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Abstract

Impaired recall for early items (primacy) and late items (recency) on word list recall tests are seen in Alzheimer’s
disease (AD). We compared conventional scoring on the Telephone Instrument for Cognitive Status (TICS) recall
list with scorings based on retention-weighted recall (RWR: each item weighted by its serial position) in older
adults participating in a community-based aging study. Subjects with mild AD (N5 18) did not differ from those
without dementia (N5 231) with respect to recency (46% vs. 59%, p5 0.2), but had impaired primacy (2% vs.
39%, p , .001) on word recall on the TICS. RWR scoring improved the effect size (1.52 SD) compared to
conventional scoring (1.08 SD). With a fixed sensitivity of 85%, specificity was lower using conventional scoring
(56%) than RWR (76%) scoring. Our findings suggest that optimized RWR scoring of word list free recall can
improve detection of mild AD compared to conventional scoring. (JINS, 2006, 12, 436–440.)
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INTRODUCTION

The identification of mild Alzheimer’s disease (AD) is an
urgent public health priority since early dementia often goes
undetected and untreated (Callahan et al., 1995). Memory
impairment is the earliest indicator of AD, and is the only
cognitive domain that must be impaired to diagnose demen-
tia (American Psychiatric Association, 1994). Individuals
with poor memory performance are at elevated risk for devel-
oping clinically diagnosable dementia (Masur et al., 1994)

Strategies for optimizing the early detection of AD by
memory testing may involve using different aspects of mem-
ory (list learning, paired-associate learning, story recall,
etc.), and0or using procedural manipulations to maximize
the separation of intact and impaired memory performance

(e.g., the use of controlled learning and category cues to
enhance normal performance) (Buschke, 1984; Buschke
et al., 1997). A complementary approach is to use novel
scoring procedures on free recall list learning (Meiran et al.,
1996; Sliwinski et al., 1997; Shankle et al., 2005). In this
article, we pursue this second strategy by developing scor-
ing algorithms based on serial position effects to improve
discrimination of older adults with and without early AD
(Buschke & Sliwinski, 1999). Free recall (FR) is typically
measured by counting the number of items recalled. This
unit-weighted counting assumes that all items make an equal
contribution to the identification of dementia. However, the
probability of recalling an item varies as a function of its
serial position in the to-be-learned list (Nipher, 1878). Analy-
sis of serial position effects reveals that recall is more likely
for items presented first (“primacy”) or last (“recency”)
than items in the middle of the list (Murdock, 1962). Pri-
macy and recency effects persist in recall by cognitively
intact older adults. The primacy effect reflects a response
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preference for the first few items in a list, and depends
critically on the ability to rehearse early items during pre-
sentation of subsequent list items (Howard & Kahana, 1999).
Several studies have demonstrated that patients with AD
exhibit impaired recall for early list items and little or no
impairment in recall of late list items (Spinnler & Della
Sala, 1988; Gainotti et al., 1989; Gainotti & Marra, 1994).
It has been reported that the difference between the first
few primacy items and recall of the last few recency items
was much greater in recall by subjects with AD than in
those without AD (Gainotti & Marra, 1994). Recall of items
given early in a word list should contribute more informa-
tion to the discrimination of FR performance in AD patients
from FR by their nondemented peers. A scoring strategy
that weights items based on their position may improve the
identification of diagnosable dementia as well as individu-
als at very high risk for future dementia.

We compared the performance of a sample of older adults
with and without AD on the 10-item word recall list from
the Telephone Instrument for Cognitive Status (TICS)
(Brandt et al., 1988) using conventional unweighted free
recall (FR) and an alterative item-specific serial position
(retention-weighted recall: RWR) scoring procedure. As pre-
ventive interventions become available, early detection will
be essential to introduce these measures early. Hence, we
focused on older adults with early AD. We predicted that
RWR would improve discrimination of demented from non-
demented individuals compared to unweighted FR.

METHODS

Research Participants

The population for this study included 257 community-
dwelling older adults seen between July 1996 and August
1997 in the Einstein Aging Study (EAS), and who were
administered the TICS as part of a validation study of
telephone-based cognitive screening tests (Lipton et al.,
2003). Subjects in the current study included those recruited
by systematic sampling from population lists (n5110, 43%
of sample) as well as community volunteers (n5147, 57%
of the sample). This sample was comprised of 163 females
(63%) and 94 males (36%), 212 Caucasians (82%), 41
African-Americans (16 %), and 4 of other ethnicities.

The EAS recruitment methods have been previously
detailed (Buschke et al., 1997; Lipton et al., 2003). All EAS
subjects receive medical, epidemiological, and behavioral
questions, a neurological exam, and extensive neuropsycho-
logical testing at enrollment and at 12 to 18 monthly
follow-up visits.

Dementia Diagnosis

A diagnosis of dementia based on the Diagnostic and Sta-
tistical Manual III–Revised (DSM-III-R) criteria (Ameri-
can Psychiatric Association, 1987) was assigned at consensus

case conferences attended by the study neurologist, a neuro-
psychologist, and the social worker, who were all blind to
results of the telephone interview. Severity of cognitive
impairment was rated by the study clinicians using the Clin-
ical Dementia Rating (CDR) scale (Hughes et al., 1982). A
diagnosis of possible or probable AD was assigned accord-
ing to NINCDS0ADRDA criteria (McKhann et al., 1984).
Twenty-six individuals were diagnosed with dementia (base
rate 10.8%), and of these, 22 were assigned a subtype of
possible or probable AD, 1 vascular dementia (VaD), and 2
mixed AD0VaD, and 1 frontotemporal dementia. Of the 24
individuals with AD or mixed AD0VaD dementia, 19 were
assigned CDR 0.5 (questionable dementia) or CDR 1 (mild
dementia). Eighteen had Blessed Information-Memory-
Concentration test (BIMC) scores of,14 (range 0–32,.7
abnormal) indicating mild disease severity (Blessed et al.,
1968). All analyses were restricted to the cognitively nor-
mal individuals and the 18 individuals diagnosed with pos-
sible, probable or mixed AD0VaD, and with mild dementia
severity (n5 18).

Study Procedure

The TICS, a validated telephone-administered instrument
(Brandt et al., 1988), was administered as part of a tele-
phone interview 1 to 3 weeks before or after the EAS clinic
visit. The memory task consisted of a single presentation of
10 words (2–3 seconds per word), to be recalled immedi-
ately in any order: “cabin, pipe, elephant, chest, silk, the-
atre, watch, whip, pillow, giant.” Single items were repeated
if the subject requested.

Scoring and Data Analyses

The standard TICS FR measure of memory was the total
number of words recalled (maximum 10). This scoring
assumes that all items contribute equally to the measure-
ment of memory, regardless of their length of retention (due
to order of presentation or recall), or any other features that
might affect retrieval. This conventional FR measure was
compared with a simple retention-weighted recall (RWR)
memory measure in which each item was weighted accord-
ing to its relative length of retention before recall begins.
This RWR measure weights each recalled item by its serial
presentation order: In recall of a 10-item list, recall of the
first presented item would score 10; recall of the second
presented item would score 9, and so forth. Such RWR
weights recall by retention, inversely to recency of presen-
tation. The general formula for scoring each item by this
measure is:

RWR for each item 5 List Length2 Presentation Position

11.

After each recalled item is weighted according to this for-
mula, the weighted scores for all recalled items are summed
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to obtain the total RWR measure of memory performance
shown by:

FR (total RWR 5 S RWR for all items recalled).

Primacy and recency effects are calculated by determining
the proportion of individuals who recalled the first three
items (primacy) and the last three items (recency). Effects
of AD versus no dementia, serial position, and the inter-
action between AD status and serial position on the prob-
ability of correct recall were tested using generalized
estimating equations (GEE) for binomial data (PROC GEN-
MOD in SAS). The data from serial positions 3 and 6
were omitted as none of the AD adults correctly recalled
items in these positions.

Analyses of the receiver operating characteristics (ROC)
for FR and RWR were conducted to examine the trade-off
between sensitivity and specificity of each scoring algo-
rithm for AD compared to no dementia. Sensitivity is the
proportion of subjects with dementia (according to the
gold standard diagnosis) with a positive test result (dis-
eased with a true positive test0all with disease). Specific-
ity is the proportion of nondemented subjects (according
to the gold standard diagnosis) who will be correctly clas-
sified as nondemented (those with a true negative test0all
without disease).

RESULTS

There were no significant differences between the 18 mild
AD cases and the 231 nondementia controls in age (mean
80.66 6.4 vs. 80.86 7.8 years), educational level (12.16
3.2 vs. 12.8 6 3.8 years), or sex, (59% vs. 64% female).
There were significant differences between the AD and
nondemented groups in performance on mental status
(BIMC) (mean 12.4 6 4.5 vs. 2.9 6 2.7, p 5 .01) and
WAIS-R Verbal IQ (91.6613.3 vs. 106.1613.6, p5 .01),
and subtests of the WAIS-R performance IQ such as digit
symbol (19.9 6 11.3 vs. 35.4 6 12.4, p , .001) and block
design (12.7 6 7.7 vs. 18.5 6 4.5, p 5 .02) (Wechsler,
1981).

Differential Recall by Serial Position

Figure 1 presents the probability of correctly recalling each
item as a function of serial position in order of presentation
by nondemented older adults and individuals with demen-
tia. Inspection of the figure reveals that the nondemented
sample is more likely to recall the first 3 items (primacy)
and the last several items (recency); recall is least likely for
the middle items on the list. For AD, the proportion of
items recalled is lower on average; the recency effect is
prominent while the primacy effect is decreased. Figure 1
suggests that separation between the no dementia and AD
groups is maximal for items 1 to 6.

Overall, non-AD adults had a higher probability of recall
than AD participants (z5 5.18, p , .05), and both groups

showed clear serial position effects (z 5 6.75, p , .05).
Recall by the nondemented older adults is characterized by
primacy as well as recency, but recall by individuals with
dementia is characterized only by recency, as evidenced
by a significant group 3 position interaction (z 5 4.64,
p , .05). Although AD subjects recalled the last two items
with nearly the same probability as controls, they had much
lower recall of the earlier items, indicating that most of the
difference in recall by the AD group is due to decreased
recall of items that must be retained longer.

Primacy and Recency

Both the AD group and the nondemented controls showed
recency effects on word recall on the TICS (57% vs. 59%,
p 5 .2). Participants with AD recalled significantly fewer
primacy items compared to controls (2% vs. 39%, p, .001).
The difference between primacy and recency recall by these
older adults with AD is twice as large as the difference
between primacy and recency recall by the nondemented
group (55% vs. 21%, p , .001), confirming the loss of
primacy in AD (Figure 1).

Free Recall

Retention-weighted scoring increased the memory measure
for the nondemented group from 3.9 (FR) to 18.6 (RWR),
much more than the increase from 2.2 (FR) to 5.5 (RWR)
for the AD group. Effect size (‘d’) estimates the magnitude
of the difference between mean recall by the dementia and
no dementia groups in standard deviation units. Because
the retention-weighted scoring algorithm produced scores
that were positively skewed, a square-root normalizing trans-
formation was applied before calculating the effect size.

Fig. 1. Serial position curves for free recall by older adults with
and without AD.
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For FR (counting) the effect size was 1.08 standard devia-
tions, but for retention-weighted recall (weighting) the effect
size was 1.52 standard deviations.

Discriminative Validity

Figure 2 shows the ROC curves for FR and RWR. The area
under the ROC curve is an index of discriminability, that is,
the larger the area the under the curve, the better the dis-
crimination (DeLong et al., 1988). The RWR provided sig-
nificantly better discrimination than the FR index [x2(1)5
9.27, p , .05] (DeLong et al., 1988). Of additional interest
are focused comparisons of the performance of the differ-
ence algorithms for fixed levels of discriminability. At a
sensitivity of 0.85, the specificity for conventional FR was
0.56 compared to 0.76 for RWR.

DISCUSSION

The present results demonstrated that the discriminative
validity of a simple 10-word FR test for identifying older
adults with mild AD can be improved by using scoring
rules that weight each item in a list with regard to its serial
position. The serial position curves, primacy and recency
comparisons, effect sizes, and discriminative validity shown
by sensitivity and specificity in this comparison of memory
measurement by weighting recall (RWR) and by counting
recall (FR) provide a demonstration of how the power of
memory measurement and detection of AD can be improved
by weighting, and why weighting should be considered when
measuring memory.

The retention-weighted-recall score capitalizes on the
established empirical finding, confirmed in the present data,
that in dementia (most often AD), there is selective loss of

the primacy effects seen in nondemented young and older
adults (Spinnler & Della Sala, 1988; Gainotti et al., 1989;
Gainotti & Marra, 1994). The primacy and recency effects
shown in our controls are similar in magnitude to other
studies (Spinnler & Della Sala, 1988; Gainotti et al., 1989;
Gainotti & Marra, 1994). However, the earlier studies did
not consider implications of these findings to the clinical
detection of AD. We found that RWR improved discrimi-
native validity over the usual unweighted scoring. These
differences in the serial position curves confirm similar pre-
vious findings of impaired primacy in recall by older adults
with AD (Gainotti et al., 1989, Gainotti & Marra, 1994;
Spinnler & Della Sala, 1988), and provide an empirical
basis for retention-weighted measurement of memory
performance.

The following limitations need to be noted. A longer or
shorter word list, repeated presentations or in-person ver-
sus telephone presentation may yield different results.
Also, it is possible that sample characteristics could alter
results. Our results build upon empirical findings reported
in AD patients, and are explained by impaired perfor-
mance in our subjects with mild AD. The gold standard
used for this study was clinical diagnosis of AD. As our
focus was on early detection of dementia, we restricted
our focus to early stages of AD. It is likely that the differ-
ences noted in this sample may be accentuated in samples
with subjects with more severe dementia. Older adults with
dementia may have multiple pathologies on pathological
brain examination. Hence, our findings should be verified
in other samples that include non-Alzheimer dementias
and possibly with pathological validation. A recent study
reported improved discrimination of cognitively normal
and impaired subjects using weighting of recall responses
(Shankle et al., 2005). In contrast to RWR, this technique
does not specifically account for serial positioning and
requires computer-based weighting, which may limit it’s
use in some settings.

The impairment in primacy and relative preservation of
recency effects in AD remain in need of explanation. Since
rehearsal is the key to primacy, the presentation of sub-
sequent list items may interfere with the ability of AD
patients to rehearse earlier list items. This is consistent with
the view that progressive AD disrupts the ability to simul-
taneously encode information and process information. This
explanation, though admittedly ad hoc, is plausible and con-
sistent with findings showing AD deficits in working mem-
ory (Baddeley et al., 2001).

Regardless of the correct explanation of the serial posi-
tion deficits observed in the FR performance on AD patients,
the empirical fact of such deficits can inform scoring rules
designed to optimize the detection of AD-related memory
impairment using TICS or other list-based recall tests. Future
research that isolates the mechanism underlying the AD
deficit in primacy effects could inform the design of mem-
ory testing procedures to better assess those aspects of mem-
ory performance that are most sensitive to impairments
occurring early in AD.

Fig. 2. Receiver operating characteristics (ROC) curves for free
recall (FR) and retention-weighted recall (RWR).
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