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1.0 Introduction

In the United States, 19.4 percent of the population, or 47 million Americans,
spoke a language other than English at home in 2000, up from 15 million Americans in
1990 (US Census Bureau, 2000). Fifty-five percent of those people reported that they
spoke English “very well.” Among those, 11 million spoke Spanish, making it the
second most spoken language in the U.S. The nation will be more racially and ethnically
diverse by the year 2040 when minorities are expected to be the majority (d&sCe
Bureau, 2008). Furthermore, by 2030, when all baby boomers will be 65 and older,
approximately one in five U.S. residents is expected to be 65 and older. By 2050, the
number of people in the U.S. who are 65 and older will be more than double the number
of people who were 65 and older in 2008, and a majority of them will be bilingual.

There has been a significant increase in bilingualism in children in the U.S.
(Gutierrez-Clellen, Calderon & Weismer, 2004) likely due in part to the growtteof t
minority, and in the world, bilingualism is often the rule rather than the exception
(Gollan, Montoya, Fennema-Notestine & Morris, 2005). Bilingualism in young age has
been shown to lead to many cognitive benefits, such as better verbal skills, gjoaigtt
strategies, and attentional skills. See Appendix A for a complete reiswmost earlier
work has investigated the cognitive benefits of bilingualism in children and yamluitg,
the purpose of the present study was to investigate the cognitive benefitsriadhllts,
and in particular to investigate bilingual effects on implicit learning, @a #rat has been

largely overlooked.
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lanco-Worall (1972) found that bilingual children reach semantic matuBty 2-
years earlier than their monolingual peers, and argued that this is becalusgtregnce
two different symbols for almost every object in their environment, thus enablingahem
perceive relationships between words in terms of symbolic rather thariiagmaperties
at a younger age than monolinguals. Similarly, Ben-Zeev (1977) and Crdr€f) (
have suggested that bilinguals have a better understanding of syntactirstittian
monolinguals, which enables them to swap arbitrary names for objects, a s$kill tha
requires one to ignore semantic meanings and rules that govern the usual hg&tions
among words. Bochner (1996) found that bilingual students are more inherently
interested in what they learn and are more inclined to regard learning andadasat
mode to compete and achieve and as a source of positive self-esteem, compared t
monolinguals. Bilinguals also use more appropriate strategies to atiaigahls of
acquiring new knowledge compared to monolinguals (Bochner, 1996). Additionally, Ben
Zeev (1977) found that bilinguals have an inclination to search for structure ipto@tce
situations and to reorganize perceptions in response to feedback.

Bilingualism has been shown to have beneficial effects on non-linguistic
cognitive functioning. Bilinguals recall more in both semantic and episodic peess
(Kormi-Nouri, Moniri & Nilsson, 2003; Kormi-Nouri, Shojaei, Moniri, Gholami, Maradi,
Akbari-Zardkhaneh & Nilsson, 2008) and have better sociolinguistic awareness, which
enhances their theory of mind, compared to monolinguals (Goetz, 2003). Bilingual
children’s control of processing, an aspect of selective attention, is morddutjoped

than it is in their monolingual counterparts, likely due to extended practicetainiswy
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between languages (Bialystok and Majumber, 1998). Bilinguals in essenceebec
experts in executive control, enabling them to quickly distinguish betweenneéana
irrelevant information, leading to enhanced processing of non-linguistic tgkising
control of attention compared to monolinguals (Bialystok, 1999; Bialystok, Cragk Kl

& Viswanathan, 2004; Bialystok & Majumber, 1998; Carlson & Meltzoff, 2008;
Tzelgov, Henik & Leiser, 1990). In addition to the abovementioned work with children
and young adults, work with older adults has suggested that older bilinguals hawve bet
executive control than older monolinguals (Bialystok et al., 2004; Bialystok, Craik &
Ryan, 2006; Bialystok, Craik & Luk, 2008), as well as a four-year delay of dementia
symptoms compared to their monolingual counterparts (Bialystok, Craik & Freedman,
2007). Bilingualism has also been shown to potentially be a determinant of cognitive
state in old age (Kavé, Eyal, Shorek & Cohen-Mansfield, 2008). See Appendix A for a
detailed review of the aforementioned studies.

Bialystok et al. (2004), Bialystok et al. (2006) and Bialystok et al. (2008)
demonstrated enhanced executive control in middle-aged and older adult bilinguals
Bilinguals and monolinguals performed the Simon task, a task that assessestyhi abili
ignore irrelevant spatial information and improve performance on relevarspabia
information. In the Simon task, two different colored stimuli are presentedhan &ie
right or left side of the screen and each color is associated with a respanseeken the
right side of the keyboard and one on the left. On congruent trials, the response key side
is the same as the side the associated colored square appears on, and on incongruent

trials, the colored square appears on the opposite side of the screen as thedssocia
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response key. Irrelevant location information typically results in longetion times
for incongruent trials. This longer reaction time for incongruent trials mireushorter
reaction time for congruent trials is referred to as the “Simon Eff@&alystok et al.
(2004), Bialystok et al. (2006), and Bialystok et al. (2008) found young, middle-aged,
and older adult bilinguals showed a reduced Simon Effect compared to monolinguals of
the same age, implying that the lifelong experience of managing two d¢ogpet
languages reduces the natural age-related decline in inhibitory proceffgiency.
Inhibitory processing has implications in other areas of cognition. For example
implicit-sequence learning involves executive control and inhibition. To do well in
implicit sequence learning tasks, individuals must unconsciously ignore irrelevant
unpredictable stimuli in order to learn predictable stimuli. Implicit learrgnigvolved in
acquiring a new language, learning motor skills, and other tasks that requs®fhift
attention (Cherry & Stadler, 1995; Conway & Christiansen, 2001; Jimenez & Mendez,
1999). No study to date has examined the effects of bilingualism on implicinigarni
Implicit learning can be examined by exposing people to subtle regdaritie
(Reber, 1993) and is said to occur if individuals improve in the speed and/or accuracy of
responses to predictable versus non-predictable events, and yet they are unable to
describe such regularities. One form of implicit learning involves leas@ggential
structure (e.g., Howard & Howard, 1997; Nissen & Bullemer, 1987). In the Altegnati
Serial Reaction Time task (ASRTT) (Howard & Howard, 1997), people respond to a
series of stimuli, such as circles changing from white to black, on a consptgen by

pressing corresponding response keys. Alternate stimuli follow a predetdrpattern,
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and the remaining stimuli are selected randomly. For example, the pattern 1234
(representing four horizontally-arranged circles on the screen, whemed$ &ba the left-
most position and 4 stands for the right-most) would be presented as 1r2r3r4r, where r
represents a randomly chosen position of one of the four. The simplest predictive
relationship in the sequence is between non-adjacent events on pattern tiials (tria
minus 2 predicts the stimulus on pattern trial n).

Because predictable (pattern) and unpredictable (random) events alterhate in t
ASRTT, some successive runs of three eventspdets occur more often than others.

For example, for the sequence 4r3rlr2r, the triplets 433 and 132 occur often (on pattern
trials, and sometimes by chance, on random trials), whereas the triplets 134 and 312
occur rarely (on random trials only). The former are referred bigasfrequencyriplets

and the latter a®w-frequencytriplets. Participants are not informed of any pattern, and
learning is measured by the difference in performance (reaction time andimacy) on

the high-frequency versus the low-frequency triplets (cf. D.V. Howard arthwapikse,
DiYanni, Thompson & Somberg, 2004). See Appendix B for a detailed review of
implicit sequence-learning literature.

The present study examines the effects of bilingualism on executive cormtrol a
implicit sequence learning. Previous research on implicit learning usingiR&@ Rhas
demonstrated that while both young and older adults learn sequence-specifiokial
adults show less learning compared to young adults (for example, see Howard &
Howard, 1997). Because bilinguals are in essence experts at executive cofting, shi

attention, and inhibiting irrelevant stimuli, all of which are involved in the ASRTS,
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hypothesized that this expertise will facilitate learning new sequeegalarities, and

thus lead to more implicit sequence learning, compared to monolinguals. Older
bilinguals are expected to show less age-related cognitive decline ontisgdjoence
learning, compared to older monolinguals. It is also expected that resulsphdate
previous findings that bilinguals have better executive control, and thus theevidrm
better on the Simon task compared to monolinguals (Bialystok et al., 2004; Bialystok et
al., 2006; Bialystok et al., 2008). Since language learning exercises tledynalc

system and involves executive control, and executive control is involved in performance
on the ASRTT, it is expected that performance on the Simon task will corretate wi
performance on the ASRTT. In other words, individuals who have excellent exeecuti
control will perform optimally on the Simon taak well aghe ASRTT, and individuals
who have poor executive control will perform poorly on both the Simon task and the
ASRTT.

Proficiency, language usage, and age of acquisition will also be examined in the
present study. As previous results have been inconsistent, there are no pre-conceived
hypotheses regarding which factors are necessary to reap cognitfigsbenhis
dissertation aims to clarify the importance of these factors.

To summarize, this dissertation aims to answer the following questions:

1. Does bilingualism affect performance in an implicit sequence-task and an
executive control task?

2. Specifically, do older bilinguals show increased performance mealsares t

older monolinguals in an implicit sequence-learning task and an executive caskfdl t
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3. Are second language proficiency, language usage, and age of acquisition

important factors in acquiring cognitive benefits?



2.0 Method
2.1 Participants

Young participants were recruited through an undergraduate psychology
participant pool at The Catholic University of America. Older participaste recruited
from the community via advertisements in two local newspapéesSenior Beacomand
The Washington HispanicTwenty-five young Spanish-English bilinguals (mean age =
20.24; 10 male), 22 young English monolinguals (mean age = 20.09; eight male), 19
older Spanish-English bilinguals (mean age = 71.37; three male) and 21 oldshEngli
monolinguals (mean age = 76.86; 10 male) participated. Questions to define bilmgualis
were asked when people were initially recruited. Based on these questingsals
were fluent in reading, writing, speaking, and listening in English and Spailisguals
spoke both languages regularly, were able to switch between the two at will, and had
been speaking both languages since childhood.

When participants came to the lab to participate in the study, they were given a
questionnaire designed to quantitatively define bilingudlis(See Appendix C for the
Bilingualism Questionnaire.) The questionnaire began with introductory open-ended
guestions about how and when people acquired their second language and how often they

spoke both languages and then was arranged into four parts: Parts 1 and 2 examined

1The questionnaire, developed by the author, cae®laith the Woodcock-Mufioz Language Survey-
Revised (WMLS-R) (see Section 2.2.4.2 of this pa@er measured from the scores of the 16 older
bilinguals that answered both questionnaires0.60,p < 0.01. The WMLS-R is a test that measures oral
language proficiency in speakers of English ascarse language. The paper-based Bilingualism
guestionnaire that participants answered was shtor@dminister than the WMLS-R (approximately 5
minutes vs. approximately 20 minutes), and botimdpilals and monolinguals answered it. As halhef t
tasks on the WMLS-R are administered in Spanisly, loiinguals could answer them. For this study, a
guestionnaire that could be administered to bdthduials and monolinguals was necessary.

8



9
participants’ language ability in the first language and Parts 3 andwiresch
participants’ language ability in their second language. Parts 1 and 3 askisahgues
which participants chose the option that best described their ability for tiseiafiguage
(Part 1) and for their second language (Part 3). For example, for listening
comprehension, participants chose an option ranging from “I can understand a limited
number of high frequency words and common conversational set expressions such as

‘How are you?’ or ‘My name is...” to “I can understand everything at noripetd like

a native speaker.” Using a Likert scale, Part 2 (for first languagkfart 4 (for second
language) asked participants to select how well they could do a specificsiinigas
understand a short message on an answering machine. Responses ranged from “I cannot
do it at all” to “I can do it comfortably.” For Parts 1 and 3, the lowest value &br ea
guestion (the first option) was 1 and the highest value (the sixth option) was 6, for a
minimum score of 5 and a maximum score of 30. For Parts 2 and 4, the lowest value for
each question was 1 and the highest was 5, for a minimum score of 40 and a maximum
score of 200. As all participants were fluent in their first language (aneldsoptimally

on the sections examining first language ability), bilingualism scoees galculated

based on responses to the sections examining second language ability. A meaasscore
calculated separately for Parts 3 and 4 and then the following formula wasusadt
person: [(Part 3 mean x 4) + (Part 4 mean)] / 2.

A mean and standard deviation bilingualism score was calculated for each group.

See Table 1 for scores. Participants in each group with scores ¢fnaater less than
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two deviations from the mean were excluded. This exclusion was necesaavydas

range of people with bilingual experiences (i.e., monolinguals with someexgewith

Table 1. Mean (and Standard Deviation) Bilingualism Scores

Young adults Older adults

Bilinguals Monolinguals Bilinguals Monolinguals
Bilingualism score  32.31 (4.14) 16.87 (7.03) 33.15 (5.45) 9.71 (3.86)
N 25 55 19 21

a second language or bilinguals who had experience with a second language Ibot were

“bilingual”) responded to the advertisements, and the goal was to testdmhlaihnguals

and “true” monolinguals. Two people were excluded from the young bilingual group,

one person was excluded from the older bilingual group, and one person was excluded

from the older monolingual group (bilingualism scores: 22.05, 23.85, 13.20, and 17.60,

respectively). Two additional people were excluded from the young monolingual group

as one did not complete the Bilingualism Questionnaire and the other’s firsh¢gngas

Indonesian.
Table 2. Mean (and Ranges of) Bilingualism Demographics
Young bilinguals Older bilinguals
N 23 18
Years bilingual 15.04 (3-24) 53.83 (36-70)
Age of acquisition 5.65 (2-18) 18.00 (2-45)
First language 14 Spanish / 9 English 11 Spanish / 7 English

Language most used 15 Spanish / 8 English 6 Spanish / 12 English
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For the final analyses reported here, there were 81 participants divided aBo
young bilinguals (mean age = 20.22; nine male), 20 young monolinguals (mean age
19.65; six male), 18 older bilinguals (mean age = 71.83; three male), and 20 older
monolinguals (mean age = 76.60; nine male). Young bilinguals had been speaking two
languages for an average of 15.04 ye&8i3% 5.15), and older bilinguals had been
speaking two languages for an average of 53.83 yBars (1.82). Thirty-nine percent
of the young bilinguals (nine participants) spoke English as their first languad89
percent of the older bilinguals (seven participants) spoke English as ttsidariiguage.

The average age that the young bilinguals learned their second lanvgasi$.65 years
(SD=5.26), and the average age that the older bilinguals learned their second language
was 18 yearsSD=11.98). See Table 2 for the ranges for each group. There was no
difference in mean age between the young bilinguals and the young monolibgtials

older monolinguals were significantly older than the older bilingta{4, 36)= 5.89,p

< 0.05.

The number of years of formal education was compared across groups. There
was no difference in mean education years between the young bilinguals, 13s6&pear
= 1.27) and the young monolinguals, 12.80 ye&i3 £ 1.54), or between the older
bilinguals, 16.72 yearsSp =3.48) and the older monolinguals, 16.10 ye&i3 € 2.85).
However, the older participants had significantly more years of educatiahé¢ha

younger participants; (1, 79)= 35.35,0 < 0.0001.
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2.2 Tasks

Participants completed two hours of testing on each of two days within the same
week. Upon reading and signing an informed consent form approved by Catholic
University’s IRB, individuals completed biographical, health screening, amdybalism
guestionnaires. On each day, they performed tasks designed to examine executive
control or implicit sequence learning. In order to define the demographics of the
population tested, participants completed a battery of standardized neuropsygeholog
tasks examining working memory, short-term memory, visual-motor speed and
coordination, and full-scale intelligence. Executive control was testedheitBitnon
task (Bialystok et al., 2004), and implicit sequence learning was assefisdidewi
ASRTT (Howard & Howard, 1997). Working memory tasks consisted of forward and
backward Spatial Span for visuo-spatial working memory (Lezak, Howieson &d.,ori
2004; WMS-III, Wechsler Memory Scald?2dition, Wechsler, 1997b); Operation Span,
Letter-Number Sequencingnd backward Digit Span for auditory working memory
(Lezak et al., 2004; Turner & Engle, 1989; WAIS-III, Wechsler Adult ligefit Scale,
3 edition, Wechsler, 1997a, Wechsler, 1997b). Short-term memory tasks consisted of
forward Digit Span, Consonant Trigrams, and Digit-Symbol Pairing and Fred Reca
(Lezak et al., 2004; Peterson & Peterson, 1959; Wechsler, 1997a). Visual-motor speed
and coordination was assessed with Digit-Symbol Coding (Lezak et al., 2004; &/echsl
1997a). Participants completed the Vocabulary and Matrix-Reasoning subtests of the
Wechsler Abbreviated Scale of Intelligence (WASI), which taken togetheragscore

for full-scale intelligence (Lezak et al., 2004; WASI, Wechsler Abbredi&izale of
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Intelligence, Wechsler, 1999). In addition, 16 older bilinguals completed the Woodcock-
Mufoz Language Survey-Revised (WMLS-R) Test 1 and Test 3 in both English and
Spanish (Woodcock, Mufioz-Sandoval, Ruef & Alvarado, 2005) to assess Spanish-
English bilingualism and to provide validation for the bilingualism questionnaire used in

this study. All participants completed the tasks in the following order:

Day 1 Day 2
Biographical/demographic questionnaire WMLS-R (older bilinguals only)
Simon task Digit span (forward, backward)
ASRT task Spatial span (forward, backward)

Letter-number sequencing
Consonant trigrams
Digit symbol coding
Digit symbol pairing

Digit symbol free recall
Vocabulary
Matrix reasoning
Operation span
Bilingualism questionnaire

2.2.1 Executive Control

Simon task.Stimuli were presented on a desktop computer with a 38 cm monitor.
Each trial began with a fixation cross in the center of the screen that remaiitoéel foirr
800 ms and was followed by a 250 ms blank interval. Following the interval, a red or
blue square appeared either on the left or the right side of the screen. p&tddiciere
instructed to press a specified left key on the keyboard (marked “X”) whesdhethe
blue square and a specified right key on the keyboard (marked “O”) when theyesaw th
red square. The timing began with the onset of the stimulus, and the (correct orincorrec

response terminated the stimulus. Following a 500 ms blank interval, the next trial
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began. The stimulus remained on the screen for 1,000 ms if there was no response. The
experiment began with four practice trials, and participants had to successfufiete

all four trials to proceed to the experimental trials. If a mistake was, padeipants

were given additional practice until all four trials were completetowmt error, but only

two participants needed to repeat the practice set to achieve errpefffeenance. The

240 experimental trials were presented in a randomized order. Approximateif thal

trials were congruent (stimulus appeared on the same side of the scleeneapdnse

key), and half were incongruent (stimulus appeared on the opposite side of the screen as

the response key).

2.2.2 Implicit Sequence Learning

Alternating Serial Reaction Time Task (ASRT3jmuli were presented on a
desktop computer with a 38 cm monitor. Participants were instructed to place their
middle and index fingers of their left hand on the keys marked “z” and “x” (on the left
side of the keyboard), and the middle and index fingers of their right hand on the keys
marked “.” and “/” (on the right side of the keyboard). The keys corresponded to four
equally-spaced circles on the computer screen. On each trial, one cirche lidaek
and remained so until the participant pressed the key corresponding to the téeyed. A
delay of 120 ms, the next target appeared.

Six patterns were counterbalanced across participants: 1r2r3r4r, 1r2r4r3r,
1r3r2r4r, 1r3r4r2r, 1r4r2r3r, and 1r4r3r2r. The numbers 1, 2, 3, and 4 correspond to the

circles on the screen, from left to right respectively, and r indicatasdamly selected



15

event. The patterns were randomized for all participants in each group, so that
approximately 14 participants received each pattern.

Participants completed 10 practice trials consisting entirely of randemse
They then completed eight epochs consisting of 20 blocks of 80 trials each. Each block
had 10 repetitions of the eight-element pattern. The computer guided partitgpamts
accuracy level of about 92 percent by asking them to focus more on speed oryackfurac
accuracy for a block was above 93 percent, the computer instructed partiofaotsst
more on speed; if accuracy was below 91 percent, the computer instructaggddito
focus more on accuracy. Upon completion, participants were asked questiodsgegar
strategy to improve performance as in previous studies with this task (e.g., @srdd
et al., 2004).

To further examine explicit awareness, after learning, participarftsped a
card-sorting task in which they sorted 7.6 cm by 12.7 cm white index cards thatetisplay
three rows of four circles. Each line represented the four circles seen oretre sc
throughout the experiment. One circle on each line was black, so that each card
represented three successive trials (a triplet), some of which had occequeehtty
during the task and some of which had occurred rarely. Participants placed dadntocar
one of two piles, labeled “Frequent” and “Rare,” depending on how often they believed

the triplet sequence had occurred during the ASRTT.

2.2.3 Standardized Neuropsychological Tasks

2.2.3.1 Working MemoryFor the Spatial Span task, stimuli consisted of an array

of wooden blocks attached to a wooden base. The blocks were randomly arranged and
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had numbers printed on them on one side. The experimenter and the participant sat at a
table facing each other and the apparatus was placed on the table betweentktizém s
the side with the numbers faced the experimenter and was not visible to thpagatrtici
There were two conditions: forward and backward. In each, following aqeactl, the
experimenter tapped a series of blocks, and participants were required to tapghe s
blocks in the same order (forward condition) or in reverse order (backward condition).
Sequences increased by one block, every other trial. The test began with twasets of
sequence of two blocks, then increased to two sets of three blocks, then increased to two
sets of four blocks, etc., as long as the participant correctly responded to one of the two
sets in a series. The test ended when the participant incorrectly responded ttsboth se
a given sequence length. For both the forward and backward conditions, the score was
the total number of correctly recalled sequence lists.

Similar to backward Spatial Span, backward Digit Span stimuli were items that
participants were required to verbally recall in reverse order. Follareg practice
trials, the experimenter began the test with two sets of a sequence of twosjuhdrer
increased to two sets of three numbers, etc., until the participant incorreptiypded to
both sets in a given sequence length. The score was the total amount of conaiitly re
sequences.

For the Operation Span task, stimuli were presented on a desktop computer with a
38 cm monitor. Participants were required to solve a series of math problems while
trying to remember a set of unrelated words. The math problem-word pairs were

presented one at a time. For each trial, the participant read the problem al\edijts



17

stated whether the answer presented on the screen was correct or not, and then rea
word aloud. Immediately after the participant read the word aloud, the expe&timent
pressed the space bar, and then the next trial began. Set size ranged fromswm ite
five items, and then three question marks appeared in the center of the screen.
Participants then wrote down as many words as they could recall, in the santeairde
they were presented. Participants were instructed to leave a blank ghageciuld not
recall a word. Three trials of each list-length set were presented rgndorthat a trial

of two items could precede a trial of five items which could precede a triakefitems,
etc. The score was the percentage of correctly recalled words, in thersiemand
position as they were presented. Arithmetic answers did not have to be correet for th
words to be counted as correct, even though all participants achieved very highyaccura
on the math problems.

Stimuli for the Letter-Number Sequencing task were items that pantisipvere
required to verbally recall. The experimenter verbally presented a seaience
intermixed numbers and letters, and the participant was required to restahdir
numbers in ascending order, then the letters in alphabetical order. The erparime
began with sequences two items long (a number and a letter) and increasedusil siz
participant incorrectly recalled three sequences in a set. The scatteevtatal number
of correctly recalled sequences.

2.2.3.2 Visual-Motor Speed and Coordinatiobhe Digit-Symbol Coding task
was printed on a piece of white paper. Stimuli consisted of seven rows containing 20

empty squares each, paired with randomly assigned numbers from one to nine, which
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were in squares located above the empty squares. At the top of the paper was a printed
key that paired each number with an arbitrary nonsense symbol. Following agpractic
trial of 10 items, participants were required to fill in as many symbols asopowhile
being timed for 120 seconds. The score was the number of correctly filled-iesquar

2.2.3.3 Short-Term MemaryFor the forward Digit Span task, stimuli were items
that participants were required to verbally recall in the exact ordetramistered.
Following three practice trials, the experimenter began the test witteteofsa
sequence of two numbers, then increased to two sets of three numbers, then increased to
two sets of four numbers, etc., until the participant incorrectly responded to botha&ets i
given sequence length. The score was the total amount of correctlydeegjieences.

For the Consonant Trigrams task, stimuli were items that participants were
required to verbally recall in order following a distracter task. Followirgygractice
trials, the experimenter verbally presented the participant with a sequiehoeedetters,
followed by a number. Participants were required to count backward from the given
number until instructed to recall the given letters. For example, the exp&msaid,
“NDJ, 75,” and the participant counted backward from 75, “75, 74, 73, 72...” until the
experimenter said, “Recall.” Then the participant recalled, “NDJ.” yD@ilae spent
counting backward) was randomized among 12 test items for zero, three, nine or 18
seconds. The score was the total amount of correctly recalled letter coomsimatt of
12.

The Digit-Symbol Pairing task followed Digit-Symbol Coding. Participardsew

presented with a piece of white paper that taamrows of empty squares, paired with the
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numbers one through nine, which were located in squares above the empty squares.
Participants were required to recall the symbols that were pairedagithn@mber in the
Digit-Symbol Coding task and record them in the correct boxes. The score tatsithe
number of correctly recalled digit-symbol pairs.

Following Digit-Symbol Coding and Digit-Symbol Pairing, participants
completed the Digit-Symbol Free Recall task. Participants were gibkemia sheet of
paper and were required to recall as many symbols as possible from the Dig@Sy
Coding task. The free recall task was not timed. The score was the total amount of
correctly recalled symbols out of nine.

2.2.3.4 Full-Scale IntelligenceStimuli consisted of two subtests of the WASI:
the Vocabulary test and the Matrix Reasoning test. The raw scores of thétests
were converted to age-scaled scores then added together and converted listakeful
intelligence (FSIQ) score by using pre-defined tables in the WASI rhanua

For the Vocabulary task, stimuli consisted of a list of 42 words that the
experimenter asked the participant to define. Words increased in difficultyheatebt
continued until the participant failed at five consecutive words. Each itemivessay
score of one or two based on accuracy, precision, and aptness, according to definitions i
the WASI manual. The score was the total combined score of all test itemgesthis
measures verbal functions but can also be combined with the Matrix Reasoning score t
derive a FSIQ score, as previously mentioned.

For the Matrix Reasoning task, the stimulus consisted of a booklet that presented

35 increasingly difficult visual pattern completion problems. The participanted
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each page and selected the option from the bottom of the page that completed the visual
pattern problem. The test continued until the participant incorrectly chose four
consecutive items or four items in five consecutive problems. The score waslthe tota
number of correctly chosen item$his test measures concept formation and reasoning

but can also be combined with the Vocabulary score to derive a FSIQ score, as previousl

mentioned.

2.2.4 Spanish-English Bilingualism

2.2.4.1 Woodcock-Muiioz Language Survey-Revised (WMLSHRulI
consisted of booklets that contained pictures of common objects. First, participants
completed Test 1: Picture Vocabulary and Test 3: Letter-Word IdentiicetiEnglish,
then they completed both tests in Spanish. For Test 1, the experimenter showed the
participant pictures and asked the participant to name (in English or Spanish) the objec
For Test 3, the experimenter showed the participant words and asked the patbcipa
say the word (in English or Spanish) aloud. The English tests were administered i
English, and the Spanish tests were administered in Spanish. The score fortgeh tes
each language, was the total number of correctly named items. The mearaseore
reported in Table 3. This test measures proficiency in oral language inrspefake
English as a second language, but for this study it was used to validate the Bdmguali

Questionnaire. See the next section for details about the questionnaire.
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Table 3. Mean Scores (and Standard Deviation) for Bilingualism Tasks by Age and Language Group

WMLS-R English WMLS-R Spanish
Picture Letter-word Picture Letter-word WMLS-R  iBdualism
Group vocabulary identification vocabulary idemfiion mean questionnaire
Young monolingual - - - - - 15.64 (6.08)
Young bilingual - - - - - 33.12 (3.16)
Older monolingual - - - - - 9.31 (3.50)
Older bilingual 42.86 (5.19) 72.43(2.76) 455@{). 71.44(2.78) 58.08(2.01) 34.26(2.59)

2.2.4.2 Bilingualism Questionnairé\s previously mentioned in Section 2l
this paper, the stimulus was on a piece of paper and participants recorded ansaeis t
item. (See Appendix C for the full questionnaire.) The questionnaire was ariatwge
four parts that examined participants’ first and second language abiliti€arts 1 and
3, participants chose the options that best described various abilities. In Parts 2 and 4,
participants selected how well they could do a specific activity, such as @amdieast
short message on an answering machine. Scores were calculated basponzesde
Parts 3 and 4, which were for participants’ second language only. A mean score was
calculated separately for Parts 3 and 4 and then the following formula veefousach
person: [(Part 3 mean x 4) + (Part 4 mean)]/ 2. Mean scores for each group aed report
in the right-most column of Table 3.

The relationship between the WMLS-R and the Bilingualism Questionnaire was
examined. As only the Spanish scores from the questionnaire were used in this study,
first only the Spanish WMLS-R scores were examined. Then the mean scores of both the

Spanish and English WMLS-R were examined. As shown in Table 4, results suggest that
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the score for the WMLS-R is related to the score for the Bilingualisnst@ueaire =
0.60,p< 0.01;r = 0.58,p < 0.05, Spanish version only and mean Spanish and English
versions, respectively). This analysis suggests that the Bilingu@lisstionnaire is a

valid indicator of Bilingualism.

Table 4. Correlations Between the WML S-R and the Bilingualism Questionnaire

Measure Bilingualism
questionnaire

1. Bilingualism questionnaire -
2. Spanish WMLS-R .600*
3. Spanish and English WMLS-R mean H579**

Note:n=16. *p<0.01. *p<0.05.
WMLS-R = Woodcock-Mufioz Languadgrvey-Revised.

Bilingualism scores were submitted to a 2 x 2 (age group x language group)
ANOVA. There was a main effect of age group, such that young adults had higher
bilingual scores than older adults (mean for young adults: 24.99; mean for older adults:
21.13),F (1, 77)=8.21,p < 0.01. There was a main effect of language group, such that
bilinguals’ scores were higher than monolinguals’ scores (mean for biln@a62;
mean for monolinguals: 12.48),(1, 77)= 549.24p < 0.0001, and there was an
interactionF (1, 77)=17.03,p < 0.0001, demonstrating a greater difference between the
older bilinguals and older monolinguals compared to the young groups. When young and
older adults were examined separately, for both age groups, bilinguals’ scores were
significantly higher than the monolinguals(1, 41)= 145.56p < 0.0001;F (1, 36)=
611.06,p < 0.0001, young and older adults, respectively. See Figure 1 for bilingualism

scores by age group and language group.
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Figure 1. Bilingualism scores by age group and language group.



3.0 Results and Discussion
3.1 Executive Control on the Simon Task

Due to technical problems, the Simon data for four participants (one older
monolingual, one older bilingual, two young monolinguals) were not stored on the
computer. In addition, data from two young participants were discarded duesimeytr
high error rates (71% and 57% in the congruent condition).

3.1.1. Overall Performance

The mean accuracy for all groups was high- at or above 94%. Table 5 displays
the mean accuracy for all groups by age group and language group. Resailts we
submitted to a mixed-design 2 x 2 x 2 (age group x language group x trial ty@ayAN
with repeated measures on the trial-type factor. There was a mainoéfeet group,
such that older adults were more accurate across congruent and incotrgrisethian
young adultsF (1, 71)= 10.65,p < 0.01, but there was no main effect of language group,
F (1, 71)= 2.75,ns indicating that overall, bilingualism did not influence accuracy, and
there was no age group x language group interadi¢h, 71)= 2.00,ns. There was a
main effect of trial typef (1, 71)= 68.00,p < 0.0001, such that the congruent trials were
more accurate than incongruent trials when averaged over the four groups.

The mean reaction times (RTs) for correct trials by age group and langoage gr
are shown in Figure 2. Results were submitted to a mixed-design 2 x 2 x 2qage gr
language group x trial type) ANOVA, with repeated measures on theypialfactor.

There was a main effect of age group, such that older adults were sloweouhgn y
adults,F (1, 71)= 36.54,p < 0.0001, but there was no main effect of language gfup,

(1, 71)= 1.46,ns indicating that overall, bilingualism did not influence RT, and there
24
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was no age group x language group interactal, 71)= 0.68,ns There was a main

effect of trial typeF (1, 71)= 103.23p < 0.0001, such that the incongruent trials were
slower than congruent trials when averaged over the four groups, indicating that overall

people revealed a Simon Effect.

Table 5. Mean (and Standard Deviation) Accuracy for All Groupson the Simon Task

Young adults Older adults

Bilinguals Monolinguals Bilinguals Monolinguals
0.96 (.038) 0.94 (.048) 0.97 (.039) 0.97 (.027)

B0 S
[] congruent

750 { Il incongruent
00 4
Ha0 4

Al

550 H

S0 4

450 1

Mean Simon Reaction Time

40 7

350 7

300

Older Older Young Young
Monolingual  Bilingual Monolingual  Bilingual

Figure 2. Simon reaction time (RT) scores by age group and language group.
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Figure 3. Simon Effect scores by age group and language group.

The Simon Effect (incongruent trial minus congruent trials) can be mead\cl
seen in Figure 3. The mean Simon Effect was 18.145mDs 30.49 ms) for young
bilinguals, 42.02 ms§D= 27.91 ms) for young monolinguals, 46.51 i8®€ 38.17 ms)
for older bilinguals and 47.06 mSID= 32.20 ms) for older monolinguals. Single sample
t-tests confirmed that each Simon Effect score was significantly abaye ¢&t) = 2.55,
p=0.02t(16) = 6.29p < 0.0001} (16) = 5.02p = 0.0001} (18) = 6.37p < 0.0001,
young bilinguals, young monolinguals, older bilinguals, older monolinguals, resgct
A 2 x 2 (age group x language group) ANOVA revealed a main effect of age §r@up,
71) = 7.00p = 0.01, indicating a greater Simon Effect for older adults compared to
young adults, with older adults revealing slower RT on incongruent trials tharueang

trials. The main effect of language group was not signifiéat, 71) = 2.67p = 0.11,
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indicating no difference in Simon Effect for monolinguals compared to bilinguads, a

there was no age group x language group interadti¢h, 71)= 2.43,ns

Consistent with previous research (cf. Bialystok et al., 2004; Van der Lubbe &
Verleger, 2002), overall, older adults were slower than young adults on tha &isk
and showed greater interference, and overall, people responded slower to incongruent
trials than congruent trials. However, in this study, bilingualism did not have a
significant effect on performance: there was no difference in Simon Edfect
monolinguals compared to bilinguals. The lack of a language group effect and a three-
way language group x age group X trial type interaction is likely a refleatiamge
variance, and thus, low power and/or large individual differences. This is discussed
further in the next section.

Since a prediction in this study was that bilinguals would demonstrate better
performance and thus a smaller Simon Effect, and since the figures appeggést a
bilingual advantage for young adults and not older adults, planned comparisons were
carried out on each age group to investigate the Simon Effect further. Post-hoc two
tailedt-tests confirmed a difference for the young adults, such that the youmguhik
demonstrated a smaller Simon Effect than the young monolinga)s36)= 2.49,p =
0.02. However, there was no difference between the older bilinguals and monolinguals,
(1, 34) = 0.05ns suggesting that bilingualism has a beneficial effect on executive
control for young adults but not for older adults

Consistent with previous research, young monolinguals had a greater Simon

Effect than young bilinguals: young monolinguals responded significantly istowe
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incongruent than congruent trials, but for young bilinguals, incongruence did not

significantly interfere with response time. In this study, however, cortvgrevious
findings, older monolinguals and bilinguals did not differ in Simon Effect.
3.1.2 Distributional Analyses.

Further analyses were carried out on the Simon task data to examine performance
as a function of response speed (cf. Forstmann, van den Wildenberg & Ridderinkhof,
2008; Ridderinkhof, Scheres, Oosterlaan & Sergeant, 2005; Stins, Polderman, Boomsma,
& de Geus, 2007; Wiegand & Wascher, 2007). When people respond very quickly in this
task, the executive control process that prevents the inappropriate respomsaltrs sti
location does not have time to develop, and thus fast responses to incongruent trials tend
to be associated with lower accuracy than slow responses (Forstmann et al., 2008). The
traditional analyses carried out in Section 3.1.1 of this paper measure the average
response time on correct congruent versus incongruent trials over the entoe. sessi
Therefore, they do not take potential differences in accuracy within congruent and
incongruent trials into account. Furthermore, average performance does naligener
capture how the Simon Effect might vary with overall response time. Accordingly
distributional analyses were carried out to examine individual differencescnte/e
control that the traditional analyses do not account for. Two different processes, both key
aspects of executive control, were examined.D{figct response captur@cuses on the
effect of trial type (congruent or incongruent trials) on error rateg®ti al., 2007), and
(2) selective response inhibitidacuses on the relationship between interference effects

(the Simon Effect) and response speed (Ridderinkhof et al., 2005).
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3.1.2.1 Direct Response Capturieast responses to incongruent stimuli tend to be

associated with low accuracy because they are more likely to be haitiuatpulsive
responses (Forstmann et al., 2008; Osman, Lou, Muller-Gethmann, Rinkenauer, Mattes,
& Ulrich, 2000; Stins et al., 2007). Impulsive responses involve an incomplete or less-
considered decision, like a reflex, as opposed to a well-thought non-impulsive decision.
The following analyses were carried out to examine such speed-relatgd@c
differences that are likely to occur in the Simon task.

Conditional Accuracy Functions (CAFs) were calculated and plotted asteofunc
of response speed. For each person, the RTs for all trials (whether comei;taod
regardless of trial type) were first sorted by speed (slowest e&sfaand then divided
into four 100-ms bins (as described below). Then, for each subject and for eagpdrial t
(congruent and incongruent), a mean accuracy score was calculatechfbireaBins
that contained only one or two data points (e.g., a person only had one congruent trial that
they responded to between 400 and 500 ms) were excluded. This was necessary, as data
from one response or two responses (with a 50% chance of 100% accuracy) were
uninformative. The mean accuracy values were then averaged acrospadditi each
group, resulting in CAFs.

Although one could construct CAFs spanning the entire RT range, an upper and
lower limit to the RT bins was set. This range was necessary as ltypreay slow
responses were almost always accurate and thus uninformative. Vegegfasises were
rare, and thus, accuracy for those responses was also uninformative. (See Appendix D

for a frequency table of responses for each RT bin.) Different bin limits eegstructed
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for each age group, since older adults performed slower than young adults?.oenall

young adults, data were organized into the following four bins: 300-399; 400-499; 500-

599; and 600-699; for older adults, data were organized into the following four bins: 400-

499; 500-599; 600-699; and 700-799. The mean accuracy for each RT bin by trial type

(congruent and incongruent) and language group (bilinguals and monolinguals) are

plotted in Figure 4 (young adults: upper graph; older adults: lower graph).
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Figure 4. CAFs. Mean percentage correct in the Simon task as a function of RT bin by language group
and congruence (young adults: upper graph; older adults: lower graph).

2 Appendix D displays the frequencies for each biidmguage group and age group.
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As shown in Figure 4, for all groups, very fast incongruent responses were more

error prone than slow incongruent responses. Slope values were calculated by
subtracting the faster bin values from the adjacent, slower bin values. Usitajlede-
tests, slope 1 (the left-most, steepest slope between the first and secom@abins)
compared to the other slopes (slopes 2 and 3, left to right, respectively, where slope 3,
between the third and fourth bins, is the least steep). For incongruent responses,
averaged across all groups, there was a significant differencecnetVope 1 and slope
2,1(60) = 3.39p < 0.001, and between slope 1 and slopg$®4) = 5.38p < 0.0001,

such that the left-most slope was steeper than the others, indicating greatewhen
people make very fast responses versus slower responses. In contrast, as@aimbe s
Figure 4, overall, error rates on congruent trials did not differ as a functiespdse
speed. For congruent responses, averaged across all four groups, there wasenoeliff
between slope 1 and slopet267) = 0.10ns and between slope 1 and slopé®]1) =
0.07,ns. This analysis confirms that for slower responses on incongruent trials, people
respond more accurately to stimulus location, but as they increase in respeedethey
also increase in the number of response errors.

When each group was examined separately, these same results were found for
incongruent trials for young bilinguals, young monolinguals and older bilinguddier O
monolinguals, however, did not show a difference between slope 1 and 2 or between
slope 1 and 3. See Appendix E for a table of values. As shown in Figure 4, the lack of a
difference between slope 1 and 2 is due to the fact that the older monolinguals made mor

errors in the second RT bin compared to the other groups whose accuracy values in the
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second RT bin had nearly reached the same accuracy values as the slower HTiusns

the second slope for older monolinguals was steadily rising, whereas fohéhe@ups,
it was less steep or leveled off. This suggests that the executive controli@oieat
took place when the other groups responded slower (in the second RT bin) took longer
for the older monolinguals.

Group differences were examined further. For young and older adults separately,
mean accuracy scores were submitted separately to mixed-design 2 xi2aXyjé x
language group x RT bin) ANOVAs for the three fastest RT bins only, withtegpea
measures on the trial-type and RT-bin factors. For young adults, there \aas effiect
of trial type,F (1, 33) = 20.63p < 0.0001, such that accuracy was higher on congruent
than incongruent trials (97% vs. 93%). There was a significant main effedt lwhR-
(2, 66) = 16.24p < 0.0001, demonstrating higher accuracy on slower than faster
responses, and a significant trial type x RT bin interackdq@, 66) = 20.60p < 0.0001,
demonstrating higher accuracy for congruent versus incongruent trials corfgsred
to slow responses. The main effect of language group was maF{dal33) = 3.39p =
0.07, suggesting greater accuracy overall for bilinguals, but the triak tgmguage
group interaction was not significalAt(1, 33) = 0.003ns

For older adults, there was also a main effect of trial tyé, 25) = 13.14p <
0.01, such that accuracy was higher on congruent than incongruent trials (99% vs. 96%).
As with the young adults, there was a significant main effect of RTF({®\, 75) = 6.07,
p < 0.001, demonstrating higher accuracy on slower responses than faster responses, and

a significant trial type x RT bin interactioR,(3, 75) = 11.43p < 0.0001, demonstrating
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higher accuracy for congruent versus incongruent trials on fast compared to slow

responses. The main effect of language grbuyft, 25) = 0.92ns, and the trial type x
language group interactioR,(1, 25) = 0.86ns were not significant, suggesting no

overall difference between older bilinguals and monolinguals. There was, hoaever,
trend for a significant trial type x language group x RT bin interacidB, 75) = 2.21p

= 0.09, suggesting a difference between older bilinguals and monolinguals in the second
RT bin but not the other RT bins, such that the monolinguals showed a bigger congruent
versus incongruent difference than the bilinguals in that bin. This suggests thiaethe
group may be showing the bilingual advantage for the Simon Effect but foaagcoot

RT.

This analysis demonstrates that overall, on very fast responses, people made more
errors on incongruent than congruent trials that the traditional overall RT ardlysis
correct trials did not account for. The slope analyses and RT bin analyses swajgest t
older monolinguals have less efficient direct response capture, as oldemgoaisl
were slower to activate the executive control correction than the other groups. Thi
suggests that older bilinguals’ accuracy increased at faster RTs thamoheiingual
counterparts. Performance on slow responses is examined more closely in the next
section.

3.1.2.2 Selective Response Inhibitidor fast responses, the automatic response
facilitates the correct responses on congruent trials but interfettetheicorrect
responses on incongruent trials. With slower responses, however, selechiteomhas

time to develop, and incorrect responses are reduced. Simon Effects arallbysene
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selective response inhibition more in slow responses than in fast responsetveSelec

inhibition results in a reduction of the congruency effect (the Simon Effedf)esnore
effective the selective inhibition is, the more pronounced the congruency effslw/ i
versus fastesponses are. The following analyses examined whether more effective
selective inhibition results in more pronounced reduction of the Simon Effect in slow
versus fast responses.

Similar to the direct response capture analyses, first, for each persB slier
correct responses were sorted by trial type. Then for each type (coragrdent
incongruent), RTs were sorted by speed (slowest to fastest). Eatypeialas then
divided into four 100-ms bins. A mean RT and Simon Effect score was calculated for
each bin. Delta plots for RT were constructed by plotting Simon Effectragan(RT in
the incongruent condition minus mean RT in the congruent condition) as a function of RT
bin as shown in Figure 5 (young adults: upper graph; older adults: lower graplorelf m
effective selective inhibition results in more pronounced reduction of the Simon igffec
slow responses, then the down-turning of the delta plot in the right-most bin (thetslowes
should be more pronounced in groups that are more proficient in response inhibition than

in less proficient groups.
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Figure5. Delta plotsfor reaction time (RT) as a function of RT bin by language group (young adults:
upper graph; older adults: lower graph).

As can be seen in Figure 5, for both young and older bilinguals the delta plot
declines between the third and fourth RT bin. (Notice that for the young bilinguals, the
decline is steady throughout the entire session.) Conversely, for young and older
monolinguals, the delta plot remains relatively stable. Using one-taists, slope 3
(the right-most, slowest slope) was compared to the other slopes (slopes 2 gimckd,, ri
left, where slope 1 is the fastest). Averaged across all groups, there \&egirsam

difference between slope 3 and slopée(69) = 1.36p = 0.09, and no significant
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difference between slope 3 and slope(Z4) = 0.39ns. When each group was

examined separately, only the older bilinguals demonstrated a marginadruitfe
between slope 3 and slopet {12) = 1.70p = 0.06, and none of the groups displayed a
difference between slopes 3 and 2. This analysis suggests that older lslmgydie
more proficient in response inhibition than their monolingual counterparts, as their
slowest slope is negative and is significantly different from their feshgse, and there

is no difference among slopes for the monolinguals. This also suggests that tizere |
difference in response inhibition between young bilinguals and monolinguaigras t

was no difference among slopes for those groups.

3.1.3 Executive Control Summary

In summary, when the traditional measure for the Simon Effect is used (i.e.,
overall RT of correct responses on incongruent minus congruent trials), young tslingua
demonstrated a smaller Simon Effect, and thus greater executive contparedrto
young monolinguals. Older bilinguals and monolinguals, on the other hand, performed
equivalently. However, when distributional analyses were carried out, egitare
bilingual advantage was seen in the older group as well. That is, older bilinguals
performed better than their monolingual counterparts, and there was no difference
between the young bilinguals and monolinguals for either the direct capture response
the selective response inhibition. Thus, although this study did not replicate earlie
findings of reduced Simon Effect in older bilinguals when the traditional measare wa
used, it did demonstrate enhanced direct response capture and more effiptargees

inhibition, two key components of executive control, in older bilinguals, compared to
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older monolinguals. This is a novel finding, as no other study to date that has examined

bilingualism and executive control has used the distributional analyses used here. Thi
finding suggests that the executive control difference between older biliraguhls
monolinguals that has been demonstrated in previous studies may be more complex than
the traditional Simon task overall performance analyses account for.

It is unclear why the young bilinguals and monolinguals in this study
demonstrated a significant difference for the traditional analysesobfar the
distributional analyses. One could assume that the differences in the trhditalyaes
would be more fine-grained and clarified with the distributional analyselsepsvere
with the older groups in this study. This issue warrants further investigation.

3.2 Implicit Sequence Learning on the ASRTT

3.2.1 Data Reduction

In the ASRTT, a four-element repeating sequence of pattern stimuticaéexith
random stimuli (c.f., Howard & Howard, 1997). Because predictable (pattern) and
unpredictable (random) events alternate, some successive runs of three dxipletsor
occur more often than others. For example, for the sequence 2r3rlr4r, the triplets 223
and 134 occur often, whereas the triplets 132 and 312 occur only rarely. The former are
referred to as high-frequency triplets and the latter as low-frequeplegs. Previous
studies have shown that people learn triplet frequencies implicitly, respondieg m
quickly and accurately to the third event of high- than low-frequency tripléts wi

practice (D. V. Howard et al., 2004).
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Two kinds of low-frequency triplets, repetitions (111, 222, 333 and 444) and trills

(121, 343, 414, etc.), were excluded from the analyses since they only occurred on
random trials for all participants, and as is typical, people revealed istargxesponse
tendencies when responding to these triplets (Soetens, Melis, & Notebaert, [2004).
general, people responded exceptionally fast to repetitions and exceptianaljytsl
trills. These pre-existing response tendencies did not occur for othertyjest

To examine each group’s sequence-specific learning, performance on the
predictable high-frequency trials was compared to performance on theclguefrcy
trials. A median RT was determined separately for correct higjdrey and low-
frequency triplets for each participant for each block. The medians weraubeaged
across blocks to obtain a mean of the median RT for each epoch. A similar procedure
was used for accuracy. Sequence-specific learning is demonstrated tghthenkdi low-
frequency trials diverging across epochs for both RT and accuracy. Tfiessndes
between high- and low-frequency trials are referred to as trialeffpets, and they
provide a measure of learning as well as sensitivity to the sequencarstruct

In Figure 6, the overall mean of the median RT (upper graph) and mean accuracy
(lower graph) for both high- and low-frequency trials are plotted for allggo The RT
and accuracy data were subjected to separate 8 x 2 X 2 x 2 (epoch X trial tgpgrouag
x language group) ANOVAs.
3.2.2 Overall Skill Learning

As shown in Figure 6 and as is typical, people responded faster overall with

practice. This was confirmed in the significant main effect of epoch foFR7,,532) =
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103.01,p < 0.0001, indicating general skill learning. The main effect of age gro{ip,

76) = 157.25p < 0.0001, and the age group x epoch interackdi, 532) = 11.21p <
0.0001, were significant, revealing faster RTs for young adults than older aduél, ove
but greater overall skill learning for older adults by the end of the sesEis.
significant effect is likely due to the fact that young adults performedhraster than
older adults and demonstrated a floor effect (i.e., they could not get any faster).

For accuracy, there was also a significant main effect of epddh,532) =
10.60,p < 0.0001, demonstrating a decline in accuracy with practice, likely due to the
computer feedback guiding participants to an accuracy level of 92%. There \aas a m
effect of age group, such that, as shown in Figure 6, older adults were more abamrate t
young adultsF (1, 76) = 24.01p < 0.0001. However, there was no age group x epoch

interaction.

3.2.3 Sequence-Specific Learning

More important, for assessing implicit sequence learning, low-frequeatsy tri
were slower overall than high-frequency trials, and this trial-typceifficreased across
epochs, as shown in Figure 7 (young adults) and Figure 8 (older Adaltspss all four
groups, for RT, the main effect of trial tyge(1, 76) = 74.43p < 0.0001, and the epoch
x trial type interactionk (7, 532) = 7.26p < 0.0001, were significant. The same pattern

was found for accuracy: across all four groups, the main effect of trialRype 76) =

3 Since there is a large difference between oldeltsidnd young adults in reaction time, it is ngarl
impossible to see the difference between high andilequency trials when both age groups are platte
the same graphs. So the age groups are plottedasely to ease viewing.
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131.92,p < 0.0001, and the epoch x trial type interacti(7, 532) = 7.13p < 0.0001,

were significant, demonstrating sequence-specific learning.
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Figure6. ASRTT overall reaction time (RT; upper graph) and overall accuracy (lower graph) by age
group and language group.
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by language group and trial type.
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Figure 8. ASRTT reaction time (RT; upper graph) and accuracy (lower graph) scoresfor older adults by
language group and trial type.

As is typical, the magnitude of this trial-type effect differed for yoang older
adults. For both RT and accuracy, there was an epoch x trial type x age group
interactionF (7, 532) = 2.08p < 0.05;F (7, 532) = 3.70p < 0.001, RT and accuracy,

respectively, such that young adults showed greater sequence-spetifigléaan older
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adults. There were no effects of language group for either measure tsupted

bilingualism did not affect implicit sequence learning.

When examined separately, for young adults, there was clear evidence of
sequence-specific learning for both bilinguals and monolinguals on both RT and accuracy
measures. As shown in Figure 7, the high-frequency trials were fasteloam@dcourate
than low-frequency trials, and these trial-type effects increased withiqe. The trial-
type effects can be more clearly seen in Figure 9. The main effeietl ¢fype and the
trial type x epoch interaction were significant for both RT1, 41) = 96.15p < 0.0001;

F (7, 287) = 10.59 < 0.0001, respectively, and accuragyl, 41) = 120.54p <
0.0001;F (7, 287) = 8.98p < 0.0001, respectively. There was no main effect or
interaction of language group, suggesting that bilingualism did not have a beneficial
effect on sequence-specific learning for young adults.

For older adults, there was also evidence of sequence-specific learroag, [z
seen in Figure 8. High-frequency trials were faster and more acduaatkotv-
frequency trials overall, and these trial-type effects increased wittiqera The trial-
type effects can be more clearly seen in Figure 10. As shown in Figure 8 H&® Dot
and accuracy, there was a main effect of epbdf, 245) = 45.33p < 0.0001F (7, 245)
=3.12,p < 0.005, respectively. The main effect of trial type was significant for both RT,
F (1, 35) = 18.98p = 0.0001, and accurady,(1, 35) = 24.54p < 0.0001, but there was
no significant trial type x epoch interaction for either measure, and there wasmo ma
effect or interaction of language group. This suggests an overall differencemindea

the different trial types that does not increase with practice for oldasaduélso
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suggests that bilingualism did not have a beneficial effect on sequenceedpeacifing

for older adults.
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Figure 9. ASRTT reaction time (RT) trial-type effects (low-high frequency trials; top graph) and
accuracy trial-type effects (high-low frequency trials; lower graph) for young adults by language group.
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Figure 10. ASRTT reaction time (RT) trial-type effects (low-high frequency trials; upper graph) and
accuracy trial-type effects (high-low frequency trials; lower graph) for older adults by language group.

In summary, both young and older adults demonstrated overall skill learning and
sequence-specific learning. Older adults demonstrated greater skilh¢paompared to
young adults, but this was likely due to a floor effect for the young adults. Yourtg,adul

however, demonstrated greater sequence-specific learning compared talter
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There was no effect of language group, such that for both young and older adults,

bilinguals and monolinguals performed equivalently.
3.2.4 Is Learning Declarative?

Responses on the post-experimental questionnaire and the card-sorting task
provide consistent evidence that participants did not acquire declarative knowl¢dge of
sequence structure. Questionnaire responses were similar for all growpsrand
consistent with data from previous ASRTT studies (e.g., D.V. Howard et al., 2004).
When asked whether they noticed any regularity, none of the participants reported a
pattern or described the alternating nature of the sequence. There wasneoahff
among groups in self-reported strategies to complete the task.

For the card-sorting data, to determine if individuals were able to judge #yplici
the relative frequency at which each triplet sequence occurred, the meaniqnagfort
times the low- and high-frequency triplets were placed intdréugientcategory was
calculated for each group. A difference between high-frequency anddqueincy
sorting would indicate that people were able to make declarative judgments gibeiut tr
frequency. A group x triplet type ANOVA revealed no significant effedtsere was no
difference between the overall mean for rare triplets (0.63,SE= 0.02) and frequent
triplets M = 0.62,SE= 0.03), and there were no significant differences among young
bilinguals M = 0.60,SE= 0.02), young monolingual$4= 0.60,SE= 0.03), older
bilinguals M = 0.59,SE= 0.03) and older monolingualsi(= 0.61,SE= 0.03) indicating
that participants were unable to explicitly distinguish low- and high-frequgiplets.

Thus, consistent with the questionnaire responses, the card-sorting data tiatfirm
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participants in all groups did not have explicit knowledge of the sequence structure they

had learned.

3.2.5 Implicit Sequence Learning Summary

In summary, all groups demonstrated both general skill and implicit sequence-
specific learning. Young adults responded faster than older adults and demonstrated
greater sequence-specific learning, but there were no language dfetgndes. The
main hypothesis of this study was that bilingualism would assist in learningréedu
regularities and thus, both young and older bilinguals would show greater implicit
sequence learning compared to their monolingual counterparts. However, although al
groups demonstrated general skill and sequence-specific learning, #sene wffect of
language group. For both age groups, bilinguals and monolinguals performed
equivalently.

3.3 Correlations Between Executive Control and Implicit Learning

As indicated earlier, it was hypothesized that since similar procgssasitive
control, inhibition, and attentional processes) are used in the Simon task and the ASRTT,
performance on the two tasks would correlate. This correlation would imply thatathe
cognitive processes are related, such that people with good executive contcbl woul
perform well on both the Simon task and the ASRTT, and people with poor executive
control would perform poorly on both tasks. Learning scores for both RT and accuracy
for the ASRTT were calculated for each participant by taking the sum offteeedce
scores (high- minus low-frequency trials for accuracy and low- minus regldncy

trials for RT) across all epochs. Higher scores indicate greateirlg. The learning
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score for the Simon task was the Simon Effect score (incongruent minusemngru

trials). Higher scores indicate greater interference, and thusewesgecutive control.

Table 6. Correlations Between the Simon Effect Score and the ASRTT

Measure Group
Young adults Older adults
Monolingual  Bilingual Monolingual  Bilingual

1. Simon Effect -
2. ASRTT sum of mean DRT .054 179 .292 -.531*
3. ASRTT sum of mean DACC -.264 -.022 -.147 .540*
Note *p < 0.05. ASRTT = Alternating Serial Reaction TimaskK.
DRT = Difference in Reaction Time. DACC = fence in Accuracy.

Table 6 shows the correlations between the ASRTT and the Simon task for all
groups. No correlations were significant for either of the young groups ¢refotder
monolinguals. The only significant correlation that occurred was for the oldeyuals.

A significant negative correlation was observed for the ASRTT RT legsdore and
Simon Effect for older bilinguals,= -0.53,p < 0.03, such that the lower the Simon
Effect, the greater the ASRTT learning. A significant positive coroelatas observed
for the ASRTT accuracy learning score and Simon Effect for older bilisgual0.54,p
< 0.03, such that the greater the Simon Effect, the greater the ASRTT learoattgr S

plots for these correlations are presented in Figure 11.
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Figure 11. Scatter plots comparing ASRTT reaction time (RT; upper graph) and accuracy (lower graph)
learning to Simon Effect in older adults.

The ASRTT accuracy measure correlation is not consistent with expastagt
for this study; however, older adults performed with very high accuracy apdhave
reached a ceiling, in which case, a correlation would not be obtained. The olderabiling
group did show a correlation though, so this cannot fully account for the findings. The

ASRTT RT measure correlation is consistent with the hypothesis, as higirend¢eon
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the ASRTT is related to greater executive control, or less interferendes &mnton task.

However, there is great variation in the older adults’ performance, as caarbms
Figure 11. As the correlation was only observed in older bilinguals, this implies that
managing two competing languages for a lifetime may lead to gre@teutare control.
This suggestion warrants further study as the participants’ performance stuithy
varied greatly and likely cannot be generalized.
3.4 Standardized Neuropsychological Tests

The results for the standardized neuropsychological tests are displayedes Tabl
7, 8, and 9. For each task, results were submitted to 2 x 2 (age group x language group)
ANOVAs. There was a main effect of age group on the Spatial Span forward and
backward taskg; (1, 76)= 29.24,p < 0.0001;F (1, 76)=55.97,p < 0.0001,
respectively; the Operation Span tasK]l, 76)= 17.15,p < 0.0001; the Letter-Number
Sequencing taslk (1, 76)= 10.01,p < 0.01; the Consonant Trigrams taBK,1, 79)=
13.68,p < 0.001; the Digit-Symbol Coding, Pairing and Free-Recall ta&sks, 79) =
109.84,p < 0.001;F (1, 79)= 24.38, p < .0001;F (1, 79)= 11.09, p < 0.01,
respectively, and the Matrix Reasoning tdskl, 79)= 37.25,p < 0.0001, such that
young adults performed better than older adults. Older adults scored higher Sodtaill-
IntelligenceF (1, 79)= 11.80,p< 0.001. There was no main effect of age group on the
Digit Span forward and backward tasks or on the Vocabulary task. For all tasks, ther
was no main effect or interaction with language group, suggesting that bilsmguhd

not affect these cognitive skills (g > 0.05).
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In sum, the results of the standardized neuropsychological tasks showed an

overall effect of age group, such that young adults performed better thaadldisron

most of the tasks, and older adults performed better than young adults on Full-Scale
Intelligence. These results are consistent with research demowgst@gimtive decline

in fluid skills, such as processing speed, working memory and episodic memory, but no
(or late) decline in crystallized skills, such as intelligence (Heddeml&i€li, 2004;
Salthouse, 1996). There were no effects of language group on the standardized
neuropsychological tasks, suggesting that bilingualism did not have an effecten thes

cognitive abilities.

Table 7. Mean Scores (and Standard Deviation) for Standadlideuropsychological Tests by Age Group
and Language Group

Spatial span Digit span
Group Forward Backward Forward Backward LNS
Young monolingual 8.15 (2.01) 7.85 (1.46) 10.8072. 6.25 (2.00) 10.80 (2.95)
Young bilingual 9.00 (1.57) 8.65 (1.50) 9.87 (1.94) 6.17 (2.10) 10.57 (2.69)
Older monolingual 5.65 (1.69) 5.25 (1.59) 10.1@22. 5.90 (2.36) 9.15(1.81)
Older bilingual 6.72 (2.05) 5.83 (1.82) 9.56 (2.36) 6.33 (1.75) 8.56 (2.20)
Young mean 8.61(1.81)*  8.28 (1.52)* 10.30 (2.03) .216(2.03) 10.67 (2.78)#
Older mean 6.16 (1.93) 5.53 (1.70) 9.84 (2.27) 62108) 8.87 (2.00)

Note: *p < 0.0001, for Age group. g< 0.01 for Age group. LNS = Letter-Number Sequegci

Table 8. Mean Scores (and Standard Deviation) for Standardized Neuropsychological Tests by Age
Group and Language Group (cont.)

Consonant Digit-symbol
Group OSPAN trigrams Coding Pairing Free recall

Young monolingual .68 (.13) 6.10 (2.51) 88.20 (8.6 14.25(3.39) 7.60 (1.10)
Young bilingual .65 (.14) 6.78 (1.86) 87.70 (10.38) 15.52 (3.45) 8.13 (1.14)
Older monolingual .54 (.13) 4.45 (2.67) 56.30 (9.7 9.75 (5.45) 6.80 (1.44)
Older bilingual .52 (.20) 4.67 (2.30) 57.22 (11.75) 10.56 (5.08) 7.06 (1.51)
Young mean .69 (13)*  6.47 (2.19)**  87.93 (12.40)**14.93 (3.44)* 7.88 (1.14)#
Older mean .53 (.17) 4.55 (2.47) 56.74 (14.39) 3(Q5122) 6.92 (1.46)

Note: *p < 0.0001, for Age group. *p < 0.001 for Age group. p< 0.01 for Age group.
OSPAN = Operation Span.
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Table 9. Mean Scores (and Standard Deviation) for I ntelligence Tasks by Age Group and Language
Group

Group Vocabulary Matrix reasoning FSIQ
Young monolingual 57.70 (7.51) 29.50 (3.83) 109BE73)
Young bilingual 55.91 (7.47) 27.91 (3.41) 104.00.0B)
Older monolingual 58.95 (8.75) 21.95 (5.08) 11518.35)
Older bilingual 60.67 (9.25) 23.72 (4.78) 116.00.6B)
Young adults mean 56.74 (7.45) 28.65 (3.66)* 10614954)
Older adults mean 59.76 (8.91) 22.79 (4.96) 11618340)**

Note: *p < 0.0001, for Age group. *p < 0.001 for Age group. FSIQ = Full-Scale Intellige Quotient.



4.0 General Discussion
This study revealed three major findings. First, young bilinguals demtaustra
greater executive control compared to young monolinguals in traditional lde@&ral
analyses of the Simon task, and older bilinguals and monolinguals performed
equivalently. Second, with more sensitive distributional analyses, older bilinguals
demonstrated a bilingual advantage for congruency effects, but young dgidgliaot.
Third, all groups demonstrated both general skill and implicit sequence-speifime
in the implicit learning ASRT task, and there were no language group differebaeb
of these is discussed in detail below.
4.1 Executive Control
In this study, the findings from the traditional overall performance measwés us
to analyze the Simon task conflict with other studies that have fyneiadierdifferences
between older bilinguals and monolinguals compared to young bilinguals and
monolinguals. Why didn’t the older bilinguals in this study show enhanced executive
control compared to monolinguals in the traditional Simon task analyses as deradnstrat
in other studies while showing a bilingual advantage in the distributional asfalyse
There are four possible reasons why this study did not replicate other findirgys. Ea

possibility is discussed next, and a summary follows.

4.1.1 Bilingualism Does Not Influence Executive Control Skills

First, there is the possibility that bilingualism simply does not influence other
cognitive processes, and the findings in other studies are due to extranewssliiat
correlate with bilingualism. While Mechelli, Crinion, Noppeney, O’Doherty, Astéyr
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Frackowiak & Price (2004) found greater grey matter density in bairguals

compared to late bilinguals, and others have found changes in brain morphology related
to expertise in other specific areas (Elbert, Pantev, Wienbruch, Rockstrotb& I95;
Haslinger, Erhard, Altenmuller, Hennenlotter, Schwaiger, Grafin von Einsie¢del, e

2004; Koeneke, Lutz, Wusterberg & Jancke, 2004; Maguire, Gadian, Johnsrude, Good,
Ashburner, Frackowiak and Frith, 2000; Maguire, Spiers, Good, Hartley, Frackowiak &
Burgess, 2003; Pantev, Oostenveld, Engelien, Ross, Roberts & Hoke, 1998), Green and
Bavelier (2008) suggest that learning expert tasks or being trained on a aetitaty is

quite specific to the trained activity and doestransfer to other unrelated tasks. As no
studies to date have demonstrated far transfer to tasks that are not simildraio¢ie

task, it is impossible to rule this possibility out. It may very well be tee tzat

bilingualism does not influence other cognitive processes, as found in the predgnt st
and that results in other studies showing a correlation between executive aodtrol
bilingualism were in fact due to a third variable. However, as other studies have show
that bilinguals perform better than monolinguals on pligicular task with the

traditional analyses, this possibility is unlikely.

4.1.2 Various Aspects of Bilingualism Are Important for Transfer

Another possibility of why this study did not replicate the traditional RT aeslys
results of previous studies is that the groups in the present study may have been
categorized differently than participants in other studies. Although the @alisgn
Questionnaire was administered to each participant at testing time to obdamation

about the extent of their second language abilities, some components of bilingualism suc
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as proficiency, language usage, and age of acquisition were not accounted for in the

original grouping. These factors vary greatly among bilinguals anchengg/played a
key role in the results.

4.1.2.1 ProficiencyOne critical aspect of bilingualism that varies among
individuals is proficiency. Language proficiency refers to the levettaianent a
person has achieved in a given language and often includes four domains: listening,
speaking, writing, and reading (Cummins, 1983; Schrauf, 2008). Generally, people who
speak two languages from childhood and who use both languages daily achieve high
proficiency. However, second language learners often do not achieve thesamé le
proficiency as native speakers of a language. Some studies have found a differenc
cognition between high-proficiency bilinguals and low-proficiency bilingsbmetimes
also referred to as “un-balanced” bilinguals) and/or monolinguals (Bain,& %380;

Bialystok & Majumber, 1998; Cummins, 1979; Lambert, 1977; Peal & Lambert, 1962;
Segalowitz & Frenkiel-Fishman, 2005; Zied, Phillipe, Karine, Harvet-Thompson,
Ghsilaine, Arnaud, et al., 2004). For example, Zied at al. (2004) found that both older
and young balanced bilinguals had faster reaction times than their undablanc
counterparts who had high proficiency in just one of their two languages.

To examine the effects of proficiency, or the extent to which one is bilingual,
bilinguals who had high proficiency in their second language, or “high fluency,” and
monolinguals who had very minor second-language experience, or “low fluencg,” wer
examined. This assessment was done as some monolinguals in this study had some prior

exposure to a second language (even though they did not consider themselves to be
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bilingual), and some bilinguals had only a little exposure to a second language (and yet

considered themselves to be bilingual). The goal here was to include only theptofi
bilinguals and the monolinguals.

To categorize participants as “high fluency” and “low fluency,” the bilingual
scores that assessed listening, speaking, writing, and reading reportetioin £2c4.2
of this paper were divided such that people with a score less than 10 were considered
low-fluency (monolinguals) and people with a score greater than 30 were cedsider
high-fluency (bilinguals). See Table 10 for bilingual and Simon Effeecesdoy age and

language group.

Table 10. Bilingual and Simon Effect Scores by Proficiency Groups

Bilingual scores Simon effect
Group N Mean Stddev Minimum Maximum Mean  Std dev
Young high f 19 34.27 1.94 31.15 37.00 23.24 25.54
Young low f 4 761 0.85 7.00 8.80 45.21 27.13
Older high f 14 34.65 2.08 30.25 37.00 46.49 39.24
Older low f 17 7.25 0.69 5.75 8.63 32.16 17.39

Note: f = fluency.

The same analyses carried out in Section 3.1 of this paper were carried out again,
but this time only these participants were included. See Appendix F for the fofll set
results. In summary, like in the original results, older adults were sloweydhiag

adults, but there were no effects of langdagéhese results parallel the original results.

“*Notice the disparity in Simon Effect scores betwtrenolder high-fluency bilinguals and the oldexo
fluency monolinguals in theppositedirection than hypothesized. It is unclear whyeolbilinguals show a
greater Simon Effect than monolinguals when theigscare categorized by proficiency. One possible
explanation of this disparity is that there aresotimportant aspects of bilingualism that are a&eh into
account here. See Sections 4.1.2.2 and 4.1.2t8sgbaper. These factors may be playing a keyirothe
results.
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For Simon Effect analyses, unlike the original results, therenwvaffect of age group.

The Simon task distributional analyses mirrored the results in Section 3.1.2 of this pape
In summary, although these analyses only examined “high-fluency” bilingndldow-
fluency” monolinguals, results more or less paralleled the results obtainedivehe
groups were broken down merely as “bilingual” or “monolingual.” This suggests that
proficiency alone does not account for differences seen between bilinguals and
monolinguals in other studies.
4.1.2.2 Regular language usAnother more obvious aspect of bilingualism is
language usage. Bilinguals continuously control the language they intend to lese whi
suppressing the other to avoid interference, while monolinguals experien@sshis |
frequently. A few studies have suggested that regular language usage edignition in
bilinguals (Bialystok, 1988; Costa, Roelstraete & Hartsuiker, 2006; Lani855;
Lemmon and Goggin, 1989; Kharkhurin, 2008). For example, Kharkhurin (2008)
demonstrated that for Russian-English bilingual Russian immigrants inyideky length
of acculturation in the United States was a major factor in determining ivegoénefits.
Although | attempted to obtain a sample that did in fact use both languages
regularly, it may be that the participants in the present study did not use theanlyegt
least not to the extent of participants in other studies. To examine this notion, additional
analyses were run in which only people who answered yes to the three introductory
guestions on the first page of the Bilingualism Questionnaire were includedyakafre
bilinguals,” and people who answered no to each of the three introductory questions were

included as “monolinguals.” The three questions were:
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Are you able to switch between the languages at will?
Do you speak both languages at home?
Do you use both languages more than two times a week?
See Table 11 for bilingual scores and Simon Effect scores by language and age
group. Results paralleled the patterns observed with the original sampl@artedén

Section 3.1 of this paper. This suggests that the regular-usage factor alone fidgs not

account for the bilingual advantage reported in other studies.

Table 11. Bilingual and Simon Effect Scores by Language Usage Groups

Bilingual scores Simon effect
Group N Mean Stddev Minimum Maximum Mean Std dev
Young reg b 18 31.97 5.77 12.70 37.00 23.91 34.19
Young mono 14 14.25 5.52 7.00 22.90 45.21 30.57
Olderregb 8 32.67 7.51 14.60 37.00 35.76 10.59
Older mono 16 8.05 2.45 5.75 16.08 39.48 28.19

Note: Reg b = regular bilinguals. Mono = monoliatpu

4.1.2.3 Age of acquisitionAnother important aspect of bilingualism is the age in
which the second language was acquired, commonly referred to as “ageisitan.”
Some studies have addressed the importance of age of acquisition in order for
bilingualism to have positive effects on other aspects of cognition (Hernandez &
2007; Kharkhurin, 2008; Mechelli et al., 2004; Golestani, Alario, Meriaux, Le Bihan,
Dehaene & Pallier, 2006; Wartenburger, Heekeren, Abutalebi, Cappa, Vill@nger
Perani, 2003). For example, Golestani et al. (2006) found different patterns of brain
activation in early versus late learners (of the second language)jnmgtecal
processing but not phonetic or semantic processing. During syntactical prodwsk&n ta

Golestani et al. (2006) demonstrated activation in the left inferior par@tak¢can area
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associated with processing complex syntactic structure and coding andatetrieerbal

working memory. This activation was greater when participants used their second
language, which presumably is more cognitively demanding than thelafiggiage.
They also found a similar pattern in the dorsolateral prefrontal cortexioa tegught to
underlie attention and the central executive system. They suggest that theystara
mediating grammatical processing are more vulnerable to changesyiexqeatiences
than those mediating semantic processing. Similarly, Wartenburger €G8) (2
suggested that the age of acquisition affected cortical represastafigrammatical
processes such that late learners activated inferior frontal regiomsdilamore than
early learners. One study suggests that bilinguals have greatenajter density than
monolinguals and that the degree of structural reorganization is correlasmbial s
language performance (Mechelli et al., 2004). Mechelli and colleagues (@206d)that
the density difference was greater in early bilinguals compared toiliagguals. All of
these studies suggest that the structure of the brain is altered morky ltlyazalate
experiences of acquiring a second language.

The aforementioned frontal regions are associated with higher ordertiege
processing, such as cognitive control, inhibition, and working memory. Thus, one would
expect there to be a difference in performance in executive control taskslyor e
bilinguals, but not for individuals who acquire their second language later in life. The
indirect evidence for this assumption lies in the notion that certain abilitigsasuc
processing speed, attention, encoding new information, recalling informaticad pa

associations, and implicit learning, decline with age (Craik & Jennings, 19¢8deH &
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Gabirieli, 2004; Howard & Howard, 2001; Hultsch & Dixon, 1983; Kharkhurin, 2008;

Kemper, 1991, Salthouse, 1996). If acquisition of a new language results in cognitive
changes, as suggested by the abovementioned work, then the age of acquisition likely
determines the specificity of these age-related changes. If one admptindanguages at
an early age, there will be greater organization and functionally-speaifreections, and
the conceptual representations will be stronger than in monolinguals (Kharkhurin, 2008;
Trainor, 2005). [See also Salthouse (1988) for a hypothetical network structuagq If
of acquisition plays an important role in transfer to other skills, and it was natitake
account in the present study, it may be the case that the performancdeairtetes
interfered with the excelling performance of the early learners. aHislearner
advantage may be the bilingual advantage that has been demonstrated in other studies.
For the present study, many of the older bilinguals acquired their second language
later in life compared to the young bilinguals. In fact, only six of the 18 oldagbdis
began speaking their second language at age seven or younger, while 17 of the 23 young
bilinguals began before speaking their second language before the age of sewst. To t
the notion that the age of acquisition is a determining factor of enhanced cognitive
processing in bilinguals, additional analyses were run in which only the 17 younig and s
older bilinguals were included in the bilingual groups. Age seven was the cutoff used
here as it has been identified in the bilingualism literature as “a tpgcad.”
To examine the effects of age of acquisition, participants were regrouped based

on the age that they learned their second language. Individuals who learnedheefore t

5Thecritical-period hypothesiss a developmentally-based hypothesis that thétyabil learn a language
well is limited to years before puberty, and thdilés are limited in their ability to acquire a ead
language (Gianico & Altarriba, 2008; Hakuta, Biabks & Wiley, 2003).
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age of seven were considered “early bilinguals,” people who learned aftgetbé a

seven were considered “late bilinguals,” and the monolinguals remained “noprals.”
See Table 12 for mean bilingual and Simon Effect scores by age and language group.

The same analyses carried out in Section 3.1 of this paper were carried out again
but with the participants categorized by age of acquisition. See Appendix G fall the f
results.

With this regrouping, there was a difference among the early bilingatds, |
bilinguals and monolinguals with the traditional overall RT analyses. When tlos Sim
Effect was examined, there was a marginal effect of language grouphatiokder early
and late bilinguals performed differently, but there was no difference fgotirey
bilinguals. See Figure 12 for Simon Effect scores by age and language @gased on
these findings, it seems that age of acquisition plays a role in lessenirgjaigd
decline in executive control in older adults but not in accelerating its development i

young adults.

Table 12. Bilingual and Simon Effect Scores by Age of Acquisition Groups

Bilingual scores Simon effect
Group N Mean Stddev Minimum Maximum Mean Std dev
Young early 17 33.56 3.22 26.00 37.00 18.17 22.12
Young late 6 31.86 2.83 27.60 34.93 18.05 50.24
Young mono 20 15.64 6.08 7.00 28.65 42.02 27.91
Older early 6 36.27 0.79 35.00 37.00 29.29 28.74
Older late 12 33.25 2.61 27.70 37.00 55.90 40.54
Older mono 20 9.31 3.50 5.75 17.03 47.06 32.20

Note: Early = early bilingual. Late = late bilinglu Mono = monolingual.
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Figure 12. Simon Effect scores by age group and age of acquisition group.

When distributional analyses were carried out, there were no overall language
group differences in direct response capture. See Appendix G for the full results.
However when young and older adults were examined separately, older latealsling
made more errors on incongruent trials in the second RT bin compared to older early
bilinguals, as shown in Figure 13. This suggests that the executive control corteadtion t
took place when the early bilinguals responded slower (i.e., in the second RT bin), took
longer for the late bilinguals.
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Figure 13. CAFs. Mean percentage correct in the Simon task as a function of RT bin by age of
acquisition group and congruence in older adults.
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There were no language group differences in selective response inhibition. This

suggests that age of acquisition plays a role in lessening decline of dipemise
capture, apecific aspeadf executive control, in older bilinguals, but it does not have a
global effect on executive control in that it does not affect selective respinisigon.

4.2 Implicit Learning

4.2.1 Bilingualism Does Not Influence Implicit Learning

Like previously mentioned in Section 4.1.1 regarding executive control, there is
the possibility that bilingualism simply does not influence implicit learningnaly be
the case that different neural substrates underlie executive control andtisggjieence
learning, and so while other researchers have found bilingual benefits in egecuti
control tasks, no benefits are found in implicit learning tasks. However, based on the
finding in the previous section that age of acquisition plays an important role in eegniti
benefits in executive control, one must wonder if the various aspects of bilingasm

play a key role in implicit learning.

4.2.2 Various Aspects of Bilingualism Are Important for Transfer

When the groups in this study were broken down by proficiency and regular
language usage, the ASRTT results mirrored the original results repo@&edtion 3.2
of this paper. However, when the bilingual groups were broken down by age of
acquisition, language group differences were revealed. See Appendix Gffdr the

results.
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Age of AcquisitionIn summary, when the groups were broken down by age of

acquisition, there were significant effects of language group, such thadéoraolults,

early bilinguals performed better than late bilinguals and monolinguals on RETAS

As can be seen in Figure 14, early bilinguals show the greatest amount of sequenc
specific learning as assessed by the RT trial-type effect, falltwehe late bilinguals

and monolinguals. The trial type x language group interaction was mafgii2al34)=
2.92,p=0.07, and post-hoc ANOVAs revealed a significant difference between early
bilinguals and monolingual§;, (1, 23)=4.32,p < 0.05, and a marginal difference
between early and late bilinguals(1, 16)= 4.00,p = 0.09, but no difference between
late bilinguals and monolinguals. The young adults showed minor effects, suggesting
that early acquisition of a second language has beneficial effects in prgi@gainst

cognitive decline of implicit learning but not in accelerating it.
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Figure 14. ASRTT reaction time (RT) trial-type effect (low-high frequency trials) scores for older adults
by age of acquisition group.
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4.3 Summary

Based on these findings, it seems that age of acquisition affects peréerora
an executive control task and an implicit sequence learning task. Thisisteonsith
theories of neural development and specifically with the aforementioned fregitans
associated with these tasks. However, these findings are not clear-custndijsand
they contradict neuroimaging research that finds that proficiency seenesmportant
than age of acquisition (Hernandez & Li, 2007) and thus warrant further study. These
findings are consistent, however, with the view that early learning of aeskdl$ Ito
dedicated neural circuitry that affects the form of cognitive and neunatstes and later
stages of development (Hernandez & Li, 2007; Kuhl, 2004). While this dissertason wa
not specifically designed to test age of acquisition, it was possible to eltptorariable
as the information was collected in the Bilingualism Questionnaire. Fusearoh
examining age of acquisition of a second language, while controlling for otimguiail
variables, and cognitive functioning in old age would prove useful in assessing this

possibility.



5.0 Limitations

A fundamental problem in bilingualism research is that there is no consistent
assessment of bilingualism. There is a lack of uniformity of reported degseeafd
language proficiency, age of second language acquisition, how often both langrtege
used, and the circumstance under which the second language was acquired. Although
guestionnaires were administered in this study to better understand the bilinguals
second-language abilities and backgrounds, when the groups were sub-gsotifged b
different variables, the number of people in each group was reduced in size and the
comparisons were made with small, uneven sample sizes. Furthermore, these
comparisons were made based on self-reported bilingualism abilities. Although the
Bilingualism Questionnaire correlated with a well-known test of second langibadg,
it may not have accurately captured the bilinguals’ skills. Future részarshould aim
to have a common way to identify and quantify bilingualism so that studies can be
accurately compared to one another. Measuring and controlling for these gagable
critically important in the study of cognition and bilingualism.

In this study, participants were recruited either through an introductory
psychology students participant pool at the university or through advertisemeisah a
newspaper. In a sense, these participants were selected for the study, #mesthus
results cannot be generalized to the entire population. However, the chanceg are ve
small that people who would perform in a certain way on these tasks (i.e., fast
responders) would take an introductory psychology class or opt to participate in a
psychology research study. It is very common in psychology research stucleas

this one and most of the aforementioned studies, to recruit in the same manner used here.
66
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Similarly, the older participants in this study were recruited fronWihashington,

DC metro area (including areas of northern Virginia and Maryland that border
Washington DC) by newspaper advertisements. By default, this excluded people who did
not read the newspapers used to recruit and people who did not live in the area.
Furthermore, as this study called for only Spanish-English bilinguals antEng|
monolinguals, results cannot be generalized to bilinguals of different languagpessis

and English are similar in many ways, and results may differ when examinglges

that are very different from each other. Future studies should examine landnzages t

very different from each other, for example, languages in which words arewithde

symbols or in which people read from right to left. Having such studies would prove
useful in exploring whether cognition is different for different languages and in

identifying explanations for enhanced cognition in some languages and not others.



6.0 Conclusion

This dissertation aimed to replicate previous findings of greater execoti®|
in bilinguals versus monolinguals. Furthermore, it aimed to examine the effects
bilingualism on implicit sequence learning, specifically in older aduttalsd aimed to
explore the importance of variables related to bilingualism that lead to ivedrenefits.
Specifically, this dissertation aimed to answer the following questions:

1. Does bilingualism affect performance in an implicit sequence learningrask a
an executive control task?

2. Do older bilinguals perform better than older monolinguals in an implicit
sequence learning task and an executive control task?

3. Are second language proficiency, language usage, and age of acquisition
important factors in obtaining cognitive benefits?

The findings of traditional analyses in this study did not replicate exidtidies
which indicate that older bilinguals have greater executive control than older
monolinguals. Young bilinguals in this study demonstrated greater executivel cont
compared to young monolinguals. Older bilinguals and monolinguals, however,
performed equivalently. Distributional analyses that examined dirgxinss capture in
slow responses and response inhibition in fast responses were utilized in this study, a
novel approach for examining the effects of bilingualism on executive control. With
these distributional analyses, older bilinguals demonstrated enhanced gpecisee
capture and more efficient response inhibition than older monolinguals, but the young
groups performed the same. This suggests that researchers who exangnalisiin

68
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and executive control should use distributional analyses, which are more seasitive t
response speed variations across the entire session and to congruency eftecisaon a
(Forstmann et al., 2008; Ridderinkhof et al., 2005; Stins et al., 2007; Wiegand &
Wascher, 2007) rather than the traditional analysis that examines mean reppedse s
for correct responses (Bialystok et al., 2004; Van der Lubbe & Verleger, 2002heFor t
ASRTT implicit learning task, all groups demonstrated both general skill guigtitm
sequence-specific learning. Young adults had faster reaction times thardalteriaut
there were no language group differences. Additional analyses demonstrating a
difference in executive control and implicit sequence learning between altier e
bilinguals and older late bilinguals but not between the young groups suggest that age of
acquisition is an important factor in lessening cognitive decline inherent viitt). ag
Although second language proficiency and language usage were not found to be
important factors in acquiring cognitive benefits, more studies are chélmateinclude a
multitude of bilinguals with differing levels of second-language abilitied,idtneg level
of second language proficiency and how often the second language is used, as well as
differing ages of acquisition.

Research on bilingualism and cognitive aging is very sparse. Such research is
made more difficult with the necessity of controlling for many language atoaiand
language usage variables. This dissertation adds to the small body of knowledge that i
already present and raises many more questions. Future controlled, émgsdaech

should aim to identify variables associated with preserved cognitive agirigmguahls.



Appendix A: Bilingualism and Cognition

Previous research has shown that while bilinguals may only use one langaage at
time, both languages are always active, resulting in a mechanism that stneatyeo
competing systems to avoid intrusion from the unwanted language while the chosen
language is used (Gollan & Kroll, 2001). This mechanism directs attention to the chose
language while suppressing and inhibiting attention to the unwanted languagepand als
monitors context to switch to the unwanted language when it is required. Perhaps due to
the constant experience of using this mechanism, bilingualism has been shoemn to alt
certain aspects of cognition early on in children and young adults, and alsotserve
protect against the natural age-related decline in cognition across manpsi@sueh as
memory (Kormi-Nouri et al., 2003), cognitive control (Bialystok et al., 2008;Ceats4l.,
2008; Segalowitz & Frankiel-Fishman, 2005), planning and monitoring (Craik &
Bialystok, 2006). While certain aspects of cognition (i.e. verbal abilitiégeneral
knowledge) have been shown to increase or remain stable in old age, other aspects (i.e.
problem solving, pattern recognition, learning, abstract reasoning) have beenshown t
decline early, around age 25, and steadily throughout adulthood (Hultsch & Dixon, 1983;
Salthouse, 1996). However, it appears that bilingualism may offset this decline.

Bilingualism and Development

An early study by lanco-Worall (1972) found that bilingual children are able to
perceive relationships between words in terms of symbolic rather thastiagmoperties
at a younger age than monolinguals due to experiencing two different symbailsdst
every object in their environment. In the study, nursery and elementary schoaldliling
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and monolingual children performed several verbal tasks. In the first taskyduey|
the similarity of object names, some of which were phonetically simithsemantically
different, and some of which were semantically similar but phoneticallyelife
Bilinguals were better able to interpret the similarity betweerdsvor terms of
semantics compared to monolinguals. In the second task, participants interchanged
names of objects, which required children to ignore semantic meanings arnttiatiles
govern the usual relationship among words. Bilinguals excelled over monolinguals i
interchanging names when interchanging required formulating the cohaeptimes are
arbitrarily assigned to things. In summary, bilingual children displayedadegrability

to realize basic arbitrary relationships between words and the objectethay,
suggesting greater semantic development, compared to monolinguals.

Similarly, Bialystok (1988) investigated meta-linguistic abiliieshildren. Like
the tasks used in lanco-Worall (1972), children interchanged names of objects, which
requires the ignoring of semantic meanings and rules that govern the ustiahsaip
among words. The primary demands of the task were on control of processing since
children had to ignore their usual experiences with the words in order to manipulate thei
usage of them. As in lanco-Worall (1972), bilingual children were better able to
interchange names of objects compared to monolinguals. Children also defined words, a
task that relies upon analyzed knowledge of the concept of a word. Bilinguals were
better able to formally define words, compared to monolinguals, demonstratimgedha
meta-linguistic performance. The difference, the author argues, lies iorttiel ¢that
bilingual children can exert over their processing of language, which enhraataes
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linguistic skills.

Ben-Zeev (1977) and Cromdal (1999) also found that greater control of attention
allows bilinguals to ignore semantic meanings and rules that govern thealatiahship
among words, enabling them to swap arbitrary names for objects and have a better
understanding of syntactic structure than monolinguals. 7-year old children pefarm
number of verbal tasks (Ben-Zeev, 1977). In the first, a verbal transformation task, a
nonsense word was repeated over and over on a loop and participants reported
transformations. Bilinguals reported more transformations and began hibanmg
earlier, compared to monolinguals. The author argues that this is due to bilinguads havi
to interpret speech of two different structural types, which likely resulissirategy to
quickly interpret auditory patterns until a satisfactory interpretatiéouisd. In the
second task, a symbol-substitution task, participants substituted one meaning far anothe
as in lanco-Worall (1972) and Bialystok (1988). Similar to those studies, bilingaeds
better at interchanging names of objects than monolinguals. The bilingualbeteer
able to “treat words as ‘desemanticized’ units within a larger syotemtie system and to
change the rules of the system as the test required” (Ben-Zeev, 1977, p. 1016).
Participants also performed a non-verbal task, a matrix transposition and naming of
dimensions task. Children were shown various sized matrices and were askietgjuest
about the “sameness” or “different-ness” of the items in the matrices. widreyalso
asked to transpose the items in the matrices to make sense and completerthe syst
Bilinguals were significantly better at isolating and specifying ugohgy dimensions of
the matrices and identifying matrix patterns, compared to monolinguals. Trigubis
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were better able to reorganize perceptions to identify structure in amrbitr
environment, resulting in a more analytical orientation to structures, coarijpare
monolinguals. These findings lend support to the notion that bilingualism is related to
greater control of attention and inhibition skills.

Further support comes from Cromdal (1999), who also found that bilingualism
enhances concept formation and meta-linguistic analysis. Monolingual arglilili
children aged 6 and 7 who attended bilingual schools participated in the study.r ®imila
previous studies (i.e., Ben-Zeev, 1977; Bialystok, 1988; lanco-Worall, 1972), children
performed a symbol substitution task (interchanged names of objects, which required
children to ignore semantic meanings and rules that govern the usual relatiomshgp a
words). Furthermore, these participants performed a sentence judgment aatiotorr
task, in which they judged grammar rather than semantics, of the sentences. kThis tas
measures meta-linguistic knowledge because knowledge of grammar, as thell
ability to concentrate on language form, is required to perform well. Once again,
bilinguals out-performed the monolinguals in fluid tasks requiring symbol sulmstituti
(a.k.a. control of processing), such that they produced more successful substitutions tha
their monolingual peers. Also, bilingual children were better able to malectorr
judgments of grammar, compared to monolinguals. This study offers additional support
for the positive influence of bilingualism on children’s ability to control proogssf
linguistic information.

Bochner (1996) examined another aspect of cognition: learning styles, sfigcifica
motives and strategies in how students approach the task of learning. 14 and 16-year olds
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filled out questionnaires examining motives and strategies as well asoguasts about
language usage. Questionnaire responses revealed that individuals who ard hilingua
more inherently interested in what they learn and are more inclined to regamdesand
education as a mode to compete and achieve and as a source of positive self-esteem,
compared to monolinguals. They also use more appropriate strategies tdaitajodls

of acquiring new knowledge than monolinguals. This is similar to the results of Ben
Zeev (1977), who found that bilinguals have an inclination to search for structure in
perceptual situations and to reorganize perceptions in response to feedback.

Diaz (1983) and Bialystok and Majumber (1998) found that children’s control of
processing, an aspect of selective attention, is different for bilinguals @malinguals.
They compared bilingual and monolingual children on tasks that depended more on
analysis of representational structure or on control of attentional pireg.e&slingual
children excelled on tasks involving control of processing but not on tasks of analysis,
compared to monolinguals. This enhanced component of cognition, the authors argue, is
likely due to extended practice in switching between languages, and thus shifting
attention.

Further support for enhanced cognition lies in studies of semantic and episodic
memory (Kormi-Nouri et al., 2003) and sociolinguistic awareness, whicmeesa
theory of mind (Goetz, 2003). Kormi-Nouri et al., (2003) found that bilingual children
recall more in both semantic and episodic memory tasks, as well as in bodcakamd
cued recall conditions. Monolingual and bilingual 3 and 4-year olds participated in a
study examining theory-of-mind (Goetz, 2003). Children were given tasks nmegasuri
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appearance-reality, perspective, false beliefs with unexpected cdintnts crayon box
containing a toy car) and false beliefs with unexpected transfea(stry about a boy
placing an item in one place; his mother moves it while the boy is playinge wilethe
boy look for the item?). Bilingual children performed better than monolinguarehiin
the tasks, demonstrating enhanced theory-of-mind. Goetz (2003) suggests that because
bilingual children use different languages with different groups, they hetteerstand
that others have their own mental states, and thus they have enhanced sociolinguistic
interactions.
Bilingualism and Age-Related Cognitive Decline

While much earlier research has focused on children and developmental
differences between bilinguals and monolinguals, more recent studieskaavieed
differences in adults and the relation between bilingualism and cognitiveedecl
Evidence has emerged for bilingualism as a defense against decline oivexecut
processes. Cognitive aging research has consistently demonstratee ideekecutive
processes with age, including cognitive control (Bialystok, Craik & Ryan, 2006),
inhibition (Hasher, Stoltzfus, Zacks, & Rypma, 1991), planning and monitoring (Craik &
Bialystok, 2006), attention (Salthouse & Miles, 2002; Bialystok, Craik & Ruocco, 2006),
dual-task processing (Craik, 1977; Verhaeghen & Cerella, 2002) and certain kinds of
implicit learning (Howard & Howard, 1997). Three studies have examined tlotsaffe
bilingualism on cognitive control in older adults (Bialystok, Craik, Grady, Chau, Ishi
Gunji and Pantev, 2005; Bialystok et al., 2004; Bialystok, Craik & Ryan, 2006). In one
(Bialystok et al., 2004), participants ranged in age from 30 to 88 and participated in the
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Simon Task, a computer-based task examining cognitive control. In the Simon Task,
colored stimuli are presented on either the right or left side of the screenchnmblea is
associated with a response key: one on the right side of the keyboard and one on the left.
On congruent trials, the response key side is the same as the side thecalssoloistd

square, and on incongruent trials, the colored square appears on the opposite side of the
screen as the associated response key. Irrelevant location informatiaytypgults in

longer reaction times for incongruent trials. This longer reaction timadongruent

trials is referred to as the “Simon Effect.” Bilinguals respondedrfastrall than
monolinguals and experienced a smaller Simon Effect, indicating less retederom
incongruent trials, regardless of speed. Furthermore, bilinguals demeastraduction

in the age-related increase in the Simon Effect, compared to monolinguals, isgggest

that the lifelong experience of managing two competing languages csat@effor

natural age-related decline such that bilinguals may be somewhat protgtest asome
executive function decline.

In another study (Bialystok et al., 2005), 29-year old bilinguals and monolinguals
participated in the Simon Task while undergoing magneto-encephalograpl@) (M
Bilinguals had faster response times compared to monolinguals, as wetkas be
cognitive control (see also Bialystok, 2006). Furthermore, faster reacties were
associated with increased frontal activation for all groups, but there vtaratian
differences between the bilinguals and the monolinguals. Fast respondingguodid
was associated with greater activation in the cingulate, superior frontahfanor
frontal regions, while faster responding in the monolinguals was associ#beahlyi left
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middle frontal activation. Many of the regions associated with fasterrrésmpin the
bilinguals are regions bordering regions associated with language. The asutijgest

that bilingualism enhances those language areas in the brain, and thus leadstageslva
in bordering areas. These enhancements ultimately lead to a lessex olecbgnitive
abilities, specifically control of attention and inhibition, with advancing age.

Craik and Bialystok (2006) examined another aspect of cognition: planning and
monitoring. Older (mean age = 69.6 years) and younger (mean age = 20.2 years)
bilinguals and monolinguals participated in a computerized task designed tateeplic
cooking breakfast while setting a table (as a distracter task). Goodnglannine task
required many high-level cognitive skills, such as abstract reasoning, praieng s
and looking ahead, all previously shown to decline with age. They found that although
older adults in general showed deficits in planning and monitoring compared to young,
the older bilinguals out-performed older monolinguals, such that they were morengffi
and made better use of time to perform the breakfast tasks compared to older
monolinguals. Both older and young bilinguals demonstrated better planning and
monitoring skills over their monolingual counterparts. This study demonstrated that not
only does bilingualism lead to better planning and monitoring compared to monolinguals,
but also, the use of a task so similar to real life demonstrates the importanck of s
benefits.

More recently, Bialystok et al. (2007) examined whether bilingualism protects
against dementia symptoms. Medical files of 184 older individuals (mean age = 77) who
had been admitted into a memory clinic were examined. Bilinguals wesdHielhsas
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individuals who were fluent in two languages and had used both languages regularly f
most of their lives. They found that the bilinguals exhibited a delay of four yedues in t
onset of dementia symptoms, compared to their monolingual peers. This study
demonstrates that not only does bilingualism enhance various aspects obnogniti
throughout a lifetime, but it also seems to be a protective factor against cogratine de
into old age, a finding that has tremendous implications for health care, memaissel
and future research.

Fluency

Studies have examined specific aspects of bilingualism that lead to eegniti
benefits. Some studies report fluency or proficiency, that isviepeople speak both
languages, some report length of exposure to both languages, some report langeage usag
(i.e., regular use of both languages versus occasional use of one and regular use of the
other), and yet others report age of acquisition of the second language. le# tfrane
aspect of bilingualism is more important than another or if all factorsjaedle
important in order to experience cognitive benefits.

A detailed look at the bilingualism research lends support to the notion that
proficiency plays a role in the cognitive benefits associated with bilirggnaliCummins
(1979) argues for a threshold theory such that two thresholds of language pegficie
must be reached before a bilingual child receives cognitive benefits.irdtiie heeded
to avoid cognitive deficits and the second is needed to gain cognitive benefits. Thus,
different degrees of bilingualism result in different effects on cognébilities. Studies
have consistently shown that higher proficiencpathlanguages yields greater benefits
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than high proficiency in only one language and a low proficiency in the other (i.e.,
Bialystok & Majumber, 1998; Segalowitz & Frenkiel-Fishman, 2005) or than low
proficiency in both languages (i.e., Andreou & Karapetsas, 2004; Ricciardelli, 1992). |
the previous mentioned study by Cromdal (1999), it was found that the highly bilingual
children performed better than their less proficient bilingual peers, prodberigghest
number of successful substitutions, compared to both monolinguals and partial bilinguals.
Andreou and Karapetsas (2004) found that highly proficient balanced bilingual
adolescents performed better at various verbal ability tasks compared to |aeptofi
bilinguals.

Bialystok & Majumber (1998) found that fully bilingual children showed an
advantage over the partial bilinguals and monolinguals in the analysis task gyevious
mentioned. Higher degrees of balanced bilingualism were associatedghi¢n scores
on the analysis tasks. Diaz (1983) also demonstrated higher degrees of bilingualism
relating to higher levels of cognition. Similar to previously mentioned studies (i
Cromdal, 1999), more proficient bilinguals performed better than less proficient
bilinguals in tasks measuring concept formation, meta-linguistic anss.eaed cognitive
flexibility.

In addition, Ricciardelli (1992) found that only balanced bilinguals, those who
were highly proficient irbothlanguages, demonstrated cognitive advantages. In tasks
measuring meta-linguistic awareness, children who were five anears-old
performed a word discrimination task, a word length task, a word print task, a symbol
substitution task, and a word order correction task. Those who had low proficiency in
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both languages experienced negative cognitive effects, while those who had high
proficiency in both languages experienced beneficial effects and scored higpecific
areas, specifically divergent thinking, imagination, grammatical awaseiperceptual
organization and reading achievement. Consistent with Bialystok and Majumber, (1998)
this study demonstrates that proficiency does indeed play a role in cogditargtages
associated with bilingualism, such that individuals must be highly proficidiatim
languages in order to benefit.

Some studies have addressed the importance of age of acquisition in order for
bilingualism to have positive effects on other aspects of cognition (Hernandiez &
2007; Kharkhurin, 2008; Mechelli et al., 2004; Golestani et al., 2006; Wartenburger et al.,
2003). For example, Golestani et al. (2006) found different patterns of brain aativati
early versus late learners in grammatical processing. During sgatgroduction tasks,
Golestani et al. (2006) demonstrated activation in the left inferior paci@taix, an area
associated with processing complex syntactic structure and coding andatetrieerbal
working memory. This activation was greater when participants used their second
language, which presumably is more cognitively demanding than thelafiggiage.

They also found a similar pattern in the dorsolateral prefrontal cortexioa tegught to
underlie attention and the central executive system. They suggest that theystaras
mediating grammatical processing are more vulnerable to changelyiaxgmriences
than those mediating semantic processing. Similarly, Wartenburger €G8) (2
suggested that the age of acquisition affected cortical represastafigrammatical
processes such that late learners activated inferior frontal regiomsdilamore than
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early learners. One study suggests that bilinguals have greatenajter density than
monolinguals and that the degree of structural reorganization is correlasmbial s
language performance (Mechelli et al., 2004). Mechelli and colleagues{@0dd)that
the density difference was greater in early bilinguals compared toillaguals and
suggests that the structure of the brain is altered by early expenemeescquiring a
second language.

Of all the previous studies that have examined cognitive effects of bilingualism,
one stands out as the most thorough. In 2008, Kharkhurin identified three major factors
in bilingual development that relate to bilinguals’ cross-linguistic andserokural
experience. First, the bilingual must be proficient in the two languages)dsehe
bilingual must have acquired the second language at a very young age, and third, the
bilingual must have had extensive exposure to the cultural setting in which thagaagu
were acquired. In other words, in order for a bilingual to experience cognénsder, or
cognitive benefits in other areas, a person must acquire the second language at a very
young age, must immerse themselves into an environment where the languagenis spoke
(and the culture associated with the new language is learned), and must gaienanpfici
in the second language to the extent that they can speak, read, write and listehds it jus
well as their first language.

All'in all, studies on bilingualism and cognition have shown that bilingualism is
associated with enhanced cognitive abilities. It appears that therdamatecising of
control and managing of two languages leads to an advantage in non-languade rela
tasks. Bilingualism produces processing differences in both young and old, enhances
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control of attention and inhibition, as well as offsets age deficits in tasks udrate
language. Fluency and age of acquisition also appear to play roles, such thaiahslivi

who are more balanced and fluent in both languages and who begin speaking at a young
age reap larger benefits compared to individuals who only partially know a second
language or who learn later in life. Although many areas of cognition have been

examined, many others, such as implicit learning, still need further exptarati

82



Appendix B: Implicit Sequence Learning

Implicit learning refers to the unintentional, automatic acquisition of knowledge
about the structural relations between (usually more than two) objects & (viaatier
& Frensch, 1998). Knowledge acquisition is incidental, that is, participants are not
informed that there are regularities, nor are they instructed to searelydbarities.

There are a number of different ways to examine implicit learning. Orgg pajadigm,
and the one we will focus on here, is implicit sequence learning.

Typically in an implicit sequence learning task, participants respond assfast
possible to event sequences that follow a subtle pattern (Nissen & Bullemer, 1987,
Howard & Howard, 1989). One well-known implicit sequence learning task is the seria
reaction time (SRT) task (Nissen & Bullemer, 1987). In the SRT task, egentsas
asterisks, appear in one of four different locations on a computer screen. Past@ipant
instructed to press the key below the stimulus when it appears, as quickly asepossibl
while maintaining a high level of accuracy. The positions at which the stimukappe
the screen occur in a specific repeating pattern unbeknownst to the partitipanting
is assessed by comparing performance on the pattern trial blocks to pertsonanc
random event blocks, which occur either within or at the end of the session. Learning is
said to occur when individuals are faster on pattern blocks compared to random blocks.

Early studies revealed that young and older adults perform similarly dicitmp
sequence learning tasks. That is, unlike explicit tasks, there are feelaige-r
differences associated with implicit sequence learning (Cherrnadl&t 1995; Frensch
& Miner, 1994; Howard & Howard, 1989; Knopman & Nissen, 1987; Nissen,
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Willingham, & Hartman, 1989). In one study by Howard and Howard (1989), both
young and older adults implicitly learned the sequence. Older individuaigdeas
much as the young, even though their reaction time was significantly slower.

One major problem with the SRT task is that oftentimes there is explicit
awareness of the learned pattern (Howard & Howard, 1992; Knopman, 1991; Willingham
& Dumas, 1997). To address this, Howard and Howard (1997) introduced a more
complex version of the SRT task, the Alternating SRT (ASRT) task. In the A&RT
alternate stimuli follow a predetermined pattern while the remainingilsiame selected
randomly. For example, for the pattern 1234, where 1 represents the leftmosthositi
the screen and 4 represents the rightmost position, the pattern would be 1r2r3r4r, where
“r’ represents random chosen stimuli. Learning is again measured by comparing
performance on the pattern versus random trials. People are unable to exigsttipe
the pattern they implicitly learn in the ASRT task.

Another problem associated with the SRT task is that there is not a continuous
measure of learning. Learning assessment depends on random test blocks thatdake pl
after learning has occurred. However, the ASRT task provides a continuous measure of
learning, and so learning can be assessed with ongoing practice.

Furthermore, whereas in the SRT task, older adults do not show a deficit in
learning, in the ASRT task, they do. In an early paper by Howard and Howard (1997),
young, young-old and old-old all demonstrated learning on the ASRT task. However,
age-related deficits were found in the magnitude of learning, such that gttlage old-
old did not learn as much as young. Furthermore, only the young showed sensitivity to
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higher order statistical structure. Since this first paper demongteagatrelated
differences in the magnitude of learning on the ASRT task, others have emerged,
replicated these findings (Dennis, Howard & Howard, 2003; Feeney, Howard & sowar
2002; Howard, Howard, Dennis & Yankovich, 2007; Howard, Howard, Japikse,
DiYanni, Thompson & Somberg, 2004).

While previous research has found age-related deficits on the ASRT task, none to
date have examined the effects of bilingualism on implicit learning. Thisofylparning
is also involved in acquiring a new language, learning motor skills and other tasks that
require shifts of attention (Conway & Christensen, 2001; Jimenez & Mendez, 1999;
Stadler, 1995). Therefore, one can expect that bilingualism will also offer some
advantage on the ASRT task since it is a motor task that requires shifts obmtt&iatr
example, research on older adults has shown that bilinguals experience leetiévex
control than monolinguals (Bialystok et al., 2004). Executive control may play ia role
the ASRT task, in that greater executive control may lead to less impulspanses. |If
this is the case, then bilinguals, who have better executive control, should perfi@m bet
on this task and make fewer impulsive responses, compared to monolinguals.
Furthermore, bilinguals experience a four-year delay in dementia sy pBatystok et
al., 2007). This enhanced cognition may compensate for the effects of age-related
cognitive decline on implicit learning. However, more research is neededfiotler
advantages and to examine links between bilingualism and enhanced cognition,
particularly in older adults. Although many lifestyle factors, such asgdiyesxercise,
social activities, diet, intellectual engagement, and memory trainwegldeen shown to
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improve cognition and compensate for cognitive aging (Baltes & Baltes, 188988

2003; Buell, Scott, Dawson-Hughes, Dallal, Rosenberg, Folstein & Tucker, 2009;
Buchman, Boyle, Wilson, Fleischman, Leurgans & Bennett, 2009; Bunce & Muren,
2006; Buschkuehl, Jaeggi, Hutchison, Perrig-Chiello, Dapp, Muller, et al., 2008; Camp,
Foss, Stevens, Reichard, McKitrick & O’Hanlon, 1993; Caprio-Prevette & Fry, 1996;
Cassavaugh & Kramer, 2009; Cavallini, Pagnin & Vecchi, 2003; Colcombe, Kramer,
Erickson, Scalf, McAuley, Cohen, et al., 2004; Connor, 2001; Cotman & Berchtold,
2002; Dahlin, Nyberg, Backman & Neely, 2008; Del Parigi, Panza, Capurso, & Solfrizzi
2006; Dellefield & McDougall, 1996; De Vreese, Belloi, lacono, Finelli & Neri, 1998;
Gunther, Schafer, Holzner & Kemmler, 2003; Hogan, 2005; Hultsch, Hertzog, Small &
Dixon, 1999; Jobe, Smith, Ball, Tennstedt, Marsiske, Willis, et al., 2001; Koustaal,
Schacter, Johnson, Angell & Gross, 1998; Kramer, Colcombe, McAuley, Eriksen, Scallf,
Jerome, et al., 2003; Kramer, Hahn, Cohen, Banich, McAuley, Harrison, et al., 1999;
Lachman, Weaver, Bandura, Elliot & Lewkowicz, 1992; Lindenberger, Marsiske &
Baltes, 2000; Logsdon, McCurry, Pike & Teri, 2009; Lopez,-Crespo, Plaza, Fuentes &
Estevez, 2009; McAuley, Elavsky, Jerome, Konopack & Marquez, 2005, McDaniel,
Ryan & Cunningham, 1998; Rowe & Kahn, 1998; Snowden, 2001; Weil, 2005; Wight,
Aneshensel & Seeman, 2002), little research has focused on lifelong bilinguahgsn. T
study will add to what we already know about aging gracefully by examiménlgnik

between being fluent in two languages throughout a lifetime and cognition intgeold a
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Appendix C: Bilingualism Questionnaire

Language #1 Language #2
Which? Level of competence? Which? Level of competence?
Speak 1 2 3 4 Speak 1 2 3 4
Write 1 2 3 4 Write 1 2 3 4
Listen 1 2 3 4 Listen 1 2 3 4
Read 1 2 3 4 Read 1 2 3 4
Not at all Not well Well Very well Not at all Not well IW&ery well

Have you worked or lived in countries where this language is spoken® Bieasletails of the
length of time in each case:

If more than one language is spoken in your home, please list them according toemotlvenf
are used.

Most often used language:
2" most-often used language:
3“ most-often used language:

Are both languages spoken simultaneously? OR Do you use one in one scenario
and the other in another scenario? (check ONLY one)
Explain

At what age did you begin to speak your second language?

How did you learn your second language? For example, some people grow up learning two
languages simultaneously, while others learn when they move to a netwycaund others learn
in class. How did you learn?

Are you able to switch between the languages at will? Yes No

Do you speak both languages at home? Yes No

Do you use both languages more than two times a week? Yes No
Explain
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Part 1. Pleaseread each of the descriptive statementsregarding oral proficiency of
LANGUAGE #1 ( ) in thefollowing sections. The statementsrepresent a
widerange of abilities. Place a check in theline preceding the statement that best
representsyour present level of ability in each of these sections.

1. Listening Comprehension

| can understand a limited number of high frequency words and common conversational
set expressions such as “How are you?” or “My name is —*.

| can understand simple questions and statements in short dialogues os [fassage
repeated at slower-than-normal speed.

| can understand the main points of a short dialogue or passage if spoken dhalower
normal speed. | may need some repetition.

| can understand most of what is said (all main points and most details)ratrmes
speed.

| can understand nearly everything at normal speed, although occasiditarepay be
necessary.

| can understand everything at normal speed like a native speaker.

2. Fluency

| can speak using only short question-answer patterns such as “How arenydue | a
thank you.”

| can participate in a simple conversation on familiar everyday tt@tsver-than-
normal speed. | must frequently pause during conversation.

| can express myself using simple language, but make mistakes and paudea | try
to express complex ideas.

| can effortlessly express myself at near normal speed. Occasionalle to slow down
when expressing complex ideas and less-common expressions.

I am generally fluent, but occasionally have minor pauses when | &gahehcorrect
manner of expression.

| have native-like fluency.

3. Vocabulary in Speech

| know a limited number of high frequency words and common conversational set
expressions (e.g., How are you? My name is...)

| have enough vocabulary to make simple statements and ask questions iniedsimplif
conversation.

| have an adequate working vocabulary. | know some synonyms and can express simple
ideas in a limited number of different ways.

| have enough vocabulary to participate in everyday conversations and know many
alternative ways of expressing simple ideas.

| have enough vocabulary to participate in more extended discussions on vpigsud to
also know some connotations and nuances of certain words and expressions.

| have an extensive native-like vocabulary.
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4. Pronunciation

I have difficulty in accurately producing the sounds and sound patternsasfghade.

| am beginning to master some sounds and sound patterns, but still have difficulty w
some of the sounds.

| can produce most of the sounds and sound patterns, but sometimes need togelbeat my
to make the utterance more clear.

My speech is always intelligible, but a definite accent aad/kward intonation patterns
are apparent.

My pronunciation and intonation are near native-like.

My pronunciation and intonation @&eactlylike those of a native speaker.

5. Grammar in Speech

| can only use common conversational set expressions.

| can produce very basic sentence patterns but with frequent graaherabics.

| can produce a few complex sentence constructions but with noticeable itainma
errors.

| can speak using a good range of complex patterns and grammatical rules.r Howeve
occasional errors are still present.

| have a good command over a large range of complex grammar and errdrecurerit.

| can speak with a native-like command of complex grammatical patterns.

Part 2: Pleaseread thefollowing statementsin each of thefour areas. Rate how well you
can perform the various activitiesin LANGUAGE #1 ( ) on a scale of
1 (cannot doit at all) to 5 (can do it comfortably). Circletheappropriatelevel.

1: | cannot doit at all.
2: | can doit but with great difficulty.
3: | can do it but with some difficulty.
4: | can doit fairly well but with occasional difficulty.
5: 1 can do it comfortably.

1. Listening Comprehension

1 2 3 4 5 I can understand a short message on the answering
machine/voicemail.

1 2 3 4 5 | can watch and understand a television program.

1 2 3 4 5 I can understand a lecture given by a native speaker on a

topic that interests me.

1 2 3 4 5 Ican play BINGO.

1 2 3 4 5 I can understand directions to my friend’s house.

1 2 3 4 5 I can understand a native speaker describe his/her favorite
hobby.

1 2 3 4 5 Ican understand a story that the teacher reads to us in class.

1 2 3 4 5 | can understand my teacher’s directions in class.

1 2 3 4 5 1 can understand the explanation of the rules of a game.

1 2 3 4 5 I can understand general questions about myself and my

family.
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2. Speaking
| can greet someone.
| can tell someone my summer vacation plans.
| can tell a friend about a television program | recently saw.
| can leave a message on an answering machine/voice mail
(e.g., name, phone number, time, date, reason for calling).
| can converse with a native speaker on any general topic
using the appropriate language forms.
| can describe my best friend.
| can introduce myself to other people.
| can explain the rules of my favorite game to someone.
| can answer general questions about my family.
| can give someone directions to my house.

| can read instructions on a test.

| can read the names of simple objects.

| can read a newspaper.

| can read the instructions for a board game.

| can read some or all of a popular novel.

| can read a letter from a pen-pal.

| can read magazines with minimal use of a dictionary.
| can read simple sentences in a textbook.

| can read a short children’s story.

| can read a note from my teacher.

| can list the things in my school bag.

| can write a review of my favorite movie/book.

| can write a note to my friend.

| can write a report on the history of a foreign country.

| can keep a journal.

| can describe the characteristics of my best friend.

| can write a letter to my pen-pal.

| can write about my future plans and the reasons for them.

| can take a simple telephone message.

| can write an essay expressing my thoughts on learning a
foreign language in high school.
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Part 3: Pleaseread each of the descriptive statementsregarding oral proficiency of
LANGUAGE #2 ( ) in thefollowing sections. The statementsrepresent a
widerange of abilities. Place a check in theline preceding the statement that best
representsyour present level of ability in each of these sections.

1. Listening Comprehension

| can understand a limited number of high frequency words and common conversational
set expressions such as “How are you?” or “My name is —".

| can understand simple questions and statements in short dialogues espfit$ag
repeated at slower-than-normal speed.

| can understand the main points of a short dialogue or passage if spoken dhalower
normal speed. | may need some repetition.

| can understand most of what is said (all main points and most details)ratrmes
speed.

| can understand nearly everything at normal speed, although occasioitarepay be
necessary.

| can understand everything at normal speed like a native speaker.

2. Fluency

| can speak using only short question-answer patterns such as “How are ydin@,] am
thank you.”

| can participate in a simple conversation on familiar everyday tt@tsver-than-
normal speed. | must frequently pause during conversation.

| can express myself using simple language, but make mistakes and paudea | try
to express complex ideas.

| can effortlessly express myself at near normal speed. Occasionalle to slow down
when expressing complex ideas and less-common expressions.

| am generally fluent, but occasionally have minor pauses when | swatah dorrect
manner of expression.

| have native-like fluency.

3. Vocabulary in Speech

| know a limited number of high frequency words and common conversational set
expressions (e.g., How are you? My name is...)

| have enough vocabulary to make simple statements and ask questions iniedsimplif
conversation.

| have an adequate working vocabulary. | know some synonyms and can express simple
ideas in a limited number of different ways.

| have enough vocabulary to participate in everyday conversations and know many
alternative ways of expressing simple ideas.

| have enough vocabulary to participate in more extended discussions on gpiosusl t
also know some connotations and nuances of certain words and expressions.

| have an extensive native-like vocabulary.
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4. Pronunciation

I have difficulty in accurately producing the sounds and sound patternsasfghade.

| am beginning to master some sounds and sound patterns, but still have difficulty w
some of the sounds.

| can produce most of the sounds and sound patterns, but sometimes need tggelpeat m
to make the utterance more clear.

My speech is always intelligible, but a definite accent andloward intonation patterns
are apparent.

My pronunciation and intonation are near native-like.

My pronunciation and intonation are exactly like those of a native speaker.

5. Grammar in Speech

| can only use common conversational set expressions.

| can produce very basic sentence patterns but with frequent graaherabics.

| can produce a few complex sentence constructions but with noticeable titainma
errors.

| can speak using a good range of complex patterns and grammatical rules.r Howeve
occasional errors are still present.

| have a good command over a large range of complex grammar and erndrscurent.

| can speak with a native-like command of complex grammatical patterns.

Part 4: Pleaseread thefollowing statementsin each of thefour areas. Rate how well you
can perform the various activitiesin LANGUAGE #2 ( ) on a scale of
1 (cannot doit at all) to 5 (can do it comfortably). Circlethe appropriatelevel.

1: | cannot doit at all.
2: | can doit but with great difficulty.
3: | can do it but with some difficulty.
4: | can doit fairly well but with occasional difficulty.
5: 1 can do it comfortably.

1. Listening Comprehension

1 2 3 4 5 I can understand a short message on the answering
machine/voicemail.

1 2 3 4 5 | can watch and understand a television program.

1 2 3 4 5 I can understand a lecture given by a native speaker on a

topic that interests me.

1 2 3 4 5 Ican play BINGO.

1 2 3 4 5 | can understand directions to my friend’s house.

1 2 3 4 5 I can understand a native speaker describe his/her favorite
hobby.

1 2 3 4 5 Ican understand a story that the teacher reads to us in class.

1 2 3 4 5 I can understand my teacher’s directions in class.

1 2 3 4 5 1 can understand the explanation of the rules of a game.

1 2 3 4 5 I can understand general questions about myself and my

family.
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2. Speaking
| can greet someone.
| can tell someone my summer vacation plans.
| can tell a friend about a television program | recently saw.
| can leave a message on an answering machine/voicemail
(e.g., name, phone number, time, date, reason for calling).
| can converse with a native speaker on any general topic
using the appropriate language forms.
| can describe my best friend.
| can introduce myself to other people.
| can explain the rules of my favorite game to someone.
| can answer general questions about my family.
| can give someone directions to my house.

| can read instructions on a test.

| can read the names of simple objects.

| can read a newspaper.

| can read the instructions for a board game.

| can read some or all of a popular novel.

| can read a letter from a pen-pal.

| can read magazines with minimal use of a dictionary.
| can read simple sentences in a textbook.

| can read a short children’s story.

| can read a note from my teacher.

| can list the things in my school bag.

| can write a review of my favorite movie/book.

| can write a note to my friend.

| can write a report on the history of a foreign country.

| can keep a journal.

| can describe the characteristics of my best friend.

| can write a letter to my pen-pal.

| can write about my future plans and the reasons for them.

| can take a simple telephone message.

| can write an essay expressing my thoughts on learning a
foreign language in high school.
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Appendix D: Tables of Frequenciesfor CAF RT Bins

Young adults Older adults

RT bin Monolinguals Bilinguals Monolinguals Bilinguals
<300 97 117 14 12
300-399 1283 1280 81 126
400-499 1635 2377 812 669
500-599 1041 1227 1545 916
600-699 497 503 1062 790
> 699 571 596

700-799 486 473
> 799 636 674
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Appendix E. One-Tailed T-Test Valuesfor CAF Slope Comparisons

Young adults Older adults

Slopes Monolinguals Bilinguals Monolinguals Bilinguals

tvalue pvalue tvalue pvalue tvalue pvalue tvalue pvalue

lvs. 2 2.02 0.03 1.86 0.04 49 0.32 4.18 0.00
1lvs.3 4.69 0.00 3.87 0.00 1.03 0.16 2.61 0.01

Note. Slope 1 is the left-most, steepest slop&vad by slope 2, then slope 3, the right-mostlievast
slope.
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Appendix F. Proficiency Analyses
Simon Task

Traditional analysesFor the Simon task, there was a main effect of age group,
such that older adults were slower than young adults, 48)= 16.27,p < 0.001, but
there was no main effect of language gréug, 48)= 0.55,ns indicating that overall,
bilingualism did not influence RT, and there was no age group x language group
interaction,F (1, 48)= 0.10,ns indicating that older high-fluency bilinguals and low-
fluency monolinguals were slower than their young counterparts with no effects
language. There was a main effect of trial typél, 48)=57.47,p < 0.0001, such that
the incongruent trials were slower than congruent trials when averaged ofairrthe
groups, indicating that overall, people revealed a Simon Effect. These resudtsine
original results obtained.

For the Simon Effect analyses, unlike in the original results, a 2 x 2 (age group x
language group) ANOVA revealew main effect of age group, (1, 48) = 0.28ns, or
language groug; (1, 48) = 0.16ns and no age group x language group interackda,
48)= 3.50,ns.

Distributional analysesFor the distributional analyses, the CAFs for each RT
bin by trial type (congruent and incongruent) and language group are plotted i Fagur

(young adults: upper graph; older adults: lower graph).
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Figure 15. CAFs. Mean percentage correct in the Simon task as a function of RT bin by language group
and congruence (young adults: upper graph; older adults: lower graph).

As shown in Figure 15 and consistent with the original results, for all groups, very

fast incongruent responses were more error prone than slow incongruent responses. For

incongruent responses, averaged across all groups, there was a signifiegenadf

between slope 1 and slopet 240) = 3.20, and between slope 1 and sloge=30.001t

(37) = 3.18p < 0.01, such that the left-most slope was steeper than the others, indicating

greater errors when people make very fast responses versus sloweragspons

Alternatively, as can be seen in Figure 15 and consistent with the original,regefts|,
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error rates on congruent trials did not differ as a function of response speed. For
congruent responses, averaged across all four groups, there was no diffengaer bet
slope 1 and slope 2(43) = -0.13ns and between slope 1 and slopé(@0) = 0.14ns.

When each group was examined separately, the same results were found for
young high-fluency bilinguals, young high-fluency monolinguals and olderflughcy
bilinguals. However, consistent with the original results, older low-fluency
monolinguals, did not show a difference between slope 1 and 2 or between slope 1 and 3.
As shown in Figure 15, the lack of a difference between slope 1 and 2 is likely is due to
the fact that the older low-fluency monolinguals made more errors in the second RT bi
compared to the other groups whose accuracy values in the second RT bin had nearly
reached the same accuracy values as the slower RT bins.

Group differences were examined further. For young and older adults, results
were submitted separately to mixed-design 2 x 2 x 3 (trial type x language xgRT
bin) ANOVAs for the three fastest RT bins only, with repeated measures orakitgpe
and RT-bin factors. For young adults, there was a main effect of trialRyfe16) =
9.07,p < 0.01, such that accuracy was higher on congruent than incongruent trials (99%
vs. 95%). There was a significant main effect of RT Bi(R, 32) = 6.16p < 0.01,
demonstrating higher accuracy on slower than faster responses, and a signdicant t
type x RT bin interactiorf; (2, 32) = 6.84p < 0.01, demonstrating higher accuracy for
congruent versus incongruent trials on fast compared to slow responses. The ntain effec
of language group was not significaht(1, 16) = 1.33ns and the trial type x language
group interaction was not significalRt(1, 16) = 0.05ns suggesting no difference in
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accuracy between young high-fluency bilinguals and low-fluency monolsigua

For older adults, there was also a main effect of trial tyé, 20) = 19.21p <
0.001, such that accuracy was higher on congruent than incongruent trials (99% vs. 95%).
As with the young adults, there was a significant main effect of RTF2, 40) = 4.83,
p = 0.01, demonstrating higher accuracy on slower responses than faster regpwhaes
significant trial type x RT bin interactiof, (2, 40) = 6.16p < 0.01, demonstrating
higher accuracy for congruent versus incongruent trials on fast compared to slow
responses. The main effect of language grbyg, 20) = 1.43ns and the trial type x
language group interactioR,(1, 20) = 1.15ns were not significant, suggesting no
overall difference between older high-fluency bilinguals and low-fluenmyatmguals.
There was also no significant trial type x language group x RT bin intera€t(@n40) =
2.16,ns

Delta plots for RT were constructed by plotting Simon Effect size (mean RT in
the incongruent condition minus mean RT in the congruent condition) as a function of RT
bin as shown in Figure 16 (young adults: upper graph; older adults: lower graph) for the
new groups.

As can be seen in Figure 16 and consistent with the original results, for both
young and older high-fluency bilinguals, the delta plot slope turns negativecietnee
third and fourth RT bin. Conversely, for young low-fluency monolinguals, the delta plot
remains stable, and for older low-fluency monolinguals, the delta plot turns/positi
Using one-tailed-tests, slope 3 (the right-most, slowest slope) was compared to the other
slopes (slopes 2 and 1, right to left, where slope 1 is the fastest). Averagedkcross
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groups, there was no significant difference between slope 3 and stq@d )i+ 0.75ns
and no significant difference between slope 3 and slop@l2) = 0.13ns When each
groups was examined separately, none of the groups demonstrated a diffeneaea bet

slope 3 and slope 1 or between slopes 3 and 2.
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Figure 16. Delta plots for reaction time (RT) asa function of RT bin by language group (young adults:
upper graph; older adults: lower graph).

Implicit Sequence Learning
Overall skill learning.For overall skill learning, Figure 17 displays the overall
mean of the median RT (upper graph) and mean accuracy (lower graph) for beth hig
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and low-frequency trials. The RT and accuracy data were subjected tos8patak 2
x 2 (epoch x trial type x age group x language group) ANOVAs. As shown in Higure
and as is typical, people responded faster overall with practice. This was cdnfirme
the significant main effect of epoch for RH (7, 343) = 39.26p < 0.0001, indicating
general skill learning. As with the original result, the main effect olgagep,F (1, 49)
=54.13,p<0.0001, and the age group x epoch interackdi, 343) = 5.35p < 0.0001,
were significant, revealing faster RTs for young adults than older awhdtall, but
greater overall skill learning for older adults by the end of the session. gdifscsint
effect is likely due to the fact that young adults performed much faster themaolults
and likely demonstrated a floor effect.
For accuracy, there was also a significant main effect of epo@h,343) = 5.48,
p < 0.0001, demonstrating a decline in accuracy with practice, likely due to the computer
feedback guiding participants to an accuracy level of 92%. There was affeeiot
age group, such that, as shown in Figure 17, older adults were more accurate than young

adults,F (1, 49) = 9.99p < 0.01. However, there was no age group x epoch interaction.
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Figure17. ASRTT overall reaction time (RT; upper graph) and overall accuracy (lower graph) by age
group and language group.

Sequence-specific learningn assessing implicit sequence learning, low-
frequency trials were slower overall than high-frequency trials, anditdiyipe effect
increased across epochs, as shown in Figure 18 (young adults) and Figure 19 (older
adultsy. Across all four groups, for RT, the main effect of trial typél, 49) = 28.99p

< 0.0001, and the epoch x trial type interactiif7, 343) = 3.85p < 0.001, were

® Since there is a vast difference between oldeltsidnd young adults in reaction time, it is near
impossible to see the difference between high andilequency trials when both age groups are platte
the same graphs. So the age groups are plottedasely to ease viewing.
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significant. The same pattern was found for accuracy: across all foussgtbapnain
effect of trial typeF (1, 49) = 69.66p < 0.0001, and the epoch x trial type interactién,
(7, 343) = 5.25p < 0.0001, were significant, demonstrating sequence-specific learning
for all groups on both measures. There were no effects of language groupdor eit
measure, suggesting that proficiency did not have a beneficial effect oniirsgtjuence
learning in bilinguals.

When examined separately, for young adults, there was clear evidence of
sequence-specific learning for both bilinguals and monolinguals on both RT and accuracy
measures. As shown in Figure 18, the high-frequency trials were fadteroae
accurate than low-frequency trials, and these trial-type effects sadr@ath practice.

The trial-type effects can be more clearly seen in Figure 20. The ffeshd trial type
and the trial type x epoch interaction were significant for bothFRT, 21) = 35.84p <
0.0001;F (7, 147) = 4.83p < 0.0001, respectively, and accuragyl, 21) = 37.42p <
0.0001;F (7, 147) = 4.87p < 0.0001, respectively. There was no main effect or
interaction of language group, suggesting that proficiency did not have a bé¢redieaa

on sequence-specific learning for young bilingual adults.
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Figure 18. ASRTT reaction time (RT; upper graph) and accuracy (lower graph) scoresfor young adults
by language group and trial type.
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Figure 20. ASRTT reaction time (RT) trial-type effects (low-high frequency trials; top graph) and
accuracy trial-type effects (high-low frequency trials; lower graph) for young adults by language group.

For older adults, there was also evidence of sequence-specific learroag, zes
seen in Figure 19. High-frequency trials were faster and more accurateviha
frequency trials overall, and these trial-type effects increased wittiqera The trial-
type effects can be more clearly seen in Figure 21. The main effect oype was
significant for both RTF (1, 28) = 14.50p = 0.001, and accurack,(1, 28) = 22.59p <
0.0001, but there was no significant trial type x epoch interaction for eitheuregasd
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there was no main effect or interaction of language group. This suggests an overall
difference in learning the different trial types that does not increabepvectice for
older adults. It also suggests that proficiency does not have a benefiaabaffe

sequence-specific learning for older bilingual adults.
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Figure21. ASRTT reaction time (RT) trial-type effects (low-high frequency trials; upper graph) and
accuracy trial-type effects (high-low frequency trials; lower graph) for older adults by language group.
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In summary, both young and older adults demonstrated overall skill learning and
sequence-specific learning. Older adults demonstrated greater skith¢paompared to
young adults, but this was likely due to a floor effect for the young adults. Yourtg adul
demonstrated greater sequence-specific learning compared to oldsr ddhgte was no
effect of language group, such that for both young and older adults, high-fluency
bilinguals and low-fluency monolinguals performed equivalently.

As with the original results, participants did not acquire declarative knowlédge o

the sequence structure they learned.

108



Appendix G. Age of Acquisition Analyses
Simon Task

Overall performance.The mean reaction times (RTs) for correct trials by age
group (young vs. older adults) and language group (early bilinguals vs. late/dldivg.
monolinguals) are shown in Figure 22. Results were submitted to a 2 x 3 x 2 (age group
x language group x trial type) ANOVA. As with the previous results, there wesra
effect of age group, such that older adults were slower than young &dlid,42)=
52.23,p<0.0001. There was also a main effect of language gFo{ip,142) = 0.21p <
0.05, indicating a difference among the early bilinguals, late bilinguals, and

monolinguals, but there was no age group x language group interaction.
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Figure 22. Simon reaction time (RT) scores by age group and age of acquisition group.
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Figure 23. Simon Effect scores by age group and age of acquisition group.

The Simon Effect (incongruent — congruent trials) can be more cleanyrsee
Figure 23. The mean Simon Effect was 18.17 millisecofs=(22.12 ms) for young
early bilinguals, 18.05 millisecondSD= 50.24 ms) for young late bilinguals, 42.02
milliseconds §D= 27.91 ms) for young monolinguals, 29.29 millisecor&i3£ 28.74
ms) for older early bilinguals, 55.90 millisecon&D(= 40.54 ms) for older late
bilinguals, and 47.06 millisecondSIP= 32.20 ms) for older monolinguals. A 2 x 3 (age
group x language group) ANOVA revealed a significant main effect ofjemy,F (1,
71) = 4.81p < 0.05, a marginal main effect of language grauf®, 71) = 2.53p = 0.09,
and no interactiorf; (1, 71) = 1.45ns One-tailed post-haetests confirmed a marginal
significant difference between early and late bilinguals for the oldetsadil5) = -1.42,
p = 0.09, and no difference between early and late bilinguals for the young a¢Riis,
=0.008,ns

When the young and older adults were examined separately, there was no
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significant difference for language group. The marginal significanddack of

significance across some of these tests (e.g., early vs. lataiblsrdjfferences) is likely

a reflection of insufficient power to detect the effect, due to the size bflihgual

groups becoming significantly smaller when separated into early anleédahers.
Distributional analysesFor the distributional analyses, the CAFs for each RT

bin by trial type (congruent and incongruent) and language group (early bidinigie

bilinguals, and monolinguals) are plotted in Figure 24 (young adults: upper graph; older

adults: lower graph).
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Figure 24. CAFs. Mean percentage correct in the Simon task as a function of RT bin by language group
and congruence (young adults: upper graph; older adults: lower graph).
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As shown in Figure 24 and consistent with the original results, for all groups, very
fast incongruent responses were more error prone than slow incongruent responses. For
incongruent responses, averaged across all groups, there was a signifieseradif
between slope 1 and slopet261) = 3.36 < 0.001, and between slope 1 and slope 3,
(56) =5.17p < 0.0001, such that the left-most slope was steeper than the others,
indicating greater errors when people make very fast responses \levgIsresponses.
Alternatively, as can be seen in Figure 24 and consistent with the originas reselall,
error rates on congruent trials did not differ as a function of response speed. For
congruent responses, averaged across all six groups, there was no differenee betwe
slope 1 and slope 2(66) = -0.06ns and between slope 1 and slopé(®0) = 0.18ns.

When each group was examined separately, the same results were found for
young early bilinguals, young late bilinguals, young monolinguals, oldlsrlghnguals,
and older monolinguals. However, older late bilinguals did not show a difference
between slope 1 and 2 or between slope 1 and 3. As shown in Figure 24, the lack of a
difference between slope 1 and 2 is likely is due to the fact that the olderilagadds
made more errors in the second RT bin compared to the other groups whose accuracy
values in the second RT bin had nearly reached the same accuracy values athe slow
RT bins.

Group differences were examined further. For young and older adults, results
were submitted separately to mixed-design 2 x 3 x 3 (trial type x language xgRT
bin) ANOVAs for the three fastest RT bins only, with repeated measures oraktgpe
and RT-bin factors. For young adults, there was a main effect of trialRype31) =
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14.92,p < 0.001, such that accuracy was higher on congruent than incongruent trials
(99% vs. 95%). There was a significant main effect of RTHb{2, 62) = 10.80p <
0.0001, demonstrating higher accuracy on slower than faster responses, anccargignifi
trial type x RT bin interactiorf; (2, 62) = 14.73p < 0.0001, demonstrating higher
accuracy for congruent versus incongruent trials on fast compared to slow esspons
The main effect of language group was not signifidargg, 31) = 1.78ns and the trial
type x language group interaction was not signifi¢a(®, 31) = 0.03ns suggesting no
difference in accuracy between young early bilinguals, late bilinguadsn@nolinguals.
For older adults, there was also a main effect of trial tygdé, 24) = 25.35p <
0.0001, such that accuracy was higher on congruent than incongruent trials (99% vs.
95%). As with the young adults, there was a significant main effect of RF () 48)
=7.82,p< 0.01, demonstrating higher accuracy on slower responses than faster
responses, and a significant trial type x RT bin interackdq@, 48) = 10.75p = 0.0001,
demonstrating higher accuracy for congruent versus incongruent trials corfgsred
to slow responses. The main effect of language ge®, 24) = 0.50ns, and the trial
type x language group interactidn(2, 24) = 1.51ns were not significant, suggesting
no overall difference between older early bilinguals, late bilinguals, and mguoals.
There was also no trial type x language group x RT bin interaéti(#),48) = 0.75ns
Delta plots for RT were constructed by plotting Simon Effect size (mean RT in
the incongruent condition minus mean RT in the congruent condition) as a function of RT
bin as shown in Figure 25 (young adults: upper graph; older adults: lower grafte for
new groups.
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Figure 25. Delta plots for reaction time (RT) asa function of RT bin by language group (young adults:
upper graph; older adults: lower graph).

As shown in the upper graph of Figure 25, for young late bilinguals, the delta plot
slope turns negative between the third and fourth RT bin. For young early bilingeals, t
slope continuously declines across the RT bins. For young monolinguals, the delta plot
remains stable across all RT bins. Using one-taitedts, slope 3 (the right-most,
slowest slope) was compared to the other slopes (slopes 2 and 1, right to left, wieere slop
1 is the fastest). Averaged across all groups, for young adults, there wasificasiy

114



difference between slope 3 and slope(B5) = 0.53ns and no significant difference
between slope 3 and slopet 236) = 0.73ns When each groups was examined
separately, only lat bilinguals showed a marginal difference between3stopeslope 1,
t (4) = 1.58,p = 0.09, and between slopes 3 antl(2) = 1.60,0=0.09. This difference
is likely marginal due to the small number of people in the group when broken-down by
proficiency.  Similarly, for older adults, there is great variance ifopaance, likely
due to the small sample size when regrouped in this manner, making this information
uninformative.
Implicit Sequence Learning on the ASRTT

Overall skill learning. In Figure 26, the overall mean of the median RT (upper
graph) and mean accuracy (lower graph) for both high- and low-frequensataa
plotted for all groups. The RT and accuracy data were subjected to separate 8 x 2 x 2 x 3
(epoch x trial type x age group x language group) ANOVAs. As shown in R2gure
people responded faster overall with practice. This was confirmed in ticsigt main
effect of epoch for RTE (7, 546) = 104.66p < 0.0001, indicating overall skill learning.
As with the original results, the main effect of age gréufd,, 78) = 161.99p < 0.0001,
and the epoch x age group interactierf7, 546) = 11.58p < 0.0001, were significant,
revealing faster RTs for the young adults than older adults, and greatdk skittra
learning for older adults. As stated previously in this paper, this signifidaot &f
likely due to the fact that young adults performed much faster than older adldilikely
demonstrated a floor effect.

For accuracy, there was also a significant main effect of epo@h,546) =
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10.86,p < 0.0001, demonstrating a decline in accuracy with practice, likely due to the
computer feedback guiding participants to an accuracy level of 92%. There \aas a m
effect of age grougk (1, 78) = 24.55p < 0.0001, such that older adults were more

accurate than young adults, however, there was no age group x epoch interaction.

—a Older Early Bilingual
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' —&— Older Monohngual
—~— Young Early Bilingual
¥ Young Late Bilingual
== Young Monolingual

650 ~
600 -
550 -
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Mean (med) Reaction Time

96 -
94

92 ]
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90

88 ]

Epoch

Figure26. ASRTT overall reaction time (RT; upper graph) and overall accuracy (lower graph) by age
group and language group.
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Sequence-specific learning/lore important, for assessing implicit sequence
learning, low-frequency trials were slower overall than high-frequéralg, and this
trial-type effect increased across epochs, as shown in Figure 27 (yaultgd and Figure
28 (older adults). Across all six groups, for RT, the main effect of trial By, 74) =
79.55,p < 0.0001, and the epoch x trial type interactlo7, 518) = 6.72p < 0.0001,
were significant. The same pattern was found for accuracy. Across albgpsgthe
main effect of trial typek (1, 74) = 88.31p < 0.0001, and the epoch x trial type
interactionF (7, 518) = 5.52p < 0.0001, were significant, demonstrating sequence-

specific learning on both measures.

—a Early Bi, high freq
700 - —0-Early Bi, low freg
] -&— Late Bi, high freq
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92 1
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B8 4
86 1

84

Epoch
Figure 27. ASRTT reaction time (RT; upper graph) and accuracy (lower graph) scoresfor young adults
by language group and trial-type effect.
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As before, the magnitude of this trial-type effect differed for young adet ol
adults, as shown in an epoch x trial type x age group interaction for acdeacy18)
= 2.751,p < 0.01, indicating that young adults showed greater sequence-specifiadear
than older adults. The interaction for the RT measure did not reach significance.

For RT, the trial type x language group interaction was mardin@l, 74) = 2.98,

p = 0.06, and the trial type x language group x age group intera€t{@n,/4) = 2.72p =
0.07, was marginal, suggesting a difference among the language groups nglearni
sensitivity to the sequential structure. For accuracy, the epoch x langroage
interactionF (14, 518) = 1.61p = 0.07, was marginal, and the epoch x language group x
age group interactiork; (14, 518) = 1.857p < 0.05, was marginal, suggesting a

difference among the language groups in accuracy over time.

When examined separately, for young adults, there was clear evidence of
sequence-specific learning for early and late bilinguals and monolingualsitoR beind
accuracy measures, as can be seen in Figure 27. As is apparent, the higityrege
were faster and more accurate than low-frequency trials, and thésgpiaffects
increased with practice. The trial-type effects can be more clesatyis Figure 29. The
main effect of trial type and the trial type x epoch interaction were signtfior both
RT,F (1, 40) = 79.30p < 0.0001F (7, 280) = 8.39p < 0.0001, respectively, and
accuracyF (1, 40) = 79.09p < 0.0001 (7, 280) = 6.64p < 0.0001, respectively. For
accuracy, there was a significant epoch x language group interaction, and as can be seen

in Figure 29, this is likely due to the variability in the late bilinguals.
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Figure 28. ASRTT reaction time (RT; upper graph) and accuracy (lower graph) scores for older adults
by language group and trial type.
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Figure 29. ASRTT reaction time (RT) trial-type effects (low-high frequency trials; top graph) and
accuracy trial-type effects (high-low frequency trials; lower graph) for young adults by language group.

Post-hoc ANOVAS revealed no significant main effect or interactions ofitayeg
group for RT between the early bilinguals and monolinguals and between the early
bilinguals and the late bilinguals. However, there was a significant epoohualge
group interactionk- (7, 168) = 3.09p < 0.01, when late bilinguals were compared to
monolinguals. As can be seen in Figure 29, it appears that late bilinguals sheated gr

skill learning compared to monolinguals.
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For accuracy, post-hoc ANOVASs revealed a significant epoch x language group
interaction when early bilinguals were compared to monolingbdlg, 245) = 2.17p <
0.05, when early bilinguals were compared to late bilingta(g, 147) = 2.68p = 0.01,
and a marginal difference when late bilinguals were compared to monolirg\(a)s,
168) = 1.78p = 0.09. The trial type x language group interaction was mardgir{al, 21)
= 3.18,p = 0.09, when early and late bilinguals were compared. Although these findings
are not straight-forward and yield no certain conclusions, it is clear thatafeesome
bilingual differences. Likely due to power issues, the results are nat clear

For older adults, there is also evidence of sequence-specific learnaag bs
seen in Figure 28. High-frequency trials were faster and more accuratevthan |
frequency trials, overall, and these trial-type effects increasédovattice. The trial-
type effects can be more clearly seen in Figure 30. The main effecl oype was
significant for both RTF (1, 34) = 24.51p = 0.0001, and accurady,(1, 34) = 16.52p
< 0.001. For RT, the trial type x language group interaction was mangi(&l34) =
2.92,p = 0.07, and for accuracy, there was a significant main effect of language [group,
(2, 34) = 3.63p < 0.05.

Post-hoc ANOVAs on the RT data revealed a significant trial type xiéagey
group interaction when early bilinguals and monolinguals were compgatéd23) =
4.32,p < 0.05, and a marginal interaction when early and late bilinguals were compared,
F (1, 16) = 4.00p = 0.09, but no interaction when late bilinguals and monolinguals were
compared. As can be seen in Figure 30, early bilinguals show the greatest amount of

learning, followed by late bilinguals, who are followed by monolinguals.
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Figure 30. ASRTT reaction time (RT) trial-type effects (low-high frequency trials; upper graph) and
accuracy trial-type effects (high-low frequency trials; lower graph) for older adults by language group.

For accuracy, post-hoc ANOVASs revealed no significant effects of lgregua
group between early bilinguals and monolinguals and between the late bilinguals and
monolinguals. However, there was a significant main effect of languagp between
early and late bilinguals; (1, 16) = 5.13p < 0.05, suggesting that early bilinguals make
more errors overall than late bilinguals. As with the young group comparisons, hlthoug
these findings are not completely straight-forward, it is clear the¢ #re some bilingual
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differences. The older adult groups display more effects than the younusgr
suggesting that, for older adults, there is an effect of age of acquisition orl skiiral
learning, such that early bilinguals learn more than both late bilinguals and ngoraddi.

In summary, both young and older adults demonstrated overall skill learning and
sequence-specific learning. Older adults demonstrated greater skith¢paompared to
young adults, but this was likely due to a floor effect for the young adults. Yourtg,adul
however, demonstrated greater sequence-specific learning compared talaltker
There were effects of language group, such that in general, earlyblBrdpmonstrated
greater sensitivity to the sequence structure than late bilinguals and mgoatdi These
effects were stronger for older adults, suggesting that early acquisigosecbnd
language has beneficial effects into old age. These effects would likddg seen in the
young adults as they have not been using the two languages for as long derthe ol
adults.

Standardized Neuropsychological Tasks

Next the standardized neuropsychological tasks were examined to investigate if
age of acquisition plays a role in these processes. Results from the standardized
neuropsychological tasks were submitted to 2 x 3 (age group x language group: earl
bilingual vs. late bilingual vs. monolingual) ANOVAs. There was a main effect of
language group on the Spatial Span forward and backward Fagks/2)= 5.13,p <
0.01;F (2, 72)= 4.81,p = 0.01, respectively; the Digit Span forward and backward tasks,
F (2, 72)=5.64,p<0.01;F (1, 76)= 4.82,p < 0.05, and Digit-Symbol Pairing tagk,2,
72)=3.73,p < 0.05, demonstrating differences among the groups. There was not an age
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group x language group interaction for any of the measures.

When young adults were examined separately, the main effect of langoage gr
on the Digit Span forward task was margifa(2, 40)= 2.76,p = 0.08, and there was a
significant main effect on the Digit Span backward t&sg, 40)= 3.79,p < 0.05. The
main effect of language group on the Consonant Trigrams task was also m&r@nal,
40)= 2.47,p=0.10, such that early bilinguals scored higher than late bilinguals and
monolinguals.

Older adults revealed a significant main effect of language group f&pidueal
Span forward task; (2, 35)= 4.02,p < 0.05, and a marginal effect on the Spatial Span
backward taski- (2, 35)=2.94,p = 0.07. The main effect of language group on the
Digit Span forward task was also margirfal2, 35)= 2.78,p = 0.08.

The mean scores for these tasks by age group and language group areddispla
Table 13. These results, although not completely straight-forward, sugtgsindies
among the early bilinguals, late bilinguals, and monolinguals. The differenos sebe
for older adults who learned a second language at a young age and have been using two
languages longer than young bilinguals, who even though they learned young, have not

been speaking two languages as long as the older people, by default.
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Table 13. Mean Scores (and Standard Deviation) for Standardized Neuropsychological Tests by Age

Group and Language Group: Age of Acquisition

Spatial span Digit span
Digit symbol  Consonant
Group Forward® Backward* Forward* Backward*  pairing** trigrams*
Y mono 8.15(2.01) 7.85(1.46) 10.80(2.07) 42b0) 14.25(3.39) 6.10(2.51)
Y early b 9.29 (1.69) 8.82(1.63) 10.29(2.05).826(1.78) 16.07 (2.56) 7.29 (1.69)
Y late b 8.17 (0.75) 8.17(0.98) 8.67(0.82) 4B37) 14.00(5.25) 5.33(1.63)
O mono 5.65(1.69) 5.25(1.59) 10.10(2.22) %286) 9.75 (5.45) 4.45 (2.67)
Oearlyb 8.00 (1.67) 7.00(2.10) 11.17 (2.14)5071.64) 14.00 (4.15) 5.00 (1.90)
Olate b 6.08 (1.98) 5.25(1.42) 8.75(2.09) 57155) 8.83 (4.73) 4,50 (2.54)

Note: *p < .01, for language group, overall. f*< .05 for language group, overall.
# p significant for language group: young adult€.p significant for language group: older adults.
Y = young adults. O = older adults. Menmonolingual. B = bilingual.
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