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                 INTRODUCTION 

 With the development of interventions for dementia, it is be-
coming increasingly important in clinical practice to distin-
guish benign memory changes associated with normal aging 
from early manifestations of neurodegenerative disease. Al-
though individuals with amnestic mild cognitive impairment 
(aMCI) have preserved general cognition as well as intact or 
minimal impairment of activities of daily living, they do 
show memory diffi culties that are greater than those occur-
ring with normal aging (Gauthier et al.,  2006 ; Petersen et al., 
 1997 ). Importantly, the conversion rate from aMCI to de-
mentia is considerable (e.g., 80% over 6 years, Petersen 
et al.,  1999 ), with the majority developing Alzheimer disease 
(AD) (Petersen,  2004 ). 

 It is possible that cognitive processes known to be im-
paired by early AD may also be affected even earlier, in indi-
viduals with aMCI. AD patients demonstrate rapid forgetting 
rates and impaired delayed recall, which are often evident 
early in disease progression (Locasio et al.,  1995 ; Welsh 
et al.,  1992 ). Given that an increased susceptibility to memory 
interference has been identifi ed as one cognitive mechanism 
underlying the memory diffi culties in early AD (e.g., 
Cushman et al.,  1988 ; Davis et al.,  2002 , but see Multhaup 
et al.,  2003 ), individuals with aMCI may also be prone to 
memory interference. Proactive interference (PI) is evident 
when learning one set of materials interferes with the later 
learning of another set of materials, and retroactive inter-
ference (RI) is evident when memory for the original set 
of materials is disturbed by having learned the new set of 
materials. 

 From a clinical perspective, the California Verbal Learn-
ing Test (CVLT; Delis et al.,  1987 ) is frequently used to 
quantify episodic memory ability, and it allows assessment 
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of PI and RI. The CVLT involves learning two lists of 16 
words (see  Figure 1 ). The fi rst list, List A, is presented and 
recalled repeatedly over fi ve trials, and then the second list, 
List B, is presented and recalled once. Both lists are com-
posed of four categories of four words, and share two cate-
gories (spices and herbs, fruits) and have two non-shared 
categories (List A: tools, clothing; List B: fi sh, kitchen utensils). 
In addition, there are free and cued recall trials of List A 
following both a short and a long delay. Finally, a long de-
layed recognition trial of List A includes the target List A 
words, List B lures from shared and non-shared categories, 
and new words not previously presented.     

 Despite the wide use of the CVLT in clinical practice, 
memory interference measures from this test have not been 
studied in aMCI. PI can manifest as: (1) intrusions of List A 
words into recall of List B, (2) reduced recall on List B com-
pared with recall on Trial 1 of List A, as well as (3) reduced 
recall of List B words that share a category with List A com-

pared with recall of List B that do not share a category with 
List A. RI can manifest as: (1) intrusions of List B words into 
the delayed recall trials or recognition trial of List A, (2) re-
duced recall of List A short delayed free recall compared 
with Trial 5 of List A, as well as (3) reduced recall of the 
delayed recall or recognition trials for List A of words that 
share a category with List B compared to words that do not 
share a category with List B. It is anticipated that recall of 
non-shared category words would be better than shared cat-
egory words because of the increased semantic interference 
similar to the effect seen in release from PI paradigms (e.g., 
Butters & Cermak,  1980 ). 

 From an experimental perspective, one classic memory 
interference paradigm is the AB-AC task. This task involves 
learning two lists of word pairs in which the fi rst word (stim-
ulus word) is the same on both lists but the second word 
(response word) differs between lists. In typical administra-
tion, the AB (fi rst) list is administered for a set number of 
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 Fig. 1.        Depiction of the CVLT-II task.    
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trials, usually three or four times, and following a delay of 
20 to 30 min the AC (second) list is presented for the same 
number of trials. Immediately following presentation of the 
AC list, delayed recall of the AB list is required. Decreased 
recall and increased intrusion errors on the AC task com-
pared with the AB task refl ects PI while decreased recall and 
increased intrusions on delayed AB task (relative to the last 
recall trial of the AB task) refl ects RI. 

 Early research investigating PI and RI using a standard 
AB-AC task found that healthy, community dwelling older 
adults perform similarly to younger adults, while institution-
alized older adults demonstrated diffi culties with PI similar 
to brain-damaged amnesic patients (Winocur & Moscovitch, 
 1983 ). Although the institutionalized older adults did not 
meet criteria for dementia, this research was conducted be-
fore aMCI was recognized as a diagnostic classifi cation and 
the institutionalized older adult group may have included in-
dividuals with aMCI (Winocur, personal communication, 
October, 2007). 

 Loewenstein et al. ( 2004)  developed Semantic Interfer-
ence Test (SIT), which involves presentation of 10 common 
objects over three learning and recall trials followed by the 
presentation of 10 new but semantically related objects and 
later a delayed recall of the fi rst 10 objects. Loewenstein et al. 
found that there was an incremental increase in PI suscep-
tibility from older adults to MCI to mild AD, while MCI and 
mild AD both demonstrated increased diffi culties with RI 
compared with healthy, older adults. More recently, Loew-
enstein et al. ( 2007)  have demonstrated that susceptibility to 
PI on the SIT predicts progression from MCI to dementia. 

 While comparing results across clinical measures, stan-
dard administration of the AB-AC task, or tasks such as the 
SIT is diffi cult given that they vary in stimulus type (catego-
ry exemplars  vs.  associated word pairs) and retrieval test 
type (free recall, cued recall, recognition), an important lim-
itation of each of these measures is that differences in learn-
ing is not controlled between groups. The literature exploring 
memory interference in AD is fraught with fl oor effects that 
may mask differences in interference between individuals 
AD and healthy controls (e.g., Binetti et al.,  1995 ; Woodard 
et al.,  1999 ). Individuals with aMCI may also be susceptible 
to fl oor effects on diffi cult memory tasks, thus reducing the 
opportunities for this group to demonstrate PI and/or RI. 
In addition, other studies do not include a younger adult group, 
which would allow investigation of the effects of aMCI on 
performance, over and above those of aging.   

 The Present Research 

 Our goal was to explore PI and RI in young adults, healthy 
older adults, and older adults with aMCI using the CVLT as 
well as an AB-AC task. We used a modifi ed AB-AC task that 
required individuals to learn lists of word pairs to a set crite-
rion (i.e., 100% correct), thereby eliminating group differ-
ences in episodic memory performance that could otherwise 
infl uence measures of PI and RI. We predicted that healthy 
older adults and especially older adults with aMCI would 

demonstrate increased vulnerability to PI and RI compared 
with young adults.   

 METHODS  

 Research Participants 

 Younger and older adults were recruited  via  a volunteer re-
search participant pool at Baycrest, as well as fl yers and 
community talks targeting older adults with concerns about 
their memory. Inclusion criteria were: native English speak-
ers or had learned English before starting primary school, 
right-handed, and minimum high school education (12 years). 
In addition, participants were free of previous or present neu-
rological disorders, major medical disorders (e.g., heart dis-
ease, diabetes mellitus; hypertension; hypercholesterolemia; 
hypo- or hyperthyroidism), and psychiatric disorders. None 
was taking medications affecting cognition (e.g., neurolep-
tics, anti-convulsants, benzodiazepines, or cognitive enhanc-
ing agents). Those with a history of alcohol or substance 
abuse were excluded. The study was approved by the research 
ethics boards at Baycrest and the University of Toronto. All 
subjects provided informed consent and were paid a small 
honorarium for their participation ($25 for younger adults 
and $40 for older adults). 

 Data reported here are from 27 younger (age, 18–30 years), 
and 59 older adults (age, 65–90 years). Based on psychomet-
ric performance (see the Results section), 44 of the older adults 
performed in the normal range for their age and background 
on all measures and 15 older adults met criteria for aMCI.   

 Materials and Procedure 

 The study involved two sessions. The fi rst session consisted 
of a 2.5 hr neuropsychological assessment for the older adults, 
and an abbreviated 1 hr assessment for the younger adults. 
For both age groups, the assessment consisted of Digit Sym-
bol from the Wechsler Adult Intelligence Scale, 3rd Edition 
(WAIS-III, Wechsler,  1997 ), the Mill Hill vocabulary test 
(Raven,  1965 ), as well as the California Verbal Learning Test 
(Delis et al.,  1987 ), Logical Memory, Visual Paired Associ-
ates, and Verbal Paired Associates from the Wechsler Memory 
Scale-Revised (WMS-R, Wechsler,  1987 ). The older adults 
also received the Mini-Mental State Examination (Folstein 
et al.,  1975 ), the Dementia Rating Scale (DRS, Mattis,  1988 ), 
Lawton and Brody’s ( 1969)  Activities of Daily Living scale, 
Matrix Reasoning and Block Design from the Wechsler Ab-
breviated Scale of Intelligence (WASI, Wechsler,  1999 ), the 
Trail Making Test, Digit Span from the WAIS-III, and phone-
mic (FAS) and semantic (Animal) fl uency, and the Hospital 
Anxiety and Depression Scale (Zigmund & Snaith,  1983 ). 

 Administration of the CVLT followed standard proce-
dures. Namely, Lists A and B were read at a rate of 18- to 20-s 
per list. The short-delayed free and cued recall tests occurred 
immediately after participants recalled List B. Participants 
were not forewarned about the long-delayed memory tests, 
which occurred 20 min after the short-delayed memory tests. 
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 The second session lasted 1.5–2 hr, and included the AB-
AC task (30 min), followed by additional experimental tasks 
that are reported in part by Anderson et al. ( 2008) . Materials 
used in the AB-AC task were selected from Jacoby ( 1996) , 
and consisted of 12 AB-AC related word pairs in which for 
each stimulus word, the two response words completed the 
same word fragment (e.g., for knee – b_n_, the response 
words were bone and bend). 

 The task began with the AB list (see  Figure 2 ). On each 
trial participants were presented with a stimulus word and a 
word fragment (e.g., knee – b_n_). Participants had 5 s to pro-
duce the response word (e.g., bend), after which the full word 
pair was displayed for 2 s. Each learning cycle consisted of 12 
trials, corresponding to the 12 different stimulus words. Learn-
ing cycles repeated, with the AB word pairs presented in a 
different random order in each cycle, until the participant re-
called all response words correctly. Participants were not fore-
warned about the AC list, which occurred after a 20-min delay 
fi lled with a nonverbal memory task and questionnaires. For 
the fi rst cycle of the AC list, participants were presented the 12 
complete word pairs for 2 s each, in which the stimulus words 
were the same as in the AB list but the response words differed 
(e.g., knee – bone; see  Figure 2 ). For the remaining cycles, on 
each trial participants were presented with a stimulus word 
and word fragment and had 5 s to produce the correct response 
word for the AC list (i.e., bone), after which the correct re-
sponse word was displayed for 2 s. Again, learning cycles 
were repeated until all response words were recalled correctly. 
Immediately following the AC task, a delayed recall of the 
fi rst list (AB) was presented. Participants were presented with 
the same 12 cue words one at a time and were asked to recall 
the related response word from the fi rst list (i.e., bend). Cor-
rect responses were not presented for the delayed task.     

 A second version of stimuli (e.g, anchor- s_ _ p: ship vs. 
stop) was introduced near the end of the current study to 
accommodate participants enrolled in a memory training 
study in which the AB-AC task is administered before and 
after completing training. For participants receiving this 
second version ( n  = 16) the present analyses include data 
only from the pretraining administration of the AB-AC 
task. For both versions, the set of AB-AC pairs was con-
structed such that the probability of completing the word 
fragments with the B or C response word was equated, 
based on previous norms (Jacoby,  1996 ). Materials were 
counterbalanced across participants so that the two response 
words served equally often in the AB and AC lists. E-Prime 
software (version 1.1, Service Pack 3; Psychological Soft-
ware Tools, Inc.) was used to control stimuli presentation 
and response collection.    

 RESULTS  

 Demographics and Neuropsychological Results 

 Demographic and neuropsychological test data are present-
ed in  Table 1 . The Old and aMCI groups did not differ in 
age,  t (57) < 1, and all three groups had comparable levels of 
education,  F (2,83) = 1.01, ns. Group differences in perfor-
mance on the neuropsychological tests were explored using 
independent sample  t  tests. Differences between Young and 
Old were explored to examine age-related effects. Diagno-
sis of aMCI was made when performance on one or more 
memory measure was 1.5  SD  or more below their general 
cognitive functioning and fl uid intellectual abilities (as as-
sessed by the DRS and Matrix Reasoning), and their perfor-
mance on all nonmemory measures was within the normal 
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range. Therefore, the pattern of signifi cant and nonsignifi cant 
differences between the Old and aMCI groups is reported to 
confi rm that diagnosis of aMCI was consistent with pub-
lished criteria (Winblad et al., 2004 ). All group differences 
in neuropsychological performance were signifi cant at an 
adjusted  p  < .001 to correct for multiple comparisons.      

 Similar to previous research comparing young and old 
adults, the Old outperformed the Young on a vocabulary (i.e., 
Mill Hill) test, but had signifi cantly slower psychomotor 
speed (i.e., Digit Symbol). The Young also performed better 
than the Old on each of the CVLT measures reported in  
Table 1 , Visual Paired Associates I, and Verbal Paired Asso-
ciates I. There were no age-related differences on Logical 
Memory I, Verbal Paired Associates II, or Visual Paired As-
sociates II, likely due to ceiling effects in both groups on the 
last two sub-tests. 

 The aMCI demonstrated signifi cant episodic memory 
defi cits relative to the Old on every memory measure except 

Digit Span and Visual Paired Associates I. On nonmemory 
measures, with one exception there were no differences 
between Old and aMCI, including MMSE, DRS, Digit 
Symbol, Matrix Reasoning, Block Design, Trail Making, 
and phonemic and semantic fl uency. The exception was 
the superior performance of the Old on the Mill Hill 
vocabulary test, where the aMCI performed similarly to 
the young adults. It should be noted that participants 
with impaired verbal fl uency were excluded from the study 
as such defi cits would not be consistent with a diagnosis 
of single-domain aMCI. The Mill Hill vocabulary test was 
not used for diagnostic purposes because normative 
data were not available. Perhaps the diffi cult nature of the 
vocabulary test (e.g., “nugatory” and “minatory”) revealed 
early semantic defi cits in aMCI, despite equivalent perfor-
mance on the fl uency measures. Finally, neither the Old 
nor aMCI groups endorsed signifi cant levels of depressive 
or anxious symptoms.   

 Table 1.        Demographic and neuropsychological data for the Young, Old, and aMCI groups ( SD  in parentheses)            

     Young  Old  aMCI     

 Demographics   
  Age (years)  a    22.3 (2.6)  73.8 (6.1)  72.3 (5.6)   
  Education (years)  16.4 (2.2)  15.8 (2.9)  15.3 (2.3)   
 General Abilities   
  MMSE  —  29.3 (1.0)  28.4 (1.8)   
  Dementia Rating Scale  —  140.6 (3.1)  137.9 (4.3)   
  Activities of Daily Living  —  0.2 (0.7)  0 (0)   
  Mill Hill Vocabulary  a   ,   m    19.1 (3.0)  24.8 (3.7)  20.3 (3.3)   
 Episodic Memory   
  Digit Span Total Score  —  18.6 (4.1)  17.3 (3.4)   
  CVLT Learning Trials 1-5  a   ,   m    62.4 (7.6)  49.9 (8.0)  36.5 (6.9)   
  CVLT Short Delay Free Recall  a   ,   m    13.5 (1.9)  10.4 (2.5)  5.6 (2.2)   
  CVLT Short Delay Cued Recall  a   ,   m    13.9 (1.9)  11.5 (2.3)  7.7 (1.9)   
  CVLT Long Delay Free Recall  a   ,  m   13.3 (2.1)  10.4 (2.8)  7.0 (2.0)   
  CVLT Long Delay Cued Recall  a   ,   m    13.8 (1.7)  11.1 (2.5)  7.0 (2.3)   
  CVLT Recognition   a   ,   m    .98 (.02)  .94 (.04)  .85 (.05)   
  WMS-R Logical Memory I  m    31.1 (6.3)  27.3 (5.8)  20.2 (6.5)   
  WMS-R Verbal PA I  a   ,   m    22.9 (1.6)  19.3 (2.6)  14.9 (3.0)   
  WMS-R Verbal PA II  m    7.9 (0.2)  7.5 (0.8)  6.4 (1.5)   
  WMS-R Visual PA I  a    17.9 (0.9)  12.4 (3.9)  10.5 (4.2)   
  WMS-R Visual PA II  m    6.0 (0)  5.6 (0.8)  4.7 (1.5)   
 Other Cognitive Abilities   
  WAIS-III Digit Symbol  a    93.2 (11.2)  65.0 (15.7)  62.8 (10.4)   
  WASI Matrix Reasoning  —  22.5 (6.2)  20.9 (5.9)   
  WASI Block Design  —  35.8 (13.6)  28.9 (13.9)   
  Trail Making Test Part A (sec)  —  35.3 (10.3)  37.3 (13.9)   
  Trail Making Test Part B (sec)  —  81.5 (24.4)  96.4 (39.2)   
  Phonemic Fluency  —  53.4 (12.4)  46.8 (9.0)   
  Semantic Fluency  —  19.3 (5.5)  17.3 (5.1)   
 Mood   
  HADS Anxiety   —   4.8 (2.6)  4.9 (2.4)   
  HADS Depression   —   2.3 (1.8)  2.7 (1.7)   

       Notes.  CVLT = California Verbal Learning Test; CVLT Recognition values are hit rates minus false alarm rates; WMS-R = Wechsler 
Memory Scale-Revised; WAIS-III = Wechsler Adult Intelligence Scale-III; WASI = Wechsler Abbreviated Scale of Intelligence; 
HADS = Hospital Anxiety and Depression Scale. Means are total scores unless otherwise noted.  
   a     Age effect (Young ≠ Old,  p  < .001).  
   m     MCI effect (Old ≠ MCI,  p  < .001).    
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 Memory Interference on the CVLT 

 Although the CVLT recall scores were used to make the di-
agnosis of aMCI, intrusion errors and interference scores 
from the CVLT were not considered for diagnostic purposes, 
but instead were explored to determine whether the CVLT is 
sensitive to heightened memory interference in aMCI rela-
tive to healthy older adults. We fi rst describe measures ad-
dressing PI and then describe measures exploring RI. Where 
suitable, appropriate learning values were included as cova-
riates (i.e., List A learning when exploring PI on List B, List B 
learning when exploring RI on delayed recall of List A) to 
control for individual differences in learning rates on inter-
ference. Mill Hill vocabulary scores were not included as an 
additional covariate, as these scores correlated with only one 
of all the dependent measures from the CVLT and AB-AC 
tasks (CVLT List B words that shared a category with List A, 
 p  = .02). Finally, for the analysis of the CVLT and AB-AC 
data, signifi cant group differences were explored further using 
Sidak  post hoc  tests. 

  Proactive interference on the CVLT 

The fi rst analysis of PI on the CVLT explored group differ-
ences in intrusions of List A words into List B recall. These 
intrusions were rare (see  Table 2 ), and an one-way analysis 
of covariance (ANCOVA) with total correct recall across 
Trials 1–5 of List A as a covariate did not reveal signifi cant 
differences between groups,  F (2,82) < 1. The second analy-
sis compared List B correct recall to correct recall on Trial 1 
of List A. In a 3 × 2 mixed ANCOVA, with Group as a be-
tween-subjects variable, List as a within-subjects variable, 
and total correct recall across Trials 1–5 of List A as a cova-
riate, none of the effects were signifi cant,  F s < 1.86. Finally, 
recall of List B words from categories shared with List A 
was compared with recall of List B words from categories 
non-shared with List A. This was explored in a 3 × 2 mixed 
ANCOVA, with Group as a between-subjects variable, 

Shared  versus  Non-Shared List B words as a within-subjects 
variable, and total correct recall on Trials 1–5 of List A as a 
covariate. Although neither main effect was signifi cant,  F s < 1, 
there was a signifi cant interaction,  F (2,82) = 5.89;  p  = .004; 
 η  p  2  = .12. This interaction refl ected a greater suppression of 
Shared compared with Non-Shared List B words (refl ecting 
greater PI) for the Old and aMCI groups relative to the Young, 
but this effect was comparable in the two older adult groups. 
In summary, examination of PI on the CVLT was not help-
ful in distinguishing individuals with aMCI from their age-
matched counterparts.      

  Retroactive interference on the CVLT 

The fi rst set of analyses of RI on the CVLT explored intru-
sions of List B words into the delayed recall trials, as well as 
false alarms to List B words in the recognition trial. The in-
trusions were rare (see  Table 2 ). Group differences, analyzed 
in separate one-way ANCOVAs, with total correct recall on 
List B as a covariate, were marginally signifi cant for short 
delay free recall,  F (2,82) = 2.74;  p  = .07;  η  p  2  = .06, signifi cant 
for short delay cued recall,  F (2,82) = 7.94;  p  = .001;  η  p  2  = .16, 
not signifi cant for long delay free recall,  F (2,82) = 1.05, 
 p  = .36, signifi cant for long delay cued recall,  F (2,82) = 6.31; 
 p  = .003;  η  p  2  = .13, and signifi cant for recognition false alarms 
to List B words,  F (2,82) = 4.26;  p  = .02;  η  p  2  = .09. Only for 
recognition did the aMCI group exceed their healthy coun-
terparts in terms of false endorsement of List B words. Two 
secondary analyses were conducted to explore whether this 
latter difference refl ected heightened RI in the aMCI group. 
False alarms to List B words from Shared  versus  Not-Shared 
categories was analyzed in a 3 × 2 mixed ANCOVA, with 
Group as a between-subjects variable, Shared versus Not-
Shared as a within-subjects variable, and total correct recall 
on List B as a covariate. The only reliable fi nding was that 
Shared List B words were more often falsely endorsed than 
Non-Shared List B words were,  F (1,82) = 7.21;  p  = .009; 

 Table 2.        Proactive and retroactive interference on the CVLT in Young, Old, and aMCI groups ( SE  in parentheses)            

     Young  Old  aMCI     

  Proactive Interference   a     
  List A intrusions in List B recall  0.1 (.06)  0.1 (.04)  0.0 (.09)   
  List A Trial 1 total correct recall  8.1 (.37)  6.7 (.25)  6.7 (.55)   
  List B total correct recall  7.0 (.43)  6.4 (.28)  6.7 (.64)   
  List B correct recall - shared category  2.8 (.23)  1.8 (.15)  2.1 (.34)   
  List B correct recall - non-shared category  4.3 (.33)  4.5 (.21)  4.5 (.48)   
  Retroactive Interference   b     
  List B intrusions in short delay free recall  0.0 (.06)  0.1 (.04)  0.2 (.07)   
  List B intrusions in short delay cued recall  0.0 (.13)  0.4 (.10)  0.9 (.17)   
  List B intrusions in long delay free recall  0.0 (.06)  0.1 (.04)  0.2 (.08)   
  List B intrusions in long delay cued recall  0.0 (.10)  0.3 (.07)  0.6 (.13)   
  List B intrusions in recognition  0.4 (.18)  0.6 (.14)  1.3 (.24)   
  List A Trial 5 total correct recall  13.9 (.35)  12.3 (.26)  9.2 (.47)   
  List A short delay free recall  12.9 (.43)  10.5 (.32)  6.4 (.57)   

       a     Proactive interference data are adjusted for the covariate List A correct recall across Trials 1–5.  
   b     Retroactive interference data are adjusted for the covariate List B correct recall.    
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 η  p  2  = .08, an effect that was equally true for all three groups. 
Moreover, older adults, especially those with aMCI, were 
more likely to intrude and make false alarms to  new  words 
(neither List A nor List B words), across both delays of free 
and cued recall and the recognition trial,  F (2,83) = 4.51 to 
20.83;  p  = .01 to < .001;  η  p  2  = .10 to .33. Together, these re-
sults suggest the aMCI group’s greater tendency to falsely 
endorse List B words does not refl ect a greater tendency to-
ward RI, but simply a general tendency toward greater false 
recognition, regardless of the source of the new words. 

 The second analysis of RI involved comparing correct re-
call on Trial 5 of List A with correct recall on the short-delay 
free recall trial of List A. The assumption was that in addition 
to simple forgetting of List A, learning and recalling List B 
may interfere with retention of List A. This was explored in a 
3 × 2 mixed ANCOVA, with Group as a between-subjects 
variable, List (Trial 5  vs.  short delay free recall) as a within-
subjects variable, and total correct recall on List B as a covari-
ate. There was a signifi cant difference in recall between 
groups (Young > Old > aMCI),  F (2,82) = 43.13;  p  < .001; 
 η  p  2  = .51, better free recall at Trial 5 than at the short delay, 
 F (1,82) = 13.24;  p  < .001;  η  p  2  = .14, as well as an interaction 
between Group and List,  F (2,82) = 3.63;  p  = .03;  η  p  2  = .08. 
Follow-up ANCOVAs revealed that the decrease in recall of 
List A at the short delay relative to Trial 5, after accounting for 
List B learning, was smaller in the Young than aMCI group, 
but did not differ reliably between the two older adult groups. 

 The fi nal set of analyses to explore RI on the CVLT in-
volved comparing correct delayed recall and correct recog-
nition of List A words that shared or did not share a category 
with List B. These data were analyzed separate in 3 × 2 
ANCOVAs, with Group as a between-subjects variable, Shared 
 versus  Not-Shared List A words as a within-subjects vari-
able, and total correct on List B as a covariate. There was a 
signifi cant difference between groups in all analyses, 
 F s(2,82) = 3.63 to 38.32;  p  = .03 to < .001;  η  p  2  = .08 to .48. 
Relative to Non-Shared List A words, Shared List A words 
were better recognized,  F (1,82) = 11.52;  p  = .001;  η  p  2  = .12, 
but not better recalled, all  F (1,82) < 1. Importantly, in none 
of these analysis did the difference between memory for 
Shared and Not-Shared List A words vary across groups, all 
 F s(2,82) < 1, except for long delay cued recall,  F (2,82) = 2.88; 
 p  = .06. This latter marginal effect was due to the fact that 
whereas Younger adults recalled more Shared than Non-
Shared words ( M s = 6.8  vs.  6.5, respectively), the Old and 
aMCI groups recalled fewer Shared than Non-Shared words 
( M s = 5.5 and 5.7, respectively, for the Old, and  M s = 3.2 and 
4.3, respectively, for the aMCI). In summary, the CVLT is 
not sensitive to differences in RI between individuals with 
aMCI and their age-matched peers.   

 Memory Interference on the AB-AC Task 

  Version and response analyses  

The fi rst 12 trials of the AB task involved presentation of a 
cue word, to which participants guessed the response word, 

after which the correct response word was displayed (see 
 Figure 2 ). This procedure allows an assessment of the prob-
ability of guessing the B and C response words. Despite the 
fact that the word lists were selected on the basis of pub-
lished norms, partici pants were more likely to guess one set 
of response words than the other for Version 1. Therefore, 
the Version by Re  s ponse combination was used as a covari-
ate in all subsequent analyses. 

  Proactive Interference on the AB-AC Task  

We explored evidence of PI by comparing performance on 
the AB and AC lists in terms of learning cycles required, 
proportion correct performance, and proportion of other-list 
intrusions errors. Learning cycles required was defi ned as 
the number of cycles (sets of 12 trials) needed before par-
ticipants reached criterion (100% recall accuracy),  after  
guessing response words in cycle 1 of the AB list, and  after  
presentation of the full word pairs in cycle 1 of the AC list. 
These data were analyzed in a 3 × 2 mixed ANCOVA with 
Group as a between-subjects variable, Task (AB, AC) as a with-
in-subjects vari   able, and Version by Response combination as 
a covariate (see  Figure 3 ). The Young required fewer learn-
ing cycles ( M  = 1.8) than did the Old ( M  = 3.1), who in turn 
required fewer learning cycles than did the aMCI ( M  = 4.7), 
 F (2,82) = 25.90;  p  < .001;  η  p  2  = 0.39. Participants required 
marginally more cycles to learn the AC ( M  = 3.7) list than AB 
( M  = 2.7) list,  F (1,82) = 3.26;  p  = .07;  η  p  2  = 0.04. These main 
effects were qualifi ed by a signifi cant group by task interac-
tion,  F (2,82) = 9.05;  p  < .001,  η  p  2  = 0.18, due to the fact that 
the aMCI group demonstrated greater PI than the Old, who 
in turn had more PI than the Young ( M  number of more cy-
cles to learn AC than AB = 2.1, 0.9, and 0.0, respectively).     

 The proportion of correct responses on the fi rst recall trial 
was analyzed in a 3 × 2 mixed ANCOVA, with Group as a 
between-subjects variable, List (AB, AC) as a within-sub-
jects variable, and Version by Response combination as well 
as AB learning cycles as covariates (see  Figure 4 ). The num-
ber of learning cycles to meet criterion on the AB task was 
included as a covariate to account for differences in learning 
ability and exposure to the fi rst list. The Young ( M  = 0.84) 
outperformed the Old ( M  = 0.74), who in turn outperformed 
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 Fig. 3.        Number of learning cycles required to meet criteria on the 
AB and AC lists, with Version by Response combination covaried.    
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the aMCI ( M  = 0.64),  F (2,82) = 21.53;  p  < .001;  η  p  2  = .34. 
More correct responses were provided for the AB ( M  = 0.80) 
list than the AC ( M  = 0.69) list,  F (1,81) = 5.97;  p  = .02;  η  p  2  = .07, 
but this difference varied across groups,  F (2,81) = 6.45; 
 p  = .003;  η  p  2  = .14. While recall of the AB list was equivalent 
across groups, F(2,81) = 1.27;  p  = .29, on the AC list the 
Young ( M  = .86) outperformed the Old ( M  = .67), who in turn 
outperformed the aMCI ( M  = .52). This pattern is consistent 
with greater PI among older than younger adults, especially 
among those with aMCI. The same results were obtained 
when correct recall across all learning cycles was examined.     

 The proportion of other-list intrusion errors on the fi rst 
recall trial was analyzed in a 3 × 2 mixed ANCOVA with 
Group as a between-subjects variable, List (AB, AC) as a 
within-subjects variable, and Version by Response combina-
tion as well as AB learning cycles as covariates (see  Figure 5 ). 
The Young ( M  = .06) and Old ( M  = .09) made comparable 
proportions of other-list intrusion errors, while the aMCI 
( M  = .17) made signifi cantly more,  F (2,81) = 8.54;  p  < .001; 
 η  p  2  = .17. Other-list intrusion errors did not differ overall 
between the AB ( M  = 0.06) and the AC ( M  = 0.16) lists, 
 F (1,81) = 1.6, but List interacted with Group,  F (2,81) = 6.21; 
 p  = .003;  η  p  2  = .13. While the groups did not differ in the pro-
portion of C intrusions into the fi rst recall trial of the AB 
List,  F (2,81) < 1, the proportion of B intrusions into the fi rst 
recall trial of the AC list was smallest in the Young ( M  = .07), 
larger in the Old ( M  = .13), and larger still in the aMCI 
( M  = .28),  F (2,81) = 10.12;  p  < .001;  η  p  2  = .20. Similar results 
were obtained when the proportion of other-list intrusion er-
rors across all learning cycles were examined. Together, 
these modifi ed AB-AC results identify both an age-related 
and aMCI-related increase in susceptibility to PI.     

  Retroactive interference on the AB-AC Task .

We explored evidence of RI by examining performance 
on the AB delayed list in terms of proportion correct 
performance and proportion of other-list intrusions errors 
(see  Figure 6 ). The proportion of correct responses on the 
AB delayed task was analyzed in a one-way ANCOVA, 
with Group as a between-subjects variable, and Version by 

Response combination and AC learning cycles as covariates. 
The Young ( M  = 0.90) had better AB delayed recall than both 
the Old ( M  = 0.78) and aMCI ( M  = 0.76), who performed 
similarly,  F (2,81) = 3.67;  p  = .03;  η  p  2  = .08.     

 The proportion of C intrusions into delayed recall of the 
AB list (see  Figure 6 ) was examined in a one-way ANCOVA 
with Group as a between-subjects variable, and Version by 
Response combination and AC learning cycles as covariates. 
There were no group differences in these intrusion rates, 
 F (2,81) = 1.31;  p  = .28. In summary, while older adults with 
and without aMCI appear more prone to forgetting, there 
is no evidence from this AB-AC task that individuals with 
aMCI are preferentially susceptible to RI.    

 DISCUSSION 

 This study used the CVLT and an AB-AC task to investigate 
proactive interference (PI) and retroactive interference (RI) 
in young adults, healthy older adults, and older adults with 
aMCI. On the CVLT, although both groups of older adults 
were more susceptible to PI and RI compared with the 
younger adults, memory interference did not differ between 
healthy older adults and older adults with aMCI despite sig-
nifi cant differences in episodic memory performance. Older 
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 Fig. 4.        Proportion correctly recalled on fi rst recall trial of the AB and 
AC lists, with Version by Response combination and AB learning 
cycles covaried.    
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in the AB delayed list, with Version by Response combination and 
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adults with aMCI made more intrusions in general (e.g., re-
call and recognition) compared with healthy older adults (see 
also Davis et al.,  2002 ; Greenaway et al.,  2006 ); however, 
these errors were not specifi c to memory interference. These 
results suggest that the CVLT is not sensitive to group differ-
ences in memory interference, most likely because learning 
is not equated across groups on this task. The poorer memory 
performance in the older adult group and especially the aMCI 
group relative to the young group meant that they had less 
opportunity for interference. 

 On the AB-AC task, participants learned two lists of se-
mantically related word pairs, in which the cue words were 
the same between lists while the response words differed. 
The effects of group differences in learning were eliminated 
by requiring participants learn the word lists to 100% accu-
racy. The results clearly indicate that while healthy aging is 
associated with an increased susceptibility to PI, this increase 
is exaggerated in individuals with aMCI. Both aMCI and 
healthy older adult groups demonstrated greater RI than 
young adults, but RI did not differ between the two older 
adult groups. 

 Our study found that healthy older adults in general dem-
onstrated greater susceptibility to memory interference than 
younger adults, replicating previous fi ndings of increased vul-
nerability to memory interference with aging (e.g., Hartman 
& Hasher,  1991 ; Shimamura & Jurica,  1994 ; Winocur & 
Moscovitch,  1983 ). Importantly, older adults with aMCI 
were particularly vulnerable to PI compared with healthy 
older adults. This fi nding suggests that the increased vulner-
ability to PI in early AD (Cushman et al.,  1988 ; Davis et al., 
 2002 ) is evident before individuals meet criteria for demen-
tia (see also Loewenstein et al.,  2004 ). 

 Explanations that have been offered for the increased sus-
ceptibility to interference seen in AD may apply to aMCI. 
Some researchers argue that increased susceptibility to mem-
ory interference in AD is related to a breakdown in semantic 
memory networks (e.g., Adlam et al.,  2006 ; Balota, Watson, 
Duchek, & Ferraro,  1999 ; Bayles et al.,  1999 ). Our fi nding 
of poorer vocabulary in the aMCI than healthy older adult 
group, despite equivalent years of education and general cog-
nitive abilities, is consistent with this interpretation, as are 
other reports of semantic memory diffi culties in aMCI (e.g., 
Ahmed et al.,  2008 ; Vogel et al.,  2005 ). 

 Others argue that the semantic network remains relatively 
intact while intentional retrieval breaks down early in AD, 
forcing increased reliance on automatic memory systems 
such as familiarity (e.g., Balota & Duchek,  1991 ; Balota 
et al.,  1999 ; Bell et al.,  2000 ; Shenaut & Ober,  1996 ). In-
deed, PI can be related to diffi culties applying important 
contextual or source information to discriminate between 
lists (Hogge et al.,  2008 ). Using data from these same indi-
viduals, we have recently shown selective impairments in 
intentional retrieval (recollection) but sparing of familiarity 
in aMCI relative to healthy aging when source discrimina-
tion is required (Anderson et al.,  2008 ). The current data are 
not suffi cient to determine the relative contributions of these 
two potential sources of increased PI in aMCI, but this 

could be addressed in fu ture studies that include indices of 
semantic memory and recollection/familiarity in the investi-
gation of PI. 

 The 1970s and 1980s literature placed considerable fo-
cus on the heightened interference among individuals with 
Korsakoff’s syndrome (see Butters & Cermak,  1980 ) with the 
general conclusion that frontal lobe dysfunction was respon-
sible. Modern neuroimaging tools have indeed identifi ed 
frontal lobe structures, particularly the left ventrolateral fron-
tal lobe, as critically involved in resolution of PI (for a re-
view, see Jonides & Nee,  2006 ). Although aMCI has been 
considered primarily a defi cit of episodic memory due to dis-
ruption of medial temporal regions such as the hippocampus 
and entorhinal cortex (de Leon et al.,  2007 ), more recent evi-
dence has shown subtle decline on other tasks implicating 
subtle change in executive functioning in aMCI (Kramer et al., 
 2006 ; Traykov et al.,  2007 ). Hence, heightened sensitivity 
to PI in aMCI may be related to early change in frontal 
functioning, causing increased source confusion. We are 
currently using a more extensive neuropsychological battery 
to explore the relationships between executive functioning 
and interference. 

 We did not fi nd differences between healthy older adults 
and older adults with aMCI on the AB-AC measures of RI. 
This is in contrast to previous fi ndings of elevated RI in older 
adults with aMCI relative to healthy older adults (Loewen-
stein et al.,  2004 ). Our aMCI sample was composed of com-
munity dwelling older adults in rather exceptional health for 
their age who had not been previously diagnosed with aMCI, 
whereas Loewenstein et al. studied adults who were already 
diagnosed with aMCI. It may be that our sample was at the 
very earliest stage of aMCI and not yet manifesting increased 
RI vulnerability. In addition, group differences in encoding 
were not controlled in Loewenstein et al.’s paradigm. We re-
quired participants to learn words lists to 100% accuracy 
thus equalizing encoding of word lists. It may be that equal-
izing encoding performance between groups eliminated 
group differences in RI. 

 The CVLT, SIT, and our modifi ed AB-AC task differ ways 
other than the imposition of a strict learning criterion that 
may also be responsible for the differences between the 
current results and those of Loewenstein et al. ( 2004) . The 
CVLT and SIT involve category exemplars, whereas our 
modifi ed AB-AC task involved associated word pairs. In ad-
dition, the CVLT involves free recall, cued recall, and recog-
nition, the SIT involves only free recall, and the AB-AC task 
reported here involves only cued recall. Sensitivity to PI or 
RI may vary as a function of stimulus type or retrieval de-
mands. In addition, encoding features, such as the degree to 
which item or source distinctiveness is encouraged, may af-
fect interference susceptibility. Future research that system-
atically manipulates the presence or absence of a learning 
criterion, stimulus type, retrieval demands, and encoding con-
ditions would help to identify specifi c parameters that help 
minimize memory interference in aMCI. 

 The results from this study have important clinical impli-
cations. The addition of measures of PI may be helpful in 
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distinguishing aMCI from normal aging. Due to sample size 
limitations we were unable to determine the sensitivity or 
specifi city of our PI measures in distinguishing among the two 
older adult groups, but this is one goal of future studies. Never-
theless, the current results highlight the fact that traditional 
clinical measures are not sensitive enough to detect height-
ened sensitivity to PI in aMCI, most likely because learning 
is not equated between groups. However, a paradigm that 
allows individuals adequate opportunity to learn the infor-
mation is sensitive to heightened PI in aMCI. Clinical inter-
ventions aimed at reducing memory interference by empha  sizing 
the use of controlled processes necessary for source discrim-
ination may improve memory performance in this group.     

 ACKNOWLEDGMENTS 

 We thank Fern Jaspers-Fayer, Samy Arita, Magdelena Lysenko, Vlad 
Kushnir, Sandra Priselac, and Mira Rizkalla for their assistance with 
this project. This research was supported by operating grants from 
the Canadian Institutes of Health Research (67015) and the Alzheim-
er Society of Canada awarded to NDA. Mira Rizkalla’s co-op term 
was supported by an operating grant from the Natural Sciences and 
Engineering Research Council of Canada awarded to NDA.   

 REFERENCES 

    Adlam  ,   A.L.  ,   Bozeat  ,   S.  ,   Arnold  ,   R.  ,   Watson  ,   P.  , &   Hodges  ,   J.R   . 
( 2006 ).  Semantic knowledge in mild cognitive impairment and 
mild Alzheimer’s disease .  Cortex ,  42 ,  675 –684. 

    Ahmed  ,   S.  ,   Arnold  ,   R.  ,   Thompson  ,   S.A.  ,   Graham  ,   K.S.  , &   Hodges  , 
  J.R   . ( 2008 ).  Naming of objects, faces and buildings in mild cog-
nitive impairment .  Cortex ,  44 ,  746 –752. 

    Anderson  ,   N.D.  ,   Ebert  ,   P.L.  ,   Jennings  ,   J.M.  ,   Grady  ,   C.L.  ,   Cabeza  , 
  R.  , &   Graham  ,   S.J   . ( 2008 ).  Recollection- and familiarity-based 
memory in healthy aging and amnestic mild cognitive impair-
ment .  Neuropsychology ,  22 ,  177 –187. 

    Balota  ,   D.A.   &   Duchek  ,   J.M   . ( 1991 ).  Semantic priming effects, 
lexical repetition effects, and contextual disambiguation effects 
in healthy aged individuals and individuals with senile dementia 
of the Alzhiemer type .  Brain and Language ,  40 ,  181 –201. 

    Balota  ,   D.A.  ,   Watson  ,   J.M.  ,   Duchek  ,   J.M.  , &   Ferraro  ,   F.R   . ( 1999 ). 
Cross-modal semantic and homograph priming in healthy young, 
healthy old, and in Alzheimer’s disease individuals.  Journal of 
the International Neuropsychological Society ,  5 ,  626 – 640 .  

    Bayles  ,   K.A.  ,   Tomoeda  ,   C.K.  , &   Cruz  ,   R.F   . ( 1999 ).  Performance of 
Alzheimer’s disease patients in judging word relatedness .  Journal 
of the International Neuropsychological Society ,  5 ,  668 –675. 

    Bell  ,   E.E.  ,   Chenery  ,   H.J.  , &   Ingram  ,   J.C.L   . ( 2000 ).  Strategy-
based semantic priming in Alzheimer’s dementia .  Aphasiology , 
 14 ,  949 –965. 

    Binetti  ,   G.  ,   Magni  ,   E.  ,   Padovani  ,   A.  ,   Cappa  ,   S.F.  ,   Bianchetti  ,   A.  , & 
  Trabucchi  ,   M   . ( 1995 ).  Release from proactive interference in 
early Alzheimer’s disease .  Neuropsychologia ,  33 ,  379 –394. 

    Butters  ,   N.   &   Cermak  ,   L.S   . ( 1980 ).  Alcoholic Korsakoff’s Syn-
drome: An Information-processing Approach to Amnesia .  New 
York :  Academic Press . 

    Cushman  ,   L.A.  ,   Como  ,   P.G.  ,   Booth  ,   H.  , &   Caine  ,   E.D   . ( 1988 ). 
 Cued recall and release from proactive interference in Alzheimer’s 
disease .  Journal of Clinical and Experimental Neuropsychology , 
 10 ,  685 –692. 

    Davis  ,   K.L.  ,   Price  ,   C.C.  ,   Kaplan  ,   E.  , &   Libon  ,   D.J   . ( 2002 ).  Error 
analysis of the nine-word California Verbal Learning Test 
(CVLT-9) among older adults with and without dementia .  The 
Clinical Neuropsychologist ,  16 ,  81 –89. 

    de Leon  ,   M.J.  ,   Mosconi  ,   L.  ,   Blennow  ,   K.  ,   DeSanti  ,   S.  ,   Zinkowski  , 
  R.  ,   Mehta  ,   P.D.  ,   Pratico  ,   D.  ,   Tsui  ,   W.  ,   Saint Louis  ,   L.A.  ,   Sobanska  , 
  L.  ,   Brys  ,   M.  ,   Li  ,   Y.  ,   Rich  ,   K.  ,   Rinne  ,   J.  , &   Rusinek  ,   H   . ( 2007 ). 
 Imaging and CSF studies in the preclinical diagnosis of Al-
zheimer’s disease .  Annals of the New York Academy of Sciences , 
 1097 ,  114 –145. 

    Delis  ,   D.C.  ,   Kramer  ,   J.H.  ,   Kaplan  ,   E.  , &   Ober  ,   B.A   . ( 1987 ).  Cali-
fornia Verbal Learning Test: Adult Version .  San Antonio, TX : 
 The Psychological Corporation . 

    Folstein  ,   M.F.  ,   Folstein  ,   SE.  , &   McHugh  ,   P.R   . ( 1975 ).  “Mini-mental 
state”: A practical method for grading the cognitive state of 
patients for the clinician .  Journal of Psychiatric Research ,  12 , 
 189 –198. 

    Gauthier  ,   S.  ,   Reisberg  ,   B.  ,   Zaudig  ,   M.  ,   Petersen  ,   R.C.  ,   Ritchie  ,   K.  , 
  Broich  ,   K.  ,   Belleville  ,   S.  ,   Brodaty  ,   H.  ,   Bennett  ,   D.  ,   Chertkow  , 
  H.  ,   Cummings  ,   J.L.  ,   de Leon  ,   M.  ,   Feldman  ,   H.  ,   Ganguli  ,   M.  , 
  Hampel  ,   H.  ,   Scheltens  ,   P.  ,   Tierney  ,   M.C.  ,   Whitehouse  ,   P.  , & 
  Winblad  ,   B   . ( 2006 ).  Mild cognitive impairment .  Lancet ,  367 , 
 1262 –1270. 

    Greenaway  ,   M.C.  ,   Lacritz  ,   L.H.  ,   Binegar  ,   D.  ,   Weiner  ,   M.F.  ,   Lipton  , 
  A.  , &   Munro Cullum  ,   C   . ( 2006 ).  Patterns of verbal memory per-
formance in mild cognitive impairment, Alzheimer disease, and 
normal aging .  Cognitive Behavioural Neurology ,  19 ,  79 –84. 

    Hartman  ,   M.   &   Hasher  ,   L   . ( 1991 ).  Aging and suppression: Memory 
for previously relevant information .  Psychology and Aging ,  6 , 
 587 –594. 

    Hogge  ,   M.  ,   Adam  ,   S.  , &   Collette  ,   F   . ( 2008 ).  Directed forgetting and 
aging: The role of retrieval processes, processing speed, and pro-
active interference .  Aging, Neuropsychology, and Cognition ,  15 , 
 471 –491. 

    Jacoby  ,   L.L   . ( 1996 ).  Dissociating automatic and consciously con-
trolled effects of study/test compatibility .  Journal of Memory 
and Language ,  35 ,  32 –52. 

    Jonides  ,   J.   &   Nee  ,   D.E   . ( 2006 ).  Brain mechanisms of proactive in-
terference in working memory .  Neuroscience ,  139 ,  181 –193. 

    Kramer  ,   J.H.  ,   Nelson  ,   A.  ,   Johnson  ,   J.K.  ,   Yaffe  ,   K.  ,   Glenn  ,   S.  ,   
Rosen  ,   H.J.  , &   Miller  ,   B.L   . ( 2006 ).  Multiple cognitive defi cits in 
amnestic mild cognitive impairment .  Dementia and Geriatric 
Cognitive Disorders ,  22 ,  306 –311. 

    Lawton  ,   M.P.   &   Brody  ,   E.M   . ( 1969 ).  Assessment of older people: 
Self-maintaining and instrumental activities of daily living .  The 
Gerontologist ,  9 ,  179 –186. 

    Locascio  ,   J.J.  ,   Growdon  ,   J.H.  , &   Corkin  ,   S   . ( 1995 ).  Cognitive test 
performance in detecting, staging, and tracking Alzheimer’s 
disease .  Archives of Neurology ,  52 ,  1087 –1099. 

    Loewenstein  ,   D.A.  ,   Acevedo  ,   A.  ,   Agron  ,   J.  , &   Duara  ,   R   . ( 2007 ). 
 Vulnerability to proactive semantic interference and progression 
to dementia among older adults with mild cognitive impairment . 
 Dementia and Geriatric Cognitive Disorders ,  24 ,  363 –368. 

    Loewenstein  ,   D.A.  ,   Acevedo  ,   A.  ,   Luis  ,   C.  ,   Crum  ,   T.  ,   Barker  ,   W.W.  , 
&   Duara  ,   R   . ( 2004 ).  Semantic interference defi cits and the detec-
tion of mild Alzheimer’s disease and mild cognitive impairment 
without dementia .  Journal of the International Neuropsycho-
logical Society; JINS ,  10 ,  91 –100. 

    Mattis  ,   S   . ( 1988 ).  Dementia Rating Scale: Professional Manual . 
 Odessa, FL :  Psychological Assessment Resources . 

    Multhaup  ,   K.S.  ,   Balota  ,   D.A.  , &   Faust  ,   M.E   . ( 2003 ).  Exploring se-
mantic memory by investigating buildup and release of proactive 



Proactive and retroactive interference with aMCI 93

interference in healthy older adults and individuals with demen-
tia of the Alzheimer type .  Journal of the International Neuro-
psychological Society; JINS ,  9 ,  830 –838. 

    Petersen  ,   R.C   . ( 2004 ).  Mild cognitive impairment as a diagnostic 
entity .  Journal of Internal Medicine ,  256 ,  183 –194. 

    Petersen  ,   R.C.  ,   Smith  ,   G.E.  ,   Waring  ,   S.C.  ,   Ivnik  ,   R.J.  ,   Kokmen  ,   E.  , 
&   Tangelos  ,   E.G   . ( 1997 ).  Aging, memory, and mild cognitive 
impairment .  International Psychogeriatrics ,  9 (Suppl. 1),  65 –69. 

    Petersen  ,   R.C.  ,   Smith  ,   G.E.  ,   Waring  ,   S.C.  ,   Ivnik  ,   R.J.  ,   Tangalos  ,   E.C.  , 
&   Kokmen  ,   E   . ( 1999 ).  Mild cognitive impairment: Clinical char-
acterization and outcome .  Archives of Neurology ,  56 ,  1133 –1142. 

    Raven  ,   J.C   . ( 1965 ).  Mill Hill Vocabulary Scale .  London :  H.K. Lewis . 
    Shenaut  ,   G.K.   &   Ober  ,   B.A   . ( 1996 ).  Methodological control of se-

mantic priming in Alzheimer’s disease .  Psychology and Aging , 
 11 ,  443 –438. 

    Shimamura  ,   A.P.   &   Jurica  ,   P.J   . ( 1994 ).  Memory interference effects 
and aging: Findings from a test of frontal lobe function .  Neuro-
psychology ,  8 ,  408 –412. 

    Traykov  ,   L.  ,   Raoux  ,   N.  ,   Latour  ,   F.  ,   Gallo  ,   L.  ,   Hanon  ,   O.  ,   Baudic  ,   S.  , 
  Bayle  ,   C.  ,   Wenisch  ,   E.  ,   Remy  ,   P.  , &   Rigaud  ,   A.S   . ( 2007 ).  Execu-
tive functions defi cit in mild cognitive impairment .  Cognitive 
and Behavioral Neurology ,  20 ,  219 –224. 

    Vogel  ,   A.  ,   Gade  ,   A.  ,   Stokholm  ,   J.  , &   Waldemar  ,   G   . ( 2005 ).  Seman-
tic memory impairment in the earliest phases of Alzheimer’s 
disease .  Dementia and Geriatric Cognitive Disorders ,  19 ,  75 –81. 

    Wechsler  ,   D   . ( 1987 ).  The Wechsler Memory Scale-Revised Manual . 
 San Antonia, TX :  The Psychological Corporation . 

    Wechsler  ,   D   . ( 1997 ).  The Wechsler Adult Intelligence Scale-III 
Manual .  San Antonio, TX :  The Psychological Corporation . 

    Wechsler  ,   D   . ( 1999 ).  The Wechsler Abbreviated Scale of In-
telligence Manual .  San Antonio, TX :  The Psychological Cor-
poration . 

    Welsch  ,   K.A.  ,   Butters  ,   N.  ,   Hughes  ,   J.P.  ,   Mohs  ,   R.C.  , &   Heyman  ,   A   . 
( 1992 ).  Detection and staging of dementia in Alzheimer’s dis-
ease: Use of the neuropsychological measures developed for the 
Consortium to Establish a Registry for Alzheimer’s Disease . 
 Archives of Neurology ,  49 ,  448 –452. 

   Winblad,  B .,  Palmer ,  K .,  Kivipelto ,  M .,  Jelic ,  V .,  Fratiglioni ,  L ., 
 Wahlund ,  L.-O .,  Nordberg ,  A .,  Bäckman ,  L .,  Albert ,  M .,  Alm-
kvist ,  O .,  Arai ,  H .,  Basun ,  H .,  Blennow ,  K .,  De Leon ,  M ., 
 DeCarli ,  C .,  Erkinjuntti ,  T .,  Giacobini ,  E .,  Graff ,  C .,  Hardy ,  J .,  Jack , 
 C .,  Jorm ,  A .,  Ritchie ,  K .,  Van Duijn ,  C .,  Visser ,  P ., &  Petersen ,  R . 
 C . ( 2004 ).  Mild cognitive impairment — beyond controversies, 
towards a consensus: Report of the International Working Group 
on Mild Cognitive Impairment .  Journal of Internal Medicine , 
 256 ,  240 – 246 . 

    Winocur  ,   G.   &   Moscovitch  ,   M   . ( 1983 ).  Paired-associate learning in 
institutionalized and noninstitutionalized old people: An analysis 
of interference and contextual effects .  Journal of Gerontology , 
 38 ,  455 – 464 . 

    Woodard  ,   J.L.  ,   Dunlosky  ,   J.  , &   Salthouse  ,   T.A   . ( 1999 ).  Task de-
composition analysis of intertrial free recall performance on 
the Rey Auditory Verbal Learning Test in normal aging and 
Alzheimer’s disease .  Journal of Clinical and Experimental 
Neuropsychology ,  21 ,  666 –676. 

    Zigmund  ,   A.S.   &   Snaith  ,   R.P   . ( 1983 ).  The Hospital Anxiety 
and Depression Scale .  Acta Psychiatrica Scandinavia ,  67 , 
 361 –370.   


