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Abstract

There is debate regarding the integrity of semantic memory in dementia of the Alzheimer type (DAT). One view
argues that DAT is associated with a breakdown in semantic memory; the other argues that DAT is associated with
predominantly preserved semantic memory and a breakdown in retrieval. The classic release from proactive
interference (RPI) paradigm was used to shed light on this debate. Individuals with early-stage BA8b) and

healthy older adult controls(= 45) participated in an RPI paradigm. Each trial was a Brown—Peterson task in
which participants read three-word lists, counted (for 0, 3, 6, or 9 s), and recalled the words. Both groups showed
significant proactive interference (Pl), but the size of the Pl was significantly smaller in the DAT group. The group
difference in Pl may be due to the faster forgetting rate in the DAT group. Both groups showed significant RPI and
there was no group difference in size when RPI was considered in terms of Pl levels. Both groups showed PI and
RPI in prior list intrusions. The DAT group’s significant buildup and release of Pl based on semantic categories
suggest predominantly preserved semantic memory activity, at least, in early-stage DAT individuals.

(JINS 2003,9, 830-838.)
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INTRODUCTION trolled attentional activation), DAT-related performance

changes are not typically found. Note that this debate is not

hout late-stage dementia where it is likely that all aspects

of cognition succumb to the disease, but rather the debate
oncerns the earlier stages of DAT.

Research in the past few decades has clearly shown th
individuals diagnosed with dementia of the Alzheimer type
(DAT) show deficits on a variety of semantic-memory tasks.

Of current deba’Fe_ s the underlying cause of ihis set o Researchers exploring semantic memory in DAT groups
performance deficits. Some researchers (e.g., Bayles et ahave used a variety of measures including category fluency

1.999; Nogoln et ali' }9%;9;?'”]0” ettr?l‘t, 1999&;. for a re'e.g., Salmon et al., 1999a), general knowledge questions
view see saimon eta., ) argue that semantic memor .g., Norton et al., 1997), similarity judgments (e.g., Ober

breaks down in the course of DAT. Other researchers (e.g& Shenaut, 1999), and semantic priming (e.g., Balota &
Balolt\la f)‘ Du;gg;t (1)%91;&Bglr(])ta ettall.,9;29$r9]a; for rev'edvﬁDuchek, 1991). A classic measure of the use of semantic
see Nebes, » D0er enaut, > ) have argue fformation that has not been prominent in the current de-
the semantic-memory netw_ork remains intact at leastin earlyE>ate is the release from proactive interference paradigm
stage DAT, although intentional retrle_val from 'F may break (e.g., Wickens, 1972). Proactive interference (PI) is dem-
down. Key_(_jata used to support th_|s latter view are thatonstrated when word-list recall drops from trial to trial,

under conditions of automatic activation (as opposed to Conf)articularly when the lists are from the same semantic cat-

egory (e.g., each list contains different color names). The
Reprint requests to: Kristi S. Multhaup, P.O. Box 7000, Davidson Col-Prior lists '|nte'rfere with the ablllty'to recall the current list.
lege, Davidson, NC 28035-7000. E-mail: krmulthaup@davidson.edu  In fact, prior-list words are sometimes produced instead of
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the current-list words; these are called prior-list intrusionsimmediate free recall of 12-word lists. The authors argued
Release from proactive interference (RPI) is demonstratethat Pl did not build up in their patient group. However, the
when a set of lists from the same semantic category (e.gmean number of words recalled by the DAT group was
colors) is followed by a word list from a new semantic between 1 and 1.5 (see Figure 1 in Wilson et al., 1983).
category (e.g., professions) and recall for the words on thi§Vith performance so close to floor it is very difficult to
last list is higher than the recall of the several prior lists,detect PI.
often rising close to recall level of the first list presented By contrast, Binetti et al. (1995) argued that their DAT
(e.g., Wickens, 1972). For PI to develop and for RPI togroup did show buildup of Pl across trials, based on the
occur in this case, participants must encode the semantiack of a significant TrialX Group (control, DAT) inter-
aspects of word lists that are presented to them. action. However, the recall difference between Trials 1 and
We explored DAT individuals’ performance in the RPI 4 was 1.94 for controls and .21 for the DAT group (out of 12
paradigm for several reasons. First, RPI is a well-establishegossible). The lack of significance for a relatively large
method of measuring semantic memory, as well as interfergroup difference (roughly 25% drop of the Trial 1 level of
ence. Furthermore, Wickens (1970) argued that when parecall by Trial 4 for the controls compared with a roughly
ticipants complete the RPI task, they encode features of% drop for the DAT group) suggests that there was a lack
words (e.g., semantic category) automatically. This aspeatf power in the analysis or that the DAT group was approach-
of the RPI task is particularly important because it allowsing floor performance. Thus, the argument for significant
us to study semantic memory in DAT with a relatively pure PI buildup in DAT based on the Binetti et al. (1995) data is
measure; that is, with little influence from attentional con-weak at best (see also Kopelman, 1991, for a similar pattern
trol processes which have been argued to be impaired iwith n = 16 for Alzheimer and control groups).
DAT groups relative to healthy older adult controls (e.g., Overall, these prior studies suggest that research that in-
Balota et al., 1999a, 1999b; see Balota & Faust, 2001, for aolves both a relatively large group of DAT individuals and
review). Other tasks used to explore semantic memory itist lengths that are more manageable for DAT individuals
DAT (e.g., general knowledge questions, similarity judg-(to reduce floor performance) is needed in order to obtain
ments) are likely to be more susceptible to the influence of clearer picture of whether or not DAT individuals show a
attentional control processes, thus complicating the interbuildup of PI.
pretation of those data. Second, predictions can be made
about the current debate regarding the mechanisms that umtrusion measures of Pl
derlie DAT-related deficits. If the semantic network is still ) )
predominantly intact in DAT individuals, then DAT groups !N contrast to the often reported lack of Pl in DAT with
should show buildup of PI. However, if the semantic net_reca_ll measures, past studies, mcludlng some of the recall
work is largely degraded in DAT, DAT individuals should studies described a_lbove (e.g., Belleville et al., 1992; But-
not show a buildup of PI. Similarly, if semantic memory is t€rs etal., 1987; Wilson et al., 1983), have used intrusions
predominantly intact, RPI should be found for DAT indi- &S & measure of PIr(creasedntrusm@ from prior trials is
viduals. By contrast, if semantic memory is largely de-th? pgttern tha.t suggests PI).'BeIIewIIe etal. foundgh|gher
graded in DAT individuals, then this group should not showPrior-list mtrqspn rate for their DAT group than their con-
RPI, partly because they would not show PI. As discussedfo! group. Similarly, Butters et al. found that, on a task in

in the next section, the literature regarding these predicVNich a series of stories were presented and recalled, the
tions is equivocal. DAT group showed significantly more prior-story intru-

sions than did controls (see also Helkala et al., 1989). By
contrast, Wilson et al. found that their DAT group showed

Proactive Interference (Pl) in DAT fewer prior-list intrusions, although their DAT group was
at floor in recall of the lists which may contribute to this
Recall measures of PI pattern. Overall, with the intrusion measure, there is evi-

Previous reports of research on Pl in DAT with the typical d€nce that DAT individuals seem to experience more inter-
word-list task (Belleville et al., 1992; Cushman etal., 1988;ference from prior trials than controls do. This is in stark
Wilson et al., 1983) suggest that DAT individuals do not contrast to the lack of Pl often reported for DAT groups
show a buildup of Pl in their recall performance. However,When recall is the dependent measure. Thus, the |r_1tru5|on
interpretation of these results is compromised by issues suc}fita also suggest the need to further explore Pl in DAT
as low sample sizes and floor performance of DAT groupsPecause these data suggest that PI may build up in DAT
For example, Cushman et al. (1988) and Belleville et alindividuals after all.

(1992) reported that their DAT groups did not show PI ef-

fects, but both studies had very small DAT groups{(13  Rejease from Proactive Interference (RP!)

and 10, respectively). Because of the variability often foun n DAT

in DAT groups, studies with small groups of DAT individ-

uals are particularly open to Type Il errors. As another ex-Several of the studies of Pl in DAT have also examined
ample, Wilson et al. (1983) asked participants to do arRPI. Cushman et al. (1988) reported no RPI for their DAT



832 K.S. Multhaup et al.

group, which is not surprising, given that the DAT group ris, 1993). The CDR is based on a 90-min interview con-
had not shown a buildup of PI. Binetti et al. (1995) reportedducted by a board-certified physician with both the patient
that their DAT group showed RPI, but given that it is un- and the collateral source. The interview covers cognitive
clear that their DAT group showed buildup of PI, it is hard functioning in areas of memory, orientation, judgment and
to interpret what a release from Pl would mean (see alsproblem solving, community affairs, hobbies, and personal
Belleville et al., 1992, and Kopelman, 1991). Thus, the curcare. Each interview is videotaped and, for purposes of re-
rent data leave us unable to draw conclusions about RPI iliability, is reviewed by a second physician. A CDR scale
DAT individuals. score of 0 indicates no cognitive impairment, a score of .5
indicates questionable or very mild dementia, a score of 1
indicates mild dementia, a score of 2 indicates moderate
dementia, and a score of 3 indicates severe dementia. CDR
To increase our power to detect buildup and release of Pkcores of .5 have been found to accurately indicate the ear-
as well as any group differences between the DAT andiest stages of DAT at the Washington University Alzhei-
healthy older adult groups, we used a relatively large sammer’s Disease Research Center (Morris et al., 1991).
ple. To keep the DAT group off floor performance we used One healthy older adult and eight DAT participants had
the traditional short three-word lists (Wickens, 1970; seancomplete data and were not included in the analyses. Six
also Freedman & Cermak, 1986). Also to minimize floor DAT participants were excluded because they recalled on
and ceiling effects, we varied the difficulty of the postlist average less than one word per trial, making it unlikely that
distraction activity. This allowed us to better measure Plany patterns of interference afat release could be de-
and RPI, rather than any differential effects due to differ-tected on three-item lists (i.e., these participants were con-
ences in distractor task difficulty across groups. In additionsidered to be at floor performance). Thus, the data are
in order to explore the rate of loss of information in control reported for 81 participants: 45 healthy older adults and 36
and DAT individuals’ performance, we used a Brown- early-stage DAT individuals (24 very mild DAT and 12 mild
Peterson design with four delays (0, 3, 6, and 9 s). This is aDAT individuals). The healthy older adults (21 females, 24
important aspect of the design because any possible groupales) had a mean age of 77.91 ye&B & 8.50) and the
differences in the buildup of PI may be related to forgettingDAT group (10 females, 17 males) had a mean age of 74.53
rate. If one group has a higher forgetting rate than the othegears SD = 8.89). The healthy older adults had a mean of
that group should also show less buildup of Pl because th#3.84 years of educatiorSD = 3.06) and the DAT group
forgotten information will not be present to contribute to had a mean of 13.47 yearSD = 2.98).
Pl. Indeed, there is evidence in the literature suggesting Participants were administered a 2-hr battery of psycho-
that DAT groups show higher forgetting rates than controlametric tests by psychometricians who were unaware of the
(e.g., Dannenbaum et al., 1988; Larrabee et al., 1993; Salm@uarticipants’ CDR ratings. Table 1 shows selected psycho-
et al., 1989). Thus, it is particularly important to obtain a metric test data by group. Memory was assessed with the
measure of forgetting rate in order to interpret any possibléVechsler Memory Scale (WMS; Wechsler & Stone, 1973)
group differences in PI. Associates and Logical Memory subscales. General intelli-
gence was measured with the Wechsler Adult Intelligence
Scale (WAIS; Wechsler, 1955) Information and Digit Sym-
bol subscales. Lexical retrieval was assessed with the Word
Fluency Test (Thurstone & Thurstone, 1949) and the Bos-
ton Naming Test (Kaplan et al., 1983). As expected, on all
Ninety-six participants were drawn from the Washingtontests the DAT group performed more poorly than the healthy
University Medical School Alzheimer’s Disease Researcholder adult group.
Center, St. Louis, Missouri. A physician screened partici-
pants for neurologic, psychiatric, or medical disorders anq\/laterials
medications with the potential to cause dementia or other
memory problems. The criteria for a diagnosis of DAT con-Stimuli were 12 categories of words taken from Battig and
form to the National Institute of Neurological and Commu- Montague (1969; see Appendix). Three-word lists were
nicative Disorders and Stroke—Alzheimer’s Disease andtreated by randomly selecting words from a given cate-
Related Disorders Association (NINCDS—ADRDA) crite- gory. Each three-word list served in Trials 1-4 a similar
ria (McKhann et al., 1984) and have been described in deaumber of times across participants. To avoid idiosyncratic
tail elsewhere (e.g., Morris et al., 1988). When these criteridist effects, two different sets of three-word lists were con-
were used, reported diagnostic accuracy for Alzheimer'structed and counterbalanced across participants. A given
disease (AD) has been high (e.g., 96%, Alzheimer’s diseaseord did not appear more than once for a given participant.
confirmed in 102 of 106 consecutive autopsies in DAT in- Nonshift blocks contained four trials of word lists from the
dividuals; Berg & Morris, 1994). same semantic category (e.g., four lists of color names).
Dementia severity of participants was staged accordinghift blocks contained three trials of word lists from the
to the Washington University Clinical Dementia Rating same semantic category (“preshift” lists) and the fourth trial
(CDR) Scale (Berg et al., 1998; Hughes et al., 1982; Mor-was a word list from a different semantic category (“shift

The Present Research

METHOD

Research Participants
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Table 1. Scores on selected psychometric tests by group Participants were shown a three-digit number in a box in
the center of the computer screen. They said the number out

Group loud and then started to count backwards by three (controls,
Healthy DAT very mild DAT individuals) or two (mild DAT individuals).
controls  individuals If participants correctly reported 5 numbers in 15 s on two
Tests (n=45) (n=36) F(1,79% trials, they were assigned that counting task in the delay
WMS Associate Learning intervals of th_e word recall phase. If they were _unable to d_o
M 14.01 9.72 21.80¢+ SO, the counting task was completed again with a less dif-
sD 4.33 3.81 ficult task until the participant met the counting criteria (the
WMS Logical Memory difficulty levels were backwards three, backwards two, back-
M 9.22 5.03 26.98*  wards one, forward one). This difficulty level was then used
SD 3.67 3.54 in the delay intervals in the word recall task which imme-
WAIS Information diately followed this counting task.
M 20.96 15.00 29.94* Throughout each trial of the word recall task, a white
sD 4.25 5.55 rectangle (approximately 3.2 cm high8.9 cm wide) was
WAIS Digit Symbol present. All characters were white (approximately 1.3 cm
M 47.29 35.67 22.24* . . . )
D 8.97 1315 high X 0.6_ cm wide). The trial sequence was as follows:
Word Fluency (S & P) warning S|gnal ) for _1(_)00 ms, blank box for 750 ms,
M 33.02 2447 13.65¢+ Word 1 which the participant read aloud and then the ex-
SD 12.10 761 perimenter pressed the space bar to continue, Word 2 with
Boston Naming the same procedure as with Word 1, Word 3 with the same
M 55.67 46.03 20.21*  procedure, retention interval of 0, 3, &, ®s (after Brown,
SD 3.86 13.74 1958; Peterson & Peterson, 1959). If the retention interval

§ = of the Alzhe PRy was 3, 6, or 9 s, a random three-digit number was pre-
Note DAT = dementia of the Alzheimer type; WMS Wechsler Memory o
Scale: WAIS= Wechsler Adult Intelligence Scale. sented, the participant read the number aloud and counted

aFrom group main effect. from it according to the rule established during the pretest.
* p < .001. After the retention interval the recall cue (? ? ?) was pre-
sented for 10 s, followed by a blank box for 8 $he ses-
sions were tape-recorded and the participants’ responses
list”; e.g., three preshift lists of color names followed by a were transcribed from the tapes for scoring.
shift list of professions). Each category was rotated through There were four practice trials for the recall task, one at
the nonshift, preshift, or shift positions across participantseach retention interval. Participants needing more practice
Each participant saw each of the 12 categories as a nonshiftere given another set of four practice trials. There were 32
category, a preshift category, or a shift category. Each parexperimental trials (four nonshift blocks and four shift
ticipant received four nonshift blocks and four shift blocks; blocks, each with four trials).
the order of nonshift blocks or shift blocks first was coun-
terbalanced across participants.

There were four retention intervals used between preserBESULTS
tation and recall of the words (0, 3, 6, and 9 s). The order o
retention intervals within a block (e,d s on Tial 1, 6 s on
Trial 2, 3 s on Tial 3, ard 9 s on Tial 4) was varied across The top panel of Figure 1 contains the recall percentages
participants and across blocks of the same shift type, thabr each group, for each shift type, and for each delay (col-
is, there was a different ordering of retention intervals forlapsed across trial). Forgetting rates can be compared in the
each of the nonshift blocks; shift blocks had the same pattop panel by examining each group’s recall percentages
tern as nonshift blocks for a given participant. Stimuli wereacross delay intervals. Shift and nonshift trials are sepa-
presented with an IBM AT-compatible computer that em-rated in Figure 1 for the purposes of later analyses. How-
ployed a VGA graphics card on a standard VGA monitor inever, shift and nonshift were collapsed for the recall analysis
640X 350 pixel mode. because the distinction between nonshift and shift is a sham
for Trials 1-3. Recall scores were entered into a group (con-
trols, DAT individuals)X retention interval (0, 3, 6, 9 $¥
trial number (1, 2, 3, 4) analysis of variance (ANOVA). All
Controls and AD individuals probably would not find a main effects were significanE > 29.14,p < .001, but they
given distractor task equally difficult, making ceiling or were qualified by interactions.
floor effects likely for one of the groups if the same distrac- There was a Group< Retention Interval interaction,
tor task was used for each participant. Thus, we tailored the (3,237 = 13.41,p < .001, reflecting a faster forgetting
difficulty of the distractor task in the word recall task to

each partiCi.pam,S abi“ty by doing a pretgst Counting task 2The recall cue was three question marks separated by spaces and
(see also Mistler-Lachman, 1977; Schonfield et al., 1983)centered on the screen.

siorgetting Rates

Procedure
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Fig. 1. Percent recall (top panel) and intrusions (bottom panel)ziq 5 percent recall (top panel) and intrusions (bottom panel)

for nonshift and _shift blocks by group and retention interval, col-for nonshift and shift blocks by group and trial number, collapsed
lapsed across trial number. across 3-, 6-, and 9-s retention intervals.

rate for the DAT group compared with the controls (see theeflecting less buildup of Pl in the DAT group than in the
top panel of Figure 1). There was a significant Retentioncontrol group. This significant, yet reduced, Pl in the DAT
Interval X Trial interaction,F(9,711) = 3.72,p < .001, group is addressed in the Discussion.
reflecting the relatively low forgetting rate in Trial 1. No
other mteyactmns approached significanees 1.39. _ RPlin Recall
The primary purpose of the 0-s delay was to provide
even the most memory impaired participants with someThe measure of RPI was the ratio of [Trial 4 shift recall
successful trials. As can be seen in Figure 1 (percent correctata— Trial 4 nonshift recall data] divided by the Pl mea-
recall in the top panel), the DAT individuals could do the sure described above (see Wickens, 1972). Aratio of 1 sug-
task; in fact, they were at ceiling performance in the 0-sgests that Trial 4 recall levels returned to the Trial 1 recall
delay condition. Because both groups were at ceiling in thidevels, that is, a complete release from PI. By contrast, a
condition, the 0-s data were not included in the Pl and RPratio of O suggests that there was no release from PI. Be-
analyses of the recall data, nor were they included in theause the RPl measure involves a ratio with Pl in the de-
intrusion analyses. nominator, participants who showed no buildup of Pl had 0
in the denominator and thus were not included in this analy-
sis (three controls and six DAT individuals). As seen in the
top panel Figure 2, both groups showed significant RPI,

The top panel of Figure 2 contains the recall percentages

for each group, for each shift type, and for each trial (col-

lapsed across 3-, 6-, and 9-s retention intervals). The medable 2. Proactive interference (PI) and release from
sure of Pl was the difference score [(the combined nonshiferoactive interference (RPI) estimates by group
Trial 1 and shift Trial 1 recall data)} nonshift Trial 4 recall

Pl in Recall

data]. Note that in the present study shift type (nonshift, oup P! RPI (ratio)
shift) was a within-subjects variable rather than a between- Recall Data

subjects variable as it often has been in past research (e.é{)‘.?a“_hy_cf)mm'S 26% 1.07
Wickens, 1970); thus collapsing across shift type was noPAT individuals 14% 1.06

problematic in the present study. We combined the nonshift
e}nd shift Trial ﬁ ']cciata becauii, as notedlegrller, Thg Orl:,St',mﬂealthy controls
tion betw_ee_n shi tgnd nonshi t_eX|sts only in Trial 4; this iS p AT individuals
a sham distinction in all other trials. Table 2 shows that both
groups showed significant Pi(44) = 7.81,p < .001 and  Note PI = [(the combined nonshift Trial 1 and shift Trial 1 recall data)
t(35) = 3.99 p < .001, for the control and DAT groups nonshift Trial 4 recall data] (see text for further discussion). RPI
. ! ! - ' [Trial 4 shift recall data— Trial 4 nonshift recall data] divided by the PI
respectively (also see the top panel of Figure 2). There w.

PE 8 | easure (see text for further discussion). DATementia of the Alzhei-
a significant group difference in Pi(79) = 2.34,p = .022,  mer type.

Intrusion Data
25% .90
20% .84
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t(41) = 9.38,p < .001 andt(29) = 4.21,p < .001, for the  nonshift recall data] is larger for the control group (23%)
control and DAT groups, respectively. There was no reli-than for the DAT group (16%), when this difference is ex-
able difference in RPI for the DAT and control groups (seepressed as a proportion of the initial PI, the previous analy-
Table 2). While the absolute difference in [Trial 4 shift sis indicates that there is no significant group difference in
recall data— Trial 4 nonshift recall data] is larger for the RPI (the group means of each individual’s proportion is .90
control group (24%) than for the DAT group (13%), when and .84 for controls and the DAT group, respectively). As
this difference is expressed as a proportion of the initial PIwith the recall data, the difference in shift and nonshift
the groups’ proportions are virtually identical and remark-recall in Trial 4 appears to decline in the DAT group com-
ably close to 1 which is complete release from PI (the grougpared with the control group when the absolute difference
means of each individual’s proportion is 1.07 and 1.06 foris examined, but most of this decline seems to be accounted
controls and the DAT group, respectively). In other words,for by the decline in Pl in the DAT group compared with the
the difference in shift and nonshift recall in Trial 4 appearscontrol group.

to decline in the DAT group compared with the control

group when the absolute difference is examined, but most . i

if not all, of this decline seems to be accounted for by theExtralist Intrusions

decline in P1in the DAT group compared with the control zq hoted above, the vast majority of intrusions were from

group. prior lists (417 for the DAT group and 424 for the controls),
but there were also extralist intrusions which were either
Prior-List Intrusions appropriate (e.g., giving a tree type when recalling trees) or

) o inappropriate (e.g., giving a profession or a seemingly ran-
Intrusions can be from prior lists in the study or from out- dom word when recalling trees). The two groups had sim-
side of the list (extralist intrusions). Because we are partic-"ar numbers of appropriate extralist intrusions (36 for the

ularly interested in PI (the influence of prior information on At group and 40 for the controls), but the DAT group (30)
the ability to remember current information), we begin with . - 4 rore inappropriate extralist intrusions than the con-
the prior-list intrusions which made up 88% of total intru- .15 gig (12).

sions. The bottom panels of Figures 1 and 2 show intrusion
data that matches the recall data in top panels. The recall
data and the prior-list intrusion data are not complementarfDISCUSSION

because of the extralist intrusions and trials on which par—B f turming to the i f1h hani that und
ticipants failed to recall three words. efore returning to the issue of the mechanisms that under-

lie semantic-memory deficits in DAT groups compared with
control groups, we will comment on the Pl and RPI data
which yield several interesting findings regarding the sen-
As in the recall data, the Pl measure was the differencsitivity of DAT individuals to Pl and RPI. First, DAT indi-
score for [(the combined nonshift Trial 1 and shift Trial 1 viduals showed significant PI, although the amount of Pl is
intrusion data)- nonshift Trial 4 intrusion data]. Table 2 smaller in DAT individuals than in controls when recall is
shows that both groups showed significanttf44) = 8.23,  the dependent measure. The present finding of Pl in DAT
p < .001 andt(35) = 6.51,p < .001, for the control and supports Binetti et al. (1995) and Kopelman (1991) without
DAT groups, respectively (also see the bottom panel of Figdepending on the lack of a GroupTrial interaction which
ure 2). There was not a significant group difference in Pl,is particularly open to power issues. Second, DAT individ-
t(79) = 0.97,p = .335 (see bottom panel of Figure 2). uals also showed significant RPI. While the amount of RPI
looks smaller in DAT individuals than in controls when
RPI in prior-list intrusions considering only Trial 4 shift and nonshift data, the groups
0show similar degrees of RPI when the release effect is con-
sidered in terms of the overall Pl each group built up.

Pl in prior-list intrusions

Following the recall data, the measure of RPI was the rati
of [Trial 4 shift intrusion data— Trial 4 nonshift intrusion
data] divided by the Pl measure described in the previous

section. Aga.in, a ratio of 1 suggests complete release frorﬂnplications Regarding the

P! and a ratio of 0 suggests no release from PI._AS ”Oteﬂ/leasurement of RPI

with the recall data, because the RPI measure involves a

ratio with PI in the denominator, participants who showedPast research into Pl and RPI in DAT (e.g., Belleville et al.,
no buildup of Pl had 0 in the denominator and thus were notL992; Binetti et al., 1995; Cushman et al., 1988; Wilson
included in this analysis (seven controls and two DAT indi-et al., 1983) did not show convincing evidence for the ex-
viduals). Both groups showed significant RRB7) = 14.59, istence of Pl and RPI in DAT, as discussed in the Introduc-
p < .001 andt(33) = 6.58,p < .001, for the control and tion. We were able to provide clear evidence of Pl and RPI
DAT groups, respectively (see the bottom panel of Fig-in DAT individuals, likely because we used a relatively large
ure 2). There was no difference in RPI for the DAT and DAT sample in combination with the use of short lists and
control groupst(70) = 0.45,p = .651 (see Table 2). While procedures to minimize floor performance on recall. An
the absolute difference in [Trial 4 shift recall datalrial 4  additional important point to consider is the potential prob-
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lems that may arise when RPI is assessed without referen@AT group. However, guessing on the present task could
to the magnitude of preceding PI (i.e., when RPI is definedncrease the prior-list intrusion rate and may underlie the
as recall on the last triat recall on the second-to-last trial). similar prior-list intrusion rates for the present DAT and
When this method is used, researchers have reported RPI aontrol groups. The lack of a group effect in intrusion rate
DAT without clear evidence of PI (e.g., Belleville et al., in the present data, as opposed to larger intrusion rates
1992; Binetti et al., 1995). Such patterns are hard to interin DAT compared with control groups in past research
pret because it is unclear what participants were “releasedBelleville et al., 1992; Butters et al., 1987; Helkala et al.,
from if there was no clear build up of Pl before the “re- 1989), may be due to the present participants knowing that
lease.” Importantly, this measure of RPI does not take intadhere were three items per list. The present participants rarely
account PI, as the traditional Wickens measure does (e.goffered more than three words during the recall of a word
Wickens, 1972). The Wickens RPI measure takes the medist. It may be that under conditions where participants re-
sure of RPI often used by past cognitive neuropsychologyall nearly all of the items (lists of 3 words), intrusions will
researchers (e.g., Belleville et al., 1992; Binetti et al., 1995not occur more frequently in DAT individuals, but under
and divides it by the level of PI (this was done in the presentonditions in which participants recall a relatively small
research). Clearly, the way RPI is measured can lead tproportion of the items (e.g., when recalling an entire story,
very different conclusions regarding the presence of RPWhen recalling relatively longer word lists), intrusions will
and group differences in RPI. We believe that contextualiz-occur more frequently in DAT individuals.
ing release in terms of Pl buildup is necessary to avoid the A second possible explanation of the group difference in
interpretive knot of RPI in the absence of PI, thus helpingPl is that the semantic-memory network remains preserved
us to better understand potential group differences in RPlonly for the very earliest stage of DAT. Note that our DAT
sample included individuals with both very mild DAT and
mild DAT diagnoses. While there were too few participants
Implications for Understanding Semantic- to analyze these groups separately, it is of interest that in
Memory Deficits in DAT Groups the DAT group, the Boston Naming Test scores correlated
with our measure of PIf(35) = .34,p < .05, and in a
As described in the Introduction, the present data were colmedian split on the Boston Naming Test scores of the DAT
lected to yield insight into the ongoing debate about theindividuals, all but three of the top half of the participants
integrity of semantic memory in DAT individuals. We pro- were diagnosed with very mild DAT. Similarly, the correla-
posed that if the semantic network is still predominantlytion between the Boston Naming Test scores and our mea-
intact in DAT individuals, they should show both build up sure of RPI was positive, but it was not significant with the
of Pl and RPI. However, if the semantic network has largelysmaller sample size (see the Results section for details),
degraded in DAT, the DAT group should not show PI, muchr (29) = .28,p < .14. Thus, it is possible that as DAT pro-
less RPI. We found significant Pl and RPI in DAT individ- gresses there will be increased contribution of semantic-
uals. In addition, we found that the buildup of Pl was sig-memory deterioration, which in turn can produce decreased
nificantly lower in the DAT group than in the control group Pl and RPI. Of course, even in this situation, one must be
in the recall data. The group difference in Pl could be usedrery sensitive to potential scaling issues, wherein the more
to argue that semantic memory has degraded in DAT indisevere forms of DAT may be approaching floor performance.
viduals. However, the significant buildup of Pl and sub- The pattern of significant Pl and RPI in the present DAT
sequent RPI in the DAT group is inconsistent with the ideagroup also adds to comparisons of DAT with other memory-
of gross deterioration and reorganization of semantic memimpaired groups. For example, the present DAT pattern dis-
ory in DAT individuals. Thus we see at least two possibletinguishes DAT from Korsakoff’s syndrome for which
interpretations of these data. reported evidence suggests buildup of Pl (a drop in recall of
The first possibility is that the group difference in Pl is roughly 20% between Trial 1 and Trial 5), but no RPI by
due to a faster forgetting function in the DAT group com- any measure (Janowsky et al., 1989). More research needs
pared with the control group (see Figure 1; cf. Dannenbaunto be done to compare the present DAT pattern with frontal
et al., 1988; Larrabee et al., 1993; Salmon et al., 1989). Ifobe and nonalcoholic patients. While evidence for both
DAT individuals are less likely to remember prior informa- buildup of Pl and RPI has been found in both of those
tion, then they should suffer from less PI than controls begroups (Janowsky et al., 1989; see Freedman & Cermak,
cause the DAT individuals have less prior information 1986 for a distinction between relatively good and poor
available to create Pl. Because the Trial 4 shift lists releasenemory frontal patients), it is unclear whether the levels of
participants from Pl by definition, the differential forget- Pl and RPI found in these groups are equal to levels found
ting rate across groups is not an issue for RPI, and thus thig controls, or may be reduced as in the case of Pl in the
account is consistent with similar levels of RPI in the DAT present DAT group. A particularly fruitful comparison would
and control groups. The present data emphasize the needlie the performance of DAT and frontal lobe groups given
look at forgetting rates in conjunction with Pl measures,that source monitoring deficiency is one source of interfer-
particularly when comparing groups. ence effects (e.g., Kane & Hasher, 1996), both groups show
If this interpretation of the group difference in Pl is cor- deficits on source memory tasks (see Janowsky et al., 1989,
rect, one may expect fewer prior-list intrusions from theas cited in Shimamura, 1995, for frontal data; see Multhaup
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& Balota, 1997, for DAT data), and DAT has been increas- Journal of the International Neuropsychological Socjefy
ingly associated with frontal lobe deficiencies (e.g., Balota 668-675.
& Faust, 2001; Morris et al., 1996; Morrison et al., 1986; Belleville, S., Peretz, I., Arguin, M., Fontaine, F., Lussier, I., Gou-
Parasuraman & Haxby, 1993). !et, P & Jpanettg, Y. (1992). Assessment of sgmantic process-
In summary, the present study provides evidence that 'nfg n p?'enFShV_"t')t.? A'Zhe'“;fer:Ntype demﬁnlt'a: ﬁT hzegreﬁase'
L o of-proactive-inhibition paradignieuropsychology6, 29—-41.
early-stage DAT individuals show significant PI and RPI. Berg,?_. 2 Morris, 1.C. (19%4). D?agnosis?lnyR.D. ?erry, = etz
Their Pl is reduced compared with controls in recall, but man, & K. Bick (Eds.) Alzheimer's diseasépp. 9-25). New
this may be due to faster forgetting rates in the DAT group. v Raven Press. ' '
P_I was similar across groups in intrusion rates. DAT indi'Berg, L., McKeel, D.W., Jr., Miller, J.P., Storandt, M., Rubin, E.H.,
viduals show similar levels of RPI as controls do, by both  vorris, J.C., Baty, J., Coats, M., Norton, J., Goate, A.M., Price,
recall and intrusion rate measures, when initial Pl is taken J.L., Gearing, M., Mirra, S.S., & Saunders, A.M. (1998). Clin-
into account in measuring RPI. The buildup and release of icopathological studies in cognitively healthy aging and Alz-
Pl in the present task is based on automatically encoding heimer’s disease: Relation of histologic markers to dementia
the semantic category to which the words belong (Wickens, severity.Archives of Neurologys5, 326—-335.
1970) Thus’ When the Semant|c_memory system |s asB|nett|, G, Magnl, E, PadOVani,A., Capra, SF, B|anChett|,A, &
sessed with a technique that does not rely on attentional Tra:ouglcr;:' M. (%935)' Rzldease fromhplroa.;g\ée;ggergfnce in
control processes, early-stage DAT individuals (perhaps pri- 8"y AIZNEIMErS dISEaSENEUropsychologiass, 5/9-364.
marily those diagnosed with very mild DAT) appear to haveBrown' J. (1958). Slome tEStls ?f the d_ecay tl?eory ?]f ;mmedlate
predominantly intact semantic memory (cf. Balota et al., memory.Quarterly Journal of Experimental Psycholaglo,

12-21
1999a; Nebes, 1992; Ober & Shenaut, 1995). Butters, N., Granholm, E., Salmon, D.P., & Grant, I. (1987). Epi-
sodic and semantic memory: A comparison of amnesic and
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APPENDIX

Categories of Words Used as Stimuli
Musical Earth

Colors Cloths instruments Occupations  Trees States Furniture FisHormations \egetables Birds  Seasonings
blue cotton  piano lawyer oak Florida table trout mountain  carrot robin salt
red wool drum teacher maple  Texas bed shark hill pea sparrow sugar
green  silk trumpet dentist pine Virginia  desk perch valley corn cardinal garlic
yellow linen violin carpenter elm Maine lamp salmon  river bean eagle vanilla
orange satin clarinet salesman birch Ohio couch cod lake potato crow cinnamon
black  velvet flute nurse spruce lowa dresser carp canyon lettuce canary cloves
purple burlap guitar plumber walnut Georgia  stool pike cliff broccoli wren paprika
white  denim saxophone accountant hickory Oregon bookcase minnow ocean beets parrot oregano
pink flannel trombone farmer ash Kentucky cabinet guppy cave squash pigeon  nutmeg
brown tweed tuba banker poplar  Utah chest flounder volcano onions dove parsley
gray canvas harp fireman willow  Nevada bench marlin plateau cucumber  owl ginger

tan felt banjo secretary cedar Wyoming rocker halibut  desert turnip finch mint




