Neuropsychology
1998, Vol. 12, No. 3, 340-352

Copyright 1998 by the American Psychological Association, Inc.
0894-4105/98/53.00

Preserved Priming Across Study—Test Picture Transformations
in Patients With Alzheimer’s Disease

Sunghi M. Park and John D. E. Gabrieli
Stanford University

Sheryl L. Reminger, Laura A. Monti,
Debra A. Fleischman, and Robert S. Wilson
Rush University and Rush-Presbyterian-St. Luke’s
Medica! Center

Jared R. Tinklenberg and Jerome A. Yesavage
Department of Veterans Affairs Health Care System,
Palo Alto, California, and Stanford University School of Medicine

Picture-naming priming was examined across different study—test transformations to explore
the nature of memory representations of objects supporting implicit memory processes in
patients with Alzheimer’s disease (AD). Although severely impaired in explicit memory for
pictures and words, AD patients demonstrated normal priming across perceptual transforma-
tions in picture orientation (Experiment 1) and picture size (Experiment 2) and across
symbolic transformations from words to pictures (Experiment 3). In addition, the priming
across alterations in picture size was invariant. This demonstrates that AD patients have
preserved implicit memory for high-level, abstract representations of objects.

Alzheimer’s disease (AD) is characterized by a progres-
sive deterioration of the hippocampus, basal forebrain, and
neocortical—temporal, parietal, and frontal—regions (Ar-
nold, Hyman, Flory, Damasio, & Van Hoesen, 1991; Brun &
Englund, 1981). These neuroanatornical insults cause mul-
tiple cognitive deficits in language, reasoning, and memory.
The most characteristic behavioral hallmark of the disease is
a profound deficit in explicit memory, the conscious recollec-
tion of new facts or events learned in a recent experience
(Graf & Schacter, 1985). Explicit memory is typically
measured by tests of recali and recoghition.

Despite a profound impairment in e¢xplicit memory, AD
patients have shown examples of preserved implicit memory.
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Implicit memory refers io unconscious or unintentional
retrieval of information learned in a recent experience (Graf
& Schacter, 1985), and it has been assessed via repetition
priming. Repetition priming is a change in the processing of
a stimulus due to prior exposure to that stimulus or a related
stimulus. Repetition-priming tasks involve a study phase
during which stimuli are encoded and a test phase during
which a task is performed on studied items (old) as well as
new items that provide a baseline measure of performance.
The measure of priming is the difference in performance
with old versus new items, a difference that must reflect
memories gained for old items encoded during the study
phase.

Although an extensive amount of research on repetition

_priming in AD patients has been conducted with verbal
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tasks, revealing both normal {e.g., mirror reading: Deweer,
Pillon, Michon, & Dubois, 1993; perceptual identification of
words and pseudowords: Keane, Gabrieli, Fennema,
Growdon, & Corkin, 1991 anxd Keane, Gabrieli, Growdon,
& Corkin, 1994, respectively; homophone spelling: Chris-
tensen & Birrell, 1991) and impaired (e.g., category exem-
plar generation: Monti et al., 1996; word-association genera-
tion: Salmon, Shimamura, Butters, & Smith, 1988) priming
effects, very little research has been done with nonverbal or
pictorial materials. In the studies that have been conducted,
AD patients have shown intact priming on tasks of picture
naming {(Gabrieli et al., 1997) and picture-fragment identifi-
cation (Corkin, 1982; Gabrieli et al., 1994). The interpreta-
tion of the findings on picture-fragment identification,
however, are less clear, because, in some cases, AD patients
have demonstrated either no priming (Bondi & Kaszniak,
1991) or impaired priming (Heindel, Salmon, & Butters,
1990). Gabrieli and colleagues (1994) have postulated that
AD patients appear impaired relative to control participants
because the nature of the task encourages participants to



PRESERVED PRIMING 341

elicit the use of explicit memory to which contral partici-
pants have access but AD patients do not (for a more
extensive discussion, see Verfaillie, Gabrieli, Vaidya, Croce,
& Reminger, 1996).

The pictorial and verbal tasks on which AD patients have
displayed intact repetition priming are thought to be percep-
toally driven. Perceptually driven tasks rely primarily on the
analysis of stimulus form at study and test. Although AD
patients have exhibited intact perceptual implicit memory
across a variety of tasks, it is not known whether the
perceptual analysis they perform to acquire the perceptual
memory is similar to that of the normal population. Elucidat-
ing the nature of perceptual memory representations in AD
will provide evidence in ascertaining whether the perceptual
analysis in which AD patients engage is similar to that in
which normal participants engage.

Very little is known ahout how perceptual memories are
represented in AD. No study has examined priming in AD on
perceptually driven tasks with either pictures or words
whose perceptual features varied across study and test.
Therefore, it is unknown whether 2 memory representation
of a stimulus is specific to the stimulus in that it supports
only the exact stimulus on which the representation was
based, or whether a memory representation of a stimulus is
perceptually abstract in that the representation extends to a
version of the same stimulus that has been modified on some
physical dimension such as orientation or size. The aim of
the present study is to examine whether perceptual memory
representations of pictures of objects in AD are perceptually
abstract or specific.

Findings in human and nonhuman primates that illomi-
nate the neural correlates to the perceptual-learning mecha-
nism underlying picture priming are relevant to understand-
ing the nature of implicit memory representations. Lesion
studies with monkeys have demonstrated that arcas in the
inferior temporal cortex are crucial for object identification,
and these cortical areas have been shown to be involved in
late stages of visual processing (Dean, 1976; Desimone,
Albright, Gross, & Bruce, 1984; Gross, 1973a, 1973b;
Ungerleider & Pribram, 1977; Wilson, 1968). ‘Moreover,
electrophysiological studies with monkeys have shown that
inferior temporal cortical cells that respond to complex
patterns such as faces (of human and nonhuman primates)
are insensitive to changes in size of stimulus or position in
visual field (Desimone et al., 1984). These same cells,
however, are less responsive to in-depth rotations of a face
stimulus that alter the basic structure of the face.

The findings in picture priming with human primates
parallel the patiern of findings in monkeys. Picture priming
is invariant across study—test changes in size (Biederman &
Cooper, 1992), left-right orientation, and position of visual
field (Biederman & Cooper, 1991) but is reduced when
transformations alter the structural parts of an object from
study to test (e.g., Biederman & Gerhardstein, 1993; Srini-
vas, 1993). The observation that the characteristics of
picture priming reflect the behavior of cellular activity of the
inferior temporal cortex suggests that perceptual priming
with pictures in human primates occurs at a later and more

abstracted, rather than an earlier and more sensory, stage of
visval processing.

Based on the findings in nonhuman primates, the pattern
of neuropathology in AD raises the possibility that AD
patients would fail to show normal invariant priming across
perceptual alterations. Postmortem studies with AD patients
have shown the inferior temporal region to be severely
affected, whereas the occipital and occipitotemporal cortical
areas, mediating earlier stages of visual processing, ap-
peared relatively preserved {Arnold et al., 1991; Lewis,
Campbell, Terry, & Morrison, 1987). The inferior temporal
region, being severely compromised, is believed to be
inflicted early on in the progression of AD, whereas the
occipital regions that remain relatively intact are thought to
be affected later in the disease process. The topography of
neuropathology in AD patients has led researchers to believe
that the perceptual-learning mechanism underlying percep-
tual priming with pictures may be supported by visual
cortices involved in early stages of visual processing that are
relatively uncompromised in early-stage AD patients (e.g.,
Gabrieli et al., 1994, 1997; Keane et al., 1991). Because
these neural regions are known to be sensitive to surface
properties of a stimulus (Desimone & Ungerleider, 1989), a
memory representation of a stimulus supported by such
brain areas could be specific to the details of that stimulus.

Based on the literature relevant to understanding the
nature of perceptual memory representations of objects in
AD, it is unclear as to whether the representations would be
specific or perceutally abstract. To illuminate the nature of
perceptual memory representations of objects in AD pa-
tients, we examined picture priming across transformations
in orientation and size. If picture priming in AD does not
translate across study—test changes in pictures, then, unlike
normal participants, abstract implicit memory representation
in AD is compromised. On the other hand, if picture priming
in AD transfers across study-test changes and is invariant
relative to priming produced across identical study—test
pictures, then picture priming may be mediated by the same
perceptual-learning mechanism that mediates perceptually
abstract implicit memory representations in the normal
population. Evidence for the latter hypothesis would suggest
that the neural substrates involved in perceptually abstract
memory representations of objects, which traditionally have
been thought to be functionally and neuroanatomically part
of advanced stages of visual processing, are preserved in
carly-stage AD. oo

Transfer of priming was examined using picture-naming
tasks. Experiments 1 and 2 examined, respectively, whether
picture-naming priming weuld transfer normally in AD
patients across different orientations and sizes of a picture,
In Experiment 3, picture-naming priming was examined
acrass words (labels of pictures) and pictures to investigate
whether priming would transfer across a symbolic transfor-
mation,

Experiment 1

This experiment examined whether AD patients would
demonstrate normal picture-naming priming across the same
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pictures presented in different orientations. First, partici-
pants named pictures presented in 1 of 12 different orienta-
tions. Second, participants performed a three-choice recogni-
tion task. Last, participants renamed studied pictures
presented in orientations different from those seen in the first
presentation.

Method
Participants

Patients diagnosed with probable AD (5 men and 10 women) and
normal control (NC) participants (5 men and 7 women) were
recruited from Rush Alzheimer’s Disease Center (RADC) in
Chicago, Illinois (see Table 1). The two groups did not differ
significantly on age (r < 1.5) or education (¢ < 1.5). All t-test
analyses in this and all subsequent experiments are two-tailed
unless specified otherwise. All patients were diagnosed as having
probable AD based on the clinical criteria outlined by the National
Institute of Neurological and Communicative Disorders and Stroke
and Alzheimer’s Disease and Related Disorders Association (McK-
hann et al., 1984). Each participant received a standard diagnostic
evaluation consisting of a medical history, neurological examina-
tion, neuropsychological testing, electrocardiogram, and chest
X-ray. In addition, magnetic resonance imaging scans of the brain
and routine blood tests were administered to AD patients. The
inclusion criteria for AD patients entailed a history of progressive
cognitive decline with onset between the ages of 50 and 90,
impaired episodic memory (indicated by a score of 5 or less on the
Consortium to Establish a Registry for Alzheimer’s Discase
delayed Word List Recall measure (Welsh, Butters, Hughes, Mohs,

Table 1

Descriptive Characteristics for Alzheimer’s Disease
{AD} and Normal Control (NC) Participants in
Experiments 1, 2, and 3

Age Education MMSE
Group (range) (range) (range)
Experiment 1
AD (n = 15)
M 71.0(51-81) 12.8(8-21) 20.8 (13-26)**
5D 8.9 3.4 3.0
NC(n =12)
M 71.0(54-76)  12.8 (9-20) 29.1 (28-30)
SD 6.9 3.5 29
Experiment 2
AD(n = 12)
M 72.6(56-82) 14.6(9-21) 22.4 (18-26)*
SD 78 4.0 2.5
NC(h=9 :
M . 703 (60-76)  13.0(10-20) 29.2 (26-30)
SD 64 .28 1.4
Experiment 3
AD(n = 16)
M 70.8 (57-82) 13.8(7.5-18)  21.9 (20-25)**
SD 7.2 3.1 1.6
NC(n = 16)
M 71.8(62-86) 149 (12-19) 29 (27-30)
SD 5.9 23 0.9
Note. MMSE scores are based on a maximum score of 30.

MMSE = Mmi-Mental State Examination.
*¥p.< 001, **p < .0001.

& Heyman, 1991), and an impairment in at least one other
cognitive area. The inclusion criteria for normal participants were
that the Mini-Mental State Examination (MMSE; Folstein, Fol-
stein, & McHugh, 1975) scores be =26 and delayed Word List
Recall be =6. NC participants had higher MMSE scores than AD
participants, #{25} = 9.19, p < .0001. The exclusion criteria for all
participants included disturbed consciousness, history of major
psychiatric disorder, history of other disorders believed to contrib-
ute to cognitive impairment, and use of antidepressant or anxiolytic
medications.

Materials and Design

The stimuli consisted of 84 digitized pictures of common objects
and animals whose cancnical position was an upright orientation at
0° in the visual field. These pictures were obtained from the
Snodgrass and Vanderwart (1980) norms and had a mean name
agreement H value of 0.41 (range, 0.00-1.77). Each picture was
rotated with MacPaint software 30°, 60°, 90°, 120°, 150°, 180°,
210°, 240°, 270°, 300°, and 330° around the picture plane so that
each picture was represented in 12 different orientations. Twelve
different study forms were constructed so that across forms all 12
orientations of a picture were represented. Each form consisted of
72 pictures with 6 different pictures at each of the 12 orientations
and the remaining 12 pictures from the set of 84 that were used for
the subsequent recognition task only. Each of the 12 recognition-
task pictures were presented in | of the 12 orientations in each
form. Across study forms, the recognition pictures were repre-
sented in each of the 12 prientations. The order of pictures in the
study forms was psendorandomized with the restriction that no
more than two pictures with the same orientation be presented in
consecutive trials. Eight practice pictures were included at the
beginning of each list. The test forms were identical to the study
forms except that the 12 recognition-task pictures were omitted.
Two different forms were used for each phase (study and test) of the
picture-naming task so that the pictures in the study phase were ald
pictures presented in different orientations in the test phase. The
phase variable was counterbalanced across participants. For the
three-choice recognition task, one test form was constructed. It
consisted of the 12 recognition pictures from the set of 84, For each
picture, two foils with upright orientations at 0° were selected
pseudorandomly from Snodgrass and Vanderwart (1980) norms.

Procedure

A single session of testing involved three different testing blocks
administered in succession: {a) picture-naming study phase, {b)
three-choice recognition task, and (c) picture-naming test phase.
Participants were tested individually on a MacIntosh Plus computer
in a quiet room. In the picture-naming study phase, participants
were instructed to name as quickly and as accurately as possible
rotated pictures that appeared on the computer screen. Each trial
consisted of a fixation point that appeared at the center of the screen
for 250 ms, a blank interval of 250 ms, the appearance of a picture,
and the disappearance of the picture when a participant provided a
response. Responses were detected by a hand-held microphone
connected to a Lafayette voice-activated relay connected to the
computer where response latencies were recorded to the millisec-
ond. Each trial was initiated by the examiner, who also recorded the
response and any error made on each trial. These procedures for
recording responses, latencies, and naming errors were the same for
all subsequent experiments. Practice trials were administered
before presentation of test items for this and all subsequent
experiments. The recognition task was administered 10 min after
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the picture-naming study phase. Participants were asked to identify o - g o~
which of three pictures they had seen earlier by pointing to the § I §
picture. Each display consisted of one old and two new (foil) = -
pictures presented in the 0° orientation in the left, center, and right
positions on the computer monitor. The old picture appeared . < ™~
equally often in each position. The pictures remained on the screen ‘3 g ﬁ & E -
until the participant provided a response, and it was recorded by the g — —
examiner, who advanced each trial. Immediately afterwards, the :Q
picture-naming test phase was administered. The instructions and g o o : ~ 3
procedures were identical to those in the study phase. [ g S8 8-
) - -
<
. . ~ | - — r~
Results and Discussion g Elz| S na
Picture Naming § A R
The dependent measures were means of median naming 3 o« o
latencies in milliseconds for pictures in the study and test § & I 2=
phases. Response latencies were discounted if they met any <z “@ e
of the following criteria: (a) latencies for pictures that were 3
neither the dominant nor a nondominant name included in g . T oR
the Snodgrass and Vanderwart (1980) norm list; (b} latencies S’: g § - 5
recorded prematurely due to extraneous noise made by the b -
participant (e.g., “uh,” “um,” or coughs); and (c) latencies 3
for responses at study that did not match responses for 2 o 08 ot
corresponding items at test and vice versa. The ranges in e =7 &
percent for naming, participant, and matching errors col- 5
lapsed across orientation and phase were 0-07% (M = 23%, E o = % o
5D = 19%), 0-27% (M = 14%, SD = 8%), and 13-22% 2 B BT &
(M = 19%, SD = 3%), respectively, for AD patients and 73 - -
0-58% (M = 9%, SD = 10%), 3-20%, (M = 9%, SD = 6%), = —_ o
and 10-22% (M = 14%, SD = 4%), respectively, for NC s & 93 @8«
participants. § -+ =
For the remaining valid responses, median naming laten- S
cies were computed for pictures in each of the 12 orienta- & o ol =
tions (0°, 30°, 60°, 90°, 120°, 150°, 180°, 210°, 240°, 270°, S8 §8 &=
300°, 330°) in study and test phases, separately, for each ~ - -
participant. Because clockwise and counterclockwise rota- §
tions of the same degree produce similar reaction times and S N oo 2 =
therefore are typically combined (e.g., Maki, 1986; Tarr & gz 2 &~
Pinker, 1989), response latencies for symmetrical rotations 5 - -
of 30°, 60° 90° 120°, and 150° were collapsed. The ‘12 ~ o
nonsignificant results from ¢ tests comparing mean naming S 5| gm o8~
latencies for rotations of the same magnitude (30° vs. 330°, ) el §
60° vs. 300°, 90° vs. 270°, 120° vs. 240°, and 150° vs. 210%) e
for each phase for AD (study, s < 1.5; test, 75 < 1.0) and g @ =
NC (study, s < 1.0; test, 1s < 1.5) groups confirmed that 3 o 28 8=
there were no differences between latencies for clockwise T —~
and counterclockwise rotations. The mean latencies for the 3
seven orientations (0°, 30°, 60°, 93°, 120°, 150°, 180°) for R o = S o 3
AD and NC participants are presented in Table 2. The means s | 2 &
were analyzed in a 2 X 2 X 7 repeated-measures analysis of 3 -
variance (ANOVA) with group (AD vs. NC) as a between- o0 o~ -
subjects variable and phase (study vs. test) and orientation 5 E_ B _
(0° vs. 30° vs. 60° vs. 90° vs. 120° vs. 150° vs. 180°) as § 2R g
within-subject variables. = ol S& 28
Participants named test pictures (M = 1,062 ms, SD = 234 § E g E 2 E
ms) faster than study pictures (M = 1,179 ms, SD = 644 3 G| ‘wow En o
ms), demonstrating the presence of a priming effect, N E g g E g
F(1, 15) = 4.97, MSE = 781,733.42, p < .05. The main = 3 EZEEZ
effect of group was not significant, F(1, 15) < 2.5. Parti- S 3 Z
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cipants were generally slower at naming pictures that were
rotated further from the upright position (0°, M = 965 ms,
SD =167 ms; 30°, M =998 ms, SD =165 ms; 60°,
M = 1,097 ms, SD = 308 ms; 90°, M = 1,077 ms, $D = 205
ms; 120°, M = 1,179 ms, $D = 229 ms; 150°, M = 1,234
ms, SD = 340 ms; 180°, M = 1,295 ms, SD = 1,118 ms),
F(6,90) = 2.41, MSE = 459,463.36, p < .05. There were no
interactions, Fs << 1.5, The critical result was that the pattern
of priming for the different orientations was not significantly
different between the AD and NC groups.

Naming error percentages were analyzed using the same
2 X 2 X 7 repeated measures ANOVA design previously
mentioned to examine whether the pattern of errors differed
between AD and NC participants and to examine whether
priming effects could have been due to speed-accuracy
trade-offs. Priming was revealed by fewer errors made in the
test phase (M = 15%, §D = 15%) than in the study phase
(M = 19%, SD = 19%), F(1, 25) = 20.32, MSE = 0.149,
p < .001 (see Table 2). AD patients (M = 23%, SD = 19%)
made more naming errors than NC participants (M = 9%,
SD = 10%), F(1, 25) = 15.26, MSE = 1.84, p < .001. As
pictures were rotated further from the upright position,
participants tended to make more naming errors, F(6, 150) =
14.34, MSE = 0.195, p < .001. AD patients tended to make
more errors than the NC group as the pictures were rotated
further from the upright position, F(6, 150) = 4.02, MSE =
0.055, p < .001. The reduction in the number of errors made
at test (AD: M= 20%, SD = 16%; NC: M = 8%,
SD = 10%) in comparison to those made at study (AD:
M = 26%, SD = 20%; NC: M =9.7%, SD = 11%) was
greater in AD patients than in NC participants, F(1, 25) =
8.01, MSE = 0.059, p < .01. There were no other
interactions, Fs << 2.0. Thus, the reduction in naming errors
across study and test for each orientation was similar in AD
and NC participants. Further, priming effects in AD and NC
participants in this and the following experiments did not
reflect trade-offs between speed and accuracy.

Recognition

Percentages for correctly recognized pictures in the
three-choice recognition task were computed for each partici-
pant. AD patients (M = 75%, SD = 15%) were impaired in
comparison to NC patticipants (M = 94%, SD = 5%) in
recognizing pictures seen at study, #(25) = 4.15, p < .0001.

Despite impaired explicit memory for pictures, AD pa-
tients demonstrated normal priming effects across transfor-
mations in picture orientation. The present findings are
consistent with prior studies with normal participants show-
ing priming across different orientations of pictures (Joli-
coeur, 1985; Jolicoeur & Milliken, 1989). AD patients made
more naming errors than NC participants, and their naming
was more affected by orientation than that of the NC
participants. Despite the disproportional influence of orienta-
tion on naming accuracy in AD patients, the orientation
effect on picture-naming priming did not differ between AD
and NC groups.

Experiment 2

In Experiment 2, we examined whether picture priming in
AD is invariant to size transformations as it is in both normal
participants (Biederman & Cooper, 1992) and amnesic
patients (Cave & Squire, 1992). In the study phase, partici-
pants named pictures in one of two sizes. In the test phase,
they named new pictures and repeated pictures that were
presented either in the same or a different size as in the study
phase. Afterwards, participants performed a yes—no recogni-
tion task on pictures seen for the first time in the test phase of
the picture-naming task and on new pictures that had not
been shown before.

Method
Participants

Patients diagnosed with probable AD (3 men and 9 women) and
NC participants (5 men and 4 women) were recruited from the
RADC and are described in Table 1. Selection of participants was
based on the same inclusion and exclusion criteria used in
Experiment 1. The two groups did not differ on age (r < 1.0) or
education (¢ < 1.0). NC participants had higher MMSE scores than
AD participants, ¢(19) = 7.84, p < .001.

Materials and Design

The stimuli consisted of 96 digitized pictures of common objects
and animals selected from the Snodgrass and Vanderwart (1980)
norms. The pictures had a mean name agreement H value of 0.41
(range, 0.00-1.77). The pictures were presented either in a small or
a large size. The small pictures were no larger than 3 X 3 in.
(7.5 X 7.5 cm). The large pictures were creaied by enlarging the
small pictures 150% of their original size (no larger than 7.5 X 7.5
in. [19 X 19 em]) using MacPaint software. Three study forms (A,
B, and C} each consisting of a list of 32 pictures were constructed.
Because name agreement has been shown to affect naming latency
and magnitade of priming (Mitchell, 1989), each study form was
divided pseudorandomly into two lists of 16 pictures each having H
values of 0.41, so that name agreement was balanced. One of the
two lists of 16 pictures was presented as small pictures and the
other was presented as large pictures. The pictures in each study
form were pseudorandomly ordered so that no more than two
pictures of the same size were presented in succession. Six practice
pictures were included at the beginning of each study form.

Three different test forms (A + B, B + C, and A + C) were
constructed by combining two different study forms so that for a
given participant half the pictures would be old and the other half
would be new. Of the pictures that were old, half (eight small and
eight large) of the pictures were shown in the same size as in the
study phase, and the remaining half (eight small and eight large)
were shown in a different size. The pictures for the test lists were
pseudorandomly ordered with the restriction that there not be more
than four pictures from the same study list or four pictures of the
same size in consecutive trials.

Three different yes-no recognition test forms (A + B, B + C,
and A + C) were constructed by combining two different study
forms so that half the pictures would be old pictures and the other
half would be new pictures that were pever shown either in the
study or test phases of the picture-naming task. The old pictures
were new items seen for the first time in the picture-naming task.
For example, if a participant received picture-naming study Form A
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and test Form A + B, then the participant would receive yes-no
recognition Form B + C. Of the pictures that were old, half (eight
small and eight large) the pictures were shown in the same size as
in the picture-naming test phase, and the remaining half (eight
small and eight large) were shown in a different size. Across
participants, every picture was presented equally often as an
old-same, old-different, and new item in both the recognition and
picture-naming tasks.

Procedure

Testing involved three phases administered in succession during
a single session of testing: (a) picture-naming study, (b) picture-
naming test, and (c) yes—no recognition. For all sessions, partici-
pants were tested individually on a MacIntosh Plus computer in a
quiet room. For picture-naming study and test, participants were
instructed to quickly and accurately name pictures that appeared on
the computer screen. In the yes—-no recognition phase, participants
were asked to respond “yes” if they had seen the picture in the
naming task they had just completed and “no” if they had not seen
the picture. They were instructed to ignore size differences, if they
existed, between the pictures being presented and the ones that
were seen earlier. Each trial consisted of a picture presented at the
center of the computer monitor that remained on the screen until
the trial was advanced by the examiner.

Results and Discussion
Picture Naming

Naming latencies from the test phase only were analyzed.
Response latencies were discounted according to the same
criteria as in Experiment 1 of this study. The ranges in
percent for naming, participant, and matching errors were
2-25% (M = 10%, SD = 7%), 2-44% (M = 14%, SD =
11%), and 3-22% (M = 14%, SD = 8%), respectively, for
AD patients and 0-6% (M = 2%, SD = 2%), 0-20% (M =
6%, §D = 7%), and 0-38% (M = 15%, $D = 12%), respec-
tively, for NC participants.

For the remaining valid responses, median naming laten-
cies were computed for old—same, old—different, and new
pictures of small and large sizes, separately, for each
participant. Means of the median naming latencies were
analyzed initially in a 2 X 2 X 3 ANOVA with group (AD
vs. NC) as a between-subjects variable and picture size
(small vs. large) and picture type (old—same vs. old-different
vs. new) as within-subject variables. Because the main effect
of picture size was not significant and did not interact with
other variables (Fs < {.5), it was omitted as a variable.
Subsequently, mean latencies were analyzed ina 2 X 3
ANOVA with group and picture type as variables.

AD patients (M = 1,051 ms, D = 239 ms) were slower
to name pictures than NC participants (M = 811 ms, SD = 93
ms), F(1, 19) = 9.57, MSE = 889,337.26, p < .01 (see Table
3). Naming latencies differed significantly among old—same
(M = 920 ms, SD = 198 ms), old—different (M = 903 ms,
SD = 181 ms), and new (M = 1,022 ms, S0 = 274 ms)
pictures, F(2, 19y = 11.72, MSE = 87,383.34, p < .0001.
There was no interaction between group and picture type,
F(1, 2) < 0.5, There was priming for old-same (M = 102
ms, SD = 131 ms), #(20) = 3.59, p < .01, and old—different

Table 3

Mean Median Naming Latencies and Naming Errors for
Old-Same, Old-Different, and New Pictures for
Alzheimer’s Disease (AD) and Normal Control (NC)
Participants in Experiment 2

Group Old-same  Old—different New
AD
Naming latencies (ms) 1,029 994 1,131
Naming errors (%) 9.4 8.9 10.4
NC
Naming latencies (ms) 775 781 877
Naming errors (%) 2.1 2.1 1.7

(M =119 ms, SD = 132 ms), #(20) = 4.16, p < .001,
pictures. Probability values were adjusted to .025 for error
rates according to the Bonferroni inequality ((05/2) in all
cases that involved two ¢ tests in this and the following
experiments.

To examine whether differences existed in priming for
old-same and old—different pictures between AD and NC
participants, we analyzed priming scores as both absolute
scores and as percentages, because AD patients were
significantly slower to name pictures than NC participants.
Priming percentages for old—same and old—different pictures
were obtained by dividing the difference between median
naming latencies for new pictures and old-same and old-
different pictures, respectively, by the median naming la-
tency for new pictures. The resulting mean magnitudes of
priming in milliseconds and percent were analyzed in two
separate 2 X 2 ANOVAs with group (AD vs. NC) as a
between-subjects variable and picture type (old-same vs.
old-different) as a within-subject variable. No significant
main effects or interactions for priming were revealed in
either the latency (Fs < 1.0) or percent (Fs < 1.0) analyses
(see Figure 1).

AD patients made more errors than NC participants,
F(1, 19) = 796, MSE = 0.18, p < .01. There were no other
significant main effects or interactions, Fs < 1.5 (see Ta-
ble 3).

Recognition

Overall corrected recognition (hits minus false alarms)
percentages for pictures collapsed across picture type and
picture size were computed for each participant. The AD
group performed significantly worse than the NC group in
recognizing previously seen pictures, 1(19) = 6.61, p <
0001 (see Table 4).

Despite AD patients” severe deficit in recognition memory,
they demonstrated normal priming effects measured in both
absolute and percentage terms. The critical finding was that
priming effects were similar for old—same and old-different
pictures, indicating that priming was invariant to study-test
changes in picture size in both AD and NC participants.

Experiment 3

The purpose of this experiment was to examine whether
the findings of normal priming across perceptual transforma-
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Old-Same Old-Different

Magnitude of priming in milliseconds and percentage for old—same (pictures seen in the

same size as at study) and old-different (pictures seen in a different size than at study) item types for
Alzheimer’s disease (AD) and normal control (NC) participants in Experiment 2.

tions in Experiments 1 and 2 would extend to transforma-
tions in the symbolic representation of an object such as
from words to pictures. Word-to-picture priming is not
believed to be mediated by perceptual processes involved in
repeated picture-naming (picture-to-picture) priming. Word-
to-picture priming has been found consistently (with the
exception of Brown, Neblett, Jones, & Mitchell, 1991) to be
reduced relative to picture-to-picture priming. This reduc-
tion is a reflection of the perceptual overlap across study and
test pictures in picture-to-picture naming that is not present
in word-to-picture naming (Durso & Johnson, 1979; Lach-
man & Lachman, 1980; Park & Gabrieli, 1995). The priming
effect produced by word-to-picture naming is believed to be
mediated by conceptual processes, lexical processes, or
both, because words and pictures share a common concep-
tual referent and verbal label. Therefore, this paradigm
provides a window into the nonperceptual processes operat-
ing in AD patients. If AD patients exhibit normal word-to-
picture priming, then some nonperceptual processes, that is
of conceptual nature, lexical nature, or both, involved in
picture naming are intact in AD.

In the study phase, participants named pictures and read
words. In the test phase, participants named repeated
pictures, pictures corresponding to studied words, and new
pictures. Participants also performed a word-stem comple-
tion task on three-letter stems of words that were presented

Table 4
Percentages for Hits and False Alarms (FA) for Yes-No
Recognition Tasks in Experiments 2 and 3

Experiment 2 Experiment 3

Group Hits FA Hits—picture  Hits—-word  FA
AD

M -] 284 80 29 24

SE 83 59 16.5 54 4.2
NC

M 96 31 95 30 6.7

SE 1.5 0.9 1.4 5.6 2.1

Note. AD = Alzheimer’s disease; NC = normal corlm)l

as pictures in the picture-naming test phase and new stems.
In some prior studies, AD patients have demonstrated
impaired word-stem completion priming (e.g., Bondi &
Kaszniak, 1991; Bondi, Kaszniak, Rapcsak, & Butters,
1993; Heindel, Salmon, Shults, Walicke, & Butters, 1989;
Gabrieli et al.,, 1994, 1997; Keane et al., 1991; Randolph,
1991; Salmon et al., 1988; Shimamura, Salmon, Squire, &
Butters, 1987), but others have found intact priming (e.g.,
Christensen & Birrell, 1991; Deweer et al., 1994; Dick &
Kean, 1989; Fleischman et al., 1997; Grosse, Wilson, & Fox,
1990; Partridge, Knight, & Feechan, 1990; Scott, Wright, Rai,
Exton-Smith, & Gardiner, 1991). Consequently, it is difficult
1o predict how the AD patients may perform. Inclusion of the
word-stem completion task enabled us to compare perfor-
mance on two different tasks that involved nonperceptual
processes in the same sample of AD patients.

Method
Farticipants

Patients (13 men and 3 women) diagnosed with probable AD and
NC participants (9 men and 7 women) were recruited from the Palo
Alto Veterans Affairs hospital in California and the RADC (see
Table 1). The two groups did not differ significantly on age
(t < 1.0) or education (¢ < 2.0). NC participants had higher MMSE
scores than AD patients, 7(30) = 15.96, p < .0001.

Materials and Design

Stimuli were 160 digitized pictures of common objects and
animals and names of those pictures selected from the Snodgrass
and Vanderwart {1980) norms. The pictures were divided into four
study lists (A1, BI, C1, and D1) of 40 items each. The pictures that
were selected based on their clarity were balanced as best as
possible for name agreement. The H values for lists A1, B1, C1,
and D1 were 0.43, 0.44, 0.42, and 0.43, respectively. For each list,
half the items were words (names) of pictures and the other 20 were
pictures. The words were seen in lowercase, 24 point, New Century
Schoolbook font. Pictures and words were block randomized so
that for every eight items there were four pictures and four words
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with the constraint that neither pictures nor words could appear in
more than three consecutive trials. Each list was preceded by six
practice items, and two items were added to the beginning and the
end of each list to reduce serial position effects. A second version of
each list (A2, B2, C2, and D2) was created so that pictures in the
original list would be seen as words and vice versa.

Two test lists were constructed by randomly combining two
study lists (A and C, B and D). The H values for the combined A
and C and B and D lists were 0.43 and 0.44, respectively. All items
in the test phase were presented as pictures. For each test form,
items from the two study forms were block randomized so that for
every eight items there were four pictures from each study form.
Therefore, in each eight-item block, half the pictures were old and
half were new. Of the old items, two were seen as pictures and two
were seen as words in the study phase. No more than three pictures
from the same study form or three repeatsd pictures or picture
analogues of words appeared in consecutive trials. Four items, two
from the practice list of each study form, were added to the
beginning of the list for practice. The same study and test forms for
the picture-naming task were used for the yes—no recognition task.
For both the picture-naming and recognition tasks, items were
counterbalanced across participants for picture and word format
and old and new picture type at test.

The word-stem completion task consisted of 48 three-letter
stems derived from words four t¢ nine letters in length that were
selected from the four study forms (12 from each form) of the
picture-naming task. The constraints for selecting the target words
for stems were that no word shared the first three letters with any
other target word and that each word-stem had 10 or more entries in
the Merriam-Webster Dictionary (1974). Because the target words
were selected from each study form, half were old words that
represented names of pictures that were seen previously in the test
phase of the picture-naming task, and the remaining half were new
words that served as baseline items. The stems were block
randomized so that every eight-item block consisted of two stems
from each of the four different picture-naming task study forms.
Therefore, each eight-item block included four old and four new
items. Four practice items were included at the beginning of the
task. The stems were seen in lowercase, 24 point, Geneva font. The
16 participants allowed for counterbalancing of stems across new
and old word-stem types.

Procedure

Testing involved three successive sessions: (a) picture naming,
(b) word-stem completion, and (¢} yes—no recognition. Fer all
tasks, participants were tested individually on a Macintosh Iiciin a
quiet room.

Picture naming.  Participants were assigned randomly to one of
eight picture-naming study—~test list combinations: Al and C, A2
andC,Cl and A, C2 and A, Bl and D, B2 and D, D1 and B, and D2
and B. During the study phase, participants were instructed to name
each picture and to read each word quickly and accurately. Each
trial consisted of a fixation point appearing at the center of the
screen for 500 ms, a blank interval of 600 ms, the appearance of a
picture or word, and the disappearance of the picture or word when
a response was provided by the participant.

Word-stem completion. Participants were asked to provide the
first word, excluding proper nouns, that came to mind that began
with the three-letter stem presented on the computer monitor. A
trial consisted of the appearance of a stem that remained on the
screen until the examiner advanced to the next trial. If an incorrect
response was provided {e.g., “alright” for the stem all ), then the
examiner restated the instructions for the participant to provide

another response. If an incorrect response was given a second time,
then the trial was scored as incorrect. The examiner recorded each
response.

Yes—no recognition.  Testing involved a study and test phase.
Participants were pseudorandomly assigned to one of the eight
picture-naming study—test list combinations with the restriction
that the combination not be the one used for the picture-naming
task. Procedures and instructions for the study phase were identical
to those in the study phase of the picture-naming task. In the test
phase, participants were instructed to respond “yes” to a picture if
they had previously named it or read the word corresponding to it
and “no” if they had not. Pictures were presented in the same
manner as in the picture-naming task.

Results
Picture Naming

Only latencies from the test phase were analyzed. Re-
sponse latencies were excluded according to the same
criteria as in Experiment 1, and latencies also were excluded
if they were prematurely recorded because of machine
errors. Machine errors occurred when items flashed on the
screen too quickly for participants to see. Latencies for these
items were always recorded as less than 100 ms. The ranges
in percent for naming, participant, matching, and machine
errors were 4-20% (M = 10%, SD = 8%), 0-19% (M = 5%,
8D = 5%), 0-8% (M = 2%, SD = 3%), and 0-4% (M = 1%,
S$D = 1%), respectively, for AD patients and 0-10% (M =
4%, D = 5%), 0-5% (M = 2%, SD = 1%), 0—6% (M =
2%, SD = 2%}, and 0-8% (M = 1%, SD = 2%), respec-
tively, for NC participants.

For valid responses, median naming latencies were com-
puted for picture, word, and new pictures for each partici-
pant. Means of the median naming latencies were analyzed
in a2 X 3 ANOVA with group (AD vs. NC) as a
between-subjects variable and picture type (picture vs. word
vs. new) as a within-subject variable.

AD patients (M = 1,002 ms, SD = 138 ms) were slower
to name pictures than NC participants (M = 876 ms, SD = 86
ms), F(1,30) = 9.52, MSE = 385,256.69, p < .01 (see Table
5). Naming latencies were significantly different between
picture (M = 889 ms, SD = 138 ms), word (M = 929 ms,
SD = 124 ms), and new (M =998 ms, SD = 145 ms)
pictures, F(2, 30) = 53.09, MSE = 97,761.13, p < .0001.
There was no interaction between group and picture type,
F(2, 30) < 2.5. Priming for picture (M = 109 ms, D = 56

Table 5

Mean Median Naming Latencies and Naming Errors for
Picture, Word, and New Pictures for Alzheimer’s Disease
(AD) and Normal Control (NC) Participants

in Experiment 3

Group Picture Word New
AD
Naming latencies (ms) 956 980 1,071
Naming errors (%) 9.9 94 10.6
NC
Naming latencies (ms) 823 2379 923
Naming errors (%) 2.8 3.1 5.2
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ms) and word (M = 69 ms, SD = 74 ms) items was revealed
by faster naming of picture, #(31) = 10.95, p < .0001, and
word, #(31) = 5.28, p < .0001, items than new pictures.

For each participant, priming scores were calculated in
absolute and percentage terms, because AD patients were
slower to name pictures than NC participants. Priming
scores in milliseconds and percent were calculated in the
same manner as in Experiment 2. The resulting mean
magnitudes of priming in milliseconds and percent were
analyzed in two separate 2 X 2 ANOVAs with group (AD vs.
NC) as a between-subjects variable and picture type (picture
vs. word) as a within-subject variable.

More priming was evidenced when pictures were studied
as pictures (M = 109 ms, SD = 56 ms) than as words
(M =69 ms, SD =74 ms), F(1, 30) = 19.31, MSE =
25,620.00, p < .0001 (see Figure 2). The main effect of
group was not significant, F(1, 30) < 2.0, p = .18. More
important, the interaction between group and picture type
was not significant, F(1, 30) < 3.5, p = .09, suggesting that
the pattern of picture-to-picture and word-to-picture priming
in AD patients was not different from that of NC partici-
pants. The ANOVA on priming effects in percent paralleled
the latency results (see Figure 2). Picture-to-picture priming
(M = 11%, SD = 5%) was greater than word-to-picture
priming (M = 7%, SD = 7%), F(1, 30) = 21.44, MSE =
0.03, p < .0001. The main effect of group was not
significant, F(1, 30) < 1.0, and there was no interaction
between group and picture type, F(1, 30) < 3.6,p = .07.

AD patients made more naming errors than NC partici-
pants, F(1, 30) = 17.84, MSE = 0.10, p < .001 (see Table
5). Neither main effect of picture type nor an interaction
between group and picture type was significant, Fs < 1.0.

Word-Stem Completion

Items were discounted if correct responses were not
provided at study (test phase of the picture-naming task). For
valid responses, word completions were considered correct
if they matched exactly or if they were plurals of target

words. For each participant, the percentages of stems
accurately completed to target words were calculated for old
and new items. The percentages were analyzedina 2 X 2
ANOVA with group (AD vs. NC) as a between-subjects variable
and picture type (old vs. new) as a within-subject variable.

There was no difference between AD and NC groups in
the percentage of word-stems completed as evidenced by a
nonsignificant main effect of group, F (1, 30) < 0.5 (see
Table 6). Priming was indicated by a greater percentage of
old (M = 27%, SD = 10%) than new (M = 18%, SD = 8%)
stems completed to target words, F(1, 30) = 21.78, MSE =
13.2, p < .0001. Moreover, there was no interaction between
group and picture type, F(1, 30) < 1.0, revealing that
priming effects for AD and NC groups were similar. Priming
scores were significant in both AD, #(15) = 2.90, p < .01,
and NC, #(15) = 3.66, p < .001, participants.

Recognition

Corrected (hits minus false alarms) recognition percent-
ages were computed for each participant and were analyzed
in a 2 X 2 mixed design with group (AD vs. NC) as a
between-subjects variable and study format (picture vs.
word) as a within-subject variable. AD patients were signifi-
cantly less accurate in comparison to NC participants in
recognizing previously seen pictures, F(1, 30) = 57.24,
MSE = 1.04, p < .0001 (see Table 4). Pictures that were
studied in picture format were better recognized than when
they were studied in word format, F(1, 30) = 199.68,
MSE = 5.27, p < .0001. There was no interaction between
study format and group, F(1, 3) < 3.5, p = .09, indicating
that both NC and AD participants recognized pictures
previously studied as pictures better than pictures previously
studied as words.

Discussion

Three main findings emerged from this experiment. First,
the AD patients demonstrated normal word-to-picture prim-
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Figure 2. Magnitude of priming in milliseconds and percentage for picture (pictures seen as
pictures at study) and word (pictures of words seen at study) item types for Alzheimer’s discase (AD)
and normal control (NC) participants in Experiment 3.
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imagining the names, word-stem completion priming was
most likely supported by lexical processes and not at all or
minimally supported by perceptual processes.

Normal priming occurred despite the fact that AD patients
displayed a deficit in picture naming. In all three experi-
ments, AD patients made significantly more naming errors
than NC participants, and this deficit in naming interacted
with perceptual difficulty in Experiment 1 and lexical
retrieval in Experiment 3. In Experiment 1, AD patients
made disproportionately more naming errors as pictures
were rotated further from the upright position. This result is
consistent with a prior study that showed an inverse
relationship between naming accuracy and perceptual diffi-
culty (Kirshner, Webb, & Kelly, 1984). The naming deficit
observed in AD is not considered to be a result of a
perceptual impairment but rather is thought to stem from
loss of semantic information about objects, from impaired
lexical access of the names for objects, or from both of these
causes (for a review, see Nebes, 1989). Foilowing from this,
the interaction between naming error rates and orientation in
Experiment 1 reflects the difficulty in accessing names of
pictures, and in some instances the failure to do so, when
pictures are presented in noncanonical orientations.

In Experiment 3, AD patients exhibited greater word-to-
picture priming than NC participants. As discussed earlier,
the hyperpriming may have resulted from AD patients’
receiving the picture names (words) at the study phase,
which subsequently facilitated retrieval for the names of
pictures that otherwise would have been very difficult or
impossible for them to retrieve from picture stimuli. In fact,
when naming was not part of a task that entailed lexical
retrieval of a word as in word-stem completion, AD patients
exhibited normal priming and retrieval of words. Baseline
word-stem completion performance was identical in AD and
NC groups. It seems that lexical processes were normal in
these AD patients, but the processes only appeared abnormal
when they interacted with AD patients’ naming deficits.

Because pictures on which AD patients made naming
errors were eliminated from the analyses, our findings on
priming were based only on pictures with names that were
accessible. It is difficult to make strong claims about the
normalcy of priming when such priming occurs in the
context of a naming deficit. This limitation of our findings is
of particular concern regarding Experiment 1, where AD
patients made many more errors in naming as picture
orientations departed from the upright position. The AD
error rates in Experiments 2 and 3 were relatively modest
(about 10%), and therefore the preservation of priming is
more certain in these studies.

Overall, our findings demonstrate that AD patients can
display normal priming across a variety of perceptual
alterations in stimuli including size, orientation, and sym-
bolic representation (word or picture). These findings pro-
vide evidence that, similar to the normal population, percep-
tual memory representation in early-stage AD patients is
abstract rather than specific. Hence, the perceptual analysis
that AD patients perform in acquiring a perceptual memory
of an object appears to be similar to the analysis in which the
normal population engages.

References

Ameld, S. E., Hyman, B. T,, Flory, J., Damasio, A. R., & Van
Hoesen, G. W. (1991). The topographical and neuroanatomical
distribution of neurofibrillary tangles and neuritic plaques in the
cerebral cortex of patients with Alzheimer’s disease. Cerebral
Cortex, 1, 103-116.

Biederman, I, & Cooper, E. E. (1991). Evidence for complete
translational and reflectional invariance in visval object priming.
Perception, 20, 585-593.

Biederman, I., & Cooper, E. E. (1992). Size invariance in visual
object priming. Journal of Experimental Psychology: Learning,
Memory and Cognition, 18, 121-133.

Biederman, L., & Gerhardstein, P. C. (1993). Recognizing depth-
rotated objects: Evidence and conditions for three-dimensional
viewpoint invariance. Journal of Experimental Psychology:
Human Perception and Performance, 19, 1162-1182.

Blaxton, T. A., Gabrieli, J. D. E,, Park, §. M., Figlozzi, C. M.,
DeCarli, C., & Theodore, W. H. (1997). Neural substrates for
conceptual and percepiual processes in implicit memory: A PET
study of primed picture naming. Manuscript submitted for
publication.

Bondi, M. W., & Kaszniak, W. (1991). Implicit and explicit
memory in Alzheimer’s disease and Parkinson’s disease. Journal
of Clinical and Experimental Neuropsychology, 13, 339-358.

Bondi, M. W, Kaszniak, A. W., Rapcsak, S. Z., & Butters, M. A.
{1993). Implicit and explicit memory following anterior commu-
nicating artery aneurysm rupture. Brain and Cognition, 22,
213-229.

Brown, A. S., Neblett, D. R., Jones, T. C., & Mitchell, D. B. (1991).
Transfer of processing in repetition priming: Some inappropriate
findings. Journal of Experimental Psychology: Learning, Memory
and Cognition, 17, 514-525.

Brun, A., & Englund, E. (1981). Regional pattern of degeneration
in Alzheimer’s disease: Neuronal loss and histopathological
grading. Histopathology, 5, 549-564.

Cave, C. B.,, & Squire, L. R. (1992). Intact and long-lasting
repetition priming in amnesia. Journal of Experimental Psychol-
ogy: Learning, Memory and Cognition, 18, 509-520.

Chertkow, H., Bub, D., & Seidenberg, M. (1989). Priming and
semantic memory loss in Alzheimer’s disease. Brain and Lan-
guage, 36, 420446,

Christensen, H., & Birrell, P. (1991). Explicit and implicit memory
in dementia and normal ageing. Psychological Research, 33,
149-161.

Corkin, S. (1982). Some relationships between global amnesias
and the memory impairments in Alzheimer’s disease. In S.
Corkin, K. L. Davis, J. H Growdon, & E. Usdin (Eds.),
Alzheimer’s disease: A report of progress in research (pp.
149-164). New York: Raven Press.

Dean, P. (1976). Effects of inferior temporal lesions on the behavior
of monkeys. Psychological Bulletin, 83, 41-71.

Desimone, R., Albright, T. D»., Gross, C. B., & Bruce, C. {1984).
Stimulus selective properties of inferior temporal neurons in the
macaque. The Journal of Neuroscience, 4, 2051-2062.

Desimone, R., & Ungerleider, L. G. {1989). Neural mechanisms of
visual processing in monkeys. In F. Boller & J. Grafman (Eds.),
Handbook of neuropsychology (pp. 267-299). Amsterdam:
Elsevier.

Deweer, B., Ergis, A. M., Fossati, P, Pillon, B., Boller, F,, Agid, Y.,
& Dubois, B. (1994). Explicit memory, procedural learning and
lexical priming in Alzheimer’s disease. Cortex, 30, 113-126.



PRESERVED PRIMING 351

Deweer, B., Pillon, B., Michon, A., & Dubois, B. (1993). Mirror
reading in Alzheimer’s disease: Normal skill learning and
acquisition of item-specific information. Journal of Clinical and
Experimental Neuropsychology, 15, 7189-804.

Dick, M. B., & Kean, M. (1989). Memory for internally generated
words in Alzheimer-type dementia: Breakdown in encoding and
semantic memory. Brain and Cognition, 9, 88—108.

Durso, F. T., & Johnson, M. K. (1979). Facilitation in naming and
categorizing repeated pictures and words. Journal of Experimen-
tal Psychology: Human Learning and Memory, 5, 449-459.,

Fleischman, D. A., Gabrieli, J. D. E., Rinaldi, J., Reminger, S. L.,
Shapiro, R., & Wilson, R. S. (1997). Word-stem completion
priming for perceptually and conceptually encoded words in
Alzheimer’s disease. Neuropsychologia, 35, 25-35.

Folstein, M., Folstein, S., & McHugh, P. (1975). Mini-Mental
State. Journal of Psychiatric Research, 12, 189-198.

Frith, C. D., Friston, K. J., Liddle, P. F, & Frackowiak, R. S. I.
(1991). A PET study of word finding. Neuropsychologia, 29,
1137-1148.

Gabrieli, J. D. E., Keane, M. M., Stanger, B. Z., Kjelgaard, M. M.,
Corkin, S., & Growdon, J. H. (1994). Dissociations among
structural-perceptual, lexical-semantic, and even-fact memory
systems in amnesic, Alzheimer’s, and normal subjects. Cortex,
30, 75-103.

Gabrieli, J. D. E,, Vaidya, C. J, Stone, M., Francis, W. S,
Thompson-Schill, S. L., Fleischman, D. A., Tinklenberg, J. R.,
Yesavage, J. A., & Wilson, R. S. (1997). The role of attention in
repetition priming: Convergent behavioral and neuropsychologi-
cal evidence. Manuscript submitted for publication.

Graf, P, & Schacter, D. L. (1985). Implicit and explicit memory for
new associations in normal and amnesic subjects. Journal of
Experimental Psychology: Learning, Memory and Cognition,
11, 501-518.

Gross, C. G. (1973a). Inferotemporal cortex and vision. In E.
Stellar & J. M. Sprague (Eds.), Progress in physiological
psychology (pp. 77-123). New York: Academic Press.

Gross, C. G. (1973b). Visual functions of inferotemporal cortex. In
R. Jung (Ed.), Harndbook of sensory physiology {pp. 451-482).
Berlin: Springer-Verlag.

Grosse, D. A., Wilson, R. S., & Fox, J. H. (1990). Preserved
word-stem-completion priming of semantically encoded informa-
tion in Alzheimer’s discase. Psychology and Aging, 3, 304-306.

Heindel, W. C., Salmon, D. P, & Butters, N. (1990). Pictorial
priming and cued recall in Alzheimer’s and Huntington’s
disease. Brain and Cognition, 13, 282-295.

Heindel, W. C., Salmon, D. P, Shults, C. W., Walicke, P. A., &
Butters, N. (1989). Neuropsychological evidence for multiple
implicit memory systems: A comparison of Alzheimer’s, Hunting-
ton’s, and Parkinson’s disease patients. The Journal of Neurosci-
ence, 9, 582-587.

Jolicoeur, P. (1985). The time to name disoriented natural objects.
Memory and Cognition, 13, 289-303.

Jolicoeur, P., & Milliken, B. (1989). Identification of disoriented
objects: Effects of context of prior presentation. Journal of
Experimental Psychology: Learning, Memory and Cognition,
15, 200-210.

Keane, M. M., Gabrieli, J. D. E., Fennema, A. C., Growdon, J. H.,
& Corkin, S. (1991). Evidence for a dissociation between
perceptual and conceptual priming in Alzheimer’s disease.
Behavioral Neuroscience, 105, 326-342.

Keane, M. M., Gabrieli, J. D., Growdon, J. I, & Corkin, §. (1994).
Priming in perceptual identification of pseudowords is normal in
Alzheimer’s disease. Nexropsychologia, 32, 343-356.

Kirshner, H. 8., Webb, W. G, & Kelly, M. P. (1984). The narning
disorder of dementia. Neuropsychologia, 22, 23-30.

Lachman, R., & Lachman, J. L. (1980). Picture naming: Retrieval
and activation of long-term memory. In L. W. Poon, J. L. Fozard,
L. §. Cermak, D. Arenberg, & L. W. Thompson (Eds.), New
directions in memory and aging: Proceedings of the George A.
Talland memorial conference (pp. 313-343). Hillsdale, NJ:
Erlbaum.

Lewis, D. A., Campbell, M. J,, Terry, R. D., & Morrison, J. H.
(1987). Laminar and regional distribution of neurofibrillary
tangles and neuritic plaques in Alzheimer’s disgase: A quantita-
tve study of visual and auditory cortices. The Jowrnal of
Neuroscience, 7, 1799-1808.

Maki, R. H. (1986). Naming and locating the tops of rotated
pictures. Canadian Journal of Psychology, 40, 368-387.

McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D.,
& Stadlan, E. (1984). Clinical diagnosis of Alzheimer’s disease:
Report of the NINCDS-ADRDA Work Group under the aus-
pices of Department of Health and Human Services Task Force
on Alzheimer’s Disease. Neurology, 34, 939-944.

Mitchell, D. B. (1989). How many memory systems? Evidence
from aging. Journal of Experimental Psychology: Learning,
Memory and Cognition, 15, 31-49,

Monti, L. A., Gabrieli, J. D. E., Reminger, S. L., Rinaldi, J. A.,
Wilson, R. S., & Fleischman, D. A. (1996). Differential effects of
aging and Alzheimer’s disease upon conceptual implicit and
explicit memory. Neuropsychology, 10, 101-112.

Nebes, R. D. (1989). Semantic memory in Alzheimer’s disease.
Psychological Bulletin, 106, 377-394.

Park, S. M., & Gabrieli, J. D, E. {1995). Perceptual and nonpercep-
tual components of implicit memory for pictures. Journal of
Experimental Psychology: Learning, Memory and Cognition,
21, 1583-1594.

Partridge, F. M., Knight, R. G., & Feehan, M. (1990). Direct and
indirect memory performance in patients with senile dementia.
Psychological Medicine, 20, 111-118.

Randolph, C. (1991). Implicit, explicit, and semantic memory
functions in Alzheimer’s disease and Huntington’s disease.
Journal of Clinical and Experimental Neuropsychology, 13,
479-494.

Roediger, H. L., Weldon, M. S., Stadler, M. L., & Riegler, G. L.
(1992). Direct comparison of two implicit memory tests: Word
fragment and word stem completion. Journal of Experimental
Psychology: Leaming, Memory and Cognition, 18, 1251-1269.

Salmon, D. P.,, Shimamura, A. P.,, Butters, N., & Smith, S. (1988).
Lexical and semantic deficits in patients with Alzheimer’s
disease. Journal of Clinical and Experimental Neuropsychology,
10, 477-494.

Schacter, D. L. (1990). Perceptual representation systems and
implicit memory: Toward a resolution of the multiple memory
systems debate. In A. Diamond (Ed.), Development and neural
bases of higher cognitive function (pp. 543-571). New York:
New York Academy of Sciences.

Scott, L. C., Wright, G. K., Rai, G. S, Exton-Smith, A. N., &
Gardiner, J. M. (1991). Further evidence of preserved memory
function in Alzheimer’s disease. International Journal of Geriat-
ric Psychiatry, 6, 583-588.

Shimamura, A. P., Salmon, D. P, Squire, L. R., & Butters, N.
(1987). Memory dysfunction and word priming in dementia and
amnesia. Behavioral Neuroscience, 101, 347-351.

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



352

Srinivas, K. (1993). Perceptual specificity in nonverbal priming.
Journal of Experimental Psychology: Learning, Memory and
Cognition, 19, 582-602.

Tarr, M. J., & Pinker, S. (1989). Mental rotation and orientation-
dependence in shape recognition. Cognitive Psychology, 21,
233-282.

The Merriam-Webster Dictionary. (1974). New York: Pocket
Books.

Tulving, E., & Schacter, D. L. (1990). Priming and human memory
systems. Science, 247, 301-306.

Ungerleider, L. G., & Pribram, K. H. (1977). Inferotemporal versus
combined pulvinar-prestriate lesions in the rhesus monkey:
Effects on color, object and pattern discrimination. Neuropsycho-
logia, 15, 481-498.

PARK ET AL.

Verfaillie, M., Gabreli, J. D. E., Vaidya, C. I, Croce, P, &
Reminger, S. L. (1996). Implicit memory for pictures in amne-
sia: Role of etiology and priming task. Neuropsychology, 10,
517-537.

Welsh, K., Butters, N., Hughes, J., Mohs, R., & Heyman, A. (1991).
Detection of abnormal memory decline in mild cases of Alzhei-
mer’s disease using CERAD neuropsychological measures.
Archives of Neurology, 48, 278-281.

Wilson, M. (1968). Inferotemporal cortex and the processing of
visual information in monkeys. Neuropsycheologia, 6, 135-140.

Received February 24, 1997
Revision received November 17, 1997
Accepted November 18, 1997 m

—

*=‘“ AMERICAN PSYCHOLOGICAL ASSOCIATION
- SUBSCRIPTION CLAIMS INFORMATION

Today’s Date:

We provide this form to assist members, institutions, and nonmember individuals with any subscription problems. With the
appropriate information we can begin aresolution. If you use the services of an agent, please do NOT duplicate claims through
them and directly to us. PLEASE PRINT CLEARLY AND IN INK IF POSSIBLE.

PRINT FULL NAME OR KEY NAME OF INSTTTUTION

MEMBER OR CUSTOMER NUMBER (MAY BEFOUND ON ANY PASTISSUE LABEL)

ADDRESS

CITY STATEXCOUNTRY ar

DATE YOUR ORDER WAS MAILED (OR PHONED)

FREPAID CHECK CHARGE
CHECK/CARD CLEARED DATE:

(If possible, send a copy, front wnd back, of your cancelled check 1o help ut in our research
of your clalm.)

YOUR NAME AND PHONE NUMBER ISSUES: ___MISSING ___ DAMAGED
TITLE VOLUME OR YEAR NUMBER OR MONTH
Thank you. Once a claim is received and resolved, delivery of replacement issues routinely takes 4—6 weeks.
(TO BE FILLED OUT BY APA STAFF)
DATE RECEIVED: DATE OF ACTION:
ACTION TAKEN: INV.NO. & DATE:
STAFF NAME: LABEL NO. & DATE:

Send this form to APA Subscription Claims, 750 First Street, NE, Washington, DC 20002-4242
PLEASE DO NOT REMOVE. A PHOTOCOPY MAY BE USED.




