Principal Investigator/Program Director (Last, first, middle): Budson, Andrew E.

Consortium

Not applicable.

Fee (SBIR/STTR Only)
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Principal Investigator/Program Director (Last, first, middle): Budson, Andrew E.

BIOGRAPHICAL SKETCH

Provide the following information for the key personnel in the order listed for Form Page 2.
Follow the sample format for each person. DO NOT EXCEED FOUR PAGES.

NAME POSITION TITLE
Andrew E. Budson, M.D. Assistant Professor of Neurology,
Harvard Medical School

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)

INSTITUTION AND LOCATION _DEGREE YEAR(S) FIELD OF STUDY
(if applicable)
Haverford College, Haverford, PA B.A. 1984-1988 | Chemistry & Philosophy
Harvard Medical School, Boston, MA M.D. 1988-1993 | Medicine
Harvard University, Cambridge, MA Post-Doctoral 1997-2000 | Psychology
A. Positions and Honors.
Positions and Employment
1989 Medical Student Fellowship, from Fight For Sight, Inc., National Society to Prevent Blindness

1991-92  Research Training Fellowship for Medical Students, Howard Hughes Medical Institute

1993-94 Intern in Internal Medicine, Brigham and Women’s Hospital, Boston, MA

1993-94  Clinical Fellow in Medicine, Harvard Medical School, Boston, MA

1994-97  Resident in Neurology, Harvard-Longwood Program in Neurology, Boston, MA

1994-98  Clinical Fellow in Neurology, Harvard Medical School, Boston, MA

1996-97  Chief Resident in Neurology, Harvard-Longwood Program in Neurology, Boston, MA

1997-98  Warren-Whitman-Richardson Fellowship, Harvard Medical School, Boston, MA

1997-99  Clinical Fellow in Dementia and Behavioral Neurology, Brigham and Women’s Hospital, Boston
1997-00 Post-Doctoral Fellow in Psychology (under Daniel Schacter), Harvard University, Cambridge, MA
1997- Associate Neurologist, Brigham and Women’s Hospital, Boston, MA

1998-01 Instructor in Neurology, Harvard Medical School, Boston, MA

1998-00  National Research Service Award (F32), NIMH. Diagnosing Dementia Using False Recognition

1998- Associate Medical Director of Clinical Trials for Alzheimer’s Disease, Brigham and Women’s Hosptital
1999 Dartmouth Summer Institute in Cognitive Neuroscience, Hanover, NH

2000- Research Career Development Award (K23), NIMH. Memory Distortion in Alzheimer’s Disease

2001- Assistant Professor of Neurology, Harvard Medical School

2001- Member, Human Research Committee, Brigham and Women’s Hosp., Partners HealthCare System
2003- Chair, Human Research Committee, Brigham and Women’s Hosp., Partners HealthCare System

Other Experience, Professional Memberships, and Honors
1987 Phi Beta Kappa, Haverford College

1993 cum laude et thesi propia, Harvard Medical School

1996-97  Chief Resident, Harvard-Longwood Neurology Program

1997 Stanley Cobb Assembly Book Award, Boston Society of Neurology and Psychiatry
1998- Ad hoc reviewer, Journal of Neurology, Neurosurgery, and Psychiatry

1999- Ad hoc reviewer, Journal of the International Neuropsychological Society

2000- Ad hoc reviewer, Neuropsychology

2000 Board of Honor Tutors, Psychology Department, Harvard University

2000 First Annual Laird Cermak Memorial Lecture, Massachusetts Neuropsychological Society
2002- Ad hoc reviewer, Cognitive and Behavioral Neurology

2003- Ad hoc reviewer, Journal of Experimental Psychology: General

2003- Ad hoc reviewer, The New England Journal of Medicine

2003- Invited symposium speaker, Experimental Psychology Society

2003- Invited speaker, Institute of Cognitive Neuroscience, Queen Square, L ondon
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o Principal Investigator/Program Director (Last, first, middle): Budson, Andrew E.

B. Selected peer-reviewed publications (in chronological order).

Budson AE, Jackson PS, Lipton SA. GDPBS Antagonizes Whole-Cell Current Responses to Excitatory Amino
Acids. Brain Research 1991 548 346-348.

Budson AE, Ko L, Brasel C, Bischoff J. The Angiogenesis Inhibitor AGM-1470 Selectively Increases E-Selectin.
Biochemical & Biophysical Research Communications 1996 225 141-5.

Budson AE, Schlaug G, Briemberg HR. Perfusion- and diffusion-weighted magnetic resonance imaging in transient
global amnesia [letter]. Neurology 1999 53 239-240.

Budson AE. Lesion Location in Poststroke Depression and Emotional Incontinence. Neurology Watch 2000 2 67.

Budson AE, Daffner KR, Desikan R, Schacter DL. When false recognition is unopposed by true recognition: Gist
based memory distortion in Alzheimer’s disease. Neuropsychology 2000 14 277-287.

Budson AE, Roth HL, Rentz DM, Ronthal M. Disruption of the ventral visual stream in a case of paramnesia. Annals
of the New York Academy of Sciences 2000 911 447-452.

Rentz DM, Calvo VL, Scinto LFM, Sperling RA, Budson AE, Daffner KR. Detecting Early Cognitive Decline in
High Functioning Elders. Journal of Geriatric Psychiatry 2000 33 27-49.

Richman K, Budson AE. Health of organisms and health of persons: an embedded instrumentalist approach.
Theoretical Medicine and Bioethics 2000 21 339-354.

Budson AE. Neurology. In: Lederman RJ, Winshall JS, editors. Tarascon Internal Medicine & Critical Care
Pocketbook. Second Edition. Loma Linda, California: Tarascon Publishing; 2001, p. 101-116.

Budson AE. Memory and the Frontal Lobes: The fMRI Evidence. Neurology Watch 2001 3 67.

Budson AE, Price BH. Memory: Clinical disorders. In: Encyclopedia of Life Sciences, London, England, Macmillan
Publishers Ltd, Nature Publishing Group, 2001, Vol. 11, pp. 529-536.

Budson AE, Desikan R, Daffner KR, Schacter DL. Perceptual false recognition in Alzheimer’s disease.
Neuropsychology 2001 15 230-243.

Daffner KD, Rentz D, Scinto LFM, Faust R, Budson AE, Holcomb PJ. Pathophysiology underlying diminished
attention to novel events in patients with early Alzheimer’s disease. Neurology 2001 56 1377-1383.

Budson AE, Sitarski J, Daffner KR, Schacter DL. False recognition of pictures versus words in Alzheimer’s disease:
The distinctiveness heuristic. Neuropsychology 2002 16 163-173.

Budson AE, Michalska KJ, Rentz DM, Joubert CC, Daffner KR, Schacter DL, Sperling RA. Use of a false
recognition paradigm in an Alzheimer’s disease clinical trial: A pilot study. American Journal of Alzheimer’s
Disease and Other Dementias 2002 17 93-100.

Budson AE, Sullivan AL, Mayer E, Daffner KR, Black PM, Schacter DL. Suppression of false recognition in
Alzheimer’s disease and in patients with frontal lobe lesions. Brain 2002 125 2750-2765.

Budson AE, Michalska KJ, Sullivan AL, Rentz DM, Daffner KR, Schacter DL. False recognition in Alzheimer’s
disease: Evidence from categorized pictures. Cognitive and Behavioral Neurology 2003 16 16-27.

Solomon PR, Budson AE. Alzheimer’s disease. Clinical Symposia 2003 54 (1) 1-44.

Budson AE, Sullivan AL, Daffner KR, Schacter DL. Semantic versus phonological false recognition in aging and
Alzheimer’s disease. Brain and Cognition 2003 51 251-261.

Monsonego A, Zota V, Karni A, Krieger JI, Bar-Or A, Bitan G, Budson AE, Sperling R, Selkoe DJ, Weiner HL.
Increased T cell reactivity to amyloid beta protein in older humans and patients with Alzheimer’s disease.
Journal of Clinical Investigation 2003 112 415-422.

Daffner KR, Scinto LFM, Weitzman AM, Faust R, Rentz DM, Budson AE, Holcomb PJ. Frontal and parietal
components of a cerebral network mediating voluntary attention to novel events. Journal of Cognitive
Neuroscience 2003 15 294-313.

Goldmann RE, Sullivan AL, Droller DBJ, Rugg MD, Curran T, Holcomb PJ, Schacter DL, Daffner KR, Budson AE.
Late frontal brain potentials distinguish true and false recognition. NeuroReport 2003 14 1717-1720.

Rentz DM, Huh TJ, Faust RR, Budson AE, Scinto, LFM, Sperling RA, Daffner, KR. Use of 1Q-Adjusted Norms to
Predict Progressive Cognitive Decline in Highly Intelligent Elders. Neuropsychology 2004 18 38-39.

Budson AE, Simons JS, Sullivan AL, Beier JS, Solomon PR, Scinto LF, Daffner KR, Schacter DL. Memory and
emotions for the September 11, 2001, terrorist attacks in patients with Alzheimer’s disease, patients with mild
cognitive impairment, and healthy older adults. Neuropsychology 2004 18 315-327.

Gallo DA, Sullivan AL, Daffner KR, Schacter DL, Budson AE. Associative recognition in Alzheimer’s disease:
Evidence for impaired recall-to-reject. Neuropsychology, in press.

Budson AE, Dodson CS, Daffner KR, Schacter DL. Metacognition and false recognition in Alzheimer’s disease:
Further exploration of the distinctiveness heuristic. Neuropsychology, in press.

Simons JS, Lee ACH, Graham KS, Verfaellie M, Koutstaal W, Hodges JR, Schacter DL, Budson AE. Failing to get
the gist: Reduced false recognition of semantic associates in semantic dementia. Neuropsychology, in press.
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C. Research Support

Ongoing Research Support

“Memory Distortion in Alzheimer’s Disease”

Principal Investigator: Andrew E. Budson, M.D.

Agency: NIH/NIMH  Period: 07/01/00-06/30/05

Type: K23 (MHO01870) (Mentor: Daniel L. Schacter, Ph.D.)

Examines false recognition in patients with Alzheimer’s disease and patients with frontal lobe lesions using
behavioral and event-related potential experiments.

“False Memory in Alzheimer’s Disease, Normal Pressure Hydrocephalus, and Vascular Dementia”

Principal Investigator: Andrew E. Budson, M.D.

Agency: Brigham and Women’s Hospital and the Institute for the Neurosciences Peroid: 07/01/03-06/30/05
Type: Faculty Award in Translational Neurosciences

Examines false recognition due to gist-based errors and source memory confusion in patients with Alzheimer’s
disease, normal pressure hydrocephalus, and vascular dementia.

“Using False Recognition as an Outcome Measure for Clinical Trials”

Principal Investigator: Andrew E. Budson, M.D.

Agency: Harvard Center for Neurodegeneration and Repair  Peroid: 06/01/04-05/31/05

Type: Pilot grant

Uses a false recognition paradigm as an outcome measure for a clinical trial of memantine in patients with mild
Alzheimer’s disease.

Completed Research Support

“Diagnosing Dementia using False Recognition”

Principal Investigator: Andrew E. Budson, M.D.

Agency: NIH/NIMH  Period: 07/01/98-06/30/00

Type: F32 (MH11767) (Mentor: Daniel L. Schacter, Ph.D.)

Examined the use of a false recognition paradigm as a tool for distinguishing between different types of dementia.
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BIOGRAPHICAL SKETCH

Provide the following information for the key personnel in the order listed on Form Page 2.
Photocopy this page or follow this format for each person.

NAME POSITION TITLE
Kirk R. Daffner, M.D.

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)

Associate Professor / Harvard Medical School

INSTITUTION AND LOCATION (ifz,ﬁﬁfifsa YEAR(S) FIELD OF STUDY
Harvard College, Cambridge, MA B.A. 1978 Social Studies
Harvard Medical School, Boston, MA M.D. 1984 Medicine
Harvard Medical School, Boston, MA Post Doctoral 1988-90 Behavioral Neurology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience,
and honors. Include present membership on any Federal Government public advisory committee. List, in chronological order, the titles, all authors, and
complete references to all publications during the past three years and to representative earlier publications pertinent to this application. If the list of

publications in the last three years exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES.

PROFESSIONAL EXPERIENCE

1978-1980 Research Associate, Midlife Development Project, Massachusetts Mental Health Center, Boston,
MA

1984-1985 Intern in Medicine, Beth Israel Hospital, Boston, MA

1984-1985 Clinical Fellow in Medicine, Harvard Medical School, Boston, MA

1985-1987 Junior and Senior Resident in Neurology, Harvard Longwood Area Program, Boston, MA

1985-1988 Clinical Fellow in Neurology, Harvard Medical School, Boston, MA

1987-1988 Chief Resident in Neurology, Harvard Longwood Area Program, Boston, MA

1988-1990 Fellow in Behavioral Neurology, Beth Israel Hospital, Boston, MA

1988-1994 Attending Neurologist, Beth Israel Hospital, Boston, MA

1988-1995 Instructor in Neurology, Harvard Medical School, Boston, MA

1990-1991 Principal Investigator, Measurement of Diminished Curiosity and Visual Exploration in Alzheimer’'s
Patients: An Objective Methodology for Assessment, Pilot Grant from the Alzheimer’s Association

1991-1992 Co-Investigator, Selective Attention in Alzheimer's Disease as Measured by Eye Movement
Recordings, Pilot Grant from the Alzheimer’s Association

1991-1994 Co-Director, Laboratory of Eye Movement and Higher Cortical Functions, Beth Israel Hospital,
Boston, MA

1993-1994 Co-Investigator, Neurology of Attention and Neglect: A Network Approach, Grant from the NIH

1994-2000 Scientist Development Award for Clinicians, The Neurology of Attention to Novel Events, Career
Development Award (K-20) from NIH

1994- Director, Brigham Behavioral Neurology Group, Boston, MA

1994- Attending Neurologist, Brigham and Women’s Hospital, Boston, MA

1994- Co-Director, Laboratory of Higher Cortical Functions, Brigham and Women’s Hospital, Boston, MA

1994- Co-Director, Memory Disorders Unit, Brigham and Women’s Hospital, Boston, MA

1995-2001 Assistant Professor of Neurology, Harvard Medical School, Boston, MA

1996- Chief, Division of Cognitive and Behavioral Neurology, Brigham and Women'’s Hospital,
Boston, MA

1996- Director, Event-Related Potential Laboratory, Brigham and Women’s Hospital, Boston, MA

2001- Associate Professor of Neurology, Harvard Medical School, Boston, MA

HONORS

1974-1978 Harvard College, Honorary National Scholar

1978 Magna Cum Laude, Harvard College

1978 Phi Beta Kappa

1980-1984 Harvard Graduate National Scholar
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SELECTED PUBLICATIONS

Daffner KR , Ahern GL, Weintraub SW and Mesulam MM. Dissociated neglect behavior following sequential strokes
in the right hemisphere. Ann Neurol, 28:97-101, 1990.

Price BH, Daffner KR, Stowe RM and Mesulam MM. The comportmental learning disabilities of early frontal lobe
damage. Brain, 113:1383-1393, 1990.

Daffner KR, Schomer D, Cosgrove R and Mesulam MM. Broca’'s aphasia following damage to Wernicke’s area: for
or against traditional aphasiology? Arch Neurol, 48:766-768, 1991.

Sandson TA, Daffner KR, Carvalho PA and Mesulam MM. Frontal lobe dysfunction following infarction of the left
medial thalamus. Arch Neurol, 48:1300-1303, 1991.

Daffner KR, Scinto LFM, Weintraub S, Guinessey J and Mesulam MM. Diminished curiosity in patients with
probable Alzheimer’s disease as measured by exploratory eye movements. Neurology, 42:320-328, 1992.

Scinto LFM, Daffner KR, Castro L, Weintraub S, Vavrik M, Guinessey J and Mesulam MM. Complex attention in
normal aging and Alzheimer’s disease. Neurology, 42 (Suppl 3): 200, 1992.

Daffner KR, Scinto LFM, Weintraub S, Guinessey J and Mesulam MM. The impact of aging on curiosity as
measured by exploratory eye movements. Arch Neurol, 51:368-376, 1994.

Scinto LFM, Daffner KR, Castro L, Weintraub S, Vavrik M and Mesulam MM. Impairment of spatially directed
attention in patients with probable Alzheimer’s disease as measured by eye movements. Arch Neurol, 51:682-
688, 1994.

Scinto LFM, Daffner KR, Dressler D, Ransil Bl, Rentz D, Weintraub S, Mesulam M and Potter H. A potential non-
invasive neurobiological test for Alzheimer’s disease. Science, 266:1051-1054, 1994.

Weintraub S, Daffner KR, Ahern GL, Price BH and Mesulam MM. Right-sided hemispatial neglect and bilateral
cerebral lesions. J Neurol Neurosurg Psychiatry, 60:342-344, 1996.

Gitelman DR, Alpert NM, Kosslyn S, Daffner K, Scinto L, Thompson W and Mesulam MM. Functional imaging of
human right hemispheric activation for exploratory movements. Ann Neurol, 39:174-179, 1996.

Daffner KR. Alzheimer’s disease and related disorders. In: Office Practice of Neurology (Samuels MA and Feske S,
Eds.). New York, Churchill Livingstone, 1996.

Manoach DS, Weintraub S, Daffner KR and Scinto LFM. Deficient antisaccades in the social-emotional processing
disorder. NeuroReport, 8:901-905, 1997.

Daffner KR, Mesulam MM, Scinto LFM, Cohen L, Kennedy BP, West CW, Holcomb P. Regulation of attention to
novel stimuli by frontal lobes: an event-related potential study. NeuroReport, 9:787-791, 1998.

Daffner KR, Mesulam MM, Cohen L, Scinto LFM. Mechanisms underlying diminished novelty-seeking behavior in
patients with probable Alzheimer’s disease. Neuropsychiatry Neuropsychol Behav Neurol, 12(1):58-66, 1999.
Scinto LFM, Wu CK, Firla KM, Daffner KR, Saroff D, Geula C. Focal pathology in the Edinger-Westphal nucleus

explains pupillary hypersensitivity in Alzheimer’s disease. Acta Neuropathologica, 97(6):557-564, 1999.

Daffner KR, Mesulam MM, Holcomb P, Calvo V, Acar D, Chabrerie A, Kikinis R, Jolesz FA, Rentz D, Scinto LFM.
Disruption of attention to novel events after frontal lobe injury in humans. J Neurol Neurosurg Psychiatry. 68:18-
24, 2000.

Greenberg SM, Tennis MK, Brown LB, Gomez-Isla T, Hayden DL, Schoenfeld DA, Walsh KL, Corwin C, Daffner
KR, Friedman P, Meadows ME, Sperling RA, Growdon JH. Donepezil therapy in clinical practice: a randomized
crossover study. Arch Neurol, 57:94-99, 2000.

Daffner KR, Mesulam MM, Scinto LFM, Calvo V, West WC, Holcomb P. The influence of stimulus deviance on
electrophysiologic and behavioral responses to novel events. J Cog Neurosci, 12:393-406, 2000.

Rentz DM, Calvo VL, Scinto LFM, Sperling RA, Budson AE, Daffner KR. Detcting early Alzheimer’s disease in high
functioning elders. J Geriatr Psychiatry, 33:27-48, 2000. .

Budson AE, Daffner KR, Desikan R, Schacter DL. When false recognition is unopposed by true recognition: Gist-
based memroy distortion in Alzheimer’s disease. Neuropsychology, 14:277-287, 2000.

Daffner KR, Mesulam MM, Scinto LFM, Acar D, Calvo V, Faust R, Chabrerie A, Kennedy B, Holcomb P. The
central role of the prefrontal cortex in directing attention to novel events. Brain, 123:927-939, 2000.

Daffner KR, Mesulam MM, Calvo V, Faust R, Scinto LFM, Holcomb P. An electrophysiologic index of stimulus
unfamiliarity. Psychophysiology, 37:737-747, 2000.

Daffner KR, Scinto LFM, Rentz D, Faust R, Zandman D, Holcomb PJ. Age-related changes in the allocation of
attention to novel events. Cognitive Neuroscience Society Annual Meeting, 2000.

Daffner KR, Scinto L, Faust R, Holcomb P. The voluntary component of the novelty P3 response. Society for
Neuroscience Abstracts, 26:2222. 2000.

Daffner KR, Rentz D, Scinto LFM, Faust R, Budson A, Holcomb PJ. Pathophysiology underlying diminished
attention to novel events in patients with early AD. Neurology, 56:1377-1383, 2001.

Daffner KR, Scinto LFM, Weitzman AM, Faust R, Rentz DM, Budson AE, Holcomb PJ. Frontal and parietal
components of a cerebral network mediating voluntary attention to novel events. J Cog Neurosci, 15:294-313,
2003

BOOKS

Scinto LFM, Daffner KR. (Eds.) Early Diagnosis of Alzheimer’s Disease. Totowa, NJ, Human Press, 2000.

Daffner KR (section ed.). Behavioral Neurology and Epilepsy. In: Samuels MA, Feske S (eds.). Office Practice of
Neurology 2nd Edition. Philadelphia, W.B. Saunders Company, 2003.
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OTHER SUPPORT

“ERP Investigations of Novelty Processing in Aging and AD”
Pl: Kirk R. Daffner

Agency: NIA, 4/1/02-3/31/07.

Type: RO1 AG 17935

Research Projects Completed During the Last 3 Years.

“Detecting Mild Cognitive Impairment in Community Dwelling Elders”
Co-Investigator: Kirk R. Daffner, M.D.

Agency: Charles H. Farnsworth Trust, 9/02—-8/03.

Type: Foundation Grant

“A Double-Blind, Placebo-Controlled, Dose-Finding Study Evaluating the Safety and Efficacy of MKC-231, 80 mg

b.i.d., and 20 and 80 mg g.d. in the Treatment of Mild to Moderate Alzheimer's Disease”

Co-Investigator: Kirk R. Daffner, M.D.
Agency: Mitsubishi Pharmacutical Corporation, 1/03-8/03.
Type: Medical Research Study, Clinical Trial

“A 24-Week, Multi-Center, Randomized, Double-Blind, Placebo-Controlled Evaluation of the Efficacy, Safety and
Tolerability of Donepezil Hydrochloride (E2020) in Patients with Dementia Associated with Cerebrovascular

Disease”

Co-Investigator: Kirk R. Daffner, M.D.
Agency: Eisai Pharmaceuticals, 1/03-11/03.
Type: Medical Research Study, Clinical Trial
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BIOGRAPHICAL SKETCH

Provide the following information for the key personnel in the order listed for Form Page 2.
Follow the sample format on next page for each person. DO NOT EXCEED FOUR PAGES.

NAME POSITION TITLE
Phillip J. Holcomb Professor of Psychology
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)
INSTITUTION AND LOCATION _DEGREE YEAR(s) FIELD OF STUDY
(if applicable)
San Diego State University B.A 1977 Psychology
New Mexico State University Ph.D. 1984 Psychology
The Salk Institute/UCSD Post-Doc 1987 Cognitive Neuroscience

A. Positions and Honors.

Positions and Employment

1980-1984:  Research Associate, Dept. of Psychiatry, University of Arkansas Medical School, Little Rock, AR
1988-1992: Assistant Professor, Dept. of Psychology, Tufts University, Medford, MA

1993-present Associate Professor, Dept. of Psychology, Tufts University, Medford, MA

B. Selected peer-reviewed publications (in chronological order).

(Publications selected from 63 peer-reviewed publications)

Holcomb, P.J. (1988). Automatic and attentional processing: An event-related brain potential analysis of semantic
priming. Brain and Language, 35, 66-85.

Holcomb, P.J. & Neville, H.J. (1990). Semantic priming in visual and auditory lexical decision: A between modality
comparison. Language and Cognitive Processes, 5, 281-312.

Holcomb, P.J. & Neville, H.J. (1991). The electrophysiology of spoken sentence processing. Psychobiology, 19, 286-300.

Holcomb, P.J., Coffey, S., & Neville, H. (1992). The effects of context on visual and auditory sentence processing: A
developmental analysis using event-related brain potentials. Developmental Neuropsychology, 8, 203-241.

Kounios, J. & Holcomb, P. (1992). Structure and process in semantic memory: Evidence from event-related brain
potentials and reaction times. Journal of Experimental Psychology: General, 121, 459-479.

Osterhout, L. & Holcomb, P. (1992). Event-related brain potentials elicited by syntactic anomaly. Journal of Memory and
Language, 31, 785-806.

Holcomb, P.J. (1993). Semantic priming and stimulus degradation: Implications for the role of the N400 in language
processing. Psychophysiology. 30, 47-61.

Neville, H., Coffey, S., Holcomb, P.J., & Tallal, P. (1993). The neurobiology of sensory and language processing in
language impaired children. Journal of Cognitive Neuroscience, 5, 235-253.

Osterhout, L. & Holcomb, P.J. (1993). Event-related potentials and syntactic anomaly: Evidence of anomaly detection
during the perception of continuous speech. Language and Cognitive Processes. 8, 413-437.

Holcomb, P.J. & McPherson, W.B. (1994). Event-related potentials reflect semantic priming in an object decision task.
Brain and Cognition, 24, 259-276.

Osterhout, L., Holcomb, P. & Swinney, D. (1994). Brain potentials elicited by garden-path sentences: Evidence of the
application of verb information during parsing. Journal of Experimental Psychology: Learning, Memory and
Cognition.20, 776-803.

Kounios, J. & Holcomb, P.J. (1994). Concreteness effects in semantic processing: Event-related brain potential evidence
supporting dual-coding theory. JEP: Learning, Memory and Cognition. 20, 804-823.

Osterhout, L. & Holcomb, P.J. (1995). The electrophysiology of language comprehension. In: M.D. Rugg, & M.G.H. Coles,
(Eds.), Electrophysiology of Mind. Oxford University Press.

Anderson, J.E. & Holcomb, P.J. (1995). Auditory and visual semantic priming using different stimulus onset asynchronies:
An event-related brain potential study. Psychophysiology, 32, 177-190.
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Patel, A., Gibson, E., Ratner, J., Besson, M. & Holcomb, P.J. (1998). Processing grammatical relations in language and
music: An event-related potential study. Journal of Cognitive Neuroscience,10:6, 717-733.

McPherson, W.B. & Holcomb, P.J. (1999). An Electrophysiological Investigation of Semantic Priming with Pictures
of Real Objects. Psychophysiology, 36, 53-65.

Holcomb, P.J., Kounios, J. Anderson, J.E., & West, W.C. (1999). Dual coding, context availability, and concreteness
effects in sentence comprehension: An electrophysiological investigation. Journal of Experimental Psychology:
Learning, Memory and Cognition.25, 721-742.

Kaan, E., Harris, A., Gibson, E., Holcomb, P.J. (2000). The P600 as an index of syntactic integration difficulty. Journal of
Language and Cognitive Processes. 15, 159-201

Daffner, K., , Mesulam, M.M., Scinto, L.F.M., Acar, D., Calvo, V., Faust, R., Chabrerie, A., Kennedy, B.P., & Holcomb,
P.J., (2000). The central role of the prefrontal cortex in directing attention to novel events. Brain, 123, 927-939..

West, W.C. & Holcomb, P.J. (2000). Imaginal, semantic and surface-level processing of concrete and abstract words: An
electrophysiological investigation. Journal of Cognitive Neuroscience, 12,

Kounios, J., Kotz, S., & Holcomb, P.J. (2000). On the locus of the semantic satiation effect: Evidence from event-related
brain potentials. Memory & Cognition.

Taylor, HA, Faust, RR., Sitnikova, T., Naylor, S., & Holcomb, PJ. (2001). Is the Donut in Front of the Car? An
Electrophysiological study examining Spatial Reference Frame Processing. Canadian Journal of Psychology, 55, 177-
186.

Holcomb, P.J., O’Rourke, T. & Grangier, J. (2002). An event-related brain potential study of orthographic similarity.
Journal of Cognitive Neuroscience, 14, 938-950.

Coch, D., Maron, L., Wolf, M. & Holcomb, P.J. (2002). Word- and picture-processing in children: An event-related
potential study. Developmental Neuropsychology, 22, 373-406.

West, W.C. & Holcomb, P.J. (2002). Event-related potentials during discourse-level semantic integration of complex
pictures. Cognitive Brain Research, 13, 363-375.

Gruber, S.A., Rogowska, J., Holcomb, P.J., Soraci, S. and Yurgelun-Todd, D. (2002). Stroop performance in normal
control subjects: An fMRI study. Neurolmage, 16, 349-360.

Coch, D., Grossi, G., Coffey-Corina, S., Holcomb, P.J. Neville, H.J. (2002). A developmental investigation of ERP
auditory rhyming effects. Developmental Science, 5, 467-489.

O'Rourke, T. & Holcomb, P.J. (2002). Electrophysiological evidence for the efficiency of spoken word processing.
Biological Psychology, 60, 121-150.

Sitnikova, T., D., Salibury, D., & Holcomb, P.J. (2002). Electrophysiological insights into language processing in
schizophrenia. Psychophysiology, 39, 851-860.

Sitnikova, T., Kuperberg, G. & Holcomb, P.J. (2003). Semantic integration in videos of real-world events: An
electrophysiological investigation. Psychophysiology, 40, 16-164.

Misra, M. & Holcomb, P.J. (2003). The electrophysiology of word-level masked repetition priming. Psychophysiology,
40, 16-164.

C. Research Support

Ongoing Research Support

"The Cognitive Neuroscience of Language Comprehension”

Agency: NICHD Type: RO1 (HD25889, Years 11-16) Period April 1, 2001 to March 31, 2006

The objectives of this grant are to provide a better understanding of the neural mechanisms that underlie language
comprehension processes in the brain.

“Plausibility and Syntactic Load in Sentence Processing” Neal Pearlmutter Pl, Holcomb PI on subcontract

Agency: NIDCD Type: RO1 (Years 1-5) Period April 1, 2002 to March 31, 2007

The objectives of this multi-center grant are to better understand the role of plausibility in syntactic processes in the brain.
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BIOGRAPHICAL SKETCH

Provide the following information for the key personnel in the order listed for Form Page 2.
Photocopy this page or follow this format for each person.

NAME POSITION TITLE
Michael D. Rugg, Ph.D. Professor of Psychology
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.)
INSTITUTION AND LOCATION DEGREE YEAR(s) FIELD OF STUDY
(if applicable)
University of Leicester BSc 1976 Psychology
University of Leicester PhD 1979 Psychology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience,
and honors. Include present membership on any Federal Government public advisory committee. List, in chronological order, the titles, all authors, and
complete references to all publications during the past three years and to representative earlier publications pertinent to this application. If the list of
publications in the last three years exceeds two pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES.

A. Positions and Honors.

Professional Experience

1978-79 Postdoctoral Research Fellow, Department of Psychology, University of York.

1979-88 University Lecturer, Department of Psychology, University of St Andrews.

1988-92 Reader in Psychology, Department of Psychology, University of St Andrews.

1992-94 Professor of Psychology and Head of School, School of Psychology, University of St Andrews.

1994-2003 Professor of Psychology and WellcomeTrust Research Fellow, School of Psychology, University of
St Andrews.

1995-2003 Honorary Senior Research Fellow, Wellcome Department of Cognitive Neurology, Institute of Neurology,
University of London.

2003- Department of Neurobiology and Behavior, University of California Irvine

Selected Honors/Awards

Henri Hecaen Award for Contributions to Neuropsychology (1989)

Fellow of the Royal Society of Edinburgh (1996)

B. Selected peer reviewed publications (in chronological order).

(Complete bibliography includes over 120 articles/chapters published or in press since 1978)

Rugg, M.D., Pickles, C.D., Potter, D.D., Doyle, M.C., Pentland, B., and Roberts, R.C. Cognitive Brain Potentials in a Three-Stimulus
Auditory 'Oddball' Task after Closed Head Injury. Neuropsychologia, 1993, 31, 373-393.

Otten, L.J., Rugg, M.D., and Doyle, M.C. Modulation of event-related potentials by word repetition: the role of selective attention.
Psychophysiology, 1993, 30, 559-571.

Rugg, M.D., Doyle, M.C., and Melan, C. An event-related potential study of the effects of within- and across-modality word
repetition. Language and Cognitive Processes, 1993, 8, 337-640.

Rugg, M.D., Pearl, S., Walker, P., Roberts, R.C., and Holdstock, J.S. Word repetition effects on event-related potentials in healthy
young and old subjects, and in patients with Alzheimer-type dementia. Neuropsychologia, 1994, 32, 381-398

Rugg, M.D., Doyle, M.C., and Holdstock, J.S. Modulation of Event-Related Brain Potentials by Word Repetition: Effects of Local
Context. Psychophysiology, 1994, 31, 447-459.

Ebmeir, K.P., Steele, J.D., MacKenzie, D.M., O'Caroll, R.E., Kydd, R.R., Glabus, M.F., Blackwood, D.H.R., Rugg, M.D., and
Goodwin, G.M. Cognitive brain potentials and regional cerebral blood flow equivalents during two- and three-sound auditory
oddball tasks. Electroencephalography and clinical Neurophysiology, 1995, 95, 434-443.

Holdstock, J.S., and Rugg, M.D. The effect of attention on the P300 deflection elicited by novel sounds. Journal of Psychophysiology,
1995, 9, 18-31.

Rugg, M.D., Cox, C.J.C., Doyle, M.C., and Wells, T. Event-related potentials and the recollection of low and high frequency words.
Neuropsychologia, 1995, 33, 471-484.

Rugg, M.D., Doyle, M.C., and Wells, T. Word and non-word repetition within- and across-modality: An event-related potential study.
Journal of Cognitive Neuroscience, 1995, 7, 209-227.

Rugg, M.D. Memory and consciousness: a selective review of issues and data. Neuropsychologia, 1995, 33, 1131-1142.

Rugg, M.D., Soardi, M., and Doyle, M.C. Modulation of event-related potentials by the repetition of drawings of novel objects.
Cognitive Brain Research, 1995, 3, 17-24.

Wilding, E.L., Doyle, M.C.and Rugg, M.D. Recognition memory with and without retrieval of context: an event-related potential
study. Neuropsychologia, 1995, 33, 743-767.

PHS 398 (REV. 5/95) (Form Page 6) Page 14 FF
Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b.




FF Principal Investigator/Program Director (Last, first, middle): Budson, Andrew E.

Allan, K., Doyle, M.C., and Rugg, M.D. An event-related potential study of word-stem cued recall. Cognitive Brain Research, 1996,
4,251-262.

Doyle, M.C., Rugg, M.D., and Wells, T. A comparison of the electrophysiological effects of formal and repetition priming.
Psychophysiology, 1996, 33, 132-147.

Friston, K.J., Stephan, K.M., Heather, J.D., Frith, C.D., Ioannides, A.A., Liu, L.C., Rugg, M.D., Vieth, J., Keber, H., Hunter, K., and
Frackowiak, R.S.J. A multivariate analysis of evoked responses in EEG and MEG data. Neuroimage, 1996, 3, 167-174.

Rugg, M.D., Schloerscheidt, A.M., Doyle, M.C., Cox, C.J.C., and Patching, G.R. Event-related potentials and the recollection of
associative information. Cognitive Brain Research, 1996, 4, 297-304.

Rugg, M.D., Fletcher, P.C., Frith, C.D., Frackowiak, R.S.J., and Dolan, R.J. Differential activation of the prefrontal cortex in
successful and unsuccessful memory retrieval. Brain,1996, 119, 2073-2083.

Wilding, E.L. and Rugg, M.D. An event-related potential study of recognition memory with and without retrieval of source. Brain,
1996, 119, 889-906.

Allan, K., and Rugg, M.D. An event-related potential study of explicit memory on tests of cued recall and recognition.
Neuropsychologia, 1997, 35, 387-397.

Fletcher, P.C., Frith, C.D., and Rugg, M.D. The functional neuroanatomy of episodic memory. Trends in Neurosciences, 1997, 20,
213-218.

Rugg, M.D., Fletcher, P.C., Frith, C.D., Frackowiak, R.S.J., and Dolan, R.J. Brain regions supporting intentional and incidental
memory: a PET study. NeuroReport, 1997, 8, 1283-1287.

Rugg, M.D., Mark, R.E., Gilchrist, J., and Roberts, R.C. ERP repetition effects in indirect and direct tasks: effects of age and inter-
item lag. Psychophysiology, 1997, 34, 572-586.

Schloerscheidt, A.M. and Rugg, M.D. Recognition memory for words and pictures: an event-related potential study. NeuroReport,
1997, 8, 3281-3285.

Tendolkar, 1., Doyle, M.C., and Rugg, M.D. An event-related potential study of retroactive interference in memory. NeuroReport,
1997, 8, 501-506.

Wilding, E.L., and Rugg, M.D. Event-related potentials and the recognition memory exclusion task. Neuropsychologia, 1997, 35,
119-128.

Wilding, E.L., and Rugg, M.D. An event-related study of memory for spoken and heard information. Neuropsychologia, 1997, 35,
1185-1195.

Allan, K., and Rugg, M.D. Neural correlates of cued recall with and without retrieval of source memory. NeuroReport, 1998, 9, 3463-
3466

Allan, K., Wilding, E.L., and Rugg, M.D. Electrophysiological evidence for dissociable processes contributing to recollection. Acta
Psychologica, 1998, 98, 231-252.

Friston, K.J., Fletcher, P., Josephs, O., Holmes, A., Rugg, M.D., and Turner, R. Event-related fMRI: Characterizing differential
responses. Neuroimage, 1998, 7, 30-40.

Mark, R.E. and Rugg, M.D. Age effects on brain activity associated with episodic memory retrieval: an electrophysiological study.
Brain, 1998, 121, 861-873.

Donaldson, D.I. and Rugg, M.D. Recognition memory for new associations: Electrophysiological evidence for the role of
recollection. Neuropsychologia, 1998, 36, 377-395.

Doyle, M.C., and Rugg, M.D. Word repetition within and across visual fields: an event-related potential study. Neuropsychologia,
1998, 36, 1403-1415.

Rugg, M.D., Mark, R.E., Walla, P., Schloerscheidt, A.M., Birch, C.S., and Allan, K. Dissociation of the neural correlates of implicit
and explicit memory. Nature, 1998, 392, 595-598.

Rugg, M.D., Schloerscheidt, A.M., and Mark, R.E. An electrophysiological study of two indices of recollection. Journal of Memory
and Language, 1998, 39, 47-69.

Rugg, M.D. Convergent approaches to electrophysiological and haemodynamic investigations of memory. Human Brain Mapping,
1998, 6, 394-398.

Rugg, M.D., Fletcher, P.C., Allan, K., Frith, C.D., Frackowiak, R.S.J., and Dolan, R.J. Neural correlates of memory retrieval during
recognition memory and cued recall. Neurolmage, 1998, 8, 262-273.

Rugg, M.D., Walla, P., Schloerscheidt, A.M., Fletcher P.C., Frith, C.D., and Dolan, R.J. Neural correlates of depth of processing
effects on recollection: evidence from brain potentials and PET. Experimental Brain Research, 1998, 123, 18-23.

Tendolkar, 1. and Rugg, M.D. Electrophysiological dissociation of recency and recognition memory. Neuropsychologia, 1998, 36,
477-490.

Donaldson, D.I., and Rugg M.D. An event-related potential study comparing associative recognition and associative recall. Cognitive
Brain Research, 1999, 8, 1-16.

Henson, R.N.A., Rugg, M.D., Shallice, T., Josephs, O., and Dolan, R.J. Recollection and familiarity in recognition memory: an event-
related fMRI study. Journal of Neuroscience, 2002, 22, 523-8.

Goldmann RE, Sullivan AL, Droller DBJ, Rugg MD, Curran T, Holcomb PJ, Schacter DL, Daffner KR, Budson AE. Late frontal

brain potentials distinguish true and false recognition. NeuroReport, 2003, 14, 1717-1720.
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C. Research Support

'The functional and neural basis of human memory: electrophysiological and functional neuroimaging studies'.
Principal Investigator: Michael D. Rugg

Wellcome Trust. Sep 1998 - Aug 2008.

Examines the basis of human memory using electrophysiological and functional neuroimaging techniques.
'"The functional and neural basis of human memory: electrophysiological and functional neuroimaging studies'.
Principal Investigator: Michael D. Rugg

Wellcome Trust. Supplement. July 2000 - June 2003.

Examines the basis of human memory using electrophysiological and functional neuroimaging techniques.

Analysis of cognitive impairments and the imaging of cognition.

Principal Investigator: Michael D. Rugg (with T. Shallice, U. Frith, J. Driver, J. O'Keefe, J. Atkinson, J. Blair and N. Burgess).
Medical Research Council Co-operative grant. Sep 2000-Aug 2005.

Examines healthy and impaired cognition using functional imaging.

Funds for establishment of a TMS laboratory.

Principal Investigator: Michael D. Rugg (with T. Shallice, B. Butterworth, J. Driver, and P. Haggard). Wellcome Trust Equipment
grant. Jan 2001-Dec 2004.

Grant for the establishment of a transcranial magnetic stimulation (TMS) laboratory.
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BIOGRAPHICAL SKETCH

Provide the following information for the key personnel in the order listed on Form Page 2.
Photocopy this page or follow this format for each person.

NAME POSITION TITLE

Daniel L. Schacter Professor of Psychology

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral
training.)

G

INSTITUTION AND LOCATION (ifigpﬁiﬁe) YEAR(s) FIELD OF STUDY
University of North Carolina, Chapel Hill B.A. 1974 Psychology
University of Toronto M.A. 1977 Psychology
University of Toronto Ph.D. 1981 Psychology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list, in chronological order, previous employment, experience, and honors.
Include present membership on any Federal Government public advisory committee. List, in chronological order, the titles, all authors, and complete references to all
publications during the past three years and to representative earlier publications pertinent to this application. If the list of publications in the last three years exceeds two
pages, select the most pertinent publications. DO NOT EXCEED TWO PAGES.

A. Positions and Honors.

Employment

University of Toronto (Research Fellow to Assistant Professor, 1981-1987)

University of Arizona (Associate Professor, 1987-1989; Professor, 1989-1991)

Harvard University (Professor, 1991-)

Selected Honors/ Awards

Distinguished Scientific Award for an Early Career Contribution to Psychology, American Psychological Association (1990)
Troland Research Award, National Academy of Sciences (1991)

Most Frequently Cited Researcher in Psychology 1986-1990, Institute for Scientific Information (1992)
Fellow, American Academy of Arts and Sciences (1996)

John Simon Guggenheim Memorial Fellowship (1998)

B. Selected peer-reviewed publications (in chronological order)

Buckner, R.L., Koutstaal, W., Schacter, D.L., and Rosen, B.R. (2000). fMRI evidence for a role of frontal and inferior
temporal cortex in amodal components of priming. Brain, 123, 620-640.

Budson, A.E., Daffner, K.R., Desikan, R., & Schacter, D.L. (2000). When false recognition is unopposed by true
recognition: Gist-based memory distortion in Alzheimer’s disease. Neuropsychology, 14, 277-287.

Clancy, S.A., Schacter, D.L., McNally, R.J., & Pitman, R.K. (2000). False recognition in women reporting recovered
memories of sexual abuse. Psychological Science, 11, 26-31.

Dodson, C.S., Koutstaal, W., & Schacter, D.L. (2000). Escape from illusion: Reducing false memories. Trends in
Cognitive Sciences, 4, 365-403.

Heckers, S., Curran, T., Goff, D., Rauch, S.L., Fischman, A.J., Alpert, N.M., & Schacter, D.L. (2000). Abnormalities in
thalamus and prefrontal cortex during episodic object recognition in schizophrenia. Biological Psychiatry, 48, 651-657.

Kihlstrom, J.F. & Schacter, D.L. (2000). Functional amnesia. In F. Boller & J. Grafman (Eds.) Handbook of
Neuropsychology, 2nd edition, Vol. 2) (pp.409-427). Amsterdam: Elsevier Publications.

McNally, R.J., Clancy, S.A., Schacter, D.L., & Pitman, R.K. (2000). Cognitive processing of trauma cues in adults
reporting either repressed, recovered, or continuous memories of childhood sexual abuse. Journal of Abnormal Psychology,
109, 355-359.

McNally, R.J., Clancy, S.A., Schacter, D.L., & Pitman, R.K. (2000). Personality profiles, dissociation, and absorption in
women reporting repressed, recovered, or continuous memories of childhood sexual abuse. Journal of Consulting and
Clinical Psychology, 68, 1033-1037.

Ochsner, K. N., & Schacter, D. L. (2000). Constructing the emotional past: A social-cognitive-neuroscience approach to
emotion and memory. In J. Borod (Ed.), The neuropsychology of emotion. New York: Oxford University Press.

Schacter, D.L. (2000). In memoriam - Laird Cermak, Ph.D - June 24, 1942 November 4, 1999. Journal of the
International Neuropsychological Society, 6, 376-377.
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Schacter, D.L. (2000). The seven sins of memory: Perspectives from functional neuroimaging. In E. Tulving (Ed.)
Memory, consciousness, and the brain: the Tallinn conference (pp. 119-137). Philadelphia: Psychology Press.

Schacter, D.L. & Curran, T. (2000). Memory without remembering and remembering without memory: Implicit and
false memories. In M.S. Gazzaniga (Ed.) The cognitive neurosciences (2nd Ed.) (pp.829-840). Cambridge: MIT Press.

Schacter, D.L. & Scarry, E. (2000). Introduction. In D.L. Schacter & E. Scarry (Eds.) Memory, brain, and belief (pp.1-
10). Cambridge, MA: Harvard University Press.

Schacter, D.L., Wagner, A.D., & Buckner, R.L. (2000). Memory systems of 1999. In E. Tulving & F.I.M. Craik (Eds.)
The Oxford handbook of memory(pp. 627-643). New York: Oxford University Press.

Wagner, A.D., Koutstaal, W., Maril, A., Schacter, D.L., & Buckner, R.L. (2000). Task-specific priming in left inferior
frontal cortex. Cerebral Cortex, 10, 1176-1184.

Wagner, A. D., Maril, A., & Schacter, D. L. (2000). Interactions between forms of memory: When priming hinders new
episodic learning. Journal of Cognitive Neuroscience, 12, 52-60.

Badgaiyan, R.D., Schacter, D.L., & Alpert, N.M. (2001). Priming within and across modalities: Exploring the nature of
rCBF increases and decreases. Neurolmage, 13, 272-282.

Bar, M., Tootell, R.B.H., Schacter, D.L., Greve, D.N., Fischl, B., Mendola, J.D., Rosen, B.R., & Dale, A.M. (2001).
Cortical mechanisms specific to explicit visual object recognition. Neuron, 29, 529-535.

Budson, A.E., Desikan, R., Daffner, K.R., & Schacter, D.L. (2001). Perceptual false recognition in Alzheimer’s disease.
Neuropsychology, 15, 230-243.

Cabeza, R., Rao, S.M., Wagner, A.D., Mayer, A.R., & Schacter, D.L. (2001). Can medial temporal lobe regions
distinguish true from false? An event-related fMRI study of veridical and illusory recognition memory. Proceedings of the
National Academy of Sciences USA, 98, 4805-4810.

Curran, T.,, Schacter, D.L., Johnson, M.K., & Spinks, R. (2001). Brain potentials reflect behavioral differences in true
and false recognition. Journal of Cognitive Neuroscience, 13, 201-216.

Dodson, C.S. & Schacter, D.L. (2001). "If | had said it | would have remembered it:” Reducing false memories with a
distinctiveness heuristic. Psychonomic Bulletin and Review.8, 155-161.

Dodson, C.S. & Schacter, D.L. (2001). The cognitive neuropsychology of memory distortion. In B. Rapp (Ed.)
Handbook of cognitive neuropsychology (pp.445-463). Philadelphia: Psychology Press.

Koutstaal, W., Verfaellie, M., & Schacter, D.L. (2001). Recognizing identical vs. similar categorically related common
objects: further evidence for degraded gist-representations in amnesia. Neuropsychology,15, 268-289.

Koutstaal, W., Schacter, D.L., & Brenner, C. (2001). Dual task demands and gist-based false recognition of pictures in
younger and older adults. Journal of Memory and Language, 44, 399-426.

Koutstaal, W., Wagner, A. D., Rotte, M., Maril, A., Buckner, R. L., & Schacter, D. L. (2001). Perceptual specificity in
visual object priming: fMRI evidence for a laterality difference in fusiform cortex. Neuropsychologia, 39,184-199.

Lieberman, M. D., Ochsner, K. N., Gilbert, D. T., & Schacter, D. L. (2001). Do amnesics exhibit cognitive dissonance
reduction? The role of explicit memory and attention in attitude change. Psychological Science, 12, 135-140.

McNally, R. J., Clancy, S. A., & Schacter, D. L. (2001). Directed forgetting of trauma cues in adults reporting repressed
or recovered memories of childhood sexual abuse. Journal of Abnormal Psychology,110, 151-156.

Schacter, D.L. (2001). Suppression of unwanted memories: Repression revisited? Lancet, 357, 1724-1725.

Schacter, D.L. & Badgaiyan, R.D. (2001). Neuroimaging of priming: New perspectives on implicit and explicit memory.
Current Directions in Psychological Science, 10, 1-4.

Dodson, C.S. & Schacter, D.L. (2002). When false recognition meets metacognition: The distinctiveness heuristic.
Journal of Memory and Language, 46, 782-803.

Dodson, C.S. & Schacter, D.L. (2002). The cognitive neuropsychology of false memories: Theory and data. In A.D.
Baddeley, B.A. Wilson, & M.D. Kopelman (Eds.) Handbook of memory disorders (2™ edition). New York: John Wiley.
Koutstaal, W. & Schacter, D.L. (2002). Memory distortion and aging. In M. Naveh-Benjamin., M. Moscovitch, and H.L.
Roediger. 111 (Eds.) Perspectives on Human Memory and Cognitive Aging: Essays in Honour of Fergus Craik. Philadelphia,
PA: Psychology Press.

Schacter, D.L. & Dodson, C.S. (2001). Misattribution, false recognition, and the sins of memory. Philosophical
Transactions of the Royal Society (B), 356, 1385-1393.

Schacter, D.L., Cendan, D.L., Dodson, C..S., & Clifford, E.R. (2001). Retrieval conditions and false recognition: Testing
the distinctiveness heuristic. Psychonomic Bulletin and Review, 8, 827-833.

Schacter, D.L., Verfaellie, M, & Koutstaal, W. (2003). Memory illusions in amnesic patients: Findings and implications.
In L.R. Squire & D.L. Schacter (Eds.). Neuropsychology of memory (3™ Edition). New York: Guilford Press.
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Research Projects Ongoing or Completed During the Last 3years

1. Aging Memory

Principal Investigator: Daniel L. Schacter, PhD

Agency: NIA

Type: RO1 AGO08441 Period: January 1, 2000-December 31, 2004

Uses cognitive and behavioral testing procedures to examine memory in older adults compared to younger adults. The
studies are mainly concerned with understanding age-related changes in memory accuracy and how to reduce memory
distortion in elderly adults.

2. Brain Injury Memory Disorders Research Center

Investigator: Mieke Verfaellie, PhD

Agency: NINDS

Type: NS26985 Period: March 1, 1999-February 28, 2004

Use functional MRI to examine neural correlates of encoding and retrieval processes in brain-injured patients with amnesic
syndromes.

3. Event-related Neuroimaging of Human Memory Formation

Investigator: Daniel L. Schacter, PhD

Agency: NIMH

Type: RO1 MH60941 Period: March 1, 2000-February 28, 2004

Use functional MRI to examine neural correlates of encoding and retrieval processes in healthy young adults.
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RESOURCES

FACILITIES: Specify the facilities to be used for the conduct of the proposed research. Indicate the performance sites and describe capacities,
pertinent capabilities, relative proximity, and extent of availability to the project. Under “Other,” identify support services such as machine shop,
electronics shop, and specify the extent to which they will be available to the project. Use continuation pages if necessary.

Laboratory:

The project will be conducted in the Neurology Department at Brigham and Women's Hospital (BWH), Boston, MA.
Examination rooms of ample size are avaliable for testing patients, older adults, and younger adults (for pilot studies).
Patients and older adults are also tested in their homes using portable computers. Event-related potential (ERP)
experiments will be conducted in the ERP laboratory in the Division of Cognitive and Behavioral Neurology at BWH. The
ERP laboratory consists of approximately 200 sq. ft. of space, including a 36 sq. ft. testing booth for subjects. It contains
a 32-channel SA Instrumentation EEG acquisition system, a 19-inch high resolution VGA monitor for visual presentation
of stimuli, headphones for auditory presentation of stimuli, and 2 Windows-based Pentium computers for data acquisition.
Adjacent to the ERP laboratory is a 110 sqg. ft. office that contains 2 Windows-based work stations for data reduction and
analysis.

Clinical:

The Division of Cognitive and Behavioral Neurology at BWH and its Memory Disorders Unit has approximately 3000 sq. ft.
of space and contains a multidisciplinary team of 9 neurologists, 4 neuropsychiatrists, 3 neuropsychologists, 2 social
workers, and a rehabilitation specialist. The Memory Disorders Unit is a major referral center for patients with dementing
illnesses. There are over 700 patients with dementia in the database, most of whom have probable Alzheimer's disease
(AD). Approximately 150 new cases of dementia are evaluated annually, most of whom have probable AD. There is also
a registry of approximately 275 healthy older adults who have indicated their desire to participate in aging and dementia
research. Additionally, spouses and siblings of the patients are frequently interested in participating in research.

Animal:

N.A.

Computer:

In addition to the computers described in the Laboratory section above, the P.l.'s laboratory includes: 2 Macintosh G3
Powerbook and 1 Macintosh iBook Apple computers equipped with PsyScope and Super Lab (for testing subjects), as
well as 4 Windows-based work stations equipped with statistical software (SPSS), Adobe Acrobat, Paint Shop Pro,
KaleidaGraph, Reference Manager, as well as Microsoft Word, Excel, Power Point, Access, and internet connections.

Office:
The P.I. has a small suite in the Department of Neurology which includes offices for himself and the post-doctoral fellow;
cubicles are available for the research assistants and students.

Other:
Technical and other support is available through BWH on an as-needed basis.

MAJOR EQUIPMENT: List the most important equipment items already available for this project, noting the location and pertinent capabilities of each.
The computers used in the behavioral experiments are described above. The ERP laboratory contains a 32-channel SA
Instrumentation data acquisition system. The output of the amplifier is sent to a 32-channel 12-bit Keithley-Metrabyte
analog-to-digital converter that is located inside a Pentium computer that samples EEG data at 200 Hz. This “digitizing”
computer is interfaced with a second Pentium computer (the “stimulus” computer) via an 8-bit high-speed parallel port.
The ERP laboratory includes a total of 6 Windows-based Pentium computers, 6 color monitors, a 19-inch high resolution
Philips VGA monitor, headphones, Zip and CD-RW drives for saving data. Office equipment also includes 2 Hewlett
Packard LaserJet 5 printers, 1 Hewlett Packard Color LaserJet 4500 printer, 1 Cannon 6230 copier, and 1 Cannon CFXL
4000 Facsimile.
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A. Specific Aims

Investigating false recognition in Alzheimer’s disease (AD) is important both in understanding clinically

relevant false memories and in correctly interpreting the results of recognition memory tests. In our

previous work we focused on a specific type of false memory which occurs when subjects falsely
recognize items because they share the general meaning, idea, or gist conveyed by a collection of items

(gist information). The proposed experiments will use the techniques of experimental psychology and

cognitive neuroscience to investigate the more fundamental issue of the false recognition of unrelated

items (the baseline rate of false alarms) in AD. As false alarms are in large part a reflection of the
response bias (or tendency to respond “old”), this proposal will critically examine this bias in AD.

Aim 1: To test the hypothesis that AD patients show an inability to shift to a more conservative

response bias. To evaluate this hypothesis:

(A) Experiment 1 will manipulate discrimination by using progressively longer study-test lists of
unrelated words to examine whether AD patients show a more liberal response bias (bias towards
responding “old”) than healthy older adults at the same level of discrimination.

(B) Experiment 1 will also examine the relationship between response bias and (i) awareness of memory
deficit (i.e., the degree of anosognosia) and (ii) frontal lobe functioning in AD patients.

(C) Experiment 2 will examine whether AD patients can shift to a more conservative response bias when
told the test (actually 50% studied & 50% non-studied items) consists of only 30% studied items.

(D) Experiment 2 will also examine whether AD patients show the same event-related potential (ERP)
changes that occur in healthy older adults when response bias is altered.

Aim 2: To test the hypothesis AD patients are impaired in their ability to inhibit responding “old”

based upon weak cues. We will examine AD patients’ capacity to inhibit responses based upon

familiarity alone, and their ability to correctly attribute familiarity to prior study versus another source.

(A) Experiments 3 and 4 will examine whether patients with AD are more susceptible than healthy older
adults to manipulations that increase the familiarity of an item at test by (i) increasing the
presentation time of the test item (Experiment 3), or (ii) increasing the “perceptual fluency” of the
test item, i.e., the perceptual clarity with which the test item is presented (Experiment 4).

(B) Experiment 4 will also use ERPs to examine if patients with AD show (i) N400 attenuation when
shown more fluent items and (ii) late frontal effects when attributing this increased fluency.

(C) Experiment 5 will use the Jacoby-Whitehouse prime-misattribution paradigm to examine whether
patients with AD are able to attribute the source of familiarity to the prime when appropriate.

Aim 3: To test the hypothesis that AD patients show increased false recognition of unrelated items

in part due to disordered semantic networks.

To evaluate this hypothesis we will examine whether AD patients respond to weak semantic associates as

healthy older adults respond to strong semantic associates.

(A) Experiment 6 will examine whether AD patients show greater levels of conceptual priming of weak
semantic associates than healthy older adults.

(B) Experiment 6 will also use ERPs to examine whether AD patients show similar N400 attenuation for
weak and strong semantic associates, in contrast to healthy older adults who are expected to show
greater N400 attenuation for strong compared to weak semantic associates.

(C) Experiment 7 will examine whether AD patients show more false alarms than healthy older adults to
items that are weak semantic associates of studied items.

Aim 4: To test the hypothesis that because AD patients are impaired in their ability to use a

distinctiveness heuristic (a response mode in which participants demand access to detailed

recollections to support an “old” response) their false recognition will be elevated.

Subjects who study items as pictures and are then tested on the corresponding words use the distinctive-

ness heuristic because they expect to remember details of the pictures and respond “new” if they cannot

remember those details. By contrast, subjects who study items as words have no such expectation.

(A) Experiment 8 will examine whether patients with AD can use the distinctiveness heuristic to reduce
false recognition to picture items when their picture and word hit rates are matched.

(B) Experiment 8 will also examine whether AD patients who are less aware of their memory deficits will
be less able to use the distinctiveness heuristic.

(C) Experiment 9 will examine whether AD patients show impaired generation and modulation of ERP
waves associated with successful use of the distinctiveness heuristic.
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B. Background and Significance
Alzheimer’s disease is a critically important problem in our society

Leaving aside the debate as to whether Alzheimer’s disease (AD) is a purely pathological disease process
that becomes more prevalent with age or is actually part of normal aging, AD has become a critically
important problem in our society and around the world. Dementia will develop in 5% to 11% of people
over the age of 65, and it will affect as many as 50% of those over age 85—the fastest-growing segment
of our population. The most common cause of dementia is AD, with 4 million recognized cases in the
country today. By the year 2040, there may be 14 million people with AD in the United States. AD is
the fourth leading cause of death, accounting for more than 100,000 deaths a year. The costs of caring
for patients with AD are estimated to be about $100 billion annually (Solomon & Budson, 2003).

False memories may impair patients’ ability to live independently

Patients with AD not only fail to retrieve desired information but also suffer from distortions of memory
(Forstl et al., 1994). Although sometimes these distortions can be extreme, as in confabulation (Dalla
Barba, Nedjam, & Dubois, 1999) or syndromes of delusional misidentification (Capgras syndrome and
reduplicative paramnesia, see Forstl et al., 1994 for review), distortions may also be more mundane and
commonly occurring. Patients, for example, who suffer only from a failure to retrieve information and
cannot remember whether they have turned the stove off, can check it again. Similarly, patients who
have difficulty remembering whether they have taken their medications can use organizational strategies
(e.g., a pill box) to aid their memory. For patients who falsely remember that they have turned off the
stove or taken their medications when they have not performed these activities, reminders and
organizational strategies will be of little help, and these patients will need additional care. In addition,
false memories may lead to the erroneous conclusion that the AD patient is suffering from a primary
psychotic disorder. An AD patient may not be hallucinating when they report having seen their long
dead parent; they may be experiencing a temporal memory distortion—mistakenly thinking a real
memory from years ago occurred recently. Such a patient may be treated for hallucinations with an
antipsychotic medication. If, in actuality however, their symptom is attributable to a false memory then
improving the patient’s memory by treatment with a cholinesterase inhibitor may be more appropriate.
Other common memory distortions observed in patients with AD include combining two or more
memories and substituting one person in a memory for another. Evidence of the scope and real-world
validity of memory distortions in these patients is provided by a study we recently published which
demonstrated that memory distortions are common in patients with AD outside of the laboratory. We
compared the patients’ memory for where they were and what they were doing when they heard the news
of September 11", 2001 at two weeks and then again at 3 months after the event. We found that patients
with AD exhibited twice as many memory distortions as memory failures (Budson et al., 2004).

Understanding false recognition in Alzheimer’s disease

This proposal will use the techniques of experimental psychology and cognitive neuroscience to further
our understanding of one of the most fundamental but little studied aspects of the memory impairment
afflicting patients with AD—that of their tendency to falsely remember things that have not occurred.
One type of memory distortion that patients with AD are susceptible to is false recognition. False
recognition occurs when people incorrectly claim to have previously encountered a novel, non-studied
item. In our previous work we focused on a specific type of false recognition which occurs when
subjects falsely recognize items because they share the general meaning, idea, or gist conveyed by a
collection of items (gist information or gist memory; cf., Reyna & Brainerd, 1995; Schacter, Norman, &
Koutstaal, 1998). In addition to gist-based false recognition, however, we and other investigators have
found that patients with AD also show high levels of false recognition of unrelated items. The
experiments proposed in this grant test theoretical hypotheses concerning this more fundamental issue of
the false recognition of unrelated items in AD. Understanding the high level of these unrelated false
alarms (often characterized as the baseline rate of false alarms) is critical for understanding how memory
processes are impaired in AD. In addition to providing insight into the fundamental disruption of
memory in AD, understanding this type of false recognition in AD may suggest treatments that can allow
patients to live more engaged, fulfilled, and independent lives.

Interpreting clinical and experimental tests depends upon understanding baseline false alarm rates

False alarms to unrelated items are often used as the baseline false alarm rate in recognition memory
tests, and are usually subtracted from the hit rate to calculate “corrected” recognition scores. A thorough
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understanding of exactly what contributes to these baseline false alarms, however, is essential to
accurately interpret these “corrected” results. In fact, this understanding is important whether the
recognition test is part of an experimental study or a clinical evaluation. For example, the CERAD word
list memory test (Morris et al., 1989) is commonly used in the clinical diagnosis of AD. In the
recognition portion of this test, the ten studied words are shown with ten non-studied words; the
recognition score is calculated by subtracting the false alarms to the non-studied words from the correct
endorsement of the studied words. Thus, the patient who correctly endorses six studied words and makes
no false alarms will score the same as the patient who endorses all ten studied words but makes four false
alarms. Do these two patients really have the same problems with their memory? The response bias of
the first patient is conservative; this patient responds “old” less than 50% of the time. The response bias
of the second patient is liberal because this patient responds “old” more than 50% of the time. Most
likely their memory problems are the result of dysfunction of different aspects of brain function which
may be overlooked by focusing on discrimination alone. Dysfunction of different brain systems may
involve different neurotransmitter systems which in turn may respond to different medications. Evidence
that different neurotramitter systems may be involved in patients who show different response biases
comes from pharmacologic studies in healthy young adults. In two studies Mintzer and Griffiths have
shown that subjects given scopolamine (2001a) and lorazepam (2001b) both exhibit impaired
discrimination in a false recognition paradigm of semantic associates. Interestingly, however, those
given scopolamine showed a more conservative response bias than controls, while those given lorazepam
showed a more liberal response bias than controls.

To set the stage for the proposed experiments, we review relevant studies of patients with AD concerning
memory distortions. We begin with a review of source memory research in AD, as many false alarms
both experimentally and in life are attributable to errors in source memory. We then review studies of
related and unrelated intrusions in AD, followed by studies of semantically related false recall and false
recognition. Lastly, we present the few studies that have focused on the baseline false alarm rate of
unrelated items in AD.

Source memory in Alzheimer’s disease
In addition to the content of information retrieved from memory, knowledge of the context or source of
that information is critically important. Without this “source memory” knowledge, distinguishing an
episodic memory from a generic image, fantasy, or thought is much more difficult. Not surprisingly,
source memory errors are a major cause of memory distortions in patients with AD. Most studies have
found that source memory is impaired in these patients. Schacter et al. (1984) found that when patients
with AD remembered made up facts they had difficulty remembering where they learned these facts and
who read the facts to them. Goldman et al. (1994) found that although patients with AD showed a marked
deficit in recalling the facts, if they were able to remember the fact they only exhibited a slight difficulty
in correctly remembering its source. (This somewhat surprising result may have been related to their
delay period being quite short—about 30 seconds—in contrast with delays of several minutes or longer
used in most other studies.) Bartlett et al. (1995) found that patients with AD were impaired relative to
older adults in distinguishing whether a tune was familiar due to a previous encounter in the laboratory
vs. a previous encounter outside of the laboratory. Several studies found that source memory for events
participants themselves performed in the laboratory vs. events performed by the experimenter was
impaired in patients with AD (Dick et al., 1989, Expt. 2; Mitchell et al., 1986; Multhaup & Balota, 1997).
Dalla Barba et al. (1999) found that patients with AD were impaired at judging whether they had seen or
imagined an object and, interestingly, showed a strong bias towards responding that they had “seen” the
object. Tendolkar et al. (1999) found that patients with AD were at chance in remembering the
background color of presented words, although they were above chance in their recognition of the words.
Intrusions in Alzheimer’s disease

Some of the early work on memory distortions in AD has examined the tendency to produce unstudied
items or “intrusions” on memory tests. Intrusions on recall tests may be thought of as the equivalent of
false recognitions on recognition tests. Fuld, Katzman, Davies, and Terry (1982) found that intrusions
were common in patients with AD, and that they correlate with low levels of choline acetyletransferase
and high numbers of senile plaques in the cerebral cortex. They concluded that intrusions were
sufficiently characteristic of AD to be helpful diagnostically. Helkala, Laulumaa, Soininen, and
Riekkinen (1989) found that patients with AD made intrusions attributable both to proactive interference
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and to their inability to inhibit irrelevant information. Lowenstein et al. (1989) examined conceptually
related (e.g., screw for nail) vs. unrelated intrusions (e.g., dog for nail) on the Fuld Object Memory
Evaluation. They found that a majority of patients with AD produced unrelated intrusions, whereas
controls produced no unrelated intrusions; they also found a trend for patients with AD to produce fewer
conceptually related intrusions than controls. Dalla Barba and Wong (1995) found that patients with AD
made a high proportion of unrelated intrusions when attempting to retrieve a list of words that were not
related to one another. When patients with AD were asked to retrieve a list of semantically associated
words, the production of related intrusions was found to be associated with relatively intact semantic
memory. On the California Verbal Learning Test, patients with AD have been found to produce more
initial intrusion errors, and they endorsed both semantically related foils and list B interference foils
(Davis, Price, Kaplan, & Libon, 2002). Gainotti and Marra (1994) found that compared to patients with
depressive pseudo-dementia, patients with AD made more intrusion errors and more false positive errors
on delayed recognition tests.

False recall and false recognition of semantically related items in Alzheimer’s disease

Memory distortions in AD have recently been examined using paradigms that allow measurement not
only of recall intrusions but also of a similar type of memory distortion known as false recognition.
False recognition occurs when people incorrectly claim to have previously encountered a novel item.
Experiments originally performed by Deese (1959), and revived and modified by Roediger and
McDermott (1995), have demonstrated robust levels of false recognition in healthy adults. After
studying lists of semantic associates (e.g., candy, sour, sugar, bitter, good, taste, and so forth) that all
converge on a non-presented theme word or related lure (e.g., sweet), participants frequently intruded the
related lure on free recall tests (Deese, 1959), and made very high levels of false alarms to these words
on recognition tests (Roediger & McDermott, 1995). Using the Deese/Roediger-McDermott (DRM)
paradigm, Balota et al. (1999) found that, overall, patients with AD falsely recalled similar numbers of
related lures compared with the older adults; however when these researchers controlled for rates of true
recall by analyzing a subset of their participants, they found that patients with AD falsely recalled more
related lures than older adults. Watson et al. (2001) demonstrated that patients with AD and older adults
showed similar rates of false recall of semantic associates (e.g., chill, frost, warm, ice, and so forth for
the related lure cold), phonological associates (e.g., code, told, fold, old,...), and hybrid lists combining
semantic and phonologic associates (e.g., chill, told, warm, old,...). More impaired patients with AD,
however, showed higher levels of false recall relative to their true recall performance when compared
with the less impaired patients.

False recognition of unrelated items in Alzheimer’s disease: a liberal response bias

While virtually all studies of recognition memory in AD have found that patients consistently show
greater levels of false recognition of unrelated non-studied items, few studies have specifically examined
this high rate of baseline false alarms to unrelated non-studied items in AD. Most researchers, including
ourselves, have typically considered this high rate of baseline false alarms to non-studied unrelated items
observed in AD to be a “nuisance”—something to be analytically subtracted away—rather than
investigated. After all, it is not surprising that false recognition of non-studied items of any type should
increase when discrimination between studied and non-studied items decreases. A reanalysis of the data
from our laboratory and others, however, suggests that the story is more complicated. One of the first
and possibly best investigations into false recognition of unrelated non-studied items in AD is that of
Snodgrass and Corwin (1988). In their highly referenced article, “Pragmatics of measuring recognition
memory: Applications to dementia and amnesia,” they found that AD patients, in addition to showing
poor discrimination, also showed an abnormally liberal response bias; that is, they exhibited an overall
greater bias to respond “yes” or “old” more liberally than the control group. In contrast to these results
in patients with AD, these authors found that patients with amnesia showed a normal response bias—
despite the fact that they showed the worst discrimination. Other studies of patients with amnesia have
also found a normal or even conservative response bias in addition to poor discrimination (Koutstaal et
al., 2001; Schacter, Verfaellie, et al., 1998). Snodgrass and Corwin went on to conclude that “efforts to
characterize and ameliorate abnormal memory should address both discrimination and bias deficits.” A
study by Bartok et al. (1997) examined recall, recognition and response bias using a 10 item word list
learning test. They also found that patients with AD showed a more liberal response bias compared to
controls. Furthermore, they found that while the patients as a group showed an overall liberal response
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bias, the response bias actually varied considerably from patient to patient, and did not correlate with
disease severity. A more recent study by Balota et al. (2002) found that patients with mild AD showed a
more liberal response bias for high frequency words than older adults or those with very mild AD;
interestingly, the bias was similar between groups for low frequency words. The combination of (1) the
abnormally liberal response bias in AD in contrast to the normal response bias in amnesia, and (2) that
the liberal response bias seen in patients with AD does not always correlate with dementia severity,
suggests that factors other than poor discrimination due to medial temporal lobe dysfunction must be
important to explain the liberal response bias in AD. We believe that it is not possible to understand the
disruption of memory that occurs in AD without understanding these factors which lead to a liberal
response bias and an elevation in the level of false recognition of unrelated items. This proposal will
work to better understand these factors.

C. Preliminary Studies

In this section we review our previous studies which provide a foundation for the experiments we
propose to conduct during the funding period, including (1) the results of our experiments showing gist-
based false recognition of related items, (2) ERP studies of false recognition, and (3) a reanalysis of data
from our laboratory in which discrimination and response bias are calculated.

Gist memory and item-specific recollection in Alzheimer’s disease

Following the work of Kensinger and Schacter (1999) with young and older adults and Schacter,
Verfaellie, Anes, and Racine (1998) with amnesic patients, Budson, Daffner, Desikan, and Schacter
(2000) used a modification of the Deese/Roediger-McDermott (DRM) paradigm in patients with AD that
provides estimates of false recognition after single and multiple exposures to word lists. Compared to
young and older adults, patients with AD showed similar levels of uncorrected false recognition of
semantic associates after a single study-test trial, but higher levels of false recognition across five trials.
Even after correction for false recognition of unrelated item, levels of false recognition of semantic
associates were higher by the fifth trial for patients with AD compared to the older adults (Figure 1).
Budson et al. (2000) interpreted their results based upon the idea that true and false recognition depend
on memory for two different kinds of information: specific details of a prior encounter with a particular
item (item-specific recollection) and the general meaning, idea, or gist conveyed by a collection of items
(gist information or gist memory; cf., Reyna & Brainerd, 1995; Schacter, Norman, & Koutstaal, 1998).
As the items are presented in the DRM paradigm, a gist representation is developed, which may result in
an experience of recollection or familiarity when either a studied item or a related lure is presented on a
later recognition test. Thus, in the DRM paradigm, accurate recognition of previously studied items
probably depends on both item-specific and gist information, whereas false recognition of related lure
words depends on remembering gist but not item-specific information (cf., Brainerd & Reyna, 1998;

Payne et al., 1996; Schacter, Verfacllie, & Pradere, 1996). Patients with
AD showed a steady increase in false recognition over the five trials.
Budson et al. (2000) suggested that for these patients, the repeated study
and testing of semantic associates creates an increasingly robust
representation of the semantic gist that, when unchecked by item-specific
recollection, produces increasingly elevated levels of false recognition.
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They also found that the patients used less conservative response criteria : Tria -
compared with the older adults, and that this difference in response Figure 1. Corrected false recognition
. . . in patients with AD, elderly adults,
criteria also contributed to the pattern of results. and young adults as a function of

Perceptual false recognition in Alzheimer’s disease studv/test trial.

Budson et al. (2001) examined false recognition of perceptually related "'j'j_\\. B &
novel objects with little semantic content in patients with AD and matched & \‘ - \t\‘
older adults (Figure 2). Although this experiment was undertaken in order %\

to help distinguish between gist-based and activation-monitoring accounts  Figure 2. Example of perceptually
of the lower level of corrected false recognition observed in patients with ~ related objects.

AD relative to older adults after a single study-test trial, the results of this

experiment were very interesting in light of the present proposal. These data reveal that levels of
uncorrected false recognition were similar between patients with AD and older adults for highly similar
items and items with relatively larger numbers of category members shown at study. Levels of
uncorrected false recognition were higher in patients with AD compared with older adults, however, for
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less similar items and items with relatively smaller numbers of category members shown at study.
Lastly, the patients made almost twice as many false alarms to unrelated novel items (.38) relative to
older adults (.21). Thus, under circumstances where gist influences are particularly strong, such as when
there are highly similar items and when there are large numbers of similar items shown at study, patients
with AD and older adults show similar levels of false recognition. But when gist influences are weak,
such as when items show less similarity and when small numbers of similar items are shown at study (or
when no similar items are shown at study) patients with AD show greater levels of false recognition.

Semantic and phonological false recognition in Alzheimer’s disease
In order to determine the relative contribution of episodic and possible semantic memory impairments to
the pattern of false recognition observed in patients with AD, Budson, Sullivan, et al. (2003) modified
the paradigm described above (in Background & Significance, p. 24) by
Watson et al. (2001) for recognition. For example, for the related but non-
presented lure word cold in this paradigm, lists could be related either
semantically (chill, frost, warm, ice...), phonologically (code, told, fold,
old...), or both (“hybrid lists,” e.g., chill, told, warm, old...). Relevant to
the present proposal is the calculation of relative false recognition
performed by Budson, Sullivan, et al. They found that while levels of false
recognition of related items were similar between groups, levels of relative
false recognition (false recognition divided by true recognition) was higher
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in patients with AD than in older adults (Figure 3). Lastly, levels of false , e o
.. . . j . Figure 3. Relative false recognition

recognition of unrelated items were much higher in the patients (.40) than in AD patients, older, and younger

in the older adults (.06). adults as a function of list type.

Contributions of source memory errors to false recognition in Alzheimer’s disease

We also investigated whether explicit source memory errors could account for the rise in false
recognition across repeated study-test trials in Budson et al. (2000). As discussed in the Background &
Significance (p. 23), patients with AD show deficits in their ability to remember the source of
information. Because the paradigm used in Budson et al. (2000) consisted of repeated presentations and
tests across trials, the ability to discriminate studied items from related lures necessitates identification
of their source. Both studied items and related lures would have been encountered on previous trials;
related lures would only have been present on earlier test lists, whereas studied items would have been
present on both study and test lists. Patients with AD may have had particular difficulty in remembering
whether an item had been presented on a study or test list.

To address this question, Budson, Sullivan, et al. (2002) used a Lo
paradigm in which two groups of patients with AD and older adults were o= .
studied: the first group was given 1 study session followed by a single
recognition test, the second group was given 5 study sessions followed
by a single recognition test. Older adults who were exposed to 5 study
sessions demonstrated lower levels of false relative to true recognition,

0.60
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whereas patients with AD in this condition exhibited levels of false 020 727 Qider Aduts Coneced Tue Recoanion ‘
recognition elevated to that of their true recognition—even with the - o 3B Pl Eonecie o Rasoant
source memory confusion of intervening tests eliminated (Figure 4). ' e °

Budson, Sullivan, et al. (2002) concluded that source memory errors Figure 4. Corrected true and false recog-

nition in patients with AD and older adults

contributed relatively little to the pattern of false recognition seen for as a function of 1 vs. 5 study sessions.

the patients with AD in Budson et al. (2000).

Contributions of frontal lobe dysfunction to false recognition in Alzheimer’s disease

Source memory errors are frequently reported in individuals with frontal lobe dysfunction (Janowsky et
al., 1989; Schacter et al., 1984). Although these errors were not related to the increase in false
recognition seen in patients with AD across repeated study-test trials, we wondered whether disruption of
other aspects of frontal lobe dysfunction in patients with AD—such as post-retrieval verification and
monitoring processes and inhibition processes—could have contributed to the pattern of increasing false
recognition observed in Budson et al. (2000). Patients with AD demonstrate pathologic changes in
frontal lobes at autopsy (Lidstrom et al., 1998) and neuropsychological and neuroimaging studies of
patients with AD have demonstrated frontal lobe dysfunction (Baddeley et al., 1991, 2001; Dalla Barba et
al., 1999; Haxby et al., 1988; Mountjoy et al., 1983; see Perry & Hodges, 1999, for review). Damage to
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the frontal lobes has been associated with high levels of false recognition (Parkin et al., 1996; Schacter,
Curran, et al., 1996). Additionally, a number of neuroimaging studies have strongly implicated various
regions within the frontal lobes in episodic memory (cf., Buckner et al., 1995; Nyberg et al., 1995;
Schacter, Alpert et al., 1996; Shallice et al., 1994; Tulving et al., 1994). Moreover, anterior prefrontal
regions may be specifically related to post-retrieval monitoring and verification processes (Rugg et al.,
1996; Schacter, Buckner, et al., 1997; Schacter, Reiman, et al., 1996; Wilding and Rugg, 1996). Such
processes, which may be related to the inhibitory functions of the frontal lobes (Shimamura, 1995),
would presumably be required in order to use item-specific information to suppress false recognition and
may be relatively impaired in patients with AD compared with older adults.

To address this question, Budson, Sullivan, et al. (2002) examined patients with frontal lobe lesions
and controls using the same repeated trials paradigm as in Budson et al. (2000). Although controls were
able to reduce their false recognition across trials, the patients with frontal lobe lesions were unable to do
so and instead showed a constant level of elevated false recognition across the study-test trials (Figure
5). Combining the results from the frontal lobe lesion experiment with that of the patients with AD with
source memory confusion eliminated, Budson, Sullivan, et al. (2002)

1.00

discussed several reasons why a failure of verification-inhibition 0s0
mechanisms in patients with AD may lead to increased false recognition — ;°”
in the DRM paradigm. For example, when participants develop a gist foso] e

representation after viewing DRM lists, this representation may result in ~ $°®
an experience of familiarity when a non-studied related lure word is seen £,

at test. Healthy participants presumably engage at least two processes to o= 2= Convls Coneed Pl Resapion
reduce false alarms to these lure words. Participants first need to inhibit - =it Coteces ks
the tendency to respond “old” to lure words on the basis of this ' ’ T ! )
familiarity alone. Once this initial inhibition has been accomplished, Figure 5. Corrected true and false

.. . e . recognition in patients with frontal lobe
participants need to engage further in verification processes to correctly lesions and controls as a function of

understand the basis of this familiarity. study-test trial.

False recognition of pictures versus words in Alzheimer’s disease: The distinctiveness heuristic

In the studies reviewed thus far, control participants were able to use item-specific recollection to reduce
false recognition. Patients with AD showed very little ability to use item-specific recollection and thus
their false recognition in these studies was almost exclusively based on gist. Budson, Sitarski et al.
(2002) examined whether patients with AD could reduce or suppress their gist-based false recognition
without using item-specific recollection. Schacter and colleagues had recently demonstrated a way in
which healthy young and older adults are able to robustly suppress false recognition. Israel and Schacter
(1997) tested the idea that if false recognition in the DRM paradigm depends on participants’ reliance
upon the common semantic features or gist of the study list, then it should be possible to reduce false
recognition following study conditions that promote encoding of distinctive information about particular
items. Israel and Schacter presented one group of young adults with lists of semantic associates in which
each word was presented auditorily and was also accompanied by a corresponding picture. A second
group also heard the same words auditorily, but with the visual presentation of the word. At test, half of
the items were presented visually and auditorily as in the study session; the other half were presented as
auditory words only. Israel and Schacter found that pictorial encoding yielded lower levels of false
recognition to both semantically related and unrelated lures than did word encoding alone.

Schacter, Israel, and Racine (1999) showed that older adults were also able to suppress their false
recognition with pictorial encoding. They found that participants exhibited a more conservative response
bias after picture vs. word encoding, and suggested that this more conservative response bias may depend
on a general shift in responding based on participants’ metamemorial assessments of the kinds of
information they feel they should remember (Strack & Bless, 1994). Because they had encountered
pictures with each of the presented words, participants in the picture encoding condition used a general
rule of thumb whereby they could demand access to detailed pictorial information in order to support a
positive recognition decision; failure to gain access to such distinctive information when tested with
related lures would tend to result in a negative recognition decision. Schacter et al. (1999) referred to the
hypothesized rule of thumb used by the picture encoding group as a distinctiveness heuristic (c.f.,
Kahneman, Slovic, & Tversky, 1982; Chaiken, Lieberman, & Eagly, 1989; Johnson, Hashtroudi, &
Lindsay, 1993). (See also Schacter, Cendan, Dodson, & Clifford, 2001.)
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Budson, Sitarski et al. (2002) set out to determine whether patients with AD could use this
distinctiveness heuristic to suppress false recognition. They found that older adults and patients with AD
showed different patterns of corrected false recognition: older adults showed numerically lower false
recognition after picture encoding compared to word
encoding while the patients showed the opposite
effect—numerically greater false recognition after
picture encoding compared to word encoding,
producing a significant Group X Encoding
Condition interaction (Figure 6). This result,
combined with an analysis of false alarms to all o1 h‘_
non-studied items (Figure 7), led Budson, Sitarski, et~ °© "~ .

al. to COH'Ch.lde j[hat pat1ents‘w.1th AD are unable. t0  Corrected false recognition (Figure 6, left) and proportion of old
use the distinctiveness heuristic to suppress their responses to all non-studied items (Figure 7, right) for older adults

false recognition. and patients with AD as a function of word vs. picture encoding.
However, there appeared to be an interaction between the responses of the patients with AD and some
of the specifics of the paradigm used in the study of Budson, Sitarski, et al. that may not allow these
results to be generalized to other false recognition paradigms. First, that the patients who studied
pictures showed a numerical increase in their false recognition compared with those who studied words
(Figure 6) raises the possibility that any small effect of the distinctiveness heuristic that was present may
have been eclipsed by the relatively larger increase in gist memory demonstrated by the picture group.
Second, in Budson, Sitarski, et al. two presentation modes were used at test:
visual plus auditory versus auditory alone. Patients with AD (but not older
adults) made more false alarms to all items presented in the visual plus
auditory test mode than the auditory alone mode (Figure 8). That this
difference in bias was more prominent in the picture group of patients
relative to the word group provides another possible reason as to why the

Proportion "old" responses

Proportion "old" responses

distinctiveness heuristic may have been present but not detected in Budson, o1

Sitarski, et al. Supporting the validity of these points is an analysis of false ,

alarms to unrelated items when presented in the auditory alone mode, so that Okter e D patint

gist effects apd test.presenta'tion bias would both be absent. Here the picture Eﬂﬁieonlqu rt)eysg?dn:re;dtgltilIarr11c(>jn-
group of patients with AD did show a trend toward fewer false alarms than patients as a function of auditory
the word group (.23 vs. .36). alone vs. visual + auditory test mode.

Because of these possible confounds, Budson, Dodson et al. (in press) used a paradigm similar to that
used by Dodson and Schacter (2001) to determine whether patients with AD can use the distinctiveness
heuristic to reduce their familiarity-based false recognition attributable to source memory errors in a
paradigm without gist influences and with auditory only test presentation. At study Snodgrass and
Vanderwart (1980) pictures and their corresponding verbal labels were presented. At test studied and
new items were presented, with each new item repeating after a specific , -
lag of intervening words (0, 4, or 24) (after Jennings and Jacoby, 1 W

°
®

1997). Test instructions were to respond “old” only to items that
were present at study; participants are explicitly warned that items
must be “new” if they repeat on the test. The striking results are
shown in Figure 9. Patients with AD were able to use the
distinctiveness heuristic—but not selectively—and thus they showed
an overall more conservative response bias producing lower levels of

o
>

Proportion old responses
o °
2 2

°

true and false recognition (Budson, Dodson et al., in press). These IR s G ke L e o i A
patients were able to use the distinctiveness heuristic but unlike older ~ ©* stdy Novel Lag0 Lag4 Lag24
adults, they were unable to use it to increase their discrimination. Figure 9. Proportion old responses to

. . <y . . . items in older adults and patients with AD.
Pictorial false recognition in Alzheimer’s disease P

An intriguing finding in the data of Budson, Sitarski, et al. (2002) was that there was a numerical trend
for patients with AD who studied and were tested with pictures to show greater uncorrected false
recognition compared with older adults, .67 versus .45, respectively. Such a trend was not observed
between patients with AD and older adults in either the semantic (.66 versus .69; Budson et al., 2000) or
perceptual (.61 versus .60, large categories, Table 2; Budson et al., 2001) paradigms. Why patients with
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AD should show relatively greater false recognition compared with older adults for these black and white
drawings versus either semantically related words or perceptually related novel objects is unclear.
Budson, Sitarski, et al. (2002) suggested that whereas older adults were able to use the distinctive
information of the studied pictures to reduce their false recognition for new pictures, this information
may have served only to enhance the gist memory of patients with AD—increasing their false
recognition. There is, however, another explanation which is related to the fact that the pictures used in
Budson, Sitarski, et al. (2002) were line drawings. Patients with AD are known to show deficits in their
ability to correctly identify and perceive line drawings (Cormier, Margison, & Fisk 1991) vs. color
pictures and photographs (Stevens, 1989; Montanes, Goldblum, & Boller, 1995). Thus, the patients with
AD who studied pictures in Budson, Sitarski, et al. (2002) may have demonstrated high levels of false
recognition simply because their impairment in accurately perceiving the black and white line drawings
made it difficult for them to distinguish between studied and non-studied items.

We addressed this issue in Budson, Michalska, et al. (2003), by using categorized colored photographs
that would minimize effects of the patients’ perceptual impairment (Stevens 1989; Montanes et al.,
1995). If patients with AD showed greater uncorrected false recognition of colored photographs—Ilike
they did of the black and white line drawings—then the results of Budson, Sitarski, et al. (2002) could
not be attributed solely to the perceptual difficulties of the patients. Budson, Michalska, et al. did find
that the patients showed higher levels of uncorrected false recognition compared with older adults,
suggesting that the results of Budson, Sitarski, et al. were not merely due to the difficulty patients with
AD show in perceiving and identifying line drawings. Instead, Budson, Michalska, et al. suggested that
the patients exhibited higher levels of uncorrected false recognition than older adults because the latter
group was able to use the rich semantic and perceptual information in the pictures to build up high levels
of item-specific recollection and reduce their false recognition.

Event-related potentials (ERPs) of pictorial true and false recognition

We have also used categorized color photographs in an ERP paradigm to understand better how the
elevated level of false recognition in patients with AD relates to their brain dysfunction. A number of
ERP studies of false recognition in young adults have shown differences between true and false
recognition. Johnson et al. (1997) used the DRM paradigm with items on the recognition test either
blocked or randomly intermixed. Johnson et al. found that false recognition of lures produced more
negative waves than true recognition of studied items—but only with test items blocked. They
speculated that in the random condition, subjects were making old-new judgments largely on the basis of
familiarity (or gist), whereas in the blocked condition subjects may have attempted to assess more
perceptual and contextual details (item-specific recollection) to distinguish between items with similar
familiarity within a block. Duzel et al. (1997) performed a similar false recognition study using DRM
lists and the remember/know (R/K) procedure (Tulving, 1985) to distinguish between trials on which
recognition was associated with a recollective experience. Duzel et al. found that temporal and spatial
characteristics of K judgments were similar to what is known as the N400 component in studies of word
repetition and semantic priming, while those of R judgments were similar to the late positive component
(LPC) that is often observed in ERP studies of recognition memory. In a study using plurality
discrimination, Curran (2000) found that the N400 (300-500 ms) varied with the familiarity of the words
(new > studied = similar), while a parietal effect (400-800 ms) similar to the LPC varied with the
recollection of plurality (studied > similar = new). Nessler, Mecklinger, and Penney (2001) found similar
results using words sorted by semantic categories. Using the DRM paradigm, Curran et al. (2001) found
that when subjects were split into “Good” and “Poor” performers based on their behavioral results,
parietal (LPC) old/new effects were seen with all subjects, while only Good performers showed a late
(1000-1500 ms) frontal effect with right predominance that was more positive for studied and lure items
compared with new items. Curran et al. (2001) suggested that this late frontal effect may represent the
engagement of post-retrieval evaluation processes.

Thus, three ERP waves have become increasingly associated with different components of recognition
memory: N400 with familiarity (Curran, 2000) and gist memory (Duzel et al., 1997; Nessler et al., 2001),
the LPC with recollection (Duzel et al., 1997; Nessler et al., 2001), and the late frontal effect with post-
retrieval evaluation (Curran et al., 2001) (see Rugg & Allan, 2000, for review of ERPs in recognition
memory). In this proposal we have planned a number of experiments which take advantage of these
associations to understand better which brain processes are dysfunctional in AD.
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We have recently published a study of young adults (Goldmann, v ! 16022000 ms
Sullivan, Droller, Rugg, Curran, Holcomb, Schacter, Daffner, & Fz ’5
Budson, 2003) as pilot data for a study of AD patients and older \
adults. Twenty-three undergraduates studied 300 pictures (color o=
photographs)—12 each from 25 categories, such as trees, boats, and Cz
bears. ERPs were recorded during the test of 500 pictures—9 studied — Novels No
items and 9 lures from the 25 categories plus 50 unrelated unstudied l — Lures Yes
pictures. We found early (250-600 ms) posterior differences between  p, 250-600 ms
studied and unrelated new items but not between studied and related am. .
lure items (Figure 10). Later (1600-2000 ms) frontal differences were (;’“l‘“: )

observed between studied and related lure items, i.e., between true and 3w ] \L ml _
false recognition (Figure 10). We speculate that these late frontal Fiqure 10 Grgl:'; avze"r": ed ERPS and" )
differences, like those observed in Curran et al. (2001), may represent t_g—opograpﬁic distributiong for studied minus

post-retrieval evaluation processes that helped subjects distinguish novel items (bottom) and lure minus

: : studied items (top). Arrow, diamond, and
studied versus lure items. disc shows possible N400, LPC, and late

ERPs of true and false recognition of upper versus lower case words frontal effects, respectively.

We are also in the process of using ERPs to better understand familiarity-based false recognition in aging
and Alzheimer’s disease. We have completed testing on 15 younger adults, 10 older adults, and 8
patients with AD. The continuous recognition paradigm consists of 152 words which repeat at a lag of 0,
2, 6, or 24 intervening words. Half of the words repeat in the same case (DOG—>DOG) and half repeat in
a different case (DOG—>dog). Participants are instructed to respond “old” only if the words are in the
same case. The behavioral data show that patients with AD are more likely to false alarm to words
presented in a different case. The ERP data demonstrates very different elecrophysologic responses in
the 3 groups. Although these data are still preliminary and significance has not been reached for all
visual effects, young adults show differences between items mainly in N400 and LPC, with a small late
frontal difference. Older adults show smaller N400 and LPC differences between items, and a very large
late frontal difference. Patients with AD show more of middle-range differences from 400 to 1000 ms.

A Young Controls B. Old Controls CoAD Patients
A Foung Controls B. Old Controls C.AD Patients \J/ l \J/

T To—,.w\—o—l—o—o—o—o—l—l—; R~ T g
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+ 1000 2000 + 1000 2000 + 1000 2000 New - No Response Lag2 - Old - Yes Responses
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Figures 11 & 12. Grand averaged ERPs by group for all old responses to studied items (Figure 11, left) and old responses broken
down by lag (Figure 12, right). Arrow, diamond, and disc shows possible N400, LPC, and late frontal effects, respectively.

Summary of discrimination and response bias in Alzheimer’s disease from previous experiments

The discrimination measure d’ and the bias measure C were calculated for all of the experiments
involving patients with AD performed in our laboratory. Greater d’ indicates greater discrimination; 0
indicates chance performance. Positive values of C indicate a conservative response bias, negative
values indicate a liberal response bias, and 0 indicates a neutral bias. d’ was calculated by comparing old
responses to studied versus unrelated, non-studied items. C was calculated using old responses to all
item types (studied, unrelated non-studied, and related non-studied items). In order to provide a valid
measure of bias, when the number of studied and non-studied items were uneven, hits and false alarms
were weighted such that an old response to a studied item had the same impact as an old response to a
non-studied item. In addition, because these measures are undefined when the proportion of responses
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equals 0 or 1, all responses were converted using AD __ Older Adults
the formulas provided by Snodgrass and Corwin Study name da c o c

(1988): H=(#hits+0.5)/(#studied items+1); Budson, Dafineretal. (2000) - wriat 2 992 058 290 %
FA=(#false alarms+0.5)/(#non-studied items+1). wial 3 179 -038 294 -0.15
These results, as can be seen from the table, show trial 4 1.78 -0.31 2.99 -0.13
that in addition to worse discrimination tial 5 1.95 -044 3.05 -0.14
[F(1,32)=53.34, p<.0005], AD patients also show a Budson, Desikan et al. (2001) SR égg -83% iz)g (?(5)'-48
more liberal response bias [F(1,32)=14.04, p=.001].  pgudson, Sitarski et al. (2002) 035 0.04 1.35 0.00

Budson, Sullivan et al. (2002) 1 trial 0.48 -0.13 190 0.12

Additional preliminary/pilot data Strials 115 -042 271 003

In addition to the Preliminary Studies just Budson, Michalska et al. (2003) 097 0.04 230 0.13
described, we have also obtained preliminary data Budson, Sullivan et al. (2003) 0.47 -0.07 222 0.06
in support of a number of the experiments in this Budson, Dodson et al. (in press) Wprd 0.74 -0.36 2.76 0.73
. . pic 053 0.16 3.09 0.62

proposal; we have included these pilot results below o 10 etal. (in press) 116 002 301 063
in the description of each experiment. Pierce et al. (submitted) 091 -0.16 2.77 0.12
Budson (unpublished) emotional 1.03 -0.16 2.21 0.38

D. Research Design and Methods neutral 1.07 -0.18 1.96 0.50
The proposed experiments are designed to test mean 104 -021 244 013

hypotheses based upon a schema that we are using

as a working model to understand response bias and false recognition in AD (p. 32). Experiments 1 & 2
(Aim 1) test the hypothesis that AD patients show an inability to shift to a more conservative response
bias. Experiments 3-5 (Aim 2) test the hypothesis that AD patients are impaired in their ability to inhibit
responding “old” based upon weak cues. Experiments 6 & 7 (Aim 3) test the hypothesis that AD patients
show increased false recognition of unrelated items in part due to disordered semantic networks. And
Experiments 8 & 9 (Aim 4) test the hypothesis that because AD patients are impaired in their ability to
use a distinctiveness heuristic (a response mode in which participants demand access to detailed
recollections to support an “old” response) their false recognition will be elevated. Before proceeding to
the experiments, several conceptual and methodological issues are considered, including: (1) the
theoretical schema that provides a working model to test hypotheses, (2) design and analysis issues, (3)
inclusion/exclusion criteria for participation in the experiments, (4) methodological issues related to the
event-related potential (ERP) experiments, and (5) the statistical analyses that will be performed.

Schema

Shown on p. 32 is a theoretical schema that we are using as a working model to test our experimental
hypotheses and to provide a framework that guides our research. Research from many investigators has
influenced this schema, including that from Yonelinas and the research he presents in his recent review
(Yonelinas, 2002), Schacter and colleagues (Schacter, Norman et al., 1998; Schacter, Isracl, & Racine,
1999), Rugg and colleagues (Rugg & Wilding, 2000), Johnson and colleagues (Johnson et al., 1993),
Brainerd and Reyna and their colleagues (Brainerd et al., 1995; Reyna & Brainerd, 1995), Chan and
colleagues (Chan et al., 1997), McClelland et al. (1995), as well as others. Note that we do not believe
this schema to be either exhaustive or the only way to view memory processes; it is nothing more or less
than a useful way for us to organize our research questions. Nor is it inflexible—we have and will
continue to update this schema based upon new data that we and others obtain.

Prior to the retrieval of information from memory, participants may engage in one of several retrieval
orientations. These retrieval orientations determine the particular form of the processing that is applied
to a cue at retrieval (Rugg & Wilding, 2000). The distinctiveness heuristic may be understood as a
retrieval orientation in which participants will only respond “old” if they are able to recollect detailed
information regarding the test item at study. Thus, the first branch point in our schema is whether or not
the retrieval orientation of the distinctiveness heuristic is used. If the distinctiveness heuristic is being
used, then participants will attempt to recollect detailed information about the test item at study
(Schacter, Isracl, & Racine, 1999). If the information can be recollected, an “old” response is generated;
otherwise a “new” response is generated. An example might be if asked, “Did you see Uncle Joe swallow
that snake last year?”, you respond “No, if I had seen that, I’'m sure I would have remembered it!” Aim 4
will investigate the use of the distinctiveness heuristic in AD patients.

If the retrieval orientation of the distinctiveness heuristic is not used or engaged, two parallel
processes are believed to be active, recollection and familiarity (Yonelinas, 2002). If the test item is
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recollected, the recollection may either be diagnostic as to whether the item has been seen in proper
context or not. If the recollection is diagnostic, then familiarity is not needed and an “old” response is
generated if the test item was recollected in the proper context and a “new” response is generated if it
was recollected in a different context. An example might be if asked “Do you remember Uncle Joe
telling us the story of when he stopped a bull elephant with his bare hands?”, you may recall the story
perfectly but not be able to remember if it was Uncle Joe or Aunt Sally who was telling it.

If the test item is not recollected, then familiarity must be depended upon to determine whether the
item has been seen before in the proper context. If the item is not familiar, then a “new” response is
generated. Note, however, that we hypothesize that disordered semantic networks may lead to an
aberrant sense of familiarity, such that an item which would not evoke a sense of familiarity in an
individual with a normal semantic network may do so in an AD patient with a diseased and disordered
semantic network (Chan et al., 1997). An example might be if asked, “Do you remember me telling you
the story about the snake?”, you would respond “no,” but your grandmother with AD might say “yes”
because she remembers a story about a rope, and in her mind a snake and a rope are very similar because
her semantic network is characterized by more concrete associations (Chan et al., 1993; Chan et al.,
1995). Aim 3 will investigate whether the disordered semantic networks present in AD patients will lead
to an aberrant sense of familiarity, thereby increasing false recognition.

Once the test item is judged to be familiar, we believe an initial bias towards responding “old” is
automatically generated. The strength of the sense of familiarity may then be judged. Many different
models have been proposed to explain how the strength of familiarity relates to the generation of an “old”
or “new” response (for review, see Yonelinas, 2002). If the sense of familiarity is weak, the bias towards
responding needs become more conservative (i.e., to shift from “old” to “new”). This shift may require
an individual’s awareness of how likely their weak sense of familiarity is related to a prior memory (a
metamemory judgment), which may in turn require frontal lobe functioning (Fletcher & Henson, 2001;
Fernandez-Duque et al., 2000; Shimamura, 2000). Aim 1 will investigate whether AD patients are able to
shift to a more conservative (i.e., “new”) response bias.

If the strength of the sense of familiarity is strong, the tendency to respond “old” immediately, without
further thought, can be great. Research has suggested that one important function of the frontal lobes are
to inhibit this automatic response (Shimamura, 1995). Patients with frontal lobe damage do, in fact, have
difficulty in inhibiting responses on the basis of familiarity alone (e.g., Budson, Sullivan, et al., 2002—
see Figure 5 in preliminary studies; Melo et al., 1999; Parkin et al., 1999; Rapcsak et al., 2001), as may
patients with AD because they have pathology in frontal cortex (Lidstrom et al., 1998). Lastly, after
inhibiting the automatic response to respond “old” to something that is familiar, the source of the
familiarity must be considered (just as the source of a recollection must). The frontal lobes are also
believed to be important in the attribution of familiarity to prior study versus another source (Johnson et
al., 1993; Johnson, 1997). Aim 2 will investigate whether AD patients are impaired in their ability to
inhibit responding “old” based upon weak cues.

Design and analysis issues

In many of the proposed experiments, matching performance (usually discrimination) between the AD
patients and the older adults is desired. Different methods are available to accomplish this matching, as
have been used in amnesic patients and controls (see Isaac & Mayes, 1999, for review). For example,
using a paradigm of unrelated words Giovanello and Verfaellie (2001) have shown that matching amnesic
patients and controls on recognition by giving the patients additional study demonstrates that the patients
show a deficit in free recall; this recall deficit disappears, however, when controls are instead given a 24
hour delay period to match performance. They suggested that this pattern is present because the delay
period impairs the recall performance of the control participants more than it impairs their recognition.
They conclude that (1) testing controls at a delay is the preferred option if one wishes to equate as
closely as possible the memory processes available to controls and amnesic patients, whereas (2) testing
controls immediately and providing amnesic patients with additional study exposure allows comparisons
of participants under optimal conditions. Although amnesic patients are not the same as those with AD,
nor are recall and recognition the same as item-specific recollection and gist memory, we believe these
issues are also relevant for our studies. We will use several different techniques to match performance
levels including providing patients with additional exposure to study materials, testing older adults with
an extra delay period, or using longer lists of items for the older adults to remember. We will be
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cognizant of the above issues when drawing conclusions under either circumstance. One final
methodological note that applies to all proposed experiments: to the fullest extent possible, every
experiment will employ complete counterbalancing of materials across conditions and subject groups.

Subject-related issues

We will employ similar inclusion and exclusion criteria that we have used successfully in our previous
studies. Patients 65-90 years of age who carry a clinical diagnosis of probable AD (National Institute of
Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders
Association criteria used; McKhann et al., 1984) and score greater than 20 on the Mini-Mental Status
Examination (MMSE; Folstein, Folstein, & McHugh, 1975) will be recruited from the clinical population
at the Memory Disorders Unit, Brigham and Women's Hospital, Boston, Massachusetts. These patients
have been (and continue to be) recruited through clinical referrals, advertisements in newspapers and
retirement letters, and word of mouth. Note that we will specifically use only patients with mild AD so
that they will not have difficulties with the ERP studies in terms of either the complexity of instructions
or the length of the task. Healthy older adults 65-90 years of age will be recruited from participants in a
longitudinal study of normal aging at Brigham and Women's Hospital, from spouses and friends of the
patients with AD, as well as from flyers and posters placed in senior centers in and around Boston.
Currently, our division is following over 700 patients with mild to moderate AD and has over 300 healthy
older adults in its registry. Patients with AD will be matched to older adult controls by gender, age, and
education. Younger adults (for pilot studies) 18-25 years of age will be recruited through fliers posted at
Harvard University, and word of mouth. Participants will be excluded if they are characterized by
clinically significant depression, alcohol or drug use, cerebrovascular disease, traumatic brain damage,
other degenerative disease (e.g., Parkinson’s disease), or if English is not their primary language. In
addition, participants will be excluded if they do not have corrected vision of 20/30 or better, or if they
perform below 80% correct on the speech discrimination test from the Boston Diagnostic Aphasia
Examination. Older adults will also be excluded if they score below two standard deviations on any
element of the Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) Word List Memory
test (memory, recall and recognition; Morris et al., 1989; Welsh et al., 1992), or if they score below 27
on the MMSE. For the sake of the ERP studies, all subjects will be right handed. Patients with AD will
also be excluded if they cannot understand the informed consent or the experimental procedures and if
they do not have a caregiver available to discuss their participation in the study. Subjects will be paid
$10/hour for their participation in the behavioral studies and $25/hour for the ERP studies. Parking will
be paid.

It is the aim of this project to enroll as few subjects as possible and as many as needed to achieve the
necessary statistical power to test the proposed hypotheses. In our previous studies we were able to
reach statistical significance with 10 to 24 participants in each between-subjects condition. We will
continue with our practice of piloting each study using 4-6 subjects per condition and then proceeding to
the next step if the pilot data look promising. Power calculations are performed at this stage, using the
program DSTPLAN (Brown et al., 2000). If the power calculations suggest that less than 30 subjects per
condition will yield significant results, additional subjects are recruited, and the data is analyzed after
each complete experimental counterbalancing (that is, typically in groups of 4 or 6 subjects per
condition). The experimental design will be altered and re-piloted if either the data do not look
promising or the power calculations suggest that 30 or more subjects per condition will be needed.

We will follow the same plan of pilot data followed by power calculations for the ERP studies. We
estimate these studies will also require less than 30 subjects per condition based upon the literature.
Previous ERP studies using false memory paradigms demonstrated adequate power to detect within-group
differences between true and false recognition in normal cohorts of n=9 (Johnson et al., 1997), n=16
(Duzel et al., 1997), n=12 & 13 (Miller, Baratta, et al., 2001), and n=23 (Curran et al., 2001). Previous
ERP studies of AD patients in the literature demonstrated adequate power to detect within- and between-
group differences of P300, N400, and LPC in cohorts of between n=9 and n=18 (median n=11) patients
and similar numbers of older adults (Daffner et al., 2001; Gordon et al., 1989; Iragui et al., 1996; Polich
et al., 1990; Castandeda et al., 1997; Revonsuo et al., 1998; O’Mahony et al., 1996; Ostrosky-Solis et al.,
1998; Swanwick et al., 1996; Tendolkar et al., 1999).

Because the same subjects will be able to participate in more than one experiment, we estimate that 3
cohorts of 15-30 patients and 15-30 older adults will provide sufficient numbers of subjects for these
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experiments; thus approximately 45-90 patients and 45-90 older adults will be tested over the 5 years.
Note that these separate cohorts will assure that there are not overlapping designs or materials between
experiments performed by a particular subject.

ERP Recording and Processing

Twenty-nine active tin electrodes attached to the scalp and held in place by an elastic cap and a lower
eye electrode will be referenced to an electrode placed behind the left ear on the mastoid bone.
Locations will be based on the International 10-20 System. To monitor for blinks and eye movements,
electrodes will be placed 3 cm below the center of the left eye and 3 c¢cm lateral to the center of each eye
(bipolar recording for the horizontal eye channels). An electrode on the forehead will be used as a
ground. All electrodes will be kept below 5 K-ohms.

The EEG will be amplified by an SA Instrumentation acquisition system (Model H&W, 32BA), using
a band filter with negative 3db cutoffs of 0.01 and 40 Hz. The output of the amplifier will be sent to a
32-channel 12-bit Keithley-Metrabyte analog-to-digital converter which is located inside a Windows-
based computer. The 32 channels of EEG will be continuously sampled at 200 Hz throughout the
experiment, and will be simultaneously displayed on a computer monitor (to insure that "clean" data are
being acquired), and written to the "digitizing" computer's hard disk. The digitizing computer is
interfaced to a second Windows-based computer ("stimulus" computer) via an 8-bit high speed parallel
port. The stimulus computer will be used to present stimuli and record subjects' behavioral responses.
Simultaneous with the onset of a stimulus or execution of a subject response, the stimulus computer will
send a code via the 8-bit parallel port to the digitizing computer, communicating precisely when and
which stimulus/response is occurring. This information will then be stored with the raw EEG on the
digitizing computer's hard disk. Later, the raw data will be accessed using a special set of programs that
sort and average the raw EEG.

Offline average ERPs will be formed by processing 1200 or 2400 ms of digitized data from each
electrode site beginning 100 ms before the stimulus onset (to provide an adequate baseline for plotting
and measuring components of the ERP). Separate ERPs will be computed from artifact-free trials from
each subject at each of the electrode sites and for each of the stimulus types. Trials with horizontal eye
movements (> 50 V, peak-to-peak amplitude in the channels lateral to each eye) or amplifier blocking
will be excluded. In cases with excessive eye blinks (greater than 20% of trials for any stimulus type) (>
50 V peak-to-peak amplitude in the channel below the left eye), a blink correction program (Dale, 1994)
will be employed, that computes the impact of the blink on the waveforms in each channel. After
averaging, the ERPs for each stimulus type and scalp site (including eye channels) will be plotted on
paper for each subject as well as for the grand average ERP across subjects. These plots will be further
scrutinized for artifact and a subject's data will be re-averaged with tighter artifact criteria if necessary.

Although we have specific hypotheses as to which ERP waves and temporal intervals will be relevant
in these experiments, we will analyze waves separately only if they show reliable differences in scalp
topography and/or timing. Mean amplitude will then be measured for each latency range.

Statistical Analyses

The basic method to test hypotheses regarding differences among subject groups will be analysis of
variance (ANOVA), employing appropriate models to accommodate repeated measures, multiple factors,
and unequal sample size as they occur, followed by appropriate multiple sample comparisons and post
hoc multiple contrasts with the Scheffe test where appropriate. In cases in which the behavioral data
departs from assumptions such as normality, transformation and/or non-parametric alternatives will be
used. If there is inhomogeneity of the variance/covariance matrix, appropriate correction factors will be
employed (e.g., Geiser-Greenhouse procedure for repeated measures with greater than 1 degree of
freedom). For ERP data, midline and lateral sites will be analyzed separately. In looking at scalp site
interactions with other variables, the data will be normalized using a z score technique (Kounios &
Holcomb, 1994) similar to the method recommended by McCarthy and Wood (1985) to avoid problems
associated with interpreting site by factor interactions using ANOVA. For some paradigms, a correlation
analysis will be employed to detect associations between variables, which if present will be further
evaluated by regression techniques. All statistical analyses will be run using SPSS version 10.05.

Aim 1: Experiments 1 and 2
The specific aim of Experiments 1 and 2 is to test the hypothesis that AD patients show an inability to
shift to a more conservative response bias.
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Experiment 1: Do AD patients show a more liberal response bias than older adults at the same level of
discrimination? Does their response bias correlate with their frontal lobe dysfunction or their awareness
of their memory deficit? C_ VERSUS d'

4 L T L T L] T
Introduction: As discussed by Snodgrass and Corwin (1988) and

others, perfect discrimination is accompanied by a neutral response bias.
As discrimination decreases, however, the range of possible response
biases increases as can be seen in Figure 13. The first goal of
Experiment 1 is to examine the response bias of AD patients at varying
levels of discrimination and to compare their response bias with that of

older adults at similar levels of discrimination. Experiment 1 will -4 .

therefore allow curves to be plotted showing how response bias varies et 2 3 d'L.4 5 8

with discrimination for AD patients aqd oldel.r adults. _ Figure 13. Relationship between bias

We and others have shown that patients with damage to their prefrontal and discrimination. Top line shows

cortex show elevated rates of false recognition (e.g., Budson, Sullivan, et maximum possible conservative bias;
. . .. . . bottom line shows maximum possible

al., 2002—see Figure 5 in preliminary studies; Melo et al., 1999; Parkin et liberal bias. (Figure 5B from

al., 1999; Rapcsak et al., 2001). As reviewed in the preliminary studies, Snodgrass & Corwin, 1988)

AD patients show pathologic changes in frontal lobes at autopsy (Lidstrom et al., 1998) and
neuropsychological and neuroimaging studies of patients with AD have demonstrated frontal lobe
dysfunction (Baddeley et al., 1991, 2001; Dalla Barba et al., 1999; Haxby et al., 1988; Mountjoy et al.,
1983; see Perry & Hodges, 1999, for review). Frontal lobe dysfunction contributing to an overall liberal
response bias may be one explanation of elevated levels of false recognition. The second goal of
Experiment 1 is to examine whether there is a correlation between the response bias of AD patients and
their frontal lobe functioning. Lastly, it may be that patients who are less aware of their memory deficit
may be more likely to assume that any weak sense of familiarity is attributable to a true memory rather
than from another source. The third goal of Experiment 1 is thus to examine whether there is a
correlation between the response bias of AD patients and their awareness of their memory deficit, i.e.,
their degree of anosognosia.

Design and procedure: All subjects will undergo a series of study-test trials with increasingly longer
lists of words in order to provide a range of within-subject values for discrimination (d’) and response
bias (C). Each subject will begin with a study list of 10 words which they will be instructed to read out
loud and remember for a subsequent test. Next the subjects perform simple math puzzles during a 1-
minute retention interval. Subjects are then shown 10 studied and 10 non-studied words in random order
and are instructed to make “old” or “new” judgments depending upon whether the words were on the
study list. The second trial is exactly like the first but consists of 20 studied and 20 non-studied words.
The third consists of 40 studied and 40 non-studied words. The fourth consists of 80 studied and 80 non-
studied words. The fifth consists of 160 studied and 160 non-studied words. Older adults, but not AD
patients, also undergo a sixth study-test trial with 320 studied and 320 non-studied words. Note that
study and test words are not repeated from one trial to the next. There still may be some very mild
interference effects from one study-test trial to the next which will also contribute to worsening
discrimination across study-test trials; this is not a particular issue since the purpose of the study is
simply to provide a range of discrimination values. The words on each list are counterbalanced in sets of
10 to match for word length, frequency, familiarity, and age of acquisition for the different lists. Lists
are then rotated in a random fashion such that the lists are used in 12 different counterbalanced orders.
Studied and non-studied lists are also counterbalanced such that a studied list for one-subject will be a
non-studied list for another subject.

For the correlations, subjects will undergo standard neuropsychological tests that have been previously
associated with frontal lobe function: Trail Making B (Adjutant General’s Office, 1944), maze planning
(Wechsler, 1991), and the Short Category test (Wetzel & Boll, 1987). In addition, AD patients and their
caregivers will fill out the appropriate part of the Anosognosia Questionnaire-Dementia (AQ-D;
Migliorelli, Teson, Sabe, Petracca, et al., 1995) to measure their awareness of their memory deficit. We
have successfully used this questionnaire as part of pilot data for Experiment 8, described below.

Analyses and predictions: We will use a repeated measures ANOVA with a between-subjects factor of
Group (patients vs. older adults) and a within-subjects factor of Trial (1-5) to analyze the overall data for
discrimination (d’), and similarly for response bias (C). We expect to find main effects for both d” and
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C, reflecting AD patients’ worse discrimination and more liberal response bias. The key analysis,
however, will be comparing the response biases of AD patients and older adults when their
discrimination is matched. Here we also predict that even when discrimination is matched, AD patients
will show a more liberal response bias. Some support for these predictions comes from a pilot study with
the first 4 study-test trials described above. (It was from this pilot data that we decided to increase the
number of trials to provide a greater range of discrimination.) Note the underlined values which show d’
being roughly equivalent between the AD patients on Trial 1 and the older adults on Trial 4, yet C is
more liberal (more negative) for the patients than for the older adults. We will use Pearson correlations
to compare the frontal lobe measures to the response biases of the AD patients. We predict that those
patients with greater frontal lobe dysfunction will show more liberal response biases compared to those
who show less frontal lobe dysfunction. The degree of discrepancy between the patient and caregiver
questionnaires is the critical variable for the Anosognosia Questionnaire-Dementia. We predict that
those patients who are less o c
aware of their memory deficits Group n Trial 1 Trial 2 Trial 3 Trial 4 mean Trial 1 Trial 2 Trial 3 Trial 4 mean
will show a more liberal Young adults 1 3.38 345 3.80 358 355 000 026 035 030 0.23

: : Olderadults 1 338 3.16 260 141 264 000 -040 007 0.04 -0.07
response bias compared with AD patients 2 153 057 107 044 090 -033 -0.35 -0.69 -0.93 -0.58
those who are more aware of

their deficits.

Experiment 2: Are AD patients able to shift their response bias due to experimenter instructions? Do AD
patients show the same ERP changes that occur in older adults when response bias is altered?

Introduction: Healthy individuals are able to shift their response bias when provided with information
regarding study and test materials. Verfaellie, Giovanello, and Keane (2001), for example, were able to
cause subjects to shift their response bias in either a conservative or liberal direction by informing them
that the test list consisted of either 30% or 70% studied items, while in actuality the list contained 50%
studied items. (Interestingly, in the study of Verfaellie et al. amnesic patients showed relatively better
discrimination with the 70% versus the 30% condition, while controls showed similar discrimination and
only shifted their bias.) The first goal of Experiment 2 is to examine whether AD patients are able to
shift their response bias with the experimental manipulation used by Verfaellie et al.

Few studies have examined the neural correlates of response bias. One such study is that by
Windmann, Urbach, and Kutas (2002), who found early (300-500 ms) differences in prefrontal electrode
sites between those subjects who showed an overall more liberal bias versus those who showed an overall
more conservative bias. Windmann et al. hypothesized that the early prefrontal ERP effects observed
reflect activity of the frontal cortex related to setting response criterion, i.e., what level of pattern match
between the test item and the memory trace is required for an “old” response to be made (Schacter,
Normal, & Koutstaal, 1998; Swick & Knight, 1999; Miller et al., 2001). The second goal of Experiment
2 is to examine whether AD patients show the same ERP changes that occur in healthy individuals when
response bias is altered. This examination will allow an understanding of whether AD patients are unable
to generate frontal activity required to shift their bias, or that even though such activity is generated, they
are unable to use such activity to alter their bias due to dysfunction of later processes.

Design and procedure: Behavioral and ERP data will be obtained in a single experiment based upon
Verfaellie et al. (2001). The stimuli will be 300 low-frequency nouns divided into two lists, each
consisting of two sets of 75 items matched for word length, frequency, familiarity, and age of
acquisition. For each list, one of the two sets will be the studied items and the other will be the non-
studied items. Using 75 items per set should allow for ERPs to be formed by 16 or more artifact free
trials (even when separately analyzing “old” and “new” responses), as suggested by Wilding & Rugg
(1997). Assignment of lists to instruction conditions and sets to studied and non-studied items will be
counterbalanced.

Subjects will be tested in two sessions separated by 1 week. At study, subjects will be instructed to
read the words out loud and remember them for a subsequent test. There will be a 10 minute delay
between study and test when subjects will perform simple math puzzles. At test, subjects are asked to
make “old” or “new” judgments. In the 30% condition, subjects are told that 3 out of every 10 words
would be words from the study list. In the 70% condition, they are told that 7 out of every 10 words
would be from the study list. Subjects are told to keep this information in mind while making judgments.
(In actuality, 5 out of every 10 words appear on the study list.)
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Analyses and predictions: We will use a repeated measures ANOVA with a between-subjects factor of
Group (patients vs. older adults) and a within-subjects factor of Condition (30% vs. 70%) to analyze
subjects’ discrimination (d’) and response bias (C). We expect to find main effects for both d’ and C,
reflecting AD patients’ worse discrimination and more liberal response bias. Critically, we also expect a
Group X Condition interaction for C, reflecting our prediction that AD patients will be less able to shift
their response bias than older adults. (Although not a main goal of this experiment, we will also
determine whether AD patients, like amnesic patients, improve their discrimination in the 70% condition
relative to the 30% condition.) Following Windmann et al. (2002), we will perform our primary analyses
of our ERP data in 3 ways, with Condition (30% vs. 70%) being a factor in each analysis. In the
subjective analysis ERPs will be compared for those items which are judged by subjects to be “old”
versus those judged to be “new.” In the objective analysis ERPs will be compared for those items that
are studied versus that that are non-studied. In the correct analysis ERPs will be compared for hits (“old”
responses to studied items) versus correct rejections (“new” responses to non-studied items). We will
examine the latency ranges used by Windmann et al. which yielded significant bias differences (300-500
ms and 500-700 ms), in addition to dividing the ERP waves into components based upon scalp
topography. Repeated measures ANOVAs of mean voltage amplitude will be performed for each analysis
(subjective, objective, and correct) and each latency range with the between-subjects factor of Group
(patients vs. older adults), and the within-subjects factor of Condition (30% vs. 70%). We predict that
our older adults will show early (300-500 ms) ERP differences in prefrontal electrode sites between the
30% and 70% condition in the subjective analysis, consistent with Windmann et al. We further predict
that we will find a Group X Condition interaction in this analysis because we hypothesize that AD
patients will show less of these ERP differences than older adults.

Aim 2: Experiments 3-5
The specific aim of Experiments 3-5 is to test the hypothesis that AD patients are impaired in their
ability to inhibit responding “o0ld” based upon weak cues.

Experiment 3: Are AD patients more likely than older adults to falsely recognize items that are presented
longer at test due to the revelation effect?

Introduction: The finding that subjects are more likely to endorse a test item as “old” if required to do
some degree of problem solving on the item prior to recognition judgment has been termed the revelation
effect (Peynircioglu and Tekcan, 1993; Watkins and Peynircioglu, 1990; Le Compte, 1995). For
example, if subjects are required to solve an anagram of the test item before making a recognition
judgment, they will more likely endorse the item as “old” than if no prior problem solving is involved.
This effect appears to selectively influence item familiarity, but not recollection (Le Compte, 1995;
Cameron and Hockley, 2000; Westerman, 2000). In our clinical observations of AD patients during
recognition memory testing, it appears that the longer the time subjects spend before making recognition
decisions, the more likely they are to endorse items as “old.” We believe this phenomenon may represent
a type of revelation effect and may have important implications for how tests are administered both in the
clinic and the research setting. (For example, discrimination may improve simply by limiting time that
the stimulus is on the screen.) The revelation effect has never been studied in AD (or in aging). The
goal of Experiment 3 is to examine whether patients with AD are more susceptible than older adults to
the revelation effect in general and to items that are presented on the screen longer at test in particular.

Design and procedure: Subjects will study 60 words. At test, 60 studied and 60 non-studied words
will be presented. The presentation time of test items before the subject is required to make a
recognition judgment will be manipulated. Words at test will be presented for 4 different durations prior
to an “Old or New?” prompt (500 ms, 1000 ms, 2000 ms, and 5000 ms); 15 studied and 15 non-studied
items will be presented for each duration.

Analyses and predictions: We will use a repeated measures ANOVA with a between-subjects factor of
Group (patients vs. older adults) and within-subjects factors of Duration (500 ms, 1000 ms, 2000 ms, and
5000 ms) and Study Status (studied, non-studied). In addition to the expected Group x Study Status
interaction reflecting the worse discrimination of the AD patients, we predict that there will be a main
effect of Duration, with words presented for longer durations being more likely to be endorsed as “old,”
consistent with the revelation effect. In addition, critically, we predict a Group x Duration interaction, as
it is expected that effect of Duration—and thus the revelation effect—will be greater in AD. This result
would be consistent with the patients’ greater tendency to endorse items as “old” based on weak cues.
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Experiment 4: Are AD patients especially susceptible to manipulations that increase item familiarity by
increasing perceptual fluency? Do AD patients show the same ERP changes that occur in older adults
when fluency is altered?

Introduction: Prior presentation of an item leads to faster and more accurate identification when that
item is presented again but in a degraded fashion (Jacoby and Dallas, 1981). This finding has led several
investigators to propose that the ease with which an item is perceptually processed, also referred to as its
fluency, could provide an important cue that an item was previously encountered (Kelley and Jacoby,
2000; Whittlesea, 1993). Consistent with this notion, several studies have found that manipulations of
perceptual fluency, such as varying the visual clarity of test items, result in an increased likelihood that
the more fluent (or easier to perceive) items will be endorsed as having been studied (Jacoby and
Whitehouse, 1989; Verfaellie and Cermak, 1999). Methods to estimate the relative impact of such
manipulations on familiarity and recollection support the relationship of fluency to familiarity, but not
recollection (Kinoshita, 1997; Rajaram. and Geraci, 2000). There have been no studies examining the
impact of such manipulations on patients with AD despite the finding that these effects are strongest
when memory is poor (Verfaellie and Cermak, 1999; Westerman et al., 2003). Only one study has
examined the effects of perceptual fluency in amnesic patients. In this study, Verfaellie and Cermak
(1999) found that amnesic patients rely on fluency cues to a greater extent than normal controls which
they attributed to amnesic’s impaired recollection. Work in our lab is also consistent with this notion, as
undergraduates demonstrate a much greater impact of perceptual fluency in the setting of worse memory
as manipulated by depth of encoding (see table). Because of their memory impairment, the perceptual
fluency of an item may have a large impact on whether or not AD patients judge that an item has been
encountered previously. Manipulations of auditory perceptual fluency have produced similar results to
prior studies examining the visual modality (Goldinger et al., 1999). Although AD patients, like other
older adults, may experience a decline in both vision and hearing, our clinical experience is that hearing
impairments are much more refractory to treatment. We therefore thought it would be particularly
important to examine auditory perceptual fluency in AD. (For example, if a person with a louder voice
was heard more clearly by an AD patient compared to a person with a softer voice, the patient may be
more likely to believe the person with the louder voice because that message may be more fluent and thus
sound more familiar.) The first goal of Experiment 4 is to determine if AD patients are more susceptible
than older adults to manipulations that increase auditory perceptual fluency. One reason that individuals
may be more susceptible to fluency manipulations is that they are less able to correctly attribute the
source of the increased fluency to, for example, varying levels of background noise, rather than to prior
encounter with that item. ERPs may be useful for determining whether AD patients are impaired in this
process of attribution or in another process. The degree of N400 attenuation has previously been
associated with integrating information into a context (Kounios & Holcomb, 1994), while late frontal
effects have been associated with correctly attributing information to a context, such as in source
memory experiments (Johnson, 1997). The

. . . . Studied Non-Studied
second goal of Experiment 4 is to determine if More  Less More  Less
AD patients show differences in their N400 Condition ___ n Fluent Fluent  Fluent Fluent

d/or late fi tal effect d with old Shallow Encoding 16 .60 43 .45 .31
and/or late frontal effects compared with older Deep Encoding 12 ‘81 e oa %6

adults when fluency is manipulated.

Design and procedure: Behavioral and ERP data will be obtained in a single experiment based on
Goldinger et al. (1999). Patients with AD and healthy older adults will first undergo a hearing test to
assure they have normal hearing. Next they will study 150 words presented in the auditory modality
without background noise, being instructed to listen to the words and try to remember them for a
subsequent test. They will then be asked to make recognition judgments on 300 words. Study and test
words will be divided into sets, matched, and counterbalanced as in Experiment 2. The test words will
also be presented in the auditory modality, but background noise will be varied. Half of each the studied
and non-studied words will be presented with soft background noise (+24 dB S/N ratio; the more fluent
condition) whereas the other half will be presented with loud background noise (+10 dB S/N ratio; the
less fluent condition). Subjects will be asked to make “old” and ”"new” judgments 1500 msec after onset
of the test stimulus and ERPs will be continuously recorded during the test phase.

Analyses and predictions: We will use a repeated measures ANOVA with a between-subjects factor of
Group (patients vs. controls) and within-subjects factors of degree of background Noise (soft vs. loud)
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and Study Status (studied vs. non-studied). We expect to find a main effect of Noise, as we expect that
items with soft background noise will be endorsed as “old” more often. We also expect a Group X Study
Status interaction due to the better discrimination of the control subjects. Critically, we expect a Group
X Noise interaction because we predict AD patients will be more influenced by this manipulation,
reflecting their greater dependency on fluency as a cue in recognition judgments. For the ERP data, we
will use the same repeated measures ANOVA for examination of modulation of the N400 and the late
frontal effects (800-1600 msec). We expect that more fluent (soft noise) items will produce an attenuated
N400 for both groups consistent with this modulation reflecting familiarity. However, we predict that
AD patients will show differences in their late frontal activity compared with older adults, reflecting the
patients’ impairment in correctly attributing the source of the increased fluency to the noise manipulation
rather than to prior study.

Experiment 5: Can patients with AD appropriately attribute familiarity to a source other than prior study?

Introduction: When recognition memory is tested, some items will seem more familiar than others.
The source of this familiarity is often due to prior study of the item, but may also be due to other sources.
Assessment of this familiarity and appropriate attribution of its source are critical to accurate memory.
For example, false recognition may occur if familiarity is increased by changes in perceptual fluency but
the increased familiarity is misattributed to prior study. If, however, subjects are aware of the
manipulation, false recognition may be avoided (Whittlesea et al., 1990). The impact of the proper
attribution of familiarity on recognition judgments is best exemplified by the Jacoby-Whitehouse (1989)
prime-misattribution paradigm. In this paradigm, after a study phase, subjects are asked to make
“old”/“new” recognition judgments of target words (some previously studied and some not). Preceding
each target word is a context word, which is either the same as the test word (matched) or a different
word (unmatched). In addition to altering context, the subjects’ awareness of the context word is
manipulated, such that the subjects are in one of two conditions: unaware or aware. Subjects in the
unaware condition have limited conscious access to the context word presentation, as it is presented very
briefly (16 to 50 ms) and in a masked manner. In the aware condition, the context word is presented for a
longer duration (200 to 600 ms). Using this paradigm, Jacoby and Whitehouse found that in the unaware
condition, subjects were more likely to falsely judge a new word “old” when preceded with a matched
context word than when preceded by an unmatched one. Alternatively, in the aware condition, matched
context words were less likely to produce false recognition relative to the unmatched ones. It has been
argued that in both conditions of awareness, target words preceded by matched context words were more
familiar due to enhanced perceptual fluency than those preceded by
unmatched context words. However, the recognition responses differed 12001600 ms
between the two groups depending on what each group attributed the source
of the familiarity to. In the aware condition, subjects attributed this
familiarity to the fact that the item was just seen as the context word, but in
the unaware condition it was attributed to prior study, as subjects did not
realize they had just seen the word as the context word.

AD patients may be more likely to respond “old” because they are unable
to correctly attribute familiarity to sources other than prior study. In other 35
words, whenever an item is familiar, they believe it to have been previously Figure 14. ERP Topographic
studied. Our lab has preliminary ERP evidence in young subjects that ?;t‘;f#;f:iLOIhgemV\grem'f?u“eSmOId
familiarity attributions are related to prefrontal cortical activity (Figure 14).  condition, demonstrating frontal
It may be that the frontal pathology of AD (Lidstrom et al., 1998) limits the  activity associated with

. . . . . . . attributing familiarity.
capacity of these patients to shift their attributions to alternative sources.

Design and procedure: A modified version of the Jacoby-Whitehouse (1989) paradigm will be used.
Patients with AD and older adults will study 160 words. At test 160 studied and 160 non-studied words
will be presented for “old”/“new” recognition judgments. Half of the subjects will perform the short
duration condition in which the test words will be proceeded by a 300 ms mask, followed by a 50 ms
context condition which is either matched (half of the words) or unmatched (the other half) for each of
the studied and non-studied words. Next there is a 500 ms mask, a 300 ms blank screen, and then the test
stimulus. The other half of the subjects will perform the long duration condition, identical except that
the context word will be presented for 600 ms. Subjects will be debriefed to assure that they are aware of
the context word in the long duration condition but unaware in the short duration condition.

Jau
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Analyses and predictions: ANOVA will be used to analyze the variables of Group, Condition, and
Match. We predict that AD patients will be less impacted by their awareness of the context condition
than the control subjects, such that in both the aware and unaware condition the AD patients will endorse
items as “old” when preceded by a matched context, leading to a 3-way Group X Condition X Match
interaction. This finding would support our hypothesis that these patients show difficulty in attributing
familiarity to a source other than prior study. In addition, we predict that in the unaware condition AD
patients will be more influenced by context than the control subjects, due to the patients’ greater
dependence on familiarity for recognition judgments as a result of their impaired memory.

Aim 3: Experiments 6 and 7
The specific aim of Experiments 6 and 7 is to test the hypothesis that AD patients show increased
false recognition of unrelated items in part due to disordered semantic networks.

Experiment 6: Do AD patients show greater levels of conceptual priming of weak semantic associates
than older adults? Do AD patients show similar N40O attenuation for weak and strong semantic
associates?

Introduction: Semantic memory consists of our knowledge of words, concepts, meanings, and
associations that are not connected to any particular memory (Nebes, 1989). In addition to their failure
in retrieving information related to a particular memory, AD patients show impairment on many tasks
involving semantic memory, due either to degraded semantic representations (Bayles et al., 1999; Martin,
1992; van der Hurk & Hodges, 1995; Salmon, Heindel, & Lange, 1999) or deficits in retrieval of
information, including failure in accessing, evaluating, and applying that information (Balota & Duckek,
1991; Balota, Watson, Duchek, & Ferraro, 1999; Nebes, 1992; Ober & Shenaut, 1999). Research by
Chan and colleagues has shown, however, that not only do AD patients show impaired semantic memory
but that their semantic networks are disordered. For example, AD patients categorized animals by
concrete (e.g., size) rather than abstract (e.g., domesticity) factors, unlike healthy older adults (Chan et
al., 1993; Chan et al., 1995). Chan, Butters, and Salmon (1997) argue that as AD patients’ knowledge
decreases, they show an increased number of atypical semantic associations (or links), making their
semantic network more chaotic. We believe that these atypical semantic links make AD patients more
likely than healthy older adults to activate a semantic network for a very weakly associated word. The
goal of Experiment 6 is to determine, through behavioral performance and attenuation of the N400 ERP
component, whether AD patients show greater conceptual priming of weak semantic associates than
healthy older adults. (For ERP background see Introduction of Experiment 4.)

Design and procedure: There are several different experimental paradigms which reflect semantic
priming. One such paradigm is when subjects make sense/nonsense decisions to the terminal words (of
sentences) that show varying levels of semantic association to the sentence stem (Kutas & Hillyard,
1984). Based on Hamberger et al. (1995), Experiment 6 will use such a paradigm to obtain reaction time
and ERP data. Semantic associations will be manipulated by how constrained the terminal word of
sentence is. Such constraint is called Cloze probability (Taylor, 1953). For example, “Row, row, row,

your ___ (boat)” has nearly 100% Cloze probability, “She went to the
store and boughta  (boat) has near 0% Cloze probability, and “The . 000N ey
stormy seas tossed the  (boat)” has intermediate Cloze probability.

AD patients and older adults will both view and simultaneously hear 300
sentence stems, followed by the terminal word. Subjects will be
prompted for a “sense/non-sense” judgment by button press, and
encouraged to respond quickly. One hundred of the sentence stems will
show high Cloze probability (> 90%), 100 will show low Cloze
probability (60-80%), and 100 will show no Cloze probability (< 10%).

Half of the sentence stems will end with the target word, and the other m Pﬁ—i—’—i—

Y

half will end with a non-sense word. The terminal word will be
counterbalanced such that a terminal word for a high Close probability

sentence for one subject will be for a low or no Cloze probability Figure 15. ERPs of high & low Cloze
probability stems (in black) versus

sentence stem for ano'thgr subject. . no Cloze probability stems (in blue).
Analyses and predictions: We will use ANOVAs to analyze the Topographic map of the difference
reaction time data with Group (patients vs. older adults) as the between- between them shows a central and

. . . ) L ior N4 ion.
subjects variable and Cloze Probability (high, low, no) as the within- .
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subjects variable. Only correct responses to “sense” words will be analyzed. For the critical analysis we
predict a Group X Cloze Probability interaction reflecting AD patients’ equal facilitation of their reaction
time for high and low Cloze probability sentence stems, compared to older adults’ greater facilitation for
high versus low Cloze probability sentence stems. This result would reflect that these patients show
relatively greater semantic priming of weak associates compared with older adults. For the ERP data, we
predict that AD patients will show similar N400 attenuation for high and low Cloze probability sentence
stems whereas older adults will show greater N400 attenuation for high relative to low Cloze probability
sentence stems. Figure 15 shows ERP data from a similar experiment performed in our laboratory on
young subjects in which high & low Cloze probability sentence stems were compared with no Cloze
probability stems.

Experiment 7: Do AD patients show more false alarms than older adults to items that are weak semantic
associates of studied items?

Introduction: With their ordered semantic networks, healthy older adults show robust false recognition
of items that are strong semantic associates of studied items (Balota, Cortese, et al., 1999; Budson et al.,
2000; Norman & Schacter, 1997). However, as discussed in the Introduction to Experiment 6, AD
patients show chaotic and disordered semantic networks with abnormal associations. These atypical
associations present in AD patients’ semantic networks may create a false sense of familiarity to items
that are either unrelated or are only weak semantic associates of the studied items. Thus, we hypothesize
that AD patients may falsely recognize items unrelated to the studied items for the same reason that older
adults falsely recognize items that are strong semantic associates of the studied items. To provide some
evidence for this hypothesis, the goal of Experiment 7 is to examine whether patients with AD will be
more likely than older adults to falsely recognize non-studied items that are weak semantic associates of
the studied items.

Design and procedure: We will employ a design similar to that used in Budson, Sullivan et al.
(Experiment 2; 2002), with several important exceptions. Twelve 15-word lists of semantic associates
will be selected from Roediger and McDermott (1995) and Stadler, Roediger, and McDermott (1999).
Two sets of six lists will be matched with respect to the mean false alarm rate by norms from Stadler et
al. (1999). Half of the subjects will study one set of lists, the other half will study the other set. At
study, participants will be shown the first 11 associates of each list in one set (66 words), and instructed
to read the words out loud and remember them for a subsequent test. Study words within each list will be
presented from highest associate to the lowest. Subjects will then undergo four additional study sessions
with the same lists; encoding instructions will be modified slightly (as in Budson, Sullivan, et al.) to
assure that subjects remain engaged with the study lists. Immediately following these study sessions,
subjects are given a single recognition test and asked to make “old” or “new” judgments. The test will
consist of 4 of the 11 studied items for each list (those from position 2, 4, 6, and 8 in the list), the related
lure for each list, the last 4 associates for each list (the important non-studied “weak semantic
associates™), and 24 unrelated non-studied items (78 words). These unrelated items will be taken from
positions 2, 6, 12, and 14 of other lists from Roediger and McDermott (1995) and Stadler et al. (1999),
and will be rotated such that from a single list only one of these 4 unrelated non-studied words will
appear on a given test. Subjects will be specifically told not to guess, but to respond “old” only to those
items they are reasonably sure were on the study list.

Analyses and predictions: The proportion of “old” responses to each item type (studied, related lure,
weak semantic associate, & unrelated) will be calculated. Values corrected by subtracting the proportion
of “old” responses to unrelated items will also be calculated. These data will be analyzed by separate
ANOVASs for each item type with a between-subjects factor of Group (patients vs. older adults). For the
critical analysis, we predict that patients with AD will show higher levels of both uncorrected and
corrected false recognition of weak semantic associates compared with older adults.

Aim 4: Experiments 8 and 9

The specific aim of Experiments 8 and 9 is to test the hypothesis that because AD patients are
impaired in their ability to use a distinctiveness heuristic (a response mode in which participants
demand access to detailed recollections to support an “old” response) their false recognition will be
elevated.
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Experiment 8: Can AD patients use the distinctiveness heuristic to reduce false recognition to picture
items when their picture and word hit rates are matched? Are AD patients who are less aware of their
memory deficits less able to use the distinctiveness heuristic?

Introduction: Subjects who study items as pictures and are then tested on the corresponding words
may use the distinctiveness heuristic because they expect to remember details of the pictures and respond
“new” if they cannot remember those details. That is, they can use the rule of thumb, “If I had seen it on
the study session I would have remembered the picture.” By contrast, subjects who study items as words
have no such expectation. As discussed in the Preliminary Studies (pp. 27-28), using a semantic
associates paradigm, Budson, Sitarski, et al. (2002) found that older adults—but not patients with AD—
were able to use a distinctiveness heuristic to reduce their gist-based false recognition. Due to an
interaction between the responses of the patients with AD and some of the specifics of the paradigm used
in the study of Budson, Sitarski, et al., a new experiment was performed using a repetition lag paradigm.
That experiment showed that patients with AD were able to use the distinctiveness heuristic—but not
selectively—and thus they showed an overall more conservative response bias producing lower levels of
true and false recognition (Budson, Dodson et al., in press). The result of the latter experiment raises the
question of whether patients with AD would be able to use the distinctiveness heuristic if the picture
group did not show lower levels of true recognition along with lower levels of false recognition. The
first goal of Experiment 8 is to determine whether patients with AD can use the distinctiveness heuristic
to reduce their false recognition when levels of picture and word true recognition (i.e., their hit rates) are
matched. This experiment will also use a within-subjects manipulation to avoid the possibility that the
results of the previous study were related to differences between individual subjects.

Another reason why AD patients may exhibit difficulty in using the distinctiveness heuristic is that
they may show a general failure of metacognitive processes. Such processes are believed to be
dependent upon the frontal lobes (Fletcher & Henson, 2001; Fernandez-Duque et al., 2000; Shimamura,
2000) and AD patients show pathology in (Lidstrom et al, 1998) and dysfunction of (Baddeley et al.,
1991, 2001; Perry & Hodges, 1999) the frontal lobes. Being aware of one’s memory deficit is another
type of metamemory which has been examined in AD. Most studies have found that patients with AD are
also impaired in this metamemorial function, that is, they show anosognosia for their memory problems
(Derouesné et al., 1999; Starkstein et al., 1995). If the failure of AD patients to be able to use the
distinctiveness heuristic to improve their discrimination is attributable to a general failure of
metacognitive processes, then we would expect that those patients who showed the least awareness of
their memory deficit (i.e., most anosognosia) would also be the least able to use the metacognitive
strategy associated with the distinctiveness heuristic. The second goal of Experiment 8 is to determine
whether those AD patients who show less awareness of their memory deficit will be less able to use the
distinctiveness heuristic.

Design and procedure: Whereas the previous two distinctiveness heuristic experiments manipulated
word versus picture encoding between-subjects, this new experiment uses a within-subject manipulation.
Subjects study 216 randomly mixed items, 1/3 as “red words,” 1/3 as “pictures,” and 1/3 as “both” red
words and pictures. To match hit rates between pictures and words, the red word items are repeated 3x.
In all cases, the item is first presented in black letters, and then it either turns into a larger font red word
or a picture. Encoding instructions: remember each item and whether it becomes a red word or picture.
“Both” items are included so that recollection of one format is non-diagnostic of the presentation of the
item in the other format. Each subject receives 3 tests. Each

test contains 4 item types: “both”, “red Words”, “'pictures”, and Test type N= i‘r‘]g 1x \2(?19 3x (133|d 3x ié 3x
“new”. On the “EITHER” test (always first) subjects respond EITHER both hit .70 .82 87 .59
“o0ld” to any studied item, whether picture, red word, or both. red word hit .45 72 .66 45
On the “PICTURE” and “RED WORD?” tests (order counter- ﬁ;cvtv r,‘:'tA :(13(13 :(133 :gg %
balanced) subjects respond “old” only to items studied as RED
pictures or red words, respectively. Additionally, AD patients =~ WORD ~both hit .47 70 79 44
and their caregivers will fill out the appropriate part of the red Vgi%rtd,:mt :gé gé SI :33
Anosognosia Questionnaire-Dementia (AQ-D; Migliorelli et al., new FA .11 11 .10 .34
1995) to measure patients’ awareness of their memory deficit. P'CTUREboth hit .56 54 73 54
Analyses and predictions: The expected outcome if the pict hit 51 46 61 44
distinctiveness heuristic is being used in this experiment is that red word FA .15 .10 13 .42
new FA .03 .01 .07 27
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false alarms to pictures on the RED WORD test should be greater
than false alarms to red words on the PICTURE test. Preliminary
data shows that this is the case for young subjects with red words
presented either 1x or 3x, and for older adults with red words
presented 3x—but not for patients with AD with red words
presented 3x (see long underlining in table). Note that true
recognition (the hit rate) of pictures and red words 3x is well
matched in the patients on the EITHER test (short underlining).
We had predicted that those AD patients who show more
anosognosia (less aware of their memory deficit) would show less
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ability to use the distinctiveness heuristic. However, our 42002 d e s 10 a2
preliminary data shows the opposite relationship: those with AO-D score

: foti : Figure 16. Scatterplot showing greater use of
gm. anosogn051a were more able to use th_e distinctiveness the distinctiveness heuristic is associated with
heuristic (Figure 16). We are currently working to understand the greater anosognosia (r=.735, p=.007). DH
implications of this finding, but our current theory is that patients score = red word minus picture false alarms.

who are less aware of their memory deficit may be more likely to maintain the normal expectation that
pictures should be more memorable than words. This finding suggests the tantalizing possibility that
those patients who are not using the distinctiveness heuristic because they are aware of the memory
deficits—and have learned to not rely on their memory—could be instructed to do so in hopes that they
might use strategies such as the distinctiveness heuristic and thus improve their memory.

Experiment 9: Do AD patients show impaired generation and modulation of ERP waves associated with
successful use of the distinctiveness heuristic?

Introduction: In a preliminary ERP study of the distinctiveness heuristic in 27 young adults using a
repetition-lag paradigm (similar to that described below under Design and procedure except with lags 2
and 48) we found that participants who studied pictures showed larger differences between item types in
waves consistent with the N400 and LPC than those who studied words. Those who studied words, on
the other hand, showed larger differences between item types in a later interval (Figure 17C & D;
Droller, Schacter, Daffner, Holcomb, Rugg, Goldmann, & Budson, 2002). Following work by Robb and
Rugg (2002), we believe that the distinctiveness heuristic allows subjects to use a different strategy or
retrieval orientation for evaluating whether they have seen an item at study. The picture group uses brain
processes indexed by the N400 and LPC which allows relatively fast reaction tlmes and good

performance (i.e., low false recognition), . A
whereas the word group uses brain processes .
indexed by the late frontal effect which show; = . B

orcentage Old [Yes) Res;

relatively slower reaction times and higher
rates of false recognition (Figure 17A & B). *
The goal of Experiment 9 is to determine
whether patients with AD show the same C WORD PICTURE D WoORD PICTURE
changes in brain activity observed in V6

healthy adults using the distinctiveness {VW
heuristic; that is, will those in the picture

group show differences between item types : W W

STUDY NOVEL LAG2 LAG 48 0 stupv(oLn) NDVEL(NEW) LAG szW) LAG 48(NEW)
ttom Type tom Type and Respe

in the N400 and LPC, and will those in the .

word group show these differences in the %ﬁ?ﬁ‘ Vi
late frontal effect. This should also answer X
the question as to whether the conservative o0
response bias observed in the patients g SICHG FSRellie g SSSSEL | SIS

in the picture group in Budson, Dodson  gitfarent fiem types. Grand averaged ERPS for sorrect responses to lag 2, lag 45,

et al. (in press) is related to use of the and novel items (C) and lag 48, studied, and novel items. (D) Arrow, diamond,
distinctiveness heuristic. and disc show possible N400, LPC, and late frontal effects, respectively.

100 2000

Design and procedure: The paradigm is similar to that of Dodson and Schacter (2002), and consists of
200 Snodgrass and Vanderwart (1980) pictures and their corresponding labels, divided into 4 lists of 50
items each. Two lists will serve as study items, and one list each will serve as novel items that repeat
after a lag of 1 and 8 intervening words (after Jennings and Jacoby, 1997). Participants perform a
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pleasantness rating at study, and see either the picture (for the picture group) or the word (for the word
group) visually along with the auditory presentation of the word. Test items for all participants are the
visual words only. ERPs will be recorded at test.

Analyses and predictions: We will look for the previously identified ERP components (N400, LPC,
and the late frontal effect); the latency ranges will be divided accordingly or as determined by scalp
topography. A Group (patients vs. older adults) X Encoding Condition (picture vs. word) X Item Type
(studied, new, lag 1, lag 8) X ERP Component (N400, LPC, and the late frontal effect [or other latency
ranges]) ANOVA will be performed, and will show to what extent patients with AD and older adults use
the same or different brain processes in the two conditions. Given the results of Budson, Dodson, et al.
(in press) using a very similar paradigm, we expect that the patients with AD in the picture group will be
able to use the distinctiveness heuristic, and thus they will show N400 and LPC differences for the item
types. We also expect that patients in the word condition will show differences in the late frontal effect
between item types. Thus, we predict that the patients by themselves will show an Encoding Condition X
Item Type X ERP Component interaction demonstrating that patients in the picture and word groups are
using different brain processes to identify or reject the different item types.

Schedule: Based upon our previous pace of activity, we anticipate that we will be able to perform
approximately 2 behavioral and 2 ERP experiments

concurrently and that most experiments will take %ral Y%ar 1 Y%arz Y%ar3 Y%a“‘ Yesar5
approximately 1-2 years to complete (see Experiments 1 1 7 7
Timeline). We will start with those experiments for

. o ERP 9 9 4 4
which the preliminary data appears most Experiments > 5 o 6

promising. (See also potential concerns, below.)

Potential concerns for the proposed research plan

Difficulties may be encountered performing ERP studies in patients with AD. Although this is a valid
concern, we believe that any difficulties that may be encountered can be overcome. First, the P.I. and the
co-investigator have experience in performing ERP experiments in patients with AD and other neurologic
disorders (Daffner, Rentz, Scinto, Faust, Budson, & Holcomb, 2001; Daffner, Scinto, Weitzman, Faust,
Rentz, Budson, & Holcomb, 2003; see also Preliminary Studies p. 30). Second, the P.I. has extensive
experience performing behavioral experiments in patients with AD (Budson et al., 2000; Budson et al.,
2001; Budson, Sitarski, et al., 2002; Budson, Michalska, et al., 2002; Budson, Sullivan, et al., 2002;
Budson, Michalska, et al., 2003; Budson, Sullivan, et al., 2003; Budson, Simons, et al., 2004; Gallo et
al., in press; Budson, Dodson, et al., in press) in addition to his clinical expertise in this population
(Budson, 2000; Budson & Price, 2001; Solomon & Budson, 2003). Third, each ERP experiment will be
extensively piloted first by young adults and then by older adults. Fourth, only patients with mild AD
(MMSE score > or = 20) will be recruited for these experiments. Lastly, we have proposed only 4 ERP
experiments because we believe this to be a realistic number of ERP experiments that can be performed
in patients with mild AD during the 5-year award period.

The experiments may not be completed during the period of the award. Not being able to complete the
work proposed is always a valid concern, although perhaps a greater concern for a relatively new
investigator. We are confident, however, that these experiments can be completed during the 5-year
award period. First, the P.I. consulted Professors Schacter and Holcomb (mentor and co-mentor of his
K23 award) when planning these experiments in part to assure that this proposal could be realistically
achieved during the award period; after reading the proposal both agree this is the case (see Letters of
Support). Second, participants are often able to perform more than one experiment during an
appointment (provided the materials are different, the order of experiments is counterbalanced, and
exactly the same procedures are followed for patients and older adults). Lastly, the P.I.’s publication
record from 2002 to the present suggests that he can publish the results of 2-3 experiments per year.
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E. Human Subjects

1. Human Subjects Involvement and Characteristics

Over the five-year award period approximately 90 to 180 subjects (45-90 patients with AD and 45-90
healthy older adults), plus approximately 60 young adults subjects (for pilot studies) will participate in
the proposed experiments. As stated in the proposal, we will employ very similar inclusion and
exclusion criteria that we have used successfully in our previous studies. Patients 65-90 years of age
who carry a clinical diagnosis of probable AD (National Institute of Neurological and Communicative
Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria used; McKhann et
al., 1984) and score greater than 20 on the Mini Mental Status Examination (MMSE; Folstein, Folstein, &
McHugh, 1975) will be recruited from the clinical population at the Memory Disorders Unit, Brigham
and Women's Hospital, Boston, Massachusetts. These patients have been (and continue to be) recruited
through clinical referrals, advertisements in newspapers and retirement letters, and word of mouth.
Healthy older adults 65-90 years of age will be recruited from participants in a longitudinal study of
normal aging at Brigham and Women's Hospital, from spouses and friends of the patients with AD, as
well as from flyers and posters placed in senior centers in and around Boston. Currently, our division is
following over 700 patients with mild to moderate AD and has over 300 healthy older adults in its
registry. Patients with AD will be matched to older adult controls by gender, age, and education.
Younger adults (for pilot studies) 18-25 years of age will be recruited through fliers posted at Harvard
University, and word of mouth. Participants will be excluded if they are characterized by clinically
significant depression, alcohol or drug use, cerebrovascular disease, traumatic brain damage, other
degenerative disease (e.g., Parkinson’s disease), or if English is not their primary language. In addition,
participants will be excluded if they do not have corrected vision of 20/30 or better, or if they perform
below 80% correct on the speech discrimination test from the Boston Diagnostic Aphasia Examination.
Older adults will also be excluded if they score below two standard deviations on any element of the
Consortium to Establish a Registry for Alzheimer’s Disease (CERAD) Word List Memory test (memory,
recall and recognition; Morris et al., 1989; Welsh et al., 1992), or if they score below 27 on the MMSE.
For the ERP studies, all subjects will be right handed. Patients with AD will also be excluded if they
cannot understand the informed consent procedures and if they do not have a caregiver to available to
discuss their participation in the study.

Our recruiting procedures in the past have allowed us to obtain a representative sampling of participants
in the Boston area according to gender and minority status. Based on the distribution of subjects who
have participated in our previous studies, our estimate of subjects’ race, ethnic, and gender distribution is
listed in the “Target/Planned Enrollment Table” below (p. 47).

Inclusion of Minorities

All subjects meeting the inclusion/exclusion criteria will be entered in the study, regardless of
race or ethnic background. Every effort will be made to actively recruit minorities to reflect the racial
composition found in the affected populations. Approximately 12% of the participants in the database of
patients and healthy older adults in the Division of Cognitive and Behavioral Neurology are minorities.
In the past, this group of subjects has participated at the same rate as other members. The racial
composition of the database reflects the patients who are evaluated and treated at Brigham and Women’s
Hospital (BWH). BWH serves an urban community in Boston, and approximately 20% of the hospital’s
patients are minorities. Over 15% of the Harvard University student community is composed of minority
groups. (See also our estimate of subjects’ race and ethnic distribution listed in the “Target/Planned
Enrollment Table” below, p. 47, based on the distribution of subjects who have participated in our
previous studies.)
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Targeted/Planned Enroliment Table
Thisreport format should NOT be used for data collection from study participants.

Study Title: False Memory in Alzheimer's Disease

Total Planned Enrollment: 180

TARGETED/PLANNED ENROLLMENT: Number of Subjects
Ethnic Category Sex/Gender
Females Males Total
Hispanic or Latino 0 0 0
Not Hispanic or Latino 100 80 180
Ethnic Category Total of All Subjects* 100 80 180
Racial Categories
American Indian/Alaska Native 0 0 0
Asian 15 15 30
Native Hawaiian or Other Pacific Islander 0 0 0
Black or African American 15 15 30
White 70 50 120
Racial Categories: Total of All Subjects * 100 80 180

*The “Ethnic Category Total of All Subjects” must be equal to the “Racial Categories Total of All Subjects.”
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Inclusion of Women

All subjects meeting the inclusion/exclusion criteria will be entered in the study, regardless of
gender. In both healthy older adults and patients with AD, the proportion of women to men is increased
(approximately 65% women, 35% men in the current populations at BWH), and thus it is expected that
this proportion will be reflected in the recruited sample. (See also our estimate of subjects’ gender
distribution listed in the “Target/Planned Enrollment Table” above, p. 47, based on the distribution of
subjects who have participated in our previous studies.)

Inclusion of Children

Children between the ages of 18-21 will be included in this study for the purposes of obtaining
pilot data. In our previous studies subjects in the age range of 18-21 have made up approximately 60%
of the total young adult population (aged 18-25) used for this purpose, and should therefore contribute
meaningful information in this role to our study. Children under the age of 18 will be excluded based on
the following reasons: 1) Our IRB considers the age of consent to be 18 years, 2) all of our previous pilot
studies have used subjects in the age range of 18-25, 3) because the purpose of this proposal is to
understand changes that occur with Alzheimer’s disease (which does not affect children), studying
children below 18 years of age is beyond the scope of our study. Children between the ages of 18-21
have been participants in our research for several years and all members of the investigative team have
experience in dealing with members of this age group. The facilities to accommodate both children (18-
21) and adults are described in the resources, and are appropriate for both populations.

2. Sources of Research Material

As described above, the information solicited includes age, medical history, hearing and vision ability,
and results of various neuropsychological tests which are used solely for the purposes of this research

program. Access to medical records will be required to confirm the diagnosis of the patients with AD.
The other research material is in the form of behavioral and ERP data generated by participation in our
experiments, which will also be used solely for the purposes of this research program.

3. Potential Risks

Care is taken in the process of subjects’ recruitment and during the conduct of the research to
protect subjects’ well being. There is an extensive literature using experimental techniques similar to
those used in the proposed studies that indicates that these paradigms pose no risks to subjects. No
deception is involved in any of the experiments, and subjects are fully debriefed before leaving the
experiment. All experimenters are thoroughly trained so as to be able to deal with any questions that
may arise. During the screening tests and the experimental paradigms subjects may become anxious or
fatigued. Every effort will be made by the evaluators to make the process as comfortable as possible, and
subjects will be free to discontinue their participation at any time.

There are risks associated with the collection of the electrophysiological (ERP) data. There is a small
risk of disease transmission from skin abrasion and re-use of caps across subjects. To reduce this risk, we
always use new supplies (cotton swabs and NuPrep) and sterilize caps and facial electrodes with
glutaraldehyde SDS after each use. In addition, the electrode cap must fit snuggly and may be
experienced by some as uncomfortable. Three different sized caps will be available to facilitate a
comfortable fit. Participants will be informed ahead of time that they will have to wash their hair to
remove small amounts of conductive gel (which can be performed at their home or in our sink if they
wish).

4. Recruitment and Informed Consent

The Division of Cognitive and Behavioral Neurology at Brigham and Women’s Hospital has a subject
registry of approximately 275 community-dwelling healthy older adults who have responded to
advertisements and have indicated their interest in participating in research on aging and dementia. The
Division also has over 700 patients with dementia in their database, most of whom have AD.
Approximately 150 new cases of dementia are evaluated annually, most of these also have AD. Young
adults aged 18-25 years will be recruited from Harvard University.
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Potentially eligible young and older adults will be contacted by telephone or email to review
inclusion and exclusion criteria prior to being invited to participate in the study. Patients with AD are
contacted by their primary physician or another member of the medical community known to them (e.g., a
nurse or physician’s assistant who has worked with them). An informed consent approved by the
Institutional Review Boards of Brigham and Women’s Hospital and Harvard University will be signed by
all participants. Consent is obtained by physicians and study staff immediately prior to the study.
Participants are given as much time as they would like to consider participation. The study is explained to
participants in simple but accurate language. For those with cognitive impairment (such as the patients
with AD) the study is broken down into the different sections and we make sure that the participant
understands and is interested in participating in all parts of the protocol. In addition, for all patients with
cognitive impairment, family members or legally authorized persons also read and sign the consent form if
they believe that the patient is truly interested in participating in the study. It is emphasized that any
questions they have will be answered before they begin, and that they are free to withdraw from the study
at any time. A copy of the consent form will be provided to the participant and a copy will also be kept in
the research files. Subjects will be paid $10/hr for the behavioral studies and $25/hr for the ERP studies.
Parking costs will also be paid.

5. Protection against risk

To protect participant confidentiality, after the experiment is completed, the data files are
assigned a unique number and the names of the subjects are deleted from the data file. Subjects are
identified by name only on the consent form, which is kept separate from the experimental data in a
locked file cabinet. After data collection, all personal information (except name, gender, age, and years
of education) is completely and permanently removed from the data file. These four identifiers are kept
in a secure locked file cabinet in a separate location from the data. These characteristics are kept so as to
be able to describe the age, gender and years of education of the participants, and are also used to match
patients and healthy older adults on these characteristics. Further, all subjects names, contact
information, and the experiment they participated in are kept in an entirely separate electronic database.
The purpose of this database is to avoid rescheduling of the same subjects for the same study or a
different study which uses the same materials. This method has been successful during the previous 5
years of our research.

Subjects will be informed at the beginning of the study that they are free to terminate their
participation at any time, and that this discontinuation will in no way influence their treatment or
relationship with health care providers at Brigham and Women’s Hospital. Highly trained staff members
will be working with subjects throughout the study and will take appropriate steps to minimize anxiety
and fatigue.

To reduce the risk of disease transmission from skin abrasion and re-use of caps across subjects, we
always use new supplies (cotton swabs and NuPrep) and sterilize caps and facial electrodes with
glutaraldehyde SDS after each use.

6. Potential Benefits of the Proposed Research to the Subjects and Others
and
7. Importance of the Knowledge to be Gained

As noted above, there are no significant risks to subjects associated with this proposal. Although
there are no direct benefits to the subjects from participating in the research, as outlined in the
Background & Significance section above (p. 22-25) the findings from this proposal may help patients
with AD to live independently by improving their function at home and in the community, and may also
facilitate therapeutic drug discovery by providing more specific measures of cognitive function.

F. Vertebrate Animals
Not applicable.
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May L8, 2004
To Members of the Review Committec:

L am writing to you both in'my role a3 a consultant on Andrew Budson®s ROT gromt
propozal entitled “Understanding False Recognition in Alzheimers Disease”™ and alsp as
the mentor of his K23 carcer development awarnd.

Andrew began working with me in 1998 duning his F32 National Research Service
Aoward (MESA), and he has continued his work with me during his K23 award which
began in 2000, During these five years Andrew has sueceeded in developing the
conceptual, methodological, and practical skills necessary for performing independent
research in experimental psyeholofy and cognitive neuroscience. He now has his own
laboratory at Brigham and Women's Hospital where he performs behavioral and event-
related potential research. He has alrexdy tramed fourteen college studenis and praduates
gither daring the summers or as part of their senior theses, Curmently he has one
peychology and four nesrobiology snudents working on their senior theses with him, in
additien (o onc medical stdent and one posi-doetoral fellow who are also working on
prajects in his lab, He is a mentor for the Patient-Associated Science: Training,
Education, Understanding, and Rescarch (PASTEUL) program at Harvard Medical
Scheol, is'on the Board of Honors Thitors ag an independent advisor here in the
pevchology department, and Is a menther ol the Biology Affiliates a1 Harvard University
He has also been an active collabarator with many of the post-doctoral fellows in my lab,
He has published (or has in press) cleven papers with medin first-rate jonmals including
Newropsychelogy and Brain, and | know he is i the prozess of writing and revising
several others. In brief, through his education and experience collaborating with me over
the last 5 years, Andrew has become a well-trained indepandent researcher with a solid
grounding in experimental psychology and cognitive newroscience, m sddition 1o being 3
leader in understanding false memones in Alzheimer's discase.

Lo ey consultant role, [ will continee to think through the theoreneal and methodologcal
igsuass related to this proposal with Andrew, and wall aiso help him 1o recrit
undergraduates for his palot studies, Inhis gran proposal [ believe that Andrew has



developed o mice set of experiments that veill belp © fease apart the issues outlined in his
Aams Lo better understand false recognition i Alzheimer’s disease,

[ ok forward to continuing my collaboration with Andrew inmy role as a consultant on

his ROL grant. 1 helieve that the knowledge gained from the studies deseribed in this
proposal will make imprortant contributions to the memory lierature.

i

Damel L. Schacter, Ph.IY.
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Behavioral Neurology
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Boston, MA 02115

Dear Andrew,

I would be happy to be a consultant on your RO1 grant entitled “Understanding False
Recognition in Alzheimer’s Disease.” | have enjoyed serving as co-mentor of your K23 award,
and in particular your presentations at my weekly laboratory meeting of your experimental
results and plans for future studies.

Along with your co-investigator Kirk Daffner, | will continue to help you with the day-to-day
practical aspects of your ERP research including designing experiments, analyzing data, and
interpreting results. Since your ERP laboratory at Brigham and Women’s Hospital uses software
which | developed, it will be easy for me to make changes as necessary to enable you to perform
your experiments, as well as to help you with any technological difficulties which arise.

I look forward to working with you as a collaborator on the ERP experiments outlined in your
proposal. | have reviewed these experiments and believe that they show good experimental
design and that they will likely make an important contribution to the literature. Based upon the
ERP work you have done and are currently doing, | have no doubt that with my help (in addition
to the advice of Mick Rugg and Kirk Daffner) you will be able to successfully complete the ERP
experiments described in your proposal.

Sincerely,

7y )

Phillip J. Holcomb, Ph.D.
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18" May 2004
Dear Andrew,

I would be pleased 1o be a consultan on your ROT grant entitled “Understanding False Recognition in
Alzheimer’s Disease,” and to nssist vou in your 5 vear proposed projeet ta better understand false alarms and
response Mas in Alzheimer’s discasc. As vou know, understanding how memory works is the major focos of
my laboratory,

1 confirm that [ will be ablc w assist vou in your work: by e=mail, phone, and meetings during scientific
conferences, | enjoyed talking with you during your visil 1 the Tnstitute of Cognitive Neurosgience in
London last summer, and I would of course be delighted to see you in my laboratory at the Center for the
Meurobiology of Leaming and Memory in UC Irvine, 1 understand that my role on your project will be 1o
provide guidance regarding ERP study design, snalysis, and imerpretation, T have briefly reviewed your
regearch plan, and in particulir how you plan to use ERPs to test your hypotheses.  Your fundamental
approach is sound and [ look forward to working with vou more closely when it is time 10 [inalize your
experimental protocal.

As you know, 1 believe ERP is a valuable 1ol for studying memory in health and disease states. and Tlook
forward to working with you on this project.

Smcercly,

Michas] D. Rugg PRI

el
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IE NEW application. (This application is being submitted to the PHS for the first time.)
|:| SBIR Phase | |:| SBIR Phase II: SBIR Phase | Grant No. _ |:| SBIR Fast Track
I:' STTR Phase | I:' STTR Phase II: STTR Phase | Grant No. _ I:' STTR Fast Track

|:| REVISION of application number:

(This application replaces a prior unfunded version of a new, competing continuation, or supplemental application.)
INVENTIONS AND PATENTS

I:' COMPETING CONTINUATION of grant number: (Competing continuation appl. and Phase Il only)

(This application is to extend a funded grant beyond its current project period.) I:l No

|:| Previously reported

I:' SUPPLEMENT to grant number: |:| Yes. If“Yes,” |:| Not previously reported
(This application is for additional funds to supplement a currently funded grant.)

I:' CHANGE of principal investigator/program director.
Name of former principal investigator/program director:

I:' FOREIGN application or significant foreign component.

1. PROGRAM INCOME (See instructions.)
All applications must indicate whether program income is anticipated during the period(s) for which grant support is request. If program income

is anticipated, use the format below to reflect the amount and source(s).

Budget Period Anticipated Amount Source(s)

2. ASSURANCES/CERTIFICATIONS (See instructions.)

The following assurances/certifications are made and verified by the
signature of the Official Signing for Applicant Organization on the Face
Page of the application. Descriptions of individual assurances/
certifications are provided in Section lll. If unable to certify compliance,
where applicable, provide an explanation and place it after this page.

*Debarment and Suspension; *Drug- Free Workplace (applicable to new
[Type 1] or revised [Type 1] applications only); sLobbying; *Non-
Delinquency on Federal Debt; *Research Misconduct; «Civil Rights
(Form HHS 441 or HHS 690); *Handicapped Individuals (Form HHS 641
or HHS 690); *Sex Discrimination (Form HHS 639-A or HHS 690); *Age
Discrimination (Form HHS 680 or HHS 690); *Recombinant DNA and
*Human Subjects; *Research Using Human Embryonic Stem Cellss Human Gene Transfer Research; «Financial Conflict of Interest (except
*Research on Transplantation of Human Fetal Tissue *Women and Phase | SBIR/STTR) *STTR ONLY: Certification of Research Institution
Minority Inclusion Policy «Inclusion of Children Policys Vertebrate Animalss  Participation.

3. FACILITIES AND ADMINSTRATIVE COSTS (F&A)/ INDIRECT COSTS. See specific instructions.

@ DHHS Agreement dated: 06/17/02 |:| No Facilities And Administrative Costs Requested.
|:| DHHS Agreement being negotiated with Regional Office.
I:' No DHHS Agreement, but rate established with Date
CALCULATION* (The entire grant application, including the Checklist, will be reproduced and provided to peer reviewers as confidential information.)
a. Initial budget period: Amount of base $ 250,000 x Rate applied 0.73 % =F&Acosts $ 182,500
b. 02 year Amount of base $ 250.000 x Rate applied 0.73 % =F&Acosts $ 182,500
c. 03 year Amount of base $ 250.000 xRate applied 0.73 %=F&Acosts $ 182,500
d. 04 year Amount of base $ 250.000 x Rate applied 0.73 %=F&Acosts $ 182,500
e. 05 year Amount of base $ 250.000 x Rate applied 0.73 % =F&Acosts $ 182,500
TOTAL F&A Costs $ 912,500
*Check appropriate box(es):
|:| Salary and wages base @ Modified total direct cost base |:| Other base (Explain)
|:| Off-site, other special rate, or more than one rate involved (Explain)
Explanation (Attach separate sheet, if necessary.):
4. SMOKE-FREE WORKPLACE Yes |:| No (The response to this question has no impact on the review or funding of this application.)
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Place this form at the end of the signed original copy of the application.
Do not duplicate.

PERSONAL DATA ON
PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR

The Public Health Service has a continuing commitment to monitor the operation of its review and award
processes to detect—and deal appropriately with—any instances of real or apparent inequities with
respect to age, sex, race, or ethnicity of the proposed principal investigator/program director. To provide the PHS with
the information it needs for this important task, complete the form below and
attach it to the signed original of the application after the Checklist. Do not attach copies of this form
to the duplicated copies of the application.

Upon receipt of the application by the PHS, this form will be separated from the application. This form will
not be duplicated, and it will not be a part of the review process. Data will be confidential, and will be
maintained in Privacy Act record system 09-25-0036, “Grants: IMPAC (Grant/Contract Information).” The
PHS requests social Security numbers for accurate identification, referral, and review of applications and
for management of PHS grant programs. Provision of the Social Security number is voluntary. No
individual will be denied any right, benefit, or privilege provided by law because of refusal to disclose his
or her Social Security Number. The PHS requests the Social Security Number under Sections 301 (a) and
487 of the PHS Act as amended (42 USC214a and USC288). All analyses conducted on the date of birth
and race and/or ethnic origin data will report aggregate statistical findings only and will not identify
individuals. If you decline to provide this information, it will in no way affect consideration of your application. Your
cooperation will be appreciated.

DATE OF BIRTH (MM/DD/YY
( ) 09/17/66 SEX/GENDER

|:| Female IE Male

Social Security Number 022-42-6749

ETHNICITY

1. Do you consider yourself to be Hispanic or Latino? (See definition below.) Select one.
Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or
origin, regardless of race. The term, “Spanish origin,” can be used in addition to “Hispanic or Latino.”

|:| Hispanic or Latino

@ Not Hispanic or Latino

RACE

2. What race do you consider yourself to be? Select one or more of the following.

American Indian or Alaska Native. A person having origins in any of the original peoples of North, Central, or South
America, and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the
Indian subcontinent, including, for example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine
Islands, Thailand, and Vietnam. (Note: Individuals from the Philippine Islands have been recorded as Pacific Islanders in
previous data collection strategies.)

Black or African American. A person having origins in any of the black racial groups of Africa. Terms such as “Haitian” or
“Negro” can be used in addition to “Black” or African American.”

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam,
Samoa, or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

o o

Check here if you do not wish to provide some or all of the above information.
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