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INFORMATION PROCESSING AMONG
CONFERENCE INTERPRETERS :

A TEST OF THE DEPTH-OF-PROCESSING
HYPOTHESIS

SYLVIE LAMBERT
University of Ottawa, Ottawa, Ontario, Canada

In the thinking of Craik and Lockhart (1972), the existing dichotomy in cognitive
psychology between short- and long-term memory stores is more a function of different
forms of coding processing than it is a substantive difference in separate stores. For
them, trace durability is a function of the way in which the material is encoded. It is, in
other words, the depth of the analyses required to encode the input which determines
retention, and greater degrees of semantic or cognitive analyses are supposedly per-
formed at deeper levels in the hierarchy. Their depth-of-processing hypothesis is there-
fore presented as a hierarchical series of processing stages through which incoming in-
formation passes.

By applying the Craik and Lockhart model to tasks which are highly familiar to
conference interpreters, namely, listening, shadowing, simultaneous interpretation, and
consecutive interpretation (see definitions below), and by measuring the retentive abil-
ity of interpreters following each task, an attempt was made, with the present study, at
determining which specific tasks require deeper or shallower processing for the inter-
preter.

The hypothesis that some tasks may require deeper levels of processing than oth-
ers is justified by the features of each task as provided below.

Shadowing is a paced, auditory tracking task which involves the immediate vocal-
ization of auditorily presented stimuli, in other words, repeating word-for-word, and in
the same language, a message presented to a subject through headphones. This tech-
nique has often been used as means of studying selective attention, but is also part of the
training for interpretation candidates who must learn to listen and speak simultane-
ously before attempting any code-switching as in simultaneous interpretation.

Norman (1976) distinguishes two types of shadowing, namely phonemic shadow-
ing, where the subject repeats each sound as soon as s/he hears it, without waiting for
the completion of a proposition or even an entire word, so that the shadower stays "right
on top" of the speaker. The second form of shadowing, phrase shadowing, involves repe-
tition of speech at longer latencies — more precisely from 250 milliseconds and up —
with the shadower waiting for a chunk of verbal information or a propositional phrase
before shadowing.

A study by Chistovitch, Aliakrinskii and Abilian (1960) suggested that subjects
who shadowed at longer latencies showed superior recall of the shadowed material. It
was hypothesized that subjects, when asked to shadow with understanding, used this
lag to analyze the content of the material, as opposed to those who shadowed without.
Therefore, in the present experiment, subjects were asked to shadow phonemically in
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order to minimize the lag as much as possible and thus decrease their likelihood of
analyzing the content of the presented material.

Simultaneous interpretation at first glance may seem like an extension of phrase
shadowing in that the interpreter begins speaking once s/he has heard a chunk or
propositional phrase in the stimulus passage, except that, in this case, the stimulus
material is in one language, usually the interpreter’s passive or B language, and s/he is
expected to "translate” or interpret it simultaneously into his or her dominant language
(also known as "A" language).

The mere addition of the translation variable gives rise to one of the most de-
manding human information processing tasks in that the interpreter has to juggle the
following activities :

a) s/he receives part of sentence ("chunk") through the headphones ;

b) s/he begins translating and conveying chunk 1;

¢) at the same time as s/he is vocalizing chunk 1, chunk 2 is being processed

auditorily and stored until chunk 1 has been dealt with. According to Gerver
(1964), the interpreter must be able to "hold" chunk 2 in some sort of echoic or
phonemic store until chunk 1 has been transmitted. Furthermore, while emit-
ting the translation of chunk 1, the interpreter is continuously monitoring his/
her output to ensure its correctness.

In 1978, Barbara Moser presented a working model of simultaneous interpreta-
tion based on Massaro’s 1975 model. Moser refers to the Massaro model as an attempt
to describe the temporal flow of auditory information, beginning with the acoustic sig-
nal that arrives at the ear of the listener and ending with some form of mental represen-
tation of the message.

At smaller gatherings, where there is no booth equipment available, and/or where
the material is confidential and/or highly technical, the other service available is con-
secutive interpretation. During consecutive interpretation, the interpreter hears a speech
delivered in French, for example. The interpreter takes notes concurrently, normally
into his or her target language (English, for example). When the speaker chooses to
pause, or when the entire statement has been pronounced, the interpreter is called on to
render a consecutive interpretation of the speech delivered by the delegate.

Under normal working conditions, interpreters use their notes to recall and re-
construct the original statement. But once the delivery is over, the notes can be dis-
carded and the message forgotten since the interpreter is not asked to reproduce that
message a second time. In this experiment however, following the consecutive delivery,
(i.e. restitution of original message using the notes as cues), subjects were asked to turn
their notes over to the experimenter and then recall as much of the speech as they could
remember, something that would normally never happen in professional settings.

All forms of oral translation activity have common basic tasks such as listening,
translating, and rendering. However, consecutive interpretation is special because of ad-
ded factors such as the temporal sequence of the translation ; the fact that the consecu-
tive delivery can be considered as some type of interpolated activity prior to recall ; the
fact that subjects are exposed to one complete rehearsal of the text during the consecu-
tive delivery ; and finally, that the fact the notes per se serve as visual cues. Thus, con-
secutive interpretation draws on cognitive faculties of memory and attention which are
not typical of other forms of translation.
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Finally, listening is a task implicit in shadowing, simultaneous and consecutive in-
terpretation, assuming that the interpreter listens in order to shadow and interpret si-
multaneously or consecutively. Therefore, listening was used in the present experiment
as a control condition, or as the common denominator for all the other conditions in the
experiment. By having subjects simply listen to a text without performing any other
concurrent task, recall following listening should thus serve as a baseline for establish-
ing which tasks required more or less deep processing for the interpreter.

HYPOTHESES UNDERLYING THE STUDY

In the present experiment, an attempt was made to retain the actual real-life fea-
tures of each task. For instance, for the consecutive interpretation condition, subjects
were left free to rehearse the input material during the consecutive delivery per se. Since
the rehearsal of the delivery itself is interpolated between the end of the stimulus input
and onset of recall, it was hypothesized that recall following consecutive interpretation
would yield the highest retention scores. In other words, consecutive interpretation
would represent the deepest form of processing for the interpreter because it demands
the greatest amount of sustained attention and effort. In addition, consecutive interpre-
tation involves an additional effort demanded by note-taking, an activity more likely to
strengthen the learning process than detract from it, and where visual cues are provided
by the notes per se.

It was also hypothesized that recall following simultaneous interpretation would
be greater than that following shadowing because it apparently calls for deeper process-
ing than shadowing. This hypothesis was based on several studies carried out on the
shadowing technique, three of which will be mentioned here.

One of the first to use the shadowing technique was Colin Cherry in 1953. Cherry
found that when subjects shadowed a message presented in one ear, they were appar-
ently unaware of and oblivious to the message presented in the other unattended ear.
Moreover he found that subjects remembered very little of the shadowed message. Ac-
cording to Cherry, therefore, although a message can be shadowed accurately, little
seems to be retained of its informational content. This finding has been confirmed by
Waugh and Norman (1965) who concluded that, "...when subjects shadow verbal
material, they have little retention of the material just shadowed even though this
material must have undergone considerable processing by the nervous system in order
for it to be heard and repeated verbally" (p. 18).

Since the shadowing technique, in contrast to listening, involves the overt vocali-
zation of a message, Carey (1971) wondered whether shadowing would yield higher re-
tention scores than listening. To answer this question, he tested a group of 36 listeners
and 36 shadowers to determine whether shadowing a story improves retention of the de-
tails of that story over the level achieved by listeners. Most of Carey’s testing procedure
was replicated in the present experiment and will therefore be presented below in some
detail.

Six passages of prose, each approximately 250 words long, were recorded at
speeds of 1 word per second, 2 words per second, and 3 words per second. For each of
the six stories, 3 recognition tests were administrated following the listening or shadow-
ing task : 1) a word or lexical recognition test ; 2) a semantic content recognition test ;
and 3) a syntax recognition test. In the lexical recognition test, 3 nouns, 3 verbs, and 3
adjectives were selected from the text. In addition, synonyms for 3 other nouns, 3 other
verbs, and 3 other adjectives were introduced. These 18 words were arranged in a verti-
cal column in random order and subjects were asked to indicate whether or not the
items had appeared in the original passage. In the semantic recognition test, 14 multi-
ple-choice questions on the informational content of the story were presented, with 4
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possible choices per question. The order of the questions did not correspond to the order
in which the relevant information occurred in the story. Finally, the syntax recognition
test consisted of a phrase or sentence taken verbatim from the original text, in addition
to 2 paraphrases of the same phrase or sentence which still preserved the meaning of the
original. Subjects were asked to listen or shadow texts presented at various speeds and
then complete the lexical, semantic, and syntax recognition tests.

Carey’s hypothesis, labelled as the "shadowing facilitation hypothesis", states that
when shadowing is successful and when the shadowing response monitored by the sub-
ject is identical to the input, then shadowing improves retention. Since shadowing re-
quires the strategies of listening as a prerequisite but demands additional processing
from the subject, then retention scores after shadowing should be higher than after lis-
tening.

Carey’s results indicated that increasing the rate of presentation (i.e. from 1 to 2,
to 3 words per second) generally reduced retention scores for both listeners and shad-
owers, although the rate effect was more pronounced for shadowers. At the slowest rate
(1 word per second), shadowers tend to obtain higher retention scores than listeners on
both word and content tests. At 2 words per second, shadowers’ scores on word and
content tests are still higher than listeners’ retention scores, but not significantly so. Fi-
nally, at 3 words per second, differences disappear for word recognition but go in the
opposite direction for content.

Carey concluded that when shadowing a slow message, subjects have enough time
to perceive the words and structure as well as plan and execute the shadowing re-
sponse ; but at faster rates, the subject must both perceive and speak in less time. These
results corroborate those of the study conducted by Chistovitch, Aliakrinskii and
Abilian (1960) mentioned earlier.

However, Gerver (1974) showed that comprehension was greater following the
listening task than after the shadowing task. Gerver’s study, unlike Carey’s, included
translation as a variable. He asked nine trainee interpreters to a) listen to, b) shadow,
and c) simultaneously interpret into English, three passages of French prose. Gerver
found that significantly higher comprehension scores were obtained following the lis-
tening condition (58%) than after simultaneous interpretation (51%) and after shadow-
ing (43%). Gerver argues that although shadowing may be considered as a type of re-
hearsal or repetition, the possibility of task-sharing and interference should be
considered as well. He adds that simultaneity of listening and speaking does not impair
comprehension and recall since retention scores following simultaneous interpretation
were higher than after shadowing. This outcome indicated that the translation factor
ought to be examined more closely.

When explaining the difference between shadowing and simultaneous interpreta-
tion, Gerver argues that shadowing does not require the complex analysis and transfor-
mation of input necessary in translation and that transferring the input from the audi-
tory to the vocal mode is a comparatively simpler type of processing. Simultaneous
interpretation requires analysis of both input and output at a number of levels, so that
the need to monitor both input and output can be viewed as a more intensive task than
shadowing. Gerver concludes that an interpreter’s ability to "comprehend” seems to de-
pend on the level of processing.

What surprised Gerver, however, was that such an intensive and active form of
processing as simultaneous interpretation could lead to poorer comprehension scores
than the comparatively passive activity of listening. On the other hand, when listening,
the subject is able to devote all of his attention, in other words his full channel capacity,
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to processing, not having to share his attention among multiple tasks, which could ex-
plain the higher comprehension scores for listening.

Mackintosh (1985), in response to results obtained in the author’s doctoral thesis
(Lambert, 1983), found that simultaneous interpretation imposes the heaviest process-
ing load on interpreters, more so than consecutive interpretation, be it consecutive in-
terpretation with a language switch (from one language into the other) or consecutive
without code-switching (from one language into the same). It should be pointed out
that, unlike the above-mentioned studies where subjects’ performance was based on
their ability to recall information following each task, Mackintosh drew her conclusions
by examining the number of departures from the standard level of language as an indi-
cation of the task demands placed on the interpreter.

OVERVIEW OF STUDY

The present study compares four types of information processing, a straightfor-
ward listening task, to be used as a control or contrast type, and three experimental con-
ditions, namely 1) shadowing, 2) simultaneous interpretation and 3) consecutive inter-
pretation. By examining and comparing the amount and quality of retention following
each processing type, it is hoped that we may better understand what is meant by depth
of processing, how deeply each type of message input is processed, and which type re-
quires the greatest or the least amount of effort and attention on the part of the inter-
preter. It was predicted that both consecutive and simultaneous interpretation would
require greater processing than either listening or shadowing. The subjects used, the ex-
perimental design, the scoring procedure are presented below.

METHOD AND PROCEDURE

Subjects

The subjects were 16 interpreters, 8 of whom were professional conference inter-
preters of the A.L.I.C. (Association internationale d’interprétes de conférence), all hav-
ing interpreted for more than five years. The remaining eight were trainee-interpreters,
all enrolled in a six-month intensive formation course at the Polytechnic of Central
London, in the hope of obtaining the Diploma in Conference Interpretation Tech-
niques. None of the 8 trainees had interpreted for less than 3 months or for more than 6
months. Among the 8 professional interpreters, 4 were female and 4 male ; among the 8
trainees, 4 were female, and 4 male. The mother tongue of all 16 subjects was English
and all claimed French as their B language, in other words, their strongest passive lan-
guage, one which they readily interpret out of, but not necessarily into.

Experimental Design

A 4 x 4 Graeco-Latin Square design was used in an intentional learning paradigm
(subjects were told in advance what the experiment consisted of and what was expected
of them), where each subject was asked to listen to, shadow, interpret simultaneously
and interpret consecutively, four French prose passages of equal length. Subjects were
asked to recall what they had processed immediately following the completion of each
task. Texts and tasks were balanced across subjects so that text and task effect were kept
to a minimum. In other words, had all subjects begun with shadowing for example,
their scores following that particular condition might have been higher simply because
they were fresher and subject to less inter-text interference than after the fourth condi-
tion. All responses were recorded for subsequent analysis. Following recall, three recog-
nition tests were administered in the following fixed order : 1) lexical, 2) semantic, and
3) syntactic recognition tests (see Carey 1971). For recall, the input was in subjects’ pas-
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sive language with recall in mother tongue (L2 into L1) and for recognition, both input
and recognition test were in subjects’ passive language (1.2 into L2).

Scoring Procedure

Following the methodology proposed by Kintsch and van Dijk (1978), the pas-
sages were broken down into a structured list of propositions and then matched against
the subject’s oral recall. Two independent scorers evaluated each subject’s recall to en-
sure reliability.

RESULTS

With regard to recall scores, a two-way analysis of variance showed that the type
of task required of subjects clearly influenced their subsequent recall beyond the 0,001
level (F = 9,04™**; d.f. = 3,36). Post-hoc tests of multiple comparisons indicated that
recall scores were significantly higher following the listening condition (X = 45,19%)
than after shadowing (X = 30,19%) (Scheffé F = 6,48 ; p < 0,05 ; d.f. = 2,36). Simi-
lar post-hoc tests also revealed that recall scores following consecutive interpretation
were significantly higher than those following shadowing (X = 45,00% versus 30,19%,
F = 6,31 ; p < 0,05; d.f. = 2,36). No significant differences were found between lis-
tening, consecutive interpretation and simultaneous interpretation, judging by recall
scores.

Figure 2 displays the mean percentages (ranging from 50% to 80%) of recogni-
tion scores which combine scores for lexical, semantic, and syntactic recognition tests
for each condition. The highest results were obtained under the listening condition (X
= 72,35), followed by consecutive interpretation (X = 70,27), followed in turn by
simultaneous interpretation (X = 67,06), followed by shadowing (X = 65,02).

Experiment 1 4 Tasks:
listening
shadowing
simultaneous interpretation
consecutive interpretation

Test result: semantic vs. lexical t = 2,77%* p <0,01
80- semantic vs. word order t = 641%** p <0,001
lexical vs. word order t = 4,42%** p 0,001
76,25
75. Listening vs shadowing t = 2,41 p <0,02
Anova F = 4,43** p <0,01
72,35 Consecutive vs. Shadowing t = 1,96 ns.
70,27
0. 69,94
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Fig. 2: Main Percentage of Recognition Scores
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Following a significant treatment effect in the Graeco-Latin Square design, two
tailed t-tests performed on listening vs. shadowing scores revealed that listening yielded
significantly higher recognition scores than shadowing (X = 72,35% versus 65,02% ; t
= 2,42 ; p < 0,02) ; the difference between consecutive interpretation and shadowing
approached significance (X = 70,27% versus 65,02% ; t = 1,96). No other mean dif-
ferences were statistically significant.

When we break the overall recognition score down into its three components (see
Figure 3), it is clear that the semantic recognition component is the most discriminat-
ing. Furthermore, listening yields the highest semantic recognition scores (X =
87,50%) ; consecutive interpretation yields the second highest set of results (X =
80,63%) ; simultaneous interpretation yields the third highest set of results (X =
71,86%) ; the lowest set of results followed the shadowing condition (X = 65,00%).

Two-tailed t-tests showed that there was no significant difference between listen-
ing and consecutive interpretation-in terms of how these tasks affected subsequent se-
mantic recognition tests, although results approached significance (t = 1,83). But when
listening and simultaneous interpretation were compared, listening yielded significantly
higher semantic recognition scores than simultaneous interpretation (t = 3,44*"*;
p < 0,001), and higher scores than shadowing (t = 6,07*** ; p < 0,001). Consecutive in-
terpretation also produced higher semantic recognition scores than did shadowing (t =
3,99"** ; p < 0,001). There were no significant differences found between listening and
consecutive interpretation, nor between consecutive interpretation and simultaneous
interpretation.

X: 87,50

Experiment 1

85-
Listening
Listening Shadowing
Simuitaneous Interpretation
80- Consecutive Interpretation
7s Test results:
) Listening vs. Consecutive t = 183 n.s.
Listening vs. Simult t = 3,44*** p <0,00]
Listening vs. Shadowing t = 6,07*%* p 0,001
Consecutive vs. Simultaneous t = 1,86 ns.
70- Consecutive vs. Shadowing t = 3,99*%* p <,001
65-
60- \
\
55-
50- Lexical Semantic Word Order Recognition
Recognition Recognition

Fig. 3: Recognition Scores Including Treatment Effect
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DISCUSSION

If we compare the results obtained in Gerver’s experiment to those obtained in the
present experiment, certain similarities emerge, as indicated by the semantic recogni-
tion scores used in both studies : the listening condition yielded the highest mean per-
centage, followed by simultaneous interpretation, which, in turn, was followed by shad-
owing.

Gerver Lambert
Listening 58% 87,50%
Simultaneous interpretation* 51% 75,63%
Shadowing 43% 68,13%

* There was no consecutive interpretation condition in the Gerver study.

Thus, Gerver found significantly higher comprehension scores for listening in
contrast to simultaneous interpretation, and higher scores for simultaneous interpreta-
tion than for shadowing. Although Gerver’s measure of comprehension and Lambert’s
semantic recognition tests are not identical, both were designed to evaluate an inter-
preter’s ability to understand a message he or she has just interpreted.

There is then a clear agreement in the Gerver and Lambert studies with regard to
listening which yields the highest recognition scores in both cases. This is interesting be-
cause listening can be considered as a relatively passive form of processing when com-
pared to either shadowing, simultaneous interpretation or consecutive interpretation in
that there is no ongoing overt and tangible rehearsal. This unexpected finding may be
interpreted thus : listeners are able to devote their whole attention to the processing
task, in other words, their full channel capacity to processing of input, not having to
share attention between multiple tasks as in the cases of shadowing, simultaneous or
consecutive interpreting. A more far-fetched hypothesis proposes that in order to ac-
commodate both speed and fluency when interpreting simultaneously or consecutively,
interpreters may not "listen” in the same way as those subjects told to "listen” in silence.

If we set aside the listening condition for a moment, we are left with three other
forms of processing which bear directly on tasks required of an interpreter, namely,
shadowing, simultaneous interpretation, and consecutive interpretation.

Of the three other forms of processing, consecutive interpretation yields the high-
est recognition scores, as originally hypothesized. Consecutive interpretation was the
only condition that allowed the subject to take notes as the stimulus material was being
presented. This active and visual form of rehearsal may serve to reinforce the learning
activity. Furthermore, prior to recall, subjects in this condition had all given a consecu-
tive delivery with the use of their notes, thus exposing them to a complete rehearsal of
the text, from beginning to end. It was only after their consecutive deliveries that sub-
jects were asked to hand over their notes and recall what they had just finished inter-
preting. Thus a strong argument can be made that the consecutive processing aided
learning and memory through the overt rehearsal of the passage combined with the use
of notes. On the other hand, the consecutive delivery can also be viewed as a type of in-
terpolated activity, delaying the onset of recall, differentiating it from the other three
conditions where subjects began recalling as soon as the stimulus material ended. Thus
there is more chance for trace decay in consecutive processing. Since recall scores fol-
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lowing consecutive delivery were higher than those following simultaneous and shad-
owing, it would appear that consecutive delivery is a form of rehearsal which is benefi-
cial for, rather than detrimental to, subsequent recall. Consecutive interpretation,
therefore, apparently represents a deeper form of processing due to such factors as addi-
tional rehearsal time, longer exposure to the information, the visual cues provided by
the graphic notes and the aural feedback when rendering the consecutive delivery.

We are now left to explain the effects of simultaneous interpretation and shadow-
ing. The translation factor present in simultaneous interpretation and absent in shadow-
ing may be the distinguishing feature between the two tasks. Translation takes time
(Treisman 1965). According to the Craik and Lockhart model, it is not only the depth
of analysis which determines retention, but the fact that greater depth of processing
usually implies more processing of the stimulus, thus requiring more time to carry out
the subsequent operations for a deeper level of analysis. If the total processing time ap-
pears to covary with degree of retention, this would explain the better degree of reten-
tion following simultaneous interpretation. In terms of milliseconds, the processing
time involved during simultaneous interpretation is longer than that involved during
phonemic shadowing.

By examining the results obtained on the recall measures and grouping them into
two categories, an interesting hypothesis emerges. The higher retention scores were ob-
tained following listening and consecutive interpretation and the lower scores followed
shadowing and simultaneous interpretation. Both listening and consecutive interpreta-
tion allow the subject to listen to the incoming message without emitting any concur-
rent vocal sound. In other words, when the subject is listening, no other interfering vo-
cal activity is required. In the case of consecutive interpretation, although the subject is
taking notes as the information is being processed, no vocalization is required. On the
contrary, both shadowing and simultaneous interpretation require simultaneous vocali-
zation on the part of the subject, possibly interfering with his ability to process material
to any great depth. This concurrent vocal activity may in fact be the source of conflict
which prevents the interpreter from processing the material to any greater extent.

With this hypothesis in mind, let us reconsider the results of the Mackintosh
study (1985), where simultaneous interpretation was thought to impose a heavier pro-
cessing load than consecutive interpretation, based on the number of departures from
standard English. It would appear that the greater number of departures under the
simultaneous interpretation condition may have been due to the simultaneity of listen-
ing, translation and speaking, in other words, conflicting activities which prevent the in-
terpreter from processing material as deeply as under consecutive interpretation condi-
tions.

In conclusion, by weighing the retention scores obtained by interpreters following
four tasks, it would appear that deeper processing of incoming material occurs during
listening and consecutive interpretation, followed by simultaneous interpretation and
lastly, by shadowing. These findings, when followed by further research, may have im-
portant implications for future training of conference interpreters. The findings may
also shed some light on procedures for increasing reading proficiency, for improving
studying techniques, language teaching techniques, the use of audio-visual means of
presentation. More generally, it is hoped the results may help us understand better
which types of cognitive processing strategies enhance attention in learners.
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