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The current study focused on the degree to which decision context (deliberative vs. affective) differen-
tially impacted the use of available information about uncertainty (i.e., probability, positive and negative
outcome magnitudes, expected value, and variance/risk) when older adults were faced with decisions
under risk. In addition, we examined whether individual differences in general mental ability and
executive function moderated the associations between age and information use. Participants (N � 96)
completed a neuropsychological assessment and the hot (affective) and cold (deliberative) versions of an
explicit risk task. Our results did not find a significant Age � Hot/Cold Condition interaction on overall
risk-taking. However, we found that older adults were less likely to use the full decision information
available regardless of the decision context. This finding suggested more global age differences in
information use. Moreover, older adults were less likely to make expected-value sensitive decisions,
regardless of the hot/cold context. Finally, we found that low performance on measures of executive
functioning, but not general mental ability, appears to be a risk factor for lower information use. This
pattern appears in middle age and progressively becomes stronger in older age. The current work
provides evidence that common underlying decision processes may operate in risk tasks deemed either
affective or deliberative. It further suggests that underlying mechanisms such as information use may be
paramount, relative to differences in the affective context. Additionally, individual differences in
neuropsychological function may act as a moderator in the tendency to use available information across
affective context.
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Older adults encounter unique decisions that involve uncertain,
or risky, outcomes that may affect both their own health and
well-being, as well as that of others. For instance, compared to
their younger counterparts, older adults may be more likely to face
decisions about undergoing medical procedures (e.g., surgeries,
medications with side effects), moving into assisted care facilities,
and spending retirement funds. Decisions like these require weigh-
ing potential gains and losses, and the probabilities that they occur,

for each choice option available. Moreover, these decisions may
vary in their affective context, leading an individual to choose
when in a “hot” versus “cold” state. With an ever-increasing
elderly population—in the United States alone the number of
adults over the age of 65 in 2050 is projected to be double that
observed in 2012 (Ortman, Velkoff, & Hogan, 2014)—it is im-
portant to characterize how cognitive aging may affect decision
processes.
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To date, research findings have been mixed with respect to how
aging impacts risky decision making processes. In one regard,
self-reported risk-taking appears to decline over the life span
(Josef et al., 2016; Mamerow, Frey, & Mata, 2016; Rolison,
Hanoch, Wood, & Liu, 2014), seemingly confirming the stereo-
type of a risk-averse older adult (Okun, 1976). In contrast, for
laboratory-based decision tasks that are designed to show differ-
ences in risky decision making processes, the results become much
more varied, ranging from increased risk aversion to increased risk
seeking for older adults (Brand & Markowitsch, 2010; Mata, Josef,
Samanez-Larkin, & Hertwig, 2011; Peters, Dieckmann, & Weller,
2011; Samanez-Larkin & Knutson, 2015; Strough, Karns, &
Schlosnagle, 2011; Yoon, Cole, & Lee, 2009; Tymula, Rosenberg
Belmaker, Ruderman, Glimcher, & Levy, 2013; Weller, Levin, &
Denburg, 2011). These heterogeneous results suggest that impor-
tant contextual moderators may influence the degree to which age
differences in risky decision making are manifest.

Notably, laboratory tasks are more specific to particular decision
making processes than the complex range of factors that may
influence real-life decision making. However, by examining how
individuals attend to and use information for a given decision
across different contexts, researchers can gain insights into how
individuals may approach more complex choices that share similar
characteristics. For instance, any decision with choice options that
may involve weighing potential gains and losses, and the proba-
bilities that they occur, would assumedly benefit from comparing
the expected value (EV) of the choice options available. According
to normative theories of rationality, such as expected utility theory
(von Neumann & Morgenstern, 1947), advantageous decision
making under risk hinges upon several factors, including the
tendency to conduct an appropriate search for relevant information
and accurately valuing possible outcome magnitudes related to
potential gains, losses, and the likelihood that they occur. Integrat-
ing gain, loss, and probability information in a multiplicative,
rather than additive, manner forms the basis of EV; consistently
choosing an option with the most favorable EV tends to lead to
outcomes that are more favorable over the long-run.

Older adults appear to be less sensitive to differences in EV
among various choice options than younger adults (e.g., Brand &
Markowitsch, 2010; Brand & Schiebener, 2013; Deakin, Aitken,
Robbins, & Sahakian, 2004). Past work shows that the tendency to
make EV-consistent choices, both for risks that involve potential
gains and risks that involve potential losses, follows an inverted
U-shaped pattern across the life span, increasing from childhood
until middle adulthood and declining after 65 years of age (Weller
et al., 2011). The observed differences in EV sensitivity for older
adults may, in part, be due to declines in deliberative cognitive
processes that are particularly susceptible to aging in general
(Salthouse, 2004). Research has demonstrated substantial age-
related differences on neuropsychological tasks designed to recruit
cognitive processes associated with deliberative reasoning, such as
fluid intelligence, processing speed, working memory, and exec-
utive functioning (Li, Baldassi, Johnson, & Weber, 2013; Salt-
house, 2004, 2010; Zacks, Hasher, & Li, 2000). These cognitive
processes appear to decline linearly across adulthood and have
been implicated in the ability to make decisions that are more
advantageous (Henninger, Madden, & Huettel, 2010; Li et al.,
2004; Samanez-Larkin & Knutson, 2015). The declines observed
in older adulthood are often considered to be associated with

age-related cognitive declines of the prefrontal cortex, particularly
the lateral areas of the prefrontal cortex (Brown & Park, 2003;
Grady, 2000; Kennedy & Raz, 2009; MacPherson, Phillips, &
Della Sala, 2002; Raz et al., 2005).

These results may also correspond with age differences in
decision strategies when faced with risky choices. Consistent with
the robustly reported declines in cognitive processes, older adults
tend to perform more poorly than younger adults on tasks that
involve effective information search, utilizing information integra-
tion strategies, or holding previously encountered information in
working memory. For instance, older adults may default to asso-
ciative, noncompensatory decision strategies that are simpler
(Johnson & Drungle, 2000; Queen, Hess, Ennis, Dowd, & Grühn,
2012), and may even actively avoid obtaining additional informa-
tion that could be relevant to the choice at hand (Cole & Balasu-
bramanian, 1993; Mata, Wilke, & Czienskowski, 2013). Taken
within the context of risky decision making, an individual could
use a variety of approaches to arrive at a decision. The most
comprehensive, and presumably computationally taxing, would
involve the multiplicative integration of probability, gain and loss
magnitude information (i.e., always choosing the option with more
favorable EV). A less computationally demanding strategy would
be to consider all the pieces of relevant information in an additive
manner. Yet, an even simpler strategy would be to focus on a
subset of information, most likely the most salient information.

In contrast to the aforementioned neurocognitive declines, older
adults may demonstrate a relative preservation of affective pro-
cessing abilities (Hasher & Zacks, 1984; Novak & Mather, 2007;
Peters & Bruine de Bruin, 2012; Peters, Hess, Västfjäll, & Auman,
2007; Queen & Hess, 2010; Strough et al., 2011). In some cases,
older adults rely more heavily on affective information, compared
to younger adults (Blanchard-Fields, 2007; Fung & Carstensen,
2003). It is important to note that affective decision making strat-
egies may sometimes be advantageous, allowing older adults to
better use past experiences and wisdom to guide decisions, or to
only selectively engage effortful processes when it is most relevant
to them (Hess, 2014; Queen et al., 2012).

The broader literature demonstrating asymmetries in delibera-
tive versus affective processing abilities suggests that age-related
declines in information use (e.g., EV) will be attenuated as deci-
sions become more experienced-based versus more descriptive
(Huang, Wood, Berger, & Hanoch, 2013, 2015). This might espe-
cially be the case when choice options are limited, minimizing the
need for information search processes (Frey, Mata, & Hertwig,
2015; Mata & Nunes, 2010). Further, decrements in description-
based decision making quality may be further compromised by
age-related declines in neurocognitive abilities related to executive
function. Henninger et al. (2010) reported that tests of processing
speed, a component of broader executive functioning, was associ-
ated with suboptimal decision making on the Cambridge Gambling
Task (Rogers et al., 1999), but to a lesser degree on Balloon
Analogue Risk Task (BART; Lejuez et al., 2002) and the Iowa
Gambling Task (IGT; Bechara, Damasio, Damasio, & Anderson,
1994).

Though these effects suggest potential differences between tasks
that more heavily weight deliberative versus affective processing,
it is important to note that the decision structure of different
risky-decision making tasks are often quite different. These dif-
ferences can lead to divergences in decision preferences across
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task. For instance, with the presumably more affective/experiential
tasks like the BART and IGT, older adults demonstrate different
patterns of risk preference (risk avoidance in the former and
greater risk taking in the latter; Mata et al., 2011). Thus, it is
desirable to strive for similar decision architectures across the
decision context. In an effort to quantify behavioral differences in
risky decision making as a function of affective versus deliberative
context, holding the presented trial information constant, Figner
and colleagues (Figner & Voelki, 2004; Figner, Mackinlay, Wilk-
ening, & Weber, 2009) developed the Columbia Card Task (CCT).

With the CCT-Hot, a decision-maker faces risky choices that
involve incremental, stepwise decisions; with each card that is
turned over, the probability of turning over a losing card becomes
greater. As each trial progresses, the decision-maker must choose
whether to continue turning over cards, or to stop and collect the
amount won. In contrast, for the CCT-Cold, the decision-maker is
asked to select how many cards they want to turn over if they were
to make sequential choices, instead of selecting cards one-by-one
as in the CCT-Hot. Because of these differences, the CCT-Hot has
been found to be associated with greater emotional arousal, in-
dexed by both self-report and skin conductance responses (e.g.,
Figner et al., 2009; Huang et al., 2013).

In the only study, to our knowledge, to examine adult age
differences in information use with respect to the CCT, Huang,
Wood, Berger, and Hanoch (2015) found that younger adults
appeared to adjust their decisions more readily in response to
changes in probability of losses, gain amounts, and loss amounts,
across trials, suggestive of increased deliberative processing. How-
ever, this study used a “warm” version of the task, which attenu-
ates the affective qualities of the original “hot” version by not
providing immediate trial feedback for choices. Moreover, the
“cold” version was not assessed, leaving the degree to which age
differences in risk taking and information use arise in more diverse
decision contexts, as well as the degree to which neurocognitive
variables are associated with information use open for further
investigation. Further, although this study provided unique insights
into older adults’ decision processes, it operationalized informa-
tion use as an additive construct (i.e., the sum of significant main
effects from individual-level regression analysis; Huang et al.,
2015). Although informative as a coarse indicator of sensitivity to
change in contextual decision variables, this metric not only pre-
cludes a more fine-grained analysis of age differences in changes
in the “decision primitives” (i.e., probability of loss, loss and gain
magnitude amounts across trials), but also does not treat informa-
tion integration as a multiplicative process, the latter of which
defines EV.

The current study aimed to extend these findings in three major
ways. First, using a within-subjects, linear mixed-models ap-
proach, we examined the degree to which age-related differences
in risk-taking and information use appeared as a function of the
decision’s affective context. This approach allowed us to test the
degree to which cognitive aging was differentially associated with
specific components of decisions, namely probability level, poten-
tial gain amounts, and potential loss amounts. We predicted that
age-related differences in information use (sensitivity to probabil-
ity level, gain amount, and loss amount) would be smaller in the
CCT-Hot than the CCT-Cold. Second, to examine EV and risk
sensitivity on the CCT, we decomposed CCT decisions using a
risk-return framework to identify how sensitivity to the riskiness of

a choice (outcome variance) and its returns (EV) influenced par-
ticipants’ risk-taking decisions. This risk-return decomposition
framework is a related approach to the one used in the fMRI
version of the CCT (van Duijvenvoorde et al., 2015), but here we
applied it to the regular behavioral CCT and applied it to both the
“hot” and the “cold” CCT (not just the CCT-Hot, as in the fMRI
study). This decomposition approach allowed us to derive an index
of risk sensitivity (i.e., sensitivity to variance) and an index of EV
sensitivity for each participant (see data analytic strategy section
for methodological details and further explanations). We predicted
that older adults would demonstrate lower EV sensitivity, espe-
cially in the CCT-Cold. Finally, we examined the degree to which
executive function and general mental ability moderated the asso-
ciation between age and CCT task performance. We hypothesized
that these measures would demonstrate interactions with CCT
information use, especially for the “cold” version, and with com-
plex information use strategies, such as the integration of proba-
bility and outcome magnitudes, which would be reflected in an EV
sensitivity index. We base this last hypothesis on the assumption
that the integration necessary for making EV-consistent choices
more strongly depends on these neurocognitve variables than
estimating the dispersion of potential outcomes, which would not
involve integration of multiple information sources. In contrast, we
did not make explicit hypotheses for age differences in risk sen-
sitivity because past research has focused mostly on overt risk
taking rather than on how individuals react toward changes in the
outcome variance for a particular choice. Given the heterogeneity
of results in prior risk-taking research (Mata et al., 2011), we
consider age differences in risk sensitivity to be an open research
question.

Method

Participants

Healthy adults who lived independently in the community were
recruited from churches, organizations, and clubs, including a local
senior center. The health of each participant was confirmed via a
semistructured interview that assessed neurological status, current
medications, alcohol/drug consumption, and mood (after Tranel,
Benton, & Olson, 1997). We originally sampled 98 participants.
One older adult reported vision problems and was removed from
the analysis and another only completed one version of the CCT
and was therefore not used. The final dataset included N � 96
(median age � 66.00 years, range � 24–84 years; 59% female).
Participants had an average of 15.93 years of education (SD �
2.56, min � 11 years, max � 20 years). All participants were
compensated $12.50/hr for their participation. The University of
Iowa Institutional Review Board (IRB-01) approved the following
studies relevant to this paper; (a) 200505721 “Economic decision
making” and (b) 200406073 “Effects of Aging on Decision Mak-
ing Behavior.”

Procedure

Participants were asked to complete the “hot” and “cold” ver-
sions of the CCT, as well as tasks assessing basic neurocognitive
functioning including premorbid intellectual ability, mental status
screening, current intellectual functioning, executive functioning,
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and nonverbal anterograde memory. Neurocognitive assessments
were conducted during a separate session. Self-report question-
naires unrelated to the current study separated completion of the
two CCT versions. To maintain a standardized procedure across
subjects, administration of the CCT-Hot always preceded admin-
istration of the CCT-Cold.

CCT. The CCT is a dynamic computer card game that as-
sesses risk-taking levels and information use strategies (Figner &
Voelki, 2004; Figner et al., 2009; Figner & Weber, 2011; van
Duijvenvoorde et al., 2015). In both the hot and cold versions of
the task, participants turn over cards with the objective of earning
points. In each of the 24 rounds, they are told the number of loss
cards (one or three) among the total 32 cards shown, the gain
amount per gain card (10 or 30 points), and the loss amount (250
or 750 points; i.e., the amount of points subtracted from the current
game round score if they turn over a loss card). As long as only
gain cards are turned over, participants can choose to continue and
turn over another card or to terminate the round. If a loss card is
encountered, the loss amount is subtracted from the current game
round score and the current round is over. Each new game round
starts with a score of 0 and participants are told that the goal is to
earn as many points as possible.

The probability of a loss (i.e., the number of loss cards in a game
round) and the outcome magnitudes for gains and losses vary
between rounds according to a full factorial 2 (loss probability: 1
or 3 cards) � 2 (gain magnitude: 10 or 30 points) � 2 (loss
magnitude: �250 or �750 points) design. Both the likelihood of
a loss and the outcome variability increase continuously as more
cards are turned over; thus, turning over more cards is a riskier
strategy than turning over fewer cards. Accordingly, the number of
cards turned over serves as an indicator for participants’ risk-
taking levels. Each version of the CCT consists of 24 trials (three
blocks of each iteration of probability, gain amount, and loss
amount), with trial order randomized within block.

In addition, choices in the CCT were decomposed in two dif-
ferent ways. First, the primitives decomposition analyzes risk
taking as a function of changes for the three CCT information
factors (i.e., probability, gain amount, and loss amount). For each
participant, it is possible to quantify how strongly they adjust the
number of cards turned over as a function of a change in each of
the three factors. For example, a participant who is very sensitive
to changes in gain amounts might consistently turn over more
cards in game rounds in which the gain amount is 30 points,
compared to game rounds in which the gain amount is 10 points.
Researchers have previously used repeated-measures analysis of
variance (ANOVA) approaches for this decomposition approach
(Figner & Voelki, 2004; Figner et al., 2009), and also have
summed up the number of factors taken into account by each
participant in an aggregated “information use” index, which sums
the tendency to adjust one’s decision to contextual factors (i.e.,
Huang et al., 2015). More recently, linear-mixed effects model
analyses have been used to provide a more refined, but similar,
strategy (e.g., Panno, Lauriola, & Figner, 2013; Somerville et al.,
2018).

In addition, we also used a risk-return decomposition (see, e.g.,
Weber, 2010; applied to the fMRI version of the CCT, see van
Duijvenvoorde et al., 2015), which conceptualizes and analyzes
risk taking at the level of the binary decisions to turn over a card
versus to stop as a tradeoff between the expected return (formal-

ized as the EV of the decision to turn over the next card) and the
expected risk (formalized as the variance or the standard deviation
of the decision to turn over the next card). This analysis allows
investigators to test participants’ sensitivity to changes in both the
EV and the risk of turning over another card. Although EV
sensitivity is typically a positive value, risk sensitivity can vary
across individuals from risk averse (i.e., values �0) over risk
neutral to risk seeking (values �0) behavior.

Task-based emotional arousal and self-reported decision
strategies. After each version of the CCT, participants re-
sponded to a series of self-report questionnaire items that assessed
the strategies that they used when completing the task. We were
interested in two specific types of decision processes: more affec-
tive/experiential and intuitive processes versus more deliberative
processes. The items related to affective/experiential decision pro-
cesses were “I mainly followed my feelings when making my
decisions,” “I made my decisions based on intuition,” and “I
solved the card game instinctively/on gut level.” The items related
to deliberative decision processes were “I tried to take all infor-
mation into account and act systematically,” “I tried to solve the
task mathematically,” and “I made my decisions through careful
thinking.” All items were answered on continuous visual analogue
scales with end points marked “doesn’t apply at all” and “strongly
applies.” Cronbach’s alpha values were .80 and .86 for the affec-
tive and deliberative scales, respectively. In this manner, we also
assessed individuals’ perception of task-based emotional arousal
when completing the two CCT versions with the single item, “At
times during the game I felt a thrill.”

Basic neurocognitive functioning. Various neurocognitive mea-
sures were used to characterize the cognitive functioning of the
current sample. To ensure that participants (n � 95) were cognitively
healthy, a mental status screening was conducted with the Mini-
Mental State Examination (MMSE; Folstein, Folstein, & McHugh,
1975). To measure premorbid intellectual ability participants (n � 91)
completed the Wide Range Achievement Test-3 Reading subtest
(WRAT-3; Wilkinson, 1993), a 42-item single-word reading task. We
used the age-corrected standard score for analysis. To assess current
intellectual ability, participants (n � 96) completed the Wechsler
Abbreviated Scale of Intelligence (WASI; Wechsler, 1999). In addi-
tion, participants (n � 94) completed an eight-item measure of nu-
meracy (Lipkus, Samsa, & Rimer, 2001).

Participants also completed various measures of attention, mem-
ory, and executive functioning. All participants (n � 96) com-
pleted the Rey-Osterrieth Complex Figure Test (REY-O; copy and
30-min delay; Rey, 1941; Lezak, 1995) as a measure of visuospa-
tial abilities, memory, and planning during copy and 30-min delay
conditions. The Rey Auditory-Verbal Learning Test (AVLT; Rey,
1964) was administered to all participants (n � 96) as a measure
of ability to encode, consolidate, store, and retrieve verbal infor-
mation (see Schmidt, 1996). Participants (n � 96) also completed
the Trail Making Test (TMT-B), which is a general indicator of
processing speed and switching coordination (which in part com-
prise executive functioning; Reitan, 1958; Tombaugh, 2004). We
used the time(s) needed to complete the TMT-B as a measure of
executive functioning. Individual differences in executive func-
tioning were also assessed (n � 93) by the number of perseverative
errors on the Wisconsin Card Sorting Task (WCST; Heaton, Che-
lune, Tally, Kay, & Curtis, 1993).
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Data reduction of neurocognitive variables. Because we
included several indicators of neurocognitive function, we conducted
a principal components analysis (PCA) on the neurocognitive vari-
ables for the purpose of reducing the number of variables entered in
the omnibus CCT models. Specifically, we focused on those most
commonly related to executive function and general mental ability
(i.e., WCST, Trail Making Test, and AVLT 1–5 performance for exec-
utive function, and Numeracy, WASI Performance IQ, and WASI Verbal
IQ for general mental ability). Prior to these analyses, we conducted a
missing values analysis because three participants did not have WCST
scores and two did not have numeracy scores. Little’s missing com-
pletely at random test was not significant, �2(11) � 9.255, p � .60;
thus, we replaced the missing values with the sample mean for these
cases. We used a varimax rotation, with eigenvalues greater than 1 as
a component retention criterion. A two-component solution accounted
for 61.06% of the variance explained. This solution yielded two
factors that conformed to our expectations. Namely, the PCA recov-
ered a (a) general mental ability dimension (GMA), comprised of
numeracy and the WAIS scores (factor loadings ranged between .72
and .82), and a (b) executive function dimension (EF), a bipolar scale
comprised of WCST Perseverative Errors, TMT-B (both positively
loaded), and AVLT 1–5 (negatively loaded) performance (loadings
ranged from .70 to .79). No variable had a cross-loading � .30.

Data Analytic Strategy

We first conducted correlational analyses to test the associations
between age and the neuropsychological variables. CCT analyses
were conducted using a Bayesian (generalized) linear mixed-
effects model approach using the function brm of the package
brms (Version 2.4.0; Bürkner, 2017, 2018) in R (R Core Team,
2018; see Somerville, Haddara, Sasse, Skwara, Moran, & Figner,
2018, for a similar data analysis approach with the CCT). The
primary omnibus primitives model included the following fixed
effects: A fixed intercept, the condition (hot vs. cold CCT) factor,
age (continuous predictor) the three card game factors (probability,
gain amount, and loss amount), a continuous predictor for block
(indicating the three blocks of eight trials each), the two-way
interactions between condition and task primitives (including
block), the two-way interactions between age and the CCT task
variables, and the three-way interaction terms involving Age,
Condition, and each of the card game factors. All factors were
coded using sum-to-zero contrasts and all continuous predictors
were standardized (i.e., centered and scaled).

We followed Barr, Levy, Scheepers, and Tily’s (2013) advice to
use a maximal random-effects structure: The repeated-measures
nature of the data was accordingly modeled by including a per-
participant random adjustment to the fixed intercept (“random
intercept”), as well as per-participant random adjustments to all
within-subject predictors (namely hot/cold, probability, gain, loss,
block, and the three two-way interactions between hot/cold and
each of the 4 card game factors). In addition, we included all
possible random covariance terms among the random effects.
Finally, in the hot (but not the cold) CCT, game rounds can be
“censored,” that is, when a participant is stopped involuntarily
from turning over another card because they turned over a loss
card. The brm function can model this by specifying which game
rounds were censored and which were not, thus accounting for the
fact that on these hot CCT game rounds the participant might have

turned over more cards if they had not been stopped from doing so
by turning over a loss card. We used brms’ default weakly infor-
mative priors and deemed a regression coefficient “significant”
when the associated 95% posterior credible interval did not include
0. The models were run using six chains with 4,000 iterations each
(2,000 of which were warmup samples) and were inspected for
convergence of the chains.

For the risk-return decomposition, we first created a new data
frame in which each binary decision to turn over a card or stop
represented a separate row. For example, if a participant turned
over five cards in Game Round 1 and then decided to stop, this
would be represented in the new data frame as six rows of data,
namely five rows in which the participant decided to turn over a
card (coded as 1) and a 6th row in which they decided to stop
(coded as 0). For each such binary decision whether to turn over
another card or stop, we computed the EV (as indicator for the
expected returns) and the standard deviation (as indicator for the
expected risks). We used a Bayesian logistic mixed-effects model
(specifying the family as Bernoulli) with the binary decision to
turn over a card or stop as the dependent variable. The fixed effects
included a fixed intercept and fixed effects for expected returns
(i.e., EV, continuous; see the information for density plots in the
online supplemental material), the expected risks (i.e., the standard
deviation, continuous), task version (hot/cold, categorical), age
(continuous), neurocognitive variables (continuous), and a contin-
uous predictor of no interest (“decision number”) that indicated
whether, in each game round, it was the first, second, third, and so
forth, binary decision. We added this latter predictor to capture
possible decision strategies unrelated to expected returns or risks (see
van Duijvenvoorde et al., 2015, for a similar approach). All categor-
ical predictors were sum-to-zero coded and all continuous predictors
were standardized. To account for the repeated-measures nature of the
data, we included a per-participant random adjustment to the intercept
as well as random slopes for expected returns, expected risks, and the
decision-number predictor; we also estimated all possible random
covariance terms. As in the primitives model, we used brms’ default
weakly informative priors and deemed a regression coefficient “sig-
nificant” when the associated 95% posterior credible interval did not
include 0. The models were run using six chains with 4,000 iterations
each (2000 of which were warmup samples) and were inspected for
convergence of the chains.1

Results

Task-Based Emotional Arousal and Decision Strategies

We conducted a generalized estimating equation analysis to test
the degree to which the different CCT conditions (0 �hot; 1 �
cold) differed in self-reported emotional arousal during the task.
Standard errors were estimated using a robust variance estimator,
and analyses were conducted with an unstructured working corre-
lation matrix. Parameter estimates were achieved using hybrid
maximum likelihood estimation. We also included age as a con-
tinuous predictor. As predicted, individuals reported greater ex-
citement when making choices during the hot than the cold CCT,
Wald’s chi-square � 25.36, p � .001, B � �13.97, SE � 2.77. We

1 All data, scripts, and syntax available upon request.
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also found that the older adults reported overall less excitement on the
CCT, regardless of condition, compared to younger adults, Wald’s
chi-square � 12.61, p � .001, B � �.43, SE � .12. For complete-
ness, we reran the model including an Age � Condition interaction
term, which was not significant, Wald’s chi-square � .30, p � .58.
These results confirm that participants perceived the CCT-Hot to be
more emotionally arousing than the CCT-Cold.

We next tested the degree to which older and younger adults
differed in their self-reported reliance on cold, deliberative and
hot, affective decision strategies for each version of the CCT. To
meet this end, we conducted two separate generalized estimating
equations, regressing reported decision strategies on age and CCT
condition.2 For self-reported use of deliberative strategies, we found
a main effect for condition, Wald’s chi-square � 7.93, p � .005, B �
5.61, SE � 1.99, with greater self-reported reliance on deliberative
strategies in the CCT-Cold than the CCT-Hot. In addition, we found
a main effect for age, Wald’s chi-square � 7.93, p � .005, B � �.27,
SE � .12, with stronger reliance on deliberative strategies for younger
adults, compared to older cohorts.

Self-reported reliance on intuitive decision strategies was stron-
ger in the CCT-Hot than the CCT-Cold (Wald �2 � 5.95, p �
.015, B � �4.92, SE � 2.02). There were no age differences in
self-reported intuitive strategies, Wald’s chi-square � .60, p �
.438, B � .11, SE � .14.

Taken together, these analyses demonstrate several points. First,
participants were more likely to self-report using deliberative strate-
gies for the CCT-Cold than the CCT-Hot. In contrast, they were more
likely to report using intuitive strategies for the CCT-Hot than for the
CCT-Cold. Second, compared to older adults, younger adults reported
greater use of deliberative strategies in the CCT-Cold; however, there
were no age differences for self-reported intuitive strategies for either
the CCT-Hot or the CCT-Cold.

Neurocognitive Characterization of Sample

Table 1 shows the correlations between age and the neurocog-
nitive variables. Notably, participants’ performance on the neuro-

psychological instruments reflected normal, age-appropriate func-
tioning. In terms of gross cognitive functioning, MMSE scores
were close to ceiling (M � 29.22, SD � 1.02). In addition, mean
WRAT scores (M � 109.31, SD � 7.14) and WASI full scale IQ
scores (M � 118.77, SD � 10.98) fell in the average to high
average range of intellectual functioning. Age did not significantly
correlate with either premorbid or current intellectual functioning.
In addition, we did not find a significant correlation between age
and Rey-O copy scores; however, Rey-O delay scores and age
were significantly, and inversely correlated.

As expected, age-related differences emerged on tasks assessing
numeracy, memory, and executive functioning, such that age was
negatively associated with performance on numeracy, the initial
five trials of the AVLT, and the 30-min delay recall portion of the
AVLT. In addition, older age was associated with slower comple-
tion of the TMT-B and increased perseverative errors on the
WCST.

CCT Analysis

Table 2 displays the parameter estimates for the omnibus CCT
mixed-effects models analysis. The main effect for age was not
significant. We found a main effect for task version; thus, partic-
ipants were more likely to turn over more cards on the CCT-Hot
than on the CCT-Cold. In addition, we found main effects for the

2 We first conducted a model including an Age � Condition interaction
term. This model yielded insignificant results for the interactions for both
deliberative and intuitive strategies, Wald �2 � 1.16, p � .28 and Wald
�2 � .98, p � .32, respectively. Given that we conducted these analyses to
serve as a manipulation check, we only report the results from a model
including only the main effects.

Table 1
Correlations Between Age and Neurocognitive Function

Variable rage

Age —
MMSE �.12
Verbal IQ (WASI) .20
Performance IQ (WASI) .01
Full Scale IQ (WASI) .14
Premorbid IQ (WRAT reading) .00
Numeracy �.25�

AVLT (Trials 1–5) �.58��

AVLT (30-min recall) �.54��

Rey-O Copy �.16
Rey-O Recall �.32��

TMT-B (s) .56��

WCST (perseverative errors) .34��

Note. MMSE � Mini-Mental State Examination; WASI � Wechsler
Abbreviated Scale of Intelligence; WRAT � Wide Range Achievement
Test; AVLT � Rey Auditory-Verbal Learning Test; Rey-O � Rey-
Osterrieth Complex Figure; TMT-B � Trail Making Test-B; WCST �
Wisconsin Card Sorting Task.
� p � .05. �� p � .01.

Table 2
Linear Mixed Models Analysis for Columbia Card
Task Performance

Fixed effects
Parameter
estimate SE

95% credible
interval

Low High

(Intercept) 12.92 .59 11.78 14.03
Age �.41 .57 �1.52 .71
Condition (hot/cold) �1.79� .30 �2.38 �1.21
Probability 2.20� .18 1.84 2.56
Gain .09 .11 �.13 .30
Loss 1.08� .15 .77 1.39
Block �.43� .11 �.65 �.21
Age � Condition .17 .29 �.39 .74
Probability � Condition �.42� .12 .18 .65
Gain � Condition .35� .08 .19 .52
Loss � Condition .31� .10 .11 .51
Block � Condition .15 .11 �.06 .35
Probability � Age �.39� .18 �.72 �.05
Gain � Age �.42� .11 �.64 �.20
Loss � Age �.93� .16 �1.24 �.63
Block � Age .48� .11 .26 .70
Probability � Condition � Age .12 .12 �.11 .35
Gain � Condition � Age �.01 .08 �.17 .15
Loss � Condition � Age �.03 .10 �.23 .16
Block � Condition � Age �.13 .10 �.34 .08

� Indicates significance based on the 95% posterior credible intervals for
the obtained parameter estimate.
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probability and loss magnitude CCT primitive factors. Participants
selected more cards when (a) one loss card was present (compared
to three loss cards), and (b) when the loss amount was 250
(compared to 750) points. We also observed a main effect for trial
block, indicating that, as the tasks progressed, individuals turned
over fewer cards, on average. As they learn to reduce this number,
they typically will earn more points.

These effects were conditional on several interaction effects. We
found significant two-way interactions at the task level. Specifi-
cally, CCT condition interacted with probability, loss magnitude,

and gain magnitude, with each effect suggesting greater informa-
tion use in the Cold version. Central to our study, we also observed
significant two-way interactions between age and the task charac-
teristics, holding other variables constant. Overall, older adults
were less sensitive to changes in number of loss cards from 1 to 3
(i.e., probability level; Figure 1, Panel A), loss amount from
250–750 (Panel B), and gain magnitude from 10 to 30 (Panel C).
Contrary to our hypothesis, we did not observe a significant Age �
CCT Condition interaction, nor did we observe significant three-
way interactions.

Figure 1. Mixed model analysis results: Age � Task Primitives. Age moderates the effects of task primitives
on risk taking. Figure 1 shows the interaction effects of Age � Probability Level (A), Age � Loss Magnitude
(B), and Age � Gain Magnitude (C). The x-axes show the standardized age of participants. The minimum
(maximum) age in the sample was 24 (84) years, corresponding to a standardized value of approximately �2.36
(1.33). Accordingly, the x-axis labels of �2, �1, 0, and 1 correspond to untransformed ages of approximately
20, 46, 62, and 79 years of age. Error bars reflect 95% credibility intervals. See the online article for the color
version of this figure.
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To test the degree to which neurocognitive functioning moder-
ated the effect of age, we next ran the same mixed-model analysis
this time including the two PCA-derived neurocognitive variables.
This analysis was identical to the prior analysis, with the exception
that we included the main effects for the GMA and EF factors,
two-way interactions between these variables and (a) age and (b)
the CCT task variables (condition, probability, gain magnitude,
loss magnitude, block). We also included three-way interactions
for (a) Condition � GMA/EF � Probability/Gain/Loss/Block, and
(b) Age � GMA/EF � Condition/Probability/Gain/Loss/Block.
Finally, we included four-way interaction terms for Age � GMA/
EF � Condition � Probability/Gain/Loss/Block. As shown in
Table 3, significant effects at the main effect level did not differ
from the simpler model, with the exception of a main effect for
GMA, in which greater GMA performance was associated with
fewer cards turned over. Additionally, we found a GMA � Gain
Magnitude interaction, in which higher GMA was associated with
greater adjustment in response to shifts in the gain amount across
trials.

With respect to the EF composite, we found significant inter-
actions with (a) loss magnitude, (b) gain magnitude, and (c) trial
block, holding other variables constant, with greater EF being
associated with greater information use and learning to take fewer
risks as the task progressed. However, these interactions were
conditional on two three-way interactions. First, we found a sig-
nificant Age � EF � Loss Magnitude interaction (Figure 2, top).
This figure reveals several trends. First, EF scores appear to more
strongly discriminate risk-taking when a large loss is at stake,
compared to a small loss. However, this pattern was moderated by
age. Specifically, younger adults with lower EF still demonstrated
sensitivity to losses, shown by a shift in risk taking for small versus
large losses (Figure 2A). In contrast, for older adults, individuals
with lower EF did not shift their risk-taking in response to changes
in the loss magnitude (Figure 2C).

Following a similar pattern, we found a significant Age � EF �
Gain Magnitude interaction (Figure 2, Bottom). This pattern was
more modest than that observed with the loss domain, but this was
to be expected considering that gain magnitude information in the
CCT appears to be the least salient piece of contextual information
(e.g., Figner et al., 2009). Nonetheless, we observed that younger
adults adjusted their risk-taking in response to the gain amount,
regardless of their EF level (Figure 2D). In contrast, older adults
demonstrated lower sensitivity to gains, particularly those with low
levels of EF (Figure 2F).

Risk-Return Decomposition Model

We followed these analyses by conducting a generalized linear
mixed models analysis that tested the degree to which age and the
neurocognitive variables interacted with EV and risk sensitivity
parameters to account for variance in risk-taking (see Table 4). For
the main effects at the task level, the EV parameter significantly
predicted overall CCT risk taking; fewer risks were taken as the
EV of a decision became less favorable. GMA was inversely
associated with risk performance overall. Additionally, we found a
GMA � EV, interaction; individuals with higher GMA were more
likely to base their risk taking on the EV of the choice than those
with lower GMA.

Table 3
Linear Mixed Models Analysis for Primitives

Variable Estimate SE

95% CI

Lower
bound

Upper
bound

Intercept 12.60� .76 11.12 14.04
Condition (hot � �1; cold � 1) �1.25� .39 �2.04 �.49
Age �.86� 1.00 �2.86 1.06
GMA �1.13� .56 �2.22 �.01
EF 1.15 .88 �.61 2.88
Probability level 2.30� .24 1.83 2.77
Gain amount �.10 .14 �.36 .16
Loss amount .79� .21 .38 1.19
Block �.35� .15 �.64 �.05
Condition � Age .14 .52 �.87 1.16
Condition � GMA .30 .29 �.28 .88
Condition � EF �.54 .46 �1.46 .36
Age � GMA �.67 .65 �1.92 .61
Age � EF .54 .77 �.98 2.05
Condition � Probability .41� .16 .10 .73
Condition � Gain .34� .11 .13 .56
Condition � Loss .27� .13 .01 .53
Condition � Block .02 .14 �.26 .30
Age � Probability �.69� .32 �1.32 �.04
Age � Gain �.08 .18 �.43 .28
Age � Loss �.38 .28 �.93 .18
Age � Block .22 .20 �.18 .63
GMA � Probability .11 .18 �.24 .46
GMA � Gain .45� .10 .26 .64
GMA � Loss .28 .15 �.03 .57
GMA � Block �.08 .11 �.30 .13
EF � Probability .38 .29 �.18 .95
EF � Gain �.35� .16 �.66 �.04
EF � Loss �.54� .25 �1.02 �.06
EF � Block .38� .18 .03 .73
Condition � Age � GMA .22 .34 �.44 .88
Condition � Age � EF �.85� .40 �1.63 �.06
Condition � Age � Probability .03 .21 �.40 .44
Condition � Age � Gain �.05 .15 �.34 .24
Condition � Age � Loss .20 .18 �.15 .56
Condition � Age � Block .12 .19 �.25 .49
Condition � GMA � Probability �.04 .12 �.27 .19
Condition � GMA � Gain �.12 .08 �.28 .03
Condition � GMA � Loss .05 .10 �.14 .24
Condition � GMA � Block .00 .10 �.20 .20
Condition � EF � Probability .12 .19 �.24 .49
Condition � EF � Gain .06 .13 �.19 .32
Condition � EF � Loss �.34� .15 �.64 �.04
Condition � EF � Block �.31 .16 �.63 .01
Age � GMA � Probability �.20 .21 �.60 .21
Age � GMA � Gain �.18 .11 �.41 .04
Age � GMA � Loss �.16 .18 �.50 .18
Age � GMA � Block �.24 .13 �.49 .01
Age � EF � Probability �.14 .25 �.63 .34
Age � EF � Gain .30� .14 .02 .58
Age � EF � Loss .48� .21 .06 .90
Age � EF � Block �.09 .16 �.41 .21
Condition � Age � GMA � Probability .11 .13 �.15 .37
Condition � Age � GMA � Gain .10 .09 �.08 .28
Condition � Age � GMA � Loss .21 .11 �.01 .42
Condition � Age � GMA � Block .10 .12 �.14 .33
Condition � Age � EF � Probability .02 .16 �.31 .34
Condition � Age � EF � Gain .01 .11 �.22 .23
Condition � Age � EF � Loss .02 .14 �.25 .30
Condition � Age � EF � Block .17 .15 �.12 .46

Note. GMA � general mental ability; EF � executive function.
� Indicates significance based on the 95% posterior credible intervals (CIs)
for the obtained parameter estimate.
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An Age � EV interaction was also found; younger adults
were more likely to use EV when making a choice than older
adults. This interaction was conditional on an observed Age �
EF � EV interaction. Figure 3 illustrates how EF score impact
making choices based on EV as a function of age. Younger
adults, regardless of EF level, tended to turn cards over as a
function of changes in EV (Figure 3A). In contrast, older
participants did not appear to use EV (Figure 3C). Specifically,
for the middle age participants, we observed that individuals
with low EF began to deviate from using EV to guide their
decisions, whereas those with mean- or higher level EF still
appeared to choose based on EV.

Discussion

In this study, we sought to address age differences in how
individuals use information that is presented to them during a risky
decision making task, the degree to which this may differ based on
the affective context of the choice, and the extent to which neu-
rocognitive functioning moderated these effects. Though our initial
hypotheses predicted that older adults may experience difficulties
making choices in “colder,” more deliberative decision contexts
compared to younger adults, our results demonstrate that age
effects may be broader than originally anticipated. Our results
suggest that older adults tend to use only a subset of information

Figure 2. Moderation effects of executive functioning on the association between age and sensitivity to losses
and gains shows the number of cards turned over as a function of both an Age � Executive Function � Loss
Magnitude (Top) and Age � Executive Function � Gain Magnitude (Bottom) interaction. Because age is a
continuous variable, it was split for illustration purposes in three panels (�1 SD, M age, �1 SD) in both parts
of the Figure (A, B, C and D, E, F for the loss and gain magnitude interaction effects, respectively). Error bars
reflect 95% credibility intervals. EF � executive function. See the online article for the color version of this
figure. (Figure continues on next page)
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available when making decisions. This tendency to use only a
subset of information limits the ability to effectively integrate
contextually relevant information which may lead to an EV-
consistent choice. Age-related performance on the CCT appears
overreliant on a noncompensatory decision strategy in which older
adults strive to conserve effort in the face of declining cognitive
resources. This sentiment is echoed by our findings that individual
differences in executive function moderate these associations. Spe-
cifically, low performance on measures of executive functioning
appears to be a risk factor for suboptimal decision making. This
pattern seems to begin in middle age and progressively becomes
stronger in older age.

Consistent with this account, we found that older adults, com-
pared to younger adults, were less likely to adjust their choices
based on shifts in the task primitive values. Notably, we observed
that older adults appeared to primarily adjust their choices based

on probability level, albeit at a more modest degree than younger
adults. In contrast, older adults did not appear to modify their
choices based on gain and loss magnitude information, which were
less salient sources of information in general (i.e., for both younger
and older participants) based on the coefficient magnitudes ob-
tained in the mixed-model analyses. We posit that older and
younger adults alike use probability information as the foundation
of their decision strategy with the CCT, providing an information
satisficing heuristic for “more” or “less” risk (see also Markiewicz
& Kubińska, 2015). Younger adults, however, appear to more
readily consider changes in the loss and gain amounts. The absence
of observed three-way interactions involving CCT condition sug-
gests that these effects are largely independent of a shift in affec-
tive versus deliberative decision context.

The tendency to engage in a noncompensatory decision strategy
such as utilizing a subset of information limits the ability to base

Figure 2. (continued)
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decisions on the EV of the choice options, and more broadly has
the potential to lead to suboptimal choices. Without efficient and
comprehensive processing of the CCT decision primitives, their
integration is not possible; thus, EV might not be effectively used
in older adults. Regardless of task condition, the tendency to adjust
risk-taking decisions according to EV decreases with age. This
point differed from our initial prediction that EV sensitivity would
be diminished only in the context of the CCT-Cold for older adults.
However, the observed global age-related differences in EV sen-
sitivity supports the hypothesis that differences in decision making
in older adults reflect changes in engaging in information integra-
tion strategies. In this regard, our results are consistent with past
research investigating older adults’ EV sensitivity. For example,
Weller et al. (2011) found that older adults demonstrated age-
related declines in EV sensitivity on the cups task (Weller, Levin,
Shiv, & Bechara, 2007), a descriptive risk task. This pattern was

invariant for risks involving potential gains and losses. In addition,
given its static nature of payouts, one could interpret poor decision
making on the IGT in a similar way: One must, at least implicitly
understand the EVs associated with each deck in order to end with
a positive net amount. Our results suggest that these differences are
invariant to the affective context of the CCT condition, even when
mixed gambles are involved (i.e., when the potential for gain and
loss are present in the same trial).

Importantly, probability information was presented as frequen-
cies (the number of loss cards) rather than percentages, the latter of
which would have made processing more computationally taxing.
In contrast, EV sensitivity is presumed to involve complex cogni-
tive processes, such as executive functioning and working memory
(Figner & Weber, 2011; Nassar et al., 2016; Samanez-Larkin &
Knutson, 2015). Research shows that the relationship between
age-related decision making differences and neurocognitive func-
tioning may reflect structural and functional neural differences
associated with age (e.g., Braver & West, 2008; Samanez-Larkin
& Knutson, 2015). In support of this assertion, we found that
individual differences in executive functioning, but not general
mental ability, further moderated observed Age � EV interactions.
Again, these differences appeared to result from differential ten-
dencies to adjust choices based on gain and loss magnitude amounts.
Contrary to our specific predictions that age-related differences in
some decision making processes would be condition-specific, these
findings support the idea that age-related differences in some decision
making processes may be accentuated by lower executive function.
Conversely, the preservation in these neurocognitive functioning do-
mains may buffer age-related declines in decision-related information
processing. Our robust patterns of associations between the neurocog-
nitive variables and both the primitives and EV sensitivity parameters
highlight that, as more information is presented, greater executive
functioning is associated with the greater tendency to use this infor-
mation, largely irrespective of the affective context.

These results significantly extend the work of Huang and col-
leagues (2013, 2015), who found age differences in self-reported
deliberative decision making strategies, and differences in infor-
mation use on the “warm” version of the CCT. Specifically, our
results demonstrated the associations between neuropsychological
variables, decision primitives, and risk-return indicators across
task condition. Notably, the within-subjects design employed in
the current study revealed global differences and patterns of asso-
ciations that were opaque in prior studies. At a statistical level, the
use of Bayesian linear mixed models allowed us to better address
the issue of censored data in the CCT-Hot. Because a trial ends
when a participant turns over a losing card, traditional ANOVA- or
OLS regression-based CCT analyses using number of cards as a
decision metric have been silent with respect to estimating how
many trials would be turned over, presuming a loss card was not
selected. With this in mind, our results contrast with Huang et al.
(2013), who found greater risk-taking in the CCT-Cold than a
warmer version of the task using OLS regression analyses. We
recommend that researchers who use the CCT or similar tasks
consider censored data and approach these analyses accordingly.

We propose that previous inconsistencies in findings regarding
the effects of aging on decision making may be reconciled not only
by acknowledging the degree to which particular decisions recruit
deliberative versus affective/experiential processes, but also the
degree to which more simplistic strategies are available to navigate

Table 4
Linear Mixed Models Analysis for Risk Return

Variable Estimate SE

95% CI

Lower
bound

Upper
bound

Intercept 3.36� .22 2.94 3.78
Age �.30 .29 �.87 .28
GMA �.33� .15 �.62 �.03
EF .24 .25 �.25 .74
Condition (�1 � hot; 1� cold) �.13� .04 �.20 �.05
EV .54� .12 .32 .77
Risk �.02 .09 �.19 .16
Decision number �.90� .10 �1.09 �.71
Age � GMA �.16 .18 �.51 .19
Age � EF .01 .22 �.42 .46
Condition � Age .16� .05 .06 .27
Condition � GMA �.03 .03 �.08 .02
Condition � EF �.14� .05 �.22 �.05
Age � EV �.55� .16 �.86 �.24
Age � Risk �.20 .12 �.44 .03
GMA � EV .32� .08 .17 .48
GMA � Risk .07 .06 �.04 .19
EF � EV .13 .13 �.13 .40
EF � Risk .20� .10 .01 .40
Condition � EV �.13 .09 �.30 .04
Condition � Risk �.16� .07 �.29 �.01
Condition � Age � GMA �.02 .03 �.08 .04
Condition � Age � EF �.05 .04 �.13 .03
Age � GMA � EV .04 .10 �.16 .23
Age � GMA � Risk .06 .07 �.09 .20
Age � EF � EV �.24� .12 �.48 �.01
Age � EF � Risk �.16 .09 �.34 .02
Age � Condition � EV �.15 .12 �.39 .08
Age � Condition � Risk �.18 .10 �.37 .02
GMA � Condition � EV .07 .06 �.04 .18
GMA � Condition � Risk .02 .05 �.07 .11
EF � Condition � EV .14 .10 �.05 .33
EF � Condition � Risk .24� .08 .08 .40
Age � GMA � Condition � EV .03 .07 �.12 .17
Age � GMA � Condition � Risk �.03 .06 �.15 .08
Age � EF � Condition � EV �.05 .09 �.22 .11
Age � EF � Condition � Risk �.09 .07 �.23 .05

Note. GMA � general mental ability; EF � executive function; EV �
expected value.
� Indicates significance based on the 95% posterior credible intervals for
the obtained parameter estimate.
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the task (Mata et al., 2011). Tasks that more heavily involve
deliberative processes, such as using information integration strat-
egies or holding previously encountered information in working
memory, may be more difficult for older adults (Mata & Nunes,
2010). In turn, older adults may default to associative, noncom-
pensatory decision strategies that favor avoidance of potentially
negative outcomes (Frank & Kong, 2008), and may even actively
avoid obtaining additional information that could be relevant to the
choice at hand (Cole & Balasubramanian, 1993; Mata et al., 2013).
Future research may benefit from restructuring the presentation of
contextual information to further test this assertion. For example,
had this information been presented as a percentage, older adults
may have preferentially used another source of information to
avoid deliberative processing demands, such as loss amount to
guide their choices.

Although it extends beyond the current study, we acknowledge
that potential motivational differences may be present across the

life span, and these differences may have implications for
decision making in affective versus deliberative contexts. Accord-
ing to Hess’s (2006) selective engagement hypothesis, older adults
selectively recruit deliberative processes to conserve mental effort.
However, this motivation to engage in a cognitively taxing task
can depend, in part, on the relevance of the task to the person
(Hess, 2014; Queen & Hess, 2010). For instance, Hess, Germain,
Rosenberg, Leclerc, and Hodges (2005) found that when personal
relevance was high, older adults were less likely to use peripheral,
affective cues to construct attitudes, and performed more similarly
to younger adults on the task. In contrast, older adults were more
likely to be influenced by peripheral, affective cues (e.g., source
likability) when personal relevance was low. This theory would
suggest that increasing the motivation level in a deliberative con-
text may mitigate differences similar to those observed here.
However, our results would suggest that, although motivation may
serve to increase attention, its impact may be bounded by task

Figure 3. Moderation effects of executive functioning on the association between age and expected value
sensitivity. Age � Executive Function � Expected Value interaction. Figure 3 shows the number of cards turned
over as a function of both an Age � Executive Function � Expected Value. Because age is a continuous
variable, it was split for illustration purposes in three panels, Panel A (�1 SD), Panel B (M age), and Panel C
(�1 SD). Error bars reflect 95% credibility intervals. See the online article for the color version of this figure.
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difficulty/complexity given older adults’ declines in underlying
executive functioning.

Though these results are promising, we acknowledge several
potential limitations of the current research. First, because this
study was cross-sectional in design, it limits the ability to make
inferences about the degree to which age-related differences in
risky decision making are mediated by age-related declines in
neurocognitive processes. Longitudinal methods designed to test
these effects would help to reinforce our assertions. Second, the
older adults in this study could be considered above average in
terms of neurocognitive functioning. Consequently, these results
should be approached with caution when generalizing to older
adults with lower cognitive abilities. However, because we dem-
onstrated that the lower functioning older adults in this sample
already displayed substantial differences in their decision making
tendencies, we would hypothesize that observed results may un-
derestimate these effects. Third, though the CCT provides a viable
paradigm to equivalently study different contexts in which risk-
taking may occur, it is clearly not ideal, as the hot and cold
versions do not differ solely on the affective versus deliberative
dimension (for a discussion, see Figner et al., 2009) and as the
CCT does only encompass a narrow segment of the larger universe
of uncertainty-based decision making. For instance, this study
cannot directly speak to the description–experience gap (Barron &
Erev, 2003), intertemporal choice (e.g., Kirby, Petry, & Bickel,
1999), or decision making in the face of ambiguity (Tymula et al.,
2013). Only by understanding the broader picture of decision
making, may we see how these differences contribute to decision
making differences in everyday life. Fourth, we must acknowledge
that the task order was not counterbalanced. Though counterbal-
ancing may be more desirable from an experimental perspective,
its absence may have some advantages when studying individual
differences as the absence of counterbalancing removes a source of
between-subjects variation. Finally, CCT performance was not
incentivized and thus, it is possible that performance does not
mimic that which may have been observed when real money was
involved. We feel, however, that the lack of incentivization was
unlikely to explain the age differences and subsequent interactions
that we observed. The results at the task level mimic those ob-
served in past studies which involved incentives. Moreover, effects
like the Age � EF � EV interactions would be unlikely to be
explained simply by the addition of an incentive. It is also impor-
tant to point out that “house money effects” (i.e., a tendency to be
riskier with profits made than with one’s initial investments) by
definition, increase risk-seeking (Thaler & Johnson, 1990); how-
ever, most individuals demonstrated risk aversion, as evidenced by
our risk-return decomposition.

Despite these limitations, we feel that our results have implica-
tions for communicating risk information to older adults in several
ways. The current findings contribute to our understanding of how
older adults approach uncertainty-based decisions, differentiating
between specific processes that are prone to decline across the life
span and those that may be preserved. Studies examining age
differences in medical and financial decision making indicate that
older adults demonstrate declines in the thoroughness of the in-
formation search process and in the amount of information used
(Meyer, Russo, & Talbot, 1995; Meyer, Talbot, & Ranalli, 2007;
Shivapour, Nguyen, Cole, & Denburg, 2012). In this regard, the
current results have direct implications for the promotion of ad-

vantageous decision making of older adults. First, simply present-
ing more information may not be an effective means to convey risk
information. Greater amounts of information may become espe-
cially burdensome from a processing standpoint. Second, consis-
tent with emerging work in the domain of “choice architecture,”
these results imply the primary and most salient information pre-
sented in a choice should correspond with that most vital for
guiding choices and promoting quality decisions (for review, see
Münscher, Vetter, & Scheuerle, 2016). Third, if older adults are
less likely to integrate numeric information, then decision aids
could be constructed to help conduct these calculations and then
present it back in more simplistic ways. Taken together, these
insights may inform efforts to retain, or even improve, decision
making in older adults.

Conclusion

Both the content of our decisions and how we approach them
may differ over the life span. Past research has suggested that the
affective context of the choice is a primary determinant of age-
related differences in risky decision making. Our findings suggest
the affective context of the choice does matter, as it may signal that
more cognitive effort may be necessary to arrive at a choice.
However, common underlying decision processes may operate in
risk tasks deemed “affective” or more “deliberative,” leaving us to
conclude that underlying mechanisms such as information use and
search may be paramount, relative to differences in the affective
context. Thus, decision tendencies in older adults, especially, may
be compromised as declines in executive functioning progress
through the life span. We feel that these results significantly extend
the current literature and provide opportunities to further test how
older adults process risk information.
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