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What is the relationship between working memory capacity and skill acquisition among American Sign Language
(ASL)-English simultaneous interpreter trainees? ASL-English interpreter trainees were administered measures
of working memory capacity, several other cognitive abilities, and simultaneous interpreting performance over
two years. We examined amount of training, initial cognitive abilities, change in cognitive abilities, and initial
simultaneous interpreting performance as predictors of final simultaneous interpreting performance. We found
that amount of training, working memory capacity, and initial simultaneous interpreting performance positively
predicted final simultaneous interpreting performance. Several other cognitive ability measures also predicted
simultaneous interpreting performance though working memory capacity yielded the strongest and most consistent
results among the included measures. Initial simultaneous interpreting performance and working memory capacity
accounted for 73% of the variance in final simultaneous interpreting performance. This finding suggests that
interpreter programs could measure these two factors at admission to estimate students’ likely success in the
program.
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Simultaneous language interpreting is an extremely demand-
ng cognitive processing task (Christoffels, de Groot, &

aldorp, 2003; Frauenfelder & Schriefers, 1997; MacWhinney,
997). The interpreter must listen and comprehend the source
essage in one language while concurrently planning the clos-

st equivalents and producing the message in another language
ith little to no control over the input rate or content of the
essage. In other words, simultaneous interpreting requires (1)

lternately activating and suppressing production in the two lan-
uages (Christoffels et al., 2003), (2) analyzing the speaker’s
oals, inferences, and subtleties (Cowan, 2000; Moser, 1978;
eal, 2004; Shlesinger, 2003), and (3) making rapid decisions
n how to convey the meaning in a different language while tak-
ng into account cultural nuances and differing communication
ules (Christoffels et al., 2003; Treisman, 1965).
Given the aforementioned interpreting demands – com-
rehension, planning, task switching, and reasoning – which
resumably recruit general cognitive abilities, individual
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ifferences in general cognitive abilities such as working mem-
ry capacity should be highly predictive of overall interpreting
erformance, just as they are for second language proficiency
see Linck, Osthus, Koeth, & Bunting, 2014). Along these lines,
erver, Longley, Long, and Lambert (1989) studied differences
etween passing and failing interpreter students on a variety of
iscourse processing and verbal abilities. Relative to their fail-
ng counterparts, passing interpreter students had better memory
or texts, better comprehension, and better verbal generation.
owever, the discourse-processing abilities such as those mea-

ured by Gerver and colleagues are strongly related to working
emory capacity and other domain-general cognitive abilities

Gernsbacher, 1990; Just & Carpenter, 1992; Kintsch, 1988;
intsch & van Dijk, 1978). Therefore, domain-general abilities
ay be able to predict performance differences in simultaneous
E-mail address: brooke.macnamara@case.edu (B.N. Macnamara).

nterpreting over and above what can be explained by linguistic
kill alone and may explain unique variance even after taking
nto account domain-specific training or experience.

dx.doi.org/10.1016/j.jarmac.2015.12.001
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WORKING MEMORY CAPACITY AS A PREDICTOR OF SI

Indeed, using discriminant function analysis, Macnamara,
oore, Kegl, and Conway (2011) found that a combination

f psychomotor speed, task switching speed, risk aversion,
nd set-shifting ability predicted group membership between
on-expert and expert professional American Sign Language
ASL)-English simultaneous interpreters. However, given the
ross-sectional design of the study, Macnamara et al. could
ot examine whether the cognitive profiles of the expert and
on-expert interpreters had remained stable since before inter-
reter training to the time of the study, or whether these
bilities changed as a function of interpreting experience, per-
aps varying in their amount of change. Given that simultaneous
nterpreting is a complex bilingual task, this question is relevant
ot only to individual differences research and skill acquisition
nd expertise research, but to research conducted on the bilingual
dvantage.

The  Bilingual  Advantage

Research suggests that both of a bilingual’s languages
re continuously active and accessible (e.g., Kroll, Bobb, &
odniecka, 2006; Marian & Spivey, 2003). This continuous

ompetition between the two language systems presumably
equires increased cognitive control in order for bilinguals to (1)
esolve conflict between competing alternatives and (2) select
he appropriate target language (Bialystok, 1999; Bialystok &
raik, 2010; Green, 1998). If experience engaging additional
ognitive control (in order to manage the competing languages)
nhances executive functions, then bilinguals should demon-
trate cognitive advantages relative to monolinguals. Indeed,
ultiple studies have observed this “bilingual advantage” in

nfants, children, and adults (Bialystok, 2009; Bialystok &
raik, 2010) and many recognize that bilingualism provides a

resh perspective into research on memory and language (Kroll,
obb, & Hoshino, 2014). Cognitive advantages related to bilin-
ualism appear limited to executive control, namely inhibition
Bialystok, 2006; Bialystok & Martin, 2004; Martin-Rhee &
ialystok, 2008), task switching (Prior & MacWhinney, 2010),
ental flexibility (Bialystok, 1999), and working memory

Morales, Calvo, & Bialystok, 2013 though see also Bialystok,
009; Engel de Abreu, 2011).

According to the bilingual advantage hypothesis, bilinguals
ho speak two languages with a high degree of conflict

hould demonstrate the greatest cognitive control advantages
hile bilinguals who speak two languages with little conflict

hould demonstrate small or no cognitive advantages relative
o monolinguals. A few studies have investigated the relation-
hip between inter-language conflict and cognitive abilities.
ne of the most compelling studies in support of the bilin-
ual advantage (Emmorey, Luk, Pyers, & Bialystok, 2008b)
s one in which the researchers found a bilingual advantage
or a sample of Vietnamese-English, Cantonese-English, and
talian-English bilinguals, but did not  find an advantage for ASL-

nglish bilinguals. The authors explained the results in terms of
ifferences in conflict resolution demands and target language
election demands. That is, the two languages of bimodal (signed
anguage-spoken language) bilinguals have distinct motor and
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erceptual pathways reducing the need for both conflict res-
lution (Emmorey, Borinstein, Thompson, & Gollan, 2008a)
nd target language selection (bimodal bilinguals can and fre-
uently do produce features of both languages concurrently;
yers & Emmorey, 2008). However, research with unimodal
spoken language–spoken language) bilinguals of various lan-
uage pairs with varying amounts of inter-language conflict has,
t least among children, revealed uniform bilingual advantages
Barac & Bialystok, 2012). These results suggest that differences
n inter-language conflict alone may not be enough to vary the
mount of executive control enhancement.

Other studies have failed to observe a bilingual advantage at
ll, even among unimodal bilinguals with language pairs previ-
usly tested (Morton & Harper, 2007; Paap & Greenberg, 2013).

 recent review of the literature observed that over 80% of
ests for the bilingual advantage since 2011 yielded null results
Paap, Johnson, & Sawi, 2015) and a recent meta-analysis (de
ruin, Treccani, & Della Sala, 2015) suggests that much of the
ilingual advantage may be a publication bias artifact. The con-
roversy surrounding the bilingual advantage is furthered when
ne considers that the effect may be confounded with various
roup differences (e.g., Morton & Harper, 2007), though some
tudies finding a bilingual advantage have controlled for such
ifferences (e.g., socio-economic status; Bialystok, 2009). In a
omain as complex as bilingualism, with many different lan-
uage pairs, language statuses, ages of acquisition, frequency of
se of each language, and the contexts in which each language
s used, many differences among samples emerge, thus making
eneralizations difficult.

Given the complexity of bilingualism, one must consider the
ikelihood that cognitive control demands imposed on bilinguals
ary widely. For example, the dominant language on a typical
ollege campus surrounds bilinguals in classrooms, dorms, and
hrough reading. In this case, the environment continuously cues
he target language. Bottom-up processes should be engaged
nd little top-down control would be necessary to select among
ompeting alternatives and appropriately select the target lan-
uage. On the other hand, if bilinguals frequently function in
n environment that cues both their languages and they must
anage switching between the languages in this environment,

hen top-down cognitive control processes should be engaged
nd necessary for appropriate language selection.

Along these lines, Macnamara and Conway (2014) pro-
osed the bilingual management demand hypothesis, which may
ccount for some of the discrepant findings in the literature.
he bilingual management demand hypothesis proposes that
nhanced cognitive control depends on the cognitive demands
ncountered in managing the two languages and the amount of
xperience with these bilingual management demands. Accord-
ng to this hypothesis, enhancements to cognitive control from
ilingualism would be unlikely among samples of bilinguals
ho function in environments with clear language cues that

rigger bottom-up processes. The low bilingual management

resumably demanded by the college environment may be the
eason Paap and Greenberg (2013) did not observe a bilin-
ual advantage among college student bilinguals. Although
ome evidence suggests that both languages in bilinguals are
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so than the maintenance & interference tasks because simul-
taneous interpreters must continuously maintain a portion of
the source message while transforming it into the grammatical

1 One school used a trimester schedule and the other used semesters. We
adjusted by recruiting participants on the basis of program advancement (e.g.,
approximately 20%, 40%, 60% and 80% way through the program). We use the
more common term “semester” to refer to the division of terms for both schools.

2 Data on a subset of these participants – those who began their interpreter
training in the first year of data collection and completed their interpreter training
in the second year of data collection – are reported in Macnamara & Conway,
2014.

3 We also administered two affective trait measures: the Behavioral Approach
System (BAS) Sensitivity Scale (Carver & White, 1994), which measures reward
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WORKING MEMORY CAPACITY AS A PREDICTOR OF S

ctivated even in monolingual environments (e.g., Marian &
pivey, 2003), investigations comparing bilinguals who fre-
uently switch languages to those who do not have demonstrated
nhanced cognitive control among the frequent language switch-
rs relative to the less frequent language switchers (Calabria
t al., 2011; Festman et al., 2010; Prior and Gollan, 2011; Soveri
t al., 2011). Preliminary findings on bimodal bilingual inter-
reter students, who must frequently switch languages within
n environment strongly cueing both languages, demonstrated
ubstantial enhancement in cognitive abilities over the course
f training (Macnamara & Conway, 2014). Likewise, Hervais-
delman, Moser-Mercer, and Golestani (2015) found functional
rain changes to areas involved in executive control among spo-
en language simultaneous interpreter students over the span
f their interpreter training—changes that did not occur for
he control group. These findings support the idea that cogni-
ive enhancements among (some) bilinguals may not just be a
esult of being bilingual, or of the degree of similarity between
anguages, but rather (1) the magnitude of the bilingual man-
gement demands and (2) the amount of experience managing
hose demands.

The  Present  Study

The goal of the present study is to examine relationships
mong cognitive abilities, training, and performance of ASL-
nglish simultaneous interpreting. Measures were chosen to (1)

est potential differences between two types of working mem-
ry capacity, and (2) examine the role of multiple cognitive
bilities often cited as contributing to the bilingual advantage,
hich might also predict interpreting performance. The longitu-
inal design of the present study offers a framework for testing
nd comparing multiple hypotheses regarding the relationships
mong training, cognitive abilities, and performance in a com-
lex bilingual processing task. One hypothesis of interest to skill
cquisition and expertise researchers focusing on the role of
xperiential factors is that experience is compensatory. That is,
orking memory capacity and other cognitive abilities should
redict initial performance, but with accumulated training, vari-
nce in interpreting performance will converge and cognitive
bilities will cease to be predictive. A second hypothesis of
nterest to individual differences researchers focusing on the
mportance of cognitive abilities is termed “the rich get richer”
Hambrick & Engle, 2003). That is, working memory capacity
nd cognitive abilities should predict initial performance, and
ith accumulated training, performance variance will diverge

o that those who begin with higher initial performance will
ave the steepest learning curves while those with the lowest
nitial performance will produce the shallowest learning curves.

 third hypothesis of interest to bilingual advantage researchers
ocusing on improvements in cognitive abilities from bilingual
xperience is that change in working memory capacity and cog-
itive abilities will best predict skill acquisition rates. That is,

ndividuals with the most enhancement in cognitive abilities will
ave the steepest learning curves while individual whose work-
ng memory capacity and cognitive abilities remain relatively
table over time will produce the shallowest learning curves.

s
(
s
f

TANEOUS LANGUAGE INTERPRETING PERFORMANCE 436

any studies have examined these hypotheses, but rarely have
uch studies used real-world longitudinal data.

Methods

articipants

Fifty ASL-English simultaneous interpreting students were
ecruited in the middle of their first semester and again three
ore times over the course of the two-year programs1,2. Of the

0 participants, 34 provided data at all four time points. Of the
ixteen who did not provide data at all four time points, nine did
ot pass coursework in the training program and were asked by
he faculty to either repeat the coursework or leave the program,
hree left the program for personal reasons but came back to
he program or planned to come back to the program, and four
nished the program on pace with their peers, but chose not to
ontinue participating in the study. Demographic information is
resented in Table 1. As can be seen, the participants who did not
rovide data at all four time points do not appear qualitatively
ifferent from the participants who provided full data.

easurements3

Working  Memory  Capacity.  We administered two types
f working memory capacity measures to test (1) whether they
ould differentially predict simultaneous interpreting perfor-
ance and (2) whether performance on the measures would

ifferentially change over time. These working memory mea-
ure types – maintenance & interference and coordination &
ransformation – were chosen based on differences in execu-
ive control demands (Oberauer, Sü�, Wilhelm, & Wittmann,
008). Maintenance and interference tasks are designed to tap
ne’s ability to maintain information in the face of a secondary
istracting processing task. This approach is often referred to as
processing as storage” and is assessed using complex span tasks
Oberauer et al., 2008). Coordination & transformation tasks are
esigned to tap one’s ability to coordinate and transform infor-
ation in one’s mind (Oberauer et al., 2008). We hypothesized

hat the process of simultaneous interpreting mirrors the pro-
ess tapped by the coordination & transformation tasks more
ensitivity, drive, and fun-seeking traits, and the Behavioral Inhibition System
BIS) Sensitivity Scale (Carver & White, 1994), which measures risk-taking
ensitivity and anxiety surrounding aversive stimuli and novelty. No patterns
rom these measures emerged.
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Table 1
Demographic Information at Wave 1

Sample providing data Drop-outs Sample providing
data—drop-outs comparison

Sample size
Institution I 19 8
Institution II 15 8

Age
M (SD) 26.68 (6.88) 30.50 (8.29) t(1, 48) = 1.71, ns
Median (range) 24 (20–56) 28 (22–47)

CODAs 3 2

Female 85% 75% t(1, 48) = 0.86, ns

Semesters of college
M  (SD) 8.67 (3.65) 7.56 (3.67) t(1, 48) = 1.00, ns
Median (range) 8 (2–17) 7 (4–16)

Semesters of ASL
M  (SD) 5.24 (2.34) 4.56 (1.46) t(1, 48) = 1.07, ns
Median (range) 5 (1–12) 5 (1–6)
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s
r
t
t
&
e

a
s
o
I
s
w
m

m
t
t
t
p
v
a
b
w
c

s
M
F
a
t
c

t

B
p
t
c

s
t
t
a
p

s
t
p
o
p
t

o
m
d

l
t
t
p
L
G
I
[

Th
is

 d
oc

um
en

t i
s c

op
yr

ig
ht

ed
 b

y 
th

e 
A

m
er

ic
an

 P
sy

ch
ol

og
ic

al
 A

ss
oc

ia
tio

n 
or

 o
ne

 o
f i

ts
 a

lli
ed

 p
ub

lis
he

rs
. 

C
on

te
nt

 m
ay

 b
e 

sh
ar

ed
 a

t n
o 

co
st

, b
ut

 a
ny

 re
qu

es
ts

 to
 re

us
e 

th
is

 c
on

te
nt

 in
 p

ar
t o

r w
ho

le
 m

us
t g

o 
th

ro
ug

h 
th

e 
A

m
er

ic
an

 P
sy

ch
ol

og
ic

al
 A

ss
oc

ia
tio

n.
ote: CODAs = children of deaf adults (i.e., participants exposed to ASL since 

tructure and lexical format of the target language. Previous
esults (Macnamara & Conway, 2014) suggest that interpre-
ing experience differentially improves scores in these two task
ypes (no change with interpreting experience for maintenance

 interference performance; improvements with interpreting
xperience for coordination & transformation).

Maintenance &  Interference.  To examine working memory
s maintenance & interference, we administered two complex
pan tasks, the automated reading span task and the automated
peration span task (Unsworth, Heitz, Schrock, & Engle, 2005).
n these tasks participants attempt to recall letters while reading
entences or solving math problems, respectively. These scores
ere combined to create a composite working memory capacity:
aintenance & interference measure.
Coordination &  Transformation.  To examine working

emory capacity as coordination & transformation, we adminis-
ered a backward digit span task and a letter-number sequencing
ask (adapted from Wechsler, 1997). In the backward digit span
ask participants are asked to recall digits in reverse order of
resentation. In the letter–number sequencing task participants
iew pseudorandom strings of digits and letters and then are
sked to recall the numbers and letters in numerical and alpha-
etical sequence (not the order of presentation). These scores
ere combined to create a composite working memory capacity:

oordination & transformation measure.
Fluid Intelligence.  We administered two non-verbal rea-

oning/fluid intelligence tasks—Raven’s Advanced Progressive
atrices (Raven, Raven, & Court, 1962) and Cattell’s Culture

air Test (Cattell & Cattell, 1960). In these tasks participants
re asked to recognize patterns, reason, and problem solve to

he best of their ability. These scores were combined to create a
omposite non-verbal reasoning/fluid intelligence measure.

Perceptual Speed.  We administered two perceptual speed
asks – Letter Comparison and Pattern Comparison (Salthouse &

&
r
b
c

. All 95% confidence intervals contain 0.

abcock, 1991). In these tasks participants are asked to compare
airs of letter strings or figures and decide whether they are
he same or different as quickly as possible. These scores were
ombined to create a composite perceptual speed measure.

Psychomotor Speed.  We administered two psychomotor
peed tasks – Connection A: Numbers and Connection A: Let-
ers (Salthouse et al., 2000). In these tasks participants are asked
o draw lines among numbers or letters in sequence as quickly
s possible. These scores were combined to create a composite
sychomotor speed measure.

Task-switching Speed.  We administered two task-switching
peed tasks – Connections B: Numbers–Letters and Connec-
ions B: Letters–Numbers (Salthouse et al., 2000). In these tasks
articipants are asked to draw lines by alternating sequences
f numbers and letters (e.g., 1-A-2-B-3-C, etc.) as quickly as
ossible. These scores were combined to create a composite
ask-switching speed measure.

Mental Flexibility.  We administered a computerized version
f the Wisconsin Card Sorting Test (Grant & Berg, 1948) to
easure one’s ability to adapt to changes and to shift among

ifferent sets of rules.
Simultaneous  Interpreting  Performance.  Participants

istened to an audio-recorded short story about two boys
alking over lunch and attempted to simultaneously interpret
he story into ASL. The story was designed to be easy to com-
rehend (readability average = grade 6; Flesch–Kincaid Grade
evel [Kincaid, Fishburne, Rogers, & Chissom, 1975] = 4.9,
unning-Fog Score [Gunning, 1952] = 8.5, Coleman–Liau

ndex [Coleman & Liau, 1975] = 7.3, SMOG Index
McLaughlin, 1969] = 6, Automated Readability Index [Senter
 Smith, 1967] = 4.3) but challenging to interpret. In addition to
estructuring the sentences into ASL word order (which varies
etween Subject–Verb–Object and Object–Subject–Verb), pla-
ing adjectives after the nouns, and explicitly indicating spatial
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Wave 2 were lost due to technical failure. These scores were
replaced with the mean scores for Wave 2. Performance on the
simultaneous interpreting performance task was rated by two
nationally certified ASL-English interpreters. The first author
served as one rater and an outside rater from another state who

4 We also counted the number of lexical errors for each interpretation. An
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WORKING MEMORY CAPACITY AS A PREDICTOR OF S

nformation that is generally implicit in English narration, the
ext included (1) a garden path sentence: “And Joe told him a
ittle white lie will come back to haunt him.”, (2) words that are
omonyms in English but not in ASL (“run,” “room”) and in
hich the most frequent meaning in English would produce the

ncorrect lexical item in ASL (e.g., “room” in the story means
acancy/availability, not a space in a building with walls and
here are different signs for each of these meanings), and (3)
erms in which there is no one-for-one translation—“morally
uperior,” “white lie,” “haunt,” and “have a say.” Participants
ere video recorded while interpreting.

Idea Unit  Presence.  Each interpretation was scored on idea
nit presence performance to measure how equivalent the inter-
retation was to the source message. To create this measure, the
tory was divided into 22 idea units to separate each meaningful
dea presented in the story (e.g., Joe looks at the food on his
ray; Joe makes a face). Each idea unit was scored from 0 to 4. A
core of 0 would mean that the idea unit was completely absent
rom the interpretation. A score of 1 would mean that the idea
ppeared, but most of the information about this idea was miss-
ng or incorrect (for example, if the interpretation mentioned a
ray, but not that there was food on it or that Joe looked at it). A
core of 2 would mean that about half of the information about
his idea was missing or incorrect, and so on, up to a score of 4,
hich would mean that the idea was completely present in the

nterpretation. The idea unit presence performance score for the
nterpretation was the average of the 22 idea unit scores.

Target Language  Structure.  Each interpretation was scored
n target language structure to measure how well the grammat-
cal structure of the target language (ASL) was presented in
he interpretation. The sentence structure of ASL differs from
nglish. To score target language structure performance, each
f the 22 idea units was scored on a scale of 0–4. A score of 0
ould mean that the interpretation of the idea unit was incom-
rehensible in ASL (for example, an incomprehensible idea unit
n English might be “Tray the looks food at his Joe”). A score of 4
ould mean that the interpretation of the idea unit was produced

n a way most resembling how a native ASL user would have
roduced it. The target language structure performance score for
he interpretation was the average of the 22 idea unit scores.

Production Fluency.  Each interpretation was scored on pro-
uction fluency to measure how much of an “accent” one had
n the target language. As with any non-native language, indi-
iduals may be able to appropriately produce the words and
he sentence structure, but could have such a strong accent that
hey are difficult to understand. To score production fluency,
ach interpretation was given an overall score of 0–4. A score
f 0 would mean that the production fluency was so poor that
t was incomprehensible in ASL. A score of 4 would mean that
he interpretation was produced in a way most resembling how a
ative ASL user would have produced it. The production fluency
core was assigned to each interpretation as a whole.
Composite Simultaneous  Interpreting  Performance.  The
um of th e idea unit presence score, target language structure
core, and production fluency score were summed to create

e
a
w
d
w
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 composite simultaneous interpreting performance score for
ach interpretation4.

rocedure

Participants completed each of the tasks mid-semester for
our consecutive semesters (approximately 20%, 40%, 60%
nd 80% completion through the interpreter training program).
ata collection for each wave took place in two sessions. In

he first session participants completed Pattern Comparison,
etter Comparison, Connections A: Letters, Connections A:
umbers, Connections B: Numbers–Letters, Connections B:
etters–Numbers, Raven’s Advanced Progressive Matrices, and
attell’s Culture Fair Test. In the second session participants
ompleted the Automated Reading Span, the Automated Oper-
tion Span, backward digit span, letter–number sequencing, and
he Wisconsin Card Sorting Test. In Waves 2, 3, and 4 partic-
pants also completed the simultaneous interpreting task at the
nd of the second session. The interpreting performance mea-
ure was not included during the first wave of data collection
ecause the participants had only a few weeks of interpreter
raining at that point. All participants completed the tasks in the
ame order.

The length of time between data collection waves (approx-
mately 6 months) coupled with the generally high test-retest
eliability of the cognitive ability measures (c.f., e.g., Conway
t al., 2005; Lemay, Bédard, Rouleau, & Tremblay, 2004;
nsworth et al., 2005) suggests that changes observed in per-

ormance on these measures are due to changes in cognitive
bilities and not practice effects. Likewise, change in perfor-
ance on the simultaneous interpreting measure is likely due

o change in interpreting skill and not practice effects: the
hree administrations of the simultaneous interpreting mea-
ure, administered approximately 6 months apart, follow the
andatory wait time rules imposed by the National Council

f Interpreting between interpreting tests (that is, an individual
ust wait 6 months before retaking the National Interpreting
ertification test; NAD-RID National Interpreter Certification

NIC) Candidate Handbook, 2011).

Results and  Discussion

imultaneous Interpreting  Performance

Seven simultaneous interpreting performance measures from
xample of a lexical error would be producing the sign that equates to a space in
 building with walls (room) instead of the sign that equates to a vacancy (room)
hen interpreting “They have room on the board . . ..” Given the non-normal
istribution of errors, and that errors are reflected in the idea unit presence score,
e do not conduct analyses with this measure.
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Table 2
Intercorrelations among the simultaneous interpreting performance measures

Initial Final

1 2 3 1 2 3

Initial
1. Idea unit presence –
2. Target language structure .94 –
3. Production fluency .66 .75 –

Final
Idea unit presence .75 .73 .65 –
2. Target language structure .66 .69 .74 .93 –
3. Production fluency .57 .61 .58 .53 .66 –
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ote: All correlations significant at the p ≤ .001 level. N = 34.

id not know any of the participants served as a second rater.
he second rater did not have access to participants’ cognitive
bility measure scores. The second rater was also blind to time
n the interpreting program, that is, the videos were shuffled
nd presented to the second rater in a random sequence so that
hether the video was from Wave 2, 3, or 4 was unknown.

nter-rater reliability between the two raters was high: idea unit
resence, r = .89; target language structure, r  = .80; production
uency, 84% within 1 score on the scale. The scores from the
econd rater were used for all analyses. The three simultaneous
nterpreting performance scores were highly correlated with one
nother (see Table 2). For simplicity, we report the results of
he composite simultaneous interpreting performance score (the
um of the three interpreting measures).

tatistical Power
While the sample size (N  = 34) is modest and smaller than
e anticipated, the longitudinal design of the study afforded us

ufficient power to detect moderate effects. For example, post-
oc power analyses indicate that with N  = 34, alpha = .05, and

a
p
i

able 3
orrelations between initial cognitive abilities and interpreting performance

Simul

r 

Working memory capacity: maintenance & interference .43*

Working memory capacity: coordination & transformation .39*

Non-verbal reasoning/fluid intelligence .32†
Psychomotor speed .31†
Perceptual speed .26 

Task switching speed .19 

Mental flexibility .07 

ote: Bold = significant at the p < .05 level.
 = 34. 95% CI = 95% confidence interval: lower bound and upper bound.

** p < .001.
* p < .05.
† p < .08.
ohen’s d  = .50, post-hoc power = .80. For repeated measures
NOVA, with N  = 34, alpha = .05, and η2 = .10, power = .90.

ypothesis  1:  Experience  is  Compensatory.

We sought to examine whether experience was compen-
atory. For this hypothesis to be supported, working memory
apacity and/or other cognitive abilities would predict ini-
ial simultaneous interpreting performance but fail to predict
nal simultaneous interpreting performance because, with accu-
ulated training, variance in interpreting performance would

onverge.
This hypothesis was not supported. Both types of initial

orking memory capacity were important predictors of initial
imultaneous interpreting performance and even stronger pre-
ictors of final interpreting performance. Fluid intelligence and
sychomotor speed also positively predicted final interpreting
erformance. See Table 3.
Regarding the effect of training, we tested whether amount of
ccumulated time in the training program predicted interpreter
erformance. A repeated measures ANOVA revealed that train-
ng time was a significant predictor of simultaneous interpreting

taneous interpreting performance

Initial Final

95% CI r 95% CI

.11, .67 .59** .32, .77

.06, .64 .60** .33, .78
−.02, .59 .43* .11, .67
−.03, .59 .34* .00, .61
−.09, .55 .30 −.04, .58
−.16, 50 .25 −.10, .54
−.27, .40 .19 −.16, .50
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Fig. 1. Simultaneous interpreting performance. Error bars represent 95% con-
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As previously discussed, a bilingual advantage has not
previously been found for non-interpreting bimodal bilin-
guals, presumably because the distinct perceptual and motor
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dence intervals. N = 34.

erformance, F(2, 66) = 5.97, p  < .01, η2 = .15, see Fig. 1. How-
ver, interpreting performance variance did not converge with
raining.

ypothesis 2:  The  Rich  Get  Richer.

We sought to examine whether “the rich get richer”
Hambrick & Engle, 2003). For this hypothesis to be supported,
orking memory capacity and/or cognitive abilities would pre-
ict initial performance and skill acquisition rates. That is, with
ccumulated training, performance variance would diverge so
hat those who begin with higher initial performance would
ave the steepest learning curves while those with the low-
st initial performance would produce the shallowest learning
urves.

We found limited support for this hypothesis. Initial work-
ng memory capacity predicted initial simultaneous interpreting
erformance (see Table 3) and initial simultaneous interpreting
erformance predicted final simultaneous interpreting perfor-
ance: r  = .79, p  < .001. For example, those who initially

erformed in the bottom quartile typically performed in the
ottom quartile in the final measure of performance.

To test whether initial cognitive abilities predicted skill
cquisition rates, the change score was calculated between
nitial and final simultaneous interpreting performance and
orrelation analyses were conducted between initial cogni-
ive abilities and the interpreting performance change scores.
o cognitive abilities significantly correlated with interpreting
erformance change scores, all ps > .13. That is, contrary to
he rich-get-richer hypothesis, individuals with higher work-
ng memory capacity did not have steeper learning curves than
hose with lower working memory capacity. Rates of improve-

ent varied—some individuals improved at rates faster than
heir peers and some improved more slowly. Working mem-
ry capacity did not moderate the relationship between rate of
earning and final performance, �R2 = .00. Initial performance

egatively predicted change in performance, such that those
nitially performing the most poorly experienced greater
mprovements in performance, β  = −.55, t  = −.3.71, p  = .001.
his finding is counter to the rich-get-richer hypothesis.
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hange in  Cognitive  Abilities:  Is  There  a  Bilingual  Advan-
age?

To test change in cognitive abilities occurring from inter-
reter training, repeated measures ANOVAs were conducted.
o correct for multiple comparisons, Bonferroni’s correction
as applied such that only p  values<.007 were considered sta-

istically significant. Improvements in cognitive abilities were
bserved, see Fig. 2a. Mental flexibility significantly improved
ith interpreter training, F(3, 99) = 4.48, p  = .005, η2 = .12. Psy-

homotor speed significantly improved with interpreter training,
(3, 99) = 49.87, p  < .001, η2 = .60. Perceptual speed signif-

cantly improved with interpreter training, F(3, 99) = 4.63,
 = .004, η2 = .12. Fluid intelligence/non-verbal reasoning sig-
ificantly improved with interpreter training, F(3, 99) = 9.26,

 < .001, η2 = .22. Task switching speed significantly improved
ith interpreter training, F(3, 99) = 13.46, p  < .001, η2 = .29. The

wo types of working memory capacity differed as predicted,
ee Fig. 2b. One’s ability to coordinate and transform main-
ained information (working memory capacity: coordination &
ransformation) improved significantly with interpreter training,
(3, 99) = 20.98, p  < .001, η2 = .39. However, one’s ability to
aintain information in the face of interference (working mem-

ry capacity: maintenance & interference) did not improve with
nterpreter training, F(3, 99) = 0.52, p = .671, η2 = .02.
ig. 2. Panel A: Cognitive ability performance over time. Panel B: Working
emory capacity over time. Error bars represent 95% confidence intervals.

 = 34.
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ing. Initial simultaneous interpreting performance and working
memory capacity accounted for 73% of the variance in final
interpreting performance.
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WORKING MEMORY CAPACITY AS A PREDICTOR OF SI

athways of the two languages decrease conflict and the
mount of cognitive control necessary to resolve that
onflict. However, simultaneous interpreting demands sub-
tantial conflict resolution and target language selection
ecause the environment strongly cues both languages and
ecause each language is being processed concurrently—
hile one is being perceived and comprehended, the other

s being produced. The bimodality of the languages may not
ontribute to a bilingual advantage, but the intense bilingual
anagement demands of simultaneous interpreting may be the

ontributing factor in enhancing cognitive abilities. Thus refer-
ing to our finding as a “bilingual advantage” may be a misnomer,
ut there is some evidence for an interpreter advantage or a more
eneral high-bilingual-management-demand advantage.

Hypothesis 3:  Change  in  Cognitive  Abilities  Predict
hange in  Interpreting  Performance..  We sought to exam-

ne whether improvements in cognitive abilities from bilingual
xperience would predict skill acquisition rates. For this hypoth-
sis to be supported, individuals with the most enhancement
n cognitive abilities would demonstrate the steepest learn-
ng curves while individuals whose working memory capacity
nd/or cognitive abilities remained relatively stable over time
ould produce the shallowest learning curves.
This hypothesis was not supported. To test whether change

n cognitive abilities predicted performance, three sets of cor-
elation analyses were conducted. The first set of correlations
ested whether early change – change in cognitive abilities from

ave 1 to Wave 2 – predicted early interpreting performance in
ave 2. The second set of correlations tested whether change

n cognitive abilities from Wave 1 to Wave 3 predicted interpre-
ing performance in Wave 3. The third set of correlations tested
hether change in cognitive abilities from Wave 1 to Wave 4
redicted final interpreting performance. There was no indi-
ation that change in cognitive abilities predicted interpreting
erformance at any time.

omparing the  Two  Types  of  Working  Memory  Capacity

We hypothesized that coordination & transformation type
orking memory capacity measures were more related to

he process of simultaneous interpreting than maintenance
 interference type tasks. Performance on the coordination
 transformation measures improved with interpreter train-

ng supporting this hypothesis. To test whether coordination
 transformation explains any unique variance in simulta-

eous interpreting performance, hierarchical regression was
onducted. The analysis predicting initial simultaneous interpre-
ing performance revealed that the two types of working memory
apacity accounted for 19% of the variance, but coordination &
ransformation did not account for a significant amount of unique
ariance, �R2 = .01, F(1, 31) = 0.35, p  = .558. The analysis pre-
icting final simultaneous interpreting performance revealed
hat the two types of working memory capacity accounted for

0% of the variance. Coordination & transformation contributed
ore unique variance than it did in initial simultaneous inter-

reting performance, but did not reach statistical significance,
R2 = .05, F(1, 31) = 2.76, p  = .107.

A
i
p
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redicting  Performance

Final simultaneous interpreting performance was strongly
redicted by working memory capacity and initial simulta-
eous interpreting performance. In fact, if one takes into
ccount working memory capacity and initial simultaneous
nterpreting performance, these two measures account for
3% of the variance in final simultaneous interpreting
erformance, F(2, 31) = 41.36, p  < .001, R2 = .735. Work-
ng memory capacity accounts for a significant amount
f unique variance in final interpreting performance after
ccounting for initial interpreting performance, �R2 = .10,
(1, 31) = 11.93, p = .002.

General Discussion

We did not find that training compensated for cognitive abil-
ties, that cognitive abilities predicted variance in rate of skill
cquisition, or that enhancements to cognitive abilities predicted
erformance. Instead, our findings help to paint a picture of how
spects of these hypotheses and their associated factors con-
ribute to complex performance in a real world task. Specifically,
ur key findings were that (1) increases in training were asso-
iated with increases in performance, (2) initial performance
redicted final performance, and (3) working memory capacity
redicted initial interpreting performance and was even more
redictive of final interpreting performance.

These findings demonstrate the importance of both training
nd abilities on predicting performance. The longitudinal design
llowed us to understand more nuanced patterns of skill acquisi-
ion. For example, one’s position relative to others initially (e.g.,
op performer, second best performer, etc.) was a good indica-
or of one’s final relative position: the top performers generally

aintained a high level of performance and the bottom perform-
rs generally maintained a low level of performance relative to
he rest of the group. However, the best performers improved
ore slowly; the bottom performers benefitted more from train-

ng, although training was not enough for the bottom performers
o “catch up.”

Individuals differed in both their initial performance and their
ate of learning. Working memory predicted initial and final
erformance but not rate of learning. The pattern of results sug-
est that working memory capacity and training are additive.
hat is, some individuals high in working memory capacity
ave initially high simultaneous interpreting performance scores
nd do not improve as much as others with training. Other
igh working memory capacity individuals initially have closer
o average simultaneous interpreting performance scores but
mprove quickly such that they perform more similarly to other
igh working memory capacity individuals by the end of train-
5 This is based on working memory capacity: coordination & transformation.
 model with working memory capacity: maintenance & interference and initial

nterpreting performance also predicts final performance well, F(2, 31) = 36.85,
 < .001, R2 = .70.
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WORKING MEMORY CAPACITY AS A PREDICTOR OF S

Accounting for nearly 75% of the variance in final interpre-
ing performance is an impressive result but we would be remiss
ot to acknowledge a few limitations of the current study. The
nal sample size was smaller than we set out to obtain. Data
ollection was labor intensive given the number of tasks, the lon-
itudinal design, and the fact that the interpreter students were
ested at their home institutions 1.5 and 2.5 h away respectively,
ather than in our own laboratory setting. For these reasons we
lso had to limit the number of tasks that could be administered.

 more ideal approach would be to administer more tasks to a
arger sample and conduct latent growth curve analyses. Another
imitation is that there was no comparison group. While the high
eliability of the tests and the spaced administration leave mini-
al chance that the effects are due to practice, an added control

roup would allow for testing of practice effects.
Taken together, our findings clearly indicate that for simul-

aneous interpreting, working memory capacity is a crucial
redictor of performance. This finding can make a substantial
mpact on the field of simultaneous interpreting where, for both
imodal and unimodal bilingual interpreters, it is estimated that
pproximately 90% of individuals who enter interpreting pro-
rams fail to become interpreters, either by failing to complete
he program or by graduating without the skills necessary to
ork as a proficient interpreter (Humphrey & Alcorn, 1994;
imarová & Ungoed-Thomas, 2008). With only two measures,
orking memory capacity and initial performance, we captured
ver 70% of the variance in final performance. This finding
uggests that interpreter programs could measure these two fac-
ors at admission to estimate students’ likely success in the
rogram.

Working memory capacity’s interaction with training was
ore complex than hypothesized: common laboratory findings

e.g., that experience is compensatory, that the rich get richer)
id not fully explain the additive interaction between work-
ng memory capacity and training on performance. One reason
ould be the complexity of a real-world task over laboratory-
esigned tasks or the variety of simple real-world tasks that
ave previously been studied. For example, Crossman (1959)
ound that amount of experience strongly predicted cigar rolling
kill—working memory capacity may not be highly predic-
ive of performance in such a task. However, many differences
etween the two tasks are observable, not only in complexity,
ut in predictability of the input and environment, in whether the
imensions are discrete or continuous, and whether the task pro-
eeds in steps versus concurrent processes (Feltovich, Spiro, &
oulson, 1989, 1993; Hoffman et al., 2013). Future research

hould include examinations of these task features. Through
hese investigations we can better understand how task fea-
ures moderate the impact of training on performance and of
ognitive abilities on performance. Across a wide range of real-
orld tasks, training programs, and professions, this information

an help systematically guide admission, recruiting, hiring, and
raining decisions to improve the caliber of performance.
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