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Abstract

The paper presents a theoretical overview of the concept of working memory and its application
in interpreting research. Three representative models of working memory, as developed in
cognitive psychology, are discussed and compared. Three selected models of the interpreting
process illustrate the theoretical approaches to modelling the role of working memory in
(simultaneous) interpreting. Three selected types of studies illustrate empirical approaches to
researching the role of working memory in interpreting. Finally, suggestions are made for future
research to investigate more working memory functions and to relate them more directly to the
interpreting process.

1. Introduction®

The concept of working memory was proposed in the 1970s by Baddeley and Hitch (1974) as a
modification of the concept of short-term memory. The crucial difference was that short-term
memory was a simple store for information, while the more modern concept of working memory
Is assumed to be a cognitive component combining storage, processing and executive control of
the cognitive processes at hand. Working memory is one of the most prominent topics in both
current cognitive research and interpreting research. With more empirical findings available,
working memory is now linked to a large number of higher-cognitive abilities and processes, and
also to intelligence. In interpreting, it is considered to be one of the cognitive cornerstones
underlying simultaneous interpreting (SI; Daro, 1989; Bajo, Padilla and Padilla, 2000). A number
of studies focused on showing this by demonstrating a difference in working memory between
simultaneous interpreters and Sl students or non-interpreters. However, the results are mixed:

some studies have found a difference (e.g. Padilla, Bajo, Cafias and Padilla, 1995; Christoffels,

! Sections 1 and 2 are adopted from Timarov4, S. (2007)
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2004), others have not (e.g. Chincotta and Underwood, 1998; Nordet and Voegtlin, 1998; Kdpke
and Nespoulous, 2006).

The purpose of this paper is to briefly review theoretical and empirical work about
working memory and simultaneous interpreting. In Section 2, a short overview of the present
theoretical debate and of findings from cognitive disciplines is presented. In Section 3, we briefly
discuss the role of working memory in simultaneous interpreting as reflected in Sl process
models, and review basic approaches to studying working memory in the context of SI
empirically. Finally, Section 4 attempts to integrate conclusions from the previous sections and
proposes a new approach to the study of the relationship between working memory and

simultaneous interpreting.

2. Working memory

2.1. The Nature of Working Memory

Peter gets two apples from his mother every day, but eats only one. How many apples does he
have at the end of the third day? This classic example of mental arithmetic is a good illustration
of what working memory is for. To solve the problem, we need to make some stepwise
calculations and store the result of each step in order to integrate it with the result of the next step.
This type of memory required for the short-term storage of information was first described by
William James (1890) as primary memory. Research in the 1950s and 1960s showed that the
store has a severely limited capacity. The seminal article by Miller (1956) claims humans can at
any one time remember a maximum of seven, plus or minus two, chunks. However, the simple
storage account did not adequately explain a range of empirical data. This led to the proposal of
working memory, which combined storage with ongoing processing (Atkinson and Shiffrin,
1971; Baddeley and Hitch, 1974). The concept of working memory in this form has become one
of the key constructs in modern cognitive disciplines and through empirical research has been
linked to a host of everyday activities, mental abilities and higher-cognitive processes. Working
memory is thus known to be related to reading comprehension (Daneman and Carpenter, 1980),
language comprehension (Just and Carpenter, 1992), reasoning (Kyllonen and Christal, 1990),
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vocabulary learning (Baddeley, Gathercole and Papagno,1998), problem solving (Kyllonen and
Christal, 1990), or taking lecture notes (Kiewra and Benton, 1988). There is also a growing body
of evidence that working memory is strongly related to general intelligence (Engle, Tuholski,
Laughlin, and Conway, 1999; Conway, Cowan, Bunting, Therriault and Minkoff, 2002; Redick
and Engle, 2006; Jarrold and Towse, 2006). Quite naturally, the huge amount of data collected
gave rise to the proposal of numerous theoretical models.

2.2. Conceptualising Working Memory: Models

Since the 1970s, at least a dozen theoretical models have been developed to account for all the
findings. In this section, we will focus on only three of them. The selection has been guided by
several factors: the model should be representative of the cognitive research, it should be current
and updated, and it should provide theoretical background for our discussion of working memory
research as it relates to the interpreting process. For this reason, the models briefly discussed in
this section will be the multicomponent model by Baddeley (Baddeley and Hitch, 1974; Baddeley,
1996; Baddeley, 2000; Repovs and Baddeley, 2006); the long-term working memory model by
Ericsson and Kintsch (1995); and the long-term memory activation model by Cowan (Cowan,
1988, 1995; Oberauer, 2002), and its control-of-attention extension by Conway and Engle
(Conway and Engle, 1994; Engle, Tuholski, Laughlin and Conway, 1999; Feldman Barrett,
Tugade and Engle, 2004).

2.2.1. Baddeley: A Multicomponent Model

One of the most influential working memory models to date was developed by Alan Baddeley
(Baddeley and Hitch, 1974; Baddeley, 1996; Baddeley, 2000). Based on a wide range of
empirical findings, this model posits that working memory is composed of separate storage and
processing systems. The current version of the model is below in Figure 1.

The model assumes that working memory is composed of two domain-specific slave
storage systems - the phonological loop and the visuospatial sketchpad, a general storage
component - the episodic buffer, and a supervisory component - the executive control. Each of the
two slave systems is responsible for temporary storage of domain-specific information, i.e. the
phonological loop stores verbal and numerical information, the visuospatial sketchpad specialises
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in the storage of visual and spatial information. Each slave system is further fractionated into
subcomponents.® The phonological loop is thus composed of a phonological store and an
articulatory control process. The phonological store allows for direct access to auditorily
presented verbal information, while visually presented text must first be subvocally articulated by

the articulatory control process before it can be stored in the phonological store.

Central
Executive

Visuospatial Episodic Phonological
Sketchpad Buffer Loop
Visual Episodic Language
Semantics LTM
Fluid Crystallized
Systems |:| Systems

Figure 1.The multicomponent working memory model (From Baddeley, 2000)

Capacity of the working memory is defined as a temporal limitation on the amount of
information that can be stored. Empirical findings by Baddeley et al. (1975) have shown that the
size of the phonological store is approximately 2 seconds of verbal material, i.e. people can
remember as many words as they are able to pronounce in two seconds. The two slave systems
are dependent on a central executive, a supervisory component which controls and coordinates
mental operations (Hitch, 2005).

Most research has been devoted to exploring the phonological loop (Baddeley, 1996), as
its ability to account for a large range of findings proved intriguing. However, by the mid-1990s,
Baddeley called for closer exploration of the central executive (Baddeley, 1996), a neglected, yet
probably the most important of the working memory components. Further research and
evaluation of the model led the author to add another slave system, the episodic buffer (Baddeley,
2000). This latest addition was motivated by the need to solve some persistent problems, such as

the interface with long-term memory or the need to account for such phenomena as prose recall

2 Since our concern lies mainly with interpretation, detailed discussion will be limited to the phonological loop. It is
assumed that the visuospatial sketchpad plays no or only a marginal role in interpreting, a predominantly verbal task.
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(recall of coherent strings of text such as complete sentences, as opposed to lists of individual
words), where people typically score much higher than would be possible according to the
limitations assumed for the phonological loop. The episodic buffer thus serves as a mental
workspace which stores processed and integrated information. The model, as depicted in Figure 2,
also allows for the distinction between fluid systems, which serve general processing (e.g.
temporary storage), and crystallized systems, which allow for long-term storage and
accumulation of knowledge (Baddeley, 2000). The fluid systems are supposed to be fairly stable,
unaffected by learning, while the crystallized systems are the exact opposite — very much the
result of learning. This distinction is important in the context of interpreting as an acquired skill.
A large proportion of research into working memory in interpreting to date has focused on testing
those components of working memory which are classified as fluid systems. Based on the
theoretical model, and the predictions derived from it, it is so far not clear why interpreters
should exhibit larger working memory capacity of the fluid components. This issue will be
discussed further in chapter 4.

2.2.2. Ericsson and Kintsch: Long-Term Working Memory

A different approach to working memory was adopted by Ericsson and Kintsch. While most
working memory research aims at discovering the nature of pure working memory, Ericsson and
Kintsch are interested in how working memory functions in more realistic scenarios. Specifically,
they address the question of how working memory supports skilled performance, ranging from
instances of highly specialised activities, such as expert chess playing, to more everyday and yet
very skilled activities such as reading and comprehension. Their analysis of such expert
performance led to the proposal of long-term working memory (LT-WM; Ericsson and Kintsch,
1995). According to Ericsson and Kintsch, the traditional working memory (or short-term
memory) concept is incompatible with real-life skilled performance on at least four counts:
experts are capable of maintaining much more information than predicted by the capacity limits
constraining WM; expert performance can be interrupted by another, attention-demanding task
and later resumed with very little disruption to memory; experts are very accurate in their recall
even if the recall task has not been expected; and the storage capacity of STM is fixed, while
experts are capable of expanding it. All these issues are addressed in the LT-WM model.
Crucially, Ericsson and Kintsch do not attempt to replace existing STM and WM models, but
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rather make an addition. Their LT-WM model arguably applies only to behaviour and tasks
which are well practiced and to material which is familiar. LT-WM is proposed to be a “set of
acquired mechanisms that enables experts to expand the functional capacity of their working
memory system for specific types of materials in activities within their domain of expertise
without altering the general capacity limits of [short-term working memory]” (Ericsson and
Delaney, 1998:95). Importantly, LT-WM relies on storage in LTM. This is the main explanatory
element behind the above mentioned issues: the amount of information can exceed the traditional
STM capacity because it is stored in LTM and as such is more durable, hence less vulnerable to
disruption. LT-WM is thus acquired, specific to a particular area of expertise, and the
mechanisms supporting it are not directly transferable to another domain (for example, expert
memory for digits does not imply expert memory for consonant strings - Ericsson and Delaney,
1998).

The above claim about LT-WM being an addition rather than a substitution needs
qualification. The area of overlap between LT-WM and more traditional WM models becomes
apparent when attempting to define an “area of expertise”. Ericsson and Kintsch (1995) include
under expert performance such activities as reading and comprehension. These areas are in the
focus of the traditional WM research as well, hence assuming that text which is being processed
during reading and comprehension is being transiently stored in a separate WM store, while LT-
WM assumes that reading is a skilled activity supported by LTM (Ericsson and Kintsch, 1995;
Kintsch, 1998). Furthermore, the LT-WM concept does not do away with STM completely.
While most information necessary for a successful execution of the task is available in LTM, it is
accessed through specific retrieval cues available in STM. This seems to be the weaker point of
the LT-WM model. The authors do not explain the mechanisms supporting the maintenance of
the retrieval cues. Assuming that they are stored in the traditional STM (Ericsson and Delaney,
1998), they should be subject to the same limitations and constraints as other non-familiar
material, such as a string of unrelated digits, i.e. there should be a capacity limit on the number of
cues that can be maintained active, their maintenance should be vulnerable to interference, and
the number of cues that can be recalled should be fairly fixed (once the number of cues reaches

the capacity of the STM store, as the capacity is assumed to be stable throughout one’s adult life).
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2.2.3. Cowan: Activated Long-Term Memory

A third approach was adopted by Nelson Cowan (1988, 1995), who conceptualises working
memory as an activated part of long-term memory (Figure 2). According to this view (Cowan,
1999), long-term memory contains an activated subset of items. These items are the content of
working memory, but are outside awareness. Only a small proportion of these items are directly
accessible to awareness: these items are, in Cowan’s words, in the focus of attention. The concept
of working memory is thus hierarchical — the focus of attention contains a small number of items
directly available for processing. These are a subset of the activated memory. The activated
memory contains highly activated items which are, nonetheless, available for processing only
indirectly through inclusion in the focus of attention. This activated memory is in turn a subset of
long-term memory. Items in long-term memory are not active, but can become a part of working
memory if they receive enough activation (and eventually they can move to the focus of
attention). The crucial component, the focus of attention, is controlled by a central executive
component responsible for directing attention and controlling voluntary processing. Moreover,
attention can be captured more directly and automatically by stimuli (e.g. loud noise or stimuli

perceived as relevant, such as one’s own name, etc.).

CENTRAL EXECUTIVE
(directs attention and
controls voluntary processing)

\
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Figure 2. The working memory as an activated part of long-term memory (From Cowan, 1988)
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Cowan proposes two types of limitations on working memory: time limitations and
capacity limitations (Cowan, 1999). The focus of attention is subject to capacity limitations. Its
estimated capacity is around * 4 items. On the other hand, the activated memory is subject to
time limitations. Unless activation of the items within the activated memory is maintained, it will
decay and eventually drift out of the activated memory. The decay time is estimated to be around
10-30 seconds. Activation can be maintained through a rehearsal-like process of moving the item
into the focus of attention. Interestingly, Cowan suggested that there is no capacity limit on the

number of items concurrently activated, i.e. held in the activated memory.

Magnitude of this link is determined by the extent to
which the procedures for achieving and maintaining .
activation are routinized or attention demanding Central Executive
Thus, it is assumed that, in intelligent, well-educated

adults, coding and rehear_sal in a digit span task would (working memory capacity, controlled attention,
be less attention demanding than in 4-year-old chiidren. facused attention, supervisory attention system
anterior attention system, etc...)

a. Achieve activation through controlied retrieval.

b. Maintain activation (to the extent that maintenance activities
are attention demanding).

¢. Block interference through inhibition of distractors.

1
i
Grouping skills, coding strategies, 1 Short-term memory
N I ]
and. prgcedures for maintaining 1 a. Traces active above threshold, with loss from decay or
activation. -q-* interference.

a. Could be phonological, visual, spatial,
motoric, auditory, etc.

b. Some traces receive further activation by becoming the
focus of attention.

b. More, or less, attention-demanding depending
on the task and the participant.

c. Trace consists of a pointer to a region of long-term memory.
Thus, the activated trace could be as simple as “if circle
around the next digit on the list then subtract from total”
ar as vast as the gist for Crime and Punishment.

Long-term memory

Figure 3. The working memory structure model by Engle, Tuholski, Laughlin and Conway (1999)
(From Engle et al., 1999)

The basic tenets of Cowan’s model have been recently empirically supported and
extended by Oberauer (Oberauer, 2002; Oberauer and Gdéthe, 2006; Oberauer, 2006). Oberauer’s
model builds on Cowan’s model and develops further the mechanisms of the focus of attention.
Moreover, work by Conway and Engle (e.g. Conway and Engle, 1994; Engle et al., 1999; Engle
and Kane, 2004) further provides both theoretical argument and empirical support for Cowan’s
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model.? Their claim is that the crucial component of individual differences in working memory is
controlled attention, responsible for maintaining goals, protection of task execution against
interference, effortful processes, etc. They extend Cowan’s basic model by explicitly including

the executive component and by allowing for domain-specific strategies (see Figure 3).

2.3. Working Memory Models: Discussion

In the previous section, we offered a short overview of three models of working memory. It
should be clear by now that working memory as a concept is a very complex phenomenon. Each
model places a different emphasis on different aspects of working memory, and reconciliation of
the models is by no means easy. In this section, we will point out some of the major differences
between the models.

The first difference concerns the view of working memory as a structural or a functional
entity. Baddeley’s model is a good example of a structural model (cf. Engle and Kane, 2004).
The basic assumption is that working memory constitutes a separate entity with more or less
independent components, and the research aim is to identify the components and define their
properties. On the other hand, Ericsson and Kintsch and Cowan postulate their models more in
functional terms. This distinction is important for several reasons. The structural approach
assumes that working memory is a separate entity with a fixed structure. The structure supports
(and limits) cognitive performance. The functional approach, on the other hand, defines working
memory in terms of processes or purpose, rather than structures. Working memory is thus defined
as “temporary storage and processing of information” (functional view), and it can be supported
by any neuroanatomical structure, including support by different structures on different occasions.
Working memory is seen as a set of mechanisms which enable short-term maintenance of task-
relevant information to ensure successful task completion (cf. Cowan, 1999). The models by
Cowan, and Ericsson and Kintsch are less concerned with identifying specific “stores”, but rather
focus on the processes. Both Ericsson (Ericsson and Delaney, 1999) and Cowan (1999) openly
refuse to limit their models to a predetermined structure, allowing working memory to make use

of whichever mechanisms are available or appropriate. The reason for this difference may be

® However, Cowan sees some important differences between his work and the work by Engle and colleagues
(Cowan, 1999).
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partly historical. Baddeley’s model evolved from earlier models assuming a necessary separate
store for information which needs to be maintained for short periods of time. Ericsson and
Kintsch’s and Cowan’s models are younger and address the more recent issue of interface
between working memory (current task processing) and long-term memory (knowledge
structures). The conceptual dissociation of working memory and long-term memory certainly
holds, but there are doubts as to their neuroanatomical dissociation (e.g. Ranganath and
Blumenfeld, 2005; Ruchkin, Grafman, Cameron and Berndt, 2003). Baddeley and Logie (1999)
defend the separate-stores view, and point out the important function of WM as a gateway of
novel stimuli, which were not previously encountered and hence have no representation in long-
term memory.

Secondly, and more importantly for our topic, the models differ in their treatment of an
executive component. Ericsson and Kintsch do not explicitly assume a separate executive
component. Skilled performance seems to be guided mostly by processes relying on previous
experience. Performers anticipate upcoming stimuli, use goal-directed strategies, rely on various
cues, etc. On the other hand, Baddeley and Cowan assign a crucial role to their executive
components. In both models, this component is very closely related to attention, and it is
associated with effortful, conscious processing. In Cowan’s model, the central executive controls
and directs attention and voluntary processing. Similarly, Baddeley assumes that the central
executive is responsible for the coordination of two (or more) tasks, selective attention, strategies
switching, and manipulation of information in long-term memory (Baddeley, 1996; Baddeley,
2002). The crucial role of the executive control is supported by current trends in research, which
seem to converge on the idea that the executive control is largely synonymous with controlled
attention. Controlled attention thus emerges as a separable entity. Moreover, individual
differences research suggests that controlled attention is more important (is a better correlate) for
higher-cognition activities than the storage component of working memory (e.g. Engle, Tuholski,
Laughlin and Conway, 1999; Conway and Engle, 1994; Feldman Barrett, Tugade and Engle,
2004; Lépine, Bernardin and Barrouillet, 2005; Cowan, Elliott, Saults, Morey, Mattox,
Hismajatullina and Conway, 2005; Engle, 2002; Hester and Garavan, 2005; but see Colom,
Rebollo, Abad and Shih, 2006; Buehner, Krumm and Pick, 2005 for a view supporting the

storage component as the most important element of working memory).
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Thirdly, the models differ on the assumed capacity of working memory, both in terms of
the size of the working memory, and in terms of the nature of its limitations. Baddeley assumes a
temporal limitation, whereby the phonological loop can maintain approximately 2 seconds worth
of verbal material. The actual amount of material stored can differ among individuals depending
on their speed of articulation: those who can pronounce more in two seconds are also able to
remember more (but see Baddeley and Logie, 1999, for a less definitive view on the working
memory capacity). Cowan (1999), as mentioned above, assumes a double limitation, both
temporal and in terms of capacity. On the one hand, items in the activated memory are subject to
temporal decay within 10-30 seconds, if their activation is not maintained. On the other hand,
items in the focus of attention are limited to £ 4 items, but can be held in attention for a
substantial amount of time (Cowan, 1999). Ericsson and Delaney (1999) assume that in principle
there is no limit on the number of activated items. However, as mentioned above, Ericsson and
Kintsch’s model assumes retrieval cues to be maintained in short-term memory, and it is not clear
how many cues can be held active at the same time and for how long.

To conclude, in this short overview we presented three models of working memory which
we believe are representative of the current debate in the field, and which are at the same time
relevant for interpreting research. We highlighted the issues of structural vs functional modelling,

executive control and attention, and the nature and quantification of working memory capacity.

3. Working Memory and Interpreting

In the long tradition of research into cognitive processes involved in (simultaneous) interpreting,
working memory is among the components that received most attention in both theoretical
writing and empirical studies. Basically all major cognitive (process) models of SI assume that
working memory plays a crucial role, and several models are built directly on the concept
(Gerver, 1976; Moser, 1978; Daro and Fabbro, 1994). It must be mentioned here that the majority
of theoretical considerations of working memory and its role in Sl are limited to storage
functions. Executive functions have rarely been taken into considerations, and to date no
empirical testing of the central executive has been carried out. The aim of this section is to sketch
out some of the lines of thought on the role of working memory in simultaneous interpreting and
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contrast them with empirical work in interpreting research. Similarly to the section on general
models of working memory, this section is very selective in terms of models and the empirical
studies to be discussed. The objective is to provide an analysis of the various approaches to
working memory, both in terms of theoretical thinking and empirical testing, rather than an

exhaustive overview of all previous work on the topic.
3.1. Process Models of Simultaneous Interpreting and Working Memory

One of the first cognitive models of simultaneous interpreting was introduced by David Gerver in
the early 1970s (Gerver, 1975, 1976). Gerver conducted a number of experiments with
professional interpreters and based on the results proposed a sequential model of mental
processing during interpreting (Figure 4). The model focuses on a system of short-term stores for
the different stages of text processing. Gerver assumed that the source text is stored in an input
buffer, from where it proceeds for further processing. The input buffer also stores a segment of
the input text while the processor is busy with a previous segment.

The actual text processing is, according to Gerver, performed in co-operation with long-
term memory, which activates the appropriate linguistic units. Gerver assumed that this stage of
processing is purely linguistic, and did not consider it any further (Gerver, 1976). The processed
material is then ready for output — via an output buffer, where it undergoes optional monitoring.

Gerver’s model is interesting in a number of ways. To begin with, it is the first model
which considers both short-term and long-term memory in Sl, providing at least a somewhat
explicit description of the process. Secondly, it is interesting that Gerver proposed two buffers,
one for each language (source and target languages). This concept is very modern, as it
incorporates a fairly recent finding (end of the 1960s) that processing is not confined to a single
channel and that information* from several sources can be processed in parallel. On the other
hand, this view of storage is not in line with current models of working memory which do assume
separate stores but where each store serves a different modality. Separate buffers for the input
and output languages are thus a unique aspect of Gerver’s model, so far without theoretical or

empirical support. Thirdly, Gerver uses the term operational memory or working memory, but

* Information is to be understood in the psychological sense of information processing, where any input, both
internal and external, is considered to be information.
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does not specify in his model which segments of the process are performed by working memory,
nor whether he considers working memory to be a structural or a functional entity (cf. Gerver,
1975). This issue has, unfortunately, remained unaddressed, since Gerver’s model (and all other

process models) was not tested nor developed further on a theoretical level.
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Figure 4. Model of SI by David Gerver (1975)

Another process model of simultaneous interpreting was proposed by Barbara Moser in
the mid-1970s (Moser, 1978; Figure 5). Her model too assigns a crucial role to working memory.
Unlike Gerver, Moser is more explicit as to specific process segments. Barbara Moser uses a
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different term — generated abstract memory (GAM), but mentions specifically that it is identical
to short-term memory (Moser, 1978). Her model is also interesting on a number of levels. First of
all, Moser seems to consider working memory (at least as far as is apparent from the depicted
model and from the accompanying verbal description) to be both a structural and functional
component. GAM performs several important tasks. It stores processed chunks of text (strings of
(syntactically and semantically) processed words, although it is not clear to which extent they are
processed). This is the memory (storage) function proper. GAM also performs a recoding task in
co-operation with a conceptual base, i.e. it is involved in the linguistic transformation.
Throughout these operations, GAM is strongly linked to long-term memory, which stores all
concepts, mental lexicons, syntax and grammar rules, etc. In Moser’s view, GAM is explicitly
involved in production as well. This makes the placement of the paraphrasing and prediction
functions outside GAM somewhat incoherent. In the model, GAM does not encompass processes
of auditory perception (at the beginning) and articulation (at the end). Thus the reasons for the
exclusion of paraphrasing and predictions are not entirely clear, nor is it clear which other
structural component performs these tasks. A second interesting aspect of this model is that GAM
is equated with short-term memory, and that its storage function is emphasised. Short-term
memory in cognitive psychology in the early 1970s was considered to be a purely passive store.
Moser’s model is ambiguous in this respect. By including the recoding functions in GAM, Moser
proposes a very modern concept of working memory, which seems to include executive
functions. Unambiguous interpretation of her model is, unfortunately, impossible on the basis of
her short article (Moser, 1978).

The third and more recent model we will briefly discuss was proposed by Valeria Daro
and Franco Fabbro (Daro and Fabbro, 1994). The authors merged contemporary findings and
thoughts from psychology of memory, and used them to inform their model of SI (see Figure 6),
which — like Gerver’s model — centers on memory and disregards other processes and structural
entities. Among the most interesting features of the model is the fact that it is very much in line
with current thinking about memory systems. The model assumes two memory systems: working
memory and long-term memory, both of which are further fractionated into sub-systems. The
working memory system is based on the model by Baddeley and Hitch (1974, Baddeley, 1990),
but Daro and Fabbro adopt only the verbal slave system and the central executive component.
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Figure 5. Model of SI by Barbara Moser (1978)

Secondly, as is apparent from the model, working memory serves as a gateway for source
language input. Working memory serves primarily as a passive store of the source text, but the

target language interferes with this function. The target language thus limits the capacity of
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working memory. Thirdly, it is interesting that the authors adopted the central executive, but did
not assign it any specific task or function. That may have several reasons. One, this neglect is
fully in line with the state of the art in psychology at the time, when researchers were also
primarily interested in the storage functions. The central executive component was proposed in
the original model in 1974 (Baddeley and Hitch, 1974), but attracted more attention only in mid
1990s, after Alan Baddeley called for more research into the executive functions of working
memory (Baddeley, 1996). Another reason may be that the authors were explicitly interested in
aspects of verbal memory. A third interesting aspect of the model is that the actual translation
processes are performed by two separate modules. Each module serves for translation in one
direction — from the non-native language into the native language, and from the native language
to the non-native language. It would be interesting to know whether two more modules would be

needed for each non-native language an interpreter works from/to.
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Figure 6. Model of SI by Daro and Fabbro (1994)
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3.2. Working Memory and Its Role in Interpreting Process Models

A common feature of the three models briefly described in the previous section is that they put
working memory into the centre of the interpreting process. This is, after all, true of the majority
of Sl process models (cf. Gile, 1995, 1997; Mizuno, 2005, see also Seleskovitch, 1968/1978).
However, the models do differ significantly in their conceptualisation of the specific tasks
working memory performs during the interpreting process.

The first difference is due to the period of origin of the model. All models are more or
less based on the contemporary state of the art in cognitive psychology. Thus Gerver’s model,
which comes first chronologically, conceptualises working memory as a passive store of verbal
input. Also Daro and Fabbro consider only the storage function, although their model already
includes a central executive component. On the other hand, Moser (Moser, 1978), whose model
is only a few years younger than Gerver’s, assigns a fairly broad range of co-ordination and
executive functions to working memory. It is not fully clear from the model, whether these tasks
are performed by working memory (GAM in Moser’s terminology) itself, or whether working
memory serves as a kind of workspace, where the verbal material to be processed is gathered,
while the actual processing is done by independent structural entities. If the latter, Moser’s
proposal would be similar to Daro and Fabbro’s model, which assumes independent and self-
contained modules responsible for the actual translation. Moser’s model is thus ambiguous, but
the fact that she placed these functions within working memory, is in itself a very modern
concept, fully valid 30 years after the model had been proposed.

Another important difference between the models is the amount of available empirical
support. As far as we know, Gerver’s and Moser’s models were never independently empirically
tested. They represent theoretical models, based on contemporary thinking in cognitive
psychology modified to reflect personal experience or partial empirical studies, but they were not
submitted to a subsequent test. On the other hand, Daro and Fabbro’s model is based on general
theories of memory. Their specifications for purposes of Sl are based on a fairly specific
empirical study. Admittedly, only one study was carried out, yet among the SI models even this
modest test is unique.

A third difference between the models is the proportion of the process (or amount of

processing) ascribed to working memory. All models consider working memory to play an
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important role, but assign a differing amount of “work” to it. Gerver’s and Daro and Fabbro’s
models assume that the interpreting process relies on working memory, long-term memory and
unspecified translation mechanisms. On the other hand, Moser’s model makes do with working
memory and long-term memory only. Moser’s model is then the only model where working
memory seems to be the main interpreting mechanism.

These differences directly affect their use in interpreting research. The most flexible, in
our opinion, is Moser’s model, which allows for direct testing. This is not applicable to the other
two models where working memory plays a central, though only a supportive role. By proposing
independent translation modules, the models raise the question whether working memory is
employed in interpreting above and beyond its use in normal life. This is an important point for
empirical testing of the role of working memory in interpreting, which will be discussed in the
next section. As will be shown, most research is motivated by this very rationale: interpreters use

working memory to maintain verbal material which awaits processing.
3.3. Empirical Studies of Working Memory in Interpreters

Working memory seems to be an attractive research topic picked up by a number of researchers.
This section, like previous sections, presents only a selection of the available empirical studies, to
illustrate the various approaches to studying working memory in the context of interpreting.

The first study we will focus on was conducted by Presentacion Padilla and colleagues
(Padilla, Bajo, Cafas and Padilla, 1995). The authors based their study on contemporary
literature, which made claims as to the necessity of good short-term/working memory in
interpreters (Daro, 1989; Seleskovitch, 1968/1978). Their rationale was that excellent memory is
a prerequisite for the acquisition of simultaneous interpreting skills, and that memory is further
improved through interpreting training. These hypotheses led to specific predictions that a
comparison of three groups (interpreters, interpreting students and bilinguals without interpreting
experience or training) would demonstrate that interpreters have the largest memory capacity, and
students have a larger capacity than non-interpreters. To test these predictions, Padilla et al. used

a classical digit span test. In this test, participants are presented with series of digits. Each series

> Such testing would not be methodologically trivial, but the model specifies relationships between working memory
and interpreting.
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consists of two to nine digits and the presentation can be either visual or auditory. Participants’
task is to recall the digits in the order in which they were presented. Padilla et al. used the
auditory version. They interpreted the results as showing that interpreters do indeed demonstrate
a larger working memory capacity than non-interpreters.® Another test used combines memory
storage and processing. The specific test used was the reading span test (Daneman and Carpenter,
1980), in which participants are visually presented with sentences. Their task is to read the
sentence aloud (processing) and remember the last word (memory). Similarly to the digit span
test, the number of sentences in a set varies; a typical test will present sets with two to six
sentences. Working memory capacity is then calculated as the number of correctly recalled words
in the correct order. This test is one of the most frequently used tests of working memory. A
common modification is its auditory version — the listening span test. Also on this test,
interpreters demonstrated higher capacity than other groups (with the same qualification as to the
statistical reporting).

Another approach can be illustrated in a study by Chincotta and Underwood (1998), who
focused on one specific aspect of working memory: articulatory interference. A number of
empirical studies have shown that memory trace is affected when it cannot be rehearsed. This is
one of the fundamental aspects of the working memory model by Baddeley and Hitch (1974). It
has been also shown that such rehearsal can be effectively prevented by concurrent articulation.
Since concurrent articulation is common in simultaneous interpreting, the issue of interference is
very interesting for our domain. The most common assumption is that experienced interpreters
will be affected by concurrent articulation less than interpreter trainees and non-interpreters.
Chincotta and Underwood conducted an experimental study in which they asked participants to
perform the digit span test in two experimental conditions. In one, the digit span was
administered in its traditional form, in the other, participants were asked to repeat aloud an
unrelated word throughout the digit span test, thus interfering with the memory trace for digits.
The assumption that interpreters will be less affected by the concurrent articulation was not
supported.

® Unfortunately, the results in this study and in another study by Padilla et al. (Bajo, Padilla and Padilla, 2000) are
not correctly reported. The authors do not present descriptive statistics, group means are thus available only in charts.
Inferential statistics are incomplete (only main effects are reported, but not pairwise tests). The tests show that there
are significant differences between the groups, but the absence of further tests makes it impossible to say between
which groups exactly.

© 2008. Pieter BOULOGNE (ed.). Translation and Its Others. Selected Papers of the CETRA Research Seminar in
Translation Studies 2007. http://www.kuleuven.be/cetra/papers/papers.html



Sarka TIMAROVA. “Working Memory and Simultaneous Interpreting” 20

A third type of approach consists of testing interpreters with a different level of
interpreting expertise. This approach can be illustrated by Minhua Liu’s doctoral dissertation
(2001, published in an abridged form as Liu, Schaller and Carrol, 2004). Liu asked three groups
of interpreters (experienced interpreters, advanced students and novice students) to interpret
several types of text. Liu has pre-selected segments of the texts and used them to evaluate the
interpreters’ ability to select and transfer primary and secondary information and other aspects of
interpreting. All participants also completed the listening span test. Liu found out that the groups
did not differ in their working memory capacity, but did show significant differences in their
interpreting performance. Liu interpreted her results as showing that working memory is not

crucial for simultaneous interpreting and that interpreters rely on other cognitive mechanisms.

4. Working Memory and Interpreting: Where Next?

These three types of studies are fairly representative of working memory research in interpreting.
Although there are differences among these approaches, they also share a number of features.
Most empirical studies are based on the hypothesis that interpreters have a larger working
memory capacity than non-interpreters, and the studies are designed to test this assumption. The
least frequent is the third type: empirical studies of working memory rarely include interpreting
tests. Instead, it is assumed that the interpreting skill causes permanent changes in cognitive
structures, and that these changes will be apparent when interpreters are compared to non-
interpreters using standard tests of working memory. This assumption is also behind models such
as Gerver’s or Daro and Fabbro’s: working memory in interpreters is not structurally or
functionally different from the normal population, and interpreters use it mostly to maintain
verbal material. Such intensive practice then results in a larger working memory capacity than
can be found in the normal population. However, this hypothesis has never been reliably
corroborated. Studies of the first type (comparison of working memory capacity in interpreters
and non-interpreters) are most common: about half of them has demonstrated a larger capacity in
interpreters, the other half has failed to do so. The preference for this type of research is probably
largely due to the fact that most working memory research in simultaneous interpreting takes the

Baddeley and Hitch model (and its assumptions) as its starting point. This is a very interesting
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fact in itself, as the tests are designed to measure the storage capacity of working memory, i.e. the
mechanism which is part of the fluid systems assumed to be stable across one’s adult life. Yet at
the same time, the hypothesis driving this type of research is that interpreters will demonstrate a
larger working memory capacity developed as a result of practice. It is not clear how this claim
can be theoretically justified in the context of the Baddeley and Hitch model. As we have
discussed in Section 1, there are a number of other competing approaches, but these are only
slowly gaining recognition in interpreting studies (see Mizuno’s 2005 proposal for Cowan’s
model as the basis for working memory in interpreting). Baddeley and Hitch’s model has a highly
structural focus and may not be best suited to answer research questions interesting for
interpreters.

Related to the above is the very interesting sharp discrepancy between the theoretical
models of working memory in interpreting and the empirical studies. Most studies are looking to
confirm better working memory capacity in interpreters than in non-interpreters, yet the
theoretical models do not make it clear why such higher capacity would be needed. Two out of
the three models discussed see the role of working memory as buffer stores for verbal material
waiting to be processed in specialised modules. Since the time lag in simultaneous interpreting is
usually just a few seconds, well within the normal storage limit, it is not entirely clear why
interpreters should exhibit increased storage capacity. The third model seems to emphasise
working memory as a coordinating body, yet these functions are not really tested.

Taking all this into consideration, we would like to propose a new approach to exploring
the involvement of working memory in interpreting. First of all, other working memory functions
above and beyond its maintenance capacity should be included in the testing. This means
including tests of its executive functions. For example, Moser-Mercer (2005) proposed that
controlled attention is the decisive element in the ability to interpret, and other executive
functions are available for closer examination as well. As stated in Section 2, the state of the art
in basic working memory research assumes that working memory executive functions include
protection of task against interference, effortful processing, etc. These functions are highly
relevant in the process of interpreting, and it would be worthwhile to explore them in more detail.

Secondly, we believe that interpreting must be included more prominently in the tests. So
far, most empirical studies include interpreting only implicitly by comparing interpreters to non-
interpreters. Such an approach is valid, but relies heavily on the assumption that the ability to
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interpret causes permanent changes in the interpreters’ cognitive structures and that these changes
can be detected with standard tests. In contrast, studies such as Liu’s allow a more direct
interpretation of results, because they include a direct test of interpreting performance. Given
working memory involvement in higher cognitive activities (cf. Section 2), it is fairly certain that
working memory is involved in simultaneous interpreting as well. It is less clear whether such
involvement necessarily requires that interpreters exhibit better working memory than non-
interpreters. To detect the involvement of working memory in interpreting, a more direct
comparison is needed. We believe that Liu offers a good method of doing so: taking a measure of
working memory and a measure of interpreting, and comparing them across individual
interpreters. That way we can look for relationships between the various working memory
functions and various aspects of interpreting. Such an approach is necessary to help make a
stronger theoretical case for the role of working memory in interpreting above and beyond the

simple statement of its necessity.
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