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Abstract

Background: We evaluated adult age differences in the original three-item Cognitive Reflection
Test (CRT; Frederick, 2005) and an expanded seven-item version of that test (Toplak et al., 2013).
The CRT is a numerical problem solving test thought to capture a disposition towards either

rapid, intuition-based problem solving (Type | reasoning) or a more thoughtful, analytical problem
solving approach (Type Il reasoning). Test items are designed to induce heuristically-guided errors
that can be avoided if using an appropriate numerical representation of the test problems.

Methods: We evaluated differences between young adults and old adults in CRT performance
and correlates of CRT performance. Older adults (ages 60 to 80) were paid volunteers who
participated in experiments assessing age differences in self-regulated learning. Young adults (ages
17 to 35) were students participating for pay as part of a project assessing measures of critical
thinking skills or as a young comparison group in the self-regulated learning study.

Results: There were age differences in the number of CRT correct responses in two independent
samples. Results with the original 3-item CRT found older adults to have a greater relative
proportion of errors based on providing the intuitive lure. However, younger adults actually had a
greater proportion of intuitive errors on the long version of the CRT, relative to older adults. Item
analysis indicated a much lower internal consistency of CRT items for older adults.

Conclusion: These outcomes do not offer full support for the argument that older adults are
higher in the use of a “type I”” cognitive style. The evidence was also consistent with an alternative
hypothesis that age differences were due to lower levels of numeracy in the older samples.
Alternative process-oriented evaluations of how older adults solve CRT items will probably

be needed to determine conditions under which older adults manifest an increase in the Type

| dispositional tendency to opt for superficial, heuristically-guided problem representations in
numerical problem solving tasks.
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Traditionally, studies of reasoning and problem solving in older adults have focused on

age differences in inductive and deductive reasoning abilities through adulthood into old
age (e.g., Salthouse, 1992; Schaie, 2013). Older adults are known to perform more poorly
than younger adults on virtually all reasoning tests and tasks, including inductive reasoning
(e.g., Raven’s Progressive Matrices test performance; Der et al., 2010; Heron & Chown,
1967) and relational reasoning (e.g., Fisk & Sharpe, 2002; Viskontas et al., 2004). These
age differences are often attributed to age-related declines in central nervous system function
and/or age-related changes in working memory capacity (e.g., Salthouse et al., 1989; but see
Fisk, 2005). It is also the case that tests of inductive reasoning show substantial generational
differences in cohorts born during the 20t century (Pietschnig & Voracek, 2015; Schaie,
2013).

The use of routines or well-learned behavior patterns (what Baltes [1997] termed ‘cognitive
pragmatics’) supports adults’ everyday cognition (e.g., Park et al., 1999) and can create a
discrepancy between laboratory versus everyday tests of reasoning and cognition, especially
when the latter are embedded in a natural ecology (e.g., Schnitzspahn et al., 2011).
Experience with a class of problems or problem contexts fosters high-level everyday
problem solving (Strough & Keener, 2014). Furthermore, older adults may even perform
better on wisdom-related thought (e.g.., Baltes & Smith, 2008; Staudinger & Gliick, 2011)
and nominate superior strategies for dealing with everyday problem solving in social
contexts (e.g., Blanchard-Fields, 2009; Strough & Keener, 2014). In many of these situations
knowledge-based candidate solutions may fluently come to mind for older adults, without a
need for formal problem analysis. Experts or others with higher levels of relevant knowledge
of a problem domain can often achieve high-quality decisions in complex everyday tasks
like financial planning with less effort by honing in on the information critical for problem
solving (e.g., Hershey et al., 1990; see Hess & Queen, 2014).

Gigerenzer’s work on adaptive heuristics and their role in cognition and decision making
(e.g., Gigerenzer, Todd, & the ABC Research Group, 1999) argues that experience-based
decision-making heuristics are normatively effective and highly attractive because they
provide a rapid basis for accurate decision making based on minimal need for information
search or analytic evidence evaluation. Mata and colleagues have argued that older adults
fare well in situations where this kind of adaptive use of heuristics is possible (e.g., Pachur et
al., 2009).

There is some evidence that older adults are more reliant on a cognitive style that leads
to an emphasis on quick resolution of decisions, being higher in self-rated need for
closure and need for structure, including the disposition to seek quick answers and to
minimize information search durations (Blanchard-Fields et al., 2001; Hess, 2001; see
Peters et al., 2007). Older adults also score higher on Epstein’s et al. (1996) experiential
(versus analytical) decision style measure (Horhota, Mienaltowski, & Blanchard-Fields,
2012), indicating a tendency to respond on the basis of experience and intuition rather
than effortful and time-consuming analytic thinking. A potential liability of relying on
cognitive pragmatics in everyday life is that older adults may be less motivated or
otherwise less likely to engage in formal analytic reasoning in those instances when it is
needed to arrive at correct solutions. Overreliance on heuristic thought may be especially
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likely if recruitment of cognitive resources like working memory for formal analysis is
experienced as highly taxing or demanding (Hess, 2014). Older adults manifest heuristic
biases considered maladaptive in certain reasoning and decision-making contexts (e.g.,
Finucane & Gullion, 2010), although Bruine de Bruin, Parker, and Fischoff (2012) argued
that such age differences are primarily found in decision making tasks that are strongly
influenced by fluid intelligence and working memory (see also del Missier et al., 2013).
A recent cluster-analytic study actually found older adults to be less likely to belong to

an experiential decision style cluster defined by rapid decisions based on heuristics and
more likely to belong to a cluster defined by a controlled, independent decision making
style (Delaney, Strough, Parker, & Bruine de Bruin, 2015). One cannot claim based on
existing studies that older adults are universally more likely to think experientially instead of
analytically in decision making contexts.

Some cognitive psychologists regard a tendency towards making rapid decisions based on a
quick (and perhaps superficial) analysis of the problem space as a cognitive or intellectual
style (Kozhevnikov, Evans, & Kosslyn, 2014; Zhang & Sternberg, 2006), perhaps related

to the personality construct of impulsivity/reflectivity (e.g., Dickman & Meyer, 1988).

This tendency has been characterized in a number of ways (Evans, 2009; Kahneman,

2011; Stanovich, 2011), including Epstein’s experiential versus analytic distinction already
mentioned and, more recently, the Type | (heuristic) versus Type 1l (formal or algorithmic
reasoning) distinction, (e.g. Evans & Over, 1996; Evans & Stanovich, 2013; Stanovich,
2009, 2011). In this view, Type Il reasoning is thought to be the outcome of a conscious
choice to reflect and analyze, thereby inhibiting or otherwise overriding a tendency to accept
the first solution that comes to mind (Frederick, 2005; Pennycook et al., 2015; Toplak et
al., 2011). Kahneman (2011) argued that intuitive, non-analytic thought is driven by rapid
automatic retrieval of experience-based associations of situations and likely explanations
for them. This view stands in sharp contrast to the perspective that heuristics are often
adaptive and generically useful in everyday life. Stanovich (2011) and Kahneman (2011)
emphasized that reliance on heuristics over formal analysis can be problematic in many
problem solving contexts. Stanovich (2011) in particular has criticized the claim that using
heuristics in decision-making contexts is normatively adaptive. Given that the present study
is not focused on rationality in the actual ecology, but rather, focuses on a cognitive test
designed to lure people into making heuristic errors, this debate about ecological rationality
is probably of little consequence for interpreting the present results. Our focus is instead

on a particular measure that has been argued to capture heuristic versus analytic decision
making and its validity for assessing this tendency in older adults.

To assess the stylistic dimension of Type | versus Type Il reasoning, Frederick (2005)
created a short 3-item instrument, the Cognitive Refection Test (CRT). Couched as a
quantitative reasoning test, it presents problems that are structured so that a quick and
superficial analysis of the problem suggests an incorrect solution. Consider the CRT’s first
(and most widely cited) item: “A bat and a ball cost $1.10 in total. The bat costs a dollar
more than that ball. How much does the ball cost?” If formally represented as an elementary
two-unknowns in two-equations problem (i.e., using algebra to solve the simultaneous
equations: x +y = 1.10; x — y = 1.0), the correct answer is easily derived as 5 cents. But
respondents are lured by the item format to give a response of 10 cents, the observable
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difference in the provided amounts. Indeed, well-educated and numerically proficient people
often mistakenly provide the 10-cent answer; university students choose the heuristic lure
a surprisingly large proportion of the time (Kahneman, 2011). Frederick (2005) argued that
doing so indicated prima facie evidence for a Type | approach to the problem, an argument
that has been supported by additional studies (e.g., Alter et al., 2007; Campitelli & Gerans,
2013; Pennycook et al., 2015; Toplak, West, & Stanovich, 2011) but one that is not without
criticism (see below). Those favoring a Type | — Type Il interpretation of CRT test scores
also point to patterns of CRT correlations with measures of heuristic decision making and
other cognitive style measures, such as the Need for Cognition scale (e.g., Juancich et al.,
2016). Toplak et al (2013) later created a longer 7-item version of the CRT to increase the
sensitivity of the test (see Primi et al., 2015 for an alternative extension).

On its surface, the CRT is a face-valid measure of mathematical or quantitative reasoning.
Carroll (1993), in his taxonomy of human abilities, argued that although quantitative
reasoning was distinguishable from other primary abilities like inductive reasoning, it did
triangulate on a second-order fluid intelligence factor (see also Horn, 1985; McArdle,
Ferrer-Caja, Hamagami, & Woodcock, 2002). Correct answers on the CRT correlate
substantially with traditional measures of working memory and fluid intelligence (e.g.,
Stupple et al. 2013; see the extended treatment of this issue by Stanovich, 2011). Thus
poor performance on the test may indicate low quantitative reasoning aptitude rather than a
tendency to rely on heuristic or Type | thinking; that is, an individual attempting to reason
analytically may lack the algorithmic intelligence (Stanovich, 2011) in the quantitative
reasoning domain to correctly represent and solve the problem. This issue is particularly
germane to the issue of evaluating age differences in CRT performance. Older adults

are known to perform more poorly than younger adults in tests of quantitative reasoning
(Jokela et al., 2010; Salthouse, 1998), and quantitative reasoning has been shown to decline
longitudinally over the adult life span, in tandem with other indicators of fluid intelligence
(McArdle et al., 2002).

The distinction between intuitive Type | responding and low quantitative reasoning also
matters because one of the principal reasons that quantitative reasoning probably diverges
from other types of fluid intelligence is that representing problems in mathematical form
requires a broad set of skills and knowledge subsumed under the construct of numeracy.
Numeracy involves knowledge of simple arithmetic operations and also the ability to
represent verbally-presented quantitative problems in mathematical form. Men and women
tend to score similar in tasks measuring basic numeracy (see Miller & Halpern, 2014)

but there are sex differences favoring males in quantitative reasoning tests such as the
Graduate Record Examination and some intellectual ability batteries (Bleske-Rechek &
Browne, 2014; Keith, Reynolds, Patel, & Ridley, 2008). There is some evidence that men are
better than women in using visuospatial representations of quantitative reasoning test items
presented in a verbal format (e.g., word algebra problems; Boonen et al., 2014), which may
help to explain these sex differences.

Given these distinctions, errors in responding to CRT items do not necessarily reflect the
use of a heuristic problem solving style, but can also arise from a failure in numerical
representation and computation as well as deficient reasoning (e.g. Lag et al., 2013; Liberali
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etal., 2011; Sinayev & Peters, 2015). Some recent research supports the argument that

both intuitive and numerical errors occur during the CRT. These two variables are ipsatively
linked (given the fixed number of total items) and hence must be negatively correlated due to
statistical artifact (Pennycook et al., 2015). Pennycook et al. measured intuitive reasoning in
the CRT by the proportion of total CRT errors that selected the targeted intuitive option, an
approach used in this study as well.

The distinction of different causes for correct and incorrect CRT responses is especially
relevant to conceptualizing adult age differences in CRT performance. Older adults perform
more poorly on reasoning tests in general, and in quantitative reasoning tasks in specific, as
already noted. Therefore, poor CRT performance by older adults without explicit evidence
of an increased rate of heuristic CRT errors should not be taken as evidence of a propensity
toward intuitive responding. To date there have been only a few studies that have evaluated
the CRT in older adults, and they have typically assumed it to be a valid measure of
cognitive rationality from a Type | versus Type Il perspective, using it as a covariate

of rational decision making rather than as a focus in its own right (e.g., Besedes et al.,

2012; Cokely & Kelley, 2009; Finucane & Gullion, 2010). To our knowledge no study has
evaluated age differences in individual item responses on the CRT or evaluated the question
of whether the test behaves similarly in older and younger adults (see Primi et al., 2015,

for a recent item analysis of CRT-items in younger adults). The assumption that the CRT
measures heuristic biases in similar ways across the life span is risky, because there is ample
evidence that some cognitive tests lack age-related measurement equivalence (Labouvie,
1980; e.g., Hertzog, 1989). This is especially likely to be true in a test designed to capture
an embedded aspect of cognitive style while simultaneously assessing a cognitive ability like
quantitative reasoning that is vulnerable to age-related cognitive decline.

The relationship between cognitive reflection as measured by the CRT and judgment
behavior has been found to be, for the most part, weakly related to or even independent

of age (Cokely, Parpart, & Schooler, 2012). Age has also been reported to be weakly but
negatively related to CRT scores (e.g., Finucane & Gullion, 2010). A modest negative
correlation of age and CRT performance seems surprising given (a) widely replicated
findings of robust age differences in formal reasoning tests and (b) the relationship between
general fluid intelligence and the quality of reflective (Type Il) reasoning (Stanovich, 2011).
Small age-related effect sizes for the CRT could support the inference that performance on
the test is predominantly a question of cognitive style, not reasoning ability. For instance,
strong Type | tendencies in younger adults could reduce the magnitude of observed age
differences relative to standardized tests of cognitive reasoning. However, age differences
in numeracy favoring older adults could in principle limit the magnitude of age differences
in the CRT, aside from any bias to engage in intuitive problem solving skills. Older adults
are reported to perform well on some tests of numerical ability, often considered an aspect
of crystallized intelligence (e.g., Schaie, 2013). However, the evidence for this finding is
based on tests that assess low-level arithmetic skills (e.g., multiple-column addition) not
higher-level aspects of numeracy such as the ability to solve algebraic equations. There is
even evidence of cohort differences favoring old adults on elementary arithmetic problems,
possibly reflecting negative transfer from more recently born cohorts’ higher reliance on
technology over mental arithmetic (Schaie, 2013). Cohort differences could also reduce age

Exp Aging Res. Author manuscript; available in PMC 2024 June 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hertzog et al.

Method

Sample

Page 6

differences in CRT performance. On the other hand, Bruine de Bruin et al. (2015) reported
age differences in performance on numeracy tests (including word algebra problems) that
correlated with self-reported need for cognition, suggesting that at least some older adults
are not motivated to maintain or apply numeracy skills in everyday life. However, their
observed correlation of age and numeracy was rather small (r=-.15).

This study compared older and younger adults on the 3-item (Study 1) and 7-item (Study 2)
versions of the CRT. We used an extreme age groups design, comparing university students
with reasonably well educated older adults. Our younger adults were students at a technical
university, so they were all highly capable of solving verbal mathematics problems of the
difficulty level captured by the CRT. However, they were likely, given the literature, to be
susceptible to Type | reasoning biases. We evaluated how their CRT scores compared to that
of older adults.

Although the 7-item CRT should increase the sensitivity of the test because the larger
number of items creates more opportunities to vary. However, it is an open question whether
the new items are as useful as the originals in capturing intuitive errors, and it is currently
unknown how older adults respond to the new items. We considered the 7-item version
particularly important as a vehicle for evaluating the proportion of different types of errors
in older adults, so as to test the argument that older adults are more likely to be lured by the
intuitive response options. Furthermore, the expanded 7-item CRT provides a better basis for
evaluating whether the CRT has equivalent measurement properties in the older and younger
adults. We evaluated the internal consistency of the seven items and the consistency of age
differences in correct responses and different error types.

We also measured the Raven’s Progressive Matrices test to capture inductive reasoning
(fluid intelligence), and to evaluate the magnitude of age differences in CRT performance
relative to the expected substantial age differences in the Raven’s test. In addition, the

test was useful as a correlational benchmark in evaluating both age and gender differences
in CRT performance. To the extent that quantitative reasoning ability influences correct
responses on the CRT, we would expect gender differences in CRT performance, especially
in older adults, but not in the Raven’s test. We used these data to evaluate whether this was
reducible to previously well-known age differences in induction.

The variables evaluated in this study were taken from available data from larger projects
focusing on different research questions. Older adults were paid volunteers recruited

from the larger Atlanta metropolitan area who participated in experiments assessing age
differences in self-regulated learning (see Ariel, Price, & Hertzog, 2015). Young adults
were students enrolled at the Georgia Institute of Technology either participating for pay

as part of a project assessing measures of critical thinking skills (Hertzog, Hale, & Krepps,
2015) or as a young comparison group in the self-regulated learning study. These students’
SAT mathematics scores rank above the 90t percentile in the U.S. and over 90% have
taken advanced placement mathematics classes (http://factbook.gatech.edu/admissions-and-
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enrollment/sat-scores). Study 1 consisted of 50 younger adults (ages 18 to 23, M = 19.48,
38% female) and 40 older adults (ages 60 to 79, M = 69.7). Of these older adults, 63% were
women and 85% had attained at least a Bachelor’s degree. Study 2 consisted of 170 younger
adults (ages 17 to 35, M = 20.32, 60% female) and 74 older adults (ages 61 to 80, M = 69.7;
58% women; 65% held a Bachelor’s degree).

Cognitive Reflection Test.—The original Cognitive Reflection Test (CRT; Frederick,
2005) uses three questions to elicit a Type | or Type Il response. All of the questions have an
intuitive, easily activated, yet incorrect answer and a correct response that can be reached by
analytic processing. Higher scores on the test indicate successful engagement in quantitative
reasoning. Toplak, West, and Stanovich (2013) added four additional items to a revised CRT,
keeping the original 3 items but appending the new items to the end of the test. Older

adults in Study 1 were given the three-item version while younger adults were given the
seven-item version. We compared the two groups on the three-item versions, which were
identical in order of item administration. In Study 2, all older and younger adults were given
the seven-item CRT. All CRTs were administered on a personal computer using LiveCode
software (version 7.06; Livecode LTD., 2015). Individuals entered a numeric answer to each
question (except the 7t item, which uses a 3-option multiple choice format). Individuals
were allowed to skip items rather than being required to enter an answer.

The CRT is scored as the number of correct (Type 1) responses. One can also compute

the number of intuitive (Type 1) CRT errors, numerical errors, and omitted responses (see
also Liberali et al., 2011; Sinayev & Peters, 2015). Numeric errors are defined as explicitly
provided numbers that are not either correct or the heuristic (Type I) alternative. Omitted are
skipped items of unknown origin, although it is reasonable to assume they are often if not
always implicit failures to convert the word problem to a numerical representation or some
kind of low-confidence calculation error that leads to a decision to skip the item. These four
CRT scoring categories are ipsative, in the sense that there is a linear dependency among
them (Pennycook et al., 2015). Good performance on the CRT inevitably reduces the raw
number of errors of any type that are committed. To address this problem we computed
three proportional error scores: proportion of total errors that are: (a) intuitive errors, (b)
numeric calculation errors, and (c) omitted responses (i.e., with each type of error divided
by the total number of errors). These measures of relative error rates are in theory less
dependent on the quality of problem solving, as indexed by the number of correct CRT item
responses. Given concerns about the stability of the estimated error proportions for the short
original 3-item CRT, in Study 1 we focused only on the number of correct CRT responses
and the proportion of intuitive errors. For Study 2 using the 7-item CRT we report all three
relative error measures, but of course these three error scores are also not independent of one
another, so our focus is on the proportion of intuitive and numeracy errors.

The LiveCode program saved all keystrokes. We counted as correct instances where
individuals entered an error but then attempted to correct it (e.g., by re-entering an answer or
using the backspace key), and also counted as correct responses the relatively rare instances
where individuals made an obvious scaling error, such as responding *.05” instead of 5
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(cents) on the first problem. All other explicit numeric responses other than the correct
answer or the heuristic foil were classified as numeracy errors.

Raven’s Progressive Matrices.—A computerized version of Raven’s Progressive
Matrices (RPM; Raven & Court, 1998) was administered to assess nonverbal fluid
intelligence. The task consisted of 18 items ordered ascending in their normative difficulty,
adapted from Stanovich and Cunningham (1993). On each trial, a 3 x 3 array was presented.
It consisted of eight geometric figures with a missing ninth figure presented in the bottom
right-hand position of the array. Participants could choose from eight potential figures
positioned below the 3 x 3 array to complete the pattern. Participants had 12 minutes to
complete this task. Performance on Raven’s Progressive Matrices was computed as the sum
of correctly answered items.

Internal consistency.—Table 1 reports the correlations of item responses on the 3-item
CRT for younger and older adults. Estimates of internal consistency (Cronbach’s alpha)
were .56 for younger adults and .68 for older adults. The moderate level of internal
consistency could reflect a lack of homogeneity among items, but it could be affected by the
small number of items. There was no indication here of particular problems with the CRT
for older adults.

Age differences in CRT performance.—Table 2 reports the means and standard
deviations for the 3-item CRT test and RPM for both age groups. There were reliable age
differences in both measures, with younger adults achieving higher scores on both the CRT,
#(81) = 2.03, p= .05, Cohen’s [1988] d= 0.45, and the RPM, £67.431) = 8.38, p<.01, d=
1.79. Clearly the effect size was substantially larger on the test of inductive reasoning. There
were no gender differences in RPM scores, F< 1, d=0.04. There were significant gender
differences in CRT scores, A1,79) =5.12, p< .02, d=0.50, with males attaining higher
mean CRT scores (Mpgale = 1.22, SE = 0.16; Mgegmale =- 70, SE = 0.16). The interaction
between age and gender was not significant, F< 1.

The CRT and RPM correlated similarly in younger adults (r= .32, p<.04) and older adults
(r=.39, p<.01), and the group difference was not reliable when tested after a Fisher’s r-to-z
transformation (p < .73). Age differences in CRT correct responses were not significant
when controlling on the RPM, A1,75) = 1.77, p< .19.

The mean proportion of intuitive errors was reliably higher in older adults (see Table 2),
#(64.096) = 2.99, p <.04, d=-0.70. The correlation between proportion of intuitive errors
and RPM was not significant in either group (Ayoung = =33, p = .06; 114 = —.06, p=.71).
There was no effect of gender on proportion of intuitive errors, £ < 1. Age differences in
the proportion of intuitive errors when controlling on RPM were also not significant, F< 1.
Given the limited opportunity for scores to vary in the 3-item test, we did not focus on the
other error scores in Study 1.
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Table 2 shows the proportion of correct responses on all 3 CRT items, as well as the
proportion of different error types for both older adult and younger adult groups. Given the
limited number of items we offer these data for descriptive purposes only. Older adults were
relatively more prone to the intuitive errors on the first and third items; indeed, all errors for
older adults on the first item were intuitive errors.

Internal consistency.—Given the availability of 7 items for the expanded CRT, we
computed a scale analysis separately for both groups using the binary outcome (correct
versus incorrect). The results were surprising. Estimated internal consistency (Cronbach’s
alpha) was .66 for younger adults (comparable to Study 1). However, estimated alpha was
only .35 for the older adults. Table 3 reports the inter-item correlations correlations that
help explain the age differences in internal consistency. The older adults actually generated
near zero correlations among several of the items. Checking the cross-tabulation of item
responses revealed very limited consistency; for instance, literally no older adult in Study
2 solved both Item 1 and Item 2 correctly. Older adults’ errors were also heterogeneous in
nature. Table 4 provides the proportion of types of errors made in each of the seven CRT
questions for both older adult and younger adult groups. Age differences in intuitive (Type I)
response errors varied substantially across the items. As in Study 1, older adults were more
likely to provide the designated intuitive error on Item 1, but were actually less likely than
younger adults to make intuitive errors on several other items.

Age difference in CRT scale scores.—Although the internal consistency measures
indicate potential issues with the aggregate scale scores for older adults, we proceeded with
their analysis. Table 2 reports the means and standard deviations of the correct scores and
proportion error scores for the 7-item version of the CRT. Age differences in CRT correct
responses favoring younger adults were considerably larger in Study 2, {201) = -8.400,
p<.001, d=-1.30. There was also a gender difference in correct CRT scores favoring
males, A1,192) = 11.99, p<.001 d= 0.50 (M31e=1.95, SE=.16: Mfemale=1.15, SE=.16).
The interaction between age and gender was not significant, /1,192) = 1.10, p=.30.
Older adults had slightly higher raw numbers of intuitive errors, but younger adults actually
had a higher proportion of their errors based on the intuitive response that did not achieve
statistical significance, ~(1,188) = 3.14, p=.08, d=-0.31. As in Study 1, there were no
reliable gender differences in proportion of intuitive errors, F< 1.

Given the ipsative nature of the proportional error scores, the complementary proportion
indicates that older adults were reliably higher in the combined proportion of numerical
errors and omitted responses (.54 vs .46). As can be seen in Table 2, both groups had
similar proportions of their errors associated with explicit wrong numerical answers. Hence
older adults showed a higher proportion of omitted responses. There was no reliable gender
difference in the proportion of calculation errors, A1,188) = 2.17, p= .14.

Younger adults also had reliably higher RPM scores, {197) = -15.61, p<.001, d=-2.33.
As in Study 1, there were no gender differences in RPM, F(1, 189) =1.24, p= .27, d=
0.11. As in Study 1, older adults had somewhat higher correlations of CRT correct scores
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with RPM scores (7gjg = -36 Versus ryoung = -30) but the difference was not statistically
significant, p < .60. Table 5 shows the correlations between CRT scores, proportion of CRT
errors, the RPM, and scores on the Advanced Vocabulary test (older adults) or the Shipley
Vocabulary test (younger adults). Controlling on RPM did not eliminate age differences in
CRT correct scores, A1, 185) = 8.39, p< .004, in contrast to Study 1. As noted earlier, there
were no reliable age differences in the proportion of intuitive errors, and this did not change
when covarying for RPM, A1, 181) = 1.37, p=.25.

Discussion

The present results provide limited support for the hypothesis that older adults have a greater
disposition or cognitive style of engaging in Type | reasoning compared to younger adults.
Certainly there were robust age differences in CRT correct responses, probably indicating
age differences in effectiveness of Type Il reasoning in numerical problem solving. Both age
groups showed reliable sex differences favoring males on the CRT but no sex differences

in RPM performance. Both of these patterns is consistent with the literature on gender
differences in quantitative reasoning and induction, respectively. Likewise, the positive
correlations of CRT with RPM in both age groups is consistent with the claim that the

test measure fluid intelligence at both ages. Given this evidence, we suggest there are

age differences in analytical reasoning as measured by the CRT, consistent with the larger
literature on aging and intellectual abilities (e.g., Salthouse, 1992).

Based on the emerging literature on the CRT and cognitive style in younger populations, age
differences in CRT performance might generically be attributed to greater tendency towards
Type | reasoning in older adults. Whether this inference would be valid is still an open
question.

The CRT generated poor internal consistency in older adults in Study 2, and the items

varied substantially in terms of age differences in generating the Type I intuitive errors.
Consider the relative proportion of intuitive errors as an indicator of a Type | (heuristic)
reasoning style. Study 1, with the smaller sample and the original 3-item version of the CRT,
produced greater relative intuitive error rates in older adults, consistent with the hypothesis.
However, Study 2, with the larger sample and the extended 7-item CRT, did not. Some of
the new Toplak et al. (2013) items appear to produce more numeracy errors than intuitive
errors when we inspected individual item distributions. However, the divergent Study 2
outcome was not merely due to the addition of four items in the extended CRT; when we
restricted the Study 2 analysis to the original three CRT items we obtained similar disparities
regarding CRT performance by older adults. The disparity in patterns of age differences in
proportion of intuitive errors across the 7-item CRT in Study 2 also argues against a simple
account of older adults showing greater Type | reasoning biases on the CRT. We would not
rule out the possibility that there are other intuitively-grounded response options besides the
answer anticipated by the CRT designers, which might suggest that some of the numeric
answers derive from heuristics, not failed attempts at numerical representation. Nevertheless,
the available data do not compel us to conclude that older adults are more likely to make the
expected Type | reasoning error on CRT items.
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It is interesting, then, that older adults were recently found to be less likely to self-report
using intuitive or experientially-based decision making styles in everyday life (Delaney
et al., 2015) -- consistent with the Study 2 outcomes, but in contrast to other self-report
measures on experiential problem solving styles (e.g., Horhota et al., 2012).

Study 2 results also did not strongly support the argument that older adults’ lower
performance can be attributed to a greater tendency for numeracy-based errors, which
represented a rival potential explanation for age differences in the CRT (e.g., Bruine de
Bruin et al., 2015; Sinayev & Peters, 2015). That is, older and younger adults did not differ
in the proportion of errors based on providing explicitly incorrect numerical responses. The
largest age difference in relative error rates was found for omitted responses (skipped items).
Certainly skipped items could be due to some form of numeracy problem, such as a failure
to achieve an initial numerical problem representation. If so, the age difference in omitted
responses could indicate an underlying issue with numeracy. But there are other potential
explanations for older adults skipping more items. That behavior could indicate a form of
conservative metacognitive control (Hertzog, 2016) operating in the CRT test environment.
Older adults could be more loathe to volunteer responses to items when they are unsure
about the accuracy of a candidate answer (but for an opposite tendency for episodic memory
tests, see Pansky et al., 2009). We regard the numeracy hypothesis as the more likely account
of item skipping in the CRT. However, the case is far from closed.

We argue that the CRT does measure Type | reasoning biases in the younger adults in our
sample, because in principle all younger adults who are enrolled at a technical institute
have adequate numerical problem solving skills to solve the relatively easy CRT items if
motivated to engage Type Il reasoning skills. Clearly they did not — young adults” mean
performance on the CRT in Study 1 was 1.19 out of 3 items correct and in Study 2 was just
2.5 items correct out of 7 total items, which is truly mediocre numerical problem solving
performance. Performance on the more widely-used 3-item version of the CRT in Study

1 is comparable to scores seen from other selective universities including Massachusetts
Institute of Technology, Princeton University, and University of Michigan: Ann Arbor with
mean scores of 2.18, 1.63, and 1.18, respectively (Frederick, 2005). Students assessed at
Purdue University on the longer 7-item version achieved M = 2.83 correct (Ariel, personal
communication, December 15, 2015). Younger adults also showed reliably higher relative
rates of intuitive errors in Study 2 than generated by our older sample. It is highly plausible,
then, that the pattern of behavior in our younger samples reflects Type | reasoning bias in the
absence of a strong motivation for analytic thinking.

Is this true of our older adults as well? Our older samples were also well educated, on
average, although there could well be group differences in numeracy due to the use of
Georgia Tech students as a young comparison sample. Certainly older adults are less likely
to be solving verbal mathematics problems in everyday life, relative to a student at a
technical university. Given the fact that older adults in Study 2 had somewhat lower RPM
scores and were somewhat less likely to have a college degree, we also compared high and
lower education older adults in Sample 2 to each other (and younger adults) and found no
major differences in outcomes. For instance, the education difference in explicit calculation
errors in the two older groups was only .02, and both groups of older adults were equivalent
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in the proportion of errors that were omitted responses. Differences in education may play a
role, but a viable account of the pattern of results is that older adults’ lower performance is
more likely about cognitive decline affecting Type Il reasoning than it is a dispositional bias
toward Type | reasoning per se.

Taken together, then, these results are fully consistent with age differences in the quality

of quantitative reasoning, as has been reported in other studies assessing this construct.
This type of analytic (Type 1) reasoning is needed to perform well on the CRT. However,
the data are ambiguous about whether age differences are also due to a disposition to a
heuristically guided, superficial problem analysis (Type | reasoning), greater issues with
numeracy in older adults, or other factors. Future research should more carefully evaluate
the process by which older adults initially represent and solve CRT items using think-aloud
or other strategy assessment techniques (e.g., Cokely & Kelley, 2009; Sinayev & Peters,
2015) to determine whether age differences in cognitive style are truly implicated in the
observed age differences in CRT test performance. Such research would also benefit from
administering an independent measure of numeracy skills relevant for the CRT (e.g., Cokely
et al., 2012; Sinayev & Peters, 2015) so that numeracy contributions to older adults’

CRT can be statistically evaluated. For now, we caution gerontologists using the CRT not
to axiomatically assume that they are measuring older adults’ dispositional bias towards
heuristic over analytic thinking when doing so.
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Table 1.
Mean Proportion Correct for each CRT Item and Item Correlations for Young Adults and Old Adults, Study 1.

My M, CRT1 CRT2 CRT3

CRT1 .40 .20 - .22 A8
CRT2 26 .30 .29 - .56
CRT3 53 .23 .18 44 -

Note. Young adult item correlations below diagonal; older adult item correlations above diagonal
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Mean and Standard Deviations of Cognitive Reflection Test Scores and Raven’s Progressive Matrices for

Young and Old Adults in Study 1 and Study 2.

Young Old

M SD M SD

Study 1 (3 items)
CRT Correct 119 105 0.68 0.92
Intuitive Errors 114 110 1.90 1.03
Proportion Intuitive .59 .38 078 0.31
RPM 874 350 375 184

Study 2 (7 items)
CRT Correct 253 193 059 .870
Intuitive Errors 240 160 296 147
Calculation Errors 98 103 156 1.15
Skipped Items 109 106 189 122
Proportion Intuitive .54 .29 .46 22
Proportion Calculation .22 .23 .25 .18
RPM 924 297 325 210

Note. Mean = mean, SD = standard deviation, CRT correct= raw number of CRT items answered correctly, FPM = Raven’s Progressive Matrices,
Intuitive Errors = raw number of CRT items answered with the “intuitive” response, Skipped Items = raw number of omitted answers, Proportion

Intuitive = proportion of total errors with designated intuitive response, and Proportion Calculation = proportion of total errors with explicit

incorrect numeric responses.
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Table 3.

Proportion of Correct Item Responses and Corrected Proportion of Error Scores (Relative to Total Number of
Errors) for Each CRT Item in Study 1 for Young and Old Adults

Item 1 Item 2 Item 3
Error Type Young Old Young OIld Young Old
Correct .40 .20 .26 .30 .53 .23
Intuitive Errors .65 1.00 75 .68 40 .81

Calculation Errors 27 .00 .16 .32 15 .16
Skip .08 .00 .09 .00 45 .03
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Mean Proportion Correct for each CRT Item and Item Correlations for Young Adults and Old Adults, Study 2.

My Mo CRT1 CRT2 CRT3 CRT4 CRT5 CRT6 CRT7

CRT1 34 .03 - -.03 17 -.19 .29 -.07 17
CRT2 26 .04 .28 - A1 -.02 -.05 -.08 A1
CRT3 48 .14 41 .25 - -.05 19 .05 .36
CRT4 35 .01 22 .26 .37 - -.03 -.05 .05
CRT5 34 .06 21 12 .27 .29 - -11 .34
CRT6 39 .14 .10 -.05 .07 17 13 - .05
CRT7 38 .14 14 .26 .22 .36 .32 .20 -

Note. Young adult item correlations below diagonal; older adult item correlations above diagonal
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