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A time-sharing study used shadowing and interpretation/paraphrasing tasks to
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produced by the tasks. Results revealed the monolingual group to be left lateralized for
both tasks, but the two bilingual groups were lateralized in the LH only for shadowing.
The monolingual group was significantly different from the bilingual groups in the pattern
of hand asymmetry for interpretation/paraphrasing. The findings replicate outcomes of
prior repeated measures analysis of variance procedures on percentage of change scores.
However, new information is added by the more refined analysis. The findings are also
discussed in terms of previous laterality studies using similar tasks and subject samples.
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INTRODUCTION
Studies of cerebral laterahzation in bilinguals have sought to determine
whether lateralization in bilinguals differs from that in monolinguals or
in subgroups of bilinguals varying in their language acquisition context.
While evidence bearing on this issue has often been contradictory (see
Mendelsohn, 1988, for a review), in general, bilinguals show a greater
range of variability in language lateralization than do monolinguals. Moreover, as the results of a meta-analysis of the bilingual laterality literature
suggest, in certain circumstances bilinguals show less reliance on the
left hemisphere than monolinguals for language processing (Vaid & Hall,
in press).
There are several possible reasons why some studies find no differences
in lateralization between bilinguals and monolinguals (Galloway & Scarcella, 1982; Soares, 1984) and others find that bilinguals are lateralized
differently from monolinguals in at least one language (Green, 1986;
Sussman, Franklin, & Simon, 1982; Vaid, 1987). A review of the laterality
literature where experimental paradigms are used shows that methodological issues are typically not addressed. For example, investigators
rarely examine whether outcomes might actually represent ceiling or
floor effects. Outcomes of no differences between groups or a bilateral
effect across all groups are typically accepted at face value. A second
possible explanation for the discrepancies observed is the fact that bilingual studies rarely control for individual difference factors other than
that of handedness (Obler, Zatorre, Galloway, & Vaid, 1982). Usually,
bilingual subjects vary considerably in their language and educational
backgrounds. Thus, neglect of important methodological factors conersberg, Chief, Interpreting Division of the U.S. Department of State’s Office of Language
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joined with lack of uniformity in subject variables may in part account
for inconsistencies in the literature.
The purpose of the present study was to learn more about how bilinguals diverge from monolinguals in laterality patterns. We compared
two groups of bilinguals, professional simultaneous interpreters and noninterpreter matched controls, with a group of matched monolingual controls on a concurrent activities paradigm. Furthermore, we sought to
determine whether results of different statistical procedures would produce similar outcomes that are consistent with the descriptive data obtained from this paradigm, and whether the data would concur with the
theory underlying the time-sharing paradigm. In the study, each professional interpreter was closely matched to both a noninterpreter bilingual
and a monolingual on relevant individual factors, to be described shortly.
The individual matching process not only makes this a unique laterality
study, it maximizes the confidence one can have in outcomes when
groups with different types of experiences are compared.
The study allows one to address whether asymmetries for a particular
task are a function of bilingualism or level of expertise for the task.
Professional interpreters are known to be highly practiced in the skill of
simultaneous interpretation, which is not a mere literal word-for-word
translation of input, but involves using linguistic and extralinguistic elements to provide equivalent meaning (Schweda-Nicholson, 1987). Simultaneous interpreters have acquired considerable expertise in using
various encoding strategies such as chunking and paraphrasing the input,
creating imageable keywords of main ideas, and continuously making
predictions while concurrently monitoring and reviewing incoming information (Moser, 1978). As such, interpreters have been found to simultaneously listen and speak 65% of the time with lag time between
input and output ranging from two to eight words, depending upon the
difficulty of the material (Gerver, 1975). Mastery of interpretation skills
enables professional interpreters to proficiently decode meaning in one
language while reorganizing the input for the concurrent production of
speech in another language (Moser, 1978).
Interpreters may be a self-selected group with a natural propensity
towards instantaneous reorganization of linguistic input. We wondered
whether the interpreters would be lateralized differently from matched
bilingual controls in a task for which they might have been predisposed
to excel. Haier et al. (1988) in a PET scan study found that the nature
of the task as well as ability for the task determined the level of cerebral
activation and localization. Alternatively, it is possible that both bilingual
groups would be lateralized similarly since both have experienced manipulating two languages in everyday life. Consistent with the latter
possibility is a recent dual task study by Hatta and Ikeda (1988) who
found a bilateral effect for mathematical calculations in both advanced
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students and experts of abacus, but a LH effect for beginning students
of abacus and naive controls. A time-sharing interference paradigm was
chosen to assess laterality patterns. We felt that this paradigm, as described by Kinsboume and Cook (1971), is particularly appropriate for
use with interpreters given that professional interpreters engage in time
sharing in their normal course of work.
Previous Time-Sharing Studies with Bilinguals
To date, nine time-sharing laterality studies have used bilinguals (Corina & Vaid, 1990; Fabbro, 1988; Furtado & Webster, in press; Gran &
Fabbro, 1988; Green, 1986; Hynd, Teeter, & Stewart, 1980; Simon &
Sussman, 1987; Soares, 1984; Sussman et al., 1982). Of these, only two
studied interpreters. Corina and Vaid (1990), studying hearing interpreters of American Sign Language, found greater right- than left-hand
disruption in tapping on a shadowing task (repeating binaurally presented
input in the same language), in both ASL and English, in a group of
early bilinguals and in late fluent bilinguals. An interpretation task was
not included in Corina and Vaid’s (1990) study. Gran and Fabbro (1988),
who included an interpretation of proverbs task in their sample of 14
female advanced students being trained as Italian-English interpreters,
reported no significant hand differences in tapping disruption.
Previous Studies with Shadowing vs. a More Complex Verbal Task
Kraushaar and Lambert (1987) examined interpreters’ proficiency in
shadowing as a function of whether the input was presented bilaterally
or unilaterally to the left or the right ear. They reported that interpreters
tended to make fewer errors while shadowing input in the dominant
language presented to the right ear. This was particularly true for subjects
who had acquired their second language after the age of 7; early bilinguals
either showed no differences in shadowing accuracy as a function of ear
of presentation or showed a left ear superiority. In a similar study with
interpreters performing a simultaneous interpretation task, Lambert
(1988) found fewer errors when the input (in either language) was presented to one ear rather than to both ears and, in particular, for left ear
presentation.
Taken together, the existing studies indicate that the tasks of shadowing and interpretation yield different patterns of lateralization in
professional interpreters and/or advanced students of interpretation. Unfortunately, since none of the studies described above either considered
both tasks within the same subject sample and most did not include
bilingual or monolingual controls, it is unclear whether the results obtained are subject-specific (i.e., unique to interpreters) or task-specific.
Akin to results of studies with interpreters, research reported in the
clinical and experimental literature, including dual task studies, have
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shown monolinguals to be lateralized in the LH for shadowing tasks
(Camehan, Elliott, & Lee, 1986; Corina & Vaid, 1990; Ikeda, 1987;
Lackner & Shattuck-Hufnagel, 1982; Sabat, 1979; Woods, Hillyard, &
Hansen, 1984).
At the same time, shadowing appears to be a rapidly automatized task
with minimal attentional demands and, as such, is less affected by concurrent activity than tasks requiring continuous reorganization of input.
Studies with bilinguals and interpreters have shown the interpretation
task to impose greater cognitive demands and to be more easily disrupted
than shadowing (Gerver, 1974a,b; Treisman, 1965). Similarly, in monolinguals, interference is much greater when the concurrent task requires
ongoing monitoring and simultaneous conversion of input than with a
shadowing task (Waters, Komoda, & Arbuckle, 1985).
Methodological Considerations
In the concurrent activities finger tapping version of the dual task
paradigm (Kinsbourne & Cook, 1971), subjects are directed to tap on a
telegraph key as rapidly as possible, using their right or left index finger,
first alone in a baseline control condition and then again while performing
a cognitive task. Lateralization is inferred by comparing the extent to
which tapping of each hand is disrupted when the number of taps produced during concurrent activity is adjusted by the number of taps produced during baseline tapping trials. Since the dominant hand generally
produces more taps in a given time interval than the nondominant hand
in the baseline conditions, it is necessary to use a measure of interference
that mathematically neutralizes the dexterity of the dominant hand.
There are three commonly used methods for removing the influence
of a baseline variable that contributes to the value of the variable being
analyzed, i.e., the influence of baseline tapping scores on concurrent
tapping scores. The measure of interference traditionally used is a percentage of change score (Kinsbourne & Hiscock, 1977). This is a derived
score, expressed as a percentage by which each hand is disrupted from
concurrent activity ([baseline rate minus concurrent rate/baseline
rate] x 100). The percentage of right-hand disruption is compared to
left-hand disruption with a repeated measures analysis of variance design.
Left hemisphere lateralization for a task is inferred when the right-hand
percentage of change is significantly greater than the left-hand percentage
of change and bilateral effects are inferred from no significant differences
between hands in tapping disruption.
However, since percentage of change scores use baseline values twice
in the formula, error may be increased and some valuable information
may be lost. Willis and Goodwin (1987) note that such indices have
strong limitations because (1) raw scores are not used and (2) they have
low reliability. Moreover, based on the observation that there are high
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correlations between baseline tapping scores and concurrent tapping
scores, which in turn influences the values of the percentage of change
score (Simon & Sussman, 1987), the analysis of covariance has been
suggested as an alternative way to assess disruption in tapping (Willis
& Goodwin, 1987). When this procedure is used, baseline raw tapping
scores serve as covariates to respective raw concurrent tapping scores.
A significant difference between right- and left-hand “adjusted” concurrent tapping scores is construed as a lateralized effect in the hemisphere contralateral to the hand producing the fewer number of adjusted
taps. While the percentage of change score examines effects of task
complexity by comparing mean right- and left-hand overall percentage
of change for each task, the analysis of covariance procedure requires
comparison of the difference in the number of taps between mean rightand left-hand adjusted concurrent tapping scores for each task. The latter
analysis permits use of raw scores, rather than derived scores, but the
procedure cannot be used unless there is homogeneity of regression of
the dependent variable (concurrent tapping) on the covariate (baseline
tapping) for all groups and tasks in the design.
A third method is the calculation of a simple difference score, where
the variable being analyzed is subtracted directly from the baseline contributing variable. When employed with a time-sharing paradigm, the
method allows the direct use of raw scores within the framework of a
multivariate general linear models (MGLM) approach to the analysis of
left- versus right-hand finger tapping disruption. Moreover, with all relevant combinations of grouping variables compared, no important information is lost and the analysis of outcomes is more refined. With this
approach, LH lateralization is inferred when the difference between righthand baseline tapping versus right hand concurrent tapping is significantly
greater than left-hand baseline tapping versus left hand concurrent tapping. While statistical analysis with this approach is more complex, there
are no assumptions to be met and if concurrent tapping scores are not
found to be significantly lower than the baseline tapping scores, conclusions drawn in regard to lateralized effects cannot be justified.
Since the data had already been analyzed in the traditional manner,
i.e., repeated measures analysis of variance on percentage of change
scores (Green, Schweda-Nicholson, Vaid, & White, 1989a) the present
analysis provided the opportunity to compare results of the prior analysis
with outcomes produced by a different approach. In the present analysis,
selection of procedure for statistical analysis was predicated on the degree to which baseline tapping correlated with concurrent tapping (Simon
& Sussman, 1987) and whether assumptions of the analysis of covariance
procedure would be met (Willis & Goodwin, 1987).
In addition to these statistical issues, recent discussion of dual task
research have emphasized other important methodological concerns
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(Green & Vaid, 1986; Green & Weller, 1989; Hiscock, 1986; Hiscock,
Kinsbourne, & Green, in press; Kinsbourne & Hiscock, 1983). The suggestions advanced for improving the procedure’s validity include (1)
manipulating task difficulty to assess for task influence on outcomes
including possible ceiling effects (Green & Vaid, 1986; Hiscock, 1986),
(2) employing at least one task that produces more than minimal disruption in concurrent activity (Green & Weller, 1989; Hiscock, Kinsbourne, & Green, in press), (3) performing task reliability assessments
(Green & Vaid, 1986; Hiscock, 1986), and (4) establishing a baseline
level of performance for both the cognitive and manual task to ensure
that no attentional tradeoffs occur.
All of these suggestions above have been considered in the present
analysis. To evaluate attentional tradeoffs between tapping and vocalized
output, dependent t tests were used to determine whether accuracy of
vocalized performance as well as comprehension of input were similar
during right- and left-hand concurrent activity. Since there was a common
vocalized baseline performance, the Kinsbourne and Hiscock (1977) formula was used to calculate a percentage of change score to assess the
accuracy of vocalized output. When accuracy of vocalized output is
greater during concurrent tapping with one hand than with the other
hand, attentional tradeoffs to the tapping task are suspect since attention
is primarily directed to the cognitive task.
Present Research
The present study was designed to compare the performance of professional interpreters with matched bilingual noninterpreters on a dual task
procedure in which subjects’ finger tapping rate was tested under two
types of conditions: shadowing (repeating binaurally presented input)
and simultaneous interpretation from one language to another. A second
group of control subjects consisted of monolinguals individually matched
to the interpreters who, in lieu of the interpretation task, performed a
paraphrasing task with the same stimuli. Paraphrasing is comparable to
interpreting inasmuch as both tasks require on-line monitoring and simultaneous propositional conversion of the input.
Thus designed, the study permits inquiry into the following questions:
(1) How are effects of cognitive task complexity related to the lateralized
effect? (2) Does the experience of acquiring simultaneous interpretation
skills result in different patterns of laterality when interpreters are compared with noninterpreter bilinguals? (3) Are behavioral asymmetries in
bilinguals different from those in monolinguals when relevant individual
difference factors have been considered? (4) Are differences between
bilingual and monolingual groups a function of task complexity? (5) Will
outcomes of the present analyses be congruent with prior analysis of
percentage of change scores on the same data (Green et al., 1989a)?
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Hypotheses

In accordance with the research reviewed the following hypotheses
were made:
(1) Monolinguals will demonstrate more right- than left-hand disruption
in tapping and more overall disruption in tapping from paraphrasing,
reflecting the greater difficulty and attentional resource engagement of
paraphrasing relative to shadowing.
(2) Tapping disruption will show a different pattern of asymmetry
across the two tasks in bilinguals, with shadowing producing greater
right-hand disruption relative to interpretation.
(3) If formal training and acquired expertise in interpretation result in
differential processing strategies, the pattern of lateralization for interpretation will differ in professional interpreters from that in their matched
bilingual controls; the groups should not differ in their shadowing performance. Specifically, interpreters might be expected to have more right
hemisphere involvement for interpreting, relative to bilingual controls.
This hypothesis is derived from the existing studies of interpreters (e.g.,
Gran & Fabbro, 1988).
(4) Compared with bilinguals, the monolingual group would reveal a
different pattern of asymmetry with greater left hemisphere involvement
for both tasks.
METHOD
Subjecrs. Sixteen childhood bilingual interpreters were closely matched to noninterpreter
bilinguals and monolinguals so that each matched control was of the same sex, had within
1 year of the number of years of postsecondary school education, and was within 5 years
of age of the interpreter. The number of females (n = 8) equaled the number of males
(n = 8) in each group. All subjects were strongly right-handed. Handedness was assessed
by a questionnaire derived from a factor analytic study of the Crovitz-Zener and Oldfield
questionnaires (Oldfield, 1971). The questionnaire examines the extent to which either or
both hands are used to perform five common activities, with 25 as the score for always
performing all five activities with the right hand. Table I presents the summary of background characteristics for each group.
All bilinguals had learned Spanish as their first language (Ll) and English was learned
before puberty as the second language (L2). In addition, all bilinguals had always used
both languages in their daily lives and rated themselves as approximately equally fluent
in a written questionnaire with a Likert-type rating scale on language background and
usage.

The simultaneous interpreters were drawn from membership lists of professional interpreter organizations from United Nations and U.S. Department of State staff employees,
freelance contractors, and rosters of federally certified court interpreters. The matched
bilingual controls were obtained by accessing subjects who potentially fit each required
profile through the respective recommendations of directors, teachers, and supervisors of
Hispanic clubs, agencies, boards of education, and hospitals and members of the Hispanic
community in the Youngstown-Cleveland area. In the same geographic area monolingual
subjects were obtained through individual solicitation of each subject who potentially fit
the required profile. Each subject who took part in the study was contacted initially by
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TABLE 1
SUMMARY

OF BACKGROUND

Group
Male childhood
Bilingual interpreters

Age
Mean
SD

Male childhood
Bilingual controls

Mean
SD

Male
Monolinguals

Mean
SD

Female childhood
Bilingual interpreters

Mean
SD

Female childhood
Bilingual controls

Mean
SD

Female
Monolingual

CHARACTERISTICS

Mean
SD

-

FOR GROUPS

No. of post
high school
education

Handedness

40.1
10.9

5.3
1.3

25
0

40.1
11.3

5.4

1.1

25
0

41.0
10.4

5.5
1.3

24.9
.35

45.4
4

4.4
1.7

23.9
2.1

44
4.3

4.25
1.8

24.6

45.5
4.8

4.75
1.7

25
0

1.1

letter and/or phone, followed by the return of mailed consent forms and language and
handedness questionnaire.
Apparatus. Finger tapping was measured by an electronic counter contained within an
automatic sequencer and control device attached to the finger-tapping apparatus. The fingertapping apparatus consisted of a movable board with rubber feet. The board had a large
slot resected below the position of the fingers. The slot was displaced by a telegraph key,
which when depressed made contact and fed into a controller device. The device contained
a Red Lion Cub II electronic counter (reprogrammed for 50 counts per second), an installed
electronic bounce detector, and a timer. The spring tension of the key was adjusted with
a ,011 gauge and required a force of 50 g to close the contacts.
Connected in parallel to the timer and controller device were two tape recorders, one
with a set of headphones through which the subject heard the speech excerpts and one
which recorded the subject’s vocal and manual output. One recorder was directly to the
left of the subject who was seated at the head of a large conference table. The controller
device also contained a relay that automatically initiated the tape recorders and the electronic counter simultaneously in conjunction with an audible beep from a Sonalert buzzer.
In addition, the device contained a variable time-controlled electronic delay relay which
timed for a period of 30 set and then automatically terminated the cycle, that is, stopped
the recorders and terminated the count.
After taps were recorded on a subject data sheet, one investigator reset the counter to
zero, and gave the instructions for the next trial. When a bilingual was tested, a bilingual
investigator was present to evaluate subject output. Oral output was recorded and evaluated
according to a specific format on a separate data sheet by a second investigator. This
information could later by confirmed by the recorded tape.
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Stimuli. Passages used for the two tasks of shadowing and interpretation/paraphrasing
were segments taken from published speeches in United Nations and U.S. Department of
State publications which had both Spanish and English translations. While these speeches
are typical of an interpreter’s day-to-day work, the excerpts selected contained content
with which the lay person was familiar, i.e., the status of tuberculosis in the world, the
U.N.‘s position on apartheid, the arms race, Reagan’s comments on foreign policy, and
so forth. Bilingual subjects performed each task once in English and once in Spanish with
equivalent stimuli. Using the equivalent stimuli for each task permitted monolinguals to
perform each task twice, allowing for an equivalent forms reliability assessment.
Procedure. Excerpts for the shadowing and interpretation/paraphrasing tasks were presented at the rates of I30 and 100 words per minute, respectively (Gerver, 1976). In order
to ensure that each subject had sufficient background knowledge to process the meaning
of the excerpt, all subjects were given some general information about each excerpt and
orientation to its content. In addition, regardless of educational background of the matched
counterparts, there was a brief training period before each type of task in which the types
of strategies interpreters use (such as chunking and paraphrasing) were explained. This
was followed by a demonstration and elaboration of how to use the specified strategies.
While subjects repeated what they heard in the input language for the shadowing task,
bilinguals were asked to restate the ideas in the target language; and monolinguals, to
restate the ideas in English for the interpretation/paraphrasing task.
For both tasks subjects were told to focus on the meaning of what they heard since
they would be tested on their comprehension of each excerpt. Each excerpt was followed
by three comprehension questions, one regarding the specific theme, one regarding a
specific detail in the passage, and one inference question.
Using the Kinsbourne and Hiscock (1977)formula, oral output for the control vocalization
condition was compared to oral output for the concurrent conditions in terms of the
percentage of words shadowed and the percentage of predefined propositions paraphrased.
Similarly, allocation of attention to the verbal task was further evaluated by comparing
the mean percentage of correct responses to the comprehension questions given after
concurrently tapping with the right and left hand. Task and hand order were counterbalanced. Moreover, for bilinguals, order of language was counterbalanced and each matched
monolingual was given the same order of speech excerpts as the bilingual counterparts.
The manual concurrent task required finger tapping with the right or left index finger
while keeping all other body limbs motionless. To counteract any fatigue effects, the number
of taps registered in control tapping trials before and after each of the four trial sets was
averaged and served as the control tapping output for every concurrent task. All trials
lasted 30 set and subjects were instructed to begin tapping with the beep and to stop when
told to stop. After initial practice trials, subjects were directed to tap as fast as possible
on all trials, but on concurrent trials, they would only have a one-half second orientation
period to focus on tapping as fast as possible. Once the speech excerpt began, they were
given the instruction to “place the directive to tap as fast as possible in the back of your
mind and focus completely, without switching attention, on attending to the meaning of
the passage while performing the task as best as possible.” They were further told that
if a choice had to be made at discrete points in time between oral output and attending
to the meaning, preference should be given to meaning.
RESULTS
Correlations,

Level of SigniJcance,

and Regression Slopes

Correlation coefficients, and slopes for regression of concurrent tapping or baseline tapping scores for each group, task, and hand are presented in Table 2. It can be observed from the table that in both tasks

TABLE 2

.08
.02

+.37
+ .54

+.39
+ .49

Spanish: Shadowing
Interpreters
Bilingual controls

Spanish: Interpretation
Interpreters
Bilingual controls
.07
.03

.40
,007
,002

English: I/P (Interpretation/Paraphrasing)
Interpreters
+ .07
Bilingual controls
+.59
Monolinguals
+ .69

P

+.15
+ .46

+ .28
+ .41

+ .22
+ .43
+ .62

+ .22
+ .48
+.84

Slope

AND SI.OPES FOR REGRESSION OF CONCURRENT
ENGLISH AND SPANISH TASKS

.I2
,002
.0003

Left hand

LEVEL OF SIGNIFICANCE,

+ .32
+ .68
+ .76

English: Shadowing
Interpreters
Bilingual controls
Monolinguals

Task group

CORRELATIONS,

+ .21
f.44

-.09
+ .48

- .25
+.47
+ .74

- .16
+ .45
+ .85

Right hand

TAPPING ON BASELINE

P

SCORES FOR

.21
.04

.78
.03

.I7
.03
.ooo5

.28
.04
.oool

TAPPING

+.10
+ .33

-.05
+.35

-.17
+.48
+ .78

-.09
+.31
+.97

Slope

2
g
4

gm
F:
2
s
F

z
$
2
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there are lower correlations between baseline and concurrent tapping for
the left than for the right hand in the monolingual group. In contrast,
there are lower correlations for the right than left hand in the two bilingual
groups. Although many of the Pearson product moment correlations are
significant, none are significant for the interpreter group. The table also
shows obvious disparity between the groups in slope coefficients. Thus,
the prerequisite assumption for the analysis of covariance is violated.
Order and Description

of Analyses

Three sets of analyses were conducted to examine the lateralized effects that are inferred from disruption in finger tapping during concurrent
activity. First, the group of monolingual controls was assessed to determine whether additional analyses were justified, i.e., whether the monolinguals demonstrated the expected LH lateralized effect. In the second
set of analyses, the interpreters were compared to the matched bilingual
controls on both languages. In the final set, the monolingual group was
compared with the bilingual groups for tasks in English.
For each set of analyses a two-step procedure was used. The first step
determined whether there were differences between gender groupings
(males and females) and language groups (interpreters and bilingual and
monolingual controls), as a function of the dependent variables considered, i.e., raw baseline scores, raw concurrent tapping scores, intrahand
interference scores (baseline vs. concurrent tapping), and interhand interference scores (right-hand intrahand interference vs. left-hand intrahand interference). More specifically, each of a series of multivariate
analyses of variance examined the between subjects factors initially on
the overall combined criterion measure, such as raw tapping scores, and,
when appropriate, on each major component of the overall criterion,
such as baseline and concurrent tapping scores. Significant outcomes
were verified and qualified by univariate tests. As such, a main effect
for Sex on all baseline tapping would be verified by specific univariate
tests on this factor with baseline tapping for one hand in one task considered in each one-way analysis of variance.
The next step of the procedure examined the within subjects factors,
but Sex and Group are retained as factors. Similar to the analysis of
between subjects factors, each of a series of Wilk’s Lambda hypothesis
tests, which are a function of the error matrix generated from the context
of the original model, initially examined the specified within subjects
factors, such as both hands, tasks, and languages, on the combined
overall criterion, such as intrahand interference. The Lambda statistic
is converted to an F value and is verified or specified by the related
subsequent multivariate contrasts, which are a part of the general linear
model. Consequently, all relevant combinations of intra- and interhand
interference can be evaluated.
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TABLE 3
MEANS AND STANDARD DEVIATIONS FOR CONTROL AND CONCURRENTTAPPING SCORESFOR
MONOLINGUALS FOR SHALXIWING AND PARAPHRASING

Right hand

Left hand
Group

Control

Concurrent

Control

Concurrent

Shadowing
Females
Mean
SD

Males
Mean
SD

137.2
10.6

127.5
13.6

161.9
19.3

134.9
17.8

162.7
14.7

144.4
14.9

186.7
19.9

157.4
16.0

Paraphrasing
Females
Mean
SD

Males
Mean
SD

135.4
6.4

122.8
18.3

160.2
16.3

126.2
24.31

162.7
13.3

139.9
17.4

188.4
22.7

147.6
15.7

Analyses of Matched Monolinguals

Results of the series of multivariate analyses of variance revealed a
main effect for Sex for raw scores overall [F@, 7) = 16.09, p = .0007]
with males (161.0 taps) tapping faster than females (138.2 taps). The
univariate analyses for each baseline and concurrent condition for each
hand and task verified that males tapped faster than females in all baseline
conditions, i.e., left-hand shadowing [F(l, 14) = 15.79, p = .0014], righthand shadowing [F = 6.36, p = .0244], left-hand paraphrasing [F =
27.36, p = .OOOl], right-hand paraphrasing [F = 8.11, p = .0129], and
in the concurrent conditions for shadowing with the left hand [F = 5.61,
p = .0328] and right hand [F = 7.04, p = .0189]. However, the difference
between males and females was marginal for concurrent tapping for the
left [F = 3.67, p = .076] and right [F = 4.37, p = .055] hands in the
paraphrasing task. Table 3 presents the means and standard deviations
for baseline and concurrent tapping scores.
While there were no gender differences in intrahand interference, the
Wilk’s Lambda test on within subjects factors disclosed a significant
difference between baseline and concurrent tapping overall [F(4, 11) =
24.39, p = .OOOl], indicating that the concurrent tasks significantly disrupted finger tapping rate. Subsequent multivariate contrasts specified
that significant disruption occurred with right-hand shadowing [F( 1,
14) = 83.71, p = .OOOl]and paraphrasing [F = 77.28, p = .OOOl]and
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left-hand shadowing [F = 23.79, p = .0002] and paraphrasing [F =
25.34, p = .0002].
The gender differences in raw scores did not result in differences
between males and females in lateralized effects. However, in the analysis of within subjects factors, an asymmetric effect resulted in the Wilks’
multivariate test [F(2, 13) = 20.92, p = .OOOl]with overall greater rightthan left-hand intrahand interference. Subsequent univariate contrasts
for each task disclosed that right-hand intrahand interference was significantly greater than left-hand intrahand interference for shadowing
[F(l, 14) = 34.44, p = .OOOl] and for paraphrasing [F = 33.38, p =
BOOI], suggesting a LH lateralized effect for both tasks. There were no
differences between tasks in overall disruption (p = .089), or between
groups in disruption incurred by each task.
Reliability.
Reliability was assessed with Pearson product moment
correlational analyses on raw baseline and concurrent scores from initial
and repeated task performance with equivalent stimuli for each task and
hand. Reliability coefficients ranged respectively from + .92 to + .97 for
baseline tapping scores and from + .87 to + .92 for concurrent tapping
scores. The coefficients ranged from + .87 to + .98 for baseline scores
and from + .86 to + .89 for concurrent scores when the group had been
enlarged to 24 subjects (Green et al., 1989b).
Comparison

of Early Bilingual

Interpreters

vs. Early Bilingual

Controls

Unlike the outcomes of the monolingual analyses, no main effects or
interactions were evidenced for Sex and Group in raw scores overall,
or in separate exploratory univariate analyses of baseline and concurrent
tapping scores. The means and standard deviations for these scores for
the bilingual groups are presented in Tables 4 and 5. Similar to outcomes
in the monolingual analyses, there were no differences between groups
in intrahand interference, but the Wilk’s test analyzing the within subject
factors revealed tapping to be significantly disrupted by concurrent activity overall [F(8,22) = 9.70, p = .OOOl].The outcome was corroborated
by multivariate contrasts of each hand, task, and language (df = l/29)
with F values ranging from 41.20 to 73.62 (p = .OOOl), suggesting that
significantly fewer taps were produced in each concurrent condition than
in its respective baseline condition.
Of four multivariate analyses performed to assess differences between
groups in lateralized effects, i.e., overall, between tasks of shadowing
and interpretation, between languages of English and Spanish, and task
differences in lateralized effect between languages, a significant effect
was only disclosed in the analysis of interhand interference between
languages. The interaction between Sex and Group [F(2, 27) = 3.57,
p = .042] was replicated in a subsequent univariate test [F(l, 28) =
7.35, p = .Oll]. As can be calculated from Tables 4 and 5, the mean
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SD

Males
Mean

SD

Females
Mean

SD

Mean

Males

SD

Females
Mean

Group

154.4
13.0

156.4
19.3

168.6
19.7

153.8
21.8

Control

110.5
25.6

116.0
20.3

128.4
35.1

122.5
25.1

183.3
13.0

175.9
17.7

182.3
28.5

178.6
28.5

Control

English (L2)

130.1
28.5

138.4
17.0

Interpreters

143.4
26.5

140.6
29.7

155.0
10.9

148.5
12.3

164.4
18.8

150.0
24.0

Control

Matched bilingual controls

Concurrent

FOR BILINGUAL

TABLE 5
TAPPING

Right hand

FOR CONTROL AND CONCURRENT

Concurrent

Left hand

MEANS AND STANDARD DEVIATIONS

107.5
32.2

112.9
31.6

125.1
28.5

123.1
19.9

Concurrent

Left hand

176.0
30.8

170.1
16.4

186.4
19.0

173.1
18.9

Control

AND SPANISH

137.5
16.1

124.9
40.6

135.0
38.7

142.4
26.9

Concurrent

Right hand

IN ENGLISH

Spanish (LI)

GROUPS FOR INTERPRETATION

F

5
m
4

E
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TABLE 6
MEAN

INTRAHAND DIFFERENCE IN TAPPING FOR CHILDHOOD BILINGUAL INTERPRETERS AND
MATCHED CONTROLS FOR SHADOWING AND INTERPRETATION/PARAPHRASING

Spanish (Ll)

English (L2)
Group

Left hand

Right hand

Left hand

Right hand

Shadowing
Interpreters
Mean
SD

Bilingual controls
Mean
SD

Monolinguals
Mean
SD

29.5
19.0

38.6
28.5

24.4
20.0

35.4
33.8

16.9
21.8

33.3
27.0

25.6
22.8

34.8
27.1

14.0
12.0

28.2
12.0

-

-

Interpretation/Paraphrasing
Interpreters
Mean
SD

Bilingual controls
Mean
SD

Monolinguals
Mean
SD

42.1
26.6

45.4
30.8

41.6
28.5

41.9
34.4

35.8
24.2

38.5
28.1

33.1
23.1

41.1
29.1

17.7
14.6

37.4
16.8

-

-

difference between right- and left-hand intrahand interference for interpreter males is 1.95 taps for Spanish tasks and 10.8 taps for English
tasks, while the mean difference for male bilingual controls is 9.4 taps
for Spanish tasks and 1.4 taps for English tasks. (The mean differences
between languages for each female group is less than 3 taps.)
The most interesting outcome was revealed in the assessment of lateralized effect within groups. Table 6 presents the means for intrahand
interference for each group. Overall there was more right- than left-hand
intrahand interference [F(4, 26) = 5.07, p = .004]. However, the multivariate contrasts for each task in English and Spanish reveal that this
outcome of a LH lateralized effect can only be attributed to significantly
greater right (35.5 taps)- than left-hand intrahand interference (24.1) taps
for the task of shadowing in English [F(l, 29) = 12.11, p = .002] and
shadowing in Spanish [F = 5.71, p = .024]. There were no differences
between right- vs. left-hand intrahand interference for either interpretation task (p = .48 and p = .30), suggesting a bilateral effect for
interpretation. Interestingly, the interpretation task with a mean overall
interhand interference (right-hand intrahand interference + left-hand in-
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trahand interference/2) of 39.9 taps was significantly greater than overall
interference produced by shadowing, 29.8 taps [F(l, 28) = 18.65, p =
.0002].
Comparison

of Bilinguals

and Monolinguals

on Tasks in English

In the Wilks’ Lambda tests for Sex and Group differences on raw
scores, a significant main effect for Sex was revealed in overall raw
baseline scores [F(4, 39) = 2.63, p = .049] with males averaging 172.8
taps, and females, 160.6 taps. Results of the univariate tests confirmed
that males tapped significantly faster than females in baseline tapping
with the left hand [F(l, 42) = 9.25, p = .004] and right hand [F = 9.62,
p = .003] for shadowing and with the left [F = 7.94, p = .007] and
right hand [F = 4.26, p = .045] for the interpretation/paraphrasing task.
There were no main effects or interactions for overall concurrent tapping
scores.
A main effect for Group [F(S, 78) = 2.06, p = .050] was manifested
in the Wilk’s Lambda test of overall intrahand interference. The subsequent 4 one-way analyses of variance provided greater detail with
significant differences between the three groups restricted to left intrahand interference in shadowing [F(2, 42) = 3.48, p = .04] and in interpretation/paraphrasing [F = 4.93, p = .012]. Multiple comparisons using
Tukey’s HSD disclosed what can be observed in Table 6, i.e., interpreters
were different from the monolinguals (p = .05) for left-hand intrahand
interference in both tasks, but the bilingual controls were not different
from either group.
Since the interpreters were significantly different from the monolinguals in the extent to which left-hand tapping was disrupted, the Wilks’
Lambda tests on the within subjects factors were performed separately
for each group for left-hand intrahand interference. Similar to outcomes
of the separate analyses of monolingual and bilingual groups, concurrent
tapping was significantly lower than baseline for each group for the lefthand overall (df = 2/13) with F values ranging from 17.25 to 21.59 (p =
.0002, p = .OOOl, p = .OOOl) and for each task (df = l/14) where
probabilities ranged from p = .005 to p = .OOOl, and F values, from
11.18 to 37.48. In contrast, the groups were averaged for the analyses
on right-hand intrahand interference as a significant difference between
groups in right-hand tapping disruption had not been revealed. Overall
[F(2, 43) = 73.68, p = .OOOl]as well as for each task (df = l/44), righthand concurrent tapping was significantly lower than respective baseline
tapping (p = .OOOl).
In the multivariate analysis of interhand interference for overall differences between groups, there was a marginal effect for Group (p =
.lO) with the univariate analysis of variance disclosing the difference in
lateralized effect to be limited to interpretation/paraphrasing task [F(2,
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42) = 3.5 1, p = .039]. Tukey’s HSD procedure indicated no significant
differences among the group means. However, one degree of freedom
contrast, which compared the monolingual group to the bilingual groups
combined, did reveal a significant difference in hand asymmetry [F(l,
42) = 7.01, p = .Oll]. Bilinguals exhibited a bilateral effect for interpretation with an interhand interference difference of 3 taps and monolinguals had a LH lateralized effect for paraphrasing with mean righthand intrahand interference 19.7 taps greater than mean left-hand intrahand interference.
With the consistent absence of difference between the two bilingual
groups overall in lateralized effects, the bilingual groups were collapsed
for the Wilks’ Lambda test for overall interhand interference within
groups and for the multivariate contrasts for each task. The results confirm the analysis of between subjects factors, where the bilinguals manifested a significantly smaller asymmetry than the monolingual group for
interpretation/paraphrasing.
Overall right-hand intrahand interference
was significantly greater than left-hand intrahand interference for the
bilinguals [F(2, 29) 5.99, p = .007] and monolinguals [F(2, 13) 20.92,
p = .OOOl]. However, while the overall effect of greater right- than lefthand disruption remained in the contrasts for shadowing for both bilingual
[F(l) 30) = 12.11, p = .0021 and monolingual [F(l, 14) = 34.44, p =
.OOOl] groups, it was only present for the monolingual group for paraphrasing [F = 33.38, p = .OOOl],but not for the bilingual interpretation
task (p = .473).
A main effect for Task [F( I, 44) = 10.17, p = .0026] in the assessment
of all three groups on whether the interpretation/paraphrasing task produced more mean overall disruption in tapping than shadowing remained
in an analysis of the two bilingual groups [F(l, 29) = 7.47, p = .0106],
but not for the analysis with monolinguals alone (p = .I 1).
Vocalization Disruption and Attentional Tradeoffs
For each of the groups, i.e., interpreters and matched bilingual and
monolingual control groups, the accuracy of vocalized output during
right- and left-hand concurrent activity was compared to accuracy of
performance in a baseline vocalized trial with dependent t tests to determine whether the resulting decrement or increment in accuracy was
similar when each hand was involved in concurrent activity. In contrast
to the usual expectation, i.e., rejection of the null hypothesis, it was
predicted that the null would be accepted. Therefore, to increase the
difficulty of achieving the anticipated outcome, the alpha level was raised
to .lO. However, no significant differences were revealed. In the same
way, when the percentage of comprehension questions following rightand left-hand concurrent trials was compared to the percentage of questions correctly answered in a control trial with dependent t tests no
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significant differences were disclosed. It was concluded no attentional
tradeoffs occurred.
Laterality

Projiles

For each subject, a laterality profile was calculated by subtracting the
left-hand intrahand interference score (baseline minus concurrent tap
rate) from the right-hand intrahand interference score. Table 7 presents
the laterality profiles with two different standards determining the percentage of subjects categorized as being lateralized in the LH, (1) where
the right- minus left-hand intrahand tapping difference is greater than
zero, and (2) where LH laterality has a more stringent, but arbitrarily
designated, criterion with the right- minus left-hand intrahand tapping
difference favoring the right hand by a minimum of five taps. A bilateral
effect is designated by a right-left difference score of less than five taps
with either hand. When the right-left difference score favors the left
hand by a minimum of five taps, a RH effect is inferred. The statistics
in Table 7 are similar even when the monolingual group is enlarged to
24 subjects (Green et al., 1989b), where 92% in shadowing and 88% in
paraphrasing exhibited a right-left difference score greater than zero,
favoring the right hand, and 79% demonstrated a stronger LH lateralized
effect with right-left interhand interference of at least five taps greater
favoring the right hand.
DISCUSSION

Using the concurrent activities paradigm with a hierarchy of two verbal
tasks that differ in complexity, our study sought to establish whether
lateralized effects are (1) task-specific within groups, but across groups
would involve the hemispheres differentially, (2) different within two
groups of bilinguals for the interpretation task, where subjects of one
group have greater expertise, (3) different across groups where one group
has acquired proficiency in only one symbolically coded system, English,
and the other groups have equal proficiency in two languages, English
and Spanish. The study is unique in two ways. First, each interpreter
was closely matched in age, gender, education, handedness, and language
factors to bilingual and monolingual controls. Second, the results of the
statistical analyses can be compared with outcomes from prior repeated
measure analyses of variance where the data had been converted into
percentage of change scores (Green et al., 1989b). Since the major assumptions for the analyses of covariance were not met, the present
analysis used a multivariate general linear models procedure on the raw
baseline and concurrent tapping scores alone, and in combinations, i.e.,
intra- and interhand interference. The model incorporates the Wilks’
Lambda hypothesis test where several dependent variables can be simultaneously compared.

Monolinguals
Bilingual controls
Spanish (Ll)
English (L2)
Interpreters
Spanish (LI)
English (L2)

Monolinguals
Bilingual controls
Spanish (Ll)
English (LZ)
Interpreters
Spanish (Ll)
English (L2)

Group

LATERALITY

TABLE 1
LEFT INTRAHAND

19%

Interpretation/Paraphrasing
81%
56%
44%
38%
44%

94%

75%
44%

44%
50%

18%
25%

25%
25%

12%
18%

62%
50%

62%
56%

18%
6%

12%

Bilateral
right hand-left hand
Diff 4 5 Taps

MINUS

62%
75%

Shadowing
88%

Left hand: right hand
b 5 Taps

BY RIGHT

62%
75%

100%

Left hand : right hand
b 0 Taps

PROFILES WITH PERCENTAGES OF SUBJECTS CATEGORIZED

TAPPING

44%
31%

18%
31%

-

25%
31%

18%
18%

-

Right hand: left hand
b 5 Taps

DIFFERENCE

z
3
C
z

1
E
z
E3
z

E
?
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The outcomes of the analysis of the monolingual group provides support for the first hypothesis in that this group showed greater LH interference for both tasks @ = .OOOl).The LH effect replicates the result
on the prior analysis on percentage of change scores @ = .OOOl). Furthermore, the outcome is congruent with the laterality profiles in Table
7 and consonant with clinical research using a shadowing task (Lackner
& Shattuck-Hufnagel, 1982; Sabat, 1979; Woods et al., 1984). Table 6
indicates that overall disruption was greater for paraphrasing (27.5 taps)
than for shadowing (21 taps), but a significant task effect was not evidenced in the analysis on either raw scores (p = .091) or percentage of
change scores (p = .098).
While the analysis on percentage of change scores did not reveal any
other main effects or interactions, the present analysis offers additional
insights. The finding that right- and left-hand raw concurrent scores are
significantly lower than for respective right- and left-hand baseline tapping verifies that the manual task was disrupted by the demands of
processing the two cognitive tasks. In addition, although males tapped
significantly faster than females overall and for all baseline conditions,
the significant effect for Sex did not influence patterns of disruption, and
there was no difference between males and females in intra- and interhand
interference in the multivariate or univariate analyses of variance. These
outcomes remained in the analysis of the three groups for English tasks.
The results of the two types of analysis were equally similar for the
comparison of the interpreters with the bilingual controls. Unlike the
monolingual analyses, both the present and prior analyses respectively
revealed a significant difference between tasks (p = .0002, p = .OOOl),
with the paraphrasing task producing more disruption than the shadowing
task. This outcome indicates that interpretation is far more demanding
of attentional resources than shadowing. While no main effect for Group,
Language, or Sex was present in either type of analysis, the lateralized
effects for each task were in accordance with prior analyses. A Task x
Hand interaction (p = .02) followed by Tukey’s HSD test on the percentage of change scores disclosed the bilinguals to be lateralized in the
left hemisphere for the shadowing tasks, but bilateral for the interpretation tasks. Similarly, there was an absence of a significant lateralized
effect for the interpretation tasks, but a lateralized LH effect for the
shadowing task in the multivariate analysis of interhand interference (p
= .004) as well as the univariate tests for English 0, = .002) and Spanish
(p = .024) shadowing.
In conclusion, the second hypothesis is supported and parallels the
LH effect for shadowing attained by Corina and Vaid (1990) who studied
hearing interpreters of ASL and the bilateral effect for interpretation
obtained by Gran and Fabbro (1988) who studied Italian interpreters.
The absence of significant differences between the interpreters and bi-
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lingual controls is consistent with the nonsignificant difference between
intermediate and advanced students of abacus on a mathematical calculation task (Hatta & Ikeda, 1988). At the same time, our results extend
those of Gran and Fabbro (1988) in that we demonstrated that this is
not restricted to interpreters but is a pattern associated with the task of
interpretation per se, regardless of whether it is performed by professional interpreters or by (matched) bilingual controls. This point is important, we feel, because it indicates that task-related parameters may
override individual differences in experience to influence hemispheric
functional specialization. While there may well be specific behavioral
differences associated with formal training in interpretation, on a dual
task laterality procedure, no overall differences were observed in the
pattern of lateralization of professional interpreters and that of bilingual
controls. Hypothesis 3 is thus rejected.
At the same time, the Sex x Group interactions (p = .042) in the
multivariate analysis of overall interhand interference on English versus
Spanish, confirmed by results of a univariate test, revealed male interpreters to have an asymmetric lateralized effect for English tasks, but
no asymmetry for Spanish tasks. In contrast, the male bilingual controls
had the reversed effect. While all bilinguals rated themselves as approximately equally fluent in both languages on the language and background questionnaire and used both daily, the two male groups responded
differently to another question on a forced choice for language fluency,
due to extent of daily language usage. Without exception, all interpreters
reported either an inability to make the choice or Spanish as the language
used more in daily communication, while bilingual controls were either
unable to make the choice or designated English as the language used
more often. All bilingual controls communicated in English at work.
A second outcome of the multivariate analysis which may be unique
to the Spanish bilingual women in this subject sample was the nonsignificant difference between males and females in baseline tapping rate.
Of the 16 bilingual women, 7 reported proficiency on a professional level
with a musical instrument requiring finger agility, while all the monolingual females responded negatively to this question.
The third set of analyses compared the bilinguals to the monolinguals
on tasks in English. The results of prior analyses of variance on percentage of change scores performed on (a) the bilinguals analyzed as
two groups, (b) the bilinguals collapsed as one group, and the results of
the multivariate analysis respectively revealed an overall main effect for
hand (p = .OOl, p = .OOOl,and p = .007), with overall greater rightthan left-hand disruption in tapping. However, it appears that the linear
models multivariate approach may be more sensitive than the prior repeated measures analysis of variance on the percentage of change scores.
In the latter analyses, the differences between groups were marginal,
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i.e., p = .079 with two groups of bilinguals and p = .053 with the
bilinguals collapsed as one group, but respectively significant in a Group
x Hand interaction (p = .023 and p = .Ol) and marginal for a Group
x Hand x Task interaction 0, = .075). In contrast, the multivariate
analyses with a main effect for Group (p = .050) on intrahand interference, qualified further by the univariate tests and contrasts, disclosed
the interpreter and monolingual groups to be significantly different in
their left-hand tapping disruption.
It appears that the analyses of percentage of change scores are comparable with those of the present analyses. The differences between both
bilinguals and monolinguals become more pronounced when the bilinguals are collapsed as one group. At the same time, the difference between interpreters and monolinguals in left-hand disruption in tapping
evidenced in the multivariate analysis suggests that disparity between
groups in lateralized effects may be more pronounced with corresponding
disparity in task-related experience, i.e., level of expertise. Accordingly,
the nature of the task influences the lateralized effects.
Regardless of the type of statistical analysis, the interpretation/paraphrasing task was found to produce significantly greater disruption in tapping than shadowing. While task complexity did not differentially influence hemispheric participation in the two tasks of the
monolingual group, the different lateralized effects for the bilingual
groups may indicate a difference in the level of processing in bilinguals,
with the shadowing task being processed primarily at a phonemic level,
and the interpretation task, at a semantic level. The outcome of a bilateral
effect in early bilinguals performing a task that involves semantic processing is in accordance with previous studies that have systematically
compared semantic versus phonetic processing (Vaid & Lambert, 1979;
Vaid, 1984).
In conclusion, our results provide no evidence for overall differences
between professional interpreters and matched bilingual controls. At the
same time, group differences were found on the interpretation/paraphrasing task. In addition, analyses on each group revealed the
monolinguals to be lateralized in the LH for paraphrasing while the
bilinguals, collapsed as one group, exhibited a bilateral effect for interpretation. Given that the bilinguals were not tested on an intralingual
paraphrasing task, it is possible that the observed difference between
bilingual and monolingual groups may reflect some subtle task difference
between paraphrasing and interlingual interpretation.
The present research contributes to the literature on lateralization in
bilinguals in that, unlike the inconsistencies reported in this literature,
we obtained a consistent pattern of lateralized differences in monolinguals
and bilinguals, using very different methods of measurement. It is suggested that future research using the dual task paradigm make use of
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the more refined multivariate MGLM approach to statistical analysis
used in the present study to validate outcomes obtained using more
traditional but less sensitive procedures.
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