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Abstract 

Despite evidence of aging-related decline in frontal lobe and associated executive cognitive 

functions, findings in relation to social and creative cognition have been inconclusive. The 

present study examined executive, social and creative cognition, as well as crystallized and 

fluid intelligence, in a community sample of 88 neurologically healthy participants (61 

females, 27 males) ranging in age from 25 to 85 years, with the goal of detecting aging-

related differences in these cognitive domains. Social cognition was operationalized using a 

Theory of Mind task. Creative cognition was operationalized using verbal and non-verbal 

idea fluency tasks. Executive cognition was operationalized via the Stroop and Wisconsin 

Card Sorting tests. Although the indices of executive cognition and fluid intelligence showed 

expected age-related differences, creative cognition showed no relationship with age, and 

performance on the social cognition task appeared to be compensated for by age-related 

increase in crystallized intelligence. Despite the issue of cohort effects, results are consistent 

with the notion that compensatory processes may help maintain social and creative cognitive 

functioning in normal aging.  
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Introduction 
 
The process of aging involves facing many challenges such as physical ailments, social 
losses, psychological stress, increasing dependence on others and an increasing awareness of 
the transience of life. Despite these challenges many healthy older people remain well-
adjusted mentally and emotionally into their later years. Further, the capacity for creativity 
has been demonstrated well into later life. Giuseppe Verdi wrote his last opera Falstaff in his 
80s; William Butler Yates wrote a major completion to his life’s work, Under Ben Bulben, at 
age 73; Johann Wolfgang von Goethe wrote one of his finest works, the Marienbad Elegy, at 
age 83; Pablo Picasso painted into his early 90s. Such examples may seem surprising given 
the abundant evidence of cognitive decline in normal aging. The present study examined the 
hypothesis that although some aspects of cognitive function clearly deteriorate with aging, 
other aspects are preserved. 
 
Executive Cognition and Normal Aging 
 
A longstanding interpretation of aging-related cognitive decline is the frontal lobe hypothesis 
of aging, supported by a large body of evidence of aging-related decline in executive 
cognitive function (cognitive control processes such as planning, organizing, goal setting, 
inhibition of impulses, cognitive flexibility in problem solving, etc.) and fluid intelligence 
(the ability to solve new problems independent of acquired knowledge) as well as 
corresponding pathophysiological age-related changes in prefrontal cortex (PFC) morphology 
and processing (see reviews by Cabeza & Dennis, 2013; Kievit et al., 2014). Although 
several regions of the brain demonstrate aging-related changes, the PFC appears to be the 
first cerebral region to be affected in normal aging (Tisserand & Jolles, 2003), showing 
pronounced shrinkage (Gunning-Dixon & Raz, 2003). Neuroimaging of structural changes in 
white matter and grey matter suggest that the healthy adult brain matures into middle age 
followed by progressive volume loss, with the later maturing cortical regions such as the PFC 
being most vulnerable to aging-related decline. Neuropsychological evidence indicates that 
performance on PFC-dependent executive cognition tasks declines with normal aging, 
starting around the age of 60 (Treitz, Heyder, & Daum, 2007). 
 
Successful performance of executive cognition tasks has long been known to depend on the 
functional integrity of the PFC. For example, negative correlations have been reported 
between perseverative errors on the Wisconsin Card Sorting Test (WCST) and PFC volume 
(Raz, Gunning-Dixon, Head, Dupuis & Acker, 1998) as well as myelination and integrity of 
prefrontal white matter (Valenzuela et al., 2000). There is an aging-related increase in PFC 
activation during executive cognition tasks, perhaps reflecting increased effort or other 
compensatory processes (Spreng, Wojtowicz, & Grady, 2010). The frontal lobes are the seat 
of conscious, deliberate, attentive, effortful control, outcomes of which include executive 
cognitive performance and fluid intelligence. This controlled processing has a limited 
capacity, however, which may become taxed as the frontal lobes decline with age. Automatic 
processing, by contrast, is not capacity limited; it is unconscious, involuntary, and responsive 
to environmental stimuli (Norman & Shallice, 2000). Decline in controlled processing with 
increasing age as the frontal lobes deteriorate may thus be compensated for to some degree 
by an increased reliance on access to previously stored information. As such, automatic 
processing recruits knowledge and memories acquired over a lifetime, and thus may support 
effective social and creative cognition in older adults even as the frontal lobes and their 
associated executive cognitive processes decline (Hedden & Gabrieli, 2004; Hedden, 
Lautenschlager & Park, 2005). There is strong support for the stability of implicit memory 
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with aging (Mitchell & Bruss, 2003), consistent with intact automatic processing. Implicit 
memory refers to knowledge that is not verbalized but which is nevertheless available as 
evidenced by changes in behavior, such as in classical conditioning or sensorimotor skill 
acquisition. Further, although episodic memory (memory for experienced life events) and 
working memory (holding a limited amount of information in consciousness temporarily to 
use or manipulate in problem-solving, etc.) show gradual declines with normal aging, 
semantic memory (abstract knowledge and word meanings) remains relatively stable 
(Churchill, Stanis, Press, Kushelev, & Greenough, 2003; Hedden & Gabrieli, 2004; Spaniol, 
Madden, & Voss, 2009; St-Laurent, Abdi, Burianová, & Grady, 2011). Thus in the present 
study, although performance on tests of executive cognition were expected to show aging-
related declines, this was not expected for tasks tapping social and creative cognition due to 
age-related increase in reliance on automatic processing and acquired knowledge, which were 
theorized to offset the decline in executive cognition. 
 
Social Cognition and Normal Aging  
 
The varying roles of automatic vs. controlled processing in different tasks may account for 
some of the differential findings on social cognition (how people acquire, store and use 
information about others) in relation to normal aging. Satpute and Lieberman (2006) pointed 
to an automatic component of social cognition, as opposed to the executive control involved 
in reflective processes. Social cognition tasks, such as Theory of Mind (ToM) tasks where 
participants must judge the mental states or intentions of others depicted in images (e.g., 
photos of eyes), activate both executive control and automatic processes (Adolphs, 2009). 
The conscious control aspects can involve declarative reasoning and reflective thinking; 
however, judgements are also made about people and their behaviors based on automatic 
schematic beliefs. Accessing schemas in the stored knowledge base is an example of 
crystallized intelligence (the general ability to access and use stored knowledge), which 
appears relatively impervious to decline in normal aging (Horn & Cattell, 1967; Salthouse, 
2000; Sullivan & Ruffman, 2004).  
 
Research on ToM as an example of social cognition in normal aging has yielded inconsistent 
findings. Some studies have indicated aging-related decline in ToM (Baena, Allen, Kaut, & 
Hall, 2010; Charlton, Barrick, Markus, & Morris, 2009; Maylor, Moulson, Muncer, & 
Taylor, 2002), whereas others found stability (Bottiroli, Cavallini, Ceccato, Vecchi, & Lecce, 
2016; MacPherson, Phillips, & Sala, 2002; McKinnon & Moscovitch, 2007; Sullivan & 
Ruffman, 2004) or even advantage with increased age (Happé, Winner, & Brownell, 1998). 
Evidence of stability or improvement in performance of ToM or other social cognition tasks 
with normal aging may reflect increased reliance on compensatory strategies where conscious 
explicit reasoning is supported by automatic associations from implicit memory relevant to 
the particular task. For example, as lexical access to stored information does not decline with 
age (Fisk & Sharp, 2004), older adults may perform ToM tasks efficiently, despite decline in 
executive cognition, by relying on their greater cumulative experience with lexical processing 
(e.g., use of emotion words) than younger adults – reflecting older adults’ increased reliance 
on automatic rather than conscious, deliberate control processes (Allen et al., 2002; Lien et 
al., 2006). Thus, in the present study, increased reliance on stored knowledge, or crystallized 
intelligence, was predicted to offset the aging-related decline in executive cognition in terms 
of ToM task performance. 
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Creative Cognition and Normal Aging 
 
Theoretical perspectives on creativity distinguish between the gifted creativity demonstrated 
by eminent artists, and everyday creativity where the cognitive processes that produce 
innovative ideas and responses contribute to everyday adaptation and survival (Richards, 
2010). Creative cognition is generally agreed to involve two distinct qualities: novelty or 
innovation and usefulness (Sternberg & Lubart, 1999). Ward, Smith and Finke (1999) 
suggested that the creation of novel and useful ideas is achieved through complex interactions 
between generative processes and exploratory processes. These processes are often 
unconscious or automatic and triggered by external cues. More recently, the explicit-implicit 
interaction theory emphasizes incubation and insight, with creativity resulting from a 
combination of conscious explicit reasoning and the unconscious, automatic associations of 
implicit memory (Hélie & Sun, 2010). The latter is cued outside conscious awareness by 
environmental stimuli, involves minimal attentional focus or inhibition, and is involuntary 
and time efficient (Moors & De Houwer, 2006). Thus at least theoretically, the creation of 
novel and useful ideas or responses is an outcome of both explicit or controlled and automatic 
or implicit processing to varying degrees.  
 
The focus of the present study was to explore everyday creativity, where the relevant 
cognitive processes are linked to gist representations rather than details, and spontaneous 
heuristic information is accessed to yield inventive and innovative ideas or solutions. 
Although the PFC and executive cognition are implicated given the role of working memory 
in creative cognition (Damasio, 2001), research has indicated that a slower processing speed, 
defocused attention and reduced response inhibition are important as well (Dorfman, 
Martindale, Gassimova, & Vartanian, 2008; Vartanian, Martindale, & Kwiatkowski, 2007), 
suggesting that creativity often involves a reduced reliance on executive control compared to 
other forms of cognition. Processes of creative “flow” (becoming completely absorbed in, or 
“one with,” an experience or activity) activate implicit memory and automatic processing, 
deactivate explicit reasoning, and utilize wide bilateral brain networks (Limb & Braun, 
2008). Given such considerations, creative cognition might be expected to show stability or 
even improvement with normal aging. At the very least, the increased reliance on automatic 
processing and other compensatory aging-related changes such as more widespread patterns 
of brain activation (Cabeza & Dennis, 2013; Lighthall, Huettel & Cabeza, 2014) may help 
preserve creative cognition despite decline in other cognitive domains. The present study 
proposed that an aging-related increase in reliance on automatic processing would allow tasks 
of creative cognition to show stability across a wide age range in adults despite the aging-
related decline in executive cognition.  
 
The purpose of this study investigated was to investigate the performance on tests of 
executive, social and creative cognition in a sample of neurologically healthy adults aged 25 
to 85 years. Based on the previous research and theory described earlier, the following 
research hypotheses were posed: 
 

H1: Aging-related differences is anticipated on tasks that tap executive 
cognitive functions of updating, shifting and inhibition (i.e., Wisconsin Card 
Sort and Stroop tasks) as well as working memory and fluid intelligence. 
H2: Aging-related increase in reliance on stored knowledge, or crystallized 
intelligence, was predicted to maintain stability of social cognition (ToM), as 
tested by mediation analysis.  
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H3: Independence of creative cognition from decline in executive cognition 
with normal aging is expected to be evident; that is, no age-related differences 
in creative cognition were anticipated, despite a decline in executive cognition. 

 
Method 
 
Participants 
The initial sample consisted of 92 community-based volunteers, which was reduced to 88 
after removal of two multivariate outliers and two who did not meet the inclusion criteria. 
The final sample consisted of 61 women and 27 men ranging in age from 25 to 85 years (M = 
62.76 years, SD = 15.36) with a mean education of 12 years (SD = 2.79). Education level was 
not significantly correlated with age in this sample, nor was there a relationship of age with 
gender. Participants were recruited as neurologically healthy volunteers from the general 
community and social clubs through advertisements and announcements. All participants 
possessed adequate vision and hearing. Individuals with minor physical abnormalities (e.g., 
diabetes with no serious complications, essential hypertension, mild hearing loss) were 
included in the study. Exclusion criteria included brain injury; cardiovascular disease; alcohol 
misuse; clinically significant cognitive impairment, anxiety or depression; or taking 
medication likely to affect cognitive function. Participants were screened for brain injury, 
cardiovascular disease and medications by means of yes-no questioning. Screening for 
alcohol use, cognitive impairment, anxiety and depression was via the Alcohol Use Disorders 
Identification Test (AUDIT; Saunders, Aasland, Babor, de la Fuente, & Grant, 1993), the 
Mini Mental Status Examination – Second Edition, Brief Version (MMSE-2:BV; Folstein, 
Folstein, White, & Messer, 2010), and the Depression Anxiety and Stress Scales (DASS-21; 
Lovibond & Lovibond, 1995) respectively. Exclusion was based on accepted cut-off scores 
for the relevant instruments: an AUDIT score higher than 16, a score below 14 on the 
MMSE-2:BV, or a depression score higher than 11 or anxiety score higher than 8 on the 
DASS-21.  
 
Exclusion Criteria Measures  
The following measures were used to determine whether volunteers met criteria for 
participation. 
 
Depression Anxiety and Stress Scales (DASS-21; Lovibond & Lovibond, 1995). The 
DASS-21 measures three psychometrically distinct factors: Depression, Anxiety and Stress. 
The total scale is made up of 21 statements, with 7 for each factor. Responses are scored on a 
4-point Likert scale from 0 = “did not apply to me at all” to 3 = “applied to me most of the 
time.” It has demonstrated satisfactory psychometrics and factor structure that have been 
substantiated by Lovibond and Lovibond (1995) and subsequent replication in clinical and 
non-clinical samples (Antony, Bieling, Cox, Enns, & Swinson, 1998; Clara, Cox, & Enns, 
2001; Daza, Novy, Stanley, & Averill, 2002; Henry & Crawford, 2005; Sinclair et al., 2012). 
Reliability analysis in the present study replicated adequate internal consistency on all factors 
(α =.89, .65, and .81 for Depression, Anxiety, and Stress respectively). 
 
Alcohol Use Disorders Identification Test (AUDIT; Saunders et al., 1993). The widely 
used AUDIT contains 10 questions assessing quantity/frequency, dependence, and alcohol-
related consequences or harm. Every AUDIT question is scored from 0 to 4, with an overall 
score ranging from 0–40. The cut-offs for Low Risk, Hazardous and Harmful drinking are 1–
7, 8–15 and 16+ respectively. The alpha reliability coefficient was .78 in the present sample.  
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Mini Mental Status Examination – Second Edition, Brief Version (MMSE-2: BV; 
Folstein et al., 2010). The MMSE-2 is designed for rapid assessment of global cognitive 
status and has been shown to be effective for screening purposes. The short form of the 
original test assesses three cognitive functions of the original MMSE: registration, orientation 
to time and place, and recall. Of the total 16 points, a score below 14 indicates cognitive 
impairment. Cross validation with the original MMSE found the short version to be as 
sensitive a test for screening for cognitive impairment (Schultz-Larsen, Lomholt, & Kreiner, 
2007; Schultz-Larsen, Rahmanfard, Kreiner, Avlund, & Holst, 2008). The present study used 
the MMSE as a screening tool to ensure that only those with scores of 14 or higher were 
included in the sample. 
 
Primary Measures 
Demographic Questionnaire. Participants were asked to complete demographic questions 
pertaining to age, gender, years of education, smoking and drug use levels, medical 
conditions (e.g., cardiac health, brain trauma) and medications.  
 
National Adult Reading Test (NART; Nelson, 1982). The NART provides an estimate of 
crystallized intelligence in the form of accumulated verbal knowledge. The NART is an 
untimed measure consisting of 50 irregularly pronounced words (irregular grapheme–
phoneme or stress patterns) which the subject is required to read aloud. Internal consistency 
has been found to be high, ranging from α = .85 to .94 in repeated investigations (Kiely et al., 
2010; Uttl, 2002). The alpha reliability coefficient was .85 in the present sample. 
 
Matrices Test from the Kaufman Brief Intelligence Test, Second Edition (KBIT-2; 
Kaufman & Kaufman, 2004). The KBIT-2 is a brief, individualized format for measuring 
verbal and nonverbal intelligence in children and adults from age 4 years, 0 months to 90 
years, 11 months. The test consists of three subtests, two verbal and one non-verbal, the latter 
of which is a matrices test of visual processing and fluid intelligence. The matrices test, used 
for this study, consists of 46 multiple-choice type items based on abstract patterns. For items 
10 to 46, the examinee must choose which of six patterns or pictures best completes a 2×2, 
3×3 or 3×2 matrix. There is no time limit or motor component in this test. Kaufman and 
Kaufman reported temporal stability of r =.80 over a 2-month interval.  
 
Alternate Uses Task (Wallach & Kogan, 1965). This widely used verbal measure of creative 
thinking (Cheung, Lau, Chan & Wu, 2004; Plucker & Renzulli, 1999) is an open-ended 
ideation fluency test that allows numerous responses. Subjects were presented with three 
common objects (brick, shoe and newspaper) and were asked to generate as many alternate 
uses as possible for each object, with no time limit imposed. The final scoring of ideation 
fluency was based on two measures: the number of categories and the rarity of the response. 
 
Figural Task from the Abbreviated Torrance Test for Adults (ATTA; Goff & Torrance, 
2002). The Figural Task is based on a nonverbal test of ideational fluency from the ATTA 
but extends the test so that it is composed of two pages of nine triangles rather than one. The 
subject is requested to use the triangle shapes to generate as many pictures or ideas as 
possible, with no time limit. Scoring based on total ideation output loads on an 
innovation/originality factor consistent with creativity and divergent thinking (Kim, 
Cramond, & Bandalos, 2006).  
 
Reading the Mind in the Eyes Test (RMET; Baron-Cohen, Wheelwright, Hill, Raste, & 
Plumb, 2001). The RMET is regarded by some as the prototypical task for the assessment of 
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affective ToM (Kemp, Després, Sellal, & Dufour, 2012; Moran, 2013; Pardini et al., 2013; 
Poletti, Enrici, & Adenzato, 2012). This task consists of 36 photographs of the ocular region 
of different human faces. Participants are required to choose between four options for the best 
descriptor of the individual’s mental state. The RMET yields a total score resulting from the 
sum of correct responses on the 36 items. This score reflects a single factor substantiated 
through confirmatory factor analysis (Vellante et al., 2012). Temporal stability over one year 
was adequate at r = .63 (Fernández-Abascal, Cabello, Fernández-Berrocal, & Baron-Cohen, 
2013) and excellent over one month at r =.83 (Vellante et al., 2012).  
 
Wisconsin Card Sorting Test (WCST) (Heaton, Chelune, Talley, Kay, & Curtiss, 1993). 
The WCST assesses planning, cognitive flexibility, set maintenance, goal directed behavior 
and inhibition of impulsive responding (Chelune & Baer, 1986; Gamboz, Borella, & 
Brandimonte, 2009). A computerized version of the WCST 64 was administrated in the 
present study using the Psychological Experiment Building Language (PEBL) test battery 
version 0.12 (Fox, Mueller, Gray, Raber, & Piper, 2013). On each trial, the participant is 
presented with four reference cards and a response card and must decide which reference card 
to match the response card with, based on the stimulus characteristics of color, shape or 
number. After 10 correct sorts the sorting criterion changes and the participant must discover 
the new sorting criterion via feedback. Error scores were manually calculated according to 
the WCST 64 professional manual (Kongs, Thompson, Iverson, & Heaton, 2000). The 
measures of interest in the present study were total errors and perseverative errors (PE) as 
both are sensitive to PFC dysfunction (Barcelo & Knight, 2002).  
 
Stroop Test (Stroop, 1935). The Stroop Test is widely used to measure response inhibition 
(Cothran & Larsen, 2008; Moering, Schinka, Mortimer, & Graves, 2004; Van der Elst, Van 
Boxtel, Van Breukelen & Jolles, 2006). The procedure tests the ability to inhibit an over-
learned verbal response (i.e., the automatic inclination to read printed words) in order to 
generate a conflicting response of naming dissonant ink colors in which the words are 
printed. The test consists of three conditions: color naming, word reading and 
interference/inhibition. The participants are instructed to rapidly read or name colors from 
three stimulus cards, the first with squares or patches printed in colors, the second with color 
words printed in black ink on a white background and the third with color words printed in 
contrasting colors. The cards consist of two practice rows of five columns, followed by the 
test consisting of 50 elements in five rows and ten columns. The component tasks in this 
study were considered to be color naming and word reading. The higher-level task was the 
Inhibition task which asks the subject to ignore the word and name the color of the ink as 
quickly as possible and therefore demonstrate mental flexibility by inhibiting the natural 
response. The Stroop interference effect was calculated as the difference in response time (in 
seconds) for the inhibition task versus the average of the response time for both component 
tasks, for example: (reading words in black ink + naming colors of color-patch cards)/2.  
 
Procedure 
 
After obtaining ethical clearance from the University Human Research Ethics Committee, 
recruitment of community participants was made possible through flyers posted on shopping 
center notice boards and at Endeavour College, visits to clubs (National Seniors, Lions clubs, 
University of the Third Age and RSL club), and word-of-mouth. Each participant was de-
identified by assigning a number to their packets of questionnaires and performance tests. To 
minimize fatigue, questionnaire completion and testing were conducted in two sessions: one 
for the questionnaires and one for the performance tasks. Testing was conducted at a time and 
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location convenient to participants, either in the privacy of a psychology clinic or their own 
homes. Participants were requested to take regular breaks while completing the tasks to 
reduce fatigue. Time taken to complete testing in total ranged from one to two hours, with 
older participants generally taking more time. To maintain consistency, all testing was 
conducted by a single administrator. There was no incentive offered for participation. 
 
Results 
 
Intercorrelations of measures are shown in Table 1. The NART index of crystallized 
intelligence was significantly positively correlated with age, suggesting accumulation of 
verbal knowledge across the lifespan, and with the RMET index of social cognition. On the 
other hand, the K-BIT Matrices index of non-verbal fluid intelligence was significantly 
negatively correlated with age, and the executive cognition indices of WCST total errors, 
WCST perseverative errors and Stroop interference were all significantly positively 
correlated with age, indicating worse performance with increasing age across the sample as 
expected based on the evidence that these tests are sensitive to PFC function. By contrast, 
none of the measures of social or creative cognition were significantly correlated with age, 
though they were intercorrelated with each other. 
 

   Age RMET   Uses   ATTA NART  Stroop  WCST     PE       
RMET   -.16           
USES        -.04  .26*          
ATTA     -.15  .21*  .51**         
NART   .29**  .34**  .17  .13        
Stroop   .36** -.20 -.16 -.31** -.21       
WCST   .45** -.23* -.10 -.30** .01 .13      
PE  .35** -.27* -.07 -.13 .14 .08 .78**     
K-BIT  -42**  .27* .29** .41** .13 -.47**  -.45**    -.30**     

**p <.01  *p <.05 
 

Table 1: Intercorrelations among Age, Reading the Mind in the Eyes Test (RMET),  
verbal and non-verbal creativity tasks (Uses and ATTA), crystallized intelligence (NART), 

inhibition (Stroop), WCST total errors (WCST) and perseverative errors (PE),  
and nonverbal fluid intelligence as measured by Matrices (K-BIT). 

 
Mediation Analysis 
 
Given the positive correlation of RMET performance – a ToM index of social cognition – 
with NART scores and of the latter with increasing age, we examined the hypothesis that the 
apparent preservation of RMET performance across age in the sample might be attributable 
to increasing age-related reliance on accumulated knowledge, or crystallized intelligence, for 
this task. Path analysis, using the SPSS bootstrap macro (Preacher & Hayes, 2004), assessed 
for the indirect effect of crystallized intelligence on the relationship between age and 
affective ToM as indexed by RMET. This nonparametric resampling method of estimating 
effect size does not impose the assumption of normality of the sampling distribution. In small 
to moderate sized samples where the total indirect effect is rarely normal, bootstrapping is 
recommended (Preacher & Hayes, 2008ab). It uses a random sampling-with-replacement 
technique generating a number of subsamples from the original sample to provide an 
empirical sample distribution of indirect effects. At least 1000 bootstrap samples are selected 
to compute confidence intervals (derived from the indirect effect estimates and their standard 
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errors); the 95% confidence intervals must exclude zero if a significant indirect effect is to be 
supported. There was a significant effect of aging on the RMET scores through the NART, b 
= 0.03, BCa CI [0.01, 0.08]. The relationship between affective ToM and aging was 
explained by the influence of crystallized intelligence (see Figure 1). 
 

      
 

.29** 
 

 
NART 

(crystallized 
Intelligence) 

.41*** 
  

    
      

 
Age 

 
 -.30***  

Reading the 
Mind in the 
Eyes Test 

(ToM) 
   

 
Figure 1: Age as a predictor of affective Theory of Mind (ToM), mediated by crystallized 
intelligence. The confidence interval for the indirect effect is bootstrapped based on 1000 

samples. Standardized betas are shown for all paths. 
 

The direct effect was negative and significant: increasing age was associated with a 
significant reduction in emotion recognition performance. The effect of age on NART was 
positive (increasing age, greater word recognition) and the effect of NART on emotion 
recognition was positive (improved word recognition, improved emotion recognition), 
resulting in a positive indirect effect. The magnitude of the direct effect (β = -.30, p = .004) 
was greater than the total effect (β = -.17, p =.09). This indicates suppression rather than 
mediation (MacKinnon, Krull, & Lockwood, 2000), such that the magnitude of age-related 
differences in social cognition was reduced by the influence of word recognition from the 
crystallized knowledge base, as predicted. 
 
Single Dissociation Design 
 
To explore whether creative cognition is largely independent of the apparent age-related 
decline in executive cognition, a single dissociation design was used. The differences in 
magnitude of the correlations of age with verbal and non-verbal tasks of creativity compared 
with the magnitude of correlations of age with executive function indices of inhibition and 
perseveration were tested for significance using Fisher’s r to z transformation. The 
correlation of age with the Alternative Uses Task for verbal creativity was found to be 
significantly smaller than the correlation of age with Stroop inhibition (z = -2.50, p = 0.01). 
The correlation of age with the ATTA for non-verbal creativity was also found to be 
significantly smaller than the correlation of age with Stroop inhibition (z = -3.24, p = .001). 
The correlation of age with verbal creativity was found to be significantly smaller than the 
correlation of age with WCST perseveration (z = -2.63, p = .008). The correlation of age with 
non-verbal creativity was also found to be significantly smaller than the correlation of age 
with perseveration (z = -3.37, p = .0008). 
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Discussion 
 
As predicted based on the frontal lobe hypothesis on aging – which claims that there is a 
characteristic aging-related decline in executive cognitive function and fluid intelligence due 
to deterioration of the PFC (Cardenas et al., 2011; Schretlen et al., 2000) – Stroop 
interference and WCST error scores increased with age in the present sample, and the K-BIT 
Matrices index of non-verbal fluid intelligence decreased with age. The increase in the Stroop 
interference effect with age is consistent with an aging-related decline in selective attention, 
response inhibition and/or processing speed (Davidson, Zacks, & Williams, 2003), whereas 
the aging-related increase in WCST errors signifies impaired cognitive flexibility and shifting 
(Miyake et al., 2000). The apparent age-related differences on K-BIT Matrices are consistent 
with declines in other PFC-related functions such as abstraction and working memory with 
aging. 
 
The RMET index of ToM, an important aspect of social cognition, was not significantly 
correlated with age. The path analysis, however, indicated that the association between age 
and the ability to attribute complex mental states to pictures of eyes was mediated by 
crystallized intelligence. Age-related differences in performance of this social cognition task 
appeared to be suppressed by the influence of the crystallized knowledge base, suggesting an 
aging-related change in strategies used to perform this task. By utilizing the automatic 
component of social cognition, stability in performance may be maintained despite the 
decline in executive control processes. Automatic stimulus-induced activation of schemas 
constructed in stored knowledge – corresponding to crystallized intelligence – appears to 
remain resistant to decline in normal aging (Horn & Cattell, 1967; Salthouse, 2000; Sullivan 
& Ruffman, 2004). Furthermore, there was evidence of an apparent increase in crystallized 
intelligence (as indexed by NART) with increasing age across the sample. The ability to 
access an increasing store of knowledge derived from lifelong experience may provide a 
compensatory mechanism underlying the maintenance of stability in performance on those 
social cognition tasks that require automatic processing to a substantial degree. 
 
Creative cognition tasks did not show variation in performance as a function of age in the 
present sample. The single dissociation was consistent with the hypothesis that processes 
involved in creative cognition are largely independent of age-related decline in executive 
cognition. Although dissociation designs are generally used to infer the existence of separate 
mental processes, in this research the use of single dissociation does not conclusively indicate 
that. The single dissociation was however consistent with the hypothesis that creative 
cognition is selectively preserved in aging and suggests a reduced reliance on controlled 
processing and an increased reliance on implicit memory and automatic processing with 
advanced age. The finding that the performance of creative cognition tasks was stable across 
age may reflect the use by older adults of different strategies and compensatory mechanisms 
to complete these tasks. An increase in task-related prefrontal activation with advancing age, 
as well as other compensatory changes, may contribute to the relative stability of creative 
cognition in older people (Spreng et al., 2010). 
 
Limitations  
 
Limitations of the current study include the non-random sampling where participants were 
predominantly affiliated with community groups, which restricts generalizability of the 
findings to the general population; the operationalization of crystallized intelligence with the 
NART, a word recognition test that only taps one domain of crystallized intelligence; and 
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most importantly the cross-sectional design, where testing was conducted at a single point in 
time such that differences associated with aging may have been confounded by cohort effects 
(inter-generational differences that are not due to aging). The present findings thus can only 
be interpreted to show age-related differences in task performance rather than age-related 
decline.  
 
Conclusions and Future Research 
 
Despite the limitations, this study does provide further evidence consistent with aging-related 
changes in executive cognition and in some aspects of social cognition. In addition, the 
present research provides evidence consistent with a possible shift in processing strategies to 
preserve some aspects of cognitive function and compensate for age-related decline. As 
social cognition and creative cognition rely on both controlled and automatic processing, 
such compensatory strategies may involve a relative increase in use of automatic processing 
from stored knowledge and implicit memory. The role of automatic processing in 
maintaining cognitive performance into old age might be investigated in future research by 
assessing the contribution of gist reasoning. Furthermore, future research on social or creative 
cognition should probably utilize a more comprehensive operationalization of crystallized 
intelligence than that provided by the NART. Finally, although difficult to accomplish, only a 
longitudinal approach can conclusively demonstrate age-related stability or decline in 
cognitive functioning across various domains, as such research avoids the vexing issue of 
potential cohort effects.   
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