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Balancing Bilinguals: Lexical-
Semantic Production and
Cognitive Processing in Children
Learning Spanish and English
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) it The present study investigated developmental changes in lexical production skills
San Diego State University

in early sequential hilingudls, in both Spanish (L1) and English (L2}, exploring the
effects of age, years of experience, and basic-level cognitive processing (specifi-
cally the ability to resist interference) within a timed picture-naming task. To assess
resistance to interference, naming was compared in low competition {blocked-
single language) vs. high competition {mixed-alternating language) conditions.

Arturo E. Hernandez Participants were 100 individuals, 20 at each of 5 different age levels (5-7, 8-
University of California, San Diego 10, 11-13, 14-16, & young adults). All had learned Spanish as o first language

University of California, Santa in the home, with formal English experience beginning at 5 years. Gains were
Barbara made in both languages across age. However, there was a developmental

crossover from Spanish dominance in the youngest children, through a period of
relatively balanced Spanish and English skills in middle childhood, culminating in
a clear pattern of English dominance among adolescents and young adults.
Although all groups experienced a greater slowing of response times in the
mixed-language condition relative to the blocked-language condition, develop-
mental changes in the pattern of speed-accuracy trade-offs in the mixed condition
can be interpreted to reflect a change in the ability to resist cognitive interference
during word production
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he vast majority of studies on early sequential bilingualism (that

is, second-language acquisition beyond the preschool years but prior

to adolescence) have profiled the development of linguistic knowl-
edge 1n the second language (L2), largely ignoring skills in the first lan-
guage (L1). To date, there has been little systematic research looking at
the acquisition and maintenance of basic-level processing skills in both
the languages of normally developing bilinguals. In the current study
we begin to address this issue by profiling the lexical-semantic process-
ing skills of children who learned Spanish as their 1.1 from birth and
English as their 1.2 at school age. We emphasized the processing of lexi-
cal-semantic information (as indexed by response times for accurately
named pictures) rather than the breadth of vocabulary knowledge (as
commonly indexed by standardized measures of receptive and expres-
sive vocabulary). This was done by using stimulus pictures represent-
ing lexical items generally present in the vocabularies of young pre-
school children. There 15 also cvidence of cross-linguistic effects (e.g.,
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inhibition and transfer) within bilingual adult speak-
ers. Thus, it seems important to explore not only the
processing of each language separately in developing
bilinguals, but to also explore the effects of dual (i.e.,
mixed) language processing. The current study looks at
these cross-language effects at the lexical-semantic level
during a high-competition processing condition in which
participants are cued to systematically alternate their
responses between Spanish and English.

Recent findings in cognitive psychology have also
indicated a critical role for basic-level inhibitory pro-
cesses in nonlinguistic child development (e.g., Dempster,
1993; Harnishfeger, 1995). The development of inhibi-
tory control allows the individual to resist interference
from internal and external competitors, to ignore extra-
neous information (consciously or subconsciously) and
to activate target information to achieve and maintain
adequate skill performance. To our knowledge, the de-
velopment of these basic cognitive processes as they in-
teract with bilingual development has not yet been ex-
plored. The current study, then, has two primary
purposes: (1) to profile the lexical-semantic production
skills of both Spanish (1.1) and English (L2) across age
and years of language experience in early sequential
bilinguals in single-language and mixed-language con-
ditions and (2) to explore the effects of basic-level cogni-
tive processing (specifically the ability to resist interfer-
ence) on this developing linguistic performance. The
literature related to these two issues will first be reviewed.

Profiling Lexical-Semantic Skills in
Bilingual Adults and Children

Timed Picture Naming as a
Lexical-Semantic Measuring Tool

Picture naming has long been used with children
and adults in both educational and clinical settings to
investigate lexical-semantic knowledge. Picture naming
in experimental studies is used as a means of tapping
into the cognitive operations underlying the lexical-con-
ceptual systems (Glaser, 1992; Snodgrass, 1993). For a
given picture. naming consists of recognizing the mean-
ing or referent, then retrieving the verbal label from the
mental lexicon (Glaser, 1992). Off-line (untimed) instru-
ments typically use stimuli graded in difficulty which
in turn yield knowledge scores relative to the specific
set of items tested. These static tasks are highly experi-
ence dependent and thus subject to significant 1ndi-
vidual, cross-cultural, and cross-linguistic bias. During
timed (on-line) variants of the picture-naming task, the
dependent variables are the response times for accu-
rately named items. In using response times rather than
simply an overall accuracy score, researchers are able
to qualify and quantify performance on the basis of speed

of information processing, rather than on an overall pic-
ture/word knowledge quotient. A number of factors have
been identified in the monolingual experimental litera-
ture as potentially affecting both the accuracy and tim-
ing of picture-naming performance. These factors include
the frequency of occurrence of the picture names, the
age at which these words were acquired, their familiar-
ity, their codability (i.e., the number of different names
4 given picture could have), the categorical distinctive-
ness of the word, and the degree of image agreement
{1.e., the extent to which a person’s image matches the
picture itself) (Snodgrass & Yuditsky, 1996; also see
Snodgrass, 1993 for review). In contrast, the length of
the word associated with the pictured object (in terms
of both syllables and phonemes) has not produced a reli-
able effect on the speed with which pictures were named
(Snodgrass & Yuditsky, 1996). This latter point becomes
significant in bilingual studies when the length of fa-
miliar words may vary considerably across languages.

Bilingual researchers have found more response
variability on low-frequency than on high-frequency
stimuli (von Studnitz & Green, 1997) and increasing
name agreement for pictures as proficiency in each lan-
guage increased (Goggin, Estrada. & Villarreal, 1994).
To our knowledge, there are no available norms for Span-
1sh-English bilingual children on a specific set of pic-
tures. As such. stimuli for the current study were se-
lected from a set of common pictures accurately
identified in both languages by more than 85% of a bi-
lingual (Spanish-English) adult sample in a separate
timed picture-naming experiment in our laboratory
tHernandez & Kohnert, 1999). In addition, the lexical
referents for 87 of the 100 pictures used in this study
are included in both the Knglish and Spanish versions
of the MacArthur Communicative Development Inven-
tory (Fenson et al.. 1993; Jackson-Maldonado, Bates, &
Thal, 19923 and commonly produced by children under
3 years of age.

Picture Naming and Lexical-Semantic
Skills in Bilingual Children

To our knowledge. a single previous study has looked
at timed responses for basic-level encoding skills in both
languages of bilingual school-age children (Magiste
1992). In her study. Magiste used response times on pic-
ture- and number-naming tasks of German immigrant
children learning Swedish in school to test the predic-
tions of the critical period hypothesis for L2 acquisition
(e.g., Johnson & Newport, 1989). Magiste’s results indi-
cated that elementary school children achieved a “bal-
anced form of bilingualism™ 2 yvears earlier than high
school students at the same stage of L2 learning, on the
same picture-naming task. These results were inter-
preted as supporting the critical period hypothesis for
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second-language acquisition. Interestingly, the published
data also showed that, after several years of residence
in Sweden, both groups of children showed faster re-
sponse times on the picture-naming task in L2 than in
L1. Although this L1/1.2 trade-off was not the focus of
the study, Mégiste’s data clearly showed that “balanced
bilingualism” was simply a point in time and that the L2
did have a clear impact on lexical-semantic processing
in L1. The single-language (blocked) task in the cur-
rent study will expand on these preliminary data, look-
ing at developmental change in the temporal micro-
structure (fluency as measured in speed of access) of
lexical-semantic processing in children who are learning
English as a second language. In contrast to the Magiste
study, the age of acquisition and context of L.1 and L2
learning was consistent for all individuals across the
five age groups represented in our experimental sample.
That is. our interest was in L1/L2 cognitive-linguistic
interplay and not in critical period effects, per se.

In addition to looking at relative access time for
specific lexical-semantic information in each of the
bilingual’s languages, 1t is important to consider how
this representational system is regulated and controlled
during mixed-language production tasks (e.g., Green,
1993; von Studnitz & Green. 1997). That is, how do a
bilingual’s languages come together during real-time
production tasks, including tasks that involve a code
switch (i.e., a shift from one language to the other in
midstream)? What are the costs of inhibiting one of a
speaker’s languages when engaged in single-language-
processing tasks?

Mixed-Language Processing in Bilingual
Adults & Theoretical Perspectives

Current bilingual theories fall into two general cat-
egories: those that view the underlying linguistic repre-
sentation in bilinguals as either fractionated or wholistic.
The fractionated view considers the bilingual to be es-
sentially two monolinguals in one person. That is, the
bilingual is believed to have two separate and isolated
language competencies which are similar to those of
monolinguals in each language. The ability of fluent
bilinguals to effectively switch off the unneeded language
in order to communicate fluently with monolinguals
supports this separate-systems hypothesis. In contrast,
the wholistic view of bilingualism claims that the two
(or more) languages coexist and interact within a single
representational system. This cross-linguistic interplay
thus produces a unique and specific speaker-hearer who
may not be comparable to monolinguals across linguis-
tic processing levels in either of his languages. Support
for this interactive view comes from the bilingual’s abil-
ity to code switch during communicative interactions.

A substantial amount of research has looked at this

1ssue of separate versus interactive language systems
in bilingual adults (see Keatley, 1992 and Kroll & de
Groot, 1997 for reviews). Empirical findings of cross-
language transfer effects during automatic processing
tasks (e.g., facilitation or inhibition effects across lan-
guages in bilinguals, similar to the effects found within
a single language) would support a wholistic account of
bilingualism. In contrast, if studies failed to find such
cross-linguistic interaction during automatic processing
tasks, the notion of separate, independent linguistic
systems would be upheld (Grainger & Beauvillain, 1988).
Considerable support has, in fact, been found for cross-
linguistic interference and facilitation during lexical
processing tasks in adult bilinguals (e.g., Altarriba, 1992;
Fox, 1996; Hernandez, Bates, & Avila, 1996; Hernandez
& Kohnert, 1999; von Studnitz & Green, 1997). How-
ever, a number of studies have also failed to find such
cross-linguistic effects (de Groot & Nas, 1991; Grainger
& Beauvillain, 1988). Methodological concerns specifi-
cally related to the complexities of bilingual research
have been implicated as a likely cause for these equivo-
cal findings (Grosjean, 1998).

The wholistic view of bilingualism falls within the
more general theoretical framework of language process-
ing referred to as interactive activation, or functionalism.
An interactive-activation approach to language process-
ing explores the roles of general cognitive mechanisms
(e.g., attention, perception, memory, emotion) in lan-
guage learning and performance (Bates & MacWhinney,
1989; MacWhinney, 1997; Segalowitz, 1997). The gen-
eral underlying idea is that cognition and language are
linked at some very fundamental level and that, in fact,
specific linguistic functions are acquired and maintained
through the application of the more general cognitive
processes. Interactive-activation models view bilingual-
ism as a dynamic system in which there is constant in-
terplay between the languages (both positive and nega-
tive transfer, as well as some competition for resources).
This general theoretical framework views bilingualism
as a matter of degree, with relative levels of L.1 and L2
proficiency potentially shifting across the lifespan as a
function of both social and cognitive influences. This
highly interactive perspective emphasizes change and
plasticity over time, in direct contrast to static typologies
of bilingualism (consistent with modular notions of lan-
guage and strict notions of critical periods for L2 ac-
quisition). The current study was developed within a
general interactive-activation account of language, ex-
tending the bilingual-specific view of wholistic language
processing to early sequential bilinguals.

In extending both the theoretical claims of the in-
teractive-activation accounts and the experimental para-
digms looking at cross-linguistic interference in bilin-
gual children across a wide age range, we must also
consider the potential role of developing cognitive skills.
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With respect to mixed-language processing in the de-
veloping child, the role of cross-language inhibition can
be placed within a broader framework of cognitive skill
development. The next section will review the develop-
mental literature relevant to one posited cognitive primi-
tive of attentional inhibition, specifically the ability to
resist interference.

Cognitive Development: Resisting
Interference

The ability to resist interference is part of a family
of inhibitory processes (as opposed to a unitary con-
struct) that form the core of several contemporary theo-
ries of cognitive development (see Dempster & Brainerd,
1995; Harnishfeger, 1995). Harnishfeger defines the cog-
nitive concept of interference as a “central processing
by-product that disrupts efficient processing” (1995, p.
180). Interference results from the cognitive competi-
tion among multiple stimuli, processes, or responses.
Empirical measures of this interference include decre-
ments in speed of access (comprehension), speed of re-
sponse (production), and dual-task processing. Interfer-
ence disrupts efficient processing because it produces
bottlenecks during which selection procedures must iso-
late the processes that will be executed, and the response
that will be produced. In the current study, the dual lan-
guage (mixed) picture-naming task involves a highly
competitive response condition. This mixed condition
requires the participants to resist both within- and cross-
language lexical competitors as they are alternately cued
to name pictures in either Spanish or English. Interfer-
ence would result in both increased errors and a gen-
eral slowing across response times in the dual-language
(mixed) condition relative to the single-language
(blocked) production condition.

The ability to resist interference (that is, to main-
tain processing efficiency on a given task despite a highly
competitive context) improves over childhood (Brainerd
& Reyna, 1989; see also Harnishfeger, 1995). The con-
cepts of resistance to interference and inhibition play a
critical role in limited resource models of developmen-
tal changes in children’s cognitive processing (e.g., Case,
1985). These theoretical models postulate that the lim-
ited pool of cognitive resources available for the execu-
tion of mental operations and for the storage of infor-
mation does not increase with age. The improvements
in cognitive performance seen across development (e.g.,
as in memory span performance) are instead due to in-
creases in the efficiency with which these processes are
executed (Harnishfeger, 1995). That is, these limited
resource models propose that increases in processing
speed or efficiency are the causal agents of improvements
in cognitive functioning across development, given stable

mental capacity. Children’s relative inhibitory ineffi-
ciency is thus seen as “a pattern of immature cognition
that is characterized by susceptibility to interference”
(Harnishfeger, 1995, p. 178; cf. Dempster, 1993).

Thus, in addition to profiling the lexical-semantic
production skills in both Spanish (L.1) and English (1.2)
across age and years of language experience in early
sequential bilinguals, a secondary purpose of the cur-
rent study was to explore the effects of basic-level cog-
nitive processing (specifically the ability to resist inter-
ference) on lexical-semantic production in developing
bilinguals. The present research applied a cued picture-
naming paradigm in low- and high-response competi-
tion conditions. In the low-response competition condi-
tion (language blocked), participants were auditorily cued
to name a series of pictures depicting common objects
in either Spanish or English. In the high-competition
response condition (language mixed) participants were
cued to name a series of pictures depicting common ob-
jects alternating between Spanish and English on every
second stimulus presentation.

The following research hypotheses were formulated
within a gencral interactive-activation account of lan-
guage, extending the bilingual specific view of wholistic
language processing to early sequential bilinguals.
Given the lack of information in basic-level language
processing in children who are developing two language
systems, coupled with the diverse findings in the bilin-
gual adult literature, it would be premature to directly
test competing hypotheses related to theoretical mod-
els of lexical representation. As such the current study
is considered exploratory, with predictions formulated
within an interactive framework of cognitive-linguistic
processing in bilinguals, based on empirical findings in
the cognitive development and adult bilingual process-
ing literatures. With respect to the aforementioned ex-
perimental paradigm, we anticipated that:

1. Error rates for picture-naming and response la-
tencies for accurately named items would be reduced
across age in both languages, indicating an overall ef-
fect of development. This is consistent with empirical
findings of naming in the monolingual literature (e.g.,
see German, 1994 for review).

2. This overall improved fluency across age in lexi-
cal-semantic production (as measured by increased ac-
curacy and faster responses) would be more marked in
English than in Spanish, reflecting the influence of the
formal educational environment and changing patterns
of relative use across the two languages (consistent with
Migiste, 1992).

3. The youngest participants (5-7 years) would be
faster and more accurate in their responses in Spanish,
and the adolescents and young adults would be faster
and more accurate in their responses in English. We
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anticipated that the cross-over point would be either in
the 8-10- or 11-13-year-old groups. These predictions
were based on the relative amount of use of each lan-
guage as a function of the shifting primary spheres of
influence (i.e., home or school) across the age levels
tested.

4. Errors in the mixed condition would be greater
than in the blocked condition for the youngest partici-
pants, as a result of the interference imposed by the
mixed condition. We anticipated that accuracy would be
maintained in the older two groups (14-16-year-olds and
college age) as a function of increased ability to resist
lexical interference across development.

5. Response times for accurately named items would
be slower for all age groups in the mixed relative to the
blocked condition. It was unclear how the nature of the
performance trade-offs would change as a function of
age (and developing cognitive processing resources) or
as a function of increasing language proficiency.

Method
Subjects

A total of 100 individuals participated in the cur-
rent study, 20 at each of the following age levels: 5-7
years, 8—10 years, 11-13 years, 14-16 years, and young
adults (18-22 years). All participants were from Span-
ish-speaking families (caregivers reported Spanish to
be their primary or sole language) and began the sys-
tematic learning of English as a second language in
school in the United States, between 4 and 6 years of
age. All participants resided in the United States, how-
ever, and exposure to English was present prior to be-
ginning formal education (e.g., via television, older sib-
lings, community professionals, etc.). Both child and
young adult participants lived in large cities in South-
ern California, were from working-class socioeconomic
backgrounds, and were of Mexican-American descent.

Parents of the 5-16-year-old children completed a

Table 1. Summary of participants in each age group

language and developmental screening questionnaire
and participated in a brief interview to clarify their re-
sponses. Children with a history of language, develop-
mental, learning, behavioral delays/disorders, or sus-
pected neurological deficits as indicated by parental
report or poor academic performance were excluded from
the study. The experimental results of 12 children were
excluded from subsequent analyses due to parental con-
cerns with reading or verbal language skills, attentional
abilities, or academic performance (even though none
of these children had received services related to these
areas). In addition, all children passed a pure-tone hear-
ing screening at 25 dB HL (ANSI, 1989) at 1000, 2000,
and 4000 Hz. Children were compensated $5.00 for their
participation. The young adult participants (n = 20)
were recruited from UCSB and were given course credit
or paid $5.00 for their participation. These students
completed health and language history questionnaires.
General exclusion criteria included left-handedness, a
history of speech, language, or hearing deficits, and pro-
ficiency or prolonged exposure to languages other than
those tested. Table 1 provides a summary of participant
information for each age group.

Materials and Experimental Design

The experiment included a total of 100 test trials in
three conditions: blocked Spanish, blocked English, and
mixed Spanish & English. A trial consisted of naming a
picture presented on a computer screen in the language
indicated by a simultaneous auditory cue. Pictures were
randomized across conditions, and participants saw
each picture only one time. The Spanish-blocked and
English-blocked trials were counterbalanced, but al-
ways preceded the mixed condition. Each blocked con-
dition consisted of 25 items and five practice trials. Par-
ticipants were cued to name the picture in English
{(“say”} or Spanish (“diga”) in these single-language con-
ditions. The mixed condition consisted of 50 trials pre-
ceded by 10 practice pictures. Participants were cued
to name the pictured items in Spanish or English (with

Female/ Age at First Formal Yrs of Formal
Group Male Age English Experience English Experience
5-7 y.o SF/1T M 66 (61) 51 {48) 1.5
8-10 y.o. 8F/12 M 94 (87) 51 (52) 43
11-13yo. 10F/10 M 122 (95) 53 (47) 68
14-16yo 13F/7 M 158 (.94) 52 (.98} 106
College 17 F/3 M 192 (17) 47 (65) 145

Note Gender, mean age {and standard deviation) at festing, the average age of beginning formal experience
with English in the U.S. school system, and the total number of years of English at the time of festing are shown for
each group All participants acquired Spanish as a first language (from birth) in the home
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“say” or “diga”), alternating languages on every third trial.

A total of 100 black line-drawn test pictures (as well
as an additional practice set) of common nouns were used
( Abbate & LaChappelle, 1979; Snodgrass & Vanderwart,
1980). Examples of pictured stimuli are shoe, key, hand,
moon, bed, and cat. These pictures were chosen as the
best candidates based on a previous series of picture-
naming studies done on Spanish-English bilinguals in
our research center (i.e., pictures were accurately named
in both languages by >85% of subjects; Hernandez &
Kohnert, 1999). All pictures were optically scanned. ed-
ited, and presented as black-on-white line drawings
appearing on a 12.1-inch monitor placed approximately
12 inches in front of each subject. The microphone was
connected to a Carnegie Mellon University button box
to record the timing of responses. The picture stimuli
were presented on a Macintosh 3400¢ powerbook com-
puter using the PsyScope experimental shell from
Carnegie Mellon University (Cohen, MacWhinney, Flatt,
& Provost, 1993). The auditory cues (“say” for English
trials, “diga” for Spanish trials) were recorded by a flu-
ent male speaker into a Sony Digital Audio Tape recorder
in a sound-proof booth. The auditory cues were then digi-
tized at 16-bit, 22-k sampling rate using the SoundEdit
16 software package.

Procedures

All children (n = 80) were tested individually in their
homes. The young adults (n = 20) were tested individu-
ally in the bilingual psycholinguistic laboratory at
UCSB. Participants were fitted with a microphone and
a bilateral earphones set and seated in front of the com-
puter screen. They were instructed to name the pictured
items as quickly as possible in the language indicated
by the simultaneous auditory prompt (e.g., “say” or
“diga”). The volume of the auditory cue was adjusted to
a comfortable loudness for each participant. The trial
presentations were examiner paced with short breaks
between each of the blocked and mixed conditions. A
trained research assistant was present throughout each
session to record production errors, hesitations, and the
occasional failure of the microphone to detect accurately
named items. Error responses were eliminated from the
RT analyses. Each session was also tape-recorded for
independent verification of the accuracy scoring.

Data Analysis

Response times (in milliseconds) were analyzed only
for those items that were accurately named. A response
was counted as correct if it was produced without au-
dible hesitation in the target language and if it corre-
sponded to either the dominant name of the picture or
was an appropriate synonym/dialectal variation of the

item (e.g., in Spanish, “cabello” and “pelo” were both
correct responses for the target “hair”; in English “plane”
was accepted for “airplane”). Items scored as incorrect
and therefore eliminated from subsequent response time
analysis included (a) “no responses” within the preset
4-second response window, (b) audible hesitations (such
as “uh.” “um,” or “ra-rabbit”) causing a false trigger of
the voice key, (¢} translation errors (e.g., a picture named
in English that was cued in Spanish), and (d) “within-
language” errors such as superordinate names (e.g.,
“bird” instead of “duck” or “clothes” instead of “shirt”).
Correct responses that failed to trigger the timing de-
vice were less than 3% of the total.

The data from both dependent variables (percent
correct and reaction times) were entered into separate
mixed analyses of variance using group age as the be-
tween-subjects variable and language (Spanish or En-
glish) and condition (blocked or mixed) as the within-
subjects variables. Separate analyses were done within
each group to look at the effect of target language and
condition on RTs and error rates. In order to further
explore the effects of language and context across de-
velopment, pairwise comparisons (using Bonferroni cor-
rection with p < .05) were done between sequential age
groups. All analyses were done using the JMP statisti-
cal software package (SAS Institute, 1996).

Results

There were two primary purposes of the current
study. The first was to investigate developmental changes
in basic-level lexical-semantic encoding skills in both
L1 and L2 in early sequential bilinguals (during lan-
guage-blocked picture naming) The second was to ex-
plore the effects of cognitive resource control (specifi-
cally the ability to resist internal linguistic interference)
on lexical production as a function of age and language
fluency in these normally developing bilinguals (during
language-mixed picture naming). Results relevant to
these two purposes are presented first looking between
age groups and then within the respective age groups.
All pairwise comparisons reported were done using the
Bonferroni correction {(p < .05) to control for Type I errors.

Overall Age Effects for Language
and Condition
Accuracy

In the correct naming of pictured objects, gains were
made in both languages across age with overall increases
greater in English (mean gain from oldest to youngest =
67%) than in Spanish (mean gain from oldest to young-
est = 27%). The error rate 1n the youngest group was high
{e.g.,40% in the Spanish-blocked condition), despite the
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Table 2. Between-group analysis of variance.

F ratio

Source df  Accuracy RT
Group 4 338.29**** 144.35**"*
Language 1 419 13.94***
Condition 1 52.54*** 459.89***
Group x language 4 49.52** 12 47*%**
Group x Condition 4 6.25%** 16 49****
Language x Condition 1 7.64** 7 09**
Group x Language x Condition 4 1.37 227

Note. Results of the 5 (group) x 2 {language] x 2 (condition) ANOVA
for both accuracy and response time are shown. The number of
subjects per group = 20

**p<.01.***p< 001.****p < 0001

fact that these items depict relatively common objects.
This error rate decreased substantially across age (e.g.,
to a low of 4% in English in the college-age group). The
high error rate in the youngest participants was likely
due, at least in part, to the time pressure imposed in this
speeded-response experimental paradigm.

Accuracy scores were entered into a 5 (group) x 2
(language) x 2 (condition) ANOVA. Results of the analy-
sis are summarized in Table 2. There were main effects
of group and condition as well as three significant inter-
actions: Group x Language, Group x Condition and Con-
dition x Language. The effect of language on accuracy,
collapsed across conditions, is shown in Figure 1. Anum-
ber of pairwise comparisons revealed that:

Spanish accuracy at 5-7 < [8-10 = 11-13] < 14-16 <
college age;

English accuracy at 5-7 < 8-10 < 11-13 < 14-16 <
college age.

In Spanish, small numerical differences in accuracy
between the middle groups were not reliable. In English,
the between-group differences for all chronological
pairwise comparisons were reliable.

The Group x Condition interaction effect on accu-
racy, collapsed across languages, is also shown in Fig-
ure 1. Between-group comparisons revealed significant
differences between the youngest two groups (5-7 < 8-
10) and the oldest two groups (14-16 < college) in the
blocked condition. A comparison of blocked accuracy
between the middle three groups showed ro reliable dif-
ferences. In the mixed condition, however, all between-
group pairwise comparisons were significant, such that
accuracy at 5-7 < 8-10 < 11-13 < 14-16 < college = 18.10.
In summary, the gains made in accuracy in the single-
language (blocked) condition reached a plateau in the
middle childhood years. In contrast, improvements made
in naming accuracy in the alternating-language (mixed)
response condition continued incrementally across the
age groups studied.

Response Times

Response Times were entered into a 5 (group) x 2 (lan-
guage) x 2 (condition) ANOVA. The results are summa-
rized in Table 2. There were main effects of group (reflect-
ing a significant decrease in reaction times as a function
of age), condition (reflecting slower RTs in the mixed con-
dition), and language. In addition to these main effects,
there were three significant interactions: Group x Condi-
tion, Group x Language, and Condition x Language.

Figure 1. Mean accuracy scores for each age group are shown for language (Spanish vs. English) and

condition (blocked vs. mixed).
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The language by group interaction reflects a cross-
over similar to the one reported above for accuracy. (See
Figure 2.) Overall gains were significantly greater in
English (mean gain from oldest to youngest group = 367
ms) than in Spanish (mean gain = 198 ms), and the pat-
tern changes over age groups from Spanish dominance
(faster responses in Spanish) to English dominance
(faster responses in English—-see below for between-lan-
guage comparisons within each age level). Between-
group comparisons revealed that:

Spanish RT at 5-7 > [8~10
college;

English RT at 5-7 > [8-10
college.

: 11-13] > 14-16 >

]

11-13] > 14-16 >

That is, for both Spanish and English, significant
differences in RT were found between the two voungest
groups. between the 11-13- and 14--16-year-old groups,
and again between the two oldest groups. There were
no significant differences between the 8-10-year-old and
11-13-year-old groups in either language. Overall, there
was an increase in the speed of naming across age in
Spanish and English. These results paralleled the pre-
viously noted findings of improved accuracy in both lan-
guages across development.

The group by condition interaction effect on RT, col-
lapsed across languages, is shown in Figure 2. This in-
teraction reflects an overall improvement in the mixed-
response condition from the youngest to the oldest age
participants. Between-group comparisons revealed signifi-
cant differences between the youngest two groups (RT at
5-7 > 8-10) and the oldest two groups (RT at 14- 16 vears
old > college) in the blocked condition. A comparison of

blocked RTs for the 8-10-year-old and 11-13-year-old
groups again showed no reliable differences. In the mixed
condition, however, the difference between these two
groups reachied significance in the opposite direction of
that predicted by a simple linear developmental model.
PPairwise comparisons revealed that the 11-13-year-old
group was significantly slower than the younger (8-10-
vear-old) greup |Fi(1, 38) = 11.75, p = .0006]|. Other sig-
nificant pairwise comparisons in the mixed condition
were such that RT at 5-7 > 8-10; 11-13-year-olds were
slower than 14-16-year-olds, and RT at 14-16 > college.
In other words, there were nonmonotonic effects on the
RT variable in the mixed condition. indicating a signifi-
cant slowing of responses in the 11-13-year-old group.
A possible interpretation of this U-shaped effect will be
discussed later.

Finally, the condition by language interaction re-
flects larger effects of condition within English. How-
ever, as the planned comparisons presented below will
indicate. the advantages of blocked processing and the
disadvantages of mixed processing underwent some in-
teresting changes with development.

Within-Group Effects of Language
and Condition

When we looked across the five age groups there
was no overall Language x Condition x Group interac-
tion for either the accuracy or RT variable. However,
there were multiple two-way interactions that war-
ranted further statistical attention within each group
(Table 2). For example, age interacted separately with
each of the Linguage and condition factors (for both the

Figure 2. Mean response times for each age group are shown for language {Spanish vs English) and

condition (blocked vs. mixed).
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accuracy and RT measures). In order to sort out the com-
plex patterns indicated by these multiple interactions,
separate 2 (language) x 2 (condition) ANOVAs were done
within each group for the accuracy and response time
variables. Table 3 shows the mean percent correct for
each group, separated by language and condition. Table
4 shows the mean RT for each group separately for lan-
guage and condition. Significant effects of language
within each age level tested are indicated for the blocked
and mixed processing conditions. Results of the speed
and accuracy analyses for the middle three age groups
were most complex and are, therefore, also presented
separately.

In the accuracy analysis for the 8-10-year-old
group, there was a main effect of condition [F(1, 17) =
24.77, p < .0001] and a significant Condition x Language

Table 3. Accuracy scores.

interaction [F(1, 17) = 7.46, p = .0063]. For RT there
was also a main effect of condition [F(1, 17) = 104, p <
.0001] and a Condition x Language interaction [F(1, 17)
= 4.5, p = .034]. Because there was no main effect of
language for this age group in either of the analyses of
variance, we might infer that these children are com-
pletely balanced bilinguals. However, the two signifi-
cant interactions reflect a much more complex pattern
{see Tables 3 and 4), which we explored with pairwise
comparisons.

If we look at these interactions from the point of
view of language dominance, we find that accuracy scores
were significantly higher for Spanish (78%) than En-
glish (70%) in the blocked condition; there was a slight
advantage for English (66%) over Spanish (62%) in the
mixed condition, but this numerical difference was not

Age Group Spanish Blocked English Blocked Spanish Mixed English Mixed

| ] T 1

5-7 60% 38% 46% 30%
L { I |
r 1

8-10 78% 70% 62% 66%
| ]

11-13 79% 75% 72% 72%
[ ] T

14-16 71% 87% 71% 87%
I 1 T 1

College 87% 96% 82% 92%

Note. Mean group percent accuracy scores for picture naming are presented for each language and condition
Standard deviations for each cell ranged from 7-9% Significant within-group language differences are indicated
{(*p < 05) There was also a significant Language x Condition interachion for the 8-10-year-old group, with
Spanish affected more than English in the mixed condition

Table 4. Response fimes

Age Group Spanish Blocked English Blocked Spanish Mixed English Mixed
r 1
57 1307 (104) 1360 {133) 1473 (118) 1603 (144)
| 7
8-10 1198 (86) 1125 (90) 1362 (95) 1376 (93)
11-13 1148 (91) 1117 {95) 1470  (96) 1415 (95)
{ |
14-16 1154 (85) 999 (78) 1246 (86) 1213 (78)
1 { r 1
College 1109 (76) 983 (82 1193 (78) 1M1 (74)

Note. Mean group response times (and standard deviations) are presented for each language and condition
Significant within-group language differences are indicated within each condition (*p < .05) n addition, all
comparisons between the blocked and mixed conditions within each language were significant. There were
Language x Condition inferactions in the mixed condition for the 8-10-year-old and 14-16-year-old groups,
indicating a bigger advantage for English in the blocked condition for both groups
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significant. Hence these 8-10-year-olds seem to be more
accurate at naming in Spanish, but the difference is only
evident under the less taxing blocked condition. How-
ever, a rather different pattern emerges from the reac-
tion time analysis: 8~10-year-old children were signifi-
cantly faster in English (1,125 ms) than Spanish (1,198
ms); there was a slight advantage for Spanish (1,362
ms) over English (1,376 ms) in the mixed condition, but
this difference did not reach significance. Hence the RT
analyses suggest that 8-10-year-olds are more efficient
at naming in English, but this difference is also evident
only under the less taxing blocked condition. In other
words, the global impression of balanced bilingualism
that emerges from Figures 2 and 3 is belied by more
detailed analyses within this age group.

Some additional information becomes apparent if
we look at the same interactions from the point of view
of processing costs (operationalized as the difference
between blocked and mixed conditions). In the accuracy
analyses, these 8-10-year-olds showed a significant
(16%) difference between mixed and blocked conditions
in Spanish, but no reliable difference (4%) between mixed
and blocked in English. In the reaction time analyses,
8-10-year-olds showed a large difference (164 ms) be-
tween mixed and blocked in Spanish. but the difference
was even larger (251 ms) in English. These results sug-
gest that developmental changes are underway in these
“balancing” bilinguals: greater accuracy in Spanish may
be slowly giving way to greater efficiency in English.

In the accuracy analysis, there were no reliable ef-
fects of language for the 11--13-year-old children (i.e.,
Spanish = English). There was a reliable effect of condi-
tion on naming accuracy |[F(1, 17) = 5.582, p = .0182],
with more errors in the mixed than blocked condition,
although here the magnitude of this effect was smaller
than it was in the younger age groups. The mean differ-
ence in errors between the two conditions was just 4%
(mixed 27% > blocked 23%). There were main effects of
language [F(1, 17) = 4.2265, p = 0.04) and condition [F(1,
17)=216.43, p < .0001) on the response speed variable.
In comparing the mean responses across languages
within each condition, however, the differences between
Spanish and English were not reliable (e.g., p = .289 for
blocked-language difference; p = .067 for mixed Span-
ish-English difference). There was an overall slowing of
responses in the mixed condition, and the magnitude of
this difference in RT across conditions was much greater
than it was in the younger age groups. There were no
significant interactions. Hence these 11-13-year-olds
appear to be completely balanced across their two lan-
guages (in contrast with the complex pattern we uncov-
ered for the 8-10-year-olds). However, the surprising
developmental increase in reaction times that we ob-
served for these pre-adolescents suggests that they are
struggling to protect themselves against error. a point
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that we will take up again later on.

For the 14-16-year-old group there was a reliable dif-
ference in accuracy between the two languages [F(1, 17)
= 78.89, p < 0001], with more items correctly named in
English than in Spanish. There was however, no effect of
condition on naming accuracy in this 14-16-year-old age
group (mean = 79.2 in blocked vs. 79.4 in mixed). That is,
these adolescents were able to maintain equivalent levels
of naming accuracy across both the low (i.e.. blocked single
language) and the high (i.e.. mixed alternating language)
processing conditions. The RT analysis resulted in main
effects of language [F(1, 171 =26.37, p < .0001] and condi-
tion [F(1,17) = 69 42, p < .0001], and a Language x Condi-
tion interaction [F(1. 17} = 11 02, p == .0009]. Cell means
for the interaction are available in Table 4.

Pairwise comparisons were conducted to explore this
interaction in more detail As Table 4 shows, the inter-
action reflects a much larger difference between blocked
and mixed conditions when participants had to name
the pictures in English (214 ms! than in Spanish (92
nis). Converselv, the interaction also shows that the
advantage of English over Spanish in the RT data is
substantially larger in the blocked condition (155 ms)
than it is in the mixed (33 ms) The fastest reaction times
by far were observed in the English blocked condition
(999 ms) and the slowest were observed in the Spanish
mixed condition (1,246 ms). Hence these adolescents
seem to have completed a transition into English domi-
nance, evident in their naming accuracy and naming
speed 1n the blocked condition. However, the speed ad-
vantage for niming in Enghsh is mimimized in the mixed
condition, due perhaps to continuing interference from
the early-acquuired Spanish names for the same pictures.

Summary and Discussion

The present study was designed to investigate de-
velopmental change in the lexical-semantic production
skills of early sequential bilinguals, in Spanish (L1) and
in English (1.2), and to explore the effects of basic-level
cognitive processing (specifically the ability to resist in-
terference) on word production as a skill system tinclud-
ing both accuracy and reaction times). A low-competition
(blocked-single language) vs. high-competition (mixed-
alternating languages) cued picture-naming paradigm
was used. For all study participants. Spanish was the
primary home language with formal experience in En-
glish beginning at school age.

Development

Across the 5-20-year age range studied here, we ob-
served an increase in picture-naming accuracy, accom-
panied by an increase in fluency (1.e.. decreased latencies
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to name pictures) in both English and Spanish. Our find-
ing for accuracy is consistent with previous studies with
both monolingual English-speaking children (e.g., see
German, 1994 for review) and bilingual Swedish-German
children (Mégiste, 1992), but we have added new infor-
mation about developmental changes in processing effi-
ciency. The task and stimuli used in the current study
emphasized lexical-semantic processing by measuring
access to names of pictures depicting very common nouns
{as opposed to emphasizing experience, typically assessed
by measuring how many low-frequency or total words
are known in each language). To assure that our results
would reflect processing dynamics rather than knowl-
edge of picture names, we used items that are usually
within the vocabulary of monolingual English- and Span-
ish-speaking children by 3—4 years of age. Nevertheless,
the error rates observed with these pictures were very
high in the youngest (5-7-year-old) age group. This re-
sult is likely to be driven by the speeded nature of the
experimental task, although substantial differences in
knowledge related to the pictured items across age can-
not be ruled out.

We want to underscore that gains were made in both
Spanish and English across the period studied, and there
were no absolute performance decrements in L1 as a
function of improving skills in L2. This improved per-
formance across age was, however, greater in English
than in Spanish on both dependent variables measured,
reflecting a developmental cross-over from Spanish to
English dominance—which brings us to the next point.

L1/12 Proficiency

The combined findings of within- and between-group
cross-language comparisons revealed a shift in relative
language dominance from L1 to L2 (as indexed by re-
sponse times and percent accuracy in picture naming)
over the years studied. The youngest children in the
study were Spanish dominant (i.e., faster and more ac-
curate in Spanish than in English). At the time of test-
ing they had, on average, 1.5 years of formal experience
with English. The next two age groups in this study (8-
10-year-olds and 11-13-year-olds) were more balanced
in their lexical fluency, although with interesting ex-
ceptions as a function of language, response context
(mixed vs. blocked) and dependent variable (accuracy
vs. reaction time). Hence this period of middle childhood
should be viewed not as a static phase of language bal-
ance, but as a transition point in a shifting developmen-
tal landscape.

Specifically, the 8-10-year-old group (who had on
average 4.3 years of formal experience with English at
the time of testing) showed a speed advantage for nam-
ing in English in the blocked condition, although they

were able to name significantly more items in Spanish.
With the increased cognitive demands associated with the
mixed condition, however, this pattern reversed so that
English was at a relative advantage for accuracy, but
now at a disadvantage for speeded access. This pattern
of results reflects the instability of this age group’s dual
language system, in terms of relative Spanish-English
dominance. That is, they are balancing their cross-lin-
guistic performance with different strengths emerging
depending on which skills are measured. Clearly this
group illustrates that bilingualism is not necessarily a
steady state, particularly during development. In con-
trast, the 11-13-year-old group, with an average of 6.8
years of formal English experience, showed no reliable
differences between their languages in terms of speed
or response accuracy when results for the blocked and
mixed conditions were analyzed separately. Hence their
responses appear to reflect a true balancing point on
this measure of lexical-semantic production. Even here,
however, the cross-linguistic interaction with cognitive
skills is not quite so simple. For example, with the in-
creased demands to resist internal linguistic interfer-
ence in the mixed condition (relative to single-language
processing), there was a trend for accuracy to be more
affected in Spanish (7% errors vs. 3% errors in English),
indicating its relative advantage in the blocked nam-
ing. By contrast, the older adolescents (14-16-year-olds)
and young adult groups, now with an average of 10.6
and 14.5 years of formal experience in English, respec-
tively, were clearly stronger in English than in Spanish
on this measure of lexical fluency.

In summary, on this measure of lexical-semantic
production the youngest participants were more profi-
cient in L1 (Spanish) and the oldest groups were more
proficient in L2 (English). During the middle childhood
years (11-13) there was a relative balancing of perfor-
mance across the languages both in terms of naming
accuracy and in the speed of responses. However, the
balance is eventually lost in adolescence and young
adulthood, as spheres of influence shift from home to
school and the majority (English-speaking) culture.
These results are consistent with previous research in-
dicating a shift in relative language dominance from L1
to L2 (e.g., see Kohnert, Hernandez, & Bates, 1998). The
present study adds to the literature by isolating lan-
guage cross-over points with a large-scale experimental
study with children, using a relatively dynamic process-
ing- (vs. knowledge-) dependent measure. It also focuses
on a very basic level of linguistic processing—the re-
trieval, encoding, and production of common words in
both languages—as well as the cognitive-linguistic skill
interplay (discussed in the following section). Although,
in the current study, performance in 1.2 did overtake
that of L1, this did not happen until there had been ap-
proximately 10 years of formal experience in English.
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Proficiency in L2, relative to L1 performance even on
this very basic-level linguistic skill did not occur unti] af-
ter 4.3 years of English experience for fluent access (pro-
duction speed) and until 6.8 years for naming accuracy.

Mixed vs. Blocked Processing:
Performance Trade-Offs and the
Cost of Interference

In the high- (mixed) versus low- (blocked) response
competition condition used in the current study, we found
significant performance decrements on naming accuracy
and/or response speed within each group. There was
clearly a processing cost associated with resisting lin-
guistic interference and achieving efficient naming when
participants were cued to alternate between their lan-
guages on every third trial. Although all age groups 'in-
cluding adults) displayed a decrement in efficiency in
the mixed condition in the RT data relative to the blocked
condition, the pattern across age was one of overall im-
provement in the ability to resist linguistic interference
in achieving and maintaining naming accuracy. This
finding is consistent with current models of cognitive
development (e.g., Dempster, 1993; Harnishfleger, 1995).

More specifically, the older adolescents (14- 16 years
old) and young adults (18-20 years old) were better at
resisting linguistic interference in the competitive re-
sponse condition than the younger age groups. Although
their response latencies were higher in the mixed- rela-
tive to the blocked-language condition, they were able
to maintain high levels of accuracy across conditions
(with .2% and 4% difference in the number of errors
across conditions for the respective groups). In contrast,
performance trade-offs in the development of this cog-
nitive skill can be clearly seen in the combined speed
and accuracy responses of the 11-13-year-old group. This
group began to close the gap in response aceuracy across
conditions (with only a 5% increase in error rates in the
mixed condition compared to a 10% increase in the 8-
10-year-old group); hence the magnitude of performance
decrement in naming accuracy in the mixed condition
was reduced in the 11-13-year-old group relative to the
younger participants. However, the cost for this main-
tained naming accuracy was a disproportionate slowing
on the response speed variable: the mean RT at 11--13
was 70 ms greater than RT at 8-10 years of age. and
216 ms greater than at 14-16 years. In other words, the
combined RT and percent correct measures indicate a
clear speed-accuracy trade-off in the 11-13-vear-old
group. By contrast, the two youngest groups in the study
(5-7- & 8-10-year-olds) split the processing cost of the
mixed condition equally across the response variables;
that is, they showed reliable decreases in both naming
accuracy and response speed in the mixed relative to
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the blocked condition. Hence the youngest children ap-
pear to sacrifice accuracy for some gain in speed. Com-
paring the 8--10-year-old and 11--13-vear-old groups, we
suggest that the overall pattern of development in the
competitive- (mixed) processing condition was to pay a
high cost in speed in order to maintain baseline levels
of accuracy. The desired pattern of efficient processing
was achieved in the current study by 14-16 years of age.

In addition to splitting the cost 1n the mixed condi-
tion across the speed and accuracy variables as noted
above, splitting the cost differentially across languages
was another possibility in these developing bilinguals.
The differential performance across languages and con-
ditions in the 8-10 -year-old group (as discussed in the
previous section) may reflect developing cognitive skills
interacting with developing bilingualism. Again, this
may further indicate that the cross-language balancing
point of these young sequential bilinguals is indeed frag-
ile when the system 1s taxed. In summary, balancing
linguistic performance across processing conditions ap-
pears to be a complex phenomenon that may interact
both with development and language proficiency.

Conclusions

The present study profiled basic lexical-semantic
encoding skills in both the L1 and .2 of early sequen-
tial Spanish-English bilinguals who were developing
language normally. Our choice of materials for this ex-
perimental task emphasized processing abilities over
more experience-dependent vocabulary knowledge. Re-
sults indicated a clear cross-over from L1 to L2 profi-
ciency across the ages studied, albeit without an abso-
lute decrement in LL1 (1.e., this is not a case of language
loss). These results provide further evidence against the
widespread belief that a bilingual’s first language (1.1)
remains her Hest language. This kind of language rever-
sal (L2 > L1 has been demonstrated in other studies;
our results suggest that such effects are reflected in a
very basic level of processing efficiency as well as in the
breadth of knowledge previously documented. The de-
velopmental shift in dominance that we have docu-
niented here rautions against overly simple assumptions
about critical periods in the development of one’s “mother
tongue.”

In addition, by varving the production conditions we
were able to explore the interplay of age and the cognitive
ability to resist interference. The high-competition
{mixed) condition interacted with both development and
the relative level of cross-linguistic proficiency (degree
of balance). Results indicated that both basic-level lan-
guage processing skills ti.e., picture naming in L1 and
L2) and the ability to resist linguistic interference im-
proved across development. Findings also provided an
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indication of what the pattern of cognitive resistance
looks like in terms of performance trade-offs as a func-
tion of age.

In addition to the theoretical significance of such re-
search, there are very practical reasons for linking basic-
level linguistic processing and basic-level cognitive devel-
opment into a profile of normal first- and second-language
performance. Language minority children are the fastest
growing segment of our school-age population. Accord-
ing to the 1990 census, nearly 6.3 million children be-
tween the ages of 5 and 17 (i.e., one of every seven chil-
dren of school age in the United States) spoke a language
other than English at home. Between 1980 and 1990,
the population of language minority children of school
age increased by 41.2%, while the total U.S. school en-
rollment declined by 4%. If current immigration and
birth trends continue, shortly after the turn of the cen-
tury a majority of school-age children in the United
States will likely be early learners of English as a sec-
ond language. From an educational perspective, our
ability to serve these children is hampered by a general
lack of understanding of normal early sequential bilin-
gualism, coupled with a critical lack of research into the
developmental profile of basic-level skills that underlie
the metalinguistic performance emphasized in the edu-
cational system. From a clinical perspective, a better
understanding of the interplay between language skills
and cognitive resources in early bilinguals should make
it easier to identify a breakdown in the developmental
process when it occurs. The pattern of normal bilingual
performance in the current study should be viewed as
preliminary, however, as bilingual proficiency is variable
across individuals, languages, across linguistic sub-
systems, and over time (e.g., Grosjean, 1994; Miller, 1988).

Acknowledgments

This research was supported by grants from the
University of California Linguistic Minority Research
Institute and NIA, Grant P50-AG05131-11, entitled “Aging
and Bilingualism.” We thank Vera Gutierrez-Clellen, Karla
McGregor, Mabel Rice, and two anonymous reviewers for
their comments on earlier drafts of this manusecript. We also
thank Lorena Huerta, Eloisa Falcén, Eugenia Gurrola,
Ronald Figueroa, and Armando Chavez for their assistance
on this project.

References

Abbate, M. S., & LaChappelle, N. B. (1979). Pictures,
Please: A Language Supplement. Tuscon, AZ Communica-
tion Skill Builders.

Altarriba, J. (1992). The representation of translation
equivalents in bilingual memory. In R. J. Harris (Ed.),
Cognative processing in bilinguals (Vol. 83, pp. 157-174).
Amsterdam: Elsevier.

American National Standards Institute. (1989). Specifi-
cations for audiometers (ANSI S3.6-1989). New York:
Author.

Bates, E., & MacWhinney, B. (1989). Functionalism and
the competition model. In B. MacWhinney & E. Bates
(Eds.), The Cross-linguistic study of sentence processing
ipp. 3-73). New York: Cambridge University Press.

Brainerd, C. J., & Reyna, V. F. (1989). Output interference
theory of dual-task deficits in memory development.
Journal of Expertmental Child Psychology, 47, 1-18.

Case, R. (1985). Intellectual development: Birth to adult-
hood. New York: Academic Press.

Cohen, J., MacWhinney, B., Flatt, M., & Provost, J.
(1993). PsyScope: A new graphic interactive environment
for designing psychology experiments. Behavioral Re-
search Methods, Instruments, & Computers, 25, 257-271.

De Groot, A. M. B., & Nas, G. L. (1991). Lexical represen-
tation of cognates and noncognates in compound bilinguals.
Journal of Memory and Language, 30, 90-123.

Dempster, F. N. (1993). Resistance to interference: Develop-
mental changes in a basic processing dimension. In M. L.
Howe & R. Pasnak (Eds.), Emerging themes in cognitive
development: Foundations (Vol. 1, pp. 3-27). New York:
Springer-Verlag.

Dempster, F. N., & Brainerd, C. J. (1995). New perspec-
tives on interference and inhibition in cognition: Final
comments In F. N. Dempster & C. J. Brainerd (Eds ),
Interference and inhibition in cognition (pp. 401-407). San
Diego: Academic Press.

Fenson, L., Dale, P, Reznick, J. 8., Thal, D., Bates, E.,
Reilly, J., & Hartung, J. (1993). The MacArthur Commu-
nicatiwe Development Inventories: Manual and Norms. San
Diego' Singular.

Fox, E. (1996). Cross-language priming from ignored words:
Evidence for a common representational system in
bilinguals. Journal of Memory and Language, 35, 353-370.

German, D. J. (1994). Word finding difficulties in children
and adolescents. In G. P. Wallach & K. G. Butler (Eds.),
Language learning disabilities in school-age children and
adolescents: Some principles and applications (pp. 323—
347). New York: Merrill.

Glaser, W. M. (1992). Picture naming. Cognition, 42, 61-105.

Goggin, J. P., Estrada, P., & Villarreall, R. P. (1994).
Picture-naming agreement in monolinguals and bilinguals.
Applied Psycholinguistics, 15, 177-193.

Grainger, J., & Beauvillain, C. (1988). Associative
priming in bilinguals: Some limits of interlingual facilita-
tion effects. Canadian Journal of Psychology, 42, 261-273.

Green, D. (1993). Towards a model of L2 comprehension and
production. In R. Schreuder & B. Weltens (Eds.), The
bilingual lexicon (pp. 249-277). Amsterdam: John
Benjamins.

Grosjean, F. (1994). Going in and out of languages: An
example of bilingual flexibility. Psychological Science, 5,
201-206.

Grosjean, F. (1998). Studying bilinguals: Methodological
and conceptual issues. Bulingualism: Language and
Cognition, 1(2), 131-149.

Harnishfeger, K. K. (1995). The development of cognitive

1412 Journal of Speech, longuage, and Hearing Research ® Vol. 42 » 1400-1413 e December 1999

Copyright © 2001 All Rights Reserved



inhibition: Theories, definitions, and research evidence. In
F. N. Dempster & C. J. Brainerd (Eds.), Interference and
inhtbition in cognition (pp. 175-204). San Diego: Academic
Press.

Hernandez, A. E., Bates, E., & Avila, L. X. (1996).
Processing across the language boundary: A cross modal
priming study of Spanish-English bilinguals. Journal of
Experimental Psychology: Learning, Memory, & Cognition,
22, 846-864.

Hernandez, A. E,, & Kohnert, K. J. (in press). Aging and
language switching in bilinguals. Aging, Neuropsychology
and Cognition.

Jackson-Maldonado, D., Bates, E., Thal, D. (1992).
Fundacion MacArthur Inventario del Desarrollo de
Habilidades Comunicativas {(MacArthur Communicative
Development Inventories (CDI)]. San Diego: Singular.

Johnson, J. S., & Newport, E. L. (1989). Critical period
effects in second language learning: The influence of
maturational state on the acquisition of English as a
second language. Cognitive Psychology, 21, 60-99.

Keatley, C. (1992). History of bilingualism research in
cognitive psychology. In R. J. Harris (Ed.), Cognitive
processing in bilinguals: Advances in psychology series
(Vol. 83, pp. 15—49). Amsterdam: Elsevier Science.

Kohnert, K. J., Hernandez, A. E., & Bates, E. (1998),
Bilingual performance on the Boston Naming Test:
Preliminary norms in English and Spanish. Brain and
Language, 65, 422-440.

Kroll, J. F., & de Groot, A. M. B. (1997). Lexical and
conceptual memory in the bilingual: Mapping form to
meaning in two languages. In A, M. B. de Groot & J. Kroll
(Eds.), Tutorials in Bilingualism: Psychological perspec-
tives (pp. 169-199). Mahwah. NJ: Lawrence Erlbaum.

MacWhinney, B. (1997). Second language acquisition and
the competition model. In A. M. B. de Groot & J. F. Kroll
(Eds.), Tutorials in bilingualism: Psychological perspec-
tives (pp. 113-142). Mahwah, NJ: Lawrence Erlbaum.

Migiste, E. (1992). Second language learning in elementary

and high school students. European Journal of Cognitive
Psychology. 4(4), 355-365.

Miller, N. (1988). Language dominance in bilingual chil-
dren. In M. J. Ball (Ed.), Theoretical linguistics and
disordered language (pp. 235-255). London: Croom Helm.

SAS Institute. JMP 1n Statrstical Software. (1996).
Belmont, CA: Author.

Segalowitz, N. 11997). Individual differences in second
language acquisition. In A M. B. de Groot & J. F. Kroll
(Eds.), Tutcrials in bilingualism: Psveholinguistic perspec-
tives (pp. 85-112). Mahwah, NJ: Lawrence Erlbaum.

Snodgrass, J. G. (1993). Translating versus picture
naming: Similarities and differences. In R. Schreuder & B.
Weltens (Eds.), The bilingual lexicon Amsterdam:
Benjamins.

Snodgrass, J. G., & Vanderwart, M. (1980). A standard-
ized set of 260 pictures: Norms for name agreement,
image agreement, familiarity, and visual complexity.
Journal of Experimental Psychology: Human Learning
and Memory. 6, 174-215.

Snodgrass, J. G., & Yuditsky, T. (1996). Naming times
for the Snodgrass and Vanderwart pictures. Behavioral
Research, Methods, Instruments, & Computers, 28,
516-536.

U.S. Bureau of the Census. (1990). Statistical abstract of
the United States. Washington, DC: U.S. Department of
Commerce.

von Studnitz, R. E., & Green, D. W, (1997). Lexical
decision and language switching. The International
Journal of Bilingualism, 1{1), 3-24.

Received September 16, 1998
Accepted April 27, 1999

Contact author: Kathryn Kohnert, Center for Research in
Language, Umiversity of California, San Diego, 9500
Gilman Dr.. Dept. 0526, La Jolla, CA 92092-0526. Email:
kkohnert@crl.ucsd.edu

Kohnert et al. Balancing Biinguols 1413

o\ A g < ot M)ummwm»eopmmﬁwfﬂmResewed P AP U ST T



