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             INTRODUCTION 

 Prospective memory (PM) is remembering to carry out in-
tended actions (such as remembering to take medication) at 
an appropriate point in the future (McDaniel & Einstein, 
 2007 ). A critical difference between PM and retrospective 
memory (RM) tasks (e.g., list-learning or story recall), is 
that there is no external agent requesting a memory search 
when the target event occurs (McDaniel & Einstein,  2000 ). 
It is generally accepted that PM requires a greater degree of 
self-initiated retrieval operations, compared with RM tasks, 

requiring inhibition of an ongoing task, and switching to an-
other action (Einstein & McDaniel,  1996 ). 

 Einstein and McDaniel ( 1996 ) distinguished between  time-
based tasks , requiring performance of actions at a certain time 
and  event-based tasks,  requiring performance of actions in re-
sponse to external events. For event-based tasks, encoding fac-
tors such as specifi city of instructions and retrieval factors such 
as perceptual salience of PM cues are associated with superior 
prospective remembering. The multiprocess model of PM ar-
gues that both factors reduce the self-initiated retrieval demands 
of PM tasks (McDaniel & Einstein,  2000 ). These factors have 
been investigated in older healthy adults (Henry et al.,  2004 ), 
but not in individuals with Mild Cognitive Impairment (MCI). 

 MCI is a broad syndrome characterized by impaired cog-
nitive performance that lies on the continuum between normal 
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ageing and a dementing process, and is associated with in-
creased risk of developing dementia (Kluger et al.,  2000 ). 
MCI represents a heterogeneous group presenting with dif-
ferent cognitive profi les and underlying etiologies (Petersen 
et al.,  2001 ). We focus on Mild Cognitive Impairment-
Alzheimer’s Disease (MCI-AD), a term describing individu-
als with MCI whose underlying disease is clinically suspected 
to be AD (Portet et al.,  2006 ). 

 Only two studies have previously investigated PM in MCI. 
Kazui et al. ( 2005 ) found that while single-trial event-based 
PM tasks proved sensitive to MCI, the degree of specifi city 
was not as robust, concluding that PM tasks were not useful 
for detecting MCI. More recently, Troyer and Murphy ( 2007 ) 
found that a time-based PM task was particularly sensitive to 
MCI, but no data regarding the discriminatory capacity of 
this task were presented. Interestingly, Driscoll et al. ( 2005 ) 
found signifi cant PM defi cits in healthy elderly APOE є4 
gene carriers, known to be associated with increased risk and 
decreased age of onset for AD relative to noncarriers. 

 The present study intends to fi ll current gaps in the litera-
ture by focusing on the relative vulnerability of PM and RM 
to the cognitive impairment in MCI-AD. Our primary hy-
potheses were that (1) An event-based PM task would show 
higher discriminatory effi cacy to detect MCI-AD from NC 
relative to RM tests due to its higher self-initiated retrieval 
demands. (2) Conditions of non-specifi city of instructions 
and perceptual non-salience of the PM cue would be particu-
larly sensitive to MCI-AD because they require greater stra-
tegic attentional resources to monitor the PM cue.   

 METHOD  

 Participants 

 Participants were 21 normal controls (NC), and 19 individu-
als with a diagnosis of MCI-AD, in accordance with the Re-
port of the MCI Working Group of the European Consortium 
on Alzheimer’s disease (Portet et al.,  2006 ) (see  Table 1 ).     

 NC were recruited from two local Active Retirement 
Groups (community-based social groups). Participants qual-
ifi ed as NC if they scored  ≥ 27/30 on the Mini-Mental State 
Examination (MMSE; Folstein et al.,  1975 ), >8 on Clock 
Drawing (Manos,  1999 ),  ≥ 7 on the Geriatric Depression 
Scale-15 item Short Form (Sheikh & Yesavage,  1986 ), and 
were functioning normally in the community as documented 
by self-report on the Lawton-Brody Instrumental Activities 
of Daily Living (Lawton & Brody,  1969 ). MCI-ADs were 
identifi ed through a Hospital Memory Clinic (Swanwick 
et al.,  1996 ). Methods were approved by the Hospital’s ethics 
board. Before enrolment in the study, patients underwent a 
neuropsychological evaluation using a range of standardized 
cognitive tests including Cambridge Cognitive Examination 
(CAMCOG; Huppert et al.,  1995 ); Delayed Word Recall 
(DWR) test (Coen et al.,  1997 ; Knopman & Ryberg,  1989 ), 
and executive functions, using both phonemic (FAS; Benton & 
Hamsher,  1978 ), and semantic (animals, fruits, vegetables; 
Monsch et al.,  1992 ) verbal fl uency tasks. 

 Exclusion criteria for both groups included a diagnosis of 
dementia (DSM-IV-TR; American Psychiatric Association, 
 2000 ), primary psychiatric disorder, history of alcohol or 
substance dependence, cognitive impairment caused by con-
comitant medications, or the presence of a major neurological 
illness. 

 The two groups were matched on age [ t (38) = 0.83;  p  = .41], 
gender [χ 2  = 1.50;  df =  1;  p  = .22], years of education [χ 2  = 
2.48;  df =  1;  p  = .115], estimated premorbid intellect (NART-R; 
Nelson,  1991 ) [ t (38) = 1.33;  p  = .19], and affect (GDS-15) 
[ u  = 140;  p  = .174]. As expected, the NC group had higher 
scores on MMSE [ t (38) = 8.01;  p   ≤  .0001] (see  Table 1 ).   

 Measures 

  Retrospective memory tests.  Both groups were assessed us-
ing two RM tests, not part of the diagnostic process: The 
Rivermead Paragraph Recall Test from the Rivermead Be-
havioural Memory Test (RBMT-PRT; Wilson et al.,  1985 ), 
and the Word List Memory subtest from the Consortium to 
Establish a Registry for Alzheimer’s disease (CERAD-Word 
List; Welsh et al.,  1994 ). 

 The RBMT-PRT is a paragraph with 21 separate ideas, 
read to the subject who must recall it immediately and after 
a 10- to 15-min delay. The CERAD-Word List has 10 words 
presented over three trials. Participants read out each word in 
turn, followed by immediate recall. Delayed recall is as-
sessed after a 5-min delay. 

  The Silly Sentences PM Task.  This was a novel event-
based PM task using a dual-task paradigm where a PM in-
tention was embedded in an ongoing task. 

 Table 1.        Demographic and clinical details of the two groups of 
participants          

     NC ( n  = 21)  MCI-AD ( n  = 19)   

 Mean ( SD )  Mean ( SD )     

 Age at testing (years)     
  Mean ( SD )  72.5 (5.6)  71.05 (5.6)   
  Range  (63–79)  (61–80)   
 Gender     
  Male (%)  6 (28.6%)  9 (47%)   
  Female (%)  15 (71.4%)  10 (53%)   
 MMSE
 Mean ( SD )  29.4 (0.7)  25.72 (1.97)   
 Education  a       
   ≤ 13 Years  13  16   
  >13 Years  8  3   
 NART-R     
  Mean ( SD )  110 (6.6)  106 (11.4)   
  Range  (100–122)  (85–124)   
 GDS-15  1.14 (1.52)  2.58 (2.78)   

       Note.  MCI-AD = mild cognitive impairment-Alzheimer’s disease; NC = 
normal controls;  SD  = standard deviation; MMSE = Mini-Mental State 
Exam; NART-R = National Adult Reading Test-Revised; GDS-15 = Geriat-
ric Depression Scale.  
  a     In Ireland, completion of Secondary Level (High-School equivalent), entails 
13 years of formal education.    
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  Ongoing Task.  This consisted of a lexical decision task, 
preventing continuous rehearsal of the PM intention. Partici-
pants were shown two series of 108 short sentences, in which 
two different conditions of the Silly Sentences PM task were 
embedded. 

 Participants were told that we were interested in deter-
mining their ability to verify a series of sentences, individ-
ually presented in the middle of the computer screen with 
the alternatives true/false written underneath, and that sen-
tences would automatically appear and disappear. Partici-
pants were asked to read each sentence and to say “true” 
(e.g., Africa is home to tigers), or “false” (e.g., lions live in 
hotels) as appropriate, and told that no immediate perfor-
mance feedback would be provided. Sentences were inspired 
by the Silly Sentences Test, an instrument measuring speed 
of language comprehension (Baddeley et al.,  1992 ). 

 To control for differences in information processing-
speed, and based on piloting results, rate of presentation was 
6 s per sentence for NC and 8 s for MCI-AD. This was done 
to avoid possible processing-speed defi cits precluding the 
noticing of the PM cue in MCI-AD. While it could be argued 
that this introduces variations in the retention delay between 
critical sentences, existing research has failed to fi nd in-
creased forgetting with delay variations of just several min-
utes or more (Brandimonte & Passolunghi, 1994). Sentences 
were projected on a 15.1-inch screen laptop, displayed in 
lower case, (Times Roman, 44-point), on a white back-
ground. Participants were initially presented with six prac-
tice sentences (three true, three false) to familiarize them 
with the procedure. 

  Prospective memory task.  Following the practice trials, 
participants were told that we were also interested in study-
ing their ability to remember to do something in the future. 

 With the aim of creating a task that placed a differential 
degree on strategic attentional resources, two variables were 
manipulated (i.e., specifi city of the instructions and percep-
tual salience of the PM cue) (see  Table 2 ).     

 In the  Specifi c condition , participants were given spe-
cifi c instructions concerning the PM cue (e.g., when you 
see the word “lions” written in any of the sentences, re-
member to say “animals”). Ten critical sentences contain-
ing the PM cue lions were embedded throughout the fi rst 
108 sentences. Within the specifi c condition, the percep-
tual salience of the recall cue (RC) was varied so that 5 of 
10 critical sentences were presented with the word “lions” 
in italics (i.e., Specifi c-Salient condition), and the other 5 
in regular format (i.e., Specifi c-Non-Salient). Presentation 
of salient and non-salient sentences was intermixed. 

 In the  Non-Specifi c condition , participants were given 
general instructions (i.e., when you see the name of any 
type of animal remember to say “animals”). Ten critical sen-
tences containing the PM cue of an exemplar of the category 
“animals” were embedded throughout the second 108 verifi -
cation sentences’ trial. Each one of the 10 PM cues was 
only shown once, and exemplars were equated against the 
exemplar “lion” in terms of their typicality using Irish-based 
norms (Brown & Semrau,  1986 ). Within the Non-Specifi c 
condition, the perceptual salience of the RC was also varied 
so that 5 of 10 critical sentences were presented with the 
name of the animal in italics (e.g.,  horses ) (i.e., Non-Specifi c-
Salient condition), and the other 5 in regular format (e.g., 
elephants) (i.e., Non-Specifi c-Non-Salient). Presentation of 
these sentences was also intermixed. 

  Procedure.  Participants were tested individually under all 
testing conditions. The two PM tasks (i.e., Specifi c and Non-
Specifi c) were introduced separately, and order of  administration 

 Table 2.        Parameters of the prospective memory task and performance of NC and MCI-AD                    

   Experimental 
condition  PM Intention  Examples  Ongoing task 

 PM task type 
(Processing)  PM trials 

 Correct PM 
responses   

 MCI–AD  NC     

  Specifi c    
  Salient  When you see 

the word 
lions remember to 

say animals 

 Pens are smaller than  lions   Lexical Decision 
Task (Silly 
Sentences) 

   a  Focal   +    5  67.4%  100%   
  Lions  have long stripes           

  Non-Salient  Airplanes travel 
faster than lions 

   a  Focal   –    5  62.2%  99%   

 Lions live in hotels           
     Total 10  64.7%  99.5%   

 Non-Specifi c   
  Salient  When you see 

the name of any 
type of animal 
remember to 
say animals 

 Africa is home to  tigers   Lexical Decision 
Task (Silly 
Sentences) 

   b  Non-focal   ↓    5  37.8%  95%   
  Horses  have stripes           

  Non-Salient  Tusks form part of elephants    b  Non-focal   ↑    5  28.4%  94%   
 Cats are manufactured goods           
    

 Total 10  33.2%  95%   

       Note.   + High in focal processing;  – Low in focal processing;  ↓ Low in non-focal processing;  ↑ High in non-focal processing. NC = normal controls; 
MCI-AD = mild cognitive impairment-Alzheimer’s disease.  
   a      The PM cue overlaps with the information constellation relevant to performing the ongoing task (McDaniel et al.,  2008 ).  
   b      The PM cue is present in the environment but not part of the information being considered by the person (McDaniel et al.,  2008 ).    
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was counterbalanced. In both conditions, participants were 
told to keep the instructions in mind because they would not 
be repeated and were asked to repeat back the instructions 
to ensure their learning. Participants were not told how of-
ten the PM cue would appear. Critical sentences appeared 
relatively equally throughout the verifi cation sentences (on 
average every 10 sentences, at a rate of 1.5 min approxi-
mately). Cues were counterbalanced for location (i.e., be-
ginning or end of sentences), and verifi cation form (i.e., true 
or false). In both conditions, participants were told that 
making the PM response precluded the need to do the sen-
tence verifi cation task. To minimize the RM demands of the 
task, the intended action (i.e., say animals) was held con-
stant and highly associated with the PM cue in both condi-
tions. Following the PM task, it was verifi ed that 100% of 
individuals remembered the instructions. Total time of ad-
ministration for each condition (Specifi c/Non-Specifi c) was 
14 min.   

 Statistical Analyses 

 Data distribution in the PM task and several conditions of the 
RM tests was skewed. For this reason, either nonparametric 
tests (Mann-Whitney  U ), or their parametric equivalents 
( t  test), were used, as appropriate, to analyze group differences. 

  Analysis of group differences.  A compromise approach 
(setting  alpha  ( α )  level  for statistical signifi cance ( p ) at  α  = 
0.01) to balance the risk of Type I and Type II errors was 
adopted (Aron et al.,  2006 ). 

  Discriminatory effi cacy of prospective and retrospective 
memory.  A series of Receiver Operating Characteristic Curve 
(ROC) analyses was produced to examine the relative discrim-
inative effi cacy of PM tasks compared with RM tests. The cut-
off scores providing the highest sensitivity balanced against 
optimum specifi city were selected. Positive predictive values 

(PPV = true positives / [true positives + false positives]), nega-
tive predictive values (NPV = true negatives / [true negatives + 
false negatives]), and overall accuracy (i.e., percentage of MCI 
cases accurately categorized as MCI + percentage of NCs cor-
rectly classifi ed as NC) were also calculated.    

 RESULTS  

 Prospective and Retrospective Memory: Analysis 
of Group Differences 

 There were signifi cant differences between the NC and MCI-
AD groups on all the RM tests and all PM conditions, reach-
ing our criterion ( p  < .01) on all but RBMT (PRT)-Savings 
(see  Table 3 ). These differences remained even when educa-
tion was accounted for (i.e., analysis of covariance and case 
summaries).       

 Discriminatory Capacity of PM tasks and 
RM Tests: Detecting MCI-AD From NC 

 ROC analysis was signifi cant for all measures of memory 
administered except for RBMT-PRT-Savings. Overall accu-
racy (OA) ranged from 69% to 90%. With the exception of 
the Silly Sentences-Specifi c-Salient condition, which showed 
poor sensitivity to MCI-AD (<55%), all other measures dem-
onstrated reasonable sensitivity and specifi city. Notably, the 
Silly Sentences-Non-Specifi c-Total score (sensitivity = 84%; 
specifi city = 95%) and its individual conditions, the Silly 
Sentences Non-Specifi c-Non-Salient (sensitivity = 84%; 
specifi city = 95%), and Silly Sentences-Non-Specifi c-Sa-
lient (sensitivity = 73%; specifi city = 95%) demonstrated the 
highest discriminatory power to detect MCI-AD from NC, 
and was superior to all RM tests, certainly in terms of speci-
fi city and overall accuracy (see  Table 4 ).        

 Table 3.        Analysis of group differences on memory functioning              

   Test 
 NC ( n  = 21) 

 M (SD)   
 MCI-AD ( n  = 19) 

 M (SD)   
 NC  vs.  MCI-AD 

U/t 
 % Difference 

MCI-AD  vs.  NC     

 Retrospective Memory 
 CERAD-Word List-Total Learning  21.7 (4.0)  14.3 (4.9)   t  = 5.20 ***   66%   
 CERAD-Word List-Delay Recall  7.4 (2.2)  4.1 (2.4)   t  = 4.37 ***   55%   
 CERAD- Word List-Savings  85.0 (21.3)  60.0 (31)   U  = 86.00 *   71%   
 RBMT(PRT)-Immediate Recall  9.0 (2.5)  5.28 (3)   t  = 4.20 ***   59%   
 RBMT (PRT)-Delay Recall  7.3 (2.6)  3.1 (3.9)   t  = 3.9 ***   43%   
 RBMT (PRT)-Savings  80.1 (18.3)  44.1 (40.5)   U  = 86.00    55%   

  Prospective Memory      
 Silly Sentences- Non-Specifi c-Total   9.4 (0.9)  3.3 (3.3)   U  = 21.50 ***   35%   
 Silly Sentences-Non-Specifi c Salient  4.7 (0.5)  1.9 (1.8)   U  = 43.00 ***   40%   
 Silly Sentences-Non-Specifi c-Non-Salient  4.7(0.6)  1.4 (1.7)   U  = 20.50 ***   30%   
 Silly Sentences- Specifi c-Total   9.9 (0.2)  6.5 (3.8)   U  = 57.50 ***   66%   
 Silly Sentences-Specifi c-Salient  5.0 (0)  3.4 (1.9)   U  = 94.50 *   68%   
 Silly Sentences-Specifi c-Non-Salient  4.9 (0.2)  3.1 (1.9)   U  = 68.50 ***   63%   

       Note:  NC = normal controls; MCI-AD = mild cognitive impairment-Alzheimer’s disease; CERAD = Consortium to Establish a Registry 
for Alzheimer’s Disease; RBMT (PRT) = Rivermead Behavioural Memory Test-Paragraph Recall Test;  M  = mean;  SD  = standard deviation.  
  *     Signifi cant value ( p  < .01); **Signifi cant value ( p  < .001); ***Signifi cant value ( p  < .0001).    
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 DISCUSSION 

 The fi rst aim of this study was to investigate the relative dis-
criminatory effi cacy of a newly developed PM task com-
pared with two traditionally-used RM tests. The sensitivity, 
specifi city, positive and negative predictive indices derived 
from ROC analyses showed that an event-based PM task 
(i.e., Silly Sentences-Non-Specifi c), was superior to tradi-
tionally used RM tests (RBMT-PRT and CERAD-Word List) 
in discriminating MCI-AD from NC. This is consistent with 
the idea that PM tasks demand a greater degree of self-initia-
tive retrieval operations relative to RM tasks (Einstein & 
McDaniel,  1996 ), requiring the monitoring of the environ-
ment to identify the cue that signals the initiation of the 
action. This fi nding is most noteworthy since the CERAD-
Delay Recall (Welsh et al.,  1994 ), and RBMT have been 
found to discriminate very mild AD from NC, and MCI-AD 
from NC (Kazui et al.,  2005 ). 

 The second aim of the study was to investigate whether 
varying parameters of the event-based PM task (i.e., speci-
fi city of the instructions and perceptual salience of the PM 
cue) would result in differential levels of discrimination 
between the groups. According to the multiprocess view of 
prospective remembering, the cognitive processes recruited 
in PM tasks, and the likelihood of success, are determined by 
the nature and demands of the ongoing task, and parameters 
of the PM cue (McDaniel & Einstein, 2000). This theory 
posits that ongoing tasks that encourage focal processing of 
the PM cue, and cues that are salient relative to the existing 
context in which they are presented, are more likely to pro-
duce an involuntary orienting response to the PM cue, and 
stimulate a relatively spontaneous retrieval of the intended 
action. In contrast, non-focal tasks, using non-salient PM 
cues, are likely to require more strategic attentional resources 
to monitor for the PM cue signaling the appropriateness of 

performing the intended action (McDaniel & Einstein, 2000 ; 
McDaniel et al., 2008 ; McDaniel & Einstein,  2007 ). Consis-
tent with the multiprocess theory, we found that the Silly-
Sentences-Non-Specifi c-Non-Salient condition was superior 
to the Silly-Sentences-Specifi c-Salient in discriminating 
MCI-AD from NC. This differential pattern is consistent 
with the early presence of defective executive functioning in 
MCI-AD (Grober et al.,  2008 ). 

 This study contributes to the limited literature on PM in 
MCI. Our fi ndings are consistent with the two previous stud-
ies (Kazui et al.,  2005 ; Troyer & Murphy,  2007 ), indicating 
that event-based PM tasks are sensitive to the cognitive ef-
fects of early MCI-AD. In addition, we have shown that a 
certain type of event-based PM task, the Silly Sentences-
Non-Specifi c-Non-Salient, achieved a greater discriminatory 
power relative to traditional RM tests. This fi nding has re-
search and clinical implications. First, paraphrasing McDaniel's 
& Einstein (2000 ) idea applied to the study of PM in MCI, 
we should move from investigating whether MCI affects 
prospective remembering to studying the types of PM tasks 
that provide a robust cognitive marker in MCI, aiding early 
detection. Second, future research will be needed to develop 
shorter PM tests appropriate for use in clinical settings. 

 Limitations of this study include, small sample size, use of 
convenience samples (MCI-AD were a selected group at-
tending a memory clinic, and the NC were healthy Active 
Retirement Group participants), and, albeit not statistically 
signifi cant, differences on educational profi les, all reducing 
the generalizability of our results. Present fi ndings are regard-
ed as preliminary results awaiting replication in larger unse-
lected samples. Despite these limitations, the fi ndings indicate 
that PM defi cits are relatively more pronounced compared 
with RM failure in MCI-AD and that the Silly Sentences PM 
task may prove useful in the early detection of this group.     

 Table 4.        Summary of the ROC analyses with cutoff scores for NC ( n  = 21)  vs.  MCI-AD ( n  = 19)                      

    
 Max. 

AUC ( SE )   p  
 Cutoff 
score  Sensitivity  Specifi city  OA  PPV  NPV     

  Retrospective Memory      
 CERAD-Word List-Total Learning  0.87(0.04)   ***   <19  83%  76%  80%  75%  84%   
 CERAD-Word List-Delay Recall  0.86(0.06)   ***   <6  72%  86%  80%  81%  86%   
 CERAD- Word List-Savings  0.77(0.07)   *   <70%  56%  81%  69%  71%  68%   
 RBMT(PRT)-Immediate Recall  0.82(0.07)   **   <9  82%  71%  76%  70%  83%   
 RBMT (PRT)-Delay Recall  0.83(0.07)   **   <6  77%  81%  79%  77%  81%   
 RBMT (PRT)-Savings  0.75(0.08)   *   <69  65%  90%  79%  85%  76%   

  Prospective Memory      
 Silly Sentences-Non-Specifi c-Total  0.96(0.03)   ***   <8  84%  95%  90%  94%  87%   
 Silly Sentences-Non-Specifi c Salient  0.89(0.05)   ***   <4  74%  95%  85%  93%  80%   
 Silly Sentences-Non-Specifi c-Non-Salient  0.94(0.03)   ***   <4  84%  95%  90%  94%  87%   
  Silly Sentences-Specifi c-Total   0.85(0.06)   ***   <10  74%  95%  85%  93%  80%   
 Silly Sentences-Specifi c-Salient  0.76(0.08)   *   <5  53%  100%  78%  100%  70%   
 Silly Sentences-Specifi c-Non-Salient  0.82(0.07)   ***   <5  68%  95%  83%  93%  77%   

       Note.  ROC = receiver operating characteristics curve; AUC = area under the curve;  SE  = standard error; OA = overall accuracy; PPV = positive predictive 
value; NPV = negative predictive value; NC = normal controls; MCI = mild cognitive impairment; CERAD = Consortium to Establish a Registry for 
Alzheimer’s Disease; RBMT (PRT) = Rivermead Behavioural Memory Test-Paragraph Recall Test.  
  *     Signifi cant value ( p  < .01); ** Signifi cant value ( p  < .001); ***Signifi cant value ( p  < .0001).    
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