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                    INTRODUCTION   

 The   concept of reserve emerged as a mechanism to explain 
why there is not a perfect relationship between brain 
 pathology postmortem and the severity of a clinical condition, 
such as vascular dementia (VaD) or Alzheimer disease 
(AD). Research has indicated that individuals with the 
same amount of brain pathology may have very different 
clinical manifestations of dementia. Increased reserve is 
hypothesized to be associated with protection against clin-
ical expression of dementia because those individuals with 
higher reserve may be more effi cient or better able to com-
pensate for the pathological changes accumulating in the brain. 
An initial model of reserve indicated the existence of two 
classifi cations of reserve— brain reserve  and  cognitive reserve . 
Both brain reserve and cognitive reserve are hypothetical 
constructs that have been used to inform models of aging. 
Our purpose here was to examine whether it is meaningful to 

refer to cognitive reserve as a distinct construct that repre-
sents a unique dimension of individual differences. 

 Although brain reserve is an important theoretical con-
struct in its own right, in this article, we are primarily con-
cerned with the concept of cognitive reserve that, Stern 
( 2002)  has argued, is an active model of reserve comprising 
two main components—neural reserve and neural compen-
sation. The neural reserve component of cognitive reserve 
refers to the effi ciency or capacity of the brain prior to path-
ological damage. The neural compensation component of 
cognitive reserve refers to the recruitment of brain areas not 
typically used by individuals without brain damage to com-
pensate for brain pathology. 

 Cognitive reserve is typically operationalized with variables 
that are refl ective of lifetime experiences that may provide in-
dividuals with a set of skills to better manage pathological 
brain damage, as seen in diseases like AD and VaD. To that 
end, education level, literacy, occupational attainment, and 
performance on tests of knowledge (such as vocabulary) have 
been used as surrogates of cognitive reserve. 

 Evidence that greater educational attainment is associated 
with a reduced relative risk of developing AD has been dem-
onstrated in the United States (e.g., Evans et al.,  1997 ; Stern 
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et al.,  1994 ; White et al.,  1994 ), China (Zhang et al.,  1990 ), 
France (Letenneur et al.,  1994 ), and Sweden (Qiu et al.,  2001 ). 
An inverse relationship between occupational attainment and 
incident dementia has been found in a number of studies as 
well (see Valenzuela & Sachdev,  2005 , for a review). 

 Research has indicated that those individuals who have 
greater cognitive reserve tend to decline more quickly once 
diagnosed with AD. This fi nding supports the idea that at any 
given level of clinical severity, patients with higher cognitive 
reserve have more pathological brain damage (Stern et al., 
 1995 ). 

 Although cognitive reserve is typically invoked as an im-
portant concept in dementia research, there is also evidence 
that cognitive reserve may play a protective role against nor-
mal age-related declines. Age-related declines in measures 
of memory, processing speed, reasoning, and spatial ability 
have been well documented both cross-sectionally (e.g., 
Salthouse,  2004 ) and longitudinally (e.g., Christensen,  2001 ). 
More education has been linked with slower declines in both 
cognition and function in cognitively healthy older adults 
over short intervals of 1 year (Farmer et al.,  1995 ) or 2–2.5 
years (e.g., Albert et al.,  1995 ) using general measures of 
cognition such as the Mini-Mental State Exam (MMSE; 
Folstein et al.,  1975 ) and a composite created from several 
neuropsychological tests. In a prospective study of older 
adults, Christensen et al. ( 1997)  found that education was 
inversely related to the rate of decline in measures of language 
and knowledge (i.e., crystallized ability) but not in measures 
of memory, processing speed, or reaction time. Likewise, 
Salthouse ( 2006)  reported that in a cross-sectional study, in-
dividuals in a high–cognitive stimulation group (i.e., indi-
viduals who engaged in mentally stimulating activities) were 
not signifi cantly different from a low–cognitive stimulation 
group on measures of visual-spatial ability, memory, and 
processing speed. However, declines with age were different 
across the low- and high–cognitive stimulation groups for a 
vocabulary test such that scores decreased less for individu-
als in the high–cognitive stimulation group. Together, these 
fi ndings suggest that high cognitive reserve (as measured by 
education or leisure activity) may be protective against de-
clines in measures of crystallized ability but not protective 
against declines in other cognitive (fl uid) domains. This fi nd-
ing is not surprising considering that vocabulary, for exam-
ple, is sometimes used as a measure of cognitive reserve. 

 The validity of referring to cognitive reserve as a coherent 
construct has not been tested. In order to continue to refer to 
cognitive reserve as an independent construct, it is important 
to establish that the variables typically used as measures of 
cognitive reserve are correlated with one another and that 
they represent a unique dimension of individual differences 
that are distinct from other cognitive constructs. 

 Both convergent validity and discriminant validity are es-
sential to establishing construct validity. Convergent validity 
can be evaluated by examining whether the variables hypoth-
esized to represent a latent construct have signifi cant variance 
in common, as determined by assessing the magnitudes of the 
factor loadings in a confi rmatory factor analysis. The loadings 

of the observed cognitive reserve variables on the latent 
construct (i.e., cognitive reserve) should be moderately large 
in magnitude and signifi cantly different from 0. Discriminant 
validity is evaluated by examining whether the construct of 
interest is distinct from other non-target constructs, as indi-
cated by the interfactor correlations, which should be signifi -
cantly less than 1.0. Using an individual differences approach, 
we evaluated the convergent and discriminant validity of the 
cognitive reserve construct with a set of analytic models de-
signed to assess construct validity (Salthouse et al.,  2003 , 
 2004 ; Siedlecki et al.,  2005 ). 

 In this project, the construct validity of the cognitive re-
serve construct was evaluated with four structural equation 
models described in detail in Salthouse et al. ( 2003) . The 
models represent progressively more demanding tests of con-
struct validity. Model A assesses only convergent validity by 
evaluating whether the cognitive reserve variables have sig-
nifi cant variance in common. Model B assesses discriminant 
validity by examining the correlations among the cognitive 
reserve construct and the non-target cognitive constructs 
(represented by verbal memory, processing speed, and execu-
tive functioning/fl uid ability in the current study). Model C 
extends Model B by allowing the non-target constructs to be 
related to each of the cognitive reserve variables, one at a 
time. If the relationship between a non-target construct and an 
observed cognitive reserve variable results in a signifi cantly 
improved fi t of the overall model (as determined by ∆  χ   2 /∆ df ), 
then that relationship is retained in the fi nal Model C. Model 
D is the most demanding test of construct validity because 
each of the non-target constructs is allowed to be related to 
each of the observed cognitive reserve variables simultane-
ously. Convergent validity is assessed in Model D by examin-
ing whether there is signifi cant residual variance among the 
cognitive reserve variables, after allowing them to be related 
to the non-target cognitive constructs. Discriminant validity is 
assessed by examining the magnitude of the relations among 
the cognitive reserve variables and the non-target constructs. 

 It should be noted that Salthouse et al. ( 2003)  found that 
after examining constructs hypothesized to represent dif-
ferent aspects of executive functioning with the four con-
struct validity models, there was only weak evidence that 
these constructs represented distinct dimensions of indi-
vidual differences. An executive functioning construct 
comprising a set of neuropsychological variables was found 
to lack convergent and discriminant validity. Specifi cally, 
the executive functioning variables were highly related to 
measures of fl uid ability. In the current project, executive 
functioning is included as one of the non-target constructs 
(in Samples 1 and 2). In terms of individual differences, we 
consider executive functioning and fl uid ability to be highly 
related to one another, representing a common dimension 
of individual differences, but because they are different 
both practically and semantically, we will continue to refer 
to them as separate constructs. Also, the source population 
for Samples 1 and 2 is one for which executive function 
measures have been helpful in discriminating those with 
vascular cognitive dysfunction (Wright et al.,  2008 ). 
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 The purposes of this project were to evaluate the construct 
validity of cognitive reserve using structural equation mod-
eling (SEM) in a population-based clinically stroke-free 
sample of cognitively healthy older adults and to examine 
the generalizability of the fi ndings by evaluating the con-
struct validity of the cognitive reserve in two additional sam-
ples of healthy adults.   

 METHOD  

 Participants 

 Three samples were selected for the current project: the pri-
mary sample and two replication samples. All participants 
had to be cognitively normal at baseline as measured by a 
Clinical Dementia Rating of 0. The data included in this 
manuscript were obtained in compliance with regulations of 
the local institutional review board. 

 Participants in Samples 1 and 2 were part of a magnetic 
resonance imaging substudy recruited from the larger North-
ern Manhattan Study (NOMAS), a prospective population-
based study designed to study stroke incidence, risk factors, 
and prognosis in a sample from a multiethnic urban com-
munity. Details regarding recruitment into NOMAS and the 
substudy have been documented elsewhere (Prabhakaran et 
al.  2008 ; Sacco et al.,  2001 ). Sample 1 participants were na-
tive English speakers, and Sample 2 participants were native 
Spanish speakers. Demographic details of the primary sam-
ple and the two replication samples are presented in  Table 1 . 
Sample 2 had signifi cantly lower mean education, age, and 
MMSE scores than the participants in the primary sample.     

 Sample 3 comprised individuals who were not NOMAS 
subjects but had participated in other brain imaging studies at 
the Columbia University Medical Center and had completed 
tests of cognitive reserve. The individuals in Sample 3 were 
signifi cantly younger than those in either the primary sample 
or the Sample 2.   

 Neuropsychological Evaluation for Samples 1 and 2 

 Participants in Samples 1 and 2 were given identical neurop-
sychological evaluations with the exception of the Wide 
Range Achievement Test (WRAT; Wilkinson,  1993 ), which 
was only administered to the primary sample, and Word 
 Accentuation Test (WAT; Del Ser et al.,  1997 ), which was 
only administered to Sample 2. The language of administra-
tion was different between the two groups: English in Sample 1 
and Spanish in Sample 2.  

 Memory 

 Memory   was assessed with a modifi ed California Verbal 
Learning Test-II (CVLT-II; Delis et al.,  2000 ) in which partici-
pants heard a prerecorded list of 12 unrelated nouns across fi ve 
trials and were asked to recall the words at the end of each trial. 
Participants were scored on the total number of words remem-
bered across the fi ve trials (CVLT-total), the total number of 
words recalled after a 20-min delay (CVLT-recall), and the 

total number of correctly recognized words in a recognition 
test comprising 12 words and 12 foils (CVLT-recognition).   

 Processing speed 

 Processing speed was assessed with the Grooved Pegboard 
task (Matthews & Klove,  1964 ) that measures the total time 
it takes the participant to place 25 small metal-grooved pegs 
into an array of holes with different orientations, requiring 
the subject to rotate the peg correctly in order to insert it into 
the pegboard, using both dominant and nondominant hands.   

 Executive functioning 

 Executive functioning was assessed with the Wechsler Adult 
Intelligence Scale-III (WAIS-III; Wechsler,  1997 ) Letter 
Number Sequencing subtest, the Odd-Man-Out task (Flowers 
& Robertson,  1985 ), and a difference score calculated from 
the Color Trails Test (CTT; D’Elia et al.,  1996 ). 

 In   the Letter Number Sequencing subtest,  a   participants are 
presented verbally with strings of intermixed letters and num-
bers (that become increasingly longer on a trial basis) and are 
asked to repeat the items back in a specifi c sequence. 

 The Odd-Man-Out task consists of four sets of subtests 
and involves the participant selecting which item in a set of 
three does not belong with the other items. Scores of each of 
the subtests were summed to create an Odd-Man-Out total 
score. 

 The CTT requires participants to connect numbers (Form A) 
or numbers alternating in color (Form B) in numerical order 
as quickly as possible. The   time it takes the participants to 
complete Trails B minus the time to complete Trails A (Trails 
difference) is thought to be indicative of cognitive fl exibility 
(ability to switch between sets) irrespective of general speed 
or ability to perceive and respond to stimuli and, as such, 
was used as the measure in this study.   

 Cognitive reserve 

 Three variables were hypothesized to represent the cognitive 
reserve construct—education (as defi ned in terms of level of 
educational attainment in which 20 is the highest level, rep-
resenting a doctoral degree), performance on the Peabody 
Picture Vocabulary Test-third edition (PPVT-III; Dunn & 
Dunn,  1997 ), and performance on the reading subtest of ei-
ther the WRAT or the WAT. Each of these variables presum-
ably refl ects life experiences, above and beyond that of age, 
that have the potential to provide protection against clinical 
manifestation of disease in the brain and has been used in the 
literature as a proxy for cognitive reserve. 

 The PPVT comprises 204 black-and-white line drawings 
of items that participants are required to name. We used the 
total number of correct responses as the measure. The WRAT 
Reading subtest (completed by the participants in Sample 1) 

   a     Not all the participants completed the Letter Number subtest because 
it was removed from the test battery. Fifty-one percent of the English 
speakers and 33.2% of the Spanish speakers completed the task. Maximum 
likelihood estimation was used to deal with the missing data in the SEM 
analyses.  
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comprises 55 words that the participant must read out loud to 
the examiner. The WAT (completed by the participants in 
Sample 2) comprises 30 infrequent Spanish words written 
without an accentuation mark. The participants are instructed 
to read the words out loud. The total number pronounced 
correctly was used as the measure in both tests.    

 Neuropsychological Evaluation for Sample 3 

 The three non-target constructs included in these analyses 
were speed, memory, and fl uid ability (Gf). The speed and 
memory constructs in this sample comprised different, albeit 
similar, variables compared to Samples 1 and 2.  

 Memory 

 Memory was assessed with three subscores of the Selective 
Reminding Test (SRT; Buschke & Fuld,  1974 ) in which par-
ticipants were read a list of 12 words and asked to recall the 
words after each of six trials. After each recall attempt, par-
ticipants were reminded of the words they failed to recall. 
SRT-total refers to the total number of words out of a possi-
ble 72 that the participant remembered. SRT-delayed refers 
to the number correct that the participant recalled after a 15-min 
delay. SRT-recognition is the total correctly recognized words 
in a recognition test in which each of the 12 words is pre-
sented with three distracters.   

 Processing speed 

 Processing   speed was assessed with the Wechsler Adult In-
telligence Scale-Revised (WAIS-R; Wechsler,  1981 ) Digit 
Symbol subtest and the Trail Making Test (Reitan & Wolfson, 
 1993 ). The Digit Symbol subtest involves writing symbols 
that correspond with single-digit numbers, as provided by a 
key at the top of the test form, as quickly as possible. The 
time to complete Trails A (numbers only) was also included 
as a speed measure.   

 Fluid ability 

 The construct of fl uid ability (Gf) comprised the WAIS-III 
Letter Number Sequencing subtest (described above), as well 

as the Wisconsin Card Sorting Test (WCST; Heaton et al., 
 1993 ) and the Matrix Reasoning Test (Raven,  1962 ). In the 
WCST, participants must sort cards into one of four piles 
based on one dimension of the cards (e.g., color, number). 
After sorting the cards correctly for 10 trials, the rule for sort-
ing changes without the subject being informed, and the rule 
may change as many as six times. The total number of correct 
responses was the measure used. The Matrix Reasoning 
task involves determining which pattern out of a set of eight 
possible patterns best completes the missing cell of a matrix.   

 Cognitive reserve 

 Cognitive reserve was assessed with the National Adult 
Reading Test (NART; Nelson,  1982 ), WAIS-R Vocabulary 
subtest (Wechsler,  1981 ), and years of education. The NART 
requires participants to pronounce words that do not follow 
normal grapheme and phoneme rules (e.g., superfl uous, epit-
ome). The Vocabulary subtest requires participants to defi ne 
words out loud to the examiner. Education was defi ned as the 
total number of years of formal classroom education.    

 Modeling Procedure 

 SEM was used to examine the construct validity of the cog-
nitive reserve construct. The fi t of the models was evaluated 
with several fi t statistics. These fi t statistics include the chi-
square (  χ   2 ), the critical ratio (  χ   2 / df ), and the root mean square 
error of approximation (RMSEA) for which numbers closer 
to 0 indicate a better fi t and Bentler’s comparative fi t index 
(CFI) for which values closer to 1.0 indicate a better fi t 
(Hu & Bentler,  1999 ). 

 Full-information maximum likelihood estimation was 
used to deal with missing data. Amos 5.0 (Arbuckle,  2003 ) 
was used for all SEM analyses.    

 RESULTS 

 Means and  SD s of each variable for the primary sample and 
Sample 2 are presented in  Table 2 . Inspection of the table in-
dicates that each of the memory and executive functioning 
variables was signifi cantly negatively correlated with age. The 

 Table 1.        Demographic characteristics of the three samples                  

   Demographics 

 Sample 1  Sample 2  Sample 3   

 Mean ( SD )  Range  Mean ( SD )  Range  Mean ( SD )  Range     

  N   365    431    136     
 Age  73.82 (8.56)  53–95  69.41 (7.16)  54–97  38.27 (19.62)  20–81   
 Education (years)  13.47 (3.63)  1–20  7.40 (4.45)  0–20  16.35 (1.87)  12–22   
 MMSE  28.07 (2.22)  18–30  26.13 (3.44)  11–30  —  —   
 % Female  55.30    61.5    49.30     
 Ethnicity   
  White  143 (39.2%)    1 (0.2%)    78 (57.4%)     
  Black  168 (46.0%)    0 (0.0%)    23 (16.9%)     
  Other  25 (6.8%)    0 (0.0%)    24 (17.6%)     
  Hispanic  29 (7.9%)    430 (99.8%)    11 (8.1%)     
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two speed variables were signifi cantly positively correlated 
with age, and given that smaller values indicate faster perfor-
mance, increased age was associated with slower processing 
speed. The relationship between the cognitive reserve variables 
and the age was mixed. Education was signifi cantly negatively 
correlated with age in both samples, whereas the WRAT/WAT 
was not signifi cantly related to age in either sample. The PPVT 
was negatively correlated with age in Sample 2 only. Partici-
pants in Sample 2 performed signifi cantly worse than those in 
Sample 1 on all measures except the speed measures (as deter-
mined with independent samples  t  tests,  p  value less than .01 for 
each signifi cant comparison). See Appendices A1–A3 for com-
plete correlation matrices for each sample.     

 Prior to evaluating the construct validity of the cognitive 
reserve construct, a three-factor model comprising the non-
target cognitive constructs was examined in the primary 
sample. This three-factor model fi ts the data well (  χ   2  = 44.20; 
 df  = 17;   χ   2 / df  = 2.60; CFI = 0.98; RMSEA = 0.07), and in-
spection of  Table 3  indicates that the loadings of each vari-
able on its respective construct were moderate to large and 
signifi cantly different from 0.      

 Construct Validity 

 Initial construct validity analysis of the cognitive reserve con-
struct consisted of examining a simple one-factor model com-
prising the three hypothesized target variables and the latent 
construct (i.e., Model A). The results of this model are sum-
marized in the top half of column A in  Table 4 . The overall fi t 
of this model cannot be ascertained because there were no de-
grees of freedom, but the three variables hypothesized to repre-
sent cognitive reserve all had signifi cant loadings on the latent 
construct. This fi nding suggests that the variables hypothesized 
to represent cognitive reserve have convergent validity.     

 In Model B, the cognitive reserve construct is examined in 
the context of the three non-target constructs (memory, speed, 
and executive functioning) to evaluate discriminant validity. 
This model, depicted in  Figure 1 , fi ts well (see column B of 
 Table 4 ), and inspection of the estimated correlation coeffi cients 
suggests that although the cognitive reserve construct was only 
moderately correlated with memory and speed, it was fairly 
highly correlated with executive functioning ( r  = .77). How-
ever, the 95% confi dence interval (0.69–0.84) did not include 
1.0, indicating the correlation was signifi cantly less than 1.0.     

 In Model C, each of the non-target constructs is allowed to 
be related to each of the target cognitive reserve variables, 

 Table 2.        Means ( SD s) of cognitive variables for Samples 1 and 2                  

   Variable 

 Sample 1  Sample 2   

 Mean ( SD )  Range  Age  r   Mean ( SD )  Range  Age  r      

 Memory   
  CVLT-total  30.40 (8.62)  8–55  −.38 ***   28.38 (6.26)  11–49  −.23 ***    
  CVLT-recall  6.36 (2.71)  0–12  −.31 ***   5.83 (2.26)  0–12  −.17 **    
  CVLT-recognition  10.94 (1.51)  4–12  −.30 ***   10.37 (1.63)  4–12  −.15 **    
 Processing speed   
  Grooved Pegboard, dom  108.24 (27.07)  62–150  .50 ***   109.41 (25.78)  60–150  .43 ***    
  Grooved Pegboard, nondom  115.23 (25.85)  64–150  .45 ***   113.46 (24.73)  70–150  .38 ***    
 Executive function   
  Odd-Man-Out total  31.04 (6.55)  8–40  −.32 ***   26.32 (6.11)  7–40  −.16 **    
  Trails difference  80.70 (46.32)  −6 to 235  .21 ***   108.54 (52.05)  −41 to 245  .21 ***    
  Letter Number  8.12 (3.21)  0–19  −.29 ***   5.77 (2.25)  2–13  −.26 **    
 Cognitive reserve   
  PPVT  175 (23.22)  84–203  −.11  98.99 (22.39)  14–200  −.16 **    
  Education  13.47 (3.63)  1–20  −.14 **   7.40 (4.46)  0–20  −.15 **    
  WRAT/WAT  44.41 (6.23)  21–55  −.02  13.37 (6.48)  0–28  .01   

     Note.      Age  r , age correlation.  
  **   p  < .01.  
  ***   p  < .001.    

 Table 3.        Standardized coeffi cients from the confi rmatory factor 
analysis of the three-factor model of non-target constructs            

     

 Factor   

 Memory  Speed  Executive function     

 Variable   
  CVLT-total  .91       
  CVLT-recall  .87       
  CVLT-recognition  .57       
  Grooved Pegboard, dom    .94     
  Grooved Pegboard, 
  nondom 

   .88     

  Odd-Man-Out total      .69   
  Trails difference      −.63   
  Letter Number      .74   
 Factor correlation   
  Memory  —       
  Speed  −.48  —     
  Executive function  .71  −.63  —   

     Note.      All values are signifi cantly different from 0 at the  p  < .001 level.    
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one at a time. If including the path in the model signifi cantly 
improves the fi t of the model (as determined by ∆  χ   2 /∆ df ), 
then that relation is retained in the fi nal Model C. Three ad-
ditional loadings were retained in Model C compared to 
Model B. As can be seen in the bottom half of  Table 4 , the 
WRAT variable loaded on the speed and executive function-
ing constructs and the education variable also loaded on the 
executive functioning construct. Although the cognitive re-
serve variables were allowed to be related to other constructs, 
the three variables still loaded signifi cantly on the cognitive 
reserve construct, providing additional evidence of conver-
gent validity. In addition, the correlations among the cogni-
tive reserve construct and the non-target variables were still 
moderate or in the case of executive functioning, large but 
still signifi cantly less than 1.0. 

 Model D is the most demanding test of both convergent 
and discriminant validity. In Model D, the correlations among 
the cognitive reserve construct and the non-target constructs 

are no longer estimated. Instead, in this model, each of the 
non-target constructs is allowed to be related to each of the 
observed cognitive reserve variables simultaneously. Inspec-
tion   of column D in  Table 4  indicates that although the load-
ings of the observed cognitive reserve variables on the 
cognitive reserve construct are still signifi cant, the cognitive 
reserve variables also all load signifi cantly on the executive 
functioning construct. In addition, the PPVT and WRAT load 
signifi cantly on the speed construct as well.   

 Construct Validity: Sample 2 

 All the same tasks were completed in Sample 2 as in the pri-
mary sample except in this sample, the participants completed 
the WAT in Spanish (instead of the WRAT). The results of the 
construct validity analyses are presented in  Table 5 .     

 In Model A, the loadings on the cognitive reserve construct 
are all signifi cant and large, suggesting that the variables 

 Table 4.        Statistics for construct validity models for the variables hypothesized to refl ect CR in the primary sample              

   Variable 

 Model   

 A  B  C      D 

 Fit statistics   
   χ   2   0.00  81.35  73.34  72.56   
  df   0  38  35  32   
   χ   2 / df     2.14  2.10  2.27   
 CFI  1.00  0.98  0.98  0.98   
 RMSEA    0.056  0.055  0.059   

 Loadings on CR construct   
 CR → PPVT  0.92 ***   0.93 ***   0.92 ***   0.55 ***    
 CR → Education  0.59 ***   0.59 ***   0.48 ***   0.33 ***    
 CR → WRAT  0.88 ***   0.87 ***   0.92 ***   0.56 ***    

 Correlations with other constructs   
 CR ↔ Memory    .45 ***   .46 ***      
 CR ↔ Speed    −.34 ***   −.37 ***      
 CR ↔ Exec Function    .77 ***   .78 ***     

    Memory  Speed  Executive function    

  Loadings on other constructs   
 Model C   
  PPVT           
  Education      .14     
  WRAT    .08  −.01     
 Model D   
  PPVT  −.15  .17 *   .93 ***      
  Education  −.02  .05  .54 ***      
  WRAT  −.15  .25 **   .91 ***      

     Note.      In the top part of the table, each column corresponds to a model (A–D). Values of goodness-of-fi t indices are reported in the fi rst 
fi ve rows. The values in the second set of rows correspond to the loadings of each target variable on the cognitive reserve construct (when 
a loading is signifi cant, it means that the value is signifi cantly greater than 0). The values in the third set of rows correspond to the inter-
factor correlations between the cognitive reserve construct and each of the non-target constructs. In the bottom part of the table, each 
column corresponds to each of the non-target constructs included in the analyses. The values reported in the rows are the loadings from 
each of the cognitive reserve variables to the non-target constructs. For Model C, these are the loadings that signifi cantly improved the 
fi t of the model when included in the model. In Model D, each of the cognitive reserve variables loads simultaneously on each of the 
non - target constructs (as well as on the cognitive reserve construct). CR, cognitive reserve.  
  *   p  < .05.  
  **   p  < .01.  
  ***   p  < .001.    
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 Fig. 1  .        Four-factor Model B of the construct validity model for Samples 1 and 2. Double-headed arrows connecting the 
latent variables (represented by circles) represent correlations among the constructs. The observed variables are repre-
sented by rectangles. The single-headed arrows from the latent ability constructs to the observed variables represent the 
loading of each task on the latent variable. The latent variables labeled “e” represent the unique and error variance associ-
ated with each observed variable.    

share a large amount of common variance. Model B fi ts the 
data well, despite the large correlation ( r  = .84) between the 
cognitive reserve and the executive functioning construct. 
Model B provides some evidence of discriminant validity 
because although the correlation with executive functioning 
is very large, it is signifi cantly less than 1.0. In Model C, the 
inclusion of the paths to PPVT from the speed and executive 
functioning constructs and the paths to the WAT variable 
also from the speed and executive functioning constructs 
signifi cantly improved the fi t of the model. With the inclu-
sion of these four additional relations in the model, there is 
still signifi cant common variance among the observed cog-
nitive reserve variables. In Model C, the 95% confi dence 
interval around the correlation estimate ( r  = .90) between the 
cognitive reserve and the executive functioning constructs 
includes 1.0. Evaluation of Model D indicates that each of 
the observed cognitive reserve variables loads signifi cantly 
on the cognitive reserve construct, and they also all load sig-
nifi cantly on the executive functioning construct. The load-
ings on the executive functioning construct are all the same 
general magnitude, or larger, than those of the observed cog-
nitive reserve variables on the cognitive reserve construct.   

 Construct Validity: Sample 3 

 As described in the Method section, the tasks completed by the 
participants in Sample 3 were not identical to those completed 
by the participants in the primary sample and in Sample 2. 
Means and  SD s for each variable are presented in  Table 6 .     

 Evaluation of Model A indicates that the three observed 
cognitive reserve variables have signifi cant variance in com-
mon ( Table 7 ). Model B fi ts the data very well, and the correla-
tions between the cognitive reserve construct and the non-target 
constructs are only moderate in magnitude, providing evidence 

of discriminant validity. Model C was identical to Model B 
since no path between the observed cognitive reserve variables 
and the non-target constructs signifi cantly improved the fi t of 
the model. Model D also fi ts the data well, and most striking in 
this sample is that none of the loadings of the observed cogni-
tive reserve variables on the non-target constructs were sig-
nifi cant. In addition, there was substantial common residual 
variance among the three target variables in Model D.        

 DISCUSSION 

 Cognitive reserve is a theoretical construct that has been used 
to inform models of cognitive aging and is presumed to be 
indicative of life experiences that may help in the manage-
ment of brain pathology. The purpose of this project was to 
evaluate the appropriateness of referring to cognitive reserve 
as refl ecting a distinct dimension of individual differences. 

 Analyses in the current study indicated that the variables 
hypothesized to refl ect cognitive reserve have moderate to 
large loadings on the latent construct, providing evidence of 
convergent validity across three samples. The fi nding that 
the cognitive reserve variables are correlated with one an-
other is not surprising when one considers that most cogni-
tive variables are correlated with one another, a fi nding fi rst 
reported by Spearman ( 1904) . To further establish construct 
validity, it is therefore necessary to also establish discrimi-
nant validity: that is, that the construct hypothesized to rep-
resent a unique dimension of individual differences (i.e., 
cognitive reserve) is only moderately correlated with other 
non-target constructs. We examined discriminant validity 
across three progressively more demanding models. Because 
the models are increasingly stringent in their test of discrim-
inant validity, it is possible to fi nd evidence of discriminant 
validity in Models B and C but not in Model D, for example. 
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 Table 5.        Statistics for construct validity models for the variables hypothesized to refl ect CR in Sample 2              

   Variable 

 Model   

 A  B  C  D     

 Fit statistics   
   χ   2   0.00  64.17  50.52  48.16   
  df   0  38  34  32   
   χ   2 / df     1.69  1.49  1.51   
 CFI  1.00  0.98  0.99  0.99   
 RMSEA    0.040  0.034  0.034   

 Loadings on CR construct   
 CR → PPVT  0.81 ***   0.86 ***   0.92 ***   0.37 ***    
 CR → Education  0.69 ***   0.70 ***   0.70 ***   0.29 ***    
 CR → WAT  0.88 ***   0.83 ***   1.49 ***   0.62 ***    

 Correlations with other constructs   
 CR ↔ Memory    .51 ***   .51 ***      
 CR ↔ Speed    −.54 ***   −.50 ***      
 CR ↔ Exec Function    .84 ***   .90 ***     

    Memory  Speed  Executive function    

  Loadings on other constructs   
 Model C   
  PPVT    −.17  −.77     
  Education           
  WAT    −.14  −.21     
 Model D   
  PPVT  .12  −.05  .63 ***      
  Education  .01  .09  .70 ***      
  WAT  .11  .05  .64 ***      

     Note.      See  Table 4  note for a detailed description of what the values in each row and column represent. CR, cognitive reserve.  
  ***   p  < .001.    

Ideally, the magnitude of the loadings on the cognitive re-
serve construct from the observed variables should be the 
same or larger than the correlations among the target and the 

non-target constructs. Across all three samples, we found 
that this was generally the case; the magnitude of the cogni-
tive reserve loadings was similar or larger than the correlation 

 Table 6.        Means ( SD s) of measures obtained from Sample 3            

   Variable  Mean ( SD )  Range  Age  r      

 Memory   
  SRT-total  57.91 (7.84)  31–72  −.48 ***    
  SRT-delayed recall  10.04 (1.88)  4–12  −.33 ***    
  SRT-recognition  11.82 (1.06)  1–12  −.01   
 Processing speed   
  Digit Symbol  63.20 (14.29)  0–93  −.39 ***    
  Trails A  29.02 (12.33)  1–87  .30 **    
 Gf   
  Letter Number  13.94 (5.58)  5–59  −.25 **    
  WCST  49.84 (8.92)  28–66  −.35 **    
  Matrix Reasoning  19.72 (6.97)  5–71  −.39 ***    
 Cognitive reserve   
  Vocabulary  56.22 (9.79)  21–70  −.02   
  NART  118.13 (13.45)  9–148  .23 *    
  Education  16.35 (1.87)  12–22  .19 *    

     Note.      Age  r , age correlation.  
  *   p  < .05.  
  **   p  < .01.  
  ***   p  < .001.    
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 Table 7.        Statistics   for construct validity models for the variables hypothesized to refl ect CR in Sample 3              

   Variable 

 Model   

 A  B a   C  D     

 Fit statistics   
   χ   2   0.00  37.12  37.12  32.584   
  df   0  39  39  33   
   χ   2 / df     0.095  0.95  0.99   
 CFI  1.00  1.00  1.00  1.00   
 RMSEA  0.154  0.000  0.000  0.000   

 Loadings on CR construct   
 CR → Vocab  0.89 ***   1.00 ***   1.00 ***   0.91 ***    
 CR → Educ  0.38 **   0.34 ***   0.34 ***   0.30 ***    
 CR → NART  0.44 **   0.40 ***   0.40 ***   0.48 ***    

 Correlations with other constructs   
 CR ↔ Memory    .33 ***   .33 ***      
 CR ↔ Speed    −.35 **   −.35 **      
 CR ↔ Gf    .34 ***   .34 ***     

    Memory  Speed  Gf    

  Loadings on other constructs   
 Model C   
  Vocab           
  Edu           
  NART           
 Model D   
  Vocab  .21  −.09  .19     
  Edu  .14  .16  .19     
  NART  .01  .10  .13     

     Note.      See  Table 4  note for a detailed description of what the values in each row and column represent. CR, cognitive reserve.  
  a The error variance on the vocabulary variable was negative in Model B and was therefore set to .02. 
  **   p  < .01.  
  ***   p  < .001.    

between the cognitive reserve construct and the non-target 
constructs (see Models B and C). These fi ndings from 
Models B and C provide evidence of discriminant validity. 

 However, examination of the results of Model D suggests 
that in Samples 1 and 2, the cognitive reserve variables are 
highly related to the executive functioning variables. Thus, 
the fi ndings reported for Model D in Samples 1 and 2 fail 
to provide support for discriminant validity of the cognitive 
reserve construct. Furthermore, in Sample 2, the correlation 
estimate between the cognitive reserve and the executive 
functioning construct was not signifi cantly less than 1.0, sug-
gesting that the two constructs were not distinct from one 
another, at least in terms of individual differences. However, 
there was still signifi cant positive residual variance among 
the cognitive reserve variables in Model D, which provides 
additional evidence of convergent validity. Stereotypical ex-
ecutive functioning tasks typically capture the ability to use 
fl exible strategies to solve problems. The construct of cogni-
tive reserve presumably refl ects the cumulative effect of life 
experiences to provide individuals with a set of skills to bet-
ter manage pathological damage through the use of alterna-
tive or compensatory strategies. Some aspects of executive 
function, such as fl exible cognition, may even be considered 

part of cognitive reserve such that it may infl uence life expe-
riences. It is therefore not surprising that these two constructs 
would be highly related to one another (in Samples 1 and 2). 
Furthermore, previous work by Salthouse et al. ( 2003)  has 
suggested that the construct of executive functioning may 
not represent a unique dimension of individual differences. It 
therefore may not be realistic to expect the cognitive  reserve 
variables to demonstrate evidence of discriminant validity in 
Model D (the most stringent test) from a set of variables that 
have been shown previously to lack discriminant validity. 

 This was not the case for Model D in Sample 3; evaluation 
of these results indicates that there was no signifi cant over-
lap between the cognitive reserve and the Gf constructs (the 
Gf construct being similar to the executive functioning con-
struct examined in the other samples). In this sample, dis-
criminant validity of the cognitive reserve construct was 
strongly supported. The cognitive reserve variables were 
not signifi cantly related to any of the non-target constructs, 
and the cognitive reserve variables still had substantial and 
signifi cant residual variance in common after being allowed 
to be related to the non-target constructs. 

 To summarize, results of Models A through C provided 
evidence of both convergent and discriminant validity of 
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cognitive reserve across all three samples. Results from 
Model D, the most demanding test of construct validity, 
failed to provide evidence of discriminant validity for Sam-
ples 1 and 2 but did provide additional evidence of discrimi-
nant validity in Sample 3. 

 The cognitive reserve constructs in this study were fairly 
narrowly defi ned (e.g., occupation was not included in the 
construct), and therefore, in many ways, the cognitive reserve 
construct was akin to what cognitive psychologists refer to as 
crystallized ability (Gc; Cattell,  1987 ). It is well established 
that Gc represents a unique dimension of individual differ-
ences, and researchers often partition intelligence ( g ) into Gc 
and Gf components (e.g., Cattell,  1987 ; Horn,  1982 ). Conse-
quently, the fi nding of strong construct validity in a model in 
which there are constructs closely related to both Gc and Gf 
(Sample 3) is not surprising. However, although some of the 
cognitive reserve tasks (used in the current project and also 
in the literature at large) are often considered measures of 
 semantic knowledge (i.e., the PPVT), the theoretical concept 
of reserve refers to variables that are refl ective of lifetime ex-
periences that promote cognitive fl exibility ( Stern, in press ). 
Each of the variables in this project presumably provides an 
indication of these lifetime experiences. 

 Collectively, these fi ndings suggest that it may be reason-
able to refer to cognitive reserve as a distinct construct (based 
on strong convergent validity and moderate discriminant 
 validity) as long as it is acknowledged that the cognitive  reserve 
variables are highly related to executive functioning. Another 
possible consequence of these fi ndings is that the concept of 
cognitive reserve should be reconsidered to include measures 
of executive functioning. However, because prior research has 
indicated that executive functioning does not likely refl ect a 
distinct dimension of individual differences (Salthouse et al., 
 2003 ), it is probably unrealistic to expect strong evidence of 
construct validity when an executive construct is included in 
the models. In fact, the results of the analyses in Sample 3 sug-
gest that without the inclusion of an executive functioning con-
struct, the cognitive reserve construct demonstrates strong 
discriminant validity, even in Model D. 

 For the most part, the same general pattern was found across 
the primary sample (which consisted of cognitively healthy 
community-dwelling English speakers with an average age of 
74 years and an average education of 13.5 years), Sample 2 
(which consisted of Spanish speakers who were signifi cantly 
younger and less educated than the primary sample), and 
Sample 3 (who were much younger and more educated than 
the other two samples). Our fi ndings suggest that the main 
results of our study can be replicated across samples that differ 
along age, language, and education levels. This suggests that 
the fi ndings presented here are fairly generalizable, at least in 
terms of healthy nondemented adults.     
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 APPENDIX               

 Table A1.        Correlation matrix for Sample 1                          

   Variable  1  2  3  4  5  6  7  8  9  10     

 1. CVLT-total  1                     
 2. CVLT-recall  .79  1                   
 3. CVLT-recognition  .48  .52  1                 
 4. Grooved Pegboard, dom  −.42  −.37  −.30  1               
 5. Grooved Pegboard, nondom  −.38  −.35  −.29  .83  1             
 6. Odd-Man-Out total  .48  .42  .36  −.40  −.33  1           
 7. Trails difference  −.37  −.35  −.31  .40  .45  −.40  1         
 8. Letter Number  .52  .38  .37  −.37  −.34  .52  −.46  1       
 9. PPVT  .39  .37  .28  −.33  −.24  .52  −.37  .50  1     
 10. Education  .33  .29  .19  −.26  −.23  .35  −.24  .41  .53  1   
 11. WRAT  .35  .30  .27  −.22  −.22  .43  −.35  .54  .79  .48   

     Note.      All correlations signifi cant at the  p  < .01 level.    



Cognitive reserve 569

 Table A3.        Correlation matrix for Sample 3                          

   Variable  1  2  3  4  5  6  7  8  9  10     

 1. SRT-total  1                     
 2. SRT-delayed recall  .63 **   1                   
 3. SRT-recognition  .01  .08  1                 
 4. Digit Symbol  .27 **   .32 **   .09  1               
 5. Trails A  −.16  −.37 **   .01  −.29 **   1             
 6. Letter Number  .19  .28 **   .11  .32 **   −.24 **   1           
 7. WCST  .41 **   .47 **   .25 *   .14  −.38 **   .35 **   1         
 8. Matrix Reasoning  .31 **   .39 **   .12  .37 **   −.25 **   .76 **   .49 **   1       
 9. Vocabulary  .33 **   .25 **   .06  .13  −.25 **   .30 **   .32 *   .28 **   1     
 10. NART  −.03  .02  .04  .03  −.05  .06  .03  .07  .31 **   1   
 11. Education  .10  .10  −.02  −.02  −.04  .18 *   .09  .19 *   .35 **   .16   

      *   p  < .05.  
  **   p  < .001.    

 Table A2.        Correlation matrix for Sample 2                          

   Variable  1  2  3  4  5  6  7  8  9  10     

 1. CVLT-total  1                     
 2. CVLT-recall  .67 **   1                   
 3. CVLT-recognition  .38 **   .37 **   1                 
 4. Grooved Pegboard, dom  −.29 **   −.28 **   −.22 **   1               
 5. Grooved Pegboard, 
 nondom 

 −.32 **   −.29 **   −.20 **   .78 **   1             

 6. Odd-Man-Out total  .25 **   .25 **   .21 **   −.37 **   −.35 **   1           
 7. Trails difference  −.20 **   −.23 **   −.13 *   .29 **   .30 **   −.36 **   1         
 8. Letter Number  .18 *   .14  .05  −.30 **   −.28 **   .31 **   −.39 **   1       
 9. PPVT  .35 **   .39 **   .19 **   −.44 **   −.41 **   .47 **   −.30 **   .48 **   1     
 10. Education  .30 **   .22 **   .20 **   −.34 **   −.28 **   .35 **   −.30 **   .55 **   .56 **   1   
 11. WAT  .30 **   .28 **   .20 **   −.33 **   −.28 **   .34 **   −.28 **   .46 **   .66 **   .57 **    

      *   p  < .05.  
  **   p  < .001.    


