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Abstract

The aim of this study was to analyze the performance of Spanish–English bilinguals on the Golden Stroop Test. The
effects of bilingualism, participants’ age, age of acquisition of the second language, and proficiency in each
language were analyzed. Participants consisted of 71 Spanish–English bilinguals, 40 English monolinguals, and 11
Spanish monolinguals from South Florida. Proficiency in Spanish and English was established using a self-report
questionnaire and the English and Spanish versions of the Boston Naming Test. In bilinguals, the Golden Stroop
Test was administered in English and in Spanish. Overall, performance was slower in bilinguals than in
monolinguals. No significant differences were observed in color reading but bilinguals performed worse in the
naming color condition. Even though bilinguals were 5% to 10% slower in the color–word condition, one-way
ANOVAs revealed no statistically significant differences between groups. Within the bilingual group, the Stroop
Test scores were similar in both English and Spanish. Age of acquisition of the second language did not predict the
Stroop Test performance. Repeated measures ANOVA demonstrated a significant interaction between Language
Proficiency3 Language (in which the test was administered) in some of the ST conditions. In balanced bilinguals,
the language used in the ST did not matter, but in unbalanced subjects, the best-spoken language showed better
results. In addition, our results support the presence of both between- and within-language interference in
Spanish–English bilinguals. Different conceptualization models of the structure of bilingual memory are disclosed.
(JINS, 2002,8, 819–827.)
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INTRODUCTION

One of the best-known procedures to study response inter-
ference and inhibition is the Stroop Test (ST; Stroop, 1935).
In clinical neuropsychology, the ST has frequently been
used as an executive functioning task (Lezak, 1995; Spreen
& Strauss, 1998). The ST requires participants to name0
read colors as fast as they can under three conditions. In
one control condition, participants are presented a list of
color words printed in black ink and requested to read them.
In a second control condition, participants are presented
with a list of XXXXs printed in different colors and are
required to name the color of the ink. In the last condition
(color–word) participants are presented with a list of color

words printed in ink of an incongruent color and are re-
quired to name the color of the ink while ignoring the writ-
ten word. In this last condition the subjects need to inhibit
the automatic response of reading the word (e.g., when pre-
sented with the wordRED written in green they are sup-
posed to answer “green”). Ink color naming is faster when
the two dimensions of the stimulus are congruent (e.g.,RED
written in red) than when they are incongruent (e.g.,RED
written in green). That is, the irrelevant, to-be-ignored di-
mension interferes with processing the relevant dimension.
This pattern of response is called the Stroop effect.

The ST has been used to study the effect of simulta-
neously possessing of two different lexical systems in bi-
lingual participants (e.g., Altarriba & Mathis, 1997; Brauer,
1998; Dyer, 1971; Fang et al., 1981; Gerhand et al., 1995;
Heij et al., 1990, 1996; Lee & Chan, 2000; Magiste, 1984;
Tzelgov et al., 1990). In the bilingual ST the Stroop affect
is studied in two language conditions. In the first condition
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there is congruency between the language in which words
are written (e.g., English) and the language in which an-
swers are requested (e.g., English). In the second language
condition the language of the written words (e.g., English)
and the language of the requested answers are incongruent
(e.g., Spanish). The Stroop interference seen in the first
language condition is called intralingual or within-language
interference and the Stroop interference seen in the second
language condition is called interlingual or between-
languages interference. Research using the bilingual ST has
demonstrated that both within-language and between-
language interference can be found, but within language
interference is usually higher (Magiste, 1984). The differ-
ence is attributed to the fact that bilinguals store different
languages in different mental dictionaries (Brauer, 1998).
When only one language is involved (within-languagecon-
dition) more interference is expected because the bilingual
is using only one dictionary while in the between language
condition the interference has to go from one dictionary to
another. Research has also demonstrated that the degree of
interference using the ST in bilinguals depend upon the
level of language proficiency and the similarity between
both languages (Brauer, 1998). For example, ST perfor-
mance has been found to decrease in proficient bilinguals
of two similar languages (German and English). Further-
more, subjects do better in reducing within language inter-
ference in their native language, but not in a low-proficient
language (Tzelgov et al., 1990). Finally, research has shown
conflicting results when comparing different writing sys-
tems. While several authors (e.g., Biederman & Tsao, 1981;
Chen & Juola, 1982; Fang et al., 1981; Henderson, 1984;
Seinderberg, 1985) have found a greater Stroop effect in
logographic (e.g., Japanese, Chinese) than in sonographic
writing systems (e.g., English), but Lee et al. (2000) failed
to find significant differences when comparing ST in Chi-
nese and English in Chinese–English bilinguals.

The patterns of within-languageversusbetween-language
interference, using the ST, allow the drawing of conclu-
sions about how bilinguals access and store lexical infor-
mation. Researchers of bilingual memory have proposed
two hypotheses: (1) the word association model assumes
that there is a direct link between a bilingual’s first lan-
guage (L1) and his or her second language (L2); (2) the
concept mediation model assumes that there is no direct
link between languages at the lexical level but that both
lexicons are connected to a common semantic representa-
tion (Kroll & Stewart, 1994). Studies that show larger within-
than between-language interference effects are consistent
with the concept mediation model. Studies that demon-
strate the influence of proficiency on the size of the inter-
ference effects support the word association model (Magiste,
1984). Altarriba and Mathis (1997) found that both concep-
tual and lexical links are formed for second language words
even after a single learning session.

Two experiments have analyzed the ST effect in Spanish–
English bilinguals. Dyer (1971) asked 16 Spanish–English
bilinguals and 11 English monolinguals to name colors in

both languages with color stimuli that were either Spanish
color names, English color names, or controlXs. Greater
interference was found in bilinguals than for monolinguals.
Color naming was the slowest when the naming language
and the language of the color names were different suggest-
ing more between language interference. Altarriba and
Mathis (1997) found that novice and expert Spanish–
English bilinguals demonstrated the Stroop effect both within
and between languages. Thus, interference can be observed
in low and high proficient bilinguals in both intra and in-
terlingual conditions. There are still inconsistencies on the
role of language proficiency in the ST conditions and little
is known about the applicability of ST to bilinguals in clin-
ical settings.

The Stroop Test has a lengthy history as an experimental
measure in psychology and only recently has it been adapted
for clinical neuropsychology use (Mitrushina et al., 1999).
The ST has traditionally been viewed as a measure of ex-
ecutive functioning. Even though six different scores are
obtained on the ST (time and errors for the three condi-
tions), the truly informative score from the clinical point of
view is the executive functioning score, which refers to the
color–word condition (Lezak, 1995; Spreen & Strauss, 1998).
This Stroop color–word condition has been found to mea-
sure cognitive processes, such as selective attention and
flexibility (Glasser & Glasser, 1989). In the compilation of
the ST data sets done by Mitrushina et al. (1999) there does
not appear to be any data about the effect of bilingualism on
ST scores. It may be more important to know if the color–
word scores (time and errors) are impacted by bilingualism,
and if impacted, what bilingualism variables (e.g., profi-
ciency, age, age of acquisition of the second language, etc.)
have to be taken into consideration.

The aims of this study were (1) to analyze within and
between language interference using the ST among English
and Spanish monolinguals, and Spanish–English bilin-
guals, and (2) to analyze the impact of language proficiency
and age of acquisition of the second language on the ST
scores. We predicted, as stated by Magiste (1984), that lan-
guage proficiency would be responsible for the pattern of
within- and between-language interference. The higher the
proficiency in a language the higher the level of interfer-
ence expected in that given language. Previous studies (Al-
tarriba & Mathis, 1997; Dyer, 1971) have usually relied on
self-reports to establish language proficiency. In the present
study, an objective method to measure level of language
proficiency was used.

METHODS

Research Participants

Participants were college students, their family members,
and friends. There were 122 right-handed participants: 71
Spanish–English bilinguals, 40 English monolinguals, and
11 Spanish monolinguals. None of the participants had
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neurological or psychiatric antecedents. All participants had
normal scores on the Mini Mental Status Exam (MMSE).
No significant age effect was observed among groups (see
Table 1). A Bonferronipost-hoccomparisons revealed no
significant differences (p 5 .13) between the mean age of
bilinguals (M 5 31.98,SD5 13.14) and English monolin-
guals (M 5 35.90,SD5 13.80) and no significant differ-
ences (p 5 0.43) between the mean age of bilinguals and
Spanish monolinguals (M 5 40.91,SD5 15.17). Spanish
was the first language (L1) spoken by 90.1% of the bilin-
gual participants whereas 7% claimed English as a first
language, and 2.8% reported both languages as the “first
language.” The average age of exposure to the second lan-
guage (L2) was 11.40 (SD5 12.06), and the average num-
ber of years using L2 was 18.61 (SD5 12.06). Participants
who spoke another language, besides Spanish and English,
were excluded from the sample. Table 1 presents the gen-
eral characteristics of the sample.

Characteristics of bilingualism were recorded. As chil-
dren, 61 (85.9%) bilingual participants spoke Spanish at
home, 2 (2.8%) spoke English, and 8 (11.3%) spoke both
languages. Forty-three (60.6%) of the bilingual partici-
pants preferred speaking Spanish, 17 (23.9%) preferred En-
glish and 11 (15.5%) had no special preference for either
language. Thirty-six (50.7%) of the bilingual participants
reported Spanish as the most spoken language, 25 (35.2%)
reported English, and 10 (14.1%) reported speaking both
languages equally. Forty-six (64.8%) of the bilingual par-
ticipants reported Spanish as the best-spoken language, 20
(28.2%) reported English, and 5 (7%) answered both Span-
ish and English as “the best-spoken language.” All bilin-
gual participants were living in the United States and had at
least some formal education in English.

Instruments

In addition to the demographic history and bilingualism
questionnaire, two different tests were administered: (1) the
Boston Naming Test (BNT; Kaplan et al., 1983) was used
to assess level of proficiency; (2) the stimuli of the Golden
Stroop Color and Word Test (Golden, 1978; Mitrushina et al.,
1999) were administered, but the time in seconds to com-
plete all stimuli (instead of number of responses within 45 s
in the three conditions) was used as a score. Errors were

also scored. A between (interlanguage) language condition
for the color–word ST was specifically designed for this
study to further test the bilingual participants. In this inter-
language condition the language used in the stimulus (e.g.,
English or Spanish) and the response language (e.g., Span-
ish or English) were different. Time and errors for this new
condition were also recorded.

Parallel Spanish versions of the BNT (Test de Vocabu-
lario de Boston; Kaplan et al., 1996) and of the Golden
Stroop Test (Rey, unpublished) were used. The parallel BNT
in Spanish has the same number of items that the English
version but 12 items were modified because of linguistic
(e.g., “toothbrush” in Spanish iscepillo de dientes—three
words; “noose” does not have a direct and evident name in
Spanish, etc.) or cultural reasons (e.g., “pretzel” does not
exist in Spanish-speaking countries). The scoring system of
both BNT versions is the same (Kaplan et al., 1983, 1996).

Procedure

An informed consent in accordance with APA Ethical Guide-
lines for research with human subjects was given to all
participants in the study. To determine eligibility, all par-
ticipants were interviewed. The interview consisted of a
demographic history and a specific questionnaire assessing
language proficiency (Rosselli et al., 2000). Bilingual par-
ticipants were asked to rate themselves on how well they
understood, spoke, wrote, and read Spanish and English
using the following scale: 1 (not at all); 2 (limited); 3
(relatively well); 4 (quite well); and 5 (very well). The
interviewers were also proficient bilinguals who were able
to corroborate participants’ understanding and expression
scores in both languages while doing the interview. Only
participants who scoredquite wellor very well in all four
linguistic abilities (speaking, understanding, reading and
writing) in both languages were selected.

Bilinguals were grouped into (1)balanced bilinguals
(high-proficient and low proficient), and (2)unbalanced
bilinguals(English dominantandSpanish dominant). Scores
of the BNT in Spanish and English were used as selection
criteria. The following procedure was used to assign par-
ticipants to groups. Participants with a difference between
the BNT–Spanish score and BNT–English score equal to or
lower than 8 points (1SD according to the whole group

Table 1. Demographic characteristics of the three groups

Variable

English–Spanish
bilinguals
(n 5 71)

English monolinguals
(n 5 40)

Spanish monolinguals
(n 5 11) F p

Age M 5 31.98 (13.14) M 5 35.90 (13.80) M 5 40.91 (15.17) 2.609 .078
Education (years) M 5 14.92 (2.35) M 5 15.35 (2.45) M 5 14.25 (3.49) .704 .497
MMSE M 5 29.53 (.734) M 5 29.70 (.608) M 5 29.40 (.516) 1.129 .327
Gender M:F 45% (32):54% (39) 32.5% (13):67% (27) 27.3% (3):72.7% (8)

Note.Standard deviations in parentheses.
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scores) were consideredBalanced Bilinguals(n 5 25), and
participants with a difference between the two BNT scores
greater than 8 points were regarded asUnbalanced Bilin-
guals (n 5 46). It was noted, however, that some of the
participants in the Balanced group had very high scores in
the BNT in both languages, while in others the perfor-
mance was low in both language versions of the test. Thus,
we decided to further subdivide the balanced group into
two subgroups using the BNT scores. Bilingual participants
with a BNT score (both Spanish and English) of 50 (group
MDN) or above were consideredhigh-proficient–balanced
bilinguals. Those bilinguals in the balanced group with a
score in both versions of the BNT below the group median
were consideredlow-proficient–balanced bilinguals. The
unbalanced bilingual group was further subdivided into
English-dominantandSpanish-dominantdepending on their
dominant language performance on the BNT. English dom-
inant unbalanced bilinguals had a higher BNT–English score
(at least 8 points) when compared to the BNT–Spanish score.
The reverse was true for the Spanish-dominant unbalanced
bilinguals. In consequence, four different groups were
distinguished:high-proficient–balanced bilinguals, low-
proficient–balanced bilinguals, unbalanced English-
dominant bilinguals, and unbalanced Spanish-dominant
bilinguals. Both variables (balance and proficiency) were
separately analyzed. An overall significant correlation was
observed between self-reported language proficiency (using
the bilingualism questionnaire) and the Boston Naming Test
scores (r 5 .56,p , .01).

In the bilingual group, the order of administration of
English and Spanish tests (BNT and Stroop test) was ran-
domized to avoid language order effects. The order of ad-
ministration of each component within the Stroop Test was
always the same (reading of words, naming colors, color–
word, and for bilinguals, thecolor–word between-language
condition).

Statistical Analyses

Three one-way analyses of variance were done to compare
the scores in the three ST conditions for the following groups:
(1) Spanish–English bilinguals with the English and Span-
ish monolinguals; (2) balanced bilinguals to the unbalanced
English- and Spanish-dominant bilingual groups; and (3)
high-proficient balanced bilinguals, low-proficient bal-
anced bilinguals, unbalanced English-dominant bilinguals,
and unbalanced Spanish-dominant bilinguals. The scores
from the later four groups were also compared in the inter-
language (test language and test response in different lan-
guages) condition. Bonferronipost-hoctests corrections were
used. To control for multiple comparisons and Type I error,
2 3 3 repeated measures procedures were used to analyze
the effects of the test language and its interactions with the
group variables over all four conditions of the ST for the
bilingual groups. Language (Spanish or English) was the
within-subjects factor, and type of bilingualism (balanced
bilinguals, unbalanced bilinguals–English dominant and un-

balanced bilinguals–Spanish dominant) or proficiency (high-
proficient balanced bilinguals, low-proficient balanced
bilinguals, unbalanced bilinguals–English dominant, and un-
balanced bilinguals Spanish–dominant) was the between-
subjects factor. Finally, regression analyses were performed
to find the predictive value of age of acquisition of L2, and
participant’s age on the time in the color–word ST condition.

RESULTS

Comparisons of the Spanish–English bilinguals with both
monolingual groups in the three conditions of the ST showed
no significant differences except for the English color nam-
ing condition in which the bilinguals’ performance was sig-
nificantly slower than the English monolinguals (Table 2).

Balanced bilinguals were compared with unbalanced bi-
linguals in the different conditions of the ST using a one-
wayANOVA. In addition, a 233 repeated measuresANOVA
was used to analyze the effects of the test language and its
interactions with the group variable over all conditions of
the ST. Language (Spanish or English) was the within-
subjects factor, and type of bilingualism (balanced bi-
linguals, unbalanced bilinguals–English dominant and
unbalanced bilinguals–Spanish dominant) was the between-
subjects factor (Table 3). Only one statistically significant
difference was found among the bilingual groups. The un-
balanced Spanish-dominant bilinguals were significantly
slower than the unbalanced English-dominant bilinguals (M
difference5 14.58,p 5 .027) and the balanced bilinguals
(M difference5 12.21, p 5 .024) in the English color-
naming condition of the ST. Group effect interacted with
the language in which the test was presented: The unbal-
anced Spanish-dominant bilinguals were slower in the En-
glish conditions of the test but not in the Spanish conditions.
The only ST condition that was significantly affected by the
test language was the between-language color–word condi-
tion. More interference was observed when the words were
written in English and named in Spanish than when they
were written in Spanish but named in English. This lan-
guage effect was moderated by the group. Only balanced
bilinguals (M difference5 11.04,p 5 .0250) and unbal-
anced bilinguals English dominant (M difference5 16.63,
p 5 .002) presented these interference effects. In addition,
there was a significant Group3 Language interaction for
the ST reading and color–word conditions. Unbalanced Span-
ish bilinguals tended to be slower in the English versions of
the ST test.

The effect of language proficiency on the time in seconds
for the four conditions of the ST is presented in Table 4.
The proficiency variable had a significant effect in the En-
glish naming condition only. This group effect was moder-
ated by the test language. The unbalanced bilingual Spanish-
dominant group spent more time than the other groups in
the ST-naming color condition in English only. No signifi-
cant differences were found between the high-proficient,
low-proficient, and unbalanced bilinguals in the other con-
ditions of the Stroop Test. However there was a significant
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language effect in the between-language color–word con-
dition and a trend, but no significant interaction, with pro-
ficiency. Most bilingual groups were slower in the between
language condition in which the letters were in English and
the reading in Spanish. The interaction of this language
effect with proficiency was not significant. In the color–
word (intralanguage) condition, there was a significant in-
teraction between Language3 Proficiency Group, without
significant main effects. Low-proficient balanced bilin-
guals and unbalanced Spanish-dominant bilinguals were
slower than the other groups in the English color–word.
The unbalanced English-dominant bilinguals, on the other
hand, were slower in the Spanish color–word.

Regression analyses were performed to find the predic-
tive value of age of acquisition of L2 and participant’s age
on the color–word ST condition. Only time in seconds was
used as the dependent measure. Age of acquisition of L2
did not predict the ST color–word interference scores either
in English (coefficientB 5 .16, t 5 046, p , .650) or in
Spanish (coefficientB 5 .22, t 5 .59, p , .550) The par-
ticipant’s age, however, was significantly related to scores
on the Spanish Stroop Color naming (r 5 .25, p , .005)
and color–word scores (r 5 .26,p , .005). Age was related
to the English Stroop color-naming (r 5 .39, p , .001),
reading (r 5 .30,p , .001), and color–word (r 5 .53,p ,
.001) scores.

DISCUSSION

Bilinguals’ overall performance was slower on the ST when
compared to monolinguals. Significant differences, how-
ever, were found only in the color naming condition. Bilin-
gualism significantly affected word-retrieval ability (naming
condition) but did not have a statistically significant effect
on the response interference condition (color–word). Per-
formance was only about 5% to 10% slower in bilinguals
than in monolinguals in the color–word condition. Greater
interference for bilinguals than for monolinguals has been
previously reported particularly when the interfering and
naming languages differed (Dyer, 1971). In our study, the
comparisons between bilinguals and monolinguals were done
in the within language condition only (naming language
and the language of the color–word were the same). In the
within language condition the level of interference between
these two groups was very similar. One possible reason for
the lack of significant differences between our bilingual
and monolingual groups is the small size of the Spanish
monolingual sample. If the Spanish monolingual sample
were larger, statistically significant differences might have
been found eventually. However, the size of the monolin-
gual sample in Dyer’s study was also small (n 5 12).

Another potential confounding variable when comparing
the bilinguals’ and monolinguals’ ST performance is that

Table 2. Comparison of Spanish–English bilinguals, English and Spanish monolinguals
in the three conditions of the Stroop Test

Spanish–English
bilinguals
(n 5 71)

English
monolinguals

(n 5 40)

Spanish
monolinguals

(n 5 11)

Stimulus M (SD) M (SD) M (SD) F p

Spanish Stroop
Reading

Time (sec.) 46.89 (10.01) — 45.73 (5.39) .069 .933
Errors 0.09 (.42) — .00 (.00) .297 .744

Naming
Time (sec.) 68.76 (16.14) — 63.56 (12.18) .519 .597
Errors 0.28 (.72) — 0.09 (.26) .367 .694

Color–word
Time (sec.) 112.85 (30.18) — 97.91 (27.44) 1.177 .313
Errors 0.76 (1.20) — 0.64 (.93) .053 .948

English Stroop
Reading

Time (sec.) 47.20 (14.34) 43.68 (8.59) — .992 .374
Errors 0.42 (.20) 0.15 (.700) — .730 .484

Naming
Time (sec.) 72.07 (17.94) 61.98 (12.53) — 4.914 .009*
Errors 0.23 (.54) 0.20 (.56) — .027 .973

Color–word
Time (sec.) 114.24 (32.22) 108.40 (30.17) — .436 .648
Errors 0.59 (1.69) 0.68 (1.07) — .039 .961

*Significant, p , .01.
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the bilingual individuals were administered the ST twice
(once in English and another time in Spanish), thus provid-
ing the bilingual group with additional practice on the test.
This may affect their scores relative to the monolingual
groups, which received only one administration of the ST.
Familiarity and practice has shown to reduce the magnitude
of the C–W interference but does not alter patterns of inter-
ference (Dyer, 1971). Furthermore, having to switch lan-
guages from one administration to the next may negatively
impact performance. According to Grosjean (1998) a bilin-
gual’s state of activation with respect to his or her two
languages can influence test performance. This state of ac-
tivation is controlled by factors such as who the listener is.
When the listener is bilingual, both languages are activated
and mixing of the two languages will take place. As a con-

sequence, the scores of our bilingual sample may be influ-
enced by the language state of activation, and it can be
conjectured that if the ST were administered in different
languages, though on different days, performance may have
been different.

Our results demonstrated that, depending on the test lan-
guage, language proficiency among bilinguals influenced
the ST performance. Participants that were Spanish-dominant
bilinguals were significantly slower in all the ST conditions
in English, and the English-dominant bilinguals were slower
in the ST Spanish conditions. It has been reported that un-
balanced (i.e., individuals mastering both languages at dif-
ferent levels) Spanish–English bilinguals retain fewer words
in their L2 when compared to balanced bilinguals and to
English monolinguals. These differences disappear when

Table 3. Comparison of balanced bilinguals, unbalanced bilinguals, English- and Spanish-dominant
in three conditions of the Stroop test

Balanced bilinguals
(n 5 25)

Unbalanced
bilinguals,

English dominant
(n 5 15)

Unbalanced
bilinguals,

Spanish dominant
(n 5 31)

Stimulus M (SD) M (SD) M (SD) F p

Spanish
Reading

Time 46.04 (10.15) 46.53 (9.03) 47.74 (10.57) .207 .813
Errors 0.24 (0.66) 0.00 (0.00) 0.01 (0.17) 2.31 .107

Naming
Time 68.84 (17.11) 72.47 (15.42) 66.90 (15.89) .594 .555
Errors 0.32 (0.69) 0.40 (1.06) 0.19 (0.54) .462 .632

Color-Word
Time 105.60 (25.72) 120.00 (41.58) 115.23 (26.72) 1.247 .294
Errors 0.88 (1.17) 0.93 (1.58) 0.58 (1.02) .620 .541

BL color–word*
Time 113.04 (32.16) 98.72 (13.34) 101.23 (26.92) 1.552 .220
Errors 0.41 (0.77) 0.45 (0.68) 0.26 (0.60) .408 .667

English
Reading

Time 44.96 (9.01) 42.27 (7.53) 51.39 (18.82) 2.631 .079
Errors 0.01 (0.28) 0.01 (0.25) 0.00 (0.00) 1.225 .300

Naming
Time 67.24 (14.07) 64.87 (12.65) 79.45 (20.41) 5.324 .007†
Errors 0.20 (0.50) 0.01 (0.26) 0.32 (0.65) 1.185 .312

Color–word
Time 109.96 (31.96) 103.27 (30.10) 123.00 (32.05) 2.321 .106
Errors 0.88 (.02) 0.33 (0.62) 0.48 (0.96) .598 .553

BL color–word**
Time 102.00 (35.37) 82.09 (22.93) 106.46 (29.49) 2.442 .096
Errors 0.37 (0.37) 0.27 (0.90) 0.42 (0.80) .115 .895

*Between-language condition: Stimuli were in English and the names of the color–words were reported in Spanish.
**Between-language condition: Stimuli were in Spanish and the names of the color–words were reported in
English.
†Significant,p , .05.
Note. Language effects (vertical analyses). reading: (F 5 0.187, p 5 .667); naming: (F 5 2.55, p 5 .615);
color–word: (F 5 .267,p 5 .607); BL color–word: (F 5 4.37,p 5 .041).
Interaction effects (Group3 Language). reading: (F 5 3.16,p 5 .048); naming: (F 5 7.95,p 5 .01); color–word:
(F 5 5.61,p 5 .06); BL color–word: (F 5 3.77,p 5 .029).
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the bilinguals are tested in their dominant language (Harris,
1995). The majority (85.9%) of our bilingual subjects spoke
Spanish as the L1, and since they were not exposed to L2
until a mean age of 11.0 years, L1 was presumably more
established than L2. La Heu et al. (1996) found that unbal-
anced Dutch–English bilinguals spend more time translat-
ing ST color words than reading them in either language.
So, it might be possible that our bilinguals used transla-
tion in the color naming condition increasing the time of
performance.

The balanced bilinguals in our study performed similarly
to the unbalanced English-dominant bilinguals in most of
the English ST conditions and to the unbalanced Spanish-
dominant group in the Spanish ST. When testing balanced
bilinguals in this within language ST condition, the lan-
guage of the test does not make a difference. Equal perfor-
mance in balanced Chinese–English bilinguals (Lee & Chan,
2000) and balanced Swedish–German bilinguals (Magiste,
1984) has been reported elsewhere.

Bilinguals who have mastered their languages to differ-
ent degrees (dominant in English or in Spanish) had more
interaction in within-language (intralanguage) conditions
than in the between-language (interlanguage) conditions.
Our results confirm previous studies with Spanish–English
(Dyer, 1971) and English–Turkish bilinguals (Kijak, 1982).
However, an important point to stress is that this ratio of
interference (more within- than between-language) did not
apply to the balanced bilingual group. In the balanced bi-
linguals the time difference between the two conditions was

either minimal or higher in the between language condition
in which the inhibiting language was English. Our results
support recent studies in which the between as well as the
within language interference is determined by the bilin-
gual’s language proficiency (MacLeod, 1991; Magiste,
1984). Moreover, this pattern of ST interference can change
with experience.

Magiste (1984; 1985) observed a changing pattern in the
ST interference with the development of the individuals’
second language. Initially, her subjects were German dom-
inant and showed more interference when responding in
German regardless of whether the words were Swedish or
German. Gradually as their experience with Swedish in-
creased, they reached a point of equivalence; then, as Swed-
ish increased, they showed more interference when naming
in Swedish. These results suggest that the interference be-
tween two languages follow a dynamic process in accor-
dance with language experience of L2.

Cognitive psychologists have proposed two models to
understand the lexical access and store of words in bilin-
gual participants (Kroll & Stewart, 1994). The word asso-
ciation model suggests that bilinguals’ access to words is
through translation and, therefore, a clear link between the
words of L1 and L2 is proposed. The second model is the
concept mediation model, which assumes lexical indepen-
dence of L1 and L2. If the former is true, more interference
is expected in the between language ST conditions, while
more interference in the within-language ST conditions
would support the concept mediation model. Our results

Table 4. Means and standard deviations of the Stroop task (in seconds) performance in high-proficient–balanced,
low-proficient–balanced, and unbalanced bilingual groups

High-proficient–
balanced bilinguals

(n 5 10)

Low-proficient–
balanced bilinguals

(n 5 15)

Unbalanced bilinguals–
English dominant

(n 5 15)

Unbalanced bilinguals–
Spanish dominant

(n 5 31)

Stimulus M (SD) M (SD) M (SD) M (SD) F p

Age exposure to L2 8.90 (6.54) 8.93 (4.08) 6.60 (9.57) 15.74 (12.53) 3.66 .017†
BN Spanish 51.50 (3.17) 43.93 (5.75) 35.87 (5.90) 53.77 (3.07) 34.62 .000†
BN English 53.10 (2.60) 43.13 (5.82) 51.07 (2.89) 38.48 (5.71) 60.71 .000†
Spanish

Reading 46.90 (8.16) 45.47 (11.53) 46.53 (9.04) 47.74 (10.57) 0.17 .912
Naming 66.40 (17.70) 70.47 (17.13) 72.47 (15.42) 66.90 (15.89) .516 .672
Color–word 101.70 (26.06) 108.20 (26.07) 120.0 (41.58) 115.23 (26.72) .456 .714
BL color–word* time 112.60 (37.17) 113.35 (29.56) 98.72 (13.34) 101.23 (26.92) 1.02 .391

English
Reading 45.40 (9.38) 44.66 (9.08) 42.276 (7.53) 51.39 (18.82) 1.73 .168
Naming 64.50 (13.59) 69.07 (14.54) 64.87 (12.65) 79.45 (20.41) 3.66 .017†
Color–word time 100.40 (31.02) 116.33 (32.00) 103.27 (30.10) 123.00 (32.05) 2.07 .112
BL color–word** time 103.70 (34.69) 100.78 (37.10) 82.09 (22.93) 106.46 (29.49) 1.62 0.195

*Between-language condition: Stimuli were in English and the name of the color–words were reported in Spanish.
**Between-language condition: Stimuli were in Spanish and the names of the color–words were reported in English.
†Significantp , .05.
Note.Language effects (vertical analyses). Reading: (F 5 .28,p5 .596); naming: (F 5 0.03,p5 .859); color–word: (F 5 .03,p5 .863); BL color–word:
(F 5 5.25,p 5 .026).
Interaction effects (Group3 Language). Reading: (F 5 2.09,p5 .11); naming: (F 5 5.22,p5 .03); color–word: (F 5 4.05,p5 .01); BL color–word: (F 5
2.51,p 5 .067).
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showed that the type of interference varies among bilingual
groups. The unbalanced bilingual groups presented more
interference in the within- than in the between-language
conditions, and the balanced bilingual group presented in-
terference levels that were similarly small in both the within-
and between-language conditions. Our results do not sup-
port the concept mediation model or the association model
for the access of lexical memory in bilinguals but suggest
more independence of the lexical dictionaries in the unbal-
anced groups (Brauer, 1998).

Low-proficient balanced bilinguals deserve some special
consideration. They were bilinguals with less than an 8-point
difference between the Spanish and English BNT scores
but a mean BNT (Spanish and English combined) score
below the group median of 50 points. According to the
self-report of the participants in this group they considered
themselves proficient in both languages. But according to
both the English and Spanish BNT norms (Kaplan et al.,
1996; Mitrushina et al., 1999) their scores were low in both
languages. It is noteworthy that these bilingual subjects re-
ported active use of both languages in everyday life. People
displaying this type of bilingualism have been called semi-
linguals by Paradis (1998) and they are quite prevalent in a
bicultural society such South Florida’s, in which two lan-
guages may be required for everyday communication. These
subjects have a low level of language proficiency in both
languages ability in either language if (and only if ) mono-
lingual norms are used. However a bilingual can be consid-
ered not just as the speaker of two different languages, but
also as the speaker of one extended language (Grosjean,
1989). It is obviously unfair and conceptually inappropriate
to use monolingual norms to evaluate language ability in
this type of bilingual. Further study of neuropsychological
differences of this group is required.

Although in our study the compared groups did not differ
significantly in age, age was a predictor of the color–word
subtest among all bilinguals. Ivnik et al. (1996) found a
strong influence of age on all the Golden ST subtests. There
is consistent evidence of a significant decline in perfor-
mance with advancing age. Few studies have examined
changes in the Stroop interference due to normal aging. In
a developmental study, Cornalli et al. (1962) administered
the Stroop Test to 235 subjects ages 7 to 80. Older adults
and children had longer response latencies than young adults
and middle-aged individuals in the color–word subtest but
were nearly as fast when reading or naming the colors.
Panek et al. (1984) administered the Stroop to 50 young
adults (18–23) and 31 healthy older adults (61–85). Older
adults were slower in all three conditions of the Stroop test
and were particularly slower in the color–word subtest. The
interaction between advanced age and bilingualism re-
quires further investigation.

Our results did not support the association between age
of acquisition of L2 and ST scores. There is very little re-
search about the influence of age of learning L2 in neuro-
psychological test performance. Harris (1995) found that
unbalanced Spanish–English bilinguals performed worst in

the California Verbal Learning Test than balanced bilin-
guals. Most of the bilinguals in the unbalanced group had
learned English during adulthood. Rosselli (2000) found
that elderly Spanish–English bilinguals that had learned En-
glish (L2) during early adulthood and who maintained use
of both languages did not suffer a linguistic decline in ei-
ther language.

The present findings suggest using the within-language
ST in L1 when testing bilinguals and that using the ST in
L2 should affect color naming time by about 10 to 15% and
by about 5 to 10% in the color–word condition. As a con-
sequence, a minor score correction is suggested. The present
study does not support drawing conclusions about the color
reading score. Differences in time in color reading between
Spanish and English were small, and for most of our sub-
jects Spanish was L1. All our bilingual subjects had at-
tended at least some school in English, and reading ability
was presumably variable in both Spanish and English. Ad-
ditionally, we did not test reading speed in either language.

Nonetheless, it seems that the bilingual population is quite
heterogeneous, and our findings may be specific to bilin-
gual subgroups: Spanish–English bilinguals. We demon-
strated that language proficiency or mastery of one or two
languages might influence the ST performance. In balanced
bilinguals it does not matter what language is used in the
ST, but in unbalanced subjects, the best-spoken language
may be preferred. In addition, our results support the pres-
ence of both, between- and within-language interference in
Spanish–English bilinguals.
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