UC San Diego

UC San Diego Electronic Theses and Dissertations

Title
The role of control in bilingual verbal fluency : evidence from aging and Alzheimer's disease

Permalink
https://escholarship.org/uc/item/152709x{

Author
Sandoval, Tiffany

Publication Date
2010

Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/152709xt
https://escholarship.org
http://www.cdlib.org/

UNIVERSITY OF CALIFORNIA, SAN DIEGO
SAN DIEGO STATE UNIVERSITY
The Role of Control in Bilingual Verbal Fluency: Evidence from Aging and AtaBgs
Disease.
A dissertation submitted in partial satisfaction of the

requirements of the degree Doctor of Philosophy

in
Clinical Psychology

by

Tiffany Sandoval

Committee in Charge:
University of California, San Diego
Professor Tamar H. Gollan, Chair
Professor David P. Salmon, Co-Chair
Professor Robert K. Heaton

San Diego State University

Professor Claire Murphy
Professor Paul Gilbert

2010






The Dissertation of Tiffany Sandoval is approved, and it is acceptable in qualifgran
for publication on microfilm and electronically:

Co-Chair

Chair

University of California, San Diego
San Diego State University

2010



DEDICATION
| would like to dedicate this manuscript to my family for their continual love and
support throughout the years. In particular, | would like to thank my soon to be husband,
Wilfredo Lépez for his patience and understanding during this long and difficudgs.oc
Thank you for helping me move all over the country and overseas and being my
companion in all of life’s journeys. | could not have done this without you and |

appreciate you more than words can express.



TABLE OF CONTENTS

SIGNATUIE PAJE .. .cciieeeeeeeeei et e e e e e e e e e e e e e e et e e e e e e e e aaaaaeaees ii
[DI=To [or= 1[0 o [PPSR PR PP PPRP iv
TabIE OFf CONENTS ...t e e e e e Vv
LISt OFf TADIES ... e e viii
S o T[S IX
ot LoV F=To o =T g =T o £ X
CUITICUIUM VITAIE ...ttt e e e e e e e e e Xi
ADSITACT ...t e e e e XVil
pLigoTo (U Lol 1 o] o FO PO P PP PREPPPPPUPPRRP 1
The Role of Executive Control in BilingualiSm ...........ccccoovvvviviiiiiiiiiiiieeeenn. 1
Bilingual Disadvantages Relative to Monolinguals...............ccccceeevvvvvvvieinnnns 3
Hypothesized Mechanism of the Bilingual Fluency Disadvantage................ 4
Interference in AgING and AD.........coooiiiiiiiieiree e 10
[V o T= U (U= o o SO 12
Demographic Effects on Verbal FIUENCY.........cccooviviiiiiiiiiiie e 15
EXperiment 1a MEthOUS .........cooi ittt e e e e e e e e e e e e e eeeanenees 17
Experiment 1a PartiCIPAnTS .........uvuueiiiiiiiie e eeeeeeeeeeeeieise s e e e e e e e e e e eeeeeennnnnnes 17
Experiment 1a Materials and ProCedure ..........cccceveeiiiieeeeeeiieeeeceeiee e 19
FIANKET TASK....cci it 20
[ L0117 TS (o Lo o 22



I O (0 (=] TR

EXPeriment 1a RESUILS ........ccooiiiiiieeeeiies st e e e e e e e e e e e e e eeeeeenennnne

Matched-Group Comparis

Matched-Group Comparis

ons Semantic Categories.........cccvvvvvvvvvvvnniiiiennenns

ons Letter Categories .......cceeevveeeieeeeeeeeeeeeeeeeiiiiinnns

Correlations Between Fluency and Executive Functioning Tests in

Older Bilinguals.................

Response Time in the Attentional Network TasK..........cccoceeeeeiiiiiieiieviiiiinnnnns

Attentional Network Task and Cross-Language Intrusions............ccccevvveveees

Attentional Network Task and Within-Language Errors..........c.ccevvvvvvneeennn.

Attentional Network Task and Number COorreCt........ovveeveeeeieeeeeeeeeeeeaeenn,

Age Effects, Fluency and the Attentional Network Task ...........cccccceeveeeennnn.

Correlations with the Stroop TeSt......cccivviiiiiiiic e

Experiment 1a ReSUItS SUMMAIY ..........ooovvviiiiiiiiiiiiiiies e e e eeeee e

EXperiment 1D MethOUS ........covviiiiiiiiiee e s

Experiment 1b PartiCIpantS .......cccooeeeeiiiiiieeeeeirs e

Experiment 1b Materials..

Experiment 1b Procedure

EXperiment 1D RESUILS ........ooveiiiiiiiie e e e e

Experiment 1b Matched-Group Comparisons Semantic Categories .............

Experiment 1b Matched-Group Comparisons Letter Categories...................

EXPEriment 1 DISCUSSION .....ccvvviiiiiiiiiiiiie s e e e e e e e eeeeeeeeeeataaass s s e e e e e aeaaeeeaeeeesssnnsnnnnaeeas

EXPEeriment 2 MEthOUS .........ooeeeeiiiiie e e e e e e e e e e s

Experiment 2 Participants

Vi

23

24

25

26

28

30

31

31

32

32

33

34

36

36

37

37

38

38

38

39

42

42



EXperiment 2 MaterialS............uuuuuuiiiiiiiie e e e e e e e e e e aeeeaannes

EXPEeriment 2 PrOCEAUIE.........cooiiieeeeeeeieeie et e e e e e e e

Experiment

2 RBSUITS .. e

Experiment 2 Matched-Group Comparisons Semantic Categories ...............

Experiment 2 Matched-Group Comparisons Letter Categories.....................

GENETAI DISCUSSION «.cneee et ettt e

Evidence Supporting the Inhibitory Control Model ............ccccceeeiiiiiiiinenennnn.

Challenges for the Inhibitory Control Model.............ccccovvviiiieiiiiccccieee e

The Role of Control in Bilingual Language Production..............ccccevvvvvvvnnnns

(000 ] o [ol (11T T0 ] ¢ F TR

Appendix...

References

Vil

44

44

45

45

46

51

51

54

58

62

64

74



LIST OF TABLES

Table 1. Materials in Experiments 1a, 1b, and 2 ............cccooeiiiiiveeeiviiicceeee e

Table 2. Means and Standard Deviations of Participant Characteristics in

01T 41T o] A - ST

Table 3. Means and Standard Deviations of Response Measures in

01T 11T | S

Table 4. Means and Standard Deviations of Response Measures in

EXPEIMENT L. . e e e e e e e e et e et e e bbb a e e e e e e e e e e eeeees

Table 5. Pearson Bi-Variate Correlation Values (r) and Two-Tailexbt-T
p-Values for Correlations Between the Attentional Network Task Fluency

Scores and Age for 17 Bilinguals Tested in Experiment 1a........ccccoeeeeeeiiiiiiieennns

Table 6. Pearson Bi-Variate Correlation Values (r) and Two-Tailexbt-T

p-Values for Stroop Test for 18 Bilinguals Tested in Experiment la.....................

Table 7. Means and Standard Deviations of Participant Characteristics in

EXPErMENt LD ..o

Table 8. Means and Standard Deviations of Response Measures in

01T 11T | A o S

Table 9. Means and Standard Deviations of Participant Characteristics in

EXPEIMENT 2 ... e e e e e e e e e et bbb n e e e e e e e e e e eeeees

Table 10. Means and Standard Deviations of Response Measures in

T 01T 11T | S

viii

64

65

66

67

68

69

70

70

71

72



LIST OF FIGURES

Figure 1. Age increases cross-language interference



ACKNOWLEDGEMENTS

| would like to acknowledge Dr. Tamar H. Gollan for several years of mentorship
throughout my graduate training and for serving as co- chair of mytdisser
committee. She has provided invaluable guidance from assisting with methodologica
design, grant preparation, and the many revisions of this manuscript.

| would also like to acknowledge the rest of my dissertation committee (Drs.
David Salmon, Robert Heaton, Claire Murphy, and Paul Gilbert) and express niglheart
gratitude for all of their support and guidance.

| would also like to give a special thank you to the members of Dr. Gollan’s
laboratory, and Rosa Montoya in particular. Without her help, this project would not have
been possible.

Lastly, I would like to thank the McNair Program staff at the Univerdity o
Rochester for their support in making it to graduate school in the first place.

Support for this project was provided by a Ruth L. Kirschstein National Rbsear
Service Award grant 1F31AG028971-01A1 from the National Institute on Aging (T.

Sandoval).



CURRICULUM VITAE

UNIVERSITY EDUCATION

2009-Present Clinical Psychology Intern

2010

2008

2002

Veterans Affairs Greater Los Angeles Healthcare System
Sepulveda Ambulatory Care Center
Advisor: Steven Ganzell, Ph.D.

Doctorate of Philosophy, Clinical Psychology

San Diego State University / University of California, San Diego
Joint Doctoral Program in Clinical Psychology

Specialty TrackNeuropsychology

Dissertation The role of control in bilingual verbal fluency: Evidence
from aging and Alzheimer’s disease.

Dissertation ChairsTamar H. Gollan, Ph.D., David P. Salmon, Ph.D.
Date of defensevay 25, 2010

Anticipated date of graduatioAugust, 2010

Master of Science, Clinical Psychology

San Diego State University / University of California, San Diego

Joint Doctoral Program in Clinical Psychology

Thesis:What causes the bilingual disadvantage in verbal fluency? The
dual-task analogy.

Advisors: Tamar H. Gollan, Ph.D., David P. Salmon, Ph.D.

Bachelor of Arts, Psychology
Bachelor of Arts, Spanish
University of Rochester

AWARDS AND HONORS

National Research Service Award Predoctoral Training Grant (2006-2010)
Minority Supplement through the Shiley-Marcos Alzheimer’s Disease Riésea
Center (2005-2006)

Cota Robles Fellowship 2004 to 2006 ($15,000 annual stipend)

Sigma Kappa Upsilon Scholarship ($3500)

NY Excellence Scholarship ($500)

Golden Key National Honor Society (2002)

Psi Chi Honor Society (2002)

Selected as a Junior to Phi Beta Kappa Honor Society (2001)

McNair Scholar Summer Research Scholar ($2400 stipend)

McNair Scholar (1999)

Xi



. Dean’s list 8 of 8 semesters at University of Rochester
. Xerox Award Recipient (1998)

CLINICAL EXPERIENCE

2009-Present Veterans Affairs Greater Los Angeles Healthcatersy

2008-2009

2008-2009

2007-2008

Sepulveda Ambulatory Care Center APA Accredited Internship

Training Director:Steven Ganzell, Ph.D.

Responsibilitiesindividual therapy with patients in an outpatient mental
health clinic with a focus on administering empirically validated

treatments for Post Traumatic Stress Disorder, including Prolonged
Exposure Therapy and Cognitive Processing Therapy. Co-lead a group of
dual diagnosis combat veterans (PTSD and Substance Use) as well as
several group therapy sessions for veterans in the Chemical Dependency
Treatment Unit as part of a multi-disciplinary team. Individually organize
and present weekly psychoeducational classes on emotions management to
veterans in recovery from addiction. Participate in a year-long
Neuropsychology Seminar that includes didactic instruction and review of
neuropathology as well as the assessment of patients and writing
neuropsychological reports. Future rotations to be completed during
internship will include experience in Health Psychology and Behavioral
Medicine as well as in the Outpatient Mental Health Clinic.

Veterans Affairs San Diego Healthcare System
Alcohol and Drug Treatment Program

Instructor in Stress Management and Relapse Prevention Classes
Co-leader in Group Therapy for Substance Abuse
SupervisorShoshana Shea, Ph.D., Tamara Wall, Ph.D.
ResponsibilitiesCo-lead group therapy session for patients with
Substance Use Disorders in various stages of recovery. Establish
treatment plans and goals with new members and update treatment goals
every three months. Teach weekly classes for inpatient clients in Stress
Management and Relapse Prevention, teach principles of Cognitive
Behavioral Therapy, assign and review weekly homework, practice skills
by leading class in role playing activities.

Advanced Neuropsychological Assessment
SupervisorRobert K. Heaton, Ph.D.

ResponsibilitiesParticipate in didactic sessions where Dr. Heaton
presented information about neuropsychological assessment and writing
comprehensive reports. Prepare reports based on clinical cases for review

Veterans Affairs San Diego Healthcare System
Psychology Assessment Service

Xii



2006-2007

2005-2006

SupervisorsDean Delis, Ph.D., Mark Bondi, Ph.D., Vincent Filoteo,
Ph.D.

ResponsibilitiesContacting patients and scheduling appointments,
administering a comprehensive 5-6 hour battery of neuropsychological
tests, scoring all exams, researching patients’ medical historieenpire
cases before supervisors and writing integrated reports.

Veterans Affairs San Diego Healthcare System

Inpatient Rehabilitation Medicine
SupervisorsVincent Filoteo, Ph.D.

ResponsibilitiesAssessing hospitalized patients who are in need of
physical and occupational rehabilitation for various medical conditions as
part of treatment plan development. Administered the Mini Mental State
Exam, and Geriatric Depression Scale to assess patients’ emotional and
cognitive functioning and made recommendations for appropriate follow-
up care. Also provided supportive therapy as needed.

San Diego State University Psychology Clinic
SupervisorsRick Schulte, Ph.D. & Alan J. Litrownik, Ph.D.
ResponsibilitiesClinical Assessment using Structured Clinical Interview
for the Diagnostic and Statistical Manual™Bdition (DSM-IV; SCID)
Beck Depression Inventory (BDI) and Beck Anxiety Inventory (BAI).
Treated individual clients with Cognitive Behavioral Therapy and other
treatments as necessary, such as Progressive Muscle Relaxation.

OTHER CLINICAL SKILLS

e Fluent in spoken English and Spanish; able to read and write proficiently in
Spanish.

RESEARCH EXPERIENCE

2004-2010

University of California, San Diego Language Production Lab
Graduate Research Associate
Academic AdvisorTamar H. Gollan
ResponsibilitiesAdminister language history questionnaire and research
protocol in both Spanish and English (typically involving verbal fluency,
picture naming tasks, word association tasks, etc) to young and older
subjects as well as patients with Alzheimer’s disease. Other
responsibilities include NRSA grant preparation, data entry and analysis
using SPSS, writing abstracts for presentation in professional conferences
and writing and editing manuscripts for submission to peer-review
journals.

Xiii



2003-2004

2002-2003

2001-2002

2000

2000

University of Rochester, Information Processing Laboratory
Study Coordinator and Research Assistant
SupervisorRobert M. Chapman, Ph.D.
ResponsibilitiesScheduled participants for experimental sessions,
coordinated participant eligibility and recruitment with neurologists,
psychiatrists and database managers at a geriatric health facpity, ke
records of subject demographics, and researched subject’s medical
information. Conducted experimental sessions, which included applying
the electrode cap, reducing impedances and either guiding the participant
through the research protocol or  setting up the protocol via computer
and monitoring the EEG readings for artifacts. Assisted in the selection of
a battery of 18 neuropsychological tests and developed a HIPAA
compliant consent form for research review board approval.

University of Rochester, Sleep and Neurophysiology Laboratory
Volunteer Research Assistant
SupervisorMichael L. Perlis, Ph.D.
ResponsibilitiesLiterature searches, data entry, proof reading grants,
articles and abstracts. Attended and participated in seminars on the
clinical and research aspects of insomnia sleep apnea, phase-delay
syndrome and other sleep disorders. Collaborated on an abstract
examining whether gender was a mediating factor in treatment outcome
for patients with primary insomnia, using Sleep Latency (SL) and Wake
After Sleep Onset (WASO) as variables.

University of Rochester, Me and My Family Project.
Research Assistant
SupervisorPatrick Davies, Ph.D.
ResponsibilitiesThis project examined children’s responses to marital
conflict. Learned a highly structured research protocol and script,
interacted with parents and children. Operated complex video equipment
and was responsible for taking saliva samples from the children to test for
cortisol levels. Translated for several Spanish speaking participants.

University of Rochester, Information Processing Laboratory

McNair Program Summer Research Scholar

SupervisorRobert M. Chapman, Ph.D.

ResponsibilitiesExamined the effects of symmetry and priming on
implicit memory in normal, young subjects. Recruited subjects, prepared
subjects with the electrode cap, and guided them through the research
protocol.

University of Rochester, Department of Social and Clinical Psychology
Research Assistant
SupervisorDr. Andrew J. Elliot, Ph.D.

Xiv



ResponsibilitiesTrained to administer and score the WISC block design
and vocabulary subtests. Coordinated home visits to independently
administer the WISC to children and questionnaires to parents.

GRANTSFUNDED

2006- Present National Research Service Award (NRSA)

PROFESSIONAL SOCIETY MEMBERSHIPS

2008-Present American Psychological Association — Student Affiliate
2006-Present National Society for Hispanic Professionals

PUBLICATIONS

Chapman, R.M., McCrary, J.W., Gardner, M.Sandoval, T.C., Guillily, M.D., Reilly,
L.A., & DeGrush, E. (In press). Brain ERP components predict which individuals
progress to Alzheimer’s disease and which do N&turobiology of Aging

Sandoval, T.C., Gollan, T.H., Ferreira, V.S. & Salmon, D.P. (2010). What causes the
bilingual disadvantage in verbal fluency? The dual-task anaBilyygualism.

Chapman, R.M, Mapstone, M., McCrary, J.W., Gardner, M.N., Bachus, L.E., DeGrush,
E., Reilly, L.A.,Sandoval, T.C. & Guillily, M.D. (submitted). Cognitive
dimensions in Alzheimer’s disease, mild cognitive impairment, and normal
elderly: Developing a common metric.

Chapman, R.M., Mapstone, M., Porsteinsson, A.P., Gardner, M.N., McCrary, J.W.,
DeGrush, E., Reilly, L.A.Sandoval, T.C. & Guillily, M.D. (submitted).
Diagnosis of Alzheimer’s disease using neuropsychological testing ieginy
multivariate analyses.

Chapman, R.M., Mapstone, M., McCrary, J.W., Gardner, M.N., Porsteinsson, A.P.,
DeGrush, E., Reilly, L.A.Sandoval, T.C. & Guillily, M.D. (submitted).
Predicting conversion from mild cognitive impairment to Alzheimer’'s desseas
using neuropsychological tests and Multivariate methods.

Rivera Mindt, M., Arentoft, A., Kubo Germano, K., D’'Aquila, E., Scheiner, D.,
Pizzirusso, M.Sandoval, T.C. & Gollan, T.H. (2008). Neuropsychological,
cognitive and theoretical considerations for evaluation of bilingual individuals.
Neuropsychological Review, 1355-268

XV



Gollan, T. H., Montoya, R.I., Cera, C. M.,8andoval, T. C. (2008). More use almost
always means smaller a frequency effect: Aging, bilingualism, andebkewr
links hypothesisJournal of Memory and Language, 5&7-814.

Chapman, R.M, Nowlis, G.H., McCrary, J.W., Chapman, Bandoval, T.C., Guillily,
M.D., Theis, M.N. (2007) Brain event-related potentials: Diagnosing early-stage
Alzheimer’s diseaseNeurobiology of Aging, 28.94-201.

ABSTRACTS

Sandoval, T., Nowakowski S, Soeffing J.P., Christensen A, Aloia, M., Smith L.J. &
Perlis M.L. Gender Effects on Treatment Outcome in Patients with Brimar
Insomnia. Sleep26 (Supp): A312, 2003.

Soeffing, J.P., Leonard, M., Christensen,%andoval T., Perlis, M.L. Effects of

increasing differential impedance on high frequency EEG actiigep26
(Supp): A399, 2003.

CONFERENCE PRESENTATIONS

Sandoval, T.C, Gollan, T.H., Montoya, R.lI , Champion, M., Cera, C., & Salmon, D.P.
(2009). Aging effects on cross-language intrusions: bgpusslips into
animales. International Neuropsychological Society conference

Sandoval, T.C., Gollan, T.H., Ferreira, V.S. & Salmon, D.P. (2007) Bilingualism affects
verbal fluency: The dual-task analogyiternational Neuropsychological Society
conference

Sandoval, T., Chapman, R.M., & Nowlis, G. (2000) Priming and symmetry as examined
by an electrophysiological probklcNair Regional Conference

XVi



ABSTRACT OF THE DISSERTATION

The Role of Control in Bilingual Verbal Fluency: Evidence from Aging and

Alzheimer’s Disease

by

Tiffany Sandoval
Doctor of Philosophy in Clinical Psychology
University of California, San Diego, 2010
San Diego State University, 2010
Professor Tamar H. Gollan, Chair

Professor David P. Salmon, Co-Chair

Bilinguals have reduced verbal fluency compared to monolinguals and this has
been attributed to cross language interference (Rosselli et al., 2000; Gallarz@D?2).
To manage interference, bilinguals may rely on executive control mechanisms
suppress the non-target language. We would therefore expect the bilingual risgelva
to increase with aging and Alzheimer’s disease, which are associttedealines in

executive control (Perry and Hodges, 1999). To test this account, we examined
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bilinguals’ verbal fluency with analyses of a) number of correct respomsesthin
language errors (c) cross-language intrusions and two measures oivexieguttioning
(Stroop test and Attentional Network Task; ANT, Fan et al., 2002).

In Experiment 1a, we compared matched groups of 10 young and 10 older
Spanish-English bilinguals on 18 fluency categories (5 semantic and 4 phonemic
categories in Spanish and English) and we examined correlations betweer adger
bilinguals’ (N= 18) performances on both executive control and response measures. In
Experiment 1b, we compared a group of older (n=15) and young English monolinguals
(n=36) on the same categories as in Experiment 1a. In Experiment 2, we compared
matched groups of bilinguals with AD (n=10) with normal bilinguals (n=13), on the same
categories as in Experiment 1la. Supporting an interference account, age and cross
language intrusions were correlated such that older-old bilinguals produced more
intrusions than younger-old bilinguals and cross-language intrusion ratepagéreely
correlated with error rates in the ANT. Also, bilinguals with AD produced mosscr
language errors in semantic fluency than controls particularly in the nomaiom
language. Challenges for the interference model included low rates sf@ngsiage
intrusions, even in older bilinguals and in bilinguals with AD. There was little evedenc
suggesting that production of a nondominant language becomes more difficult in aging
and AD. We propose that executive control is important for language selection and
monitoring, but after language selection, there is either (a) limited cdiopédar
selection between lexical representations across languages, or (byaéizgubci

mechanism for controlling competition between lexical representations tleati

XVili



susceptible to cognitive decline. Thus, bilingualism is mostly maintainedng agd

AD.

XiX



INTRODUCTION
The ability to speak two languages would initially appear to be a diffickltaiss
it requires the knowledge of separate grammar, vocabulary and pronunciation and yet
bilinguals seem to effortlessly use the right word in the right context, and aassweieh
back and forth between languages with little obvious cost. The apparent ease whth whi
bilinguals manage two languages in one brain begs the question: How is this
accomplished?

The Role of Executive Control in Bilingualism

Several researchers have proposed that control mechanisms are essential for
keeping the languages separate. While a comprehensive understanding of higw exact
bilinguals successfully manage two languages is elusive, some cluebasdie tof
control in bilingual language production may be found from studying cases whegre onl
one language is recovered after a brain injury or in cases of pathologicsd@nmixing
and switching. Supporting the notion that language control relies on general mechanism
of executive control functions, was a case study in which an Italian-Frhiliagual
demonstrated pathological language switching between both his languagestamor
was removed from his left frontal lobe, despite the fact that he did not exhibplaasia
symptoms on neuropsychological testing (Fabbo, Skrap & Aglioti, 2000). The lack of
aphasia may indicate that the mechanisms for language production are separate fr
those that regulate language selection in bilinguals. Further support fora front
localization for language control is the observation of greater activity iddiselateral
prefrontal cortex when bilinguals perform a language switching task §Heez,

Martinez & Kohnert, 2000). While recovery of language functioning in bilingual



aphasia can include a parallel recovery where both languages anedegesimilar
degree, the finding that some bilinguals initially recover one language and show
temporary aphasia with one language that later resolves has leadiresety propose
that at least some cases of bilingual aphasia is explained by an inmganrtiee ability
to access the language, rather than direct damage to the languagertafinese
themselves (Paradis, 2000).

Returning to the question of how bilinguals keep their languages separate, we
propose three possible explanations. First, bilingual language control mayabtie
level of the whole language, meaning that bilinguals use executive functioedbtbkel
language they want to speak. Alternatively, bilinguals may utilize layggoantrol while
speaking one language to both inhibit the non-target language and select wordiefrom t
target language. Another possible explanation is that language selection walslisg
mediated by a specific mechanism that is relatively immune to declieeedutive
control. To test these hypotheses, we examine bilinguals’ verbal fluency and
performance on two additional executive functioning measures and how their
performance changes with age and Alzheimer’s disease (AD) which aradsuofciated
with declines in executive control. If bilinguals rely on control to resolve cotapefor
selection between languages, they should have more difficulty speaking a nomdomina
language, and should exhibit more failures of language control (i.e., produce more cross
language intrusions) with increasing age and AD, which we would also expect to be

associated with decreased performance on executive functioning measures.



Bilingual Disadvantages Relative to Monolinguals

The literature comparing bilinguals to monolinguals reveals evidencgrefter
processing burden associated with maintaining two languages within the same br
including disadvantages for bilinguals in language tasks but greater cogesirea
outside the language system. Bilinguals name fewer pictures than mondiogual
standardized tests such as the Boston Naming Test (e.g., Roberts, Garoehd&s&
Hernandez, 2002) and experience more tip-of-the-tongue states or TOTs than do
monolinguals (Gollan & Silverberg, 2001). Several studies have found bilinguals to have
reduced verbal fluency compared to monolinguals (Gollan, Montoya, & Werner, 2002;
Rosselli et al., 2000, Portocarrero, Burright, & Donovick, 2007; Sandoval, Gollan,
Ferriera & Salmon, in press), and that bilinguals are slower than monolinguaisdo na
pictures even when matched for age, education, and age of acquisition of the dominant
language and when bilinguals were tested in their first learned and dominarigang
(lIvanova & Costa, 2008).

However, bilinguals are not universally worse than monolinguals in all tasks, and
differences between groups can be eliminated even in some language basedtasks. F
example, while bilinguals are slower to name pictures than monolinguals dissified
the same pictures according to a semantic category (e.g., natural kind vs. hamhej@sn
quickly as monolinguals (Gollan, Montoya, Fennema-Notestine & Morris, 2005), and
after repeatedly naming the same pictures bilinguals named pictures ag gsickl
monolinguals (but see Ivanova & Costa, 2008). Another study found that the bilingual
disadvantage in verbal fluency disappears when bilinguals and monolinguals @rednat

for vocabulary knowledge (using the PPVT), and bilinguals even outperformed



monolinguals on letter-fluency after vocabulary-matching (Bialystok, Crallyl&
2008).

Hypothesized Mechanism of the Bilingual Fluency Disadvantage

A consensus among researchers of bilingual language production is that bilinguals
cannot "turn one language off" and function as monolingual speakers (Kroll & de Groot,
2005). On this view, both languages are assumed to be active even when bilinguals are
speaking one language. This notion immediately introduces the possibility of dionpeti
between languages as the mechanism underlying bilingual disadvantagesti@ne of
most widely cited theories of bilingual language production is the Inhibitory @ontr
Model (Green, 1998) which posits that bilinguals must suppress the non-target language
to allow production in the intended language.

Lexical access in language production is conceptualized to occur in twao. stages
First, a, concept is selected from a lexicoleaimas- which are representations of
words that contain essential defining characteristics. For example, thsenejation of
“dog” would include aspects such as “animal, domesticated, four legs, etaridsare
organized semantically and words that are similar in meaning becomeeattvat
compete for selection. Thus, lemma selection is one processing stage wheeé&itemm
could occur between languages and where there might be a role for executioleorant
more language-specific control mechanism in resolving such competition. Garoena
is selected, the word form is retrieved from a lexicolexémesvhich is organized by
word form characteristics (Starreveld & La Heij, 1995; Levelt, Bfsel& Meyer, 1999).

It is widely accepted that lexical selection within languages is a ddimpgrocess at

the lemma level and that ease of word selection is inversely related toilaeitsi of



5
competitors (Levelt, Roelofs, & Meyer, 1999). Evidence for activation of semiantica
related items during language production comes from Stroop-like studies showing that
speakers name pictures more slowly when presented with a related itenpéakers
take longer to name a picture ofl@gif the wordcatis written next to it than if an
unrelated control — saycupis written next to it (Schriefers, Meyer, & Levelt, 1990).

However, there is a debate as to whether or not competition for selection can
occur between languages (for review see Kroll et al., 2008). If there is ¢oompet
between languages (i.e., if lemma selection is non-language spagificg@mpetition
could be particularly fierce (relative to competition in monolinguals) becalisguails
have a lexicon full of translation equivalent representations that match onto #he sam
concept (e.g. the concept wogmatches perfectly the meaning associates with ¢hagh
andperro-Spanish for dog). Because translations may differ only by language
membership (e.g. English or Spanish) this leaves little to resolve compéitiween
them. Consistent with the notion of competition for selection between languages, when
highly proficient Dutch-English bilinguals were presented with a picturerfegntair)
and heard a distractor word that was phonetically similari§ergeh) to the translation
equivalent (e.gberg= mountain in Dutch), they were slower to name the picture of the
mountain (note that the translation itself was never explicitly presented stutig
Hermans, Bongaerts, De Bot, & Schreuder, 1998).

A rival hypothesis posits that lexical selection during language production is
language specific and, though both languages are active, only lemmas in the targe
language are considered for selection. On this view, the concept of “dog” wauldeact

lexical nodes for botbdogandperro; however, since the task requires an English



response, only lexical representations tagged as belonging to English would be
considered for selection. Evidence supporting this account is the finding tisdtin
equivalents facilitated retrieval in Catalan-Spanish bilinguals whenatfgegxplicitly
presented simultaneously in the picture-word interference task. For exaihiptials
named a picture of a dog more quickly when the translation equivalent distisaiter i
was written next to the picture relative to an unrelated control (Costa, Miozzo &
Caramazza, 1999; see also Gollan & Acenas, 2004; Gollan et al., 2005). Translation
equivalents may facilitate production because shared activation of conceptual
representations which could offset any competition at the lemma level. iAdirgyfthat
translation equivalents produce facilitation in the picture-word interfeea@sligm
creates a mystery as to how the Dutch-English study produced interféasnmed
above, in that study the translation equivalent was never explicitly presentedhbutra
word that was phonemically similar — this could activate the competing lenmimautvi
activating conceptual representations thereby leaving only competitenisff

Setting aside this contradictory evidence, some of the strongest evidence that
bilinguals must experience competition between languages comes from bilingual
advantages in non-linguistic tasks, particularly on measures of exeautivelcin these
studies bilinguals exhibit more efficient executive control abilities thattimed
monolinguals. These bilingual advantages led to the hypothesis that the constamt dema
of competition between languages effectively forces bilinguals to developestrong
control mechanisms due to “practice” with resolving response conflict. Thetsediie
practice and neural plasticity are well documented. For example, exgerimxcdrivers

(who need to have good navigational skills and memory) had greater greyvohitee
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in an area of the brain related to spatial memory than controls (bus drivers whodollowe
the same route; Maguire, Woollett & Spiers, 2006). Additionally, participants who
regularly played video games (3-4 times a week on average) had betterpasab-s
attention skills than participants who did not play video games (Green & Bavelier, 2006)
In bilinguals, proficient use of two languages, and early age of acquisition of two
languages, is associated with greater density in the left inferietgdacortex (Mechelli
et al., 2004)

Bilingual advantages in executive functioning tasks are found early in
development. For example, bilingual children outperformed monolingual children on a
card sorting task in which children switch between different sorting rulesc(@ag,
shape; Bialystok & Martin, 2004). Other evidence suggests that bilingual agesanta
persist throughout the bilingual lifespan. In the Attentional Network Task, ipariis
are presented with one of three displays: (a) a row of arrows with headl ploattan
the same direction (congruent trial), (b) a single black arrow flanked [sittle no
arrow head (neutral trial), or (c) a row of arrows with the center arrowipgiint one
direction flanked by arrows pointing in the opposite direction (incongruent trial
Participants are asked to focus on the center arrow and indicate in which ditdstion i
pointing while ignoring the surrounding flankers. Young adult bilinguals’ exdubit
faster response times in on all trial types in this task relative to matchredinguoials,
which the authors attributed to bilinguals’ ability to monitor for potential confiimte
efficiently than monolinguals (Costa, Hernandez & Sebastian-Gallés, 2008)st€ansi
with this view, bilinguals were only significantly faster when there waigla need for

monitoring; that is, when there were more relatively similar numbers ofwemgand
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incongruent trials in the testing block. When the testing blocks consisted predoyninantl
of one type of trial (either congruent or incongruent), the difference betwésguhik’
and monolinguals’ response times disappeared (Costa, Hernandez, Costa;FRaidell
Sebastian-Gallés, 2009).

Similar bilingual advantages are found in aging. In one study, older bilinguals
were better than monolinguals at resolving response conflict in a SimonBiallstok,
Craik, Klein, & Viswanathan, 2004). In the Simon task, participants are given a rule to
follow (e.qg., if the stimuli is red, press the right button, if it is green, predsftheand
then are presented with stimuli which elicit a prepotent and sometimes aognpet
response (e.g., a stimulus on the right or left side of the screen). The locakien of t
stimuli presentation varies such that it is either congruent (e.g. on thesskaaes the
response indicated by the rule) neutral (e.g. in the center) or incongrgeoin(ée
opposite side of the indicated response; van der Lubbe & Verleger, 2002). On
incongruent trials participants must suppress the prepotent response and follade. the r
Bilingual advantages in the ANT and Simon tasks suggest that similar mechargsms
used for both executive control outside the language system and in bilingual language
control, and that executive functioning is required in bilingual language production.

In this view, bilingualism strengthens executive control mechanisms.asimil
other forms of cognitive reserve (e.g., high education level; Stern, 2003), bilemyual
has been associated with preserved cognitive functioning longer into old age Ealé
Shorek, & Cohen-Mansfield (2008) and delaying the onset of dementia compared to
monolinguals with one study finding the delay to be 4 years later on averalyst(ia

Craik, & Freedman, 2007). Bilinguals did not show a significant delay in dementia onse
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compared to monolinguals in another study, however there was a significantticorrela
between number of languages spoken and later age of onset of dementia symptoms such
that speaking more languages was associated with later age of dig@estkow,
Whitehead, Phillips, Wolfson, Atherton, & Bergman, in press).

Much of the bilingual benefit in executive control may come from experience
with speaking in the non-dominant language. There is evidence that the degree of
competition between languages is asymmetrical such that bilingualdyastippress the
dominant language to speak in their non-dominant language, but perhaps no suppression
(or only very little) is needed when bilinguals speak in the dominant language.
Supporting this notion when bilinguals switch back and forth between languages, the
dominant language suffers a greater switch cost than the non-dominant language (e.g
Meuter & Allport, 1999). It may seem paradoxical that switching back into thendoini
language is more costly than the reverse; however, since suppressing thadomi
language to speak the non-dominant language is more difficult, the suppressists pe
for a while after a language switch. Similarly, a study that exasméwent-related-
potentials (ERP) while bilinguals were engaged in a switching task eelvaalincreased
negativity in the frontal region (which is usually associated with an inhibitigonse)
that was significant only when subjects switched from their dominant to non-dominant
language, but not for switching into their dominant language from the non-dominant
language (Jackson, Swainson, Cunnington, & Jackson, 2001; but see Christoffels, Firk,
Schiller, 2007).

The degree to which the non-dominant language interferes with dominant

language production is less clear. Some picture-naming studies have found itrentiom
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language is relatively unaffected by interference from the non-domimautdge (Gollan
et al., 2005; Gollan, Montoya, Cera & Sandoval, 2008), and that this may be particularly
true for more balanced bilinguals (Costa & Caramazza, 1999; Costa & Santesteba
2004). However, in a recent verbal fluency study, we found that nearly half of bingual
tested (20 out of 45) mistakenly intruded one or several dominant language words into
fluency trials in the nondominant language. In contrast, only one bilingual intruded the
nondominant language into the dominant language on one occasion. This asymmetry of
intrusions suggests that it is more difficult for bilinguals to control acbinadf the
dominant language (Sandoval et al., in press), than the reverse. In sum, although there is
still debate as to whether bilinguals experience cross language inteefead at what
processing level such interference arises, it seems likely that execatitrol has some
role in bilingual language production. The effect of language control in bilingwajs
be particularly evident in open-ended production tasks such as verbal fluency, and which
are established tests of executive functioning (Lezak, Howieson, Loring, H&nnay
Fischer, 2004; Strauss, Sherman, & Spreen, 2006).

Interference in Aging and AD

Very few studies have examined the interaction between bilingualism am agin
and bilingualism and AD, though these could provide a powerful test of the interference
hypothesis. Tasks that require inhibitory control (e.g., the Simon Task) become more
difficult with increased age (e.g., Bialystok et al., 2004; van der Lubbe &yéar,

2002). In addition, patients with Alzheimer’s disease have been shown to have difficulty
with executive functioning tasks (e.g., Perry and Hodges, 1999). Bilingualsetgaynr

executive functioning to manage dual language activation and related pso@@ssen,
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1998), such as identifying the appropriate language for the particular congkxt, a
maintaining this target language by actively inhibiting the nontarget landbegdland
and Miller, 1999; Rodriguez-Fornells, Balaguer de Diego, & Munte, 2006). On this basis,
we predict that the effects of bilingualism will become greater witleasad age and
with AD. Consistent with this hypothesis, older bilinguals exhibit increaseddaeg
switch costs relative to young bilinguals (Hernandez & Kohnert, 1999). Sinilarl
preliminary studies have found that bilinguals with AD are less able than cdnttalse
advantage of bilingual search strategies in verbal fluency tasks. Whenggveption of
using either language during the verbal fluency trials, healthy eldérgumls chose to
switch languages, but bilinguals with AD did not, presumably because of algenera
difficulty patients with dementia have with shifting set (De Picciottorneddland,
2001).

The interference account predicts that production of the nondominant language

should be particularly difficult for older bilinguals, and for bilinguals with AQ{as
outlined above) control of cross-language interference is particularly tampdor
speaking the less dominant language. Studies of bilingual aphasia have dengoastrate
variety of recovery patterns including parallel recovery of both languages, aed bett
recovery of the non-dominant language. This may seem inconsistent with the ighibitor
control account. If inhibitory control is impaired by brain injury, and inhibitory cbmgr
important especially for production of the nondominant language, then selective recovery
of a non-dominant language should not be observed. Nevertheless, it is important to note
that a typical recovery pattern in bilingual aphasia has yet to be dstab{Raradis,

2001, Green, 2005). In addition, AD is likely to differ from aphasia in a number of ways
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because of the distinct underlying brain pathology (Terry, Peck, DeT&asachter, &
Horoupian, 1981). In particular, some cases of aphasia may result from damagmato lex
representations in a dominant language without any damage to inhibitory control.

Although cross language intrusions are rare, verbal fluency is one task in which
such errors are produced, even in young, healthy bilinguals with presumably inta
mechanisms for cognitive control (Sandoval et al., in press). Thus, verbalflnayde
a particularly sensitive task for revealing the mechanisms underlyingual language
control including aging and the effects of AD.

Verbal Fluency

Verbal fluency tasks typically require speakers to generate worisged) to a
restricted category (e.g. animals) or beginning with a specific [etigrthe letteF;
Benton & Hamsher, 1976; Lezak et al., 2004). Both category and letter fluency tasks
involve more activation of the left hemisphere which has long been associdted wit
language functioning (Birn, Kenworthy, Case, Caravella, Tyler, Bande#agin,
2010). Category fluency is thought to assess the integrity of semantic ke tmor
conceptual knowledge and has been shown to depend on lateral and inferior temporal
lobes (Rascovsky, Salmon, Hansen, Thal, & Galasko, 2007; Gourovitch, Kirkby, &
Goldberg, 2000; Hirono et al., 2001; Kitabayashi et al., 2001; Mummery, Patterson,
Hodges, & Wise, 1996) whereas letter fluency tasks require the use of orthographic or
phonological cues as guides. Letter fluency places more demand on executieaifugnct
(Delis, Kaplan & Kramer, 2001) and frontal regions are essential for theviataf
words based on a phonemic cue (Baldo, Schwartz, Wilkins, & Dronkers, 2006). The

retrieval of words based on a phonemic cues is thought to be more demanding than in
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semantic categories (Martin, Wiggs, Lalonde & Mack, 1994; Moscovitch, 1994) give
that language production is a semantically driven process, searching bytssurat a
common search strategy and there is no pre-existing classificatiomgiisteorganizes
words according to initial phonology (Strauss et al., 2006; Luo, Luk, & Bialystok, 2010).
Thus, not surprisingly, adults generally produce fewer words on average in leiter tha
semantic categories (but see Azuma et al., 1997) and this remains trugimgth a
(Mirtushina, Boone & D’Elia, 1999; Kozora & Cullum, 1995).

Some of the strongest evidence supporting distinct anatomical substratesr of let
and category fluency comes from studies examining the effect of diftypes of
dementias on verbal fluency performance. Alzheimer’s disease is a rgemedsive
progressive dementia involving neurofibrillary tangles and neuritic plabaebave a
tendency to develop in medial temporal lobes structures, particularly the hippocampus
subiculum and entorhinal cortex (Rascovsky et al., 2007, Hyman_ Van Hoesen, &
Damasio, 1990). Disease processes that affect the temporal lobe (nanheliyn®l’s
disease) are associated with disproportionate impairments in semantic vs. ighonem
fluency tasks (Rascovsky et al., 2007; Marczinski & Kertesz, 2006; Cerhan, Ivnik, Smit
Tangalos, Petersen, & Boeve, 2002; Baldo, Schwartz, Wilkins, & Dronkers, 2006, but see
Suhr & Jones, 1998). Atrophy of temporal lobe structures is thought to affect patient’s
semantic memory causing Alzheimer’s patients to quickly exhaust their paohitdble
exemplars in the beginning of the trial, thus reducing their overall output (Taylor,
Salmon, Monsch & Brugger, 2005; Rohrer, Wixted, Salmon, & Butters, 1995; Rohrer,
Salmon, Wixted & Paulsen, 1999). One study concluded that having Alzheimer’s patients

complete verbal fluency tasks in 30 seconds instead of the full 60 seconds revealed the
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same amount of information regarding their verbal fluency ability (Fern&@etiserg,
Hellstrom & Wahlund, 2008). In addition, a qualitative analysis of exemplars pant€ipa
produced during a verbal fluency trial revealed that speakers with AD produse fe
subordinate exemplars than controls (Taylor, Salmon, Monsch & Brugger, 2005; Martin
& Fedio, 1983; Troster, Salmon, McCullough, & Butters, 1989). That is, AD reduces the
integrity of semantic memory, leaving reduced knowledge of specific exeniplg.
parrot) as dementia progresses and leading speakers with AD to produce mostly broader
category names (e.girds). Whether the semantic networks themselves cease to exist
(Salmon, Heindel, & Lange, 1999; Rohrer, Wixted, Salmon, & Butters, 1995) or whether
they remain intact, but are inaccessible (Nebes & Brady, 1990; Auche&rRimillips, &
Chertkow, 2002) remains debated.

Frontal temporal dementia (FTD) is caused by atrophy of the neocortex of the
frontal and anterior temporal lobes (Rascovsky et al., 2007) Supporting the hypothesis
that letter fluency requires more frontal lobe involvement is the finding thanpatiith
FTD demonstrated greater impairment in phonemic vs. semantic fluency tasks
(Rascovsky et al., 2007). Other neurological disorders that affect fromaddlstr
connections and basal ganglia, such as Huntington’s and Parkinson’s disease also show
decreased verbal fluency in both semantic and letter fluency tasks (Mar—écH894;
Troyer, Moscovitch, Winocur, Leach & Freedman, 1998). However, Parkinson’s
patients’ semantic verbal fluency were not impaired when they were provided with
subcategories (e.arm animalsvs.animals Randolph, Braun, Goldberg, & Chase,

1993) which is consistent with the hypothesis that fluency deficits in Parkinsoeéselis

are due primarily to retrieval deficits rather than deficits in seimamtimory as are found
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in Alzheimer’s disease. Similarly, Huntington’s disease is not thougfatuse semantic
memory deficits (Butters, Salmon, Heindel & Granholm, 1988; Salmon, Shimamura,
Butters & Smith, 1988), their reduced verbal fluency is attributed to retdediaits
typically seen with subcortical dysfunction as well as severe bradyph(®fonsch et
al., 1994).

Demographic Effects on Verbal Fluency

Both phonemic and semantic fluency performance has been shown to decline with
age (Delis et al., 2001) with some studies showing a relatively greater degdemantic
than in letter fluency (Brickman et al., 2005; Heaton et al., 2004; Troyer et al., 2000,
Kozora & Cullum, 1995). Interestingly, as already noted above, a similarmpatter
greater decline in semantic vs. phonemic fluency is found in Alzheimer’s diSadterg
et al., 1987) which may imply that AD is an accelerated form of aging. Theelacli
verbal fluency with age may be greater in people with lower levels ohgdnand 1Q
(Loonstra, Tarlow & Sellers, 2001), although it should be noted that some studies have
failed to find age effects on verbal fluency (Axelrod & Henry, 1992; Boone, 1999).

Some studies have found women perform slightly better overall then men on
phonemic fluency tests (Loonstra et al., 2001; Bolla, Lindgren, Bonaccorsy, & Bleeke
1990) and that this is particularly true with women with higher levels of eduacati
(Anderson et al., 2001; Barr, 2003, Strauss, Sherman, & Spreen, 2006) while others
found no gender difference (Tombaugh, Kozak, & Rees, 1999). Semantic fluency has
shown mixed results with some studies finding no difference between men and women
(Heaton et al., 2004; Strauss, Sherman, & Spreen, 2006) while others genderadiffere

that depend on the particular category being used with women outperforming men
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(Acevedo et al., 2000; Kosmidis et al., 2004). Reading proficiency is more highly
correlated with phonemic fluency performance, and significantly but lesdated with
category fluency (using trenimalscategory; Johnson-Selfridge, Zalewski, &
Abourdarham, 1998). This has been attributed at least in part, by the fact thdeibatial
fluency tasks may be facilitated by the ability to identify individual speecnds and
awareness of this may increase with more proficient reading (RaBdihguli, Chandra,
Sharma, Belle, Seaberg, & Pandav, 1998). Higher levels of education aretedsocia
with better performance in both letter and semantic fluency tasks (Acevabo2€00;
Backman et al., 2004; Crossley, D’Arcy, & Rawson, 1997; Strauss, Sherman, & Spreen,
2006) but accounted for more variation in phonemic than semantic fluency performance
(Tombaugh et al., 2001).

In examining bilinguals’ verbal fluency in aging and AD, we have independent

reasons to expect effects on both semantic and letter fluency. Since both ABvERgS
et al., 2007; Marczinski & Kertesz, 2006) and bilingualism are associated withdeduce
verbal fluency and seem to disproportionately affect semantic fluence(8ettal.,
1988; Gollan et al., 2002; Rosselli et al., 2002), we could predict that the joint effects of
bilingualism, aging and AD might be particularly evident in semantic flyéasks.
However, given that executive functions may be essential for bilingual langoatyel ¢
and are also utilized to a greater extent in letter fluency, we could alsot gyesgiter
joint effects of bilingualism, aging and AD on phonemic fluency. Thus we investdiga
the effects of bilingualism and aging (Experiments 1a and 1b), and bilinguaisiD

(Experiment 2), on both letter and semantic fluency categories.



EXPERIMENT 1A METHODS
In Experiment 1 we tested the prediction that aging bilinguals will haveylarti
difficulty with nondominant language production using verbal fluency responses in
young and older adult bilinguals. We tested bilinguals in both their dominant and non-
dominant languages, since the cross language interference model asstibilsghals
would rely more heavily on executive functioning to speak the non-dominant language.

Experiment 1a Participants

Forty-nine young adult bilinguals and eighteen older adult bilinguals (Spanish-
English) participated in the study. To examine the effect of aging on bilinguoell ver
fluency, we first compared a matched subset of older and younger bilingublggmvit
participants in each group. We then examined possible relationships between
bilingualism, aging and executive control effects using performances outiexe
functioning measures and age as continuous predictors of verbal fluency respolhses in a
18 older bilinguals tested. Elderly participants were recruited from ttheeisher’s
Disease Research Center (ADRC) through which they receive annuahimedic
neurological and neuropsychological evaluations. Younger bilinguals were umietgra
students at the University of California at San Diego who participated forecouedit.
Participants completed a language history questionnaire to assesxplosinre to, and
proficiency in, each language. Bilinguals were speakers of English and Spahish w
limited or no proficiency in a third language. Bilinguals were claskd®either
balanced, English dominant, or Spanish dominant based on their self-rated ability to
speak English and Spanish. Participants who rated themselves as equallynproficie

English and Spanish, were classified as English dominant because of theisionme
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an English speaking culture. Only English dominant and balanced bilinguals were
included in the matched older versus young analyses in Experiment 1.

Participants to be included in the matched analyses were selected basestain se
matching criteria which included years of education, age of first expastmegtish,
percent of daily English use, and participants’ ratings of their spoken Engtlsbpanish
proficiency. Although we tested 18 older and 49 younger bilinguals we were onlp able t
match 10 older and young bilinguals because of stringent matching critersa aeveral
variables (see table 2). Since higher levels of education are assodtatgreater verbal
fluency, it was important to have the comparison groups closely matched for education
(Acevedo et al., 2000; Loonstra et al., 2001). Match failures (i.e., older adultuldo ¢
not be matched to young adults were excluded predominantly because of low education
levels when compared with bilinguals at UCSD. Other bilinguals (from both age groups)
were excluded because of larger discrepancies (greater than 3 inraisgadg from 0
to7) of self-rated English versus Spanish speaking ability. Similarlybilitguals who
had learned English after 8 years of age also not included. Our focus on relativel
balanced and early bilinguals is a logical starting point for a first invéstigaf the
effects of aging and AD on the ability to maintain bilingual verbal fluenttjhofigh as a
group the bilinguals we tested were relatively balanced, t-tests ré\segieficant
language-dominance effects such that both younger (English mean = 6.8; Spanish mea
6.0) and older bilinguals (English mean = 5.9; Spanish mean = 4.9), rated their ability to
speak English as significantly better than their ability to speak Spanishpfetfs; see

Table 2).



19
Participant characteristics are shown in Table 2. Matched older and younge

bilinguals did not differ significantly in years of education, or age of éxgiosure to
English. However, younger bilinguals reported speaking English slightly but
significantly more often (about 15% more often) on a daily basis than oldeailgdn
addition, although we matched young and older bilinguals for the degree of difemenc
proficiency rating between languages, young bilinguals rated thdtydbispeak both
languages as higher on the rating scale than did the older bilinguals. Thidley re
older bilinguals’ subjective sense of age related decline in languagaemoficor a
tendency for older subjects to be more conservative in their self-ratinggainager
subjects, rather than a difference in proficiency. Consistent with therlatten,
previous studies have found that older monolinguals rate themselves as lesspuoficie
self report measures than younger controls even when matched on objective srefasure
proficiency (Gollan & Brown, 2006; Gollan et al., 2008). In the matched subsets, five
out of ten young bilinguals, and five out of ten older bilinguals rated themselves@s be
equally proficient in English and Spanish. In the larger group of 18 older bilinguals 5/18
rated themselves as being equally proficient in both languages, and 7/18 ratszitbem
as Spanish-dominant.

Experiment 1a Materials and Procedure

Materials are listed in Table 1. We included 5 semantic categories and 4 letter
categoriesSemantic categories were divided into two lists, each containing five
categories which were counterbalanced across languages between péstitipier
categories were selected from tests of verbal fluency in Engéigard F, A, S, L) and

Spanish (P, M, R. D). Previous studies found the letters F,A,S in English and P,M,R in
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Spanish were matched for difficulty between languages (Artiola | Rgrideaton, &
Hermosillo, 1998), thus, letter categories were not counterbalanced acrasgkang
Semantic categories were chosen based on previous findings of sensitivitygodbili
effects. Participants completed 9 categories in English first (5 seqvaidtter)
followed by 9 categories in Spanish in a different random order for each participant
Participants were tested in English first because the majority wetsiidominant, and
English is also the language dominant in the environment in San Diego. This procedure
avoided language switching, which can impair ability to speak particularly andotni
language (Meuter & Allport, 199€; hristoffels, Firk, & Schiller, 2007Qrior to testing
in the dominant-language for most participants

Participants were tested individually by two Spanish-English bilingual
experimenters who instructed them to name as many members as they could think of that
belonged to each category until they were told to stop. For English trials, paricipant
were given instructions in English, and prior to Spanish trials the instructioas wer
repeated in Spanish. Each trial lasted 60 seconds. The participant’s respoases wer
recorded manually as well as by audiotape for later verification duringpgcor
Flanker Task

Target stimuli consisted of congruent displays of five black arrows all pginti
in the same direction4————), neutral displays with a single black arrow flanked
by two black lines without arrow-heads-(————), and incongruent displays which
consisted of black arrows pointing in one direction flanked by two arrows on each side
pointing in the opposite direction and incongruent¢ «— — —). Each display type

had 48 trials with the same number of left-pointing and right-pointing centersarrow
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Of note, there were two procedural differences in our design from the
traditionally used flanker task (the Attentional Network Task; Fan et al., 2002).
Research with young adult bilinguals indicated they produced the stronigiestce
for a bilingual advantage when stimuli were preceded by a cue (Costa2€08|).
Accordingly, in the current study trials were always preceded by datigtlicated
the location of the upcoming stimulus. In addition, to increase the overall task
difficulty (thereby possibly increasing sensitivity to bilingual et, trials were
evenly divided between presentation in the center, left side, or the right side of the
screen. To prevent the presentation of several trials of the same type odaurring
succession, materials of each type (congruent, neutral, incongruent crassedt,w
middle, and center of the screen) condition were presented at least once in a random
order before proceeding to any condition for a second (or third, etc.) time. There wer
no interactions between screen-location and any of the effects reportedethus w
collapse across this variable in reporting the results. Each trial followddIkbwing
sequence: presentation of a central fixation point for 400 ms, followed by presentati
of a location cue for 100 ms, followed by continued presentation of the fixation point
for another 400 ms, after which the target stimulus was presented for 1700 ms or until a
response was recorded. The interval between trials was 1700 ms. Participansdndica
arrow direction by pressing a red button which was on the left side of a response box,
or a purple button on the right side of the response box.

Prior to the experimental trials participants completed four practice blatiks
appropriate instructions before each block. The first block included six tridle of t

neutral flankers, the second block included six trials of congruent flankers, thblduk
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included six trials of incongruent flankers, and the fourth block included nine trials wi
equal numbers of the three different flanker types and screen locations présente
random order.

English Stroop

As a measure of executive control in the dominant-language participants ezhgplet
version of the Stroop color-naming task in English. Target stimuli consisted ofdlour ¢
namesied, blue, green, yellonand four neutral word$ig, prime, deep, legalThe use
of neutral words as a baseline and unblocked presentation of trial types (congruent
neutral, incongruent) was based on recommendations of Spieler, Balota, and Faust (1996)
who argued that neutral words provide a better baseline than series of Xs dtaxker
for several reasons. First, they argue that non-linguistic stimuli areaqwaly different
than the linguistic stimuli used in the interference trials and therefore do not paovide
good measure of baseline processing speed. Secondly, there is evidence thadl older a
younger adults process the non-lexical stimuli differently, and thus usingericall
stimuli as a baseline may underestimate the level of interference dider experience.

The experiment consisted of a word naming block and a color naming block each of
which had 36 congruent trials, 36 incongruent trials, and 32 neutral trials. In the
congruent trials each of the four color names appeared nine times in its corresponding
color. In the incongruent trials, each color name appeared three times iof ¢he three
non-matching colors. In the neutral trials, each of the four neutral words ap peme

in each of the four colors. The order of presentation of congruent, neutral and incongruent
trials was randomized in each block, with the restriction that a word or color was not

repeated more than twice on consecutive trials. A different random order wastused f
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each block and for each participant. Task order (color naming or word readsg) wa
counterbalanced between participants; only the color naming data are cuhbelemw
(because the color naming task is most sensitive to executive control). The sazfuenc
events for each trial in both tasks was a fixation point for 700 ms, a blank screen for 50
ms, and the presentation of the target stimulus for 3000 ms or until a response was
recorded. The interval between trials was 500 ms. Before each task patsicip
completed a practice block of 16 trials. Participant responses were codedui@cy
online by an experimenter, and were also audio-taped for subsequent verification of
accuracy. Participants were instructed to either read the word aloud (whiledgtiner
color) in the word-naming task, and to name the color of the ink the word is printed in
while ignoring what it says in the color-naming task.

Task Order

Participants completed the flanker task, English-Stroop, or English-verbal
fluency, in counterbalanced order with each task occurring in each position a roughly
equal number of times between participants. Bilinguals were tested on veenalyfl

trials in Spanish at the end of the experimental session.



EXPERIMENT la RESULTS

Verbal fluency correct responses were given one point. A system for coding
correct responses was devised prior to scoring to ensure consistencyma&iaticse
categories, superordinate exemplars. (ut) were credited only if no subordinate
exemplars (e.capple were given. Errors were calculated as a percent of total responses
(correct and incorrect) to characterize the tendency to make mistakésrasion of
total fluency. For example, a subject who makes one error, but has 19 correctagspons
would have a 5% error rate (1/20 *100), where as someone who makes one error out of 7
responses would have a 12.5% error rate (1/8 *100). Errors were scored as thther wi
language errors or between language errors. Within language errorsecbasesty
wrong answer that was given in the appropriate language for the trial. haplexd a
participant saigpgharmacywhen asked to name words that begin with F, this would be
marked as a within language error, as would a resporegggefhen the category was
fruits and vegetablesCross language intrusions were any response in the non-target
language of the trial (e.qg., sayipgrro (Spanish for dog) on an Engliahimalstrial).
Questionable responses were highlighted and then reviewed by another experiment
before final scoring.

We conducted three 2 x 2 mixed model ANOVASs with participant type (older vs.
young bilinguals) as a between subjects variable, and language domuamasaft vs.
non-dominant language) as a within subjects variable. The three dependent variables
were: (@) number correct, (b) within language errors rates and (s)langgiage
intrusion error rates. Participant means and standard deviations for sentagtciea

are shown in Table 3.
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Matched-Group Comparisons Semantic Categories

Young and older bilinguals produced the same number of correct responses (no
main effect of age}(1,18) = 2.38MSE= 24.2,772IO =.12,p =.14. Bilinguals produced
more correct responses in the dominant vs. the non-dominant language (a main effect of
language)F(1,18) = 20.07MSE= 9.73,772p =.53,p < .01. Of interest, there was a
marginally significant interaction between age and langugdel8) = 3.40MSE= 9.73,
nzp =.16,p = .08. However, the nature of this interaction runs counter to the predictions
of the inhibitory control model since the dominant langu&g®,18) = 4.64 MSE=
19.18,772p =.205,p = .05, but not the non-dominant languag@,, 18) = 1.68 MSE=
14.77,772p =.01,p = .74, exhibited robust age-related decline. Stated differently, only
young bilinguals produced more correct responses in the dominant than the non-dominant
language (i.e., a language dominance eff&¢f),9) = 22.81 MSE= 8.54,772p =.72,p<
.01, whereas older bilinguals produced similar numbers of words in both languages,
F(1,9) = 3.10 MSE=10.92,7%, = .26,p = .11.

Older bilinguals made slightly, but not significantly more errors thangoun
bilinguals (a marginally significant effect of aggj,1,18) = 3.15 MSE= 103.37,772p =
.15,p=.09. There was no effect of languagé,,18) = 1.96 MSE= 62.92,772IO =.02,p
=.18 and no interactioff, < 1.

Contrary to expectations that language control declines with age, olagubik
did not make more cross language intrusion errors overall compared to young ls)ingua
F(1,18) = 2.10 MSE= 1.86,772p =.10,p = .17. However, in support of the Inhibitory

Control Model both younger and older bilinguals made more cross language intrusions in
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the non-dominant than in the dominant langu&g#,18) = 4.51 MSE= 1.89,772p =.20,
p =.05. Also, consistent with the Inhibitory Control Model, there was a marginally
significant interactionf~(1,18) = 2.81 MSE= 1.89,772p =.14,p = .11, trending in the
predicted direction that older bilinguals would be particularly disadvantaged in the non
dominant language. However, planned comparisons revealed that older and younger
bilinguals made similar numbers of cross language intrusions in both the dominant,
F(1,18) = 1.00 MSE= .05 nzp =.05,p = .33, and non-dominant languagegl,,18) =
2.48 MSE= .3.697% = .12,p = .13.

Matched-Group Comparisons Letter Categories

Young and older bilinguals produced the same number of correct resgorses,
with marginally significant language dominance effeEf4,18) = 3.34 MSE= 3.79,772p
=.16,p =.08, and no evidence that older bilinguals had more difficulty in the non-
dominant language (no interactioR)< 1.

Consistent with an age related decline in executive functioning, older bilinguals
made significantly more within language errors than younger bilinge@sl8) = 6.12 ,
MSE= 21.75,772p =.25,p=.02. Both older and younger bilinguals had significantly
more errors in the non-dominant langudg@,, 18) = 6.12 MSE= 21.75,772p =.25p=
.02. However, older bilinguals did not show the predicted interaction between age and
language dominancé&,< 1. Rather, they demonstrated a similar disparity between errors
in the dominant vs. nondominant language to young bilinguals.

Providing partial support for the notion of age related decline in inhibitory

control, older bilinguals produced more cross language intrusions than younger
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bilinguals,F(1,18) = 6.27 MSE= 2.11,772p =.26,p =.02, although equally so in the
two languaged; <1, and there was no interactiéhs<1.

Overall, the matched groups of young and older bilinguals provided little
evidence to support the ICM (Inhibitory Control Model), and weak evidence for an age
related decline in language control. In semantic fluency, older bilingiceistproduce
more cross-language intrusions than younger bilinguals, though there wad towvards
an interaction in the predicted direction with greater age-effects oniantmages of the
dominant into the nondominant language. In letter fluency, there was a significant age-
related increase in cross-language intrusion errors, however agairasghgitiout the
predicted interaction with language dominance. The analyses of number caveattde
no trends in the predicted direction. Instead, only the dominant-language semantic
fluency produced robust age effects. Similarly, the analyses of withijrdge errors
produced no evidence of age-related decline in language control; older adults produced
more errors in both languages particularly in letter-fluency.

The ICM predicted that older bilinguals should have more difficulty speaking a
nondominant language because of the greater need to manage cross languaggnagerf
in production of a weaker language, and because older adults may have inhibitory control
deficits (Hedden & Park, 2001). One reason why we might fail to observe older adults
having more difficulty with speaking a nondominant language is if they are more
proficient bilinguals than the younger bilinguals. Importantly, we matcheitipants
carefully for several proficiency variables, although there was rimlesss a small but
significant difference between young and older bilinguals in their gadirred use of the

non-dominant language. As an additional test of the prediction that language control
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declines in older age we focused a second set of analyses exclusively on the older
bilinguals. Similarly, matching for degree of bilingualism is difficult.

Correlations Between Fluency and Executive Functioning Tests in Oldequgils

Our procedure of matching young and old bilinguals for demographic
characteristics as well as language history limited the number dfipantis we could
include in our matched age-contrasted analyses. Furthermore, although Wedehte
participant with a relatively large number of fluency categories & abtL8), after
dividing these by language and by category type (semantic versustletteryvas
limited power to detect differences. In addition, one of the most compelling fafrm
evidence for competition between languages is cross language intrusion errors
Interestingly, both young and older bilinguals produced very few cross languaige e
overall. However, this too limits the power for detecting age effects. Anatitation
of the matched groups approach is possible flaws in the assumptions underlying this
matching. For example, while bilinguals were matched on absolute educatiqralievtl
the young bilinguals were students enrolled in college and their ultimate level of
education would therefore likely be higher, whereas the older bilinguals’ extutzatel
was a stable representation of their educational achievement.

To address these limitations, we further explore the relationship between aging
and language control by looking within all 18 older bilinguals tested (without coroparis
to young bilinguals) for correlations between age and cross language intrusisn Bo
further increase power, for this purpose we collapsed together all crossgeng

intrusions produced regardless of category type (semantic and letter), arttlessgof
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language (English, Spanish) thereby considering any intrusion erraidasae for loss
of language control together in a single analyses.

Of great interest, there was a significant correlation betweearafmtrusion
rates, such that the number of cross language intrusions increased with adagading
=.481,p =.043. This result is consistent with the predictions of the inhibitory control
model and with the notion of age-related decline in executive control (which in this cas
impairs the ability to prevent cross-language intrusion errors).

The correlation between age and cross-language intrusion errors provides support
for the notion that bilingual language control declines with age. To determine if this
decline is related to other forms of age-related decline in cognitive conttobked for
correlations between verbal fluency measures (cross-language intrusgwighin-
language error rates, and number of correct responses) and performance on other
measures of executive control (Stroop and Attentional Network Task). The mean RT
and error rates for these two tasks are presented in Table 4. RTs in both thenfitent
Network TaskF(1,16) = 25.77 MSE= 11,257.19772p =.62,p<.01, and the Stroop
Test,F(1,17) = 100.59 MSE= 2,697.15,772p = .86,p < .01, were significantly slower on
incongruent than on neutral trials indicating significant interferenceteff&milarly,
bilinguals produced significantly more errors on incongruent trials than on neialsal t
of both the Attentional Network Task(1,16) = 34.86 MSE= 0.02,772IO =.69,p<.01,
and Stroop TesF(1,17) = 6.78 MSE= .02, 7%, = .29,p = .02, again indicating

significant interference effects in both tasks.
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As both the Attentional Network Task and Stroop test are sensitive measures of
cognitive control, we investigated if there was any relationship betwesa #xecutive
functioning tasks and bilingual language control (as predicted by the InhibibotyoC
Model). Correlations between executive control measures, age, and four fluaablegar
(raw number of cross language intrusions, intrusion rates, raw numbers of within
language errors produced, within-language error rates, and number of copecses3
are shown in Tables 5 and 6. The intrusion rates measures (instead of raw numbers of
intrusions; the number of intrusions and errors as a proportion of total responses
produced) adjusts for the fact that speakers who are highly fluent have greate
opportunity to produce an error because they produce more responses.

Response Time in the Attentional Network Task

As can be seen in Table 4, the rate of errors in the ANT was very high on
incongruent trials (50% on average). Although we still observed highly robust
interference scores in the RT measures (see above), the high errbkebtdsd to some
unexpected and difficult to interpret correlations between RT interferenoess
(incongruent minus neutral) and the dependent variables of interest. For example, there
was a negative correlation between interference scores and the number airgoage
intrusions such that smaller interference scores (better controy)abitis associated
with increased intrusion errors (worse language control). Given the highf ert®rs in
the incongruent trials this result may have reflected a speed-accugeyptrauch that
people who made more errors responded more quickly. Thus, we do not report these
correlations in detail, and instead focus on the interference scores as thegsener

rates.
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Attentional Network Task and Cross-Language Intrusions

Higher cross language intrusion rates (calculated as a percentage fifi¢oicy
output) were associated with more errors in congruent§81,p = .003), neutralr(=
.618,p = .008), and incongruent trials£ .725,p <. 001) on the Attentional Network
Task. We included unadjusted (raw) numbers of cross language intrusions to see whether
the correlations would change as a result, and we found similar correlationsrbatiwee
three trial types, although it should be noted that correlations for neutrad36,p =
.080) and congruent trials € .445,p = .074) no longer reached significance.
Incongruent trial errors remained significantly correlated withmambers of cross
language intrusions= .545,p = .024), indicating this was a robust effect. Older
bilinguals who produced higher intrusion rates also experienced greateranteeféas
measured by number of errors in incongruent trials minus the number of errors ih neutra
trials) in the Attentional Network Task £ .618,p = .008). Unadjusted (raw numbers of)
cross-language intrusion errors were also correlated with interfej@aicalated in the
same way as above) on the Attentional Network Task.492,p = .045).

Attentional Network Task and Within-Language Errors

In notable contrast, significant correlations between executive functioning
measures and within language errors were largely absent with one exceptwastinat
as robust statistically as the correlations with cross-language amtreisors. Higher
rates of within language errors were associated with increased enrtite incongruent
trials of the Attentional Network Task (r =.492, p = .045) and were associated widr hig
error rates on congruenty € .405,p =.107,) and neutral trials,= .397,p = .115),

although not significantly so. Examining raw numbers of within language eeraraled
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no association with within language errors across all trial typeps(all .535). It seems
that overall the correlations between within language errors and errdrs Atténtional
Network task are smaller in size, and the majority of them do not reach sigodidn
sum, there is not much evidence that within language errors are mediateduiivexec
control mechanisms as measured by the ANT. Further evidence that executiokigont
required to manage interference, but not within language errors, was the finding that
increasing age is associated with more cross language intrusiend81,p = .043), but
was not associated with more within language errors-(174,p = .489).

Attentional Network Task and Number Correct

Supporting previous findings of verbal fluency as a measure of executive
functioning, high numbers of correct responses (again collapsing across both languages
and category type) were associated with fewer errors acrogalalpes of the ANT
(congruenty = -.646,p = .005, neutralf = -.628,p = .007, incongruent; = -.709,p =
.001), with lower interference scores (measured by number of errors in incortgalent
minus the number of errors in neutral trials; r = - .583, p=.014). Examining these
correlations separately by language dominance, we found no evidence tHationgse
were stronger for the nondominant (congruent; r = -.535, p=.027, neutral; r = -.479, p=
.052, incongruent; r = -.478, p=.052), vs. dominant language (congruent; r = -.552, p=
.022, neutral; r =-.571, p=.017, incongruent; r = -.698, p=.002), as the Inhibitory
Control Model would predict.

Age Effects, Fluency and the Attentional Network Task

In addition to age effects on number of cross language intrusions, age was also

significantly associated with errors on the Attentional Network Task, wdir ol
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bilinguals producing more errors in congruent:(488,p = .047), neutralf(= .614,p =
.009), and incongruent triats€ .595,p = .012). Response times were significantly
slower with increasing age for both congruent; (660,p =.004), and neutral trials, (
=.757,p <.001), but not for incongruent trials¢ .401,p = .110). However, as
previously discussed the high number of errors in incongruent trials decreased the
number of usable data points, thus reducing power. Increased age was assdahiated w
reduced verbal fluencyr € -.583,p = .014), but not with a higher rate of within-
language errorg,E .095,p = .709).

Correlations with the Stroop Test

Examining correlations between age, cross language intrusions, withindgangua
errors and verbal fluency and response times and errors on the Stroop test r&rgaled v
few significant correlations. One notable exception was a robust assotiativeen
performance on neutral trials in the Stroop (i.e., the ability to name the colhar iokt
for words likedeep, and the rate of within-language errors. Bilinguals with faster
response times on neutral triakls=(.498,p = .036), and fewer errors on neutral triafs, (
=.736,p <.001), made fewer within-language errors on the Stroop. The appearance of
some highly robust correlations in neutral but not incongruent trials makes iveame
harder to interpret the relationship between Stroop performance and flueneyenow
these results in concert with those reported for the ANT do suggest that different
mechanisms are involved in preventing within-language errors versus argesgde
intrusions.

In addition, as for the ANT, greater numbers of incongruent emers477,p =

.046) and higher interference scores on errors (neutral minus incongruentrerrors;
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A470,p = .049) were both significantly correlated with higher raw numbers of cross
language intrusions, but these were much weaker compared with comparadé&ions
using the ANT, and were no longer significant after adjusting for production ratee T
were some weak correlations between increased age and slower respessettralr(
=.381,p=.119) and incongruent € .406,p = .095) trials, however they did not reach
significance. Although previous research has found that performance oncaibye t8st
declines with age (Van der Lubbe & Verleger, 2002), it should be noted that this study
compared young and older adults, whereas we examined age effects withirdoltser a
Age effects are likely to be more robust with a 50 year contrast built in (20 gsar ol
versus 70 year olds). Our findings suggest that the greatest declines in pereoona
the Stroop test may occur between young and old adulthood, but decline less noticeably
in older age. However, the fact that performance on the Attentional Netwskk Ta
declined with age despite the restricted age range may indicatedhfgtentional
Network Task is more difficult and therefore more sensitive to age relattadedec
both. Indeed as noted above, error rates were quite high in the ANT (and one older
bilingual could not complete the task at all). Our modification of the ANT (podating
both flanker types and the side of the screen on which the display appeared) seems to
have made the task much more difficult than the published version.

Experiment 1a Results Summary

In sum, these data provide support for the notion that bilingual control
mechanisms rely (at least in part) on general mechanisms of executine thaait

decline in older age. In the General Discussion we consider further thecspatigirn of
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correlations observed here and speculate as to why the ANT seemed to be iteatéorela

bilingual language control than the Stroop.



EXPERIMENT 1b METHODS

In Experiment 1 we found mixed evidence for an age related decline in language
control in bilinguals. Although we found significant relationships between executive
control and language control and age-related deficits in the ability to prexenst elder
bilinguals did not have obvious difficulty with producing correct responses in a
nondominant language. One result that was particularly unexpected based on the
assumptions of the Inhibitory Control Model was the robust age-effects on production of
correct responses in the dominant but not in the nondominant language. This finding
could potentially be the result of the particular categories we chose, ttethean age
effect in bilingual language control. To examine the effect of aging on ilubaty
independent of bilingualism, we tested a group of young and older monolinguals on the
same categories tested in Experiment la.

Experiment 1b Participants

Thirty-six young adult monolinguals and fifteen older adult monolinguals
participated in the study. Young monolinguals were University of Californiarat S
Diego students who participated in the experiment for course credit. Older maatding
were recruited from the Alzheimer’'s Disease Research CenterCADRarticipants
completed the same language history questionnaire as bilinguals. Monolinguals were
speakers of English only, with limited proficiency in or exposure to a seconabigeg
above and beyond basic language requirement classes. Participant chidca@esis
shown in Table 7. Older and younger monolinguals did not significantly differ is year

of education.
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Experiment 1b Materials

Materials were the same as in Experiment l1a.

Experiment 1b Procedure

Participants were tested in English and completed 5 semantic categorigés a
letter categories (letters F, A, S, Bemantic categories were divided into two lists, each
containing five categorie&ach monolingual completed one of two semantic lists with

list counterbalanced between subjects. The procedure was the same as indexgderim



EXPERIMENT 1B RESULTS
Correct responses and errors were coded in the same way as in Experiments la.
We conducted two one-way ANOVAs with participant type (older vs. young
monolinguals) as the between subjects variable for two dependent variahldsopncl
(a) number correct, (b) within language errors for semantic anddategyories.
Participant means are shown in Table 8.

Experiment 1b Matched-Group Comparisons Semantic Categories

Younger monolinguals produced more correct responses in semantic fluency than
older monolingualsF(1,50) = 11.85MSE= 18.71,7%, = .20,p < .01, with a non-
significant trend in the same direction in the errors anally§is50) = 3.14MSE=
19.99,7%, = .06,p = .08.

Experiment 1b Matched-Group Comparisons Letter Categories

Older and younger monolinguals produced similar number of correct responses
(no effect of age)(1,50) = 1.77MSE= 15.79 ,;°, = .04,p = .19; however older
monolinguals made significantly more errors than younger monolindgt(@l&0) =

17.21,MSE= 17.30,7%, = .26,p < .01.
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EXPERIMENT 1 DISCUSSION

The results of Experiment 1 suggest distinct age effects on production ot correc
responses and prevention of errors in the verbal fluency task, and that these hold for
monolinguals and bilinguals alike. Semantic fluency categories produced aagbus
related decline in ability to produce correct responses in monolinguals in the one
language they know, and in bilinguals in their more dominant language. In contrast, i
letter fluency there were no robust age effects on the production of correct rgsponse
although there were robust age effects on the ability to prevent witlgndge errors
(again in monolinguals and bilinguals alike). The difference in age-etieatss
semantic and letter fluency may reflect the greater need for esetwrction in letter
versus in semantic fluency.

Our results showing greater decline in semantic vs. letter fluency sasks i
consistent with other studies showing larger age effect for semamc§i (Brickman et
al., 2005; Kozora & Cullum, 1995, Tombaugh et al., 1999; Tomer & Levin, 1993).
However, one study failed to find disproportionate declines in semantic vs le¢ecyl
with age, although it should be noted that subjects in that study were highly educated,
intelligent and predominately Caucasian which may limit the gendbodiiyaf their
results to other groups (Bolla, Gray, Resnick, Galante & Kawas, 1998). Compared to
monolinguals in our study who averaged 13.9 years of education, the highly educated
subjects’ mean education levels (which were separated by age and gended) from
15.8 to 18.1 years, indicating that the majority of their subjects had obtained graduate
level education. Older adults reduced category fluency has been attributedtotigiffi

with retrieval from semantic networks in normal aging (Kozora & Cullum, 19953as ol
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old subjects( 85 years or older) who were diagnosed as being cognitively aftenal
being screened on the Modified Mini-Mental State Exam (Teng & Chui, 1987) showed
greater difficulty with retrieval from semantic categories from matedy old (75-84
years of age) and young old subjects (65-74 years of age; Crossley@23)., Reduced
semantic fluency has also been attributed to the decline of semantic netwAEks i
(Butters et al., 1987), whereas phonological knowledge necessary for phonemig fluenc
remains relatively intact (Jorm, 1986). The similar decline in semantitcijua both
aging and AD raises the concern that age effects are a result dihpral-or
undiagnosed AD or Mild Cognitive Impairment in the study samples. Howevemsema
fluency declines were still observed in older adults who were carefullynsctdéer
cognitive impairment utilizing neuropsychological assessments and scigening
(Tombaugh et al., 1999; Crossley et al., 1997). In our study, it is unlikely that the older
adults were cognitively impaired as all were recruited from thbeMuaer’'s Disease
Research Center and received comprehensive neurological and neuropsychological
examination, and were screened using the Mini-Mental State Exam (MMS3&eiRpol
Folstein & McHugh, 1975) and Dementia Rating Scale-2 (Jurica, Leittenatgidyl
2001). Another possible explanation for reduced semantic fluency in older adults comes
from imaging studies that look at brain functioning during verbal fluency tasks. Bot
older and younger adults showed strong lateralization to the left hemisphere during
phonemic fluency tasks, but older adults showed greater bilateral activitg the
semantic fluency task than younger adults which was negatively cadrelgbesemantic
fluency (Meinzer et al., 2009). Older adults were screened for cognitiiaelaold were

given both the MMSE and the neuropsychological test battery established by the



41
Consortium to Establish a Registry for Alzheimer’s disease (CERARatE
recruitment of the right hemisphere in older adults has been attributed toseecrea
efficiency in specialized regions of the brain (Rajah & D’Esposito, 2005), butdtas a
been explained as indicating greater difficulty of the task that requirescogmnéive
resources (Braver et al., 2000). Whatever the explanation, semantic fleenty t®
become more difficult a task for older adults than phonemic fluency and it remains
unclear as to whether this is moderated by higher levels of education with sdiee st
finding that decline in semantic fluency was not moderated by education |lexedniari
et al., 2005) while others found that older adults with higher levels of education produced
more exemplars in both semantic and letter categories than adults witHdeelerof
education (Crossley et al., 1997).

Summarizing the results to this point, we obtained some evidence for age-related
decline in language control particularly in the ability to prevent cross-#yggimtrusion
errors and in the production of correct responses and this seemed related to peeforman
on the ANT. In contrast, Stroop was not strongly related to language control aad inste
seemed related to the ability to prevent within-language errors. Additionallyhtamed
evidence for age-related decline in dominant language semantic fluency in both
bilinguals and monolinguals.

As a final test of the Inhibitory Control Model we examined if bilinguals with AD
have more difficulty with controlling interference from a non-targetuagg, and
particular difficulty with speaking a non-dominant language. To test thedepons,
we compared bilinguals with Alzhemer’s disease to age-matched cobynitorenal

bilinguals on the same verbal fluency categories that were used in Eepetian



EXPERIMENT 2 METHODS

Experiment 2 was designed to examine the role of executive functioning in
bilingual language production in verbal fluency tasks in bilinguals with demerdia (e
Alzheimer’s disease). Executive functioning has been found to decline in Alztgeime
patients (Collette, Van der Linden, & Salmon, 1999). For example, the ability of
speakers with AD to inhibit irrelevant stimuli (as measured in the Stroop task, for
example) is impaired relative to age matched controls (Bondi, Serody, Chargribers
Shumate, Delis, Hansen & Salmon, 2002). If bilingualism requires suppression of the
non-target language as hypothesized by the Inhibitory Control Model, therublbng
with Alzheimer’s disease would be less able to manage cross languageeantarfieran
age matched controls. Since inhibition of the dominant language is more difficalt, the
bilinguals with AD should be particularly disadvantaged when speaking the non-
dominant language.

Experiment 2 Participants

Thirteen cognitively normal older adult bilinguals and ten bilinguals diagnosed
with Alzheimer’s disease participated in the study. Participants cadglet same
language history questionnaire described in Experiment 1 and were testedsh Eirsgl
Bilinguals were speakers of English and Spanish with limited or no proficieracthird
language and were classified as either balanced, English dominant, or Spanmntom
based on their self-rated ability to speak English and Spanish using the samerprasedu
in Experiment 1. For the statistical analyses, dominant and non-dominant langueges we
coded such that Spanish-dominant speakers’ Spanish responses were dominant and

English responses as nondominant, and vice versa for English-dominant speakers. Ten of
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the thirteen control bilinguals were included in the matched age contrasts innkeqteri
1.

All participants were recruited from the Alzheimer’s Disease Relsé€zenter
(ADRC) through which they receive annual medical, neurological and
neuropsychological evaluations. Alzheimer’s patients were diagnosed wittblerétia
by two senior staff neurologists according to criteria developed by thenldllinstitute
of Neurological and Communicative Disorders and Stroke (NINCDS) and the
Alzheimer’s Disease and Related Disorders Association (ADRDAJHdan,
Drachman, Folstein, Katzman, Price, & Stadlan, 1984). Both bilinguals with AD and
normal controls’ scores on the Mini Mental State Exam (MMSE) were coedidsrpart
of selection criteria. Normal participants’ MMSE scores ranged from 25 to 30.
Bilinguals with AD’s MMSE scores ranged from 16 to 27.

Thirteen of the 18 bilinguals tested in Experiment 1a were included in our
analyses because of our matching criteria. Participants were maiclagg fand
education (Strauss, Sherman, & Spreen, 2006), and for age of first exposure to English,
percent of daily spoken English, and self-rated proficiency in both Spanish and English.

Participant characteristics are shown in Table 9. Older bilinguals amgliaills
with AD did not significantly differ in age, years of education, age of firgbeure to
English, age at which they began to use English regularly, percent of dailypspoke
English, or self-rated spoken English or Spanish ability. Bilinguals who rateé¢hees
as equally balanced in both languages were considered English-dominant for the
purposes of our study, given that English is the dominant language spoken in most

everyday interactions. Ten control bilinguals were English-dominant, and three w
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Spanish-dominant. Seven bilinguals with AD were English-dominant, and three were
Spanish-dominant. Interestingly, five out of thirteen controls rated themsal\eegially
proficient in both languages, whereas none of the bilinguals with AD ratedEtiglish
and Spanish speaking ability to be equivalent. This difference could refiagubils’
with AD subjective sense that they are not as balanced bilinguals as tHdy bge
Importantly, bilinguals with AD did not rate their ability to speak the non-dominant
language as significantly worse than older contfig($,21) = 1.51MSE= 1.35,772p =
.07,p=.23.

Experiment 2 Materials

We used the same materials as in Experiment 1.

Experiment 2 Procedure

The procedure was the same as in Experiment 1.



EXPERIMENT 2 RESULTS
Responses were coded in the same manner described in Experiment 1. We
conducted three 2 x 2 mixed model ANOVAS using participant type (older vs. AD
bilinguals) as the between subjects variable and language dominance (dominant vs. non-
dominant language) for three dependent variables including: (a) number cbjrect, (
within language error rates and (c) cross language intrusion error ratdgipdar
means are shown in Table 10.

Experiment 2 Matched-Group Comparisons Semantic Categories

Bilinguals with AD produced fewer correct responses than conf@d21) =
19.38MSE= 18.12,772p =.48,p < .01. Participants produced similar numbers of
exemplars in each languagd€1,21) = 1.6IMSE= 8.00,772p =.07,p=.22, (n0o main
effect of language-dominance) suggesting the groups were relativahgdalailinguals.
Of great interest, there was no evidence that bilinguals with AD have mooeiltlffi
producing responses in the non-dominant language as there was no significanionteract
between participant group and language-domindneel.

In the analysis of within language errors, bilinguals with AD made sogmitiy
more incorrect responsds1,21) = 12.40MSE= 127.50,772IO =.37,p<.01. Both
bilinguals with AD and normal controls made similar numbers of errors in both the
dominant and non-dominant languaged,,21) = 1.07MSE= 61.77,772p =.05,p=.31,
and there was no interactida< 1.

Consistent with the hypothesis that AD impairs language control, bilinguils wi
AD made marginally more cross language intrusions than corfi(@&1) = 3.37MSE

= 10.45,772p =.14,p = .08. All speakers made more intrusions of the dominant language
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into the non-dominant language than the revérfe21) = 6.75MSE= 5.24,772p = .24,
p =.02. Also of interest, and again consistent with the hypothesis that AD impairs
language control, there was a trend towards an interaction between partiqeaandy
language dominance in the predicted directig,21) = 3.08 MSE= 5.24,772IO =.13,p
=.09. Planned comparisons revealed that bilinguals with AD made more cross language
intrusions than controls in the non-dominant languk¢k21) = 4.33MSE= 11.44,772IO
=.17,p = .05, but not in the dominant languaBes 1. Additionally, patients made more
cross language errors in the non-dominant language than the dominant laRrgLI&Ye;
7.72,MSE= 5.68,7", = .46,p = .02, whereas controls made similar numbers of cross
language intrusions in both languages;1. These results support the predictions of the
Inhibitory Control Model, as well as the speakers’ subjective reports such thaihealt
speakers were relatively balanced bilinguals, but bilinguals with AD imave difficulty
with preventing intrusions from the dominant language into the non-dominant language.

Experiment 2 Matched-Group Comparisons Letter Categories

Bilinguals with AD produced fewer correct responses than confd21) =
10.77,MSE= 21.94,772IO =.34,p < .01. Both older controls and bilinguals with AD
produced more correct responses in the dominant than the nondominant language,
F(1,21) = 5.88MSE= 3.89,772IO =.22,p = .02. However, bilinguals with AD but did not
show greater difficulty with the non-dominant language as predicted as thetinoterac
was not significanti- < 1.

Bilinguals with AD made more within language errors than contFglis21) =

229.18 MSE= 61.00,772IO =.63,p <.01. Both controls and bilinguals with AD made
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more errors in the non-dominant than in the dominant langig1) = 7.02MSE=
114.42,772p =.25,p=.02. In addition, although the effect of AD on production of
within-language errors was numerically much larger in the non-dominant language, this
interaction was not significarfg(1,21) = 2.02MSE= 114.42,772IO =.09,p=.17.

While the interference account would predict that bilinguals with AD should
produce more cross language intrusions particularly in the non-dominant language, there
was no evidence to support this in the letter fluency data. Bilinguals with d\Bodi
produce more cross language intrusions than conf@df1) = 1.60MSE= 8.42,772IO =
.07,p =.22, and both older and bilinguals with AD produced similar numbers of
intrusions in both languages,< 1. There was no significant interactiéng 1.

Contrasting these data with the analyses in the previous section on semanty ftuenc
seems that the effect of AD on language control can be seen only in the séinamty

task.



EXPERIMENT 2 DISCUSSION

The results of Experiment 2 reveal some evidence that AD impairs bilingual
language control. In particular, when compared with matched healthy controigyui$
with AD had more difficulty preventing cross-language intrusion errors st
fluency. Research on the effects of AD on verbal fluency in monolinguals haadeckve
that semantic fluency is particularly difficult with the onset of AD.(eMpnsch, Bondi,
Butters, Salmon, Katzman, & Thal, 1992), and similar effects have been reportesl for th
two languages in bilinguals with AD (i.e., greater declines in seméuaiicih letter
fluency in both languages; Salvatierra et al., 2007). Research on bilingualfierbey
has suggested that competition between languages is more fierce duringcséraant
letter fluency (e.g., Gollan et al., 2002; Sandoval et al., in press),

To consider if bilinguals with AD in the current study showed disproportionate
reduction in semantic vs. letter fluency compared to controls, we conducted two 2 x 2
mixed model ANOVAS with participant type (controls vs. bilinguals with ADaas
between subjects variable, and category type (letter vs. semantic)thmasubjects
variable with number correct in the dominant and non-dominant languages as the
dependent variable. For the dominant language, all participants produced sidyificant
more exemplars in semantic (M = 9.56) than letter (8.06) categb(iegl) = 7.44MSE
= 3.46,772p =.26p =.01, which was consistent with previous research comparing older
bilinguals and bilinguals with AD (Salvatierra et al., 2007). There was a niaat ef
participant type as bilinguals with AD (M = 6.23) showed reduced verbal fluency
compared to controls (M = 11.40) across both categdf{és?1) = 16.21MSE= 18.70,

nzp =.44,p < .01, which was also found by Salvatierra et al. In contrast, there was no
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interaction between participant type and category tyflg21) = 1.88MSE= 3.46,772p =
.08,p = .18, unlike Salvatierra et al. who found a significant interaction between
participant and category types such that controls and bilinguals with AD produdked sim
numbers of exemplars in letter categories in both Spanish and English, but produced
significantly fewer exemplars in semantic fluency trials across botjubages. We found
the same pattern of results for the non-dominant language with participants pgoducin
more exemplars in semantic (M = 8.50) than letter (M = 6.64) categb(ie21) = 5.70,
MSE= 6.91,772p =.21,p =.03, and bilinguals with AD producing significantly fewer
exemplars than normal controfq1,21) = 12.19MSE= 22.87,772p =.37,p<.01.

Again, there was no interaction between participant type and category tyde,

The absence of an interaction between diagnosis and category type in our study
may be related to the type of categories we used (see further analyseermlG
Discussion). By far the most widely used category to measure sentaaticyf is
Animalsand it is often used as the only measure of semantic fluency (Tombaugh, Kozak
& Rees, 1999) as it was in the Salvatierra study. In contrast, we used a totaanfise
categories, with each participant completing five in English and five in SpaSmsveral
other differences between our study and the Salvatierra et al., study thahavg
produced the different pattern of results were that we used different settess
languages, whereas they used the same letters in both English and Spariestsifiezic
responses by language dominance (dominant vs. non-dominant languages) whereas
Salvatierra compared Spanish and English. We always tested in the dominaagéang

first whereas they counterbalanced language testing order. Finallgsted tifferent
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categories in each language whereas they tested the same segbeyciat both
languages.

Summarizing the results of Experiment 2, bilinguals with AD produced fewer
correct responses, and made more within language errors than controls, buathece w
evidence that they had greater difficulty producing the non-dominant languaghe On t
other hand, there was evidence for impaired language control in AD in the redesf ¢

language intrusion errors, particularly in semantic fluency in the nondominguisige.



GENERAL DISCUSSION

The current study explored the role of executive control in bilingual language
production by examining how bilingual verbal fluency responses are affectaginay
and Alzheimer’s disease. The Inhibitory Control Model (ICM) posits that in ¢oder
speak one language, bilinguals must suppress the non-target language, &ed that t
dominant language is must be inhibited more than the non-dominant language during
bilingual language production (Green, 1998; Meuter & Allport, 1999; for reviews see
Kroll et al., 2006, 2008). Since aging and AD have been associated with declines in
executive functioning we predicted that bilinguals should have difficulty mainggini
their bilingualism as they age or with cognitive decline if managing erente is
essential for bilingual language production. Additionally, this would be particularly
evident in the non-dominant language where greater control is needed to prevent
intrusions from the dominant language.

Evidence Supporting the Inhibitory Control Model

The strongest evidence we obtained to support the ICM (Inhibitory Control
Model) of bilingual language control was the significant correlation betweemdge a
cross-language intrusion errors. Intrusion errors provide an obvious form of evidence for
interference between languages, and in some sense seem to constitute indisputable
evidence for some form of competition between language systems, and failures
increased age to either detect, or to prevent such errors, or both. A true skegtic coul
argue that older old bilinguals were more willing than younger old bilinguals to
occasionally relax the extent to which they followed instructions (to produce words in

language X or Y). After all the production of words in the other language is a
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communicatively sensible thing to do given that both experimenters were blilarglia
the participants were fully aware of this point. However, we obtained additional
independent evidence for the role of executive control in bilingual fluency perfoena
and age related decline in such control. Specifically, bilinguals who madegtemss-
language intrusion errors also made more errors on the ANT, and to some extant al
incongruent trials of the Stroop Test. The fact that cross languageaeaarrelated
with worse performance on executive functioning measures suggests thiintheal
language control relies on similar mechanisms to those used to inhibit respiotises
resolve conflict outside the language system.

Examining the relationships between bilinguals’ production of cross language

errors and performance on executive functioning tasks allows us to address widether ol
bilinguals are making more of these intrusions than younger bilinguals because of
decreased ability to control and monitor such errors, or if they simply feel more
comfortable with utilizing either language. Language mixing or code switchang
fairly common occurrence when bilinguals communicate with each other arnsl this
particularly true in a bilingual environment, where both languages are beingispoke
(Heredia & Altarriba, 2001). While cued language switching has been dassoeith
increased processing costs, voluntary language switching can sometiiitasefa
language production and improve naming accuracy in confrontational naming t&$ks, s
as the Boston Naming Test (Gollan & Ferreira, 2009; Gollan, Montoya, Fennema-
Notestine, & Morris, 2005). The association between cross language errors andesiea
of executive control is significant because it suggests that cross languag®ig don’t

appear in older bilinguals’ verbal fluency responses more often simply bebayded!
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more comfortable blending language responses than younger-old bilingualst iRathe
clearly connects their increased intrusions to decreased performance anesieés
executive control. This finding is consistent with literature demonstratingatigaiage
switching in bilinguals may be related to executive control and frontal lobedoimg
(Fabbo Skrap, & Aglioti, 2000).

One finding that was surprising was that bilinguals’ response times in meorg
trials of the ANT were not significantly correlated with increasing &ge .401,p
=.110). This finding was inconsistent with the Inhibitory Control Model which would
have predicted that the largest effect on response times would have been in the
incongruent trial which requires conflict resolution, and given the robust carelat
between incongruent errors and ages (595,p =.012). One explanation why the
correlation between RTs on incongruent trials and cross-language intrusions dathot re
significance whereas RTs on congruent and neutral trials were sigryficanelated
with intrusion rates, may be related to the greater number of errors produced i
incongruent trials. The very high error rate in incongruent trials meanfetier
response times were averaged into the mean RT for incongruent trials, thus thhese da
may have been less reliable given that only correct response RTs wgredna

A second source of support for the ICM was the finding that bilinguals with AD
produced significantly more cross language intrusions than controls, and this was
especially true in semantic categories. The limitation of this resudntarstic trials may
reflect the relatively high intrusion rate for older bilinguals (in Experitria) in letter
fluency, and the greater susceptibility of semantic than letter fluenhg &ffects of

dementia. It is not clear why older bilinguals did not also experience @wgirgatision
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rate in semantic fluency given previous arguments that interferenceclneamguages is
greater in semantic than in letter fluency (Gollan et al., 2002; Rossellj 20@0;
however, the very low overall rate of intrusions may be a factor here; &8¢ bEhat
the AD effect was restricted to intrusions of the dominant language into the nodominant
language is also quite consistent with the ICM which posits more controldedhte
suppress the dominant language. Similarly, bilinguals with AD produced more intrusion
in the non-dominant than the dominant language (again in semantic fluency), whereas
normal controls produced similar numbers of intrusions in each language.

Challenges for the Inhibitory Control Model

One challenge to an interference based account of bilingual language production
is that aging and impaired bilinguals did having clear difficulty in producingdhe
dominant language. That is, although we obtained some evidence for effects ohdging a
AD on cross language intrusion rates, there was no evidence of increased language
dominance effects in aging and AD as predicted by the Inhibitory Control Modekfor
number of correct responses or within language errors rates. This lack of eVatehee
ICM is powerful because the majority of responses (even for patients withr&D) a
correct responses, and thus the result leads one to wonder if the exclusiveaoertdr
is preventing intrusions when these only very occasionally become active enough to
compete for selection.

An important consideration in interpreting these results is that several of the
bilinguals in the current study reported being relatively balanced in thiiy édispeak
and use both languages. It is possible that stronger age-effects would be sees af te

decline in ability to speak a nondominant language if less balanced bilinguals were
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included in the experimental design. Degree of language use may also be an important
consideration. Although younger and older bilinguals both rated the difference bhetwee
their dominant (English) and non-dominant languages (Spanish) to be similar (a
difference of 0.8 and 1.0 respectively), the older bilinguals reported speakilghEng
67% of the time on an average day, implying that they speak Spanish 33% of the time.
By contrast, younger bilinguals reported speaking English 83.5% of the time, meaning
they only speak Spanish about17.5%, roughly half as often as the older bilinguals.
Because older bilinguals spend roughly a third of their day speaking Spanish, they ma
practice both languages more often than younger bilinguals and may be |legsilsiesc
to language dominance effects. On the other hand, less balanced bilingualschrebff
“less bilingual” and it was of interest to begin examining age-effgclsdking to see
what happens to language control in proficient bilinguals as they age. Moreover, in
Experiment 2, all bilinguals with AD indicated greater proficiency inrtdeminant than
in the non-dominant language, and still demonstrated relatively intact ability to produc
fluency responses in a nondominant language (for similar findings with a pictonieg
task see Gollan et al., in press). Thus, a first challenge for the InhibitoryoOdottel
is to explain why ability to produce correct responses in a nondominant language seems
to be relatively resistant to age and AD.

Our unexpected result was that bilinguals with AD did not exhibit greater
difficulty with semantic fluency compared to letter fluency. This diffepsifthe results
of previous studies that examined the effects of AD on verbal fluency including one on
bilinguals by Salvatierra et al. (2007). More specifically, we found thiaigiihls with

AD produced fewer correct responses in both letter and semantic categoriésit aveist
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true for both dominant and nondominant language production. In contrast, Salvatierra et
al. found no difference between groups on letter fluency in either English or Sparssh. A
noted above, the many differences between our study and that by Salvatierra could
explain this difference in results across studies. Another possible faaddhat the
semantic categories included here were more susceptible to ags-gffieich in turn
would diminish the interaction between diagnosis and category type). Thiswasudtso
unexpected based on the interference hypothesis — that is, the greatefdcg@ef
Experiment 1a were observed in production of correct responses in the dominant
language in semantic fluency categories.

To determine if this finding was specific to the bilingual case we conducted
Experiment 1b, and found a similar pattern of results in monolinguals; older and younger
monolinguals revealed robust age effects in producing correct responsesirisgbut
not in letter) fluency. This finding is consistent with previous research showirapgem
fluency declines with age (Brickman et al., 2005; Troyer et al., 2000, Kozora & Cullum,
1995). The fact that monolinguals show similar patterns implies that the ability t
produce correct responses in semantic fluency declines with age and impliestha
aspect of the results of Experiment 1a is likely not specific to mechanigehsaus
manage interference in bilingualism. Also, if older bilinguals’ reduced serrfargncy
was related to executive control, we would expect to see a similar ageiretidter
categories, which are used to measure executive functioning. That is olderdigdiagd
monolinguals should have produced fewer correct responses than young contrts in let

fluency. However, in both Experiments 1a and 1b, only semantic fluency was affected.
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One important consideration regarding semantic fluency is the finding that
different categories can affect speakers’ performance on the task. WWéige effect on
semantic fluency appears to be consistently found in the literature (but et
1998) other factors such as education, gender, culture and language of the #skncy t
have all been shown to be sensitive to different semantic categories being cesestiA
et al., 2000). Spanish speakers produced fewer animal names than speakers of Chinese,
Vietnamese and English in one study and this difference was attributed ttativelse
longer names in Spanish (Dick et al., 2002). Similarly, Greek speakers produeed few
animal names than subjects in other studies who were tested in English and Spanish and
this difference was also attributed to the greater average numbelabfesy/in Greek
animal names (Kosmidis et al., 2002). Researchers investigating vedralyflhave used
a wide variety of semantic categories (Acevedo et al., 2000). There is evilahmore
specific categories (e.farm animal3 have the potential to be easier than broader
categories (e.@nimalg and the use of subcategories has been shown to improve fluency
performance in speakers affected by neurological disease (Randolph, Bdberg &
Chase, 1993).

To investigate whether the age effect on semantic fluency is beingno#d by
the categories we used in the study, we did an items analysis comparing older and
younger bilinguals separately on each semantic fluency category. @ttgoanger
bilinguals significantly differed in responses on only two English semaetiggories
(occupationsandmusical instrumenjswith younger bilinguals producing more
exemplars. While other comparisons did not reach significance, in all casggyoun

bilinguals trended in the right direction with higher semantic fluency scorge@ing
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than for older bilinguals across all English semantic categories. Weirad English
categories only because none of the bilinguals in Experiment 1a reported Spdh&h a
dominant language. A similar analysis in the monolinguals’ data showed that younger
monolinguals produced significantly more exemplars in six catgories incladingls,
adjectives, colors, fruits and vegetables, countries and spdftss, there was some
difference across groups in terms of which specific categoriesm@sesensitive to age
effects. There may be multiple mechanisms for the age-effects repamrtesbhee
related, and others unrelated to, language control and bilingualism per se.

Perhaps the greatest challenge to the assumptions of the Inhibitory Control Model
was the fact that the rate of cross language errors was so low, even in bgguglsi
and in bilinguals with AD. Looking at Table 3 for example, older bilinguals produce
within language errors between 8.4 and 15.3 percent of the time, but hardly ever
produced cross-language intrusions only 0.1 or up to less than 1.7 percent of the time.
Similarly, in Table 10, bilinguals with AD produce within language errors é&twi8.1
and 31.1 percent of the time, and cross-language intrusions only 1.3% or up to 4.2% of
the time. The contrast in error rates within versus between languggesithat cross-
language errors are much more easily detected (and inhibited) than withuadg
errors. This is surprising given that nothing other than language membership
distinguishes a cross-language intrusion from a correct response (i.eortisefitthe
designated category perfectly).

The Role of Control in Bilingual Language Production

The set of facts that needs to be explained given the data reported here is as

follows: First, there seems to be a powerful relationships between non-iaguist
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executive control and the ability to prevent cross-language intrusions errers, thi
relationship leads to age-related and AD-related decline in ability torgrenass-
language intrusion errors (and the bilingual advantages in executive contrdl as we
cognitive reserve related to bilingualism). Second, despite the relatidetiipen
language production and executive control in bilinguals, the overall rate of cross
language intrusions remains very low even in aging and cognitively impaiirggliais.
Finally, there is no profound decline in ability to speak a nondominant language in aging
and AD, although there may be some subjective decline in AD as none of the kslingual
with AD, but several of the cognitively healthy older bilinguals, in the custeity
reported balanced ability to speak both languages.

The current set of results is consistent with other studies that have found subtle
effects of cross language interference in bilingual verbal fluerenyd@al et al., in
press). While there is still debate as to whether or not bilinguals do experience
competition for selection between languages (Costa, 2005; La Heij, 2005), kbethie e
that bilingual language production does depend on the resolution of competition between
languages, it would appear that this mechanism is amazingly robust and rasilienty
to the aging process, but also to the more extreme effects of dementia.ti@ivether
executive functions clearly decline and become impaired in Alzheimerasdisthe fact
that bilingualism has been shown to be mostly maintained in both the present study as
well as others (see also Gollan, Salmon, Montoya, & da Pena, in press) would suggest
some profound limitations on the role of control mechanisms in bilingual language use.
One way to limit the effects of control is to propose that there is no competition

for selection between translation equivalent lexical representations (@stp, & al.,
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1999), and to assign general control mechanisms the role of language setettion a
monitoring. In this view, both languages are always active but lexical reatsesat
(lemmas; see Introduction section) between languages do not compete tbrectly
selection. Nevertheless, occasionally a selection error occurs (eavddety of
possible reasons), and must be stopped before it is produced. For this purpose, executive
control is needed (relatively more than for preventing within-language ebexrause the
only thing to distinguish a translation and its equivalent is language membetship. T
lack of direct competition between translation equivalent lexical repréisastaould
explain why intrusion rates remain so low even in aging bilinguals and AD, and why
nondominant language production does not seem to become much more difficult in aging
and AD. An equally possible alternative is that themmimpetition for selection between
lexical representations but that there is a language-specific contlohmsm that is
used to resolve competition between lexical representations both within and between
languages in monolinguals and bilinguals alike, and that this mechanism igehglati
immune to the effects of age- and AD-related decline in executive control.

Although speculative, the specific pattern of relationships found between verbal
fluency performance and the two executive control measures provides some support f
the notion that there are different types of control mechanisms at work mogulati
within-language errors and cross-language intrusions during verbal fluenc&NIhe
seemed to be more related to language control predicting both intrusion rates and the
number of correct responses but not (or only weakly predicting) within language errors.
In contrast, Stroop performance was only weakly associated with abilitguergrcross-

language intrusions and age effects, but neutral trial responses (RTsoasyieithe
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Stroop were strongly associated with ability to monitor responses within a sing|
language (within-language fluency errors). That is, there seemmtldverlap in
executive mechanisms required for preventing cross-language intrusi®) anaerrors
in the flanker task (ANT), but only to a weaker extent Stroop errors on incongruent
trials). It is somewhat surprising to find stronger relationships betwskty & prevent
failures in language control, and the non-linguistic flanker task rather thatrdio@.St
might be suggested that the Stroop test used here was simply not as sensigve to ag
effects, and executive control ability, and that a more difficult Stroop testiweneal
relationships with language control. Importantly, we obtained significamfereace
effects in both Stroop and ANT tasks (see Table 4), and we did observe some significa
(one highly robust) correlation between fluency performance and the Stroop. Thes
results increase confidence that the Stroop task we used was reliable. Thasfridmt
between Stroop and ANT results seems to suggest that (at least parsélhgt di
mechanisms of control operate within a single language versus between langliaige
notion is consistent with previous proposals that special mechanisms preveatentaf
from a non-target language in bilingual language production (e.g., Santest€lumia%
2004).

Another possible explanation for why ANT performance showed stronger
associations with cross language intrusions than Stroop performance mayduktoelat
the nature of the tasks. Stroop requires inhibition of an overlearned response (reading) i
favor of a relatively unusual and not often practiced task which is to name the color of the
ink in which the word is written. This level of active suppression might describe

bilinguals who are very unbalanced, or people who are just starting to leaguadan



62

however, for bilinguals who are proficient in both languages and in particular those w
acquired both languages at a young age, speaking even the non-dominant language would
not require this level of inhibition seen on Stroop Tests. For more balanced bilinguals,
such as those in our study, speaking both languages constitute highly practiced sesponse
but requires some executive control to manage. The ANT does not require inhibition of
an over-learned response, but rather active monitoring to determine trial typeand t
relationship of the flankers to the desired response. The ability to monitor would seem
highly related to the kind of processes needed for preventing intrusion errors. On this
view, when bilinguals speak one language they are constantly monitoringgdelec
responses prior to producing them (a final check for target language nséiphesimilar
to in the ANT. This monitoring process that is used to manage cross language
interference and stimuli on the ANT would not be associated with within laagregys
because once a person is proficient in speaking, there is less need to inhibit
representations in the non-target language. This is consistent with the ptbpbsal
inhibitory control plays less of a role in proficient bilingual language pramlu¢Costa et
al., 2006), and with recent demonstrations that the bilingual advantage in the ANT
appears only when monitoring demands are high (depending on the proportion of
congruent and incongruent trials; Costa et al., 2009).
Conclusions

Our two proposed solutions for the pattern of effects observed here both have
larger implications for understanding the role of executive function in language
production in all speakers (bilingual or monolingual). A priori it would seem that

bilinguals tested in a verbal fluency task (known to tap executive functioning), should
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provide the strongest test-case for possible effects of direct compésitiselection
between lexical representations, and for a direct role for executive damtresolution
of competition effects within the language system itself. The fact that evRis icase it
seems necessary to place the role for executive control outside the domzicabf le
selection to a more peripheral error-checking mechanism implies some dkegree
separation between language processing and executive control, in the spirit agirmodul
theories of language processing (Fodor, 1983; Forster, 1979). Of course other
interpretations are possible, as noted above perhaps a clearer associagen bet
executive control and production of a non-dominant language could be found by testing
less balanced bilinguals. Nevertheless, without such evidence we suggesthihat at
moment the existing evidence seems to call for some compelling limitatiohe ool

of executive control in language processing.



APPENDIX

Table 1: Materials in Experiments 1a, 1b, and 2

Letter categories Semantic categories
English Spanish English Spanish
F P musical instruments instrumentos musicales
A M adjectives adjetivos
S R supermarket supermercado
L D colors colores
sports deportes
countries paises
animals animals
occupations trabajos
fruits and vegetables frutas y verduras
nouns sustantivos
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Table 2: Means and Standard Deviations of Participant Characteristixgarirgent 1a

Young bilinguals Older bilinguals

(n=10) (n=10)
M SD M SD ralii-ob pvalue 7,
Age 18.8 0.8 79.0 6.5 873.18<.01 0.98
Education 13.4 0.8 13.0 1.5 <1 0.41 0.04
Age of First 3.3 25 40 30 <1 060 002

Exposure to English

% English used daily 83.5 12.0 67.0 189 543 0.03 0.23

Self-rating for

: 6.8 0.6 5.9 0.7 9.42 <.01 0.34
spoken English

Self-ratlngj‘fo_r 6.0 12 4.9 1.2 437 005 0.20
spoken Spanish

& Proficiency level based on self-ratings using a scale of 1-7 with 1 Hattegtt no
knowledge” and 7 being “like a native speaker.”




Table 3: Means and Standard Deviations of Response Measures in Experiment 1a

Semantic Categories
Within-language Error

Cross-language

nondom

Number Correct Rates Intrusion Rates
dominant nondom dominant nondom dominant
M SD M SD M SD M SD M SD M SD

Young bilinguals
Older bilingual8
Difference scores
(OA-YA)

age x dominance

17.0 5.2 10.8.0
12.8 34 10.245

4.2 -0.6
$0.08

6.1 49 94 109
11.6 9.8 153 9.6

5.5 5.9
F<1

00 0.3 0.30.6
01 00 1726

0.1 1.4
p=0.11

Number Correct
dominant nondom

Letter Categories

Within-language Error
Rates

dominant nondom

Cross-langauge
Intrusion Rates

dominant nondom

M SD M SD

M SD M SD

M SD M SD

Young bilinguals
Older bilinguals
Difference scores
(OA-YA)

age x dominance

10.9 3.910.0 3.9
10.7 4593 3.6

39 26 64 48
84 33132 7.0

4.5% 6.8*
F<1

0.0 0.0 0.00.0
12 1.7 1127

1.2 11
F<1

*p< .05, p<.10

99
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Table 4: Means and Standard Deviations of Response Measures in Experiment 1

Attentional Network Task (ANT)

Congruent Trials Neutral Trials Incongruentncongruen
Trials —Neutral
trials
M SD M SD M SD
Response times 1014 208 1007 205 1192 192 185*
Errors 12.25 16.29 16.54 18.70 45.47 33.16 29**

Congruent Trials

Stroop Test
Neutral Trials

Incongruentincongruent —
Trials Neutral trials

M SD M SD M SD
Response times 839 148 1000 1845 1174 225 174*
Errors 0.15 0.65 0.71 1.3 1155 17.45 10.84*
*p<.05 p<.01
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Table 5: Pearson Bi-Variate Correlation Values (r) and Two-T&ilex$t p-Values for
Correlations Between the Attentional Network Task Fluency Scores and Ate for
Bilinguals Tested in Experiment la

Cross-
language Within
Cross-  Intrusions Errors

language over Within over TOTAL
Intrusions TOTAL Errors TOTAL CORRECT Age

Congruent r 0.185 0.330 -0.050 0.303 -0.593 0.660
RTs p 0.478 0.196 0.849 0.237 0.012 0.004
Neutral RTs r  0.297 0.415 0.063 0.410 -0.623 0.757
p 0.247 0.098 0.810 0.102 0.007 0.000
Incongruent r  0.144 0.067 0.180 0.250 -0.213 0.401
RTs p 0.581 0.798 0.490 0.332 0.412 0.110
Congruent r  0.445 0.681 -0.011  0.405 -0.646 0.488
Errors p 0.074 0.003 0.967 0.107 0.005 0.047
Neutral r 0.436 0.618 0.028 0.397 -0.628 0.614
Errors p 0.080 0.008 0.914 0.115 0.007 0.009
Incongruent r  0.545 0.725 0.114 0.492 -0.709 0.595
Errors p 0.024 0.001 0.662 0.045 0.001 0.012
Errors r 0.492 0.618 0.162 0.441 -0.583 0.409
Interferenc® p  0.045 0.008 0.535 0.076 0.014 0.103
Age r 0412 0.481 -0.174  0.095 -0.544 1.000
p 0.090 0.043 0.489 0.709 0.019

r = Pearson Bivariate Correlation= 2 tailed significanceN =17
°RT interference scores not shown because of high error rates on incongrisent tria
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Table 6: Pearson Bi-Variate Correlation Values (r) and Two-Tailezt p-Values for
Stroop Test for 18 Bilinguals Tested in Experiment 1a

Cross-
language Within
Cross- Intrusions Errors

language  over Within  over TOTAL
Intrusions TOTAL Errors TOTAL CORRECT Age

Congruent r 0.146 0.119 0.172 0.251 -0.120 0.196
RTs p 0.563 0.638 0.496 0.315 0.634 0.436
Neutral RTs

0.312 0.332 0.262  0.498 -0.395 0.381
p 0.207 0.179 0.293 0.036 0.105 0.119

-

Incongruent

RTs r 0.241 0.274 0.154 0.397 -0.391 0.406
p 0.335 0.271 0.541 0.103 0.109 0.095

Congruent

Errors r -0.153 -0.180 -0.114 -0.195 0.171 0.031
p 0.545 0.476 0.653 0.438 0.498 0.902

Neutral

Errors r 0.011 -0.056 0.712 0.736 -0.079 0.174
p 0.965 0.826 0.001 0.000 0.755 0.490

Incongruent

Errors r 0.477 0.361 0.166 0.218 -0.116 0.192
p 0.046 0.141 0.511 0.384 0.646 0.445

Errors

Interference r 0.470 0.361 0.109 0.159 -0.109 0.176
p 0.049 0.141 0.667 0.529 0.667 0.484

r = Pearson Bivariate Correlatiom= 2 tailed significance\ =18
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Table 7: Means and Standard Deviations of Participant Characteristics mnieqielb

Young Older

monolinguals monolinguals

(n=36) (n=15)

M SD M SD F-ratid pvalue 7,
Age 20.1 1.7 78.1 7.1 2185.7%.01 0.98
Education 14.4 0.1 13.9 2.0 1.26 0.27 0.03

Table 8: Means and Standard Deviations of Response Measures in Experiment 1b

Semantic Categories

Number Within
Correct Language
Error Rates
M SD M SD
Young monolinguals 2003 43 59 47
Older monolinguals 157 44 84 3.9
Difference scores (OA-YA) -4.6* 2.5
Letter Categories
Number Within
Correct Language
Error Rates
M SD M SD
Young monolinguals 147 3.9 3.8 3.6
Older monolinguals 130 40 91 57
Difference scores (OA-YA) -1.7 5.3*

*p<.05"p<.10
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Table 9: Means and Standard Deviations of Participant Characteristixganrgent 2

Older bilinguals  AD bilinguals
(n=10) (n=10)
- 2
M SD M SD ratio p value #p
Age 79.8 15 807 1.7 <1 068 001
Education 12.2 21 134 27 134 026 0.06
Age of First Exposure t . 5.2 6.6 75 <1 089 <.01
English
% English used daily 62.2 27.5 68.4 325 <1 0.62 0.01
Self-rating for spoken ¢ - 0.8 5.6 12 <1 067 001
English
Self-rating for spoken . , 1.4 4.8 14 <1 033 005
Spanish
Mini Mental State Exam g o 1.9 221 3.8 32.093<.01 061

Score

& Proficiency level based on self-ratings using a scale of 1-7 with 1 Hattegtt no
knowledge” and 7 being “like a native speaker.”



Table 10: Means and Standard Deviations of Response Measures in Experiment 2

Semantic Categories

Within-language Error

Cross-langauge

Number Correct Rates Intrusion Rates
dominant nondom dominant nondom dominant nondom
M SD M SD M SD M SD M SD M SD

Older bilinguals

AD bilinguals
Difference scores (AD-
OA)

diagnosis x dominance

125 31 111 48 119 85 142 8.9
66 26 59 31 237 119 262 99

-5.9 -5.2 11.8 12.0
F<1 F<1

0.7 15 13 24
13 27 42 44

0.6 2.9
p=0.09

Letter Categories

Number Correct Within-language Error

Cross-langauge

Rates Intrusion Rates
dominant nondom dominant nondom dominant nondom
M SD M SD M SD M SD M SD M SD

Older bilinguals

AD bilinguals
Difference scores (AD-
OA)

diagnosis x dominance

103 43 90 39 86 3.7 125 6.9
59 26 43 29 181 10.2 311 149

-4.4 -4.7 9.5 18.6
F<1 p=0.17

1.0 16 08 24
1.7 40 23 4.7

0.7 1.5
p=0.08

¢l
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Age Increases Cross-language Interference

0.035 -
0.03 - .
r =0.48,p=.04
0.025 -
0.02 - o o
0.015 -

0.01
0.005

cross language errors (percent)

0

age

Figure 1: Age increases cross-language interference.
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