. 

Incoherent Iedereen was het hier mee eens, behalve de conciërge. Honderden oud-
leerlingen zagen elkaar weer. Het was zo leuk geweest dat de rector 
voorstelde elke vijfjaar een reünie te organiseren. Hij moest immers de 
volgende ochtend de troep opruimen. Na een korte toespraak van de 
rector ging iedereen de dansvloer op. Om dit te vieren was een grote 
reünie georganiseerd. De school de Windvanger bestond 50 jaar. Pas 
om vier uur verliet de laatste gast het schoolgebouw. Gepensioneerden 
van 65 feestten met pubers van 18. 

Appendix 8. Example of a stimulus story used in Chapter 7. 

Dutch Sarah en Bart hadden een dagje vrij van school. Het was mooi weer en 
dus gingen ze naar het strand. Ze namen de trein omdat die vlak bij de 
zee stopt. Aangezien ze 's ochtends vertrokken waren, was het niet 
druk. Ze konden een mooi plekje uitzoeken dicht bij het water. Het 
werd erg warm en dus gingen ze vaak zwemmen. Het was erg leuk en 
daarom ging de tijd snel. Na een paar uur was het vloed geworden. 
Hierdoor werden hun handdoeken en kleren kletsnat. Nog later had de 
zee alles weggespoeld. Toen Sarah en Bart terugkwamen konden ze 
niets meer terugvinden. Verbaasd zochten ze het hele strand af. Pas na 
een uur vonden ze een paar spullen terug. Sarah's mobieltje was kapot 
gegaan door het zoute water. Hierdoor kon ze haar ouders niet meer 
bellen. Nu moesten ze helemaal naar huis toe lopen. 

English Sarah and Bart had a day off from school. The weather was good, so 
they went to the beach. They took the train because it stopped close to 
the sea. Because they left early in the morning it wasn't busy. They 
could find a nice spot close to the water. It was very warm so they went 
swimming a lot. It was a lot of fun, so time passed quickly. After a few 
hours the tide came in. Therefore their towels and clothes became 
soaking wet. A bit later the sea had washed everything away. When 
Sarah and Bart came back they couldn't find anything. Confused they 
searched the whole beach. After a few hours they found some of their 
things. Sarah's mobile was ruined by the salty water. Therefore she 
couldn't call her parents. Now they had to walk all the way home. 
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