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Abstract
Study of repeated learning mechanisms has been limited in amnestic mild cognitive impairment, a
preclinical stage of Alzheimer disease modifiable by cognitive rehabilitation. We assessed
repeated contextual working memory decline as an indicator of amnestic mild cognitive
impairment in a sample of 45 older adults recruited from the tertiary care setting. Results indicated
that contextual working memory impairment distinguished adults with preclinical disease from
those without impairment despite similar overall cognitive performance, and comparison of the
indicator with standard-of-care neuropsychological measures indicated discriminant validity.
Contextual working memory impairment may represent a novel predictor of Alzheimer disease
conversion risk.
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INTRODUCTION
Decades of experimental and clinical work have identified memory systems disrupted or
spared in the course of amnestic mild cognitive impairment (aMCI) and its typical successor
state, Alzheimer disease (AD) (Baars et al., 2009; Hodges, Erzinclioglu, & Patterson, 2006;
Kessels, Remmerswaal, & Wilson, 2011; Wiggs, Weisberg, & Martin, 2006). Identifying
vulnerable cognitive capacities enables early identification of persons at risk for AD so that
appropriate early interventions may be delivered, and identifying spared memory capacities
informs the development of cognitive training interventions that may serve to delay
functional AD impairment (Belleville et al., 2006; Carlesimo et al., 1998). Since treatment
options at the AD stage of impairment remain limited, identifying persons with preclinical
AD has become an important clinical goal.
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Despite the traditional focus on the dysfunction of episodic delayed recall in AD, the
association of AD with declining working memory (WM), a short-term memory system that
holds information on-line for cognitive manipulation, has been appreciated since the 1990s
(Baddeley, Bressi, Della Sala, Logie, & Spinnler, 1991; Belleville, Peretz, & Malenfant,
1996; Bisiacchi, Borella, Bergamaschi, Carretti, & Mondini, 2008; Collette, Van der Linden,
Bechet, & Salmon, 1999; Moulin, James, Freeman, & Jones, 2004; Ribeiro, Guerreiro, & De
Mendonca, 2007; Rochon, Waters, & Caplan, 2000; Schrijnemaekers, de Jager, Hogervorst,
& Budge, 2006; Seelye, Schmitter-Edgecombe, & Flores, 2010). Indeed, cognitive
researchers have converged upon an understanding that WM experiences parallel decline in
the earliest stages of clinical AD, and neurophysiology has linked disrupted WM processing
to progressive MCI (Belleville, Sylvain-Roy, de Boysson, & Menard, 2008; Kramer et al.,
2006; Matsuda & Saito, 2009; Missonnier et al., 2007; Missonnier et al., 2006; Saunders &
Summers, 2010, 2011). The similar clinical prognoses of episodic memory and WM in AD
have been correlated to their shared neural mechanisms. Functional neuroimaging has
implicated a left-lateralized network including the left inferior frontal gyri, inferior and
medial temporal cortices, and posterior parietal cortices in WM, and these regions,
particularly medial temporal structures such as the hippocampus, are classically associated
with episodic memory (Oztekin, McElree, Staresina, & Davachi, 2009; Parasuraman,
Greenwood, Haxby, & Grady, 1992; Ranganath, Cohen, Dam, & D’Esposito, 2004).

In contrast to WM and episodic memory, nondeclarative forms of memory such as repetition
priming (RP), characterized by unconscious changes in cognitive processing due to mere
exposure to associations between phenomena, appear broadly spared in aging and AD
(Fleischman, Gabrieli, Reminger, Vaidya, & Bennett, 1998; Gabrieli, Corkin, Mickel, &
Growdon, 1993; Kessels et al., 2011; Wilkinson & Yang, 2012; Yang & Krampe, 2009).
Individuals with particularly severe AD pathology may even exhibit enhanced
nondeclarative memory (Klimkowicz-Mrowiec, Slowik, Krzywoszanski, Herzog-
Krzywoszanska, & Szczudlik, 2008). Indeed, cognitive interventions to improve functioning
in aMCI and AD utilizing this spared nondeclarative capacity have been devised, and they
appear efficacious (Jean, Simard, et al., 2010; Kessels & de Haan, 2003; Mimura &
Komatsu, 2007; van Halteren-van Tilborg, Scherder, & Hulstijn, 2007; Zanetti et al., 1997).
However, the degree of impairment in specific aspects of nondeclarative memory in aMCI
and AD remains controversial. For example, some studies have reported that persons with
clinical AD show impairment in certain nondeclarative memory tasks, especially for tasks
where the ability to distinguish related phenomena on-line is implicated or where long-term
encoding would be necessary for the observation of nondeclarative effects (Ferraro, Balota,
& Connor, 1993; Fleischman & Gabrieli, 1998; Fleischman et al., 2005; Henke, 2010;
Mitchell & Schmitt, 2006; Pihlajamaki, O’Keefe, O’Brien, Blacker, & Sperling, 2011).

We suggest that this apparent discrepancy may be partially resolved by an appreciation that
despite their dissimilar clinical fates in AD, episodic memory, RP, and WM systems
collaborate and interact “on-line” during cognitive processing due to medial temporal and
frontal cortical co-involvement (Guo, Lawson, & Jiang, 2007; Koenig et al., 2008). This
possibility is highlighted by the tendency of reports of nondeclarative memory impairment
in AD to be linked to either a long-term delay or relevance to an on-line task. This
interaction presents a potential clinical opportunity. Altered neural mechanisms associated
with cognitive decline are potential cognitive or neuroimaging biomarkers of cognitive
dysfunction. Indeed, neural structures overlapping with those that subserve WM functions
have been used to identify participants at risk for AD conversion with success. For example,
the default mode network, a system of brain regions characterized by activity covariation in
the absence of an ongoing cognitive task, incorporates medial temporal and prefrontal
structures, and resting state analyses have identified systematic changes to these structures
both in persons with AD and in at-risk individuals who have not yet received a clinical
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diagnosis (Buckner et al., 2009; Celone et al., 2006; Sperling, 2007). However, the
underlying neural mechanisms subserving the default network and WM are distinct
(Greicius, Krasnow, Reiss, & Menon, 2003; Hampson, Driesen, Skudlarski, Gore, &
Constable, 2006; Kim et al., 2009; Sambataro et al., 2010). In our opinion, given the special
status of WM in clinical AD, WM indicators of aMCI are understudied and of potential
clinical interest.

In this study, we used a paradigm designed to simultaneously probe WM and RP to test for
behavioral and electrophysiological indicators of aMCI and early AD relative to an age- and
education-matched healthy elderly control group. We previously reported that healthy older
adults showed disproportionate WM impairment for WM nonmatch stimuli relative to
younger adults, but also that older adults benefitted more from RP than did younger adults
(Caggiano, Jiang, & Parasuraman, 2006; Lawson, Guo, & Jiang, 2007). We hypothesized
that given the underlying neurodegenerative processes, persons with aMCI and AD would
show an exaggerated form of typical cognitive aging: individuals with aMCI and AD would
show disproportionate impairment at WM nonmatch stimuli relative to an appropriately-
matched control group, but RP would be enhanced in these groups.

METHODS
Power Analysis

A priori power analysis was performed using G*Power to identify the sample size necessary
to detect mixed interaction terms of moderate effect size or greater for the current study
(Faul, Erdfelder, Buchner, & Lang, 2009; Faul, Erdfelder, Lang, & Buchner, 2007). The
analysis revealed that 30 participants would be necessary for 80% power to detect such
effects.

Participants
45 age- and education-matched participants – 18 normal older control (NOC), 17
participants with aMCI, 10 individuals with AD – were recruited directly from the
University of Kentucky Alzheimer Disease Center (UK-ADC) cohort or from tertiary care
memory clinics associated with the Sanders-Brown Center on Aging (Abner et al., 2012;
Schmitt et al., 2012). Recruiting directly from memory clinics reduces the risk that cognitive
effects observed result from non-AD memory impairment conditions such as thyroid or
vitamin B12 deficiency (Jicha et al., 2008; Luck et al., 2007). NOC participants were healthy
UK-ADC cohort volunteers (n = 4) or referrals to the memory clinic for evaluation who did
not receive a clinical diagnosis and were considered NOC based on criteria listed below (n =
14). In keeping with contemporary clinical criteria (Albert et al., 2011; Arsenault-Lapierre et
al., 2011; Lekeu et al., 2010; Reid & Maclullich, 2006), aMCI was indicated by A) absence
of dementia, B) absence of cognitive, clinical, or behavioral symptoms consistent with
sources of non-amnestic cognitive impairment, and C) objective memory impairment
evidenced by performance more than 1.5 standard deviations below age-standardized normal
values on at least one of several memory measures including Wechsler Memory Scale
Logical Memory (WMS-R), the California Verbal Learning Test (CVLT-II), and the Benton
Visual Retention Test (BVRT-5, Forms C & D). AD was diagnosed using Alzheimer’s
Disease Dementia Workgroup criteria, which hold, briefly, that insidious-onset dementia is
present in the absence of another psychiatric or neurological condition (McKhann et al.,
2011). All participants were recruited directly from the tertiary care setting and had received
comprehensive work-up to rule-out other psychiatric or neurological causes of cognitive
impairment. Individuals with AD and aMCI had been diagnosed within 12 months of data
collection, all research participants had been evaluated clinically within 12 months of data
collection, and all research participants were evaluated clinically on an annual basis to check
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for conversion to aMCI or AD. In other words, all participants were clinically evaluated
both prior to and subsequent to research participation to confirm their clinical status. All
participants were between age 65 and 90 with visual acuity better than 20/50 with corrective
lenses in at least one eye. Exclusion criteria included history of stroke; epilepsy; head
trauma; CNS infection, chronic infectious disease; psychiatric illness including substance
abuse, major depression, or other mood disorder; or other neurological disease (Robert et al.,
2006). Participants taking medications known to affect cognitive function, such as sedatives
or opiates, were similarly excluded.

Neuropsychological data collected from participants nearest in time to their research
participation have been summarized in Table 1. Because participants who were recruited
from the UK-ADC and the Sanders-Brown memory clinic were evaluated through slightly
different neuropsychological protocols, some data were missing. Multiple imputation (MI)
was used to account for missing data using participant age, education, and non-missing
neuropsychological scores as predictors to limit the influence of systematic missingness on
the covariance matrix. Mean and standard error values listed are based on non-imputed
scores, but omnibus hypothesis-testing was conducted using pooled MI results. Because few
AD participants completed the DIGIF, DIGIB, and DSYM tests, we have omitted such mean
and standard error estimates as well as pairwise comparisons for the AD group. Note that
GDS30 scores lower than 9 indicate non-pathological affect.

All participants provided written informed consent before participation. This study was
approved by the Institutional Research Board (IRB) of the University of Kentucky.

Measures and Procedures
Participants performed a hybrid delayed-match-to-sample/repetition (DMS-R) task that has
been validated in human and nonhuman primate physiological studies (Guo, Lawson,
Zhang, & Jiang, 2008; Jiang, Haxby, Martin, Ungerleider, & Parasuraman, 2000; Miller,
Erickson, & Desimone, 1996). Incorporating both WM and RP into a single paradigm, as in
the hybrid paradigm used in the current study, facilitates the interpretation of any interaction
effects observed (Kennedy, Rodrigue, Head, Gunning-Dixon, & Raz, 2009; Voss & Paller,
2008, 2009). Participants memorized a sample cartoon image at the beginning of each trial
and then indicated whether or not each of 5 serially presented objects matched the sample
image via response box with the left or right hand, counterbalanced between participants.
One image matching the sample and one nonmatching image were each tested 2–3 times per
trial with 5 total repetitions per trial (Howard, Howard, Dennis, & Kelly, 2008). The
differential working memory retrieval status of a given stimulus (i.e., whether each stimulus
was a match or a nonmatch) was used as a probe of WM while repetition of a given stimulus
(i.e., novel or repeated) was a probe of RP. Each image was used in exactly one trial. 60
trials were performed altogether in two blocks of 30 trials each. Each block lasted 5 minutes
and 30 seconds. Participants took a short, self-paced break between blocks that typically
lasted about 60 seconds. During this time research personnel confirmed the comfort of
participants and provided encouragement to participants.

Pilot data suggested that persons with AD responded poorly to negative accuracy feedback
during experimental protocols. Consequently, the protocol was modified so that participants
would not receive accuracy feedback. As a result of this protocol modification, we expected
RP effects to manifest as differences in reaction times (RTs) rather than as altered accuracy
outcomes.

A 5-minute practice period preceded the entire experiment to ensure that participants were
comfortable with the cognitive and motor components of the task. This practice period was
also designed to reduce or eliminate the influence of motor learning confounds on any
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cognitive RP effects. During the practice period a research personnel remained in the
experimental room with the participant and provided oral feedback related to performance.
As in the 2 blocks of formal experimentation, computerized feedback was not provided.

Visual Stimuli
Stimuli were 230 two-dimensional, black-and-white 8.3 cm × 5.8 cm pictures of common
objects presented with a black background (Snodgrass & Vanderwart, 1980). All stimuli
were presented on a high-resolution color monitor using E-prime software. Sample images
were presented with a thick green outline for 3s, and each test stimulus was presented for
1.5s. Both individual images and individual trials were separated by a 1.1–1.4s jitter
interval, which was employed to prevent bias in RT measures due to participants
anticipating stimulus onset. Stimuli were presented at a 65 cm visual distance at a visual
angle of approximately 7°. Test images were normalized for image familiarity and
complexity across retrieval status (Snodgrass & Vanderwart, 1980).

Data Analysis
Data were aggregated into 4 nested categories for RT and accuracy with respect to WM and
RP (i.e., such that the 4 categories were matching novel stimuli, matching repeated stimuli,
nonmatching novel stimuli, and nonmatching repeated stimuli). Inaccurate responses were
omitted from the RT aggregation. All aggregations showed Cronbach’s a values greater than
0.9, suggesting excellent reliability for all stimulus categories. This aggregation was
performed to improve measurement reliability and to control for simple motor learning
effects. By aggregating RP across all trials in the experiment, within-trial motor practice
effects become negligible. A motor training period also preceded data collection to further
mitigate the potential influence of motor learning effects. These steps ensured that image
repetition effects result from cognitive RP rather than motor learning.

To account for the possibility that differences in baseline performance could produce
spurious interaction terms, the aggregated RT and accuracy values were z-transformed
(Faust, Balota, Spieler, & Ferraro, 1999). References to “RT” and “accuracy” after this point
refer to the z-transformed variables, but please note that untransformed data has been plotted
in Figure 2 for ease of visual interpretation.

After z-transformation, both RT and accuracy aggregates showed near-normal skew and
kurtosis. Hence, these data were analyzed by a parametric approach. For the RT analysis, 2
× 2 × 3 mixed-model repeated measures analyses of variance (ANOVA) on WM (i.e.,
whether a stimulus was a match or a nonmatch), repetition (i.e., whether a stimulus was
novel or repeated), and clinical group (NOC, aMCI, or AD) were used. Simple-effects
models were used to interpret interaction effects, and Type I error inflation was controlled
by the Holm-Bonferroni method. We have provided ηp

2 as an estimate of effect size; please
note the rule of thumb that ηp

2 values greater than 0.01, 0.06, and 0.14 indicate small,
moderate, and large effects, respectively (Cohen, 1988).

To ensure the novelty of potential WM or RP cognitive indicators identified during analysis,
differences between WM and RP conditions were compared to neuropsychological measures
collected from research participants using Spearman’s to confirm whether existing standard
neuropsychological tools duplicated the effects implicated in any WM or RP effects
identified. The Trailmaking test difference (i.e., Trailmaking B – Trailmaking A) was used
to compare the executive function components of the Trailmaking test to the effects of WM
and RP (Corrigan & Hinkeldey, 1987; Giovagnoli et al., 1996).
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All significance values listed are based on the one-tailed p values. For the sake of brevity,
results failing to reach one-tailed significance have been omitted from the report. Statistical
tests were performed with JMP 10.

RESULTS
First, we tested our hypotheses, specifically that a) the aMCI and AD groups would show
slower nonmatching stimuli than the NOC group and that b) the aMCI and AD groups
would show stronger RP than NOC. 2 × 2 × 3 ANOVAS on retrieval status, repetition, and
clinical group for RTs revealed a large WM X Group interaction, F (2, 42) = 4.95, MSE =
0.179, p = 0.006, ηp

2 = 0.19, and a moderate RP X Group interaction, F (2, 42) = 2.923,
MSE = 0.183, p = 0.036, ηp

2 = 0.12. For the WM X Group interaction, simple effects testing
found moderate main effects of WM for the NOC group, F (1, 42) = 4.38, p = 0.02, ηp

2 =
0.10, and the aMCI group, F (1, 42) = 5.46, p = 0.01, ηp

2 = 0.12. For NOC, the effect was
due to disproportionately fast RTs for nonmatching stimuli, but for aMCI, the effect was due
to disproportionately slow RTs for nonmatching stimuli (Figure 2). For the RP X Group
interaction, simple effects testing found a moderate effect of RP for AD such that repetition
was associated with faster RTs, F (1, 42) = 3.94, p = 0.025, ηp

2 = 0.09. Other effects were
non-significant.

Next, to identify whether the WM or RP effects identified above that distinguished
participants were distinguishable from information collected from standard
neuropsychological tests conducted with this clinical population, we conducted a series of
correlations between the WM and RP effects (i.e., the difference in RT between the levels of
each factor) and each of the neuropsychological tests that had been collected with the
research participants at the time of clinical evaluation. Because neuropsychological tests
values tended to be skewed and kurtotic, Spearman’s was used to evaluate each correlation.
To control for potential motor and processing speed confounds implicit in the Trailmaking
test (TMT), the Trailmaking test (TMT) difference (i.e., TMTB − TMTA) was used rather
than the raw TMTA and TMTB values (Corrigan & Hinkeldey, 1987; Giovagnoli et al.,
1996).1 All non-parametric correlations were non-significant (Table 1).

Finally, we conducted an analysis of the accuracy data to identify any potential speed/
accuracy trade-off effects (Downing, 2000). 2 × 2 × 3 ANOVAs revealed a main effect of
clinical group, F (2, 42) = 10.35, MSE = 2.284, p < 0.001, ηp

2 = 0.33, such that NOC and
aMCI showed comparable accuracy, but AD was significantly less accurate than both other
groups, FNOC-AD (1, 42) = 20.34, p < 0.001, ηp

2 = 0.33, FaMCI-AD (1, 42) = 11.29 p = 0.001,
ηp

2 = 0.18. Other effects were non-significant.

DISCUSSION
Working memory retrieval status differentiated all clinical groups

We found that NOC, aMCI, and AD groups each showed a unique working memory (WM)
retrieval status signature for RT. This effect was driven by two main phenomena:
disproportionate RT impairment for nonmatching stimuli in persons with aMCI, and
relatively uniform RT impairment for both matching and nonmatching stimuli in persons
with AD. As noted in the introduction, reports of context-specific cognitive dysfunction in
AD are not new, but such findings have rarely been reported in persons with aMCI
(Economou, Papageorgiou, & Karageorgiou, 2006; Pignatti et al., 2005). Moreover, the
particular context-specific dysfunction identified in the research participants with aMCI was

1We would like to acknowledge the role of an anonymous reviewer in highlighting this possibility.
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not found to covary with the measures of the standard neuropsychological tools routinely
used during annual clinical assessment. We believe this novel finding in aMCI reflects
nascent WM dysfunction, consistent with the tendency of these individuals to present with
WM complaints (Belleville, Chertkow, & Gauthier, 2007; Kramer et al., 2006; Winblad et
al., 2004). It may relate to recent reports of category-specific encoding deficits in persons
with aMCI (Hudon, Villeneuve, & Belleville, 2011).

The finding in aMCI also extends and validates previous reports that healthy older adults
show greater impairment with nonmatch stimuli relative to younger adults (Lawson et al.,
2007). These findings suggest that the WM aging effect observed in pathological aging in
this study may represent an extreme variant of normative cognitive aging in that processing
of nonmatch stimuli is disproportionately dysfunctional. The findings also corroborate a
pilot report that frontal ERPs related to nonmatch stimuli are disrupted in aMCI (Broster et
al., 2011).

We had anticipated observing disproportionate nonmatch impairment in persons with aMCI
and persons with AD, but persons with AD instead showed a uniform deficit regardless of
WM retrieval status. We propose that individuals with advanced neuropathology show
impairment with match stimuli secondary to their primary impairment with nonmatch
stimuli. Thus, individuals with AD show both match and nonmatch impairment, but persons
with aMCI show only nonmatch impairment. Consistently, older adults who have
experienced cognitive aging show small-magnitude context-dependent attention
impairments, but persons with AD show uniform deficits such that involuntary attention-
shifting is also affected (Ballesteros, Reales, Mayas, & Heller, 2008; Greenwood,
Parasuraman, & Alexander, 1997; Greenwood, Parasuraman, & Haxby, 1993).

Individuals with AD showed greater repetition priming
We found that persons with AD showed the largest benefit from repetition. This finding
contributes to the ongoing scientific and clinical effort to characterize the status of
nondeclarative memory in AD (Budson, 2009). Similar to the effect of WM, the effect of RP
was not associated with performance on standard neuropsychological measures. Reports of
increased, stable, and decreased RP in AD have been reported elsewhere in the literature
(Chertkow et al., 1994; Klimkowicz-Mrowiec et al., 2008). We propose that the presence of
enhanced RP effects in AD in the current study arose from two main sources. First, the RP
in our study occurred with very short lag (i.e., 6–10s). Nondeclarative impairment in AD is
implicated mainly with longer-lag RP, perhaps due to medial temporal cortical involvement
in such effects (Wang, Lazzara, Ranganath, Knight, & Yonelinas, 2010). Second, because
the current task had been made less difficult during protocol development to ensure that
persons with AD could complete the task without experiencing undue stress and frustration,
relatively few WM cognitive resources were needed to complete the current task. Persons
with AD have been reported to show relatively enhanced nondeclarative memory effects
when concurrent declarative tasks are minimized (Stark, Gordon, & Stark, 2008). We
believe that our results suggest that rapid, short-term repetition has promise for producing
positive effects, even in individuals who have already converted to AD. This finding is
important because neurocognitive training in AD is normatively limited to persons with
aMCI based in part on the belief that they are most likely to benefit, and it is rarely
prescribed even among such persons (Faucounau, Wu, Boulay, De Rotrou, & Rigaud, 2010;
Gates, Sachdev, Fiatarone Singh, & Valenzuela, 2011; Hopper, 2003; Jean, Bergeron,
Thivierge, & Simard, 2010; Li et al., 2011; Lubinsky, Rich, & Anderson, 2009; Martin,
Clare, Altgassen, Cameron, & Zehnder, 2011; Spector, Woods, & Orrell, 2008; Zanetti et
al., 1997). Our result suggests that individuals with AD may also benefit from appropriately-
tailored neurocognitive training protocols. The results of the current study, which indicate
maintained or enhanced capacity to improve behavioral responses with repetition priming
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even in persons with AD, may provide the empirical justification for testing priming-based
cognitive rehabilitation as a behavioral intervention in persons with aMCI or AD.

We feel it necessary to emphasize at this point that we did not observe accuracy changes
concurrent with the RT changes resulting from the RP manipulations. Instead, regarding
accuracy, we only observed an overall trend that persons with AD performed more poorly
than other participants. In our opinion, the non-significant RP effect on accuracy resulted
mainly from a lack of accuracy feedback in the protocol design. We found this protocol
design element to be necessary to prevent participants with AD from becoming frustrated
and terminating participation. An important follow-up test will be to devise a non-stressful
accuracy feedback mechanism so that the viability of leveraging the RP effect to improve
accuracy outcomes in persons with AD may be evaluated. In persons with severe AD,
enhanced RP effects have been linked to improved accuracy (Klimkowicz-Mrowiec et al.,
2008).

Limitations
The current study contained more women in the AD group, reflective of the epidemiology of
AD (Gao, Hendrie, Hall, & Hui, 1998). In our opinion, true gender effects on our data were
probably small or absent. Women and men with early AD do differ in the course of
cognitive impairment, but the differences are small and most salient for verbal tasks
(Henderson & Buckwalter, 1994; Irvine, Laws, Gale, & Kondel, 2012). Because the current
study was a visual memory task rather than a verbal or verbal memory task, these small
effects probably had little or no effect on the current findings. Additionally, including
gender as a categorical covariate in the statistical analysis did not change the significance of
any effects described in this manuscript. Demographic confounds such as age and education
produce larger effects, but these effects were matched across groups in the current study
(Stern, 2006).

The current study was powered only to detect effects of moderate effect size or greater. In
our opinion, effects of smaller than moderate size are unlikely to be of significant clinical
interest; however, the current study may have failed to detect smaller effects of theoretical
interest. In our opinion, this concern is mitigated by the extremely large RT and accuracy
effects observed empirically for individuals with AD. Still, future studies could repeat the
current protocol with larger samples to identify small effects of theoretical interest.

The current study used a research participant recruitment technique somewhat different from
that which is typical in the neuropsychological literature. For example, rather than the
control group coming from the community or from a simple older adult volunteer group, the
control participants, like the other participants, were recruited from the Sanders-Brown
Memory Clinic, and were part of a group that was evaluated annually for signs of cognitive
change. In our opinion, recruiting directly from the memory clinic population in this way
may result in a control group that better-resembles the normal older adult control population
that presents at memory clinics ecologically relative to traditional recruitment practices;
however, the contrast between the control groups should be considered when the results of
the current study are compared to those of other studies.

Future directions
An important future direction will be longitudinal follow-up to confirm that the WM
retrieval status effect is related to the clinical course of aMCI and AD (Collie, Maruff, &
Currie, 2002). Deficits in executive function have been linked to AD conversion from aMCI
(Rainville, Lepage, Gauthier, Kergoat, & Belleville, 2012). We will also analyze
electrophysiological data collected during experimentation to determine the neural
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mechanisms of the effects presented. Pilot analysis has linked the WM retrieval status effect
to frontal cortex, perhaps reflecting compensation for the special difficulty of nonmatch
stimuli for aMCI (Broster et al., 2011). Pilot quantitative EEG (qEEG) analysis performed
with a subset of this cohort has highlighted the potential role of these methods in further
differentiating the NOC and aMCI cohorts (De Bock et al., 2011).

Conclusions
In sum, we have reported that healthy older adults, persons with aMCI, and persons with AD
show distinct WM performance profiles. Specifically, persons with aMCI showed a unique
signature where WM retrieval status nonmatch stimuli produced slower RTs, and persons
with AD were uniformly slow. This novel effect was consistent with the hypothesis that
such stimuli would differentiate persons with aMCI from older adults without impairment.
Additionally, individuals with AD benefitted disproportionately from RP, perhaps in part
due to the short-lags used in the study and to the task’s relative simplicity. This effect was
consistent with our interpretation that disparate reports of the status of nondeclarative
memory effects in AD may be unified by an appreciation that time-latency of repetition
manipulation and the influence of complex, concurrent explicit task elements can affect how
the nondeclarative memory capacity manifests. These two findings inform efforts for early
diagnosis of AD and cognitive interventions for AD, respectively, both of which are crucial
for delaying functional AD impairment (Amieva et al., 2004).
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Figure 1.
The schematic represents a typical empirical trial. The z-axis represents time. First, a sample
image with a green border was shown to the participant. After a jittered delay, the
participant indicated whether each of a series of images matched or did not match the
sample. Individual images were tested 2–3 times per trial. A new sample image was used in
the each trial.
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Figure 2.
We have depicted the untransformed RT and accuracy values for the normal older control
(NOC), amnestic mild cognitive impairment (aMCI), and Alzheimer disease (AD) groups
(cf., Table 2). The aMCI group showed characteristic, slow RTs for nonmatching stimuli (1st

row, 2nd column), and the AD group showed greater quickening with repetition (1st row, 3rd

column). The AD group also showed uniformly poorer accuracy (2nd row). # indicates the
between-group difference between the AD group and both other groups for accuracy, and *
indicates the within-group contrasts that drove significant mixed interactions with clinical
group for RT.
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