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Abstract 

Older adults perform worse than younger adults when applying decision rules to choose between 

options that vary along multiple attributes. Although previous studies have shown that general 

fluid cognitive abilities contribute to the accurate application of decision rules, relatively little is 

known about which specific cognitive abilities play the most important role. We examined the 

independent roles of working memory, verbal fluency, semantic knowledge, and components of 

executive functioning. We found that age-related decline in applying decision rules was 

statistically mediated by age-related decline in working memory and verbal fluency. Our results 

have implications for theories of aging and decision making. 
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The ability to make good decisions plays an important role in older adults’ ability to 

achieve successful life outcomes and maintain independent living (Mather, 2006; Salthouse, 

2012).  Despite growing interest for the aging decision maker (e.g., Bruine de Bruin, Strough & 

Parker, 2014), relatively little is known about the relationship between aging and decision-

making competence (Hess, Strough, & Löckhenhoff, 2015).   

Some decision-making skills decrease with age (Bruine de Bruin, Parker, & Fischhoff, 

2007, 2012; Del Missier et al., 2013; Queen & Hess, 2010), threatening the quality of older 

adults’ decision outcomes (Bruine de Bruin et al., 2007, 2012).  One crucial decision-making 

skill that declines with age is the ability to apply decision rules when choosing between options 

that vary along multiple attributes, such as consumer products, pension plans, or health 

treatments (Bruine de Bruin et al., 2007, 2012; Parker & Fischhoff, 2005; Payne, Bettman, & 

Johnson, 1993).  For example, the ‘equal weights’ decision rule involves choosing the option that 

has the highest overall perceived quality across attributes (Payne et al., 1993).  Another decision 

rule, ‘elimination by aspects’, involves selecting those options that meet a minimum criterion for 

the most important attribute, then selecting options from that set if they meet a minimum 

criterion on the second most important attribute, and so on until only one option is left (Payne et 

al., 1993).   

Three studies have observed that the ability to apply decision rules declines with age, but 

only considered a subset of cognitive abilities to explain this negative relationship (Bruine de 

Bruin et al., 2012; Del Missier et al., 2013, 2017).  One found a role for age-related declines in 

general fluid cognitive abilities, as assessed with Raven’s Standard Progressive Matrices, but did 

not consider other cognitive measures (Bruine de Bruin et al., 2012).  The others found a role for 

age-related declines in working memory (Del Missier et al., 2013, 2017), even when taking into 



AGE DIFFERENCES IN APPLYING DECISION RULES 

 

4 

account age-related differences in sensory functioning and processing speed (Del Missier et al., 

2017).  Although semantic memory was unrelated to age, it also contributed to better 

performance on applying decision rules (Del Missier et al., 2013).   

However, these three studies have two main limitations.  First, they have not included 

measures of executive functions.  Yet, research with young adults has suggested that the ability 

to apply decision rules is relied on the updating and inhibition components of executive 

functioning (Del Missier, Mäntylä, & Bruine de Bruin, 2010, 2012).  Second, they have not 

distinguished between two semantic memory components that may be relevant to the 

comprehension and application of written decision rules (e.g., Del Missier et al., 2013; Finucane, 

Mertz, Slovic, & Schmidt, 2005; Finucane et al., 2002), but have differential relationships to age: 

(a) verbal fluency, which declines with age, and (b) semantic knowledge which increases with 

age (Baddeley, Emslie & Nimmo-Smith, 1992 vs. Rönnlund, Nyberg, Bäckman, & Nillson, 

2005; Verhaeghen, 2003).  Verbal fluency (especially letter fluency) involves executive 

processes that exert strategic control and performance monitoring in a verbal task (Rende, 

Ramsberger, & Miyake, 2000; Shao, Janse, Visser, & Meyer, 2014).  Semantic knowledge 

supports words meaning, and is often defined as part of “crystallized intelligence” because it 

reflects information that has been acquired over the life span (Horn & Cattel, 1967; Verhaeghen, 

2003).   

 

The present study 

The present study followed up on previous studies (Bruine de Bruin et al., 2012; Del 

Missier et al., 2013, 2017) by taking a more comprehensive approach towards understanding 

which specific cognitive abilities contribute to age differences in applying decision rules.  
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Building on the literature review above, we formulated two research questions: (1) Are there age 

differences in applying decision rules and in specific cognitive abilities? (2) Which specific 

cognitive abilities explain age differences in applying decision rules? 

To answer these research questions, we examined age differences in performance on the 

Applying Decision Rules task of the Adult Decision Making Competence battery1 (Bruine de 

Bruin et al., 2007).  We also examined age differences in specific cognitive abilities, and tested 

their contribution to age differences in applying decision rules, including (a) working memory 

processes to hold information in mind and make mental comparisons between values, (b) 

semantic knowledge and verbal fluency to support the understanding and application of written 

decision rules, (c) executive processes needed to focus selectively on target options and attributes 

and to inhibit irrelevant ones.  Each of these cognitive abilities is assumed to play a role in 

Applying Decision Rules, varies with age, and can be measured with instruments that have an 

Italian version (Del Missier et al., 2010; 2012; 2013).  

In regards to the first research question, we expected that older adults would perform 

worse than younger adults in Applying Decision Rules (Bruine de Bruin et al., 2007), as well as 

on measures of verbal fluency, working memory, and executive functioning (Fisk & Sharp, 

2004; Myiake, Friedman, Emerson, Witzki, & Howerter, 2000; Rypma, Prabhakaran, Desmond, 

&, Gabrieli, 2001; Park et al., 2002).  The exception would be semantic knowledge, which tends 

to increase with age (Horn & Cattel, 1967).  In regards to the second research question, we 

expected that age-related decline in Applying Decision Rules would be explained by a 

corresponding age-related decline in working memory (Del Missier et al., 2013, 2017).  

However, age-related decline in Applying Decision Rules performance should also be 

statistically explained by a corresponding age-related decline in executive functioning, given that 
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the more age-sensitive aspects of working memory are probably related to executive control 

(Bopp & Verhaghen, 2005).  Finally, we also expected that age-related improvement in semantic 

knowledge would partly counteract age-related decline in Applying Decision Rules, due to 

supporting the understanding of written decision rules (Del Missier et al., 2013).  

 

Method 

Participants 

Participants included 50 younger and 50 older adults2.  None had a history of psychiatric 

or neurological disorders or substance abuse.  Younger adults were undergraduate psychology 

students at the University of Pavia, who received course credit for participating.  Older adults 

were recruited through the local branch of the University of Third Age.  Older adults scored 26 

or higher on the Mini Mental State Examination (Folstein, Folstein, & McHugh, 1975), thus 

showing no signs of dementia.  Table 1 shows descriptive statistics, as well as t-tests and effect 

sizes for the age group differences.  Both age groups were similar in terms of gender 

composition and years of education.  The study was approved by the ethical committee of the 

Department of Brain and Behavioral Sciences of University of Pavia. 

Measures 

Applying Decision Rules.  The Applying Decision Rules task was taken from the Adult 

Decision-Making Competence battery, which has been validated in terms of psychometric 

properties and relationships with real-world decision outcomes (Bruine de Bruin et al., 2007).  

We used the Italian version (Del Missier et al., 2010).  Participants received 10 decision 

problems, each describing a different hypothetical consumer who wanted to buy a DVD player.  

Each decision problem involved 5 DVD players that differed in terms of the following features: 
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picture quality, sound quality, programming options, and reliability of brand.  Participants were 

asked to select one or more DVD players, by implementing the decision rule specified for each 

consumer.  Participants were asked to apply decision rules (e.g., equal weights, elimination by 

aspects, satisficing, and lexicographic rules), which have been identified as relevant to good 

decision making (Payne et al., 1993).  The overall score reflected the percent of correct items 

(Cronbach’s alpha = .75).  

Working memory.  We used the Backward Digit Span task of the Wechsler Adult 

Intelligence Scales (Wechsler, 1981), which is a standardized measure of working memory 

widely used in neuropsychological settings.  It consisted of orally presented sequences that 

increased in length from 2 to 8 digits.  After hearing each sequence, participants were asked to 

repeat it in reverse order.  The overall score consisted of the total number of correctly recalled 

digits, prior to failing two consecutive sequences at any one span size (Cronbach’s alpha = .63). 

Possible scores could range from 2 to 8.   

Semantic memory and Verbal fluency.  The vocabulary test (Primary Mental Ability; 

Thurstone & Thurstone, 1963) is a widely used measure of semantic knowledge (e.g. Bissing & 

Lusting, 2007; Del Missier et al., 2013; Lecce et al., 2017).  Because it does not require verbal 

production of semantic responses, it avoids potential confounds with age-related problems in 

semantic access (e.g., Burke & Shafto, 2004).  Participants were asked to select the correct 

synonym from a list of 5 alternatives, for each of 50 words, within an 8-minute period.  Total 

scores could range from 0 to 50 (Cronbach’s alpha = .63).   

A letter fluency task was used to assess verbal fluency, following common practices in 

neuropsychological assessment (Carlesimo et al., 1996; Strauss, Sherman, & Spreen, 2006).  

Participants were asked to generate as many words as possible beginning with the letter “F”, 
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“A”, and “S”, allowing 60 seconds for each letter.  The overall score reflected the total number 

of correct words generated for each letter.  Proper names, places and words with the same suffix 

did not receive credit.  The average intercorrelation3 between the three letters was r = .66.  

Executive Functioning.  We used four separate measures that reflected the multiple 

components of executive functioning, and are commonly used in experimental and 

neuropsychological settings (e.g., Miyake & Friedman, 2012; Miyake et al., 2000). 

First, we used a shortened version of the Stroop Test (Venneri et al., 1993) to measure 

inhibition ability (see also Del Missier et al., 2012; Miyake et al., 2000).  The test involved three 

parts that displayed 30 stimuli each.  The stimuli were disks and words representing colors.  

Color words in the first part (W) were printed in black ink, in the second part (C) disks were 

printed in colors ink and in the third part (CW) color words were printed in a conflicting ink 

color (e.g. the word “BLUE” written in red).  Participants were asked to read the stimuli in each 

part as fast as possible.  We recorded reaction time for W, C, and CW.  The overall score was 

derived from the sum of W and C reaction time, and then subtracted from the CW reaction time. 

The average intercorrelation3 between the W, C, and WC reaction times was r = .56.  We applied 

a transformation4 to scores so that higher scores reflected better performance.   

Second, we used the Numerical Updating task to assess updating (Carretti, Cornoldi, & 

Pelegrina, 2007).  Participants heard eight lists of ten numbers ranging from 15 to 99.  For each 

list, they were asked to recall the three smallest numbers in the correct order of presentation.  For 

this study we used the most complex lists that had been developed.  Overall scores reflected the 

total number of correctly recalled items, and could range from 0 to 24 (Cronbach’s alpha = .83).   

Third, Part B of the Trail Making Test was used to assess shifting ability (Retein & 

Wolfson, 1985).  It asked participants to connect, as quickly as possible, a series of numbers (1 
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to 13) and letters (A to N) that were randomly distributed on a sheet paper, alternating between 

number and letter in ascending order (e.g., 1-A-2-B, etc.).  The total score was the total 

completion time in seconds.  We applied a transformation4 so that higher scores reflected better 

performance.  Because our study included one session, it produced one total score, preventing 

the computation of internal consistency measures.  In studies using multiple sessions, Cronbach’s 

alpha is typically in the range of .70 - .90 (Giovagnoli et al., 1996).   

Fourth, we employed the Modified Card Sorting Test (MCST; Nelson, 1976) to assess 

complex executive functioning, which was similar to a shortened version of the Wisconsin Card 

Sorting Test (WCST; Heaton, Chelune, Talley, Kay, & Curtis, 1993).  It involved four stimulus 

cards and two sets of 24 response cards.  The four stimulus cards depicted one red triangle, two 

green stars, three yellow crosses, and four blue circles, respectively.  The response cards depicted 

geometric figures varying in three categories: color (i.e., red, green, yellow, and blue), shape 

(i.e., triangle, star, cross, and circle), or number (i.e., one, two, three and four).  The four 

stimulus cards were placed in front of participants. Their task was to match each response card 

with a stimulus card, so as to discover the correct rule for making a match (i.e., by the categories 

of color, shape and number).  They were not told what the rule was, but they were told whether 

each match was correct or incorrect.  After six consecutive correct responses, a participant was 

deemed to have discovered the rule.  They were then told ‘now the rules have changed’ and 

asked to discover the next rule according to the same procedure.  The test ended when 

participants correctly identified the three rules (for the categories color, shape and number) 

twice.  The overall score reflected the number of rules correctly identified and could range from 

0 to 6 (Cronbach’s alpha = .93). 
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Statistical Analysis 

To address our first research question, we conducted two-tailed independent-sample t-

tests to examine age-group differences in performance on Applying Decision Rules, and in our 

measures of cognitive abilities (working memory, verbal fluency, semantic knowledge, complex 

executive function, shifting, updating, inhibition).  We also computed Pearson correlations 

between age group, Applying Decision Rules performance, and cognitive measures (Table 2).  

The correlations between age group and other variables are point-biserial correlations, which 

reflect relationships between a dichotomous variable and a continuous variable.  We applied the 

Bonferroni correction to the significance levels (g = .006) of those tests that were executed 

separately for each cognitive measure, including independent-sample t-tests, correlations, and 

mediation analyses.   

To address the second research question, we conducted mediation analyses to examine 

whether the relationship between age and Applying Decision Rules performance was statistically 

explained by the cognitive abilities.  Following recommended methods (Baron & Kenny, 1986; 

Preacher & Hayes, 2008), we reported unstandardized estimates (B) from regression analyses to 

examine the pattern in Figure 1, including the relationship between the independent variable and 

the potential mediator (Path A), between the potential mediator and the dependent variable (Path 

B), and between the independent variable and the dependent variable both before controlling for 

the potential mediator (Path C) and after doing so (Path C’).   

Subsequently, we used a macro developed for SPSS (PROCESS; Hayes, 2013) which 

randomly selected 1,000 bootstrap re-samples from the dataset to compute the 95% bias-

corrected confidence intervals for the relationship of the dependent variable and the independent 

variable through the potential mediator (Path C’).  Mediation tests are considered significant 
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when the confidence intervals do not include zero (Shrout & Bolger, 2002).  Given that we 

adopted a Bonferroni-corrected alpha at .006, we have set the confidence interval to 99.4%.  The 

bootstrapping approach is preferred over the Baron & Kenny (1986) and Sobel (1986) methods 

for examining mediation, because it has more statistical power, does not require a normality 

assumption, and provides better protection against type I error (MacKinnon et al., 2004; Preacher 

& Hayes, 2008; Shrout & Bolger, 2002).   

We tested for mediation in two stages.  First, we conducted separate single-mediation 

tests for each cognitive measure, so as to identify its contribution to the relationship between age 

group and Applying Decision Rules (see Figure 1).  Second, we conducted a multiple-mediation 

test including those cognitive measures that were significant in the first step, so as to identify 

their independent contributions to the relationship between age group and Applying Decision 

Rules (see Figure 2).   

Results 

Are there Age Differences in Applying Decision Rules and in Specific Cognitive Abilities? 

As seen in Table 1, we found a significant difference between age groups in the Applying 

Decision Rules task, with older adults performing worse than younger adults.  Older adults also 

performed significantly worse on measures of working memory, verbal fluency, complex 

executive function, shifting, updating, and inhibition.  In contrast, older adults performed better 

than younger adults with respect to semantic knowledge.  As seen in Table 2, older age was 

significantly associated with lower performance on Applying Decision Rules and on all other 

cognitive measures.  The exception was semantic knowledge, which showed significantly better 

performance among older adults.   

Additionally, Table 2 also showed two other notable patterns.  First, performance on 
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Applying Decision Rules was positively correlated to performance on all measures of cognitive 

abilities.  Hence, working memory, verbal fluency, semantic knowledge and executive 

functioning were all relevant to Applying Decision Rules.  Second, the measures of cognitive 

abilities were intercorrelated.  That is, shifting, updating, inhibition, and complex executive 

functioning, were all positively correlated with each other as well as with working memory and 

verbal fluency.   

What Specific Cognitive Abilities Explain Age differences in Applying Decision Rules? 

First, we conducted single-mediation tests separately for each cognitive ability measure, 

following the bootstrapping approach (Preacher & Hayes, 2008).  In each model, we entered age 

group as the independent variable, Applying Decision Rules as dependent variable and one 

cognitive ability measure as a potential mediating variable.  Figure 1 represents the single-

mediation model for each potential mediator.  Table 3 reports the statistical values for the single-

mediation model associated with each potential mediator.   

After setting the Bonferroni-corrected alpha at .006, we found that (a) older age was 

significantly associated with better semantic knowledge and worse complex executive 

functioning, shifting, updating, and inhibition (Path A in Figure 1 and in Table 3); (b) higher 

scores for semantic knowledge, working memory, verbal fluency, and updating were 

significantly associated with better performance in Applying Decision Rules (Path B in Figure 1 

and in Table 3); (c) the negative association between age group and Applying Decision Rules 

(Path C in Figure 1 and in Table 3) significantly increased after controlling for semantic 

knowledge and significantly decreased after controlling for working memory, verbal fluency, 

updating, shifting, and inhibition (Path C’ in Figure 1 and in Table 3).  Finally, results showed 

that older adults’ lower performance on the Applying Decision Rules task was statistically 
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explained by age-related increases in semantic knowledge, and by age-related decreases in 

working memory, verbal fluency, shifting, updating, and inhibition (see 99.4% CI in Table 3).  

The one exception was the complex executive function task, which did not significantly mediate 

the relationship between age group and Applying Decision Rules (Table 3).  Possibly, the 

complex executive function task did not capture age-related changes relevant to explaining age 

differences in Applying Decision Rules, even though it did show significant correlations with 

age group and Applying Decision Rules (Table 2).  Thus, the single-mediation analyses 

suggested that older adults’ Applying Decision Rules performance benefited from their better 

semantic knowledge while being harmed by their worse performance on working memory, 

verbal fluency, shifting, updating and inhibition5.   

As our second step, we therefore conducted a multiple-mediation analysis that included 

as potential mediators all cognitive measures that were significant in the first step (see Figure 2).  

Doing so allowed us to assess the independent contribution of each potential mediator, despite its 

intercorrelations with the other tasks6 (Table 2).  The model followed the bootstrapping 

approach, with age group as the independent variable, Applying Decision Rules as the dependent 

variable and the cognitive measures as potential mediators.  Figure 2 shows that the relationship 

between age group and Applying Decision Rules (Path C) was significantly reduced after taking 

into account all potential mediators (Path C’).  Mediation was only significant through working 

memory, 99.4% CI [-5.35, -.57], and verbal fluency, 99.4% CI [-4.69, -.01].  Thus, older adults’ 

lower performance on Applying Decision Rules were likely a reflection of age-related declines 

in working memory and verbal fluency.  

 



AGE DIFFERENCES IN APPLYING DECISION RULES 

 

14 

Discussion 

Applying decision rules is the ability to choose the best option from a set of alternatives, 

in accordance with specific criteria or goals (Payne et al., 1993).  Good performance on this task 

requires having the knowledge and cognitive abilities for understanding and applying decision 

rules (Bruine de Bruin et al., 2007, 2012; Del Missier et al., 2010, 2017, 2013).  The present 

study was designed to examine differences between younger and older adults in applying 

decision rules, and to identify which cognitive abilities play the most important role in 

explaining any age differences in performance.  Our findings build on previous research (Bruine 

de Bruin et al., 2012; Del Missier et al., 2017, 2013), which had only considered subsets of these 

cognitive abilities.  We report on two main findings.   

First, older adults were less accurate than younger adults in applying decision rules, thus 

replicating previous findings (Bruine de Bruin et al., 2012; Del Missier et al., 2017, 2013).  

Moreover, older adults performed worse than younger adults on all cognitive measures, with the 

previously reported exception that semantic knowledge increased with age (Horn & Cattel, 

1967).   

Second, and more importantly, we found that the age-related decline in applying decision 

rules was statistically mediated by age-related decline in working memory and verbal fluency, 

even after taking into account other potentially relevant cognitive abilities.  Although all other 

measures of cognitive ability showed significant relationships to applying decision rules in 

correlation analyses (Table 2), and a subset contributed to age differences in applying decision 

rules when considered as single mediators, only working memory and verbal fluency remained 

significant mediators in a multi-mediation model.  These findings suggest that older adults’ 

lower performance in applying decision rules may mainly be driven by age-related decline 



AGE DIFFERENCES IN APPLYING DECISION RULES 

 

15 

working memory and verbal fluency.   

Possibly, applying decision rules requires working memory processes to hold information 

in mind and make mental comparisons between values (Del Missier et al., 2017).  Hence, older 

adults’ decline in working memory (Rypma et al., 2001) makes it harder to correctly apply 

complex decision rules.  Additionally, Applying Decision Rules task may require verbal 

competence and strategic control abilities in the processing of verbal and numeric information, in 

order to understand the written descriptions of decision rules and to support their translation into 

procedures (Del Missier et al., 2013).  As a consequence, older adults’ poorer performance in 

verbal fluency (e.g., Mayr & Kliegl, 2000; Park et al., 2002) may have threatened the 

comprehension and strategic application of the complex rules presented in the task (Finucane et 

al., 2005, 2002).  In addition, verbal fluency may involve fluid cognitive abilities (Roca et al., 

2012), which tend to contribute to age-related decline in the application of decision rules (Bruine 

de Bruin et al., 2012). 

 

Limitations 

Like any study, our investigation had limitations that should be considered in future 

research.  First, our data were correlational and cross-sectional in nature.  We recruited relatively 

small convenience samples, in an extreme age-group design.  Thus, our findings would be 

strengthened by replication with a large national life span sample followed over time.  Such a 

longitudinal study would also allow for analyzing age as a continuous rather than as a 

dichotomous variable.  A second limitation pertains to the limited reliability for some of the 

cognitive ability measures, which was lower than reported in previous studies (Tombaugh, 

Kozak, & Rees, 1999; Thurstone, 1948; Wechsler, 1981), potentially weakening our statistical 
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power.  Third, it has been suggested that, in addition to cognitive ability, good decision making 

requires motivation (Bruine de Bruin, McNair, Taylor, Summers, & Strough, 2015).  Older 

adults report lower levels of motivation for difficult task that lack personal relevance 

(Löckenhoff & Carstensen, 2007; Hess, Queen, & Ennies, 2013) and recent findings suggest that 

age-related changes in motivation can affect the older adults’ effort to make decisions (Strough, 

Bruine de Bruin, & Peters, 2015; Bruine de Bruin et al., 2015).  Hence, future studies should 

examine whether age-related changes in motivation may affect performance also on a complex 

decision-making task as Applying Decision Rules.  Finally, it would be interesting to analyze the 

specific decision-making processes and errors underlying younger and older adults’ performance 

in Applying Decision Rules, through process tracing methodologies such as think-aloud 

protocols, eye-tracking, and mousetracing. 

 

Conclusions and applied implications 

Our findings suggest a need for interventions that reduce older adults difficulties in 

applying decision rules.  One possible intervention strategy is to reduce the number of options, 

which makes decisions easier (Johnson, 1990; Leventhal, Leventhal, Schaefer, & Easterling, 

1993; Mikels, Reed, & Simon, 2009; Reed, Mikels, & Simon, 2008; von Helversen & Mata, 

2012).  Another possible strategy is to provide clear instructions that help older adults to 

understand how to choose among a set of alternatives (Peters, Hess, Va祭 stfja祭 ll, Auman, 2007; 

Strough et al., 2015).  Finally, it could be helpful to train older adults, so as to help them to 

automatize the application of decision rules (Besedeš, Deck, Sarangi, & Shor, 2012, 2014; 

Johnson, 1990, 1993; Payne et al., 1993), thus decreasing demands on memory and executive 

control.  In conclusion, a better understanding of older adults’ strengths and weaknesses in the 
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application of decision rules may provide insights relevant to designing interventions for 

promoting better decision making.
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Footnotes 

1  The whole Adult Decision Making Competence battery, including the Applying Decision 

Rules task, is available on-line (http://www.sjdm.org/dmidi/Adult_-

_Decision_Making_Competence.html). 

2 Our sample size was sufficient for detecting the relationship between age and the Applying 

Decision Rules, with effect size d = .77 estimated from a previous study (Del Missier et al., 

2013), and with statistical power set at .95 and alpha at .05. 

3 We provided intercorrelations, instead of coefficient alpha, due to having too few items. 

4 The transformed score reflected 1/x, where x represents the score obtained by the subject in 

the task.  

5 The model for semantic knowledge revealed a suppression effect, while the other models 

revealed a mediation effect. Suppression and mediation effects are similar in the sense 

that both reflect the indirect effects of a third variable on a correlation (MacKinnon, 

Krull, & Lockwood, 2000; Preacher & Hayes, 2008). Suppression is said to occur when 

controlling for the third variable drives the correlation to be more positive or more 

negative. Mediation is said to occur when controlling for the third variable drives the 

correlation towards zero. 

6 Because the three executive functioning measures (shifting, updating, and inhibition) were 

highly intercorrelated, we created a composite index score (Cronbach’s alpha=.75) to 

reduce multicollinearity.  The composite index score involved conversion of raw test 

scores to z-scores and averaging the z-scores.  The bootstrapping analysis conducted with a 

composite index score of executive functioning revealed that the negative relationship 

between age group and Applying Decision Rules was still statistically explained by 
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working memory, 99.4% CI [-4.47, -.53], and verbal fluency, 99.4% CI [-4.02, -.07], and 

not by the composite executive functioning score, 99.4% CI [-14.39, .04].  The relationship 

between age group and Applying Decision Rules remained significant and negative (B = -

36.82, SE = 3.32, p < .001), while the relationship between working memory and Applying 

Decision Rules was not significant (B = 3.32, SE = 1.42, p = .02) as well as the relationship 

between semantic memory fluency and Applying Decision Rules (B = .34, SE = .17, p < 

.05). The relationship between age group and working memory was not significant (B = -

.66, SE = .24, p = .01) as well as between age group and verbal fluency (B = -4.23, SE = 

1.93, p = .03).  While, the negative relationship between age group and Applying Decision 

Rules remained negative and significant (B = -28.49, SE = 5.14, p < .001). 
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Table 1.  

Descriptive statistics by Age Group.  

  Younger Older   

  n = 50 n = 50   

 Range M (SD) M (SD) t(98) d 

Participants characteristics        

Age (years) 20-85 23.02 (3.08) 71.78 (6.13) 51.24**  10.05 

Education (years) 8-21 15.64 (1.14) 14.78 (3.62) 1.68 0.32 

Female Gender (%)  68% 70% 0.05 a 0.22b 

MMSE 26-30  29.36 (0.98)   

Cognitive measures        

Applying Decision Rules 
(%) 

13.33-100 82.93 (12.29) 46.27 (19.73) 11.16**  2.23 

Working memory 3-8 4.80 (1.12) 4.12 (1.22) 2.89**  0.59 

Verbal fluency 23-72 48.68 (8.61) 44.02 (10.81) 2.38* 0.48 

Semantic knowledge 37-50 44.00 (2.71) 46.88 (2.60) 5.42**  1.08 

Complex EF 0-6 5.66 (0.98) 4.28 (1.71) 4.94**  1.00 

Shifting 0.05-0.03 0.21 (0.04) 0.12 (0.04) 9.94**  2.25 

Updating 1-22 14.74 (4.16) 9.18 (4.68) 6.28**  1.26 

Inhibition 0.23-2.00 0.94 (0.34) 0.53 (0.21) 7.29**  1.46 

Notes. d = Coehn’s d; MMSE = Mini Mental State Examination 
a Chi-square test value; b Phi correlation coefficient as a measure of effect size  
** p< .006 (Bonferroni-corrected g); *p < .05 
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Table 2  

Correlations Between Age Groups, Applying Decision Rules and Cognitive Abilities. 

 
1.  

Age 
2.  

ADR 
3.  

WM 
4.  

VF 
5.  

SK 
6.  

C-EF 
7.  

SHIF 
8.  

UPD 
9.  

INH 

1. Age Group (Age) —         

2. Applying Decision Rules (ADR) -.77**  —        

3. Working Memory (WM) -.29**  .46**  —       

4. Verbal Fluency (VF) -.24**  .40**  .37**  —      

5. Semantic Knowledge (SK) .47**  -.20* .06 .13 —     

6. Complex EF (C-EF) -.46**  .39**  .20 .11 -.19 —    

7. Shifting (SHIF) -.73**  .65**  .41**  .36**  -.17 .42**  —   

8. Updating (UP) -.56**  .56**  .49**  .34**  -.14 .35**  .53**  —  

9. Inhibition (IN) -.60**  .58**  .31**  .25* -.16 .21* .60**  .36**  — 

 
Notes. Correlations between Age Group and other variables are point-biserial, due to reflecting relationships between a dichotomous 
variable and a continuous variable. ** p < .006 (Bonferroni-corrected g); *p < .05 
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Table 3 

Single-Mediation Analyses of the Relationship Between Age Group and Applying Decision Rules Through Each Potential Mediator. 

 
Potential mediator 

Path A 
from Age Group to 
potential mediator 

Path B  
from potential mediator 
to Applying Decision 

Rules 

Path C 
from Age Group to 

Applying  
Decision Rules a 

Path C’  
from Age Group to  

Applying  
Decision Rules b 

 B (SE) t B (SE) t B (SE) t B (SE) Bootstrap 99.4% CI 

Working memory 
-0.68 
(.23) 

-2.90* 
5.61 

(1.31) 
4.31**  

-32.85 
(3.15) 

-10.43**  
-3.81 
(1.33) 

-6.86, -1.51 c 

Verbal fluency 
-4.66 
(1.96) 

-2.39* 
0.58 
(.16) 

3.64**  
-33.95 
(3.19) 

-10.66**  
-2.72 
(1.41) 

-6.48, -0.66 c 

Semantic knowledge 
2.88 
(.53) 

5.43**  
1.71 
(.60) 

2.84**  
-41.60 
(3.62) 

-11.50**  
4.94 

(1.79) 
2.14, 9.30 c 

Complex EF 
-1.38 
(.28) 

-4.94**  
1.09 
(.92) 

0.92 
-35.16 
(3.68) 

-9.57**  
-1.51 
(1.97) 

-5.92, 1.96 

Shifting 
-0.08 
(.01) 

-9.94**  
95.32 

(37.56) 
2.54* 

-28.52 
(4.53) 

-6.29**  
-8.16 
(3.62) 

-15.71, -1.46 c 

Updating 
-5.56 
(.89) 

-6.28**  
1.08 
(.36) 

3.01**  
-30.64 
(3.74) 

-8.20**  
-6.02 
(2.21) 

-10.93, -2.12 c 

Inhibition 
-0.42 
(.06) 

-7.30**  
14.60 
(5.79) 

2.52* 
-30.78 
(4.02) 

-7.66**  
-6.02 
(2.12) 

-10.39, -2.09 c 

Notes. Figure 1 shows the graphic representation of the single-mediation model for each potential mediator. B = unstandardized regression 
coefficient; SE = standard error of unstandardized regression coefficient.  
a Direct effect between Age group and Applying Decision Rules. 
b Indirect effect between Age group and Applying Decision Rules controlling for each mediator. 
c Confidence interval does not include zero, indicating significant mediation. 

** p < .006 (Bonferroni-corrected g); *p < .05 
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Figure 1. Graphic representation of single-mediation model for each potential mediator. Path A represents the relationship between 
age group and the potential mediator. Path B represents the relationship between the potential mediator and Applying Decision Rules. 
Path C represents the total effect of Age Group on Applying Decision Rules. Path C’ represents the direct effect between Age Group 
and performance on the Applying Decision Rules task while taking into account the potential mediator. 
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Figure 2. Graphic representation of multiple-mediation model across potential mediators that had been significant in single-mediation 
models.  B values correspond to unstandardized regression coefficients.  Path C represents the total effect of Age Group on Applying 
Decision Rules; Path C’ represents the direct effect of Age Group on Applying Decision Rules while taking into account the potential 
mediators. Solid lines indicate statistically significant relationships, while dotted lines represent non-significant ones. After taking into 
account all cognitive measures, only working memory and verbal fluency significantly mediated the relationship between Age Groups 
and Applying Decision Rules.  
*** p < .001; ** p < .01; *p < .05 




